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P R E F A C E

T he C hem ical D e p a rtm e n t of th e  H u n g a rian  A cadem y o f Sciences has 
decided on th e  p u b lica tio n  of a series of m onographs to  give an  acco u n t of 
researches in  th e  field of n a tu ra lly  occurring  organic com pounds, d ea ling  m ain ly  
w ith  th e  e lu c id a tio n  o f th e  s tru c tu re s  of such su b stan ces.

T hough  books an d  m on o g rap h s on n a tu ra l  p ro d u c ts  are  a b u n d a n t in th e  
chem ical lite ra tu re , th e  in d iv id u a l fea tu re  of th is  series is th a t  i t  collects fo r 

th e  first tim e  th e  re le v a n t w ork  o f H u n g a ria n  chem ists w hich  so fa r  has been  

availab le  only  sc a tte re d  th ro u g h o u t th e  pages of v a rio u s jo u rn a ls .
A n o th e r o b jec t o f th e  series is to  give acco u n ts  on re c e n t researches on 

n a tu ra l ca rb o n  com pounds ca rried  o u t in  b o th  hem ispheres; i t  is hoped  th a t  
th e  E ng lish  sp eak in g  read e r will find here m a te ria l o f in te re s t  th a t  has been 
here to fo re  accessible to  h im  only  w ith  d ifficu lty . T he H u n g a ria n  A cadem y of 

Sciences an d  th e  E d ito r ia l B oard  w a n t to  th a n k  here th e  foreign  co n tr ib u to rs  
to  th e  series, w hose m onographs are  v e ry  v a lu ab le  in  rea liz ing  th is  purpose .

G. F o d o r
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F O R E W O R D

The p resen t m o n o g rap h  deals w ith  th e  stereochem ical research  carried  
o u t m o stly  in  th e  In s t i tu te  o f O rganic C hem istry  o f th e  U n iv e rs ity  o f Szeged, 
be tw een  1945 an d  1957, an d  in  th e  S tereochem ical L a b o ra to ry  o f th e  A cadem y 
o f Sciences, B u d ap est, since 1958. I t  is n a tu ra l th a t  th is  tre a tise  includes also 
re le v a n t p rev ious p u b lica tions an d  recen t ach ievem en ts o rig in a tin g  from  o th e r 
scien tific  in s titu te s  as th e  re su lts  o f research  carried  o u t e ith e r  in  co -operation  
w ith  our w ork, or in d ep en d en tly .

As an  in tro d u c tio n , i t  seem s p ro p er to  give a sh o rt su rv ey  of th e  fa irly  
s tro n g  b ack g ro u n d  o f th e  ch em is try  o f alkalo ids in  H u n g a ry . In  th e o re tic a l 
re sp ec t, som e in te re s tin g  resu lts  h ad  been  ach ieved  b y  th e  deceased F rigyes 
K ő n e k , associate  professor of th e  U n iv e rs ity  o f B u d ap est, w ho w orked  as 
a p u p il of p rofessor E in h o r n  in  M unich on th e  prob lem  o f th e  c o n s titu tio n  
of cocaine [20].

F ro m  th e  p rac tica l a spec t o f th e  ch em istry  of alkalo ids, th e  w ork  of 
th e  p h a rm ac is t Ján o s  К  a b  a y  shou ld  be m en tioned  f ir s t ,  w ho developed 
th e  chem ical techno logy  o f recovering  m orph ine  from  rip e  p o p p y -s traw  [40]. 
In  sp ite  o f th e  opinion of H u n g a rian  an d  foreign  researchers an d  ex p e rts , he 
show ed th a t  no op ium  w as necessary  for th e  p ro d u c tio n  o f m orph ine . H is 
re v o lu tio n a ry  concepts an d  th e  co rrespond ing  ex p erim en ta l w ork  fo rm ed  th e  
basis o f estab lish in g  la te r  th e  chem ical fac to ry  A lkalo ida in  B ü d szen tm ih á ly  
(p resen t nam e T iszavasvári). C onsiderable help  has been  offered for im prov ing  
th e  technological processes o f th is  fac to ry  b y  the  research  a c tiv ity  carried  ou t 
since 1950 in  th e  In s t i tu te  o f O rganic C hem istry  of th e  U n iv e rs ity  o f D ebrecen 
u n d er th e  leadersh ip  o f academ ician  R ezső B ognár  [8, 9, 10 ]. This w ork 
resu lted  in  th e  p o ssib ility  th a t  to d a y  th e  H u n g a rian  p h a rm aceu tica l in d u s try  
m an u fac tu res  th e  im p o r ta n t by -a lkalo ids o f  m orph ine , such  as th eb a in e , 
codeine an d  narceine , as well as a n u m b er o f derived  p harm aceu tica ls .*

In  th e  fie ld  o f th e  syn th esis  o f a lkalo ids, m en tio n  m u s t be m ade o f th e  
in d u s tr ia l researches concern ing  th e  syn theses o f p ap av erin e , ephed rine  and  
n o v a tro p in e . T his w ork  w as carried  o u t in  th e  p h a rm aceu tica l fac to ry  C hinoin 
[18, 19], w ith  th e  p a r tic ip a tio n  o f E m il W o lf , Z o ltán  F ö l d i, S ándor H o fm an n  
an d  R ezső K ö n ig . A t th e  sam e tim e  o th e r H u n g a rian  researches concern ing  
alkalo ids w ith  ste ro id  skele ton , carried  o u t b y  Ze m pl é n  an d  Gerecs  in  th e  In s t i ­
tu te  of O rganic C hem istry  o f th e  T echnical U n iv e rs ity  o f B u d ap est, d ea lt 
w ith  th e  c o n s titu tio n  of so lanine [56].

V aluab le  pharm aco log ical s tud ies w ere m ade betw een  1932 an d  1935 in  
th e  In s t i tu te  o f Szeged b y  professor Béla I sse k u t z  sen. concern ing  th e  spas-

* Cf. Acta Chim. Acad. Sei. Hung., 17, 463 (1958).
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m oly tic  a c tiv ity  an d  chem ical s tru c tu re  o f p ap av erin e  an d  o th e r com pounds 
w ith  an  isoquinoline ring  system . In  th e  course o f these  in v estig a tio n s an  ex ac t 
connection  was d iscovered  betw een  spasm oly tic  an d  cap illa ry  a c tiv ity  [39]. 
P re p a ra tio n  of sim ilar sy n th e tic  3 -m ethy l isoquinoline deriv a tiv es  of p a p a ­
verine  an d  te s ts  o f th e ir  a c tiv itie s  w ere carried  o u t also in  th e  organic an d  
p h a rm aceu tica l in s titu te s  of th e  U n iv e rsity  o f Szeged in  th e  years since 1935 
till  1948, u n d er th e  leadersh ip  of V ic to r B r u c k n e r  [16, 30]. A t th e  sam e place, 
a d e ta iled  s tu d y  w as also m ade on th e  m echan ism  o f th e  P ic te t-G am s’ rin g  
closure o f isoquinolines, b o th  b y  spectroscopic  [33] an d  chem ical m ethods 
[15, 25, 4 4 —46]. In te rm e d ia ry  p ro d u c ts  of th is  syn thesis  w ere th e  deriv a tiv es  
of l-p h en y l-2 -am in o -l-p ro p an o l [13, 14]. T he sam e resea rch  g roup  in v es tig a ted  
th e  syn thesis  an d  pharm aco log ical p ro p ertie s  o f new  N -alky l an d  a ra lk y l nor- 
pseudoephedrines [17, 48, 53].

The m en tio n ed  successful researches give a general im pression  ab o u t th e  
scope of in v estig a tio n s on alkalo ids in  H u n g a ry . I t  is a p p a re n t th a t  th eo re tica l 
researches of s tru c tu re , p rac tica l sy n theses, as well as in v estig a tio n s concern ­
ing th e  re la tio n sh ip  betw een  physio logical ac tio n  an d  chem ical s tru c tu re  
h av e  th e ir  tra d itio n s  in  H u n g a rian  science.

As i t  is know n, th e  d efin itio n  of a lkalo ids is n o t ex ac t a t  all; i t  denotes 
a v e ry  heterogeneous group of n itro g en -co n ta in in g  o rganic  com pounds of 
vege tab le  orig in  an d  of pharm aco log ical ac tion . A n ex tensive  re sea rch  w ork  
has been in  progress all over th e  w orld , am ong o thers in  th e  Soviet 
U nion, in  th e  USA, w ith  th e  purpose  of iso la tin g  such  com pounds. T he in v e s tig a ­
tio n  o f th e  ac tiv e  p rincip les con ta in ing  n itro g en  p ro d u ced  b y  p la n ts  resu lts  
in  th e  da ily  d iscovery  of new  com pounds. I t  is th e  ta s k  o f th e  o rganic  chem ist 
to  e lucidate  th e  s tru c tu re  o f th ese  m a te ria ls . F o r th e  sake o f an  easy  su rv ey  
of th is  fie ld , th e  re le v a n t m onographs em ploy  various w ays of d iv id ing  th e ir  
m a te ria l. A m ong th ese , th e  m onograph  series ‘The A lkalo ids’ ed ited  b y  
Ma n s k e  an d  H olm es [47] m ay  be reg a rd ed  as th e  m ost com plete  an d  m ost 
m odern  tre a tise , w hich grew , w ith in  a few  y ea rs , to  seven  volum es. T his w ork  
com prises so fa r p y rro lid ine , Senecio, p y rid in e , tro p a n e , S trychnos, m orph ine , 
synom enine an d  colchicine alkalo ids, A m ary lidaceae , acrid ine, indole, E ry th r in a , 
C inchona an d  th e  o th e r quinoline alkalo ids, qu inazoline a lkalo ids, lup ine , 
im idazole, S o lanum  an d  V era tru m  alkalo ids, /З-p h en y le th y lam in e  de riv a tiv es , 
E p h ed ra  bases an d  f in a lly  Ipecac  alkalo ids. T hus, alkalo ids of know n c o n s titu ­
tio n  are  d iscussed  w ith  th e  m a te ria l be ing  d iv ided  in to  som e 20 groups, each 
lis tin g  com pounds of com m on orig in  an d  sim ilar s tru c tu re . T he classic a lkalo id  
chem istry  of H enry' [37] does th e  classifica tion  m ore s tr ic tly  accord ing  to  
th e  carbon  skele ton , an d  divides th e  v e ry  large m a te ria l inc lud ing  m ore th a n  
a th o u sa n d  com pounds in to  th e  follow ing groups: p y rid in e , tro p a n e , lu p in an e , 
isoquinoline, p h en an th rid in e , quinoline, indole, py rro lid ine , p y rro liz id ine , q u in ­
azoline, an d  glyoxaline alkalo ids, a lkalo id ic  am ines, an d  s te ro id  alkalo ids, 
i.e ., 13 groups a lto g e th e r. A su m m ary  o f m odern  alkalo id  ch em istry  was given 
b y  H . G. B o it , ass is ta n t professor o f th e  H u m b o ld t U n iv e rsity , B erlin , in  1950 
[11]. M eanw hile a second volum e ap p eared  in  1961. Besides th ese  w orks, 
a m onograph  o f 433 pages was recen tly  d ev o ted  to  m orph ine  alkalo ids 
alone b y  B e n t l e y  [5]. P ro b ab ly  th ese  few  references are su ffic ien t to  
d em o n stra te  th e  scope an d  developm ent of th e  ch em istry  o f alkalo ids in  
ou r days. The g re a te s t p a r t  of rep o rted  researches deals w ith  th e  iso ­
la tio n  o f new  a lkalo ids, w ith  th e  an a ly tica l an d  sy n th e tic  in v es tig a tio n  o f 
th e ir  c o n s titu tio n  an d , to  a sm aller e x te n t, w ith  th e ir  physio logical
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a c tiv ity . W hen  these  m onographs are  su rveyed , i t  m ay  be su rp rising  
th a t  u p  to  1955 th e y  n ea rly  com plete ly  om it th e  stereochem ical fo r­
m ulas w hich  w ould  rep re sen t th e  s te ric  s tru c tu re s  of th e  com pounds. I t  is 
in te re s tin g  to  n o te  th a t  th e  s te reo ch em istry  o f m a te ria ls  co n ta in in g  n itro g en  
a n d  th a t  of alkalo ids w ith  s a tu ra te d  carbon  rin g  sy stem  w as so lo n g a  ra th e r  
neg lec ted  fie ld , w hereas a t  th e  sam e tim e , th e  a c tu a l know ledge o f th e  ste ric  
a rra n g e m en t of hom ocyclic ca rbon  com pounds has been  o f v e ry  g rea t assistance  
in  in te rp re tin g  re a c tiv ity ; th e  concep t o f e q u a to ria l an d  ax ia l bonds and  
th e ir  energetics has w ell been  e stab lish ed  in  th e  ch em is try  o f th ese  la t te r  com ­
pounds. In  som e cases th e  co n fig u ra tio n  o f th e  alkalo ids has b een  de te rm in ed , 
b u t  in  a n u m b er o f occasions also th is  p rob lem  has rem ain ed  unso lved . In  th e  p a s t 
decades th e  con figu ra tion  o f qu in ine  [51] an d  o f a few o th e r a lkalo ids was 
estab lish ed . N ow adays, chem ical li te ra tu re  re p o rts  an  ever-increasing  n u m b er 
o f researches e lu c id a tin g  th e  stereochem ical s tru c tu re s  o f  a lkalo ids w hich 
h av e  n o t been  know n before. A  m odern  rev iew  is p re se n te d  b y  A. R . 
B a t t e r s b y .*  D uring  th e  p a s t decade severa l new  m eth o d s [23, 32, 
42b] w ere developed  also in  th e  fo rm er in s t i tu te  o f  th e  a u th o r  for 
th e  purpose  o f d e te rm in in g  th e  s teric  s tru c tu re , i. e. con fig u ra tio n  an d  con­
fo rm atio n . E v en  th ese  m ethods, o f course, h av e  n o t been  su ffic ien t to  solve 
th e  problem s in  all of th e  above-m en tioned  13 groups o f a lkalo ids; how ever, som e 
stereochem ical questions, an d  th ro u g h  these  th e  fin e  s tru c tu re s  of th e  com pounds 
h av e  been  successfully  e lu c id a ted  in  th e  cases o f tro p an es , g ran a tan es , py rro li- 
zidine alkam ines an d  ary lp ro p an o lam in es . T he in v es tig a tio n  o f th e  co n figu ra tion  
o f th e  n itro g en  a to m  in  n ico tine , an d  genera lly  in  a lkalo ids w ith  py rro lid ine  
sk e le ton  is u n d e r w ay. A p u p il o f th e  a u th o r , K .  K o c z k a  ex ten d ed  these  
s tud ies to  include codeine an d  te trah y d ro iso q u in o lin e  a lkalo ids. A  de ta iled  
re p o rt ab o u t th is  la t te r  w ork  m ay , how ever, be g iven on ly  a t  som e la te r  d a te .

The p rim a ry  purpose o f stereochem ical research , o f estab lish ing  th e  s teric  
con fig u ra tio n  o f a lkalo ids, is to  o b ta in  com plete  know ledge concern ing  th e  ac tu a l 
s tru c tu re  o f th e  com pound . A n o th e r a spec t is th a t  a co n tro lled  s te re o ­
specific  syn th esis , as i t  m a y  be req u ired  in  p ra c tic a l d ru g  research , becom es 
possible on ly  a f te r  th e  d iscernm en t o f th e  ste reo ch em istry  o f th e  co m p o u n d . 
A th ird  p o in t is th a t  th e  re la tio n sh ip  betw een  th e  stereochem ical s tru c tu re  an d  
physio logical ac tio n  can be s ta te d  only  w hen th e  f irs t p ro p e rty  o f th e  su b stan ce  
is com plete ly  know n. These th ree  aspects h av e  governed  th e  research  w ork d is­
cussed in  th e  follow ing ch ap te rs .

* Tetrahedron, 141— 149 (1961).
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INTRODUCTION

SOME METHODS OF RESEARCH OF THE STERIC 
STRUCTURE OF ALKALOIDS

S tereochem ical p roblem s concern ing  organic com pounds o f know n 
chem ical s tru c tu re  can be o f tw o k inds. One o f th e  questions is statical, 
decision  is req u ired  ab o u t th e  m u tu a l re la tio rsh ip  o f  isom ers o f n u m b er n, as 
th e y  re su lt from  stereo isom erism , w h e th e r th e y  are  geom etrica l o r o p tica l ones. 
E v en  in  th e  la s t case th e y  can  be e ith e r en an tio ste reo m ers  or d iastereom ers. W hen  
th ese  questions h av e  been  decided, th e  n e x t en d eav o u r is to  f in d  ou t th e  re la tiv e  
an d  ab so lu te  co n figu ra tions. T h u s, th e  e s tab lish m en t o f  th e  con fig u ra tiv e  
correlation belongs to  th e  s ta tic a l p rob lem s. In  th e  course o f th is  w ork, i t  is 
a t te m p te d  to  f in d  a re la tio n sh ip  betw een  th e  m olecule o f th e  a lkalo id  an d  one 
or m ore com pounds of a lread y  know n abso lu te  co n fig u ra tio n , b y  deg rad ing  
th e  su b stan ce  in  question  sy stem atica lly , o r b y  syn theses an d  o th e r  reac tio n s, 
w hich  leave th e  asy m m etric  carbon  a to m , or in  th e  case o f geom etrical iso­
m erism  th e  double bon d ed  carbon  a to m , un affec ted . T he o th e r research  
p rob lem  o f s teric  s tru c tu re  is o f dynam ic  ch a rac te r. In  th is  case th e  physica l 
an d  chem ical p ro p erties  o f tw o com pounds, (e.g. tho se  of alkalo ids) h av in g  
tw o  or m ore flex ib le  m oieties o f a lread y  know n co n fig u ra tio n  are  com pared , 
in  dependence on th e  s teric  s tru c tu re . In  th is  w ay , p rim a rily  th e  in fluence 
o f th e  stereochem ical s tru c tu re  on chem ical re a c tiv ity  is de te rm in ed . The 
classic defin itio n  o f alkalo ids as “ n itro g en -co n ta in in g  carbon  com pounds of 
base  ch a ra c te r  an d  of m ark ed  physio logical a c tio n ”  com prises also th e  idea  
o f pronounced physiological action. I t  is a p p a re n t th a t  th is  rep resen ts  a 
d y n am ic  stereochem ical p rob lem . C onsequen tly , th e  in te re s t o f th e  chem ist 
is focussed n o t only  on th e  chem ical re a c tiv ity  ex e rted  b y  a g iven alkalo id  or 
b y  its  various stereo isom eric  m o d ifica tions; h is research  m u st, to  a ce rta in  
e x te n t, ta k e  in to  considera tion  also th e  ac tio n  o f th ese  m a te ria ls  on th e  a sy m ­
m e tric  recep to rs , on an  asy m m etric  m olecule o f th e  liv ing  cell, or tissu e . T he 
o rganic  chem ist c an n o t u n d e rta k e  to  do b iochem ical an d  p h arm aco d y n am ica l 
research ; th u s , for th e  sake o f  successful w o rk , co -opera tion  w ith  th e  sc ien tis ts  
o f th ese  fields is abso lu te ly  necessary .

T о decide betw een  th e  cases an d  ty p es o f stereo isom erism , classical m ethods 
o f  s te reo ch em istry , i.e. its  physico-chem ical p rocedures are  em ployed  in  
m a n y  cases. I f  i t  is know n w h e th e r th e  isom erism  is a geom etrical or op tica l 
one, or i f  i t  is a b o u t a single m o d ifica tio n  o f an  asy m m etric  or m esoid sy stem , 
th e  n e x t ta s k  is th e  d e te rm in a tio n  o f th e  co n fig u ra tio n . In  th e  fie lds to  be d is­
cussed in  d e ta il, th e  cases o f geom etrical an d  o p tica l isom erism  are  ab o u t 
eq u a lly  fre q u e n t; i t  is in te re s tin g  th a t  in  severa l cases an  overlap p in g  is found  
b e tw een  th ese  tw o ty p e s . E .g . b o th  tro p in e  an d  p seudo trop ine  are pseudo- 
asy m m etric  m olecules; th e y  are o p tica l isom ers, b u t  a t  th e  sam e tim e  also 
geom etrica lly  isom eric w ith  each o th e r, if, e.g. th e  positio n  o f th e  h y d ro x y l
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group — w hich  is ch a rac te ris tic  o f  th e  ste ric  s tru c tu re  — is reg a rd ed  in  re la ­
tio n  to  an y  o th e r p o in t o f th e  m olecule (F ig . 1). As regards th e  ch em istry  of 
ephed rine , n a tu re  p roduces tw o d iastereo isom eric  (epim eric) m odifica tions
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(F ig . 2); th u s , a f te r  h av in g  ascerta in ed  th e  s teric  s tru c tu re s  o f th e  com pounds, 
th e  n e x t p rob lem  is th e  d e te rm in a tio n  o f th e ir  re la tiv e  an d  abso lu te  con­
fig u ra tio n s. In  m ost cases, how ever, th e  m ain  prob lem  is th e  d e te rm in a tio n  
o f th e  positions of tw o  or m ore fu n c tio n a l groups in  re la tio n  to  each o th e r

w ith in  th e  m olecule o f one an d  th e  sam e a lkalo id . In  th e o ry , i t  ap p ears  
v e ry  sim ple to  solve th is  p rob lem  b y  physico-chem ical m ethods. X -ra y  
an d  e lec tron  d iffrac tio n  m ethods developed  now adays to  a h igh  degree of 
perfec tion , p e rm it th e  ex ac t d e te rm in a tio n  o f th e  s teric  a rran g em en t of 
a lkalo ids in  c rysta llized  fo rm  or in  th e  v ap o u r phase . H ow ever, th e  ex p eri­
m en t m u s t be follow ed b y  a v a s t a m o u n t o f ca lcu la tions, an d  considerab le 
in tu it io n  an d  perseverance  are  necessary  to  o b ta in  an  ab so lu te ly  ex ac t ev a lu a tio n  
o f  th e  d iag ram s, w hich m ay  req u ire  th e  w ork  of one or tw o years. In  th e  case of 
a lte rn a tiv e  s te ric  s tru c tu re s , n a tu ra lly  also o th e r physica l m ethods o f m easu re­
m en t can  give usefu l an d  essen tia l clues; how ever, th e  s ta tin g  o f th e  a lte rn a tiv e s  
rem ains th e  ta s k  o f th e  organic chem ist. The d e te rm in a tio n  o f th e  R am an  and  
in fra red  sp ec tra  an d  th a t  o f th e  dipole m om ents su p p ly  all usefu l co n stan ts  
to  decide a b o u t th e  re la tiv e  s teric  positio n  o f th e  a tom ic  groups, an d  to  
p o in t o u t th e  rea l one o f tw o  or m ore possible a lte rn a tiv e  s tru c tu re s .

O rganic p re p a ra tiv e  chem ical m eth o d s in  th e ir  classical form  discovered 
th e  re la tiv e  positions o f tw o ne ighbouring  groups b y  an  in tram o lecu la r  ring  
closure re ac tio n , an d  th e  fa ilu re  of th is  m eth o d  was in te rp re te d  as an  evidence 
th a t  th e  groups in  question  w ere co m p ara tiv e ly  fa r from  each  o th e r. L a te r  
researches succeeded in  increasing  th e  n u m b er of m ethods. The so-called m eth o d  
o f lac to n e  sa lt fo rm atio n  [42b] can  ex ten siv e ly  be used  in  th e  fie ld  o f a lkalo id  
ch em is try , a n d  i t  w ill be d iscussed la te r . T he use o f th is  m eth o d  resu lts  in  
th e  fa c t th a t  w hen  th e  com pound  co n ta in s fu n c tio n a l groups w ith  n itro g en  
an d  oxygen , p rim ary , secondary  an d  te r t ia ry  am ine m olecules can  be eq ua lly
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well in v es tig a ted , in  th e  case of b o th  2-am ino- or 3-am ino-alcohols, an d  in d e ­
p en d en tly  o f th e  su b s titu e n ts  o f th e  n itro g en  a to m . In  th is  w ay , th e  s teric  s tru c ­
tu re  o f  th e  am ine can be d e te rm in ed  (F ig . 3). N am ely , i f  a b ridge  is form ed 
b y  a condensation  reac tio n  w ith  e th y l io d o -ace ta te  or b ro m o -ace ta te  be tw een  
th e  n itro g en -co n ta in in g  an d  oxygen-con ta in ing  fu n c tio n a l g roups o f th e  am ine

(w hich groups are  alw ays p resen t in  th ese  alkalo ids), th e  occurrence o f ring  
closure is a positive  an d  unequ ivocal p ro o f for th e  ste ric  neighbourhood  o f th e  
groups in  question . R eversely , i f  tw o  m olecules, b o th  hav in g  fu n c tio n a l g roups 
con ta in ing  h y d ro x y l and  n itro g en  differ only  as to  th e  steric  position  o f one single 
group , a positive  reac tio n  o f lac to n e  sa lt fo rm atio n  in  one case, an d  th e  neg a tiv e  
re su lt in  th e  o th e r, i.e. th e  fo rm atio n  o f an  este r s a lt in s te a d  o f a lac to n e  sa lt, 
is an  unam biguous evidence in  decid ing th e  p rob lem  o f geom etrical ( cis — trans)  
isom erism , or ep im erism  in  th is  p a ir  o f com pounds.

B esides th is  novel reac tio n , also som e new  v a ria tio n s  o f th e  m e th o d  of p e r­
m a n e n t rin g  fo rm atio n  are em ployed  to  form  a bridge  betw een  tw o neighbouring
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groups. A dop tin g  th e  m e th o d  of Go o dso n  an d  Ch r ist o ph e r  [35], H a r d e g g e r  
an d  О тт [36] b ridge  over th e  d istance  b e tw een  th e  n itro g en  an d  C(3) 
oxygen  a to m  b y  allow ing  th e  com pound  to  re a c t w ith  p -n itro b en za ld eh y d e , 
w hich resu lts  in  th e  fo rm a tio n  o f (4H )-m eta-oxazine  d e riv a tiv es  (F ig . 4). I t  
is to  be n o te d  th a t  th e  fo rm atio n  of an  1 ,3-oxazolidine ring  b e tw een  cis 1 ,2-am ino

alcohols an d  benza ldehyde  h a d  also p rev iously  b een  know n; th e  m echan ism  of 
th e  reac tio n  w as cleared  up  b y  B e r g m a n n  [7]. This m e th o d  has also 
been  p ro v ed  valu ab le  in  solv ing v a rio u s stereochem ical p roblem s in  th e  fie ld  
o f  th e  ch em istry  o f tro p a n e  alkalo ids. T his m e th o d  is ag a in  a v a r ia tio n  o f th e  
classic reac tio n  o f rin g  ace ta l fo rm atio n . The cyclic ace ta l fo rm ed  in  th e  p re ­
sence o f benzaldehyde w ith  hyd roxy l-o x y g en  atom s in  cis position  was 
usefu l, e.g., as a p ro o f of th e  con fig u ra tio n  of th e  epim eric  ecgoninols in  th e  
tro p a n e  series [42b]. O th er new  m ethods of fo rm ing  a p e rm a n e n tly  s tab le  
rin g  are , e.g., th a t  of A dam s [1, 3] as w ell as o f H erzig  an d  E h r e n s t e in  [38]; 
accord ing  to  th ese  p rocedures, cyclic su lph ites of 1,2-diols h av e  b een  p rep a red  
(F ig . 5), especially  in  th e  py rro liz id ine  an d  s te ro id  series [2]. T his reac tio n

cou ld  be  generalized  to  include sesqu iterpenes [43]. K oczka [31b, 42a] 
p re p a re d  l,3 -oxazo lid -2 -one- im ide d e riv a tiv es  from  cis 2 -am inoalcohols w ith  
cyanogen  b rom ide  (F ig . 6).

B esides th e se  m ethods o f p e rm an en tly  s tab le  rin g  closure, also re a c ­
tio n s  invo lv ing  transient ring form ation  be tw een  tw o ne ighbouring  groups
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Fig. 6

h av e  been  developed. This process is p rin c ip a lly  based  on th e  recogn ition  o f th e  
ste reo sp ec ifity  of acy l m ig ra tio n  [22] be tw een  th e  n itro g en  a n d  th e  oxygen 
a to m . In  ad d itio n  to  N ^= ^0  acy l m ig ra tio n s [4 , 6 ,1 2 ] , such  processes are  also 
know n betw een  n itro g en  an d  su lp h u r [55], as w ell as b e tw een  tw o  oxygen  atom s 
[52]. I f  th e  process is in tram o lecu la r, an d  i f  th e  co n fig u ra tio n  is re ta in e d , th e  
occurrence o f th e  reac tio n  in d ica tes  th e  cis positio n  o f th e  fu n c tio n a l g roups in  
q uestion , an d  its  fa ilu re  is evidence fo r th e ir  be ing  a p a r t ,  i.e ., in  trans position . 
T his reac tio n , w hich has been  know n for 70 years, w as on ly  la te ly  em ployed  as a 
m eans of d e te rm in in g  th e  co n fig u ra tio n  [2 4 ,2 7 , 28, 29]. T he re a c tio n  m echan ism  
o f acy l m ig ra tio n  b e tw een  oxygen a to m s h a d  b een  e lu c id a ted  b y  G erm an 
au th o rs  [52], an d  th e  fo rm atio n  of an  in te rm e d ia te  o f th e  o rth o d ie s te r  ty p e  
w as assum ed  [49] long ago. As regards th e  reversib le  N ^ = ^ 0  acy l m ig ra ­
tio n , th e re  are tw o closely re la te d  h y p o theses, one o rig in a tin g  from  W e l sh  
[54], P h il l ip s  an d  B altzly  [50], an d  th e  o th e r w as p roposed  b y  
H u n g a ria n  au th o rs  [22b, 23, 26]. B o th  rep re sen ta tio n s  agree in  assum ing  
in te rm ed ia te s  w ith  o rth o este r-am id e  ring  sy s tem  (F ig . 7); how ever,
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th ese  m ay  be form ed solely in  th e  case w hen  th e  tw o  fu n c tio n a l g roups are 
n e a r to  each  o th e r [22b, 26]. P o sitiv e  ex p erim en ta l p ro o f fo r th e  in t r a ­
m olecular m echan ism  o f th e  reac tio n  could  be o b ta in ed  in  tw o d ifferen t 
fie lds. T he f irs t  fa c t is th e  p ecu liar b eh av io u r o f th e  trans- an d  cis-2-benzoxy- 
cyclohexy lam ine bases. N am ely , th ese  bases, w hich  are  inso luble  in  w a te r, 
a re  dissolved b y  excess a lk a li [26], an d  tre a tm e n t of th e  a lkaline  so lu ­
tio n  w ith  S -benzy liso th iu ron ium  chloride gives iso th iu ro n iu m  sa lts  of th e  
o rthoacids w ith  th e  ex ac t sto ich iom etric  com position  [23], w hich decom ­
pose th e n  to  y ield  N -benzoy lam inocyclohexano l an d  b en zy lm ercap tan . 
T he o th e r ex p erim en ta l evidence is th a t  ( + )  t/treo-3 ,4-dim ethyl-5-phenyl-

oxazolid-2-one gives th e  sa lt o f th e  o rtho -am ide  es te r on t re a tm e n t w ith  
p heny lm agnesium  brom ide [42b]. T he s tru c tu re  of th is  com pound  ex ac tly  
corresponds to  th e  one w hich  h ad  p rev iously  been  assum ed  as th e  in te r ­
m ed ia ry  p ro d u c t in  acy l m ig ra tio n  [22b]. W hen  th is  com pound  is ac ted  upon  
b y  acids an d  bases, i t  show s th e  sam e b eh av io u r a n d  gives th e  sam e O -acyl 
or N -acyl com pounds, resp ., as ex p ec ted  from  th e  in te rm e d ia te  in  th e  N-<AO 
acy l m ig ra tio n  process (F ig . 8). Besides these sy n th e tic  chem ical proofs, 
th e re  are  a n u m b er o f o th e r  fac ts , e.g. tho se  derived  from  reac tio n  
k in e tics , to  su p p o rt th e  v iew  of th e  in tram o lecu la r  c h a ra c te r  o f th is  
process [34]*. A reac tio n  closely re la te d  to  N - ^ O  acyl m ig ra tio n  is th e  s te ­
reospecific  re a c tio n  o f cis- an d  trans-2-ureido- an d  th io u re id o  alcohols 
caused  b y  ac ids; th is  process gives also tw o  d iffe ren t p ro d u c ts  as a conse­
quence of a d is tin c t m echanism . The reac tio n  has been  so fa r  s tu d ie d  in  d e ta il 
on ly  in  th e  case o f ephedrine [42a, 31], th u s  i t  w ill be described  m ore fu lly  
in  th e  re spec tive  c h a p te r  (p. 45).

In  ad d itio n  to  m ethods based  upon  cyclization , m odern  d y n am ic  s te re o ­
ch em istry  has offered  new  concepts in  ascerta in in g  co n figu ra tions. So, re ­
considera tion  of th e  m echan ism  of som e reac tions clarifies th e  configura-

* Cf. Martin, R. R., Parcell, A., J. Am. Chem. Soc. 83, 4835 (1961) and Porter, G. R., 
Rydon, H. N. Schofield, K., J. Am. Chem. Soc. I960, 2686.
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tio n s w hich enable th e  reac tio n  in  questio n  to  occur a t  all, e .g ., epoxide ring  
opening  exclusively  b y  a trons-p laced  h y d ro x y l group , as i t  occurs w ith  scopine. 
F u rth e rm o re , th e  know ledge of th e  s teric  course of c e r ta in  reactions, 
e.g . Cu r t iu s  an d  H o fm a n n  d eg rad a tio n s, (in  te rm s o f 1 ,2-sh ifts ta k in g  
p lace alw ays w ith  th e  re te n tio n  of th e  co n fig u ra tio n  w ith in  th e  m ig ra tin g  group , 
allow ed also to  ascribe d e fin ite  con figu ra tions to  th e  a sy m m etric  carbon  a to m  
in  tro p ic  acid  as well as to  C(2) in  th e  epim eric 2-am ino-3/S-tropanol arising  
from  epim eric  cocaines.

All th a t  m eans a w ide ex tension  of th e  lim its  o f th e  classic co rre la tion  
m ethods w hich w ere s tro n g ly  re s tr ic te d  to  reac tio n s invo lv ing  no  asy m m etric  
cen tre .
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C H A P T E R  I

STEREOCHEMISTRY OF EPHEDRINE ALKALOIDS

( —)-E phedrine  an d  (- |-)y -ep h ed rin e , th e  ac tiv e  p rincip les o f th e  Chinese 
d ru g  M a H uang, are  classed am ong th e  alkalo ids w hich  h av e  been  know n  for 
a v e ry  long tim e , ab o u t five  th o u sa n d  y ears . I t  w as reco rded  as ea rly  as in  1596  
th a t  an  e x tra c t o f th is  p la n t s tim u la te d  th e  b lood  c ircu la tion , an d  h a d  d ia ­
p h o re tic , a n tip y re tic , as well as cough-reliev ing  ac tions. T he d ru g  w as also 
em ployed  as a m edicine in  o th e r  p a r ts  o f th e  w orld . T he ac tiv e  p rincip le  
w as iso la ted  in  1885 b y  th e  Ja p a n e se  research er G. Y a m a n a sh i in  im p u re , an d  
in  1887 b y  N a g ai [33] in  p u re  s ta te . T he n am e ephedrine  w as g iven b y  th is  
la t te r  au th o rfo r  th e  su b stan ce  occurs in  Ephedra vulgaris. D eta ils o f de te rm in in g  
th e  s tru c tu re  are  described  in  th e  re la tin g  c h a p te r  w ritte n  b y  L . R e t i [36] in  
th e  m onograph  o f Ma n sk f . an d  H o lm es ., m en tio n ed  in  th e  F o rew ord  (p 16).

CONFIGURATION OF EPH EDRINES

(-b )-^ -E p h ed rin e  an d  (—)-ephedrine  are  n o t m irro r-im age isom ers o f  
each  o th e r, b u t  th e y  rep re sen t th e  tw o  d iastereo isom eric  m od ifica tions of 
2 -m e th y lam in o -l-p h en y lp ro p an -l-o l (F ig . 9). T he d ifference b e tw een  th e ir  con-

Fig. 9

f ig u ra tio n s  is c learly  show n b y  th e  follow ing tw o sequences o f  reac tio n s carried  
o u t b y  F r e u d e n b e r g e t al. [23, 24]. T he h y d ro x y l group o f (-t-)-y -ephed rine  
an d  ( —)-ephedrine  can  be rem oved  b y  h a lo g en a tio n  follow ed b y  red u c tiv e  
deha logena tion . T he p a ir  o f 2 -m e th y lam in o -l-p h en y lp ro p an es  o b ta in ed  in  th is  
w ay  could be id en tified  th ro u g h  th e  tr im e th y lam m o n iu m  com pounds (F ig . 10). 
I t  follows from  th is  reac tio n  th a t  (-|-)-ephed rine  an d  (—)-ephedrine  differ 
from  each o th e r only  in  th e  s teric  positio n  o f th e  C(X) h y d ro x y l group . The 
con fig u ra tio n  o f th e  C(2) carbon  a to m  of b o th  com pounds was d em o n stra ted  
b y  estab lish in g  th e  follow ing re la tio n sh ip : L -(-|-)-a lan ine d im eth y lam id e  w as

29
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co n v erted  in to  th e  co rrespond ing  d im ethy lam inoprop ion ic  acid  d im eth y lam id e , 
an d  th is  com pound  was reac ted  w ith  p h eny lm agnesium  brom ide to  give 
a-d im eth y lam in o -p ro p io p h en o n e . The ca ta ly tic  red u c tio n  o f th e  op tica lly  ac tiv e  
keto n e  led to  a m ix tu re  of (-|-)-N -m ethyl-i/>ephedrine an d  ( — )-N -m ethy l-

ephed rine  (F ig . 11). E lim in a tio n  of th e  h y d ro x y l g roup  in  b o th  com pounds by  
th e  ab ove-m en tioned  m eth o d , an d  su b seq u en t q u a te rn iz a tio n  on th e  d im ethy l- 
am ino  group  b y  m e th y l iodide gave th e  sam e q u a te rn a ry  sa lt of ß -pheny l- 
iso -p ropy lam ine  as th e  one p rep ared  sim ilarly  from  ( — )-ephedrine  an d

(-j-)-y-ephedrine. Consequently, the absolute configuration o f the carbon 
atom  bearing the nitrogen in y-ephedrine and ephedrine was unequivo­
cally shown to be identical w ith the configuration o f L-(-)-)-alanine. The 
correlation betw een L-(~|-)-alanine and L-(-|-)-glyceraldehyde had been esta-
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b lished  earlier b y  converting  D -(-|-)-glucosam inc in to  L-(-f-)-alanine [49]. T hus, 
th e  sm all cap ita l ro m an  le tte rs  D an d  l are  used  in  th e  sam e m ean ing , an d  
d esignate  th e  sam e co n fig u ra tio n  in  th e  groups of am ino acids, sugars, as well 
as alkalo ids [29]. T he d e te rm in a tio n  o f th e  ab so lu te  co n fig u ra tio n  o f th e  
ca rb o n  a to m  b earin g  th e  h y d ro x y l in  ephed rine  w as ach ieved  in  th e  follow ­
in g  w ay  [24]. T he d im eth y lam id e  o f d - (—)-m andelic  ac id  was t r e a te d  w ith  
m eth y lm ag n esiu m  brom ide to  give rise to  op tica lly  ac tiv e  p h en y lace ty l carbi- 
nol. S tereospecific  red u c tiv e  co n densa tion  b y  m eans o f m e th y lam in e  p roduced  
(—)-ephedrine  (F ig . 12). Since Mislo w  [32] es tab lish ed  th e  ex ac t configura-

tiv e  co rre la tion  betw een  D -(—)-m andelic  acid  an d  D -(—)-lactic  acid , th e  ab so lu te  
co n fig u ra tio n  o f b o th  carbon  atom s of (—)-ephedrine  becam e know n. The 
ab so lu te  con fig u ra tio n  of n a tu ra l (-f-)-V,"epbedrine  can  now  logically  be deduced  
from  th is  re su lt, since th e  only  d ifference betw een  th ese  tw o com pounds is in  
th e  p o sition  o f th e  C^) h y d ro x y l group . F ro m  ex p erim en ts  on th e  in fluence 
o f su b s titu e n ts  on th e  op tica l ro ta to ry  values o f ephed rine  an d  y -ephedrine , 
L e it h e  [31] concluded  id en tica l co n figu ra tions, show n in  F ig . 13, to  th is  p a ir  of

ep im ers. As a consequence of th e  discussed resu lts , th e  ab so lu te  co n fig u ra­
tio n  o f b o th  carbon  atom s of n a tu ra l ephedrine  is expressed  b y  th e  nam e 
D-( —)-ery i/ir0 -l-p h en y l-2 -m eth y lam in o -p ro p an e-l-o l, w hereas (-J-)-y-ephedrine 
shou ld  be considered  as L-(-)-)-i/ire0- l-p h e n y l-2 -m e th y lam in o p ro p an e -l-o l. 
T his given designation , derived  from  th e  ab so lu te  co n fig u ra tio n , as well 
as th e  m olecu lar con fig u ra tio n  o b ta in ed  b y  p la n a r  p ro jec tio n  accord ing  
to  F isch er’s co nven tion  [25], are to  be reg a rd ed  as unam b ig u o u sly  d e te rm in ed  
fac ts . The d o u b t is expressed  in  th e  lite ra tu re , o rig inally  p u t  fo rw ard  b y  
J a r o w sk i an d  H a r t u n g  [28], th a t  th e  co n fig u ra tio n  of th e  ^ -ca rb o n  a to m , 
i.e ., th a t  o f C(2), has n o t been cleared  u p . U n fo rtu n a te ly , th is  p o in t o f view



is to  be found  also in  th e  m onograph  o f Ma n s k e  an d  H olm es [36]. A ccording 
to  W elsh  [45], th is  s ta te  of affairs is due to  a com plete  m is in te rp re ta tio n  o f 
c learly  d e m o n s tra te d  ex p erim en ta l fac ts . I t  appears m ore p ro b ab le  to  us th a t  
th e  ex p lan a tio n  is in  th e  a rb itra ry  choice o f th e  p o in ts  o f reference  w hen  d e ­
scrib ing  th e  con fig u ra tio n  of m olecules w ith  m ore th a n  one asy m m etric  cen tres. 
N am ely , th e  m olecule o f ephedrine  can  be  reg a rd ed  as a d e riv a tiv e  o f a lan ine , 
as w ell as an  a -p h en y le th an o l d e riv a tiv e ; in  th e  f irs t  case th e  m olecule w ill be 
classed in to  th e  L-erythro series, an d  in  th e  second in to  th e  d -erythro series. 
J u s t  th is  fa c t gives g rea t im p o rtan ce  to  th e  use o f th e  Ca h n — I ng o ld  — P relog  
convention*  fo r describ ing  th e  ab so lu te  con fig u ra tio n  of com pounds o f th is
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k in d . I f  th e  asy m m etric  cen tres in  n a tu ra l  ephed rine  are  w ritte n  in  th e  
o rd er as req u ired  b y  th is  p rinc ip le , th e  alkalo id  w ill h av e  th e  con figu ­
ra tio n  of (—) - lR  : 2S  l-p h en y l-2 -m e th y lam in o -l-h y d ro x y -p ro p an e , an d  
(-(-)-pseudoephedrine w ill be rep resen ted  as th e  (-f-) lS  : 2S  m o d ifica tion  o f 
th e  sam e.

T he s te reo ch em istry  o f ephedrine  an d  ^ -ep h ed rin e  has been  discussed 
in  a com prehensive an d  v a lu ab le  s tu d y  b y  W it k o p  [48]. T he H ofm an n  
d eg rad a tio n  of th e  q u a te rn a ry  am m onium  h y d ro x id e  derived  from  ephedrine 
w as carried  o u t as ea rly  as in  1902 b y  S ch m idt  [17]. In  th e  course o f  th is  process, 
an  epoxide is form ed. A t th o se  tim es, these  reac tio n s w ere n o t ex ac tly  an d  
co rrec tly  fo rm u la ted , w hich necessita ted  a re p e titio n  of th is  w ork  in te r ­
p re tin g  th e  re su lts  in  te rm s o f m odern  s te reo ch em istry . I n  th e  course 
o f  th e  e lim ina tion  reac tio n , th e  p ro to n  o f th e  p ro p an o l is a p p a re n tly  sp lit off 
f ir s t ;  th e n  th e  oxygen w hich h as  becom e an  an ion  will su b s ti tu te  th e  tr im e th y l-  
am ino group , p rov ided  oxygen  an d  n itro g en  assum e th e  co rrespond ing  anti- 
co n fig u ra tio n  in  th e  m olecule. In  th is w ay  irtm s-1-p h eny l-2 -m ethy l e th y lenox ide

J. Chem. Soc. 1951, 612; Experientia 12, 81 (1956).
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is fo rm ed. T he abso lu te  co n fig u ra tio n  o f ephed rine  is, as i t  follow s from  th e  
m en tio n ed  in v estig a tio n s o f F r e u d e n b e r g  [23, 2 4 ], DG-ery iftro -l-p h en y l-l-h y d r- 
oxy -2 -m eth y lam in o p ro p an e  (F ig . 14). U n fo rtu n a te ly , W it k o p  fo rm u la tes  ep h e­
d rine  and  p seudoephedrine  d irec tly  w ith  th e  opposite  con fig u ra tio n  as u su a l, as a 
consequence of th e  a rb itra ry  choice o f th e  p o in ts  o f reference c ritic ized  above. I t  
w as n o t possible here  to  rew rite  all th e  tab le s  o f fo rm ulas of W it k o p  in  th e  opposite  
sense for th e  sake o f unam biguous p re se n ta tio n . T herefo re  i t  is em phasized  
th a t  F igs 17 an d  18 w ill rep re sen t th e  designations o f co n fig u ra tio n  in  th e  
sense as expressed  b y  W it k o p  an d  n o t b y  us. As a consequence o f W it k o p ’s 
fo rm u la tio n  an d  designation , th e  oxide form ed from  ephedrine  m u st h av e

th e  trans-s tru c tu re . (-(-)-y -E phedrine  h av in g  a con fig u ra tio n  (d g) d ifferen t 
from  ephedrine  only  on C(X), gives th e  co rrespond ing  cis-epoxide as th e  
ihreo-com pound, w hen in tram o lecu la r S ^ -m e c h a n is m  is ta k e n  in to  con­
sid e ra tio n , for w hich  ju s t  th e  described  e lim ina tion  reac tio n  is an  exam ple . 
T he trans- an d  cis-epoxide was accom pan ied  b y  a sm all a m o u n t o f  pro- 
p iophenone. This m ay  be exp la ined  b y  th e  fac t th a t  th e  ac tio n  o f a lk a li 
m ay  se t free a p ro to n  also from  th e  carbon  a to m  b earin g  th e  p h en y l an d  
h y d ro x y l groups. In  th is  case th e  e lim in a tio n  invo lves th e  fo rm a tio n  of a 
ca rban ion , w hich resu lts  in  th e  fo rm atio n  of th e  enol form  o f p rop iophenone 
(F ig . 14).

The epim eric  epoxides w ere su b jec ted  to  c a ta ly tic  hydrogeno lysis . B o th  
epoxides gave th e  sam e b en zy l-m eth y lcarb in o l w hich  was co n v erted  in to  the  
p -to lu en esu lp h o n a te . T his com pound  h a d  been  p rep a red  p rev io u sly  b y  
W in s t e in  e t al. [47] an d  th e  co n fig u ra tio n  o f D -gZycero-l-phenyl-2-hydroxy- 
p ro p an e  was assigned to  i t  (see F ig . 15). I t  is in te re s tin g  th a t  h y d ro -

3 Natural Carbon Compounds
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genolysis w ith  lith iu m  alum in ium  h y d rid e  d id  n o t re su lt in  th e  fo rm atio n  
o f a un ifo rm  carb in o l-to lu en esu lp h o n ate ; th is  fa c t shows th a t  th e  m e ta l 
h y d rid e  m a y  a t ta c k  on e ith e r p illa r o f th e  oxygen  b ridge  o f epoxides o f  
asy m m etric  s tru c tu re . In  aqueous m edium , in  th e  presence o f perch loric  
acid  c a ta ly s t, th e  epoxides y ield  th e  co rrespond ing  diols. T he free diols 
could  n o t be crysta llized . H ow ever, th e  d ibenzoy l d e riv a tiv e  of th e  diol 
from  th e  cis-epoxide w as a w ell-defined com pound; th e  m o th e r liquo r of 
c ry s ta lliz a tio n  gave a n o th e r d ibenzoate  w hich w as found  to  he  id en tica l 
w ith  th e  m ain  p ro d u c t o f th e  hydro lysis o f th e  trans-epox ide . C onsequen tly ,

in  th e  case o f th e  trans-epox ide , th e  inversion  to o k  p lace m o stly  on th e  
C(X) carb o n  a to m , w hereas th e  SN2 rin g  opening  reac tio n  of th e  cis-diol (w hich 
to o k  p lace necessarily  w ith  th e  inversion  from  th e  co rrespond ing  p ro to n a te d  
epoxide, i.e ., from  th e  co n ju g a te  acid) occurred  b y  a m onom olecu lar reac tio n  
w ith  th e  re te n tio n  o f th e  con fig u ra tio n  (F ig . 16).

The diols in  questio n  have  also been  sy n th esized  b y  th e  au th o rs  
in  a stereochem ically  con tro lled  w ay , as described  below , an d  the  p ro ­
d u c ts  w ere id en tified  w ith  th e  com pounds o b ta in ed  from  epoxide hyd ro - 
genolysis.

C i s - /j - m e lb у  1 s ty  r e n e was prepared b y  partial hydrogenation o f phenyl- 
m ethyl-acetylene [22], then  it was oxidized b y  potassium  perm anganate to  
give DL-eryí/ííO-1-phenylpropane-l ,2 -diol ( c i s  hydroxyl addition). Further­
more, DL-t/ireo-l-phenylpropane-l,2-diol was synthesized  b y  m eans o f the  
iodine silver benzoate com plex, i.e. b y  the aid o f P revost’s reaction. The 
tw o epimeric three and erythro diols obtained from the acid hydrolysis o f 
DL-cis-/S-methylstyrene oxide were compared in  the form o f the dibenzoates
(F ig . 17).
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* The author was informed by Dr F is c h e r , Jena, about experiments showing that 
in the case of epoxides from ephedrine and pseudoephedrine, conclusions entirely different 
from those of W it k o p  may be drawn. At the same time Dr F is c h e r  told that this 
study would be reported in Chemische Berichte. However, as far as the present author 
can judge, F is c h e r  and W it k o p  were at variance only concerning the effect of pH 
upon the steric course of the hydrolytic cleavage of the epimeric methyl styrene oxides. 
That seems irrelevant as regards the configurational conclusions drawn from the 
hydrogenolysis of the epoxides and of the parent quaternary ammonium salts.

3*
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CONFORMATION OF EPH EDRINES

A n o th e r p rob lem  is th e  ac tu a l s te ric  s tru c tu re  o f ephed rine , reg a rd ed  as 
a d e riv a tiv e  o f e th an e . T he question  is th e  co n fo rm atio n  o f th e  com pound , 
i.e., th e  s ta tin g  o f th e  re la tiv e  position  o f th e  b u lk ie r su b s titu e n ts , n am ely  
of th e  p h en y l an d  m eth y l groups a tta c h e d  to  th e  n e ighbouring  carbon  a tom s.

As it is known, the mutual steric positions of the groups on the neighbouring carbon 
atoms may be expressed also with the notation of constellation, which is perhaps to a 
certain extent more tangible; this expression is used in the German scientific literature 
while the literature in the English language adopted the term of conformation. According 
to B a rto n , the conformation, and especially the favoured conformation of a molecule is 
represented by the steric positions of all its atoms, if  non-bonded interaction (interaction of 
atoms not linked directly to one another by covalent bonds) is also taken into consideration.

T here  are  tw o conform able groups in  th e  ephed rine  m olecule (hyd ro x y l 
an d  m ethy lam ino) of nucleophilic  ch a ra c te r , w hich are  ex p ec ted  to  be ab le  to  
fo rm  in tram o lecu la r  h y d ro g en  bond ing  [15], as i t  follows from  th e  classical 
w ork  o f L a t im e r  an d  R o d e b u s h , as well as o f H u g g in s  [30]. A ccord ing  to  
th e  p re sen t view s o f ste reo ch em istry , one can n o t assum e com ple te  freedom  o f 
ro ta tio n  even  in  th e  case o f sim ple e th an e  d e riv a tiv es , such  as 1,2-dichloro 
e th an e  [4, 39], since th e  th ree  fav o u red  positions in  w hich th e  su b s titu e n ts  
o f th e  neighb o u rin g  carbon  a tom s do n o t cover each  o th e r can n o t be reg a rd ed  
as eq u iv a len t ones from  th e  aspect o f in te rn a l energy  co n ten ts  [3].

According to S. M iz u sh im a * the possible conformations o f an ethane derivative can 
be pictured as shown in  Fig. 19.

S im ilar re su lts  have  been  o b ta in ed  in  th e  case o f th e  co m p ara tiv e ly  sim ple 
m olecule o f bu tan e-2 ,3 -d io l w here th e  m ost fav o u rab le  ro ta tio n a l position  
(anti-staggered) is d e te rm in ed  b y  th e  re la tiv e  b u lk  o f th e  tw o  m e th y l an d  of 
th e  tw o h y d ro x y l groups, resp ., an d  b y  th e ir  m u tu a l repu ls iv e  ac tio n . This 
does n o t, o f course, m ean  th e  ex istence  o f ro ta tio n a l isom ers (th e  so-called 
conform ers or ro tom ers of sim ple e th an e  d e riv a tiv es  or o f bu tane-2 ,3 -d io l). 
N evertheless, i t  has been found  as an  ex p erim en ta l fa c t th a t  th e  m eso-m odifi- 
ca tio n  o f bu tan e-2 ,3 -d io l c an n o t fo rm  cyclic ace ta ls , w hereas th e  op tica lly  
ac tive  m olecule as well as th e  racem ic com pound  m ay  be read ily  con v erted  
in to  i t  [40]. In  th e  m eso-configuration , b o th  h y d ro x y l groups are  areiistaggered, 
as a consequence o f th e  an ti-staggered  positio n  o f th e  tw o m eth y l g roups,

Structure of Molecules and Internal Rotation, N. Y ., Academic Press (1954)
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w hereas in  th e  ac tive  (and  racem ic) m od ifica tions, w hen th e  tw o h y d ro x y l groups 
a re  n ea r to  each  o th e r (skew ), th e  a lk y l g roups w ill be an fi-staggered , 
w hich  resu lts  in  th e  consequence th a t  ace ta l rings are  easily  fo rm ed  w ith  d- 
an d  Z-butane-2,3-diol, b u t  n o t w ith  th e  m eso-com pound. T he th ree  possible 
con fo rm ations of m eso-butane-2 ,3-diol a re , accord ing ly , n o t eq u iv a len t, excep t 
for th e  tw o  m irro r im ages.

The su b s titu e n ts  o f ephedrine  h av e  m uch  g rea te r  re q u ire m e n t o f space th a n  
m eso-hutane-2 ,3-diol. T he S tu a r t  — B riegleb  scale m odels o f (-j-)-y -ephedrine  
an d  o f (—)-ephedrine  show  th a t  th e  p h en y l an d  m e th y l g roups t r y  to  becom e 
a rran g ed  possib ly  fa r, an ti-s tag g ered  from  each o th e r. T hus th e  h y d ro x y l and  
m eth y lam in o  groups in  (-j-)-y -ephed rine  are  d irec ted  s te rica lly  n e a r to  each 
o th e r  (skew) [13, 46] (F ig . 20).

Fig. 20

I f  th e  e lec tro s ta tic  an d  s teric  repu lsion  of th e  ph en y l an d  m e th y l groups 
a re  considered  as th e  p rim a ry  fac to r  in  th e  m olecule o f (—)-ephedrine , th e  
sp a tia l d is tan ce  of th e  ph en y l an d  m e th y l groups m u s t invo lve  also th e  d is ta n t 
a rran g em en t of th e  h y d ro x y l an d  m eth y lam in o  group . C onsequen tly , 
th e  ex istence  of a hyd rogen  bond ing  m ay  be assum ed  in  th e  y -ep h ed rin e  m ole­
cule, as i t  has been a c tu a lly  done [15], w hich is th u s  an  in tram o lecu la r h y d ro g en  
bond . As c o n tra s te d  w ith  i t ,  only  an  in term olecu lar h y d ro g en  b o n d , n am ely  
in  th e  form  o f h y d ra tio n  m ay  be ex p ec ted  in  th e  case o f (—)-ephedrine . In d eed , 
accord ing  to  th e  ex p erim en ta l fac ts , on ly  (—)-ephedrine  can  b in d  h y d ra te  
w a te r  [8], w hereas (-(-)-y)-ephedrine can n o t. The sam e holds tru e  for th e  ra c e ­
m ic m odifica tions of these  com pounds.*

T hus th e  p rob lem  o f th e  s te ric  s tru c tu re  o f /?-aryl a lkano lam ines is n o t 
decided  w ith  th e  d e te rm in a tio n  of th e  co n fig u ra tio n , h u t  im m ed ia te ly  arises 
th e  n e x t questio n  as to  th e  s te ric  a rran g em en t o f th e  b u lk ie s t su b s titu e n ts  
on th e  ne ighbouring  carbon  a tom s, an d  con seq u en tly  as to  th e  s te ric  positions 
i.e. con fo rm ation  o f th e  fu n c tio n a l g roups of th e  com pound  [10, 11]. 
S everal a tte m p ts  have  been  m ade to  answ er th is  qu estio n , f ir s t  o f all in  
connection  w ith  th e  a ry lp ropano lam ines o f th e  ephed rine  ty p e . F odok e t al. 
d e m o n s tra te d  in  a series o f ex perim en ts begun  in  1947 th a t  th e  N -acy l deriva-

* The existence of the hydrogen bonding was demonstrated by infrared spectro­
scopy in the cases of both yz-ephedrine and ephedrine by J. K a n z a w a [B u11. Chem. Soc. Japan, 
29, 398; 479,604(1956)]. Intensity, however, was much greater in the case of ^z-ephedrine.
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tiv es  o f  ^J-ephedrine an d  y -no r-ephed rine  read ily  undergo  th e  reac tio n  o f 
N—>-0 acyl m ig ra tio n  [10, 11].

The process is reversib le , an d  th e  co n figu ra tion  is re ta in e d . W ith  N -acyl 
deriv a tiv es  o f 1-a ry l-1 -p ropanol-2-am ines belonging  to  th e  ephed rine  series, 
i t  was possible to  perfo rm  a u su a lly  v e ry  slow reac tio n  w ith  th e  re te n tio n  o f

th e  co n fig u ra tio n  [45], or w ith  a qu ick  process o f acy l m ig ra tio n , accom pan ied  
b y  W a l d e n  inversion  [15]. A tth e s a m e  tim e  an d  in d ep en d en tly , en tire ly  consis­
t e n t  ex p erim en ta l re su lts  w ere re p o rte d  b y  W e l sh  [43]. A ccording to  these , 
N -aro y l-y -ep h ed rin e  is capab le  of an  acy l m ig ra tio n  reac tio n  in  aqueous 
m ed ium  w ith  a ra te  ab o u t 20 tim es g rea te r  th a n  th a t  o f th e  co rrespond ing  N- 
aroy l-ephed rine  d eriv a tiv e  [45]. In  th e  case o fh e a tin g  N -ace ty l-ep h ed rin e  h y d ro ­
ch loride, W e lsh  found  n o t on ly  a d iffe ren t reac tio n  ra te , b u t  also th e  change 
o f co n fig u ra tio n  occurring  a t  th e  sam e tim e . Since th e  m echan ism  of acyl 
m ig ra tio n  is ex p erim en ta lly  well e s tab lished  [16, 29, 45], as described  in  th e  
in tro d u c to ry  ch ap te r , i t  is a p p a re n t th a t  a p ositive  occurrence o f acy l m igra-
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t io n  (i.e., a process w ith  th e  re te n tio n  o f con figu ra tion ) in d ica tes  th e  s teric  
ne ighb o u rh o o d  o f th e  g roups co n ta in in g  oxygen  an d  n itro g en ; on th e  
o th e r  h an d , th e  d elay  in  or th e  fa ilu re  o f th is  reac tio n  —- o r even  its  occurrence 
w ith  in version  — is a sign  to  show  th a t  th e  acy lam ino  an d  h y d ro x y l groups 
w ere s te rica lly  a p a r t  from  each  o th e r. O n th is  basis, th e  conform ation  o f ephed- 
rin e  an d  y -ep h ed rin e  w ere g iven [12] in  th e  sam e w ay  as deduced  b y  W e l sh  [45, 
46] from  th e  m u tu a l repu lsion  o f th e  p h en y l an d  m e th y l g roups. A ll these  
fa c ts  co n sis ten tly  prove th a t  in  th e  case o f a ry lp ro p an o lam in es , w here th e

p ro b a b ility  o f a p re fe rred  stag g ered  con fo rm ation  to  eclipsed ones is h igher in  
aqueous, alcoholic or d ioxan  so lu tions even a t  room  te m p e ra tu re , th e  bu lk ie r 
g roups t r y  to  becom e a rran g ed  areii-staggered, or a t  leas t skew. T hese resu lts  
ren d ered  possible to  decide b y  th e  a id  o f th e  N->-0 acyl m ig ra tio n  a b o u t th e  
re la tiv e  d istance  o f n itro g en  an d  oxygen , i. e., t h e  con fo rm ations o f a n u m b er o f 
ephedrine- an d  y -ephedrine  d e riv a tiv es  could  be d e te rm in ed . Series o f sy s te ­
m a tic  experim en ts  revea led  th a t  physio logically  ac tiv e  — p ressor — re p re se n ­
ta tiv e s  o f ary lp ro p an o lam in es h ad  conform ations an d  also con fig u ra tio n s id en ­
tic a l w ith  ephedrine  [2]. The co n figu ra tion  w as p roved  b y  th e  reac tio n s described  
below , em ploying  th e  m e th o d  o f co n fig u ra tiv e  co rre la tio n . In  th e  course o f th e  
ex p erim en ts , (+ )-N -m e th y l-e p h e d rin e  w as co n v erted  in to  ( +  )-ephedrine  [21], 
nor-ephedrine in to  4 -hydroxy- [9] an d  3 ,4-dihydroxy-reor-ephedrine [19], (F ig. 
21) an d  (+ )-ch lo ram p h en ico l in to  ( +  )-N -benzoy l-y -nor-ephedrine  [18] (F ig. 22). 
O n th e  o th e r h an d , com pounds w hich d id  n o t m ark ed ly  in fluence  th e  b lood  
p ressu re  o f th e  ex p erim en ta l an im als, an d  b eh av ed  like y -ep h ed rin e  in  th e  
course o f th e  N—»-O acyl m ig ra tio n  reac tio n , w ere all a c tu a lly  d e riv a tiv es  of 
y -ep h ed rin e . This was p roved  f irs t b y  acy l m ig ra tio n  reac tio n , b u t th ese
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s ta te m e n ts  w ere la te r  confirm ed also b y  th e  estab lished  con figu ra tive  co rre la ­
tions [21 ,9 , 2 9 ,1 9 ] m en tioned  p rev iously . The analysis o f th is  p rob lem  becam e 
fin a lly  com pleted  b y  th e  X -ray  d iffrac tio n  s tud ies o f D u n it z  [35] on b rom - 
am phenico l, w hich  p roved  in  a d d itio n  to  th e  co n fig u ra tio n  of y -ephed rine  
(a lread y  know n from  o th e r experim ents*) th a t  th e  C(X) h y d ro x y l an d  th e  acyl-

a te d  am ino-n itrogen  o f th e  c rysta ls  w ere, in  fa c t, n ea r to  each  o th e r in  space 
(skew) (F ig  23). In  th is  connection  reference shou ld  be m ade to  th e  
d a ta  o f X -ra y  d iffrac tion  o f c rysta lline  ephedrine  hyd roch lo ride  [34]. E p h e d ­
rine , in  th e  fo rm  of its  sa lts , show s th e  s te ric  s tru c tu re  an d  con fo rm ation  
th a t  co rresponds to  th e  classical p ro jec tio n  fo rm ula . I t  shou ld  be e m p h a ­
sized, how ever, th a t  i t  holds tru e  on ly  fo r ephedrine  hyd ro ch lo rid e  crystals. 
I t  is read ily  seen th a t  repu lsive  an d  pu lling  forces en te rin g  th e  p ic tu re  in  th e  
presence o f an  am m onium  n itro g en  are  q u ite  d iffe ren t from  tho se  p re se n t in  
m olecules b ea rin g  no fo rm al charge, or even from  th e  case o f an  N -acy la ted  
am ino alcohol. In  H ü c k e l ’s op in ion , th is  is th e  crucia l c ircum stance  [26].

The n e x t p rob lem  is now  th e  re p re se n ta tio n  of th e  conform ations o f 
ephedrine  bases w hich — if  th e  con figu ra tions are  given — correspond  to  
all rea l fac ts . In  th is  re sp ec t th e re  are  th ree  possib ilities. The f irs t  an d  th e  m ost

* M. C. R e b sto c k , H . M. Cro o k s , J r ., J .  Co n tro u lis  and Q. R . B artz [J . Am. Chem. 
Soc., 71, 2458 (1949)] arrived at the same conclusion on the basis of the values of optical rota­
tory power.
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ex ac t is th e  use o f s tereofo rm ulas rep resen tin g  th e  ac tu a l s teric  s tru c tu re s  of 
ephed rine  an d  y -ephedrine . A n o th er an d  sim pler w ay  is to  use th e  so-called s te l­
la r  fo rm ulas [4b, 6]. I f  th e  m odel o f th e  y -ep h ed rin e  m olecule, e.g ., is rep resen ted  
so th a t  th e  C—C bond  of e th an e  is p e rp en d icu la r to  th e  p lane  o f th e  p ap er, 
th e  su b s titu e n ts  on th e  in d iv id u a l asy m m etric  carbons m ay  be show n as s itu a te d  
on th e  vertices  o f tw o trian g les . F o r energetic  reasons, a cond itio n  o f such  
a rran g em en t is th a t  th e  groups o f id en tica l c h a ra c te r  m u st n o t com e n e a r  to  
each  o th e r, th u s  th e  tw o  trian g les  can n o t cover each  o th e r, th e y  are  ju s t  in  
a crossed position ; in  th is  w ay  a s te lla r  form  will re su lt. F o r ephed rine  and  
y -ephedrine , th e  s te lla r  fo rm ulas g iven b y  Close  [6 ], an d  show n in  F ig . 24,

Fig. 24

are  o b ta in ed . H ow ever, i t  m u st be n o te d  here , th a t  th is  w ay  o f p ro jec tio n  is 
v a lid  only  as regards th e  con form ations, w hile i t  m ay  lead  to  m istakes con­
cern ing  th e  co n fig u ra tio n  o f th e  ‘re a r ’ ca rbon  a to m .

A n o th e r possib ility  o f p ro jec tio n  w as suggested  b y  F odor  e t al. [15, 20]. 
A ccord ingly , in  th e  classical p ro jec tiv e  fo rm ula  o f ephedrine  an d  yi-ephedrine, 
th e  carbon  a to m  b earin g  th e  n itro g en  is ro ta te d , to g e th e r  w ith  its  su b s titu e n ts , 
b y  60° a ro u n d  th e  axis connecting  th e  tw o  e th an e  carbon  a to m s; th is  con­
fo rm atio n  is p ro jec ted  on th e  p ap er. This re su lts  in  a p ro jec tio n  fo rm ula  w hich 
tru ly  p ic tu res  b o th  co n fig u ra tio n  an d  con fo rm ation . Such fo rm ulas h av e  been 
em ployed  in  th e  sc ien tific  l i te ra tu re  b y  H ü c k e l  [26, 27], S h e m y a k in  [38] 
an d  P r e o b r a z h e n sk i [35], an d  w ill also be used  in  th e  follow ing p a r ts  of



th is  w ork. T he assu m p tio n  o f h in d ered  ro ta tio n  a ro u n d  th e  C—C bo n d  o f 
ep h ed rin e  bases has been  a d o p ted  b y  severa l tex t-b o o k s [41] an d  m onographs 
[42]. I n  p rinc ip le , these  p ro jec tio n  fo rm ulas are likew ise o b ta in ed  i f  th e  open- 
chain  aldehydo-hexose fo rm ulas are  tra n s la te d  in to  th e  cyclic sem i-acetal fo r­
m ulas. In  th is  case C(6) is im ag ined  to  be ro ta te d  b y  60° a ro u n d  th e  axis con­
n ec tin g  C(4) an d  C(5), as i t  m u st a c tu a lly  be done w ith  th e  su b s titu e n ts  of 
C(5) w hen  assem bling  a m odel, because o therw ise th e  con fo rm atio n  necessary  
fo r th e  cycliza tion  can n o t be achieved.

E p h ed rin e  an d  ^ -ep h ed rin e  show  th u s  a stereospecific  b eh av io u r in  th e  
course o f th e  N—>-0 acyl m ig ra tio n  reac tio n . A  sim ilar s te reo sp ec ifity  is o b ­
served  accord ing  to  Close  [6], if  th e  ephedrine  epim ers are  m elted  w ith  u rea . 
B y  th is  reac tio n , a 2-oxazolidone d e riv a tiv e  is form ed from  ^ -ep h ed rin e  
(F ig . 25), w hile ephedrine  is co n v erted  in to  a 2 -im idazolidone d e riv a tiv e  
(F ig . 26). T hus, th e  reac tio n  is stereospecific . A t f ir s t , Close  assum ed  th is
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im inazolidone to  ex ist w ith  th e  p h en y l an d  m e th y l g roups in  th e  irans-posi- 
tio n . W e p rep a red  N -u re ido-ephedrine  an d  supposed  th e  fo rm atio n  o f th is  
com pound  as th e  p rim a ry  p ro d u c t [20] w hich, w ith  th e  areti-staggered con­
fo rm a tio n  o f th e  N —C H 3 an d  O H  groups, suffers an  in tram o lecu la r  nucleo ­
ph ilic  su b s titu tio n  (SN 2) invo lv ing  in v ersio n  on C(4), to  give th e  trares-im idazolid- 
one (F ig . 27). H ow ever, accord ing  to  Cl o se , D u s c h in s k y  [7] la te r  succeeded

in  p rep arin g  a p ro d u c t, id en tica l w ith  th e  one derived  from  ephedrine , b y  th e  
ca ta ly tic  h y d ro g en a tio n  o f th e  3 ,4 -d im ethy l-5 -pheny lim idazo line  w hich 
re a c tio n  w as, of necessity , a c is-add ition . C onsequen tly , th e  C(4) m e th y l and  
C(5) p h en y l g roup  are also in  cis-position  in  th is  im idazolidone d e riv a tiv e , and  
th e y  h av e  an  ery thro-configuration  correspond ing  to  ephed rine . I t  follows th a t
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no change of configuration took place during the process o f m elting w ith  
urea. F odor  and K oczka [20] could, on the other hand, recover pseudo- 
ephedrine b y  the alkaline hydrolysis o f 3 ,4-dim ethyl-5-phenyloxazolidone  
which had been obtained from the urea m elting reaction o f ^-ephedrine. 
This result showed that the m elting of the t h r e e -derivative w ith  urea was not 
accom panied b y  inversion either, only the heterocycles formed from the two  
epimers were structurally different. Thus, the difference in  the relative steric 
position o f the hydroxyl group on a single carbon atom  m ay result in  diverse 
paths o f reaction even under rather energetic reaction conditions, though the 
energies involved would be am ply sufficient to efface both configurational and 
conform ational differences. This fact indicates a definite stereospecifity , and  
confirm s the experience that these two epimers profoundly differ, not only in 
their configuration, but also in their chem ical reactiv ity .

T he s te reo sp ec ifity  o f ephed rine  an d  y -ep h ed rin e  is n o t so m ark ed  in  
aqueous a lka line  so lu tions. B o th  ep im ers, e.g ., give rise w ith  benza ldehyde  
[44] or w ith  o th e r a ldehydes to  th e  fo rm a tio n  of d iaste reom eric  p h en y l-m eth y l- 
oxazolid ine d e riv a tiv es . As show n b y  F o do r  an d  K oczka [29a, 20], th e  
reac tio n  w ith  cyanogen  b rom ide  y ie lded  th e  2-im ino d e riv a tiv es  o f th e  co rres­
po n d in g  oxazolidone in  b o th  cases (F ig . 6). T he co n fig u ra tio n s o f th e  com ­
p ounds w ere c learly  es tab lish ed  as dep ic ted  in  F ig . 28.

A n o th e r p rob lem  is th e  m echan ism  of th e  acy l m ig ra tio n  reac tio n  in  N -acyl 
ephedrines w ith  inversion  (F ig . 29). A ccord ing  to  F o dor  an d  K is s  th is  process 
is, in  p rinc ip le , ex ac tly  th e  sam e, as th e  N->-0 acyl m ig ra tio n  o f 2-am ino 
cyclanols h av in g  a rig id  rin g  sy stem , e.g ., 2 -acy lam ino-cyclopen tano ls (F ig . 
30). T he genera lly  know n ste ric  p re req u is ite  o f th is  reac tio n , occurring  w ith  
Sjv 2 m echan ism , is th e  ircm s-position o f th e  a tom ic  g roup  sp lit off from  C(X) 
an d  o f th e  new  group  w hich  becom es a tta c h e d  to  th e  sam e [1]. A ccording to  
th e  s tud ies of F odor  an d  K oczka, w hen N -ca rb am y l-ep h ed rin e  is ac ted  upon  
b y  m inera l acids, a 2 -oxazolidone-im ine d e riv a tiv e  is fo rm ed , th e  process 
be ing  accom pan ied  b y  W alden  inversion  (F ig . 29). T he hydro lysis  o f th e  p ro d u c t 
— w hich process does n o t a ffec t th e  cen tres o f a sy m m e try  — affords y -ephed-
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rine , th u s  th e re  is no d o u b t ab o u t th e  change o f th e  co n figu ra tion  du ring  
th e  fo rm a tio n  o f th e  ring . A ccording to  th e  m echan ism  suggested  b y  F odor  
e t al. [14, 20], th e  carb am y l-o x y g en  a to m  w ould  p u sh  o u t th e  p ro to n a te d  
p ro p an o l-h y d ro x y l, an d  so co n tr ib u te  to  th e  fo rm a tio n  of th e  rin g  [14].

F o dor  an d  K oczka becam e aw are o f th e  p ara lle lism  betw een  N—»-0 
acy l m ig ra tio n  an d  th e  conversion o f th e  ureido  d e riv a tiv es  o f th e  epim eric 
ephedrines u n d e r th e  in fluence  of acids. T hey  reg a rd ed  th e  ure ido  re s t as a 
special acy l group w hich perm its  th e  s tab iliz a tio n  o f th e  cyclic in te rm ed ia te , 
an d  allows in  th is  w ay  a b e tte r  in s ig h t in to  th e  m echan ism  o f N—>-0 acyl 
m ig ra tions accom pan ied  b y  inversion . C onsequen tly , i t  ap p ea red  desirab le  to  
prove ex ac tly  th a t  w hen  th e  oxazolidone-im ide w as fo rm ed  from  N -ca rb am y l 
ephed rine , i t  w as a c tu a lly  th e  p ropano l-oxygen  on C ^) w hich h a d  to  be d riven  
o u t b y  th e  acy l-carbony l-oxygen . U nequ ivocal p ro o f could be offered  b y  th e  
use o f carbony l-O 18 labelled  N -u re ido -ephedrine . Since m eth o d ica l possib ilities 
w ere lack ing  w hen th is  research  w as carried  o u t, p a ra lle l ex p erim en ts  w ith  
N -th io ca rb am y l-ep h ed rin e  w ere m ade as a f ir s t  a p p ro x im a tio n  to  decide w hich 
a to m  (0  or S) w ould  e n te r  th e  heterocycle  to  su b s ti tu te  th e  o th e r. F in a l 
conclusions, o f course, m u s t be reg a rd ed  alw ays w ith  re se rv a tio n , as i t  is n o t 
sure th a t  su lphur-iso logues re a c t com plete ly  th e  sam e w ay  as th e  oxygen 
com pounds.



EPHEDRIXES 45

K o c z k a  an d  FoD O Rfound [29c] (F ig . 31) th a t  O -benzoy l-N -th iocarbam yl- 
eph ed rin e  ( I I )  gave u n d er th e  ac tio n  of acids an  oxygen-free p ro d u c t, a p p a re n tly  
a th iazo line  d e riv a tiv e  (V), w ith  th e  e lim in a tio n  o f benzoic acid . T hus, th e  
q u estio n  w h e th e r th e  th io n e -su lp h u r a to m  could expel th e  p ropano l-oxygen  
w as answ ered  in  th e  a ffirm ativ e .

A  n e x t ta s k  was to  p rove  th e  con fig u ra tio n  o f th e  fo rm ed  th iazo lidone  
im ide , an d  to  decide in  th is  w ay  a b o u t th e  SN1 or SN2 m echan ism  o f th e  process. 
F o r th is  p u rpose  i t  ap p eared  im p o r ta n t to  f in d  a co rre la tio n  b e tw een  th is  
th iazo lid o n e  im ide an d  e ith e r  th io l-ep h ed rin e  or th io l-y -ep h ed rin e . F o r th is  
pu rpose  tw o  w ays w ere suggested . A t f irs t , (+ )- th ia z o lid o n e  im ide (У) was 
co n v erted  b y  rin g  opening in to  a (+ )-p h e n y l-m e th y la m in o -p ro p a n e -th io l (IX ); 
on th e  o th e r h a n d , th e  L-threo-form of th e  sam e com pound  (X III)  was syn thesized  
an d  tran sfo rm ed  in to  th e  op tica lly  ac tiv e  im ido-th iazo lidone (Y), an d  id e n ti­
fied  w ith  th e  sam e. A ll these  reac tions are  dep ic ted  in  d e ta il on th e  ta b le  of 
fo rm ulas (F ig. 31). The rin g  cleavage o f Y  could  n o t he effected  e ith e r  w ith  acids 
or w ith  alkalis; f in a lly  N -n itro sa tio n  an d  therm olysis  o f th e  n itro sim in e  (VI)
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to  th e  th iazo lidone  (V II) follow ed b y  rin g  opening  b y  p heny lm agnesium  b ro m id e  
w as successful in  o b ta in in g  N -benzoyl-th io l-y)-ephedrine (IX a ); th is  com pound 
was id en tified  in  th e  form  of its  N -p h en y ld ith io ca rb am a te  (IX b ). A n analogous 
rin g  cleavage reac tio n  w as observed  fo rm erly  in  th e  case o f th e  co rrespond ing  
oxazolidone (F ig . 32). T he f ir s t  syn thesis  s ta r te d  w ith  (+ )-ch lo ro -d eso x y - 
pseudoephedrine,*  w hich w as h y d ro lyzed  th ro u g h  th e  th io su lp h o n a te  accord ing  
to  B r e t s c h n e id e r ’s m eth o d  w ith  th e  re te n tio n  o f th e  co n fig u ra tio n  to  give 
(+ )-ih reo -l-p h en y l-2 -m e th y lam in o  p ro p an e th io l (th io l-y -ephedrine) (X III ) .T h is  
p ro d u c t was jD -nitro-benzoylated  on th e  n itro g en  a to m , an d  th e n  oxid ized ; th e  
re a c tio n  gave a d isu lph ide  (IX b ) id en tica l w ith  th e  p ro d u c t p rep a red  b y  rin g  
cleavage of th e  racem ic th iazo lidone  im ide (V).

The asy m m etric  syn th esis  from  (-(-J-y-ephedrine gave h-threo-1-th io l-2- 
m eth y lam in o -p ro p an e  p rac tica lly  in  th e  sam e w ay : X —>-XI—»-XII—> X III ;  th e  
t re a tm e n t o f th e  p ro d u c t w ith  cyanogen  b rom ide  affo rded  th e  sam e (—)- 
th iazo lidone  im ide as o b ta in ed  also from  th e  reso lu tio n  o f th e  racem a te  V. 
(—)-F ry t/iro -th io lephed rine  was p rep a red  b y  re a c tin g  (-f-)-chloro-desoxy- 
y -ep h ed rin e  w ith  p o tassiu m  th io c y a n a te  an d  b y  su b seq u en t hydro lysis .

F ro m  these  ex p erim en ts  one m ay  deduce th e  in tram o lecu la r  SN2 m ech a­
n ism  for th e  cycliza tion  o f N -ure ido-ephedrine  w hich, in  a ll p ro b ab ility , m ay  
be ex ten d ed  also to  N ->-0 acy l m ig ra tions occurring  w ith  inversion .

In d e p e n d e n tly  from  our stud ies, S ic h e r  e t al.* found  a s im ila r stereospe- 
c if ity  in  th e  case o f cy clisa tion  of N -th iobenzoy l-2 -am inoalcoho ls. Erythro  
d e riv a tiv e s  gave / l2-th iazo lines, w hile threo d e riv a tiv es  y ie lded  zl2-oxazolines. 
A ll these  re su lts  in d ica te  th e  im p o r ta n t in fluence  o f th e  co n fo rm atio n  on 
th e  re a c tiv ity  of ephedrine  bases. T he reac tio n s m en tio n ed  here  are  s te reo ­
specific  an d  can n o t be in te rp re te d  in  each  case in  te rm s o f co n fig u ra tio n a l 
d ifferences. H ow ever, i f  th e  fav o u red  conform ations are  ta k e n  in to  conside­
ra tio n , logical ex p lan a tio n s  are  ob ta in ed .

N ex t, we shou ld  like to  in te rp re t th e  fa c t th a t  th e  m olecule o f ephedrine  
behaves in  som e cases — especially  in  acid ic m ed ium  — stereospecifica lly , w hile 
b o th  ^ -ep h ed rin e  an d  ephedrine  give th e  sam e ty p e  o f p ro d u c ts  o f ring  closure 
w ith o u t inversion  w hen  tre a te d  in  a lkaline  m ed ium . This experience is easily  
ex p la ined : in  acidic m ed ium  n o t on ly  th e  nucleophilic , b u t  also th e  e lec tro ­
philic  p re req u is ite  o f th e  reac tio n  of SN2 ty p e  is given (push -pu ll reac tion ).

* H. B r e t sc h n e id e r  and W. K l ö t z e r : Monatsh. Chem. 81, 587 (1950).
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I t  is a d m itte d  th a t ,  in  p rinc ip le , th e  p o ssib ility  o f a change in  th e  conform ation  
o f  th e  N -acy l-ephed rine  com pound  is g iven , i.e ., th e  h y d ro x y l an d  th e  acy la ted  
n itro g en  groups m ay  ap p ro ach  each  o th e r b y  ro ta tio n  a ro u n d  th e  Cq )— 
C(2) ax is, th u s  in tram o lecu la r acy l m ig ra tio n  m ig h t ta k e  p lace w ith  th e  re te n tio n  
o f th e  co n fig u ra tio n ; th e  p ro b a b ility  o f such  a process is, how ever, n o t a t  
all h igh . T he com peting  reac tio n , n am ely  th e  conversion  via S N 2 m echanism , 
is a process o f h ig h er reac tio n  ra te . T he la t te r  re a c tio n  is fu rth e re d  n o t only  b y  
d riv in g  forces o rig in a tin g  from  w ith in  th e  m olecule (presence o f th e  nuc leo ­
ph ilic  oxygen), b u t  in  acidic m ed ium  also b y  th e  p ro to n  (or h y d ro x o n iu m  
ion), w hich b rings ab o u t a loosening o f th e  p ro p an o l C —О b o n d . In  a lkaline  
m ed ium , as i t  is easily  seen, th e re  is no electroph ilic  g roup  p resen t, th u s  sp lit­
tin g  off o f th e  oxygen a to m  in  th e  fo rm  o f w a te r  can  be helped  only  b y  push ing  
forces from  w ith in  th e  m olecule; th is  effect in  i tse lf  is n o t s tro n g  enough to  
b rin g  th e  process to  com pletion  [20].

A n in te re s tin g  exam ple of th e  above s ta te m e n t m ay  be g iven in  th e  fo l­
low ing: th e  sam e u re ido -ephedrine  gives u n d er th e  cond itions o f n e u tra l 
therm olysis  an  im idazolidone (F ig . 26), fo rm ed  w ith o u t inversion  as a conse­
quence o f th e  lack  of an  e le c tro n -a ttra c tin g  g roup , e.g. a p ro to n ; how ever, 
w hen  th e  com pound  is h e a te d  in  aqueous h ydroch lo ric  acid , an  oxazolidone 
im ide is fo rm ed . O n th e  o th e r h an d , i f  th e  an ii-s tag g ered  con fo rm atio n  o f th e  
re a c tin g  groups is n o t g iven, like in  th e  case o f N -ca rb am y l-p seu d o ep h ed rin e ,rin g  
closure w ith  th e  re te n tio n  o f th e  co n fig u ra tio n  tak es  p lace to  give trons-3,4- 
d im ethy l-5 -pheny loxazo lidone (F ig. 28).

A  h ig h ly  in te re s tin g  new  deve lopm en t in  th e  fie ld  of d e te rm in in g  th e  
conform ations o f am ino-alcohols w as th e  s trik in g  o b se rv a tio n  o f F ö ld i e t al. 
[5d] in  1957. I t  w as found  th a t  th e  three an d  erythro form s o f 2-am inoalcohols 
gave copper chelates of d iffe ren t s tru c tu re s . Pseudoephed  rine gave a 
tru e  chela te , i.e ., an  u n ch arg ed  in tram o lecu la r com plex, w hile ephedrine  
affo rded  a po sitiv e ly  charged  com plex ion. T he d e riv a tiv e  from  pseudoephedrine  
was show n to  be en tire ly  s tab le  ag a in st th e  ac tio n  o f am m onium  h y d ro x id e , 
w hereas th e  ephedrine  d e riv a tiv e  w as read ily  decom posed b y  th is  reag en t. 
T his fac t, th a t  on ly  th e  three d e riv a tiv e , i.e ., p seudoephedrine gave a s tab le  an d  
genuine che la te , an d  th e  erythro d e riv a tiv e  (i.e. ephedrine) d id  n o t, p e rm itte d  
th e  in ference th a t  th e  s teric  p ro x im ity  o f th e  am ino  an d  h y d ro x y l g roups ex isted  
only  in  th e  m olecule of th e  threo d e riv a tiv e  (F ig. 33). T his s ta te m e n t is in  com ­
p le te  accordance w ith  th e  conclusions o f F odor  e t al. d raw n  on th e  basis of 
stereospecific  reac tio n s. H ad  ephed rine , in  accordance  w ith  th e  p ro jec tio n  
fo rm ula  o f F is c h e r , th e  h y d ro x y l an d  m eth y lam in o  groups in  c is-position , 
che la tio n  shou ld  give th e  re su lt ex ac tly  opposite  to  th a t  observed  b y  F ö l d i . *

* Coll. Czech. Chem. Comm., 20, 1391, 1402, 1409.
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S om ew hat la te r , in  1958, D r e fa h l  an d  Z im m er m ann  observed  a p h en o m ­
enon sim ilar to  th e  one s tu d ied  b y  F ö l d i, in  th e  course o f  re a c tin g  dia- 
ste reom eric  am ino-cyc/opentanols w ith  cobaltous chloride in  m e th an o l [5a]. 
C is-2-am ino-cyclopentanol gave in  an h y d ro u s m e th an o l a f in e ly  c ry sta llized  
ch e la te , w hile p ra c tic a lly  no com plex  com pound  w as fo rm ed  w ith  trans-2- 
am ino-cyclopen tano l. On th e  basis o f th is  s te reo sp ec ific ity  o f chela te  fo rm atio n , 
D r e fa h l  an d  Z im m er m ann  could  ascribe th e  sam e con fig u ra tio n s to  th e  tw o  
2-am ino-cyclopen tano ls as g iven p rev io u sly  b y  F o dor  e t al. as th e  re su lt o f 
considera tions re la tin g  to  th e  N -> 0  acyl m ig ra tio n  reac tio n  [17].

In  1960 th is  m e th o d  o f com plex fo rm atio n  w as ex ten d ed  b y  D r e fa h l  e t  
al. to  s tu d y in g  th e  in fluence  o f th e  conste lla tio n  o f  1 ,2 -d isu b s titu ted  2-am ino- 
alcohols [5b]. T hey  exam ined  epim eric nor-ephedrine an d  norpseudoephedrine. 
Tw o various cobaltous com plexes o f nor-pseudoephedrine could  be iso la ted  in  
an h y d ro u s  m e th an o l; one o f th e m  h a d  th e  com position  o f  (d l -nor-pseudo- 
ephed rin e-H )3Co. In  th e  case o f D L-nor-ephedrine, how ever, a single com plex 
sa lt hav in g  th e  com position  (D L -nor-ephedrine-H )6CoCl2 • 3 C H 3O H  w as iso ­
la te d  only.

On th e  o ther h and , a d ifference cou ld  b e ob served  in  th e  ten d e n c y  o f  
co m p lex  form ation  w hen  th e  reaction  w as tr ied  in  9 5%  m eth an o l: DL-nor- 
ep h ed rin e g ave  no traces o f  a co m p lex  sa lt .

In  th e  case o f  th e  N -m eth y l d er iv a tiv es, DL-pseudoephedrine and d l - 
ephedrine b eh aved  perhaps even  m ore d ifferen tly . T he f ir s t  com p oun d  gave  a 
b row n ish -v io le t ch ela te  and an o live  co m p lex  com p oun d, w hile  DL-ephedrine 
afforded  no co m p lex  com p oun d  at a ll, apart from  a tra n sito ry  d eep en in g  o f  
th e  colour w hen  th e  b ase w as added  to  a so lu tio n  o f  cob a ltou s ch loride in  
m eth an ol; th e  h u e , h ow ever, d isapp eared  in  a few  m in u tes, w ith  th e  p rec ip ita ­
tio n  o f  b asic  cob a ltou s ch loride.

T he ex p erim en ta l re su lts  were in te rp re te d  b y  D r e fa h l  as in d ica tin g  
a fav o u red  s te ric  p ro x im ity , i.e. skew  con fo rm ation  o f th e  h y d ro x y l an d  
am ino  groups w ith  th e  staggered  positio n  o f th e  b u lk y  p h en y l an d  m e th y l 
g roups in  nor-pseudoephedrine an d  pseudoephedrine . A nyhow , th e  beh av io u r 
o f th e  ep im eric  nor-ephedrine  shows a t  th e  sam e tim e  th a t  th e  energy  
b a rrie r  b e tw een  th e  various possible conform ations is n o t to o  h igh . I t  
is possible, w ro te  D r e f a h l , th a t  th e  su b s titu e n ts  leave th e  fav o u red  s ta g g e r­
ed con fo rm ation  an d  ap p ro ach  one a n o th e r as n e a r as i t  is allow ed 
b y  th e  ste ric  h in d ran ce  betw een  th e  p h en y l an d  m e th y l g roups (skew  
o r ien ta tio n ), an d  as i t  follows from  th e  energetic  fac to rs  o f in tram o lecu la r 
in te rac tio n s .

As a fu r th e r  ap p ro ach , sy s tem a tic  in v estig a tio n s o f th e  iR -spectra , o f 
th e  d ipole m om ents an d  co n d u c tiv ity  m easu rem en ts w ere u n d e rta k e n  b y  
D r e fa h l  an d  H e u b l e in  [5c] in  th e  series o f 1 ,2-am inoalcohols inc lud ing  
e th an o lam in e , threo- and  ery thro-3-am inobutan-2-o l, no r-ephedrine  an d  
pseudo-nor-ephedrine, threo- an d  ery ih ro -2 -am ino-l,2 -d ipheny le thanoI, e tc . 
In  ag reem en t w ith  K a n z a w a  (p . 37), a considerab le  sh if t o f th e  O H  va len cy  
frequencies was observed  th ro u g h o u t th is  series, p o in tin g  to  th e  presence of 
re la tiv e ly  s tro n g  hydro g en  b ridges. H ow ever, th is  sh if t is m uch  m ore sign if­
ic a n t in  a ll cases w ith  th e  threo de riv a tiv es . S im ilar p ara lle lism  (and  d is­
c repancy ), th o u g h  n o t so specific , has been  observed  in  th e  dipole m o m en t 
an d  m olecular c o n d u c tiv ity  d a ta . A ll these  find ings m ay  be considered 
in  fav o u r o f th e  afo re-m entioned  in te rp re ta tio n : th e  m u tu a l repu lsion  of 
th e  b u lk ie s t su b s titu e n ts  is one o f th e  m ain  fac to rs , w hile th e  a ttra c tio n
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b etw een  th e  O H  an d  N H  groups is th e  o th e r. T hese tw o  fac to rs  a c t in  th e  
sam e sense, in  th e  threo  deriv a tiv es  w hile w ith in  th e  ery th ro  form s th e y  are  
co m petitive .

R ecen tly  H y n e * gave an  acco u n t of an  nmr s tu d y  on th e  epi- 
m eric ephed rine  bases. B ased  upon  chem ical sh if ts , he s ta te d  t h a t  none o f 
th e  pure staggered  conform ations of th e  d iastereo isom eric  ephedrines 
could  d ep ic t th e  rea l s itu a tio n . (F ig. 34)

B ased  u p o n  chem ical sh ifts , an iso tro p y  effects, sp in-coupling  con­
s ta n ts  an d  upon  h y d rogen -bond  phenom ena , H y n e  suggests th e  follow ing 
p re fe rred  residence conform ations to  th e  d iastereo isom ers. A ccord ingly , th e  
h y d ro g en  b ridge  seem s to  be th e  p rep o n d e ra n t fac to r  in  ad d itio n  to  
th e  m u tu a l repu lsion  betw een  th e  m e th y l an d  th e  p h en y l g roups (Fig. 35).

Fig. 35

‘ Canadian Journal of Chemistry 38, 2536—2542 (1962)

4 Natural Carbon Compounds
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H ow ever, th e  a u th o r  of th e  sam e p a p e r is a t  va rian ce  w ith  th is  con­
cep t, suggesting  th e  p ro p o rtio n  o f conform ers to  be a : b : c — 62 : 30 : 8 %  
fo r pseudoephedrine w hile fo r ephedrine x  : у : z =  40 : 20 : 40 %  seem s to  
acco u n t b e tte r  fo r th e  chem ical sh if t values observed. In  b o th  a lte rn a tiv e  
in te rp re ta tio n s  th e  neg lec t o f conform er b in  th e  case of pseudoephedrine seem s 
to  be ra th e r  su rp rising , since th is  form  corresponds th e  b e s t to  b o th  fac to rs  
(i.e. H -b ridge  an d  non-bonded  in te rac tio n ) concerned.

U n fo rtu n a te ly , how ever, th e re  a re  som e lim its  as to  th e  v a lid ity  o f th e  
s ta te m e n ts  m ade u p o n  physico-chem ical m easu rem en ts . In  consequence, th e  
p ic tu re  concern ing  th e  rea l equ ilib riu m  b e tw een  th e  d iffe ren t p referred  con­
fo rm a tio n s  o f  2 -am ino-alcohol bases is n o t q u a n tita tiv e  as y e t.
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C H A P T E R  I I

STEREOCHEMISTRY OF PYRROLIZIDINE AEKAMINES

OCCURRENCE

The basic  ring  system  o f th is  a lkalo id  g roup  is th e  skele ton  o f p y rro - 
liz id ine, i.e ., l-m o n o aza[3 .3 .0 ]-o c tan e  (F ig . 36). In  th e  n a tu ra lly  occur­
rin g  rep re sen ta tiv es , one or m ore oxygen-con ta in ing  fu n c tio n a l g roups, as well 
as a C(X) h y d ro x y m e th y l group are u su a lly  p resen t. E s te rs  w ith  various m ono- 
an d  d icarboxy lic  acids are  w ide-sp read  in  n a tu re . la -M e th y lp y rro liz id in e  is 
called h e lio trid an e . P y rro liz id ine  a lkalo ids are  co n ta in ed  b y  ce rta in  genera of 
th e  p la n t fam ilies Compositae, Boraginaceae, an d  Legum inosae. In  th e  fam ily  
o f Compositae, Senecio is th e  m ost im p o r ta n t genus, com prising  a b o u t one 
th o u sa n d  species, all o f th e m  co n ta in in g  alkalo ids o f s im ila r py rro liz id ine  
skeletons. This is th e  reason  w hy  n a tu ra l esters o f 1 -h y d ro x y m eth y l-p y rro liz i- 
d ine an d  its  d e riv a tiv es  are  o ften  p re fe ren tia lly  called  ‘Sereecio-alkaloids’ 
[1, 5]. In  th e  fam ily  o f Boraginaceae, a lkalo ids of py rro liz id in e  rin g  sy stem  
are  co n ta in ed  b y  th e  genera H elio trid ium , Trachelanthus, an d  Trichodesm a. 
A lkaloids o f  sim ilar s tru c tu re  are fo u n d  w ith in  th e  genus o f Crotalaria  of th e  
fam ily  of Legum inosae  [30].

ELUCIDATION OF THE CONSTITUTION

As i t  has been  m en tio n ed , th e  n u m b er of Senecio  or py rro liz id ine  a lkalo ids 
is v e ry  g rea t, an d  ever increasing . T h e ir iso la tion , an d  e lu c id a tio n  of th e  
chem ical c o n s titu tio n  is discussed in  d e ta il, to g e th e r w ith  th e  an a ly tica l as 
w ell as sy n th e tic  aspects, b y  N . J . L e o n a r d  [21a], in  th e  m onograph  o f  
Ma n s k e  an d  H o lm es . C onsequen tly , in  th e  follow ing p a r t  i t  w ill be d ea lt 
w ith  stereochem ical researches carried  o u t since 1950 only , n o t rep o rted  in

S3
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t h a t  m onograph , an d  w ith  th e  stereochem ical ev a lu a tio n  o f ea rlie r ex p erim en ta l 
resu lts .*

T he hydro lysis  o f all py rro liz id ine  alkalo ids re su lts  in  th e  fo rm a tio n  of 
tw o com ponen ts: th e  a lkam ine  p a r t ,  know n u n d er th e  com m on nam e ‘nec ine’ 
an d  ‘necinic ac id ’, a m ono- or d icarboxy lic  acid  esterify ing  one or tw o h y d ro x y l 
groups o f th e  alkam ine.

A n o th e r lim ita tio n  of th e  p re sen t rev iew  is th a t  i t  can  deal only  w ith  
th e  s te reo ch em istry  of th e  a lkam ine com ponen t, i.e ., w ith  th e  heterocyclic  
n itro g en  com pound  or com pounds, as a sc e rta in m en t o f th e  s te ric  s tru c tu re  
o f th e  co rrespond ing  carboxy lic  acids (by  th e  sy n th e tic  an d  an a ly tica l m ethods 
o f co n fig u ra tio n a l co rrelations) falls bey o n d  th e  scope o f th is  w ork. T hough 
th e  n u m b er o f th e  alkalo ids is h igh , on ly  e ig h t necines are  know n. E v en  am ong 
th ese , severa l b e a r  th e  re la tio n sh ip  of te r t ia ry  am ine an d  am ine oxide to  
one an o th e r; consequen tly , if  th e  rin g  sy stem  is reg a rd ed , th e  n u m b er of 
p rim o rd ia l n a tu ra l  py rro liz id ine  d e riv a tiv es  is even sm aller. N ecines know n so 
fa r  are th e  follow ing: re tro n ec in e  — w hich is th e  m o st com m on — a n d  its  
N -oxide, isa tinec ine . The C(7) ep im er o f re tro n ec in e  is h e lio trid in e  (F ig . 37). 
A desoxy  com pound  is called  tra c h e la n th am id in e  w hich  co n ta in s  b u t  one 
oxygen  a to m . H astan ec in e  an d  m ikanecine (th is la t te r  is id en tica l w ith  p la ty n e- 
cine) h av e  th e  em pirica l fo rm ula  o f C8H 15N 0 2. T he c o n stitu tio n s  o f hastan ec in e  
an d  o tonecine h av e  n o t been  q u ite  uneq u iv o ca lly  e lu c id a ted  y e t. T he s tru c tu re  
o f re tro n ec in e  an d  p la ty n ec in e  are  know n for som e tim e , b u t  th a t  o f isa tin e ­
cine w as e lu c id a ted  only  recen tly  [10]. A m ong th e  com pounds con ta in in g  
th re e  oxygen  a to m s, th e  s tru c tu re  o f rosm arinecine  becam e know n  re cen tly ; 
th e  com pound  is a h y d ro x y -p la ty n ec in e . T he s tru c tu re  o f o tonecine is, on 
th e  o th e r h a n d , dub ious, even th e  presence o f a p y rro liz id ine  sk e le ton  is u n ­
ce rta in  [21]. In  th e  fie ld  o f iso la tin g  th e  Senecio a lkalo ids an d  a sc e rta in m en t of 
th e ir  s tru c tu re , an  im p o r ta n t p a r t  has been  p lay ed  b y  th e  S ov ie t school o f 
a lkalo id  ch em is try  w ork ing  in  th e  O r d s h o n ik id s e  In s t i tu te .  P rev io u sly , 
O r e k h o v  an d  K o no valo va  [19, 29] h a d  supp lied  im p o r ta n t d a ta  fo r th e  
w ork  o f e lu c id a tin g  th e  ste ric  s tru c tu re  of th e  necines w hich becam e know n 
in  th o se  tim es; also Me n s h ik o v  e t al. h av e  been  successful in v es tig a to rs  of 
th is  fie ld  [24, 26]. T he o th e r sc ien tific  school w hich d ea lt w ith  th e  sam e p ro b ­
lem  as th e ir  p rin c ip a l ob jec t, consisted  o f researchers fo rm ing  a g roup  a ro u n d  
R . A dam s an d  N .J .  L e o n a r d  [3] a t  Illino is U n iv e rs ity  (USA). In  Czecho­
s lo v ak ia , R . L u k e s  an d  F . S orm e ta l .  h av e  been  ac tiv e  w orkers o f th is  fie ld ; 
th e  pup ils o f L u k e s  p u b lished  a fine  an d  u p -to -d a te  m o n o g rap h  on th e  
su b jec t [11].

In  connection  w ith  th e  an a ly tica l an d  sy n th e tic a l p rogress o f co n fig u ra ­
tio n a l research , also som e earlier re la tin g  p re p a ra tiv e  re su lts  w ill be inc luded  
here , because th e y  m ay  be o f considerab le  a ssistance  i f  s tereochem ical re a c ­
tio n s  an d  th e  w ork  of d e te rm in in g  th e  co n fig u ra tio n  are to  be  su rv ey ed  in  
th e ir  in te rd ep en d en ce . A m ong th e  necines m en tio n ed  above, re tro n ec in e  
an d  h e lio trid ine  co n ta in  a double  b o n d , w hich is co m p ara tiv e ly  read ily  s a tu ­
ra te d , e .g ., b y  h y d ro g en a tin g  th e  m a te ria l in  th e  p resence o f R an ey  n ickel 
c a ta ly s t [6, 28]. H ow ever, these  u n s a tu ra te d  com pounds can  be su b jec ted  also

* In 1960 a new contribution by N el so n  J. L e o n a r d  [21b]inV ol. 6 of the work of 
Ma n s k e  was published, where (on pages 56 and 62) he gave a detailed description and con­
sideration inter alia of Hungarian results concerning the stereochemistry of pyrrolizidine 
alkamines.
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to  hydrogeno lysis; in  th is  case, w ith  th e  loss o f an  oxygen  a to m  an d  b y  s a tu ra ­
tio n  o f a double bond , re tro n ec in e  affords re tro n ecan o l [8]. N a tu ra l m onoesters 
of th e  ep im eric  h e lio trid in e  becom e co n v erted , e .g ., in  a w ay  analogous to  th e  
reac tio n  o f h e lio trine , to  give 7 -h y d ro x y -h e lio trid an e  on h y d ro g en a tio n  over 
a P t 0 2 c a ta ly s t [23]. This hydrogeno lysis, w hich occurs v e ry  read ily  w ith  th e  
m en tio n ed  necine esters, an d  am ong th em  especially  so w ith  th e  esters o f necinic 
acid , i.e ., w ith  n a tu ra l py rro liz id ine  alkalo ids, is an  evidence to  show  th a t  th e  
h y d ro x y l group is a tta c h e d  to  an  allylic sy stem . T his fa c t s ig n ifican tly  f a c il i ta t­
ed  th e  w ork  o f asce rta in in g  th e  c o n s titu tio n  an d  th e  s teric  s tru c tu re  o f th e  
oxygen-con ta in ing  fu n c tio n a l group on th e  carbon  skele ton . I t  is in te re s tin g  
to  n o te  th a t  th e  to ta l  syn thesis  o f necines has n o t been  realized  y e t, a t  le a s t, 
in  re sp ec t o f th e  n a tu ra lly  occurring  com pounds le t alone som e o f th e ir  sim ple 
conversion p ro d u c ts . S yntheses a t  f irs t have  been lim ited  to  th e  p re p a ra tio n  of 
m ono- or b is-desoxy  com pounds. E specially  A dam s an d  his pupils have  been 
ac tiv e  in v es tig a to rs  of th is  fie ld ; th e  syn thesis  o f th e  stereo isom ers of 1-m ethyl- 
py rro liz id ine  an d  of 7 -ox o -l-m eth y l-p y rro liz id in e  s ta n d  a t  th e ir  m erits  [3 ,2 2 ]. 
F ig . 38 show s all reac tions w hich have  been of assistance  to  fin d  correlations 
b e tw een  th e  in d iv id u a l py rro liz id ine  d e riv a tiv es . C a ta ly tic  h y d ro g en a tio n  of 
re tro n ec in e  gives p la ty n ec in e  [6], w hich  m ay , in  tu rn ,  be co n v erted  in to  th e  
co rrespond ing  e th e r , called an h y d ro p la ty n ec in e  b y  m eans o f a n u m b er of 
various d e h y d ra tin g  agen ts, such  as th io n y l ch loride, su lp h u ric  acid , e tc . 
[19, 29]. T his ex p erim en ta l fa c t was e stab lish ed  b y  Or e k h o v  an d  K o n o v a ­
lova  as early  as 1935, b u t  no correspond ing  stereochem ical conclusions were 
d raw n  from  th e  course o f th is  reac tio n . O nly m uch la te r , in  1950, w ere L e o n a r d  
an d  F e lle  у  th e  f irs t  to  co n s tru c t th e  m olecu lar m odel of an h y d ro p la ty n ec in e . 
T hen  i t  was rea lized  th a t  th e  tw o five-m em bered  rings o f an h y d ro p la ty n ec in e , 
b u ild in g  up  th e  py rro liz id ine  ring  sy stem , form ed an  angle w ith  one an o th e r; 
as a re su lt, considering  th e  re la tiv e  co n fig u ra tio n  of an h y d ro p la ty n ec in e , th e re  
can  be no d o u b t ab o u t th e  e th e r  bridge being  capab le  o f connecting  th e  C(1) 
m eth y len e  group  w ith  th e  C(7) h y d ro x y l only below the p lane  o f  the ring. I t  
follows th a t  an h y d ro p la ty n ec in e  is u n d o u b te d ly  one of th e  an tip o d es  of 
anhydro -l-im ti-h y d ro x y m eth y l-7 -< m ii-h y d ro x y p y rro liz id in e  [22]. T he d e n o ta ­
tions an ti an d  syn  m ay  also here  be su b s titu te d  b y  th e  a , ß  conven tion , w hich 
was ad o p ted  in  th e  fie ld  of tro p an es  on th e  analogy  of stero ids [15, 16]. A ccord­
ing  to  th is  sy stem , th e  s teric  positions of th e  o th e r groups m u st be g iven in  re ­
la tio n  to  th e  te r t ia ry  n itro g en  a to m . F ro m  th is  s te ric  m odel L e o n a r d  and  
F e l l e y  d raw  th e  fin a l in ference [22] th a t  th e  reagen ts used, such  as th io n y l ch lo­
ride  su lphuric  acid  e tc ., could in  no w ay  influence  th e  ste ric  position  of th e  su b s ti­
tu e n ts  o f th e  C(j) a to m , co n seq u en tly  th e  CH2O H  group  m u st be fa r  from  th e  
n itro g en  n o t on ly  in  a n h y d ro p la ty n ec in e , b u t  also in  p la ty n ec in e . C oncerning 
th e  s teric  positio n  of th e  C(7) h y d ro x y l, how ever, th e  A m erican  in v estig a to rs  
expressed  th e  follow ing opin ion : “ N o th in g  de fin ite  can  be said  concern ing  th e  
con fig u ra tio n  of th e  7 -hydroxy l as orig inally  p re sen t in  p la ty n ec in e , since i t  
c an n o t be read ily  a sce rta in ed  w h e th e r re te n tio n  or inversion  o f con fig u ra tio n  
a t  C(7) occurs in  e th e r  fo rm atio n  as effected  b y  such  a v a r ie ty  o f re a g e n ts .” 
A t th e  sam e tim e  th e y  drew  d efin ite  an d  fin a l conclusions concern ing  th e  steric  
s tru c tu re  of som e o th e r n a tu ra l py rro liz id ine  d e riv a tiv es  an d  th e ir  conversion 
p ro d u c ts , as follow s: since p la ty n ec in e  can  be co n v erted  in to  la e v o ro ta to ry  
iso -re tronecano l [2], i.e ., in to  a m o d ifica tion  of 1 -h y d ro x y m eth y lp y rro liz id in e , 
b y  w ay  of e lim ina ting  th e  C(7) h y d ro x y l group , th e  co n fig u ra tio n  of th is  com ­
p o u n d  is u n equ ivoca lly  g iven accord ing  to  th e  above a rg u m e n ta tio n ; conse-
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q u en tly , th e y  reg a rd  th e  co n stitu tio n , an d  th e  re la tiv e  co n fig u ra tio n , resp ., of 
( —)-he lio tridane , as th e  fu n d am en ta l skele ton  of p la ty n ec in e  to  be  also u n a m ­
b iguously  d e te rm in ed  [22].

M ention has been m ade above o f tra c h e la n th am id in e , th e  only  pyrro liz i- 
dine d e riv a tiv e  co n ta in in g  a single oxygen . This com pound  is also a 1-hydroxy- 
m e th y l-p y rro liz id in e , how ever, i t  is n o t id en tica l w ith  th e  ab ove-m en tioned  
1 -iso-retronecanol an d  is n o t its  m irro r-im age, e ith e r . I t  follows th a t  tra c h e l­
a n th am id in e  can  be b u t  a m irro r-im age o f 1 -sy n -h y d ro x y m eth y lp y rro liz id in e .

F u r th e r , psendohelio tridane , w hich rep resen ts  th e  fu n d a m e n ta l skele ton , can 
be n o th in g  else excep t 1 -sy n -m ethy lpy rro liz id ine . A d d itio n a l s tereochem ical 
ach ievem en ts w ere th a t  Ga l in o v sk y  e t al. iso la ted  a py rro liz id ine  a lkam ine 
called  lab o u rn in e  [18] from  C ytisus laburnum , th e  com pound  being  id en tica l in  
all its  p ro p ertie s  excep t th e  sense of o p tica l ro ta tio n  w ith  tra c h e la n th am id in e  
w hich  h ad  been  o b ta in ed  b y  Me n s h ik o v  [2 5 ,2 7 ]. T hus th e se  tw o  com pounds 
are  m irro r im ages. T hen  ag a in  th e  tw o  an tip o d e  p a irs  o f 1 -h y d ro x y m eth y l- 
p y rro liz id in e  w ere oxidized to  give th e  fou r d iaste reom eric  a n d  enan tio ste reo - 
m eric p y rro liz id in e -l-ca rb o x y lic  acids an d  th e  co rre la tio n  o f th e  p ro d u c ts  w ith  
iso -re tronecano l, lindelo fid ine , e tc ., w as estab lished  th ro u g h  th e  w ork  of A dam s 
a n d  H a m lin  [2a] as w ell as o f Me n s h ik o v  e t al. [20, 24]. A ll these  resu lts  
confirm  th e  re la tiv e  con figu ra tions show n in  F igs 37 an d  38.

T he above reac tions an d  th e ir  in te rp re ta tio n  [22] give a r a th e r  clear- 
c u t p ic tu re  as regards th e  re la tiv e  — le t alone th e  ab so lu te  — configu ra tions 
of th e  stereo isom eric  m od ifica tions o f 1 -m ethy l- an d  1 -h y d ro x y m eth y l- 
py rro liz id ine  (F ig . 37); how ever, th e y  give no d e fin ite  answ er as to  th e  co n ­
fig u ra tio n  o f th e  Ci7) ca rbon  a to m  of 7 -hydro x y p y rro liz id in e  d e riv a tiv e s  m ost 
w ide-spread  in  n a tu re . In  th is  re sp ec t i t  should  be p o in ted  o u t th a t  h e lio trid in e  
an d  re tro n ec in e  are , in  all p ro b a b ility , s tereo isom ers [21, 23]. N am ely , sa tu ra -
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tio n  o f th e  double  bo n d  an d  red u c tiv e  e lim in a tio n  o f th e  oxygen-con ta in ing  
fu n c tio n a l g roups give th e  sam e fu n d a m e n ta l com pound , h e lio trid an e , from  
b o th  com pounds [5, 26]. E lim in a tio n  of th e  p rim a ry  h y d ro x y l group  b y  know n 
m eth o d s an d  sim u ltan eo u s sa tu ra tio n  of th e  double  bo n d  re su lted  as show n 
b y  Me n s h ik o v  [23] an d  la te r  b y  Cu l v e n o r  [9] in  th e  fo rm a tio n  of 1-m ethy l- 
7 -h y d ro xypyrro liz id ine , called  ‘o x y h e lio trid an e’. This com pound  is th e  dia- 
s tereo isom er o f re tro n ecan o l (w hich la t te r  can  be o b ta in ed  th ro u g h  th e  hyd ro - 
genolysis an d  h y d ro g en a tio n  o f re tronec ine), how ever, th e  tw o  com pounds are  
n o t m irro r im ages. T hus, these  substances are necessarily  th e  C(7) epim ers of 
each  o th e r. S till, i t  rem ain ed  undecided  for a long period  w h e th e r th e  C(7) 
h y d ro x y l in  re tro n ecan o l an d  co n sequen tly  also in  re tro n ec in e  an d  p la ty n ec in e  
w as s itu a te d  u n d e r th e  p lane  o f th e  rin g  or above th a t ,  on th e  ‘to p ’. S im ilarly ,

no decision has been  reach ed  up  to  1954 a b o u t th e  syn  or an ti s te ric  
positons o f th e  tw o secondary  h y d ro x y l groups a n d  th e  CH2O H  group  of 
rosm arinec ine . T he in te rp re ta tio n  o f th e  fo rm a tio n  o f a n h y d ro p la ty n ec in e  
from  p la ty n ec in e  p e rm itte d  a d educ tive  so lu tion  o f th is  p rob lem  of co n fig u ra­
tio n , w hereas fu r th e r  researches re la tin g  to  th e  co n fig u ra tio n , p a r t ly  b y  know n 
an d  p a r t ly  b y  new  m eth o d s, m ade possible th e  com plete  e lu c id a tio n  o f th e  
re la tiv e  con fig u ra tio n s o f th ese  asy m m etric  com pounds. In  N ovem ber, 1954, 
th is  a u th o r  w as th e  f irs t to  deduce th e  c o n s titu tio n  of p la ty n ec in e  as 1-au ti-hy- 
d ro x y m eth y l-7 -an íi-h y d ro x y p y rro liz id in e  [12 ],based  on th e  fa c t o f an h y d ro p la ­
ty n ec in e  fo rm a tio n  an d  m olecular scale m odels (F ig . 39.) T he rin g  closure 
w ith  th e  fo rm a tio n  of th e  la t te r  com pound  was in te rp re te d  b y  assum ing  
th a t  th io n y l chloride as w ell as o th e r  e lec troph ilic  reag en ts  a tta c k e d  f irs t  
th e  p r im a ry  h y d ro x y l group , as a re su lt o f p a r t ly  ste ric , p a r t ly  e lectron ic  
effects. T his h y d ro x y l group is n am ely  fa r th e r  aw ay  from  th e  e lectron- 
a ttra c t in g  n itro g en , th u s  its  oxygen a to m  is m ore nucleophilic ; on th e  
o th e r h an d , i t  is s te rica lly  less shaded  th a n  th e  C(7) h y d ro x y l group w hich 
is to  be found  p resu m ab ly  u n d e r th e  p lane of th e  ring . A n o th e r a rg u m en t o f 
th e  d ed u c tio n  w as th e  fac t, observed  in  connec tion  w ith  2/3-hydroxy- 
m ethy ltropane-3 /?-o l, th a t  h ea tin g  o f th e  hyd roch lo ride  o f th is  com pound 
w ith  th io n y l chloride re su lted  in  th e  se lective su b s titu tio n  o f th e  p rim ary  
h y d ro x y l group b y  chlorine, an d  th e n  th e  ch lo ro m eth y l base  u n d erw en t 
a spon tan eo u s in tram o lecu la r rin g  closure to  give th e  hyd roch lo ride  o f a four- 
m em bered -ring  e th e r  [14]. Since th e  m echan ism  o f th is  reac tio n  w as p recisely  
e lu c id a ted  [13], F o dor  assigned a s im ila r p a th  to  th e  fo rm atio n  of an h y d ro -
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p la ty n ec in e , too . O n th e  o th e r h an d , i f  th e  ch lo rin a ted  p ro d u c t o f p la ty n ec in e , 
iso la ted  in  im p u re  s ta te  b y  K o no valo va  an d  Or e k h o v , su ffered  on ly  e th e r  
rin g  closure w hen  ac ted  up o n  b y  sod ium  an d  am y l alcohol, i.e., u n d e r th e  ac tion  
of a basic  reag en t [19] (th e  o rig inal pu rpose  of th e  ex p erim en t w as red u c tiv e  
d ehalogenation ), i t  is ju s tif ie d  to  assum e th a t  th e  p rim ary  p ro d u c t o f ch lo rin a ­
tio n  h a d  been  l-ch lo ro m eth y l-7 -an ii-h y d ro x y p y rro liz id in e . This com pound

could  read ily  sp lit off hyd roch lo ric  acid  in  a lkaline m edium , b u t  p resu m ab ly  
sp o n tan eo u sly  as well ouring  to  its  ow n b as ic ity , to  give a n h y d ro p la ty n ec in e  
(F ig . 40). O n th is  basis, th e  c o n s titu tio n  o f l-a n ii^ a J -h y d ro x y m e th y l-T -a n tifa ^ -  
h y d ro x y p y rro liz id in e  was suggested  fo r p la ty n ec in e . C onsequen tly  th e  
C(7) epim eric  d ih y d ro h e lio trid in e  [28] shou ld  be reg a rd ed  as 1 -a n ti(a )-  
hyd roxym eth y l-7 -sy n (j3 J-h y d ro x y p y rro liz id in e . T he sam e holds tru e  for th e  
re la tio n sh ip  of th e  corresponding  dehydro com pounds, i.e ., re tro n ec in e  an d  helio- 
tr id in e . O bviously , re tro n ecan o l an d  oxy h e lio trid an e  a re  also C(7) epim ers (F ig . 
4 1 ).This ded u c tio n  rep resen ted  a d efin ite  s ta n d p o in t ag a in st th e  p resen ted  view s 
of L e o n a r d  an d  F e l l e y  [22a].T he p ro sp ec t o f an  ex p erim en ta l so lu tion  of th e  
p rob lem  w as also held  o u t b y  th e  a u th o r , b u t  was rea lized  sooner b y  A dam s 
an d  V a n  D u u R E N [7 a ].B o th  s tud ies unequ iv o ca lly  con firm ed  th e  correctness 
o f th e  above discussed w ork ing  h y p o th esis . A dam s an d  V a n  D u u r e n  found  
th a t  in  co n cen tra tio n s as g iven b y  Or e k h o v  an d  K o no valo va , th io n y l 
chloride an d  p la ty n ec in e  gave in  th e  cold f ir s t  a c ry sta llin e  cyclic su lp h ite  
(see F ig . 5), w hile d ih y d ro x y h e lio trid an e  was unab le  to  give a sim ilar cyclic
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p ro d u c t. B y th is  ex p erim en ta l fac t th e  m u tu a l c is-position  of th e  C(7) CH2O H  
group (a lread y  know n to  have  an ti-co n fig u ra tio n ) to  th a t  of th e  C(7) h y d ro x y l 
group becam e u n equ ivoca lly  an d  d e fin ite ly  s ta te d . T h e ir an ti s te ric  position  
in  re la tio n  to  th e  n itro g en  a to m  of p la ty n ec in e  was d e te rm in ed  as well. In d ire c t 
ev idence w as o b ta in ed  for th e  trans-p o sitio n  o f these  tw o groups in  h elio trid ine  
an d  h y d ro x y h e lio trid in e , as well as for th e  syn -configu ra tion  of th e  C(7) h y d ro x y l 
in  re la tio n  to  th e  n itro g en  in  d eh y d rohe lio trid ine . T he re la tiv e  s te ric  positions of 
th e  oxygen-con ta in ing  fu n c tio n a l g roups are  obv iously  un eq u iv o ca lly  d e te r ­
m ined  in  th is  rig id  rin g  sy stem  also as regards th e  re la tio n sh ip  o f  th e  n itro g en  
a to m  an d  h y d ro x y l group.

R ecen t s tud ies of th e  a u th o r  an d  his co-w orkers d ea lt w ith  th e  in d irec t 
so lu tion  of th e  prob lem  o f d e te rm in in g  th e  s teric  p o sitio n  of th e  oxygen-con­
ta in in g  fu n c tio n a l group in  re la tio n  to  th e  n itro g en  a to m  in  th e  tw o C(7)-epim ers 
of l-m e th y l-7 -h y d ro x y p y rro liz id in e , re tro n ecan o l an d  7 -h y d ro x y h e lio trid an e  
[17]. T he m e th o d  o f lac to n e  sa lt fo rm a tio n  p e rm itte d  fu r th e r  decision as 

reg ard s  th e  syn  s te ric  p o sition  of th e  C(7) h y d ro x y l in  h y d ro x y h e lio tr id an e  and  
co n seq u en tly  also in  h e lio trid in e  an d  d ih y d ro h e lio trid in e ; th ese  ex perim en ts 
w ere in  ag reem en t w ith  th e  b eh av io u r o f all tro p a n e  alkalo id  d e riv a tiv es  con­
ta in in g  a fu n c tio n a l group w ith  oxygen on th e  endoe th y len e  b ridge . A t th e  
sam e tim e , th e  p ro d u c t of th e  m en tioned  q u a te rn iz a tio n  reac tio n  of re tro n ecan o l
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gave fu r th e r  in fo rm atio n  concern ing  th e  an ti-co n fig u ra tio n  o f th e  C(7) h y d ro x y l 
g roup  o f  re tro n ec in e  an d  p la ty n ec in e . I n  th is  w ay  th e  ste ric  s tru c tu re  of th e  
m ost im p o r ta n t necines w ere e luc ida ted .

Use o f th e  m e th o d  o f lac to n e  sa lt fo rm a tio n  fo r th e  epim eric  p a ir  of 
re tro n ecan o l an d  h y d ro x y h e lio tr id an e  gave on ly  n eg a tiv e  evidences a t  f irs t 
[16], since ex p erim en ts  in  th e  In s t i tu te  o f th e  Szeged U n iv e rs ity  show ed th a t  
n e ith e r  th e  e s te r sa lt p rep a red  from  re tro n ecan o l an d  e th y l io d o ace ta te , no r 
th e  b e ta in e  or N -acetic  acid  o b ta in ed  from  it ,  w ere capab le  to  give a lac to n e  
sa lt b y  tra n se s te rif ic a tio n  or d irec t e s te rifica tio n  (F ig . 42).

H ow ever, in  th e  case of h y d ro x y h e lio trid an e , rin g  fo rm a tio n  to o k  place 
ex trem ely  d ifficu ltly  an d  affo rded  a m ix tu re  (F ig . 43). T h a t w as th e  reason  
w h y  F odor  e t al. [17] chose la te r  th e  rev ersed  w ay  of rin g  closure, i.e. e s te rif ic a ­
tio n  o f th e  h y d ro b ro m id e  of th e  7-epim eric am inoalcohols w ith  b ro m o ace ty l 
b rom ide, an d  th e n  su b jec tin g  th e  O -b rom oace ty l-re tronecano l as w ell as 
th e  epim eric O -b ro m o ace ty l-h y d ro x y h elio trid an e  to  an  in tram o lecu la r q u a te r- 
n iza tio n . W hen  th e  p rincip le  o f h igh  d ilu tio n  an d  p o tassiu m  a c e ta te  as a reag en t 
w ere em ployed , th e  desired  lac to n e  w as fo rm ed  from  th e  h y d ro x y h e lio trid an e  
d e riv a tiv e , w hich was a p ositive  evidence to  show  th a t  th e  h y d ro x y l group 
o f th is  m olecule assum ed  syn  (ß )  s te ric  position  in  re la tio n  to  th e  n itro g en  
a to m  (F ig . 44). T his ex p erim en ta l re su lt is in  com plete  ag reem en t w ith  
fo rm er d ed u c tiv e  conclusions, an d  also w ith  th e  s ta te m e n t o f th e  con figu ra tion  
b y  A dam s an d  V a n  D u u r e n  on th e  basis of th e  ex p erim en ta l observ a tio n s of 
su lp h ite  e s te r fo rm ation .*

In  th is  w ay , th e  re la tiv e  con figu ra tions o f th e  m ost im p o r ta n t pyrro liz id ine  
a lkam ines h av e  been de te rm in ed . A s tu d y  of th e  ab so lu te  con figu ra tion  of necines 
w as re p o rte d  re c e n tly  b y  L e o n a r d  [22b] (F ig . 46). T he op tica l ro ta to ry  pow er 
o f n a tu ra l  ( - ) - lu p in in e  was com pared  w ith  th a t  o f (—)-l-h y d ro x y m e th y lp y rro -  
liz id ine; m ost n a tu ra l Senecio  a lkalo ids can  he derived  from  th e  la t te r  com ­
pound . T he influence  o f e s te rifica tio n  w ith  organic an d  inorgan ic  acids on th e

* Suprisingly, O-bromoacetyl-retronecanol hydrobromide gave a lactone salt, too. In 
this case, however ring inversion took place, cf. Lecture by G. F odor at the IUPAC Symposiom 
in Prague, August 1962.
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ro ta tio n a l v a lues w as d e te rm in ed  in  th e  case of b o th  m eth y lo l com pounds. 
F ro m  a com plete  p ara lle lism  of th e  re su lts  o f m easu rem en t i t  w as in fe rred  th a t  
th e  abso lu te  con fig u ra tio n s o f (—)-lup in ine an d  1 -h y d ro x y m eth y lp y rro liz id in e  
(o b ta in ab le  from  p la tynec ine) w ere th e  sam e (F ig . 45). Since lup in in e  h ad  been  
deg raded  p rev io u sly  to  give (—)-4 -m eth y ln o n an e , an d  as a consequence o f 
th is  co rre la tion  th e  ab so lu te  con fig u ra tio n  o f lup in ine  on Сц) can  be ta k e n  fo r  
g ra n te d , one shou ld  n o t reg a rd  th e  m irror-im ages o f th e  fo rm erly  a rb itra r ily  
chosen p ro jec tio n  fo rm ulas of necines as th e  tru e  rep re sen ta tio n s  o f th e ir  ab so lu te  
c o n fig u ra tio n s .

N a tu ra lly , th is  evidence could gain  f in a l a ccep tan ce  on ly  a fte r  h av in g  
fo u n d  a d irec t chem ical co rre la tion  betw een  a n a tu ra l  necine an d  som e o th e r 
com pound  o f know n  ab so lu te  co n fig u ra tio n .

T he ab so lu te  co n fig u ra tio n  of th e  C(X) a to m  o f necines was d e te rm in ed  
b y  A dam s an d  F les  [7b] in  re tro n ecan o n e , an d  in  7 -o x o -l-m e th y lh e lio tr id an e ; 
th e  la t te r  com pound  is a d eh y d ro g en a tio n  p ro d u c t of re tro n ecan o l, i.e ., 1-de- 
o x y -p la ty n ec in e .

T he stereospecific  syn th esis  o f re tro n ecan o n e  s ta r ts  w ith  (—)-/?-m ethyl- 
d -am inovaleric  acid  w hich is b ro m in a ted  in  th e  а -position , th e n  co n v erted  b y  
in tram o lecu la r condensation  in to  (—)-3 -m eth y lp y rro lid in e  carb o x y lic  acid . 
A dd itio n  of e th y l ac ry la te , D ieckm ann  condensation , hyd ro lysis  an d  decarb-
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o x y la tio n  y ie lded  n a tu ra l (—)-re tronecanone . Since (—)-|S-m ethyl-ő-am ino- 
v aleric  ac id  can  be syn th esized  from  (-j-)-a -m eth y l-y -am in o b u ty ric  acid  b y  
A rn d t—E is te r t’s m e th o d , an d  since th e  an tip o d es of th e  la t te r  com pound 
m ay  be p rep ared  by  th e  L iA lH 4 red u c tio n  of ( — )-a-m ethylsuccinic-/?-sem iam ide, 
th e  ab so lu te  co n fig u ra tio n  o f th e  C(4) carbon  a to m  o f re tro n ecan o n e  w hich 
bears  th e  m e th y l group is ce rta in  (F ig. 46). The n e x t m issing p o in t was th e  abso­
lu te  co n figu ra tion  of th e  С(8) hyd rogen  a to m . T his w ork  was done b y  A dam s and
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F les [7c] in  1959. 1 - M e th y l-^ >2-dehydropyrro liz id ine  was o b ta in ed  from  th e  
Senecio  a lka lo id  called  m onocro ta line , an d  th is  com pound  w as deg raded  b y  
ozonolysis to  give (—)-N -m eth o x y carb o n y lm eth y l-2 -ace ty lp y rro lid in e . Gri- 
gn ard  reac tio n  o f th e  p ro d u c t w ith  3 m oles of m eth y lm ag n esiu m  iodide afforded  
( —) -N -(2 -h y d ro x y  -2 -m eth y lp ro p y l)-2 -(l-h y d ro x y -l-m e th y le th y l)-p y rro lid in e , 
w hich w as id en tica l w ith  th e  p ro d u c t o f th e  G rignard  reac tio n  o f L-(— )-N- 
m e th o x y carb o n y lp ro lin e  m e th y l este r, p rep ared , in  tu rn , from  th e  m eth y l e s te r 
o f l - ( — )-proline (F ig . 47).

F ro m  th is  fac t follows th e  R  co n fig u ra tio n  o f th e  C(8) carb o n  a to m  in  
re tro n ec in e  an d  in  all re la ted  Senecio a lkam ines. C onsequen tly , th e  p ro jec ­
tio n  fo rm ulas of py rro liz id ine  alkam ines p u b lished  in  l i te ra tu re  u p  to  th e  
p re sen t are th e  m irro r-im ages o f th e  n a tu ra l com pounds. T hus, e.g ., an h y d ro - 
p la ty n ec in e  has th e  follow ing s teric  s tru c tu re  (Fig. 49).

bond  m u st be th o u g h t la id  in  th e  p lane o f th e  p a p e r w ith  th e  tw o planes 
o f th e  rings s tan d in g  o u t in  fro n t. U n fo rtu n a te ly , th is  w ay  of rep re sen ta tio n  
m ay  lead  to  e rro rs, because i t  was cu s to m ary  in  li te ra tu re  so fa r  to  im agine 
b o th  five-m em bered  rings below  th e  p lane  o f th e  p ap er.

In  ad d itio n  to  th e  above in v estig a tio n s, th e  s tru c tu re  o f isa tinec ine  as 
re tro n ec in e  N -oxide was s ta te d  in  th e  course of researches carried  o u t b y  
W a r r e n  e t  al. T he sam e au th o rs  rep o rted  th e  steric  s tru c tu re  an d  con figu ra tion  
of rosm arinecine [10], as i t  becam e ev id en t from  its  syn thesis  from  re tro n e ­
cine (F ig . 49). R etronecine  was oxidized b y  perbenzoic acid  to  isa tinecine , fol-

One m ay  use th e  con ven tion  o f  p lanar p rojection  as su g g ested  b y  A dam s 
and F l e s ; accord in g to  its  p rin cip le th e
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lowed b y  a sep ara te  s tep  o f o x id a tio n  on th e  Cx — C2 double bo n d  to  epoxy - 
isatinecine. Selective red u c tiv e  e lim ina tion  of th e  oxygen a tta c h e d  to  th e  n itro ­
gen b y  m eans of zinc d u s t or b y  h y drogen  a c tiv a te d  w ith  A dam s P t-c a ta ly s t , 
affo rded  epoxy  re tronec ine . T he la t te r  p ro d u c t was h y d ro g en a ted  over R an ey  
n ickel c a ta ly s t to  rosm arinecine  (F ig . 50). T his ex p erim en t proves as a f ir s t  s tep

o n ly  th e  id en tica l steric  p osition s o f  th e  C(7) h y d ro x y l groups in  retron ecine  
and in  rosm arinecine; th e ir  an ti-con figu ration  can  n ow  d e fin ite ly  b e sta te d  to d a y  
on th e  b asis o f  th e  in v estig a tio n s  o f  A dam s [7] and F odor  [12, 16 ]. A furth er  
step  w as th e  d eh yd ration  o f  rosm arinecine to  anhydrorosm arin ecine in  th e

5 Natural Carbon Compounds
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sam e w ay  as i t  h ad  been done w ith  p la ty n ec in e . The h y d ro x y l group  w hich h ad  
rem ain ed  s till free, was e lim in a ted  from  th e  p ro d u c t b y  m eans o f ch lo rin a tio n  
an d  su b seq u en t red u c tiv e  dehalogenation . T he f in a l p ro d u c t was anhydro - 
p la ty n ec in e  (F ig . 51). T he follow ing inferences m ay  be d raw n from  th is  re su lt: 
( i)T h e  fu n c tio n a l groups of rosm arinecine an d  p la ty n ec in e  are  a t  C(X) an d  C(7) 
in  id en tica l s teric  positions, (ii) T he C(3) h y d ro x y l w hich rem ained  u n b o u n d  has 
th e  opposite  s teric  position  to  th a t  of th e  CH2O H  group a tta c h e d  to  
C(1). N ow , since i t  is know n th a t  th e  CH2O H  group has C(j) anti s te ric  position  
in  p la ty n ec in e , in  h y d ro x y h e lio trid an e  an d  in  re tro n ecan o l, i t  follows th a t  th e  
C(3) h y d ro x y l of rosm arinecine  has s y n (ß )  s te ric  position  in  re la tio n  to  th e
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n itro g en  a to m . T he syn  (ß )  s te ric  position  o f th e  C(3) h y d ro x y l group  s ta n d in g  
o u t in  fro n t o f th e  p lane  is u n equ ivoca lly  concluded  from  th e  stereochem ical 
course of th e  hydrogenolysis (F ig . 50). E x p e rim en ts  have  been  begun , as a 
co -operation  o f F odor  an d  th e  In s t i tu te  o f P ie te rm a ritz b u rg  w ith  th e  purpose 
o f th e  d irec t d e te rm in a tio n  o f th e  re la tiv e  re la tio n sh ip  betw een  th e  C(3) 
h y d ro x y l group an d  th e  n itro g en  atom  in  rosm arinecine  an d  an h y d ro ro sm arin e- 
cm e, respective ly . T he ta s k  is to  a tte m p t lac tone  sa lt fo rm atio n  from  th e  an- 
h y d ro  d e riv a tiv e  b y  m eans o f e th y l io d o ace ta te ; in  th is  w ay  th e  con figu ra tions 
s ta te d  b y  th e  m ethods o f stereospecific  syn th esis  an d  b y  con fig u ra tio n a l cor­
re la tio n  could be confirm ed  also b y  d irec t ex p erim en ta l evidence.

The e lucidation  o f th e  con figu ra tions o f hastan ec in e  an d  otonecine s till 
aw a it fu r th e r  in v estig a tio n s. This prob lem  is p resu m ab ly  ta c k le d  sim u ltan eo u sly  
in  several sc ien tific  in s ti tu te s  in  E u ro p e  as w ell as overseas.

In  J a n u a ry  1962 T . E . Ge issm a n  an d  A. C. W a is s * re p o rte d  on a to ta l  
syn thesis  o f (- |-)-re tronecine  as envisaged  in  th e  flow -sheet above (F ig . 52).

I t  is w o rth  no tic in g  th a t  pyrro liz id ines lack ing  th e  7 -hydroxy  group , 
inter alia  iso -re tronecano l, tra c h e la n th am id in e  an d  lab o u rn in e , have  been 
syn th esized  b y  K ochetkov  e ta l .* *  an d  b y  B a b o r  e ta l.,* * *  respec tive ly .
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C H A P T E R  I I I

STEREOCHEMISTRY OF GRANATOLINE ALKALOIDS

A scerta in m en t o f th e  chem ical co n stitu tio n  o f y -p e lle tie rin e , th e  alkalo id  
o f P unica  granatum  L . is described  w ith  p ro p er fu lness o f d e ta ils  in  th e  m en ­
tio n ed  w ork  o f Ma n s k e  an d  H o lm es, in  th e  ch ap te rs  ab o u t p y rid ine  alkalo ids 
b y  L eo  Ma r io n  [22a], H ow ever, th e  s teric  s tru c tu re s  of th e  red u c tio n  p ro d u c ts  
o f yj-pelletierine, i.e., o f g ran a to lin e  an d  y -g ran a to lin e  h av e  n o t been  know n 
u n til now . A l d e r  e t al. succeded in  1953 to  ren d er g lu ta ric  d ia ldehyde a re a d ­
ily accessible com pound b y  th e  reac tio n  o f acroleine w ith  v in y l e th y l e th e r  
[1, 2; cf. 21, 25]; th is  com pound w as necessary  as s ta r tin g  m a te ria l for th e  sy n ­
thesis o f y -pe lle tie rine , an d  afforded  possib ilities also for th e  s tu d y  of th e  s te reo ­
chem ical course of th e  red u c tio n  of th e  alkalo id  [1]. W il l st ä t t e r  [29] and  
P ic c in in i [24] w ere th e  f irs t  to  call a tte n tio n  to  th e  close re la tio n sh ip  betw een  
tro p in o n e  an d  y -p e lle tie rin e . As i t  is know n, th e  ‘chem ical’ red u c tio n s w ith  
sodium  an d  alcohol or w ith  sodium  am algam  u su a lly  do n o t ta k e  a un iform  
course from  th e  stereochem ical p o in t o f v iew , an d  do n o t give a hom ogeneous 
p ro d u c t. T ropinone, e.g ., reac ted , accord ing  to  W il l s t ä t t e r , w ith  sod ium  in 
alcohol as w ell as w ith  sodium  am algam  to  give im p u re  ^ -tro p in e  [28]. E le c tro ­
ly tic  red u c tio n  [4], or red u c tio n  o f th e  keto n e  g roup  w ith  h yd riod ic  acid  [30] 
an d  w ith  zinc, as w ell as th e  ca ta ly tic  h y d ro g en a tio n  [18] w ith  p la tin u m , 
p a llad ium  or R an ey  n ickel gave, how ever, tro p in e  as th e  m a in  p ro d u c t. The 
In d ia n  in v e s tig a to r , M irza  stu d ied  a few  years  ago th e  red u c tio n  of tro p in o n e  
w ith  lith iu m  alum in iu m  h y d rid e  [23] an d  rep o rted  th a t  in  th is  case q u a n t i ta ­
tiv e ly  y -tro p in e  was form ed, in d ep en d en tly  o f th e  c o n cen tra tio n  an d  te m ­
p e ra tu re . T his s ta te m e n t w as based  on th e  m e ltin g  p o in t m easu rem en t o f th e  
p ic ra te  o f th e  end p ro d u c t only . F o rm er colleagues of th e  a u th o r  found  [20], 
on th e  o th e r h an d , th a t  th is  red u c tio n  process was fa r  from  follow ing a hom o­
geneous stereochem ical course. In d e p e n d e n tly  o f th e  te m p e ra tu re , 50 %  
s y n (ß ) -  an d  50 %  a n tifa J -3 - tro p a n o l could be o b ta in ed . T his experience 
confirm ed th e  s ta te m e n t of A l d e r  accord ing  to  w hich endocyclic k e tones o f 
flex ib le  m olecule s tru c tu re  can n o t be com ple te ly  un ifo rm ly  reduced  by  
so-called chem ical m eth o d s. T he H u n g a ria n  in v es tig a to rs  [20] ca rried  ou t 
la te r  th e  red u c tio n  o f tro p in o n e  a t  various te m p e ra tu re s  accord ing  to  
Me e r w e in — P o n n d o r f ’s m eth o d . R ecen tly  a d e ta iled  s tu d y  was carried  ou t 
b y  B e c k e t t , H a r p e r  e t al.* concern ing  th e  ste ric  course of th e  re d u c ­
tio n  of tro p in o n e  b y  m eans o f v a rious m e ta l h y d rid es . I t  w as found  th a t  
depend ing  up o n  th e  te m p e ra tu re , a m ix tu re  o f th e  tw o  ep im ers was fo rm ed , 
b u t  a t  h igher te m p e ra tu re s  m o stly  y -tro p in e  could be o b ta in ed . P a r t  of th e  
chem ical reac tions discussed here  w ere in te rp re te d  b y  A l d e r  [1] by  assum ing

* Chem. and Ind. 1957 , 663.
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th e  anti(endo)-con figu ra tion  o f tro p in e  [12]; co n sequen tly  th e  fo rm atio n  of 
an  alcohol w ith  an ti-co n fig u ra tio n  from  th e  co rresponding  k e to n e  is, as an 
easo-addition [3] in  ag reem en t w ith  th e  stereochem ical course of th e  ca ta ly tic  
h y d ro g en a tio n  o f nor-cam phor [19] an d  re la te d  b icyclic olefins [F ig . 53]. P e r ­
fe c tly  sim ilar cond itions w ere found  in  th e  case o f th e  red u c tio n  of i/j-pelle- 
tie rin e  [1] w hich  gave N -m e th y lg ran a to lin e  on tre a tm e n t w ith  sod ium  an d  
alcohol, an d  w ith  sodium  am algam , re sp ec tiv e ly  [5]. A t th e  sam e tim e , c a ta ­
ly tic  h y d ro g en a tio n  [1] as well as red u c tio n  w ith  hyd rio d ic  acid  an d  zinc 
[27] re su lted  in  th e  fo rm atio n  o f N -m eth y l-y -g ran a to lin e  as th e  m ain  p ro d u c t. 
E lec tro ly tic  red u c tio n  gave a m ix tu re  [31]. On th is  basis A l d e r  an d  D o rtm ann  
assum ed  th a t  N -m e th y lg ran a to lin e  w as th e  anti, i.e ., th e  endo fo rm , while

N -m eth y l-y -g ran a to lin e  th e  syn , th u s  th e  е.то-m odifica tion . I n  th e  opinion of 
th e se  au th o rs , th is  is a general phenom enon , n ea rly  in d e p e n d e n t from  th e  
c h a ra c te r  o f th e  m em bers o f th e  ring  as w ell as from  th e  s tra in  d is tan ce  o f th e  
p e rip h e ra l ring . N a tu ra lly , i t  shou ld  be ta k e n  in to  co nsidera tion  th a t  in  th e  
case o f y -pe lle tie rine , th e  N -m eth y l group does n o t behave id en tica lly  w ith  
th e  isopropy lidene  bridge to  be found  in  cam phor d e riv a tiv es . Besides th e  
fa c t th a t  th e  s te ric  h in d ran ce  due to  th e  m e th y l g roup  can n o t a t ta in  th e  sam e 
e x te n t (as a consequence of th e  7-m em bered  p e rip h era l carbocycle) in  tro p in o n e  
as in  cam phor, i t  is also to  be considered th a t  th e  m e th y l group on th e  ring  
n itro g en  a to m  m ay  sw ing over in to  a ste ric  position  d is ta n t from  th e  keto n e  
group . T he p rob lem  o f th is  o v e rtu rn  has been  tre a te d  in  d e ta il in  connection  
w ith  th e  tro p a n e  alkalo ids [6, 7, 8, 9, 14].

In  o rder to  confirm  th ese  deductions, A l d e r  e t a l. em ployed  th e  m ethod  
o f acy l m ig ra tio n  [cf. 6 —13] (F ig . 54). N -m eth y lg ran a to lin e  an d  y>-granatoline 
w ere oxidized b y  a lkaline p o tassiu m  p erm an g an a te  [5] to  th e  co rrespond ing  
nor com pounds. These w ere acy la ted  on th e  n itro g en  a to m  b y  acetic  an h y d rid e  
or w ith  benzoy l chloride, th e n  stereospecific  N—> 0  acy l m ig ra tio n  was a t ­
te m p te d . In  case o f th e  i/bgranatoline b o th  ace ty l an d  benzoy l m ig ra tio n  could 
be eq u a lly  w ell rea lized  in  a reversib le  w ay, w hile no m ig ra tio n  to o k  place 
e ith e r  from  n itro g en  to  oxygen n o r in  th e  reverse  d irec tio n  w ith  acyl g ran a to lin es . 
C om parison  o f th ese  ex p erim en ta l fac ts  w ith  th e  in fra red  sp ec tra  o f th e  iso ­
m eric N -m eth y lg ran a to lin es  show ed g ran a to lin e  to  be an  a, an ti an d  u g r a n a -
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to line a ß, syn-m odifica tion  [1]. B esides, th e  con d en sa tio n  ex p erim en t w ith  
p -n itro b en za ld eh y d e  [1 5 ,1 7 ] gave also in  th e  case of •y-granatoline a cyclic 
te trah y d ro -m eia-o x az in e  d e riv a tiv e . T he consequences of th ese  ex p e rim en ta l 
fac ts  in d ica te  in  un ison  th e  analogous co n fig u ra tio n  o f yi-granatoline an d  
-y-tropine. T hus g ran a to lin e  is r ig h tly  called  as g ran a tan e-3 a -o l, an d  y -g ran a- 
to line  as granatane-3/?-ol.

In  connection  w ith  th e  research  re la tin g  to  th e  ste reo ch em istry  o f tro p a n e  
com pounds th e  possib lity  of selective q u a te rn a riza tio n  w as recognized in  th e  
cases o f tro p in e  [26], ^ -tro p in e  [6, 7], 3a,6 /?-d ihydroxy tropane, an d  ecgoninol 
[9]. R egard ing  th e  sim ilar s tru c tu re  o f th e  tw o  rin g  sy stem s, i t  ap p eared  p ro ­
m ising to  s tu d y  th e  scope of th e  reac tio n  o f selective q u a te rn iz a tio n  also in  
th e  case of 3/3-granatols, epim eric on th e  n itro g en  a to m . H almos [16] in tro d u ced  
various groups in  d iffe ren t sequence in to  th e  m olecule o f 3/3-granatanole as 
th e  su b s titu e n ts  A  an d  В , em ploying  th e  p rincip le  of rev ersed  an d  no rm al 
q u a te rn iz a tio n  g iven b y  F odor  an d  K o czka . In tro d u c e d  groups w ere m e th y l 
an d  carb  e th o x y  m e th y l; m e th y l an d  y -cy an o e th y l; m e th y l an d  y -cy an o p ro p y l. 
As c o n tra s ted  w ith  th e  s trik in g  se lec tiv ity  of th e  reac tio n  observed  w ith  tro p a n e  
alkalo ids, w here th e  sequence o f q u a te rn iz a tio n  p lay ed  a p re d o m in a n t p a r t ,  
th e  follow ing s ta te m e n ts  could be m ade. In  th e  case of th e  m e th y l an d  carb- 
e th o x y m e th y l g roups, fo rm atio n  o f th e  th e rm o d y n am ica lly  a p p a re n tly  m ost
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Fig. 55

s tab le  en d -p ro d u c t (F ig. 55) d id  no t depend  upon  th e  sequence of a lk y la tio n . 
W ith  y -cyanopropy l an d  m e th y l groups, th e  reverse  sequence  o f in tro d u c tio n  
gave two d iffe ren t y-cyanopropyl-3 /5-granato lium  iodides.

This phenom enon  is r a th e r  read ily  in te rp re te d . In  th e  case o f alkalo ids 
w ith  tro p an e  rin g  system , i t  was show n b y  H u n g a rian  in v es tig a to rs  th a t  th e  
e x te n t o f d e fo rm ation  of th e  five-m em bered  rin g  was o f considerab le in fluence 
on th e  selective occurrence or fa ilu re  of th is  reac tio n . In  th e  case o f oscine, 
w here th e  five-m em bered  ring  w as n ea rest to  th e c o p la n a r  s ta te , s teric  se lec tiv ity  
o f  th e  a d d itio n  occurring  on th e  n itro g en  a to m  was sm allest [14]. On th e  o th e r 
h a n d , th e  1 ,3 -annela tion  o f th e  tw o flexible ring  system s in  th e  g ra n a ta n e  skele­
to n  ex erts  no constra in ing  cond ition  in  re la tio n  to  th e  s teric  positio n  o f th e  
m e th y l group a tta c h e d  to  th e  n itrogen  a to m  or be ing  su b s titu te d  th e re . T hus, 
a possib ility  for th e  m e th y l group to  swing ro u n d  is given, th e re  are  no p referred  
ste ric  positions o f h igher p ro b ab ility  (Fig. 56). E ven  if  th e  p ro b a b ility  of th e  tw o
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s te ric  positions in  tb e  d irec tion  o f th e  su b s titu te d  an d  n o t su b s titu te d  p iperid ine 
ring , resp ., is n o t th e  sam e, no fu n d am en ta l d ifference can be found  betw een  
th e  s ta b ility  o f these  tw o a rran g em en ts . As i t  was p o in ted  ou t in  th e  m en tioned  
p a p e r of A l d e r  an d  D o rtm ann  [1], i t  is even p robab le  th a t  in  th is  case th e  
oxygen-con ta in ing  fu n c tio n a l group of 3ß-syn  s te ric  p o sition  pushes th e  m e th y l 
g roup  in  th e  d irec tion  o f th e  n o n -su b s titu te d  p iperid ine  ring . U n fo rtu n a te ly , 
th ese  ex perim en ts have  n o t m ade possible in  an y  case so fa r th e  d e te rm in a tio n  
o f th e  con fig u ra tio n  of th e  n itro g en  a to m  in th e  q u a te rn a ry  am m onium  sa lts  
o b ta in ed . T hus, th e  questio n  is n o t decided y e t  as regards th e  ab so lu te  steric  
positions of th e  groups a tta c h e d  to  th e  n itro g en  in  th e  m en tio n ed  th e rm o ­
dyn am ica lly  m ost s tab le  com pounds, or in  p ro d u c ts  re la te d  w ith  each  o th e r 
b y  w ay  of k in e tic  p ro b a b ility . In v es tig a tio n s  concern ing  th is  questio n  requ ire  
fu r th e r  experim en ts. H ow ever, as regards th e  fu n d am en ta l questio n  and  th e  
in itia l pu rpose  o f th e  experim en ts th e  answ er has b een  o b ta in ed , n am ely , th e  
problem  w h e th e r th e  con fig u ra tiv e  s ta b ility  of th e  te r t ia ry  n itro g en  a to m  of 
th e  tro p a n e  skele ton  was caused rea lly  b y  a p ronounced  P itz e r  effect in  th e  
five-m em bered  ring , appears to  be so lved .T he q u estio n  a b o u t th e  m eio-annelation  
o f tw o six -m em bered  rings is beyond  th e  scope o f th e  selective q u a te rn iza tio n  
reac tio n  of cyclic bases.

R E F E R E N C E S

1. Al d e r , K. and D o rtm ann , H. A.: Über den sterischen Verlauf der Reduktion von Pseudo- 
Pelletierin. Die Konfiguration der N-Methyl-granatoline und ihrer Nor-Verbindungen. 
Chem. Ber. 86, 1548 (1953).

2. A l d e r , К ., Of fe r m a n n s , H. and R ü d e n , E.: Zur Kenntnis der Polymerisationsvorgänge. 
IX . Mitteil. Über das dimere Methyl-vinyl-keton. Ber. dtsch. chem. Ges. 74, 905 (1941).

3. A l d e r , К. and St e in , G.: Über den sterischen Verlauf von Additions- und Substitutions­
reaktionen. VI. Liebigs Ann. Chem. 525, 183, 221 (1936).

4. B a r r o w c l iff , M. and T u t in , F.: The Configurations of Tropine and i/J-Tropine and the 
Resolution of Atropine. J. Chem. Soc. 95, 1970 (1909).

5. Cia m ic ia n , G. and S il b e r , P.: Über die Alkaloide der Granatwurzelrinde. Ber. dtsch. chem. 
Ges. 26, 2738 (1893).

6. F o do r , G.: Lecture held at the Congress of Organic Chemistry, in Szeged, September 
20, 1952. F o d o r , G., K oczka , K. and L est y á n , J.: A Contribution to the Stereochemistry 
of the Trivalent Nitrogen (in Hungarian). Magy. Kém. Foly. 59, 242 (1953).

7a F odo r , G.: Lecture held at the festive week of the Hungarian Academy of Sciences, 
Budapest, 1953.; F o d o r , G.: New Studies Concerning the Stereochemistry of the Organic­
ally Bound Nitrogen Atom. (In Hungarian). Publications of the V llth  Dept, of the Hung. 
Acad. Sei. 3, 311 (1953).

b F o do r , G ., K oczka , K . and L e s t y á n , J.: Stereochemistry of the Tropan Alkaloids. 
Part IX . Selective Quaternization of Tropine and y-Tropine. J. Chem. Soc. 1956, 1411. 

8. F o do r , G.; Über die Stereochemie der Alkaloide. Lecture at the ‘Leipziger Hauptjahres­
tagung der Chem. Ges. d. D DR ’, October 23, 1954; cf.: Neuere Ergebnisse der Stereo­
chemie der Alkaloide. Angew. Chemie 67, 211 (1955); F o d o r , G., K ovács, Ö., T ó th , 
J ., W e is z , I. and VlNCZE, I.: Neuere Ergebnisse in der Stereochemie der Alkaloide. 
Tagungsber. 1955. d. Chem. Ges. d. DDR, p. 105.

9a F odo r , G.: Stereochemistry of the Tropane, Pyrrolizidine and Lupine Alkaloids 
Involving the Configuration of the Ring Nitrogen. Lecture at the IUPAC. Congress, 
Zurich, July 21, 1955.

b F odo r , G., K ovács, Ö. and H alm os, M.: The Stereochemistry of the Tropane Alka­
loids. VIII. The Configuration of the Ring Nitrogen in Ecgoninol. J. Chem. Soc. 1956, 
873.

10. F o d o r , G. and K iss, J.: Configuration of Alicyclic Aminoalcohols. Nature 164, 917 
(1949); F o d o r , G. and K iss, J.: The Stereochemistry of 2-Aminocyclopentanols. J. 
Chem. Soc. 1952, 1589.



74 STEREOCHEMISTRY OF ALKALOIDS

11. F o d o r , G., K ovács, Ö. and W e is z , I . :  The Stereochemistry of Cocaine. Nature 174 , 131 
(1954); K ovács, Ö., F o d o r , G. and W e is z , I.: Konfigurationsbeweis des Cocains. 4. 
Mitteilung über Stereochemie der Tropanalkaloide. Helv. Chim. Acta 37 , 892 (1954).

12. F o d o r , G. and N á d o r , К.: Stereochemistry of Tropine and Pseudo-Tropine. Nature 
169 , 462 (1952).

13. F odo r , G. and N á d o r , К.: The Configurations of the Tropeines. J. Chem. Soc. 1953, 721.
14. F o d o r , G., T ó th , J .  and V in c z e , I .:  The Stereochemistry of Tropane Alkaloids. V I. Con­

figuration of Ring Nitrogen in Tropane-3u-6jS-diol, Oscine and of Derived Quaternary Salts. 
J .  Chem. Soc. 1 9 55 , 3504.

15. Go odSON, L. H. and Ch r is t o p h e r , H.: Diphenyl-Ethylamines. I. The Preparation of 
Tertiary Amines by the Grignard Reaction. J. Am. Chem. Soc. 72, 358 (1950).

16. H alm os, M.: The Direct and Reverse Quaternization of /S-Methyl-granatanol and of ß- 
Granatanol. (Unpublished.)

17. H a r d e g g e r , R. and Ott , H.: Beweis der Konfiguration des Pseudo-Tropins, bzw. des 
Tropins. Helv. Chim. Acta 36 , 1186 (1953).

18. K e a g l e , L. R. and H a r tu n g , W . H .: Tropanone audits Homologues.J. Am. Chem. Soc. 
68, 1608 (1946).

19. K o m ppá , G. and B eck m a n n , S.: Über die Norcamphergruppe. I. Liebig’s Ann. Chem. 
512, 172 (1934).

20. K ovács, Ö. and W e is z , I.: Reduction of Tropinone with Complex Metal Hydrides and 
by the Meerwein Method. (Unpublished.) cf. F o d o r , G.: The Steric Structure of Tropane 
Alkaloids. Acta Chim. Acad. Sei. Hung. 5, 396 (1955).

21. L o n g ley , R. I. and E m er so n , W . S.: The 1,4-Addition o f Vinyl Ethers to a,/S-Unsaturated 
Carbonyl Compounds. J. Am. Chem. Soc. 72 , 3079 (1950).

22a Ma n s k e , R. H. F. and H o lm es , H. L.: The Alkaloids, Acad. Press Inc., New York 
1951, Vol. 1, Chapter 5: Ma r io n , L.: The Pyridine Alkaloids, 167 — 258, and within 
this: The Alkaloids of the Pomegranate Root Bark, 176 — 187. 

b Ma n s k e , R. H. F.: The Alkaloids, Academic Press, New York 1960. Vol. 6, pp. 
123 — 144: Ma r io n , L.: The Pyridine Alkaloids.

23. Mir z a , R.: Reduction of Tropinone with Lithium Aluminium Hydride. Nature 170, 63 
(1952).

24. P ic c in in i, A.: Studien betreffend die Konstitution der Alkaloide des Granatbaumes 
Gazz. Chim. Ital. 29 , I. 410, II. 104 (1899).

25. Sm it h , C. W ., N o rto n , D. G. and B a lla rd , S. A.: Reduction of Acrolein and Related 
Compounds. I. Addition of Vinyl Ethers. J. Am. Chem. Soc. 73 , 5267 (1951).

26. T ó th , J.: Lecture held at the Organic Chemical Congress in Debrecen, September 27, 
1953. See F o do r , G., T ó th , J ., L est y á n , J. and V in c z e , I.: The ascertainment of the abso­
lute configuration of tropane alkaloids containing an oxygen-function on the pyrrolidine 
skeleton. (In Hungarian.) Publ. of the Hungarian Chem. Ind. 4, 293 (1954).

27. W e r n e r , L. F.: Analogues of Atropine and Homatropine. J. Am. Chem. Soc. 4 0 , 669 
(1918).

28. W il l st ä t t e r , R.: Über Pseudo-Tropin. II. Mitteilung über Ketone der Tropingruppe. 
Ber. dtsch. chem. Ges. 2 9 , 939 (1896).

29. W il l st ä t t e r , R.: Über die Konstitution der Spaltungsprodukte von Atropin und Cocain. 
Ber. dtsch. chem. Ges. 31, 1540 (1898).

30. W il l st ä t t e r . and I g la u e r , F.: Reduktion von Tropinon zu Tropin and Tropan. XV. 
Mitteil. Über Ketone der Tropingruppe. Ber. dtsch. chem. Ges. 33 , 1170 (1900).

31. W il l st ä t t e r , R. and Ve r a g u t h , H.: Über einige Derivate des Pseudo-Pelletierins. Ber. 
dtsch. chem. Ges. 38 . 1989 (1905).



C H A P T E R  I V

S T E R IC  ST R U C T U R E  O F T R O P A N E  A L K A L O ID S

A lkaloids w ith  tro p a n e  ring  sy stem  occur in  p la n ts  belonging  to  th e  
b o tan ica l fam ilies o f Convolvulaceae, Solanaceae, Dioscoraceae an d  E rythroxyl- 
aceae. B y  v ir tu e  of th e ir  s tro n g  physio logical ac tions, th e  m o st im p o r ta n t 
rep re sen ta tiv es  of these  com pounds h av e  long been  in  th e  fo reg round  of in te r ­
est. Such m ate ria ls  are  a tro p in e  an d  hyoscyam ine, cocaine, tro p aco ca in e , as 
well as scopolam ine an d  hyoscine. T h e ir h igh  physio logical a c tiv ity  d em an d ed  
an  e lucidation  of th e  chem ical s tru c tu re s . O th er com pounds, on th e  o th e r h an d , 
like oscine, valero id ine  an d  m ete lo id ine , w ere w ith o u t effect. Com m on fea tu res  
in  th e  chem ical s tru c tu re  o f tro p a n e  alkalo ids o rig in a tin g  from  th e  m an ifo ld  
a n d  various b o tan ica l fam ilies, w ere f irs t  d iscovered  b y  th e  a id  of hydro lysis.

M ost com pounds gave tro p in e , som e affo rded  n o r-tro p in e ; pseudo tro p in e  was 
o b ta in ed  from  tro p aco ca in e , ecgonine from  cocaine, oscine from  scopolam ine, 
3 ,6 -d ih y d ro x y tro p an e  from  va le ro id ine  an d  3 ,6 ,7 -tr ih y d ro x y tro p an e  from  
m etelo id ine (F ig . 57). A com m on fe a tu re  o f th e  com pounds is th e  presence of 
an  es te r bond ing . A m ong th e  este rify in g  acids, m en tio n  shou ld  be m ade of 
l- an d  (й-trop ic , rfl-a-m ethy lbu ty ric , tig lic , isovaleric , benzoic, v e ra tr ic , c in n a­
m ic an d  tru x illic  acids. In  th e  course o f  a th o ro u g h  in v es tig a tio n , fo r w hich 
cred it m u s t be given p rim a rily  to  W i l l s t ä t t e r ,  a n u m b er o f th e  n itro g en -co n ­
ta in in g  p ro d u c ts  of th e  hyd ro lysis  w ere succesfully  ana lyzed . T he s tru c tu re s  of 
o th e r com pounds, such  as th e  fu n d am en ta l skele ton  of te lo id ine  (com ponen t 
of m etelo id ine), were e lu c id a ted  b y  th e  aid  of sy n th esis . P a rtic u la rs  o f these  
chem ical in v estig a tio n s are  described  b y  F .R .H . M a n s k e  an d  H .L . H ol­
m e s  [125], w here th e  e lu c id a tio n  o f th e  chem ical c o n s titu tio n  of tro p an e  
alkalo ids is discussed in  d e ta il, excep t for research  concern ing  stereochem ical
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re la tio n sh ip s . T he fa c t th a t  th e  g rea te s t p a r t  o f these  com pounds occur in 
n a tu re  in  o p tica lly  ac tive  form  rendered  necessary  th e  s tu d y  o f th e ir  stereo- 
isom eric re la tio n sh ip s  co m p ara tiv e ly  a t  an  early  d a te . H ow ever, com plete 
s tu d y  of th is  p rob lem  to o k  a c tu a lly  place on ly  recen tly . In  th e  following 
p a r t ,  research  concern ing  th e  steric  s tru c tu re s  of th e  m ost im p o r ta n t n a tu ra l 
tro p an e  alkalo ids an d  of th e ir  conversion p ro d u c ts  will be discussed. C lassifi­
ca tio n  is done accord ing  to  th e  tro p an e  i.e. (alkam ine) com ponen ts.

T hough  th e  w ork o f e luc ida ting  th e  re la tiv e  con figu ra tions o f n a tu ra l 
tro p an e  alkalo ids w as com pleted  betw een  1951 an d  1955, d e te rm in a tio n  of 
th e  abso lu te  con fig u ra tio n  was carried  o u t, b o th  b y  physica l an d  chem ical 
m ethods, only  in  th e  la t te r  years. R ecen tly  also th e  biogenesis o f tro p an e  a lk a ­
loids as well as th e ir  ex tensive  in terconversions in  vivo  has becom e th e  su b jec t 
o f vigorous stu d ies . A v e ry  com pressed su m m ary  of th is  researh  is to  be found 
in  Ma n s k e ’s w ork*.

RESEARCHES RELATING TO THE STERIC STRUCTURES OF TROPINE, 
PSEUHOTROPINE AND THEIR ESTERS 

Stereochemistry o f  Tropine
H ydro lysis of op tica lly  ac tive  hyoscyam ine and  in ac tiv e  a tro p in e  b o th  gave 

in ac tiv e  tro p in e  [77, 125, 141]. O n th e  o th e r h an d , th e  isom eric pseudotropine
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was o b ta in ed  from  th e  hydro lysis o f th e  a lkalo id  tro p aco ca in e  [117]. The 
re la tio n sh ip  betw een  th ese  tw o com pounds w as c leared  up  b y  W i l l s t ä t t e r  
in  1894, a t  a tim e  w hen even th e  co n stitu tio n s  o f th ese  com pounds w ere n o t 
know n. H e con v erted  tro p in o n e , o b ta in ed  from  th e  o x id a tio n  o f tro p in e  [197], 
in to  pseudotropine  [198], an d  also succeeded in  tran sfo rm in g  tro p in e  to  pseudo- 
tro p in e  b y  h ea tin g  i t  w ith  sodium  am ylox ide . F in a lly , he could  reduce tro p in o n e  
in to  a m ix tu re  o f tro p in e  an d  ^ -tro p in e  [202] (F ig . 58). I n  th is  w ay  he p roved  
th a t  these  tw o com pounds differed  b u t  in  th e  re la tiv e  s te ric  positio n  o f th e  
h y d ro x y l group . B y th ese  ex perim en ts th e  fo u n d a tio n  o f la te r  s tereochem ical 
research  w as la id  dow n. I t  is in te re s tin g  to  n o te  th a t  G a d a m e r  held  th e  view  
for a long tim e  th a t  th e  on ly  difference betw een  th e  tw o  com pounds w as in 
th e  position  of th e  m e th y l g roup  a tta c h e d  to  th e  n itro g en  a to m  [77], an d  n o t 
in  th e  s te ric  position  o f th e  h y d ro x y l group . L a te r  on, researches of H u n g a rian  
in v es tig a to rs  suggested  energy  reasons fo r w hich th e  m e th y l group on th e  n i­
tro g en  h ad  a m ore stab le  position  in  one d irec tion  th a n  in  th e  o th e r [52], th u s  
two te r t ia ry  am ines, epim eric on th e  n itro g en  a to m , can n o t ex ist in  th is  group . 
(Cf. also [23]).

A fter hav ing  s ta te d  th e  c o n s titu tio n  o f tro p in e , W i l l s t ä t t e r  p o in ted  
o u t in  1900 th a t  th o u g h  th e re  w ere tw o asy m m etric  carbon  atom s in  b o th  
com pounds, s till no op tica l a c tiv ity  or p o ssib ility  o f reso lu tio n  w as to  be 
expected , because s teric  causes p e rm itte d  th e  ex istence  o f th e  m eso-m odifica- 
tions only , w hich co n ta in ed  th e  n itro g en  a to m  bridg ing  over th e  d istance  
betw een  th e  tw o carbon  atom s of th e  cy clohep tane  ring  w hen in  cis-position . 
N ow  for th e  d- an d  /-form  to  ex ist, a trans bond ing  w ould be req u ired , 
be tw een  th e  C ^ a n d  C(S) carbon  a to m s; how ever, as i t  can  be seen even  w ith o u t 
a m odel, th is  is im possib le [202]. N o tw ith s tan d in g  th is  logical a rg u m en ta tio n , 
G a d a m e r  reg a rd ed  th e  tro p in e —y -tro p in e  p a ir  to  be dl- an d  meso- d iastereo- 
isom ers, an d  recognized th e  m eso-configuration o f b o th  m odifica tions only 
w hen he failed  in  reso lv ing  tro p in e  in to  an tipodes [77], w hereas b y  w ay  of 
rep ea tin g  th e  experim en ts o f M e r l i n g  [129] he sp lit th e  p iperid ine  ring , and  
p rep ared  th u s  tro p in ic  acid , w hich p ro d u c t d id  p rove  to  be reso lvable  (F ig .
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59). I t  w as in  th e  sam e w ay  th a t  B ar r o w c liff  an d  T u t in  [10] becam e con­
v inced  in  1909 ab o u t th e  m eso-structure  o f th e  tw o  stereo isom eric  tro p in es , 
w hen  reso lu tio n  to  an tipodes h ad  been  unsuccessful. A t th e  sam e tim e  th e y  
succeeded in  reso lv ing  a tro p in e  b y  d -cam phorsu lphon ic  acid  in to  d- and  Z-hyos- 
cyam ine-<Z-cam phorsulphonates (F ig . 60). In  th is  w ay  th e  isom eric re la tio n ­
ship  betw een  a tro p in e  an d  hyoscyam ine (the  f irs t  be ing  th e  tro p in e  este r o f 
( +  )-trop ic  acid , th e  la t te r  th a t  of (—)-trop ic  acid) w as successfu lly  p roved . 
These investigations constitute an unequivocal p ro o f that tropine and  y-tropine  
are c i s - t r a n s  isomeric m e s о - compounds on the C(3) carbon atom o f  the 
tropane skeleton. These experim en ts  [10, 77, 129] d isp roved  th e  orig inal assu m p ­
tions o f Ga d a m e r  as regards —C5 d iastereo isom erism , as w ell as th e  possi­
b ility  of N -diastereo isom erism . The s teric  position  o f th e  h y d ro x y l in  re la tion

to  th e  N -m eth y l group as a w hole, i.e. w hich of th em  h ad  syn- or a n ti-o rie n ta ­
tio n  in  th e  in d iv id u a l m odifica tions, could n o t y e t be decided b y  these  stud ies.

F a ilu re  o f ea rly  ex perim en ts to  s ta te  th e  co n fig u ra tio n  o f tro p in e  and 
y -tro p in e  is p rim arily  exp lained  b y  th e  fac t th a t  no a d e q u a te  m ethods of 
research  h ad  been  availab le  fo r a long tim e  to  fin d  th e  answ er to  fu n d am en ta l 
stereochem ical p rob lem s, such  as th e  d is tan ce  of in d iv id u a l fu n c tio n a l groups 
in th e  tro p a n e  skele ton . As i t  was m en tioned  in  th e  in tro d u c to ry  ch ap te r  
(p. 19), th e  m ain  p roblem  o f all w ork  concern ing  th e  a sce rta in m en t o f con­
fig u ra tio n  is to  s ta te  th e  re la tiv e  position  of a group in  re la tio n  to  a p o in t of 
reference if  th e  sy stem  is o f one v a riab le ; in  system s w ith  tw o v ariab les i t  is 
necessary  to  know  th e  re la tiv e  steric  positions of tw o such  groups, an d  — as 
show n b y  F o dor  e t al. [49] — th is  is th e  case w ith  tro p an e  alkalo ids. F ro m  th e  
stereochem ical p o in t o f view , th e  easiest ta sk  in  th e  case o f th e  tro p in e  — 
y -tro p in e  p a ir  w as th e  e lu c ida tion  of th e  m u tu a l positions of th e  rin g  n itro g en  
a to m  an d  th e  h y d ro x y l group . R eversib le  acyl m ig ra tio n  betw een  n itro g en  
an d  oxygen w as p roved  to  be an  ad eq u a te  m eth o d  o f research  fo r so lving th is  
p rob lem . The m echan ism  and  scope of th is  reac tio n  was discussed in  d e ta il in  
th e  In tro d u c tio n  (p. 23). P ro o f o f th e  ex istence of cyclic in te rm ed ia te s  in  th e  
0 —>-N acyl m ig ra tio n  reac tions confirm ed in  case o f reversib le  processes th e ir  
stereospecific  ch a rac te r , since such  rings could be form ed only  w ith  a re la tiv e  
s teric  p ro x im ity  of oxygen an d  n itrogen , b y  w ay  of m ed ia tio n  of a single a tom . 
In  th e  case o f th e  epim eric p a ir  of tro p in e  an d  y -tro p in e , F odor  an d  N á d o r  [40, 
41, 66] w ere th e  f irs t  to  use th is  m eth o d  of p rov ing  th e  s tru c tu re  (Septem ber,
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1951), and in d ep en d en tly , th o u g h  la ter  (Jun e, 1952), N i c k o n  and F i e s e r  
su b m itted  th e  resu lts o f  th e ir  acy l m igration  exp erim en ts also for p u b lica tion . 
For th is p u rp o se , th e  form er in v estig a to rs ox id ized  trop ine and гр- t v  op ine w ith

Fig. 61

p otassiu m  p erm an ganate to  nor-am ines. F ie s e r  and  N ick o n  [135] ach ieved  
th e  sam e resu lt b y  em p loy in g  th e  tech n iq u e o f  B r a u n ’s cyan ogen  brom ide  
d egrad ation; b o th  ep im eric reor-bases w ere a ce ty la te d  and b en zo y la ted .

F ig . 62
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N -A cety l-nor-trop ine  as well as its  epim eric  pseudo-fo rm  could  be c o n v e rt­
ed in to  th e  co m p ara tiv e ly  stab le  am ide sa lts . P o lo no w sk i [149] p rep ared  
N -acetyl-raor-tropine hydroch lo ride , how ever, no s tu d y  o f its  reac tio n s w as 
m ade. T hese com pounds m ay  be t i t r a te d  p o ten tio m e trica lly  as ‘free h y d ro ­
chloric ac id ’, w hile O-acyl com pounds show  a buffering  effect in  th e  course 
of p o ten tio m e tric  t i t ra t io n  [66b, 192], i.e ., th e y  beh av e  like ty p ic a l am m o ­
n ium  sa lts  (F ig . 61). On th e  o th e r h an d , only  th e  acy l (ace ty l an d  benzoyl) 
deriv a tiv es  of pseudo-nor-trop ine  can undergo  a reversib le  N->-0 acyl 
m ig ra tio n  (F ig . 62), b u t  no r-trop ine  deriva tives can n o t (F ig . 63).

This sim ple ex p erim en ta l fac t was chronologically  th e  f irs t  convincing  
p ro o f to  show  th a t  a tro p in e  an d  its  deriv a tiv es  h a d  th e  h y d ro x y l group in  
anti-, w hile p  s e и d  о -1 г о p i n e d e riv a tiv es  in  syn-position . In  th is  w ay, w ith  a 
single s tro k e  also th e  u n ii-con figu ra tion  o f th e  C(3) h y d ro x y l g roup  o f a tro p in e , 
hyoscyam ine an d  convolam ine [137] (F ig . 64) becam e s ta te d , since th e y  car. 
be hyd ro lyzed  to  give tro p in e ; th e  sam e holds tru e  fo r convolv ine [137], 
poro id ine [9], an d  isoporo id ine [9], because these  alkalo ids afford  no r-trop ine



TR0PAXES 8]

on hydro lysis (F ig . 65). T he syn -configura tion  of th e  esterified  h y d ro x y l group 
o f  tro p aco ca in e  [117] an d  of tig lo id ine [8] becam e also asce rta in ed  (F ig . 66).

A l i t t le  la ter  after th ese  a cy l m igration  ex p erim en ts, Z e n it z , Ma r t in i 
et  al. [213] reported  th e  sam e resu lts , ob ta in ed  b y  m eans o f  in frared  sp ec tro ­
sco p y  and d eterm in ation  o f  th e  d ipole m om en ts o f  trop in e and /iseu d otrop in e. 
Clemo and J ac k , on  th e  basis o f  th e ir  p revious m easu rem en ts o f  d ip o le

Table I I I

R Alkaloid

(H3C) C =  CH(CH3) 1 Tigloidine 
C6H 5 Tropacocaine

m om ents [22], also confirm ed  th e  issues o f th e  chem ical d e te rm in a tio n  of 
th e  co n fig u ra tio n . In  th e  opinion of Ze n it z  e t al. b o th  tro p in e  an d  pseudo- 
tro p in e  have  a w ell-defined  hydrogen  bond ing . T he b a n d  in te n s ity , c h a ra c te ris tic  
for th e  sam e is, how ever, som ew hat m ore decreased  b y  d ilu tio n  in  th e  case 
o f tro p in e  th a n  w ith  p seudo trop ine . S pec tra l m easu rem en ts  ca rried  o u t in  
th ree  various co n cen tra tio n s  gave th e  re su lt in te rp re te d  as show n in 
F ig . 67.

6 Natural Carbon Compounds

Table I I

R Ac Alkaloid

H CH2CH(CH3)2 Poroidine
H CH(CH3)CH2CH3(d) Isoporoidine
H C6H3(OCH3), Convolvine
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As i t  is seen, i t  was concluded th a t  ^ -tro p in e  h ad  an  in tram o lecu la r  hyd ro g en  
bond ing  besides an  in te rm o lecu la r one, as it  rem ain ed  u n a ffec ted  even  in  case 
o f  d ilu tio n . This pseudoionic bond  betw een  th e  C(3) oxygen  an d  th e  
n itro g en  a to m  could , how ever, ex ist only  in  th e  b o a t con fo rm ation  o f th e  
m olecule, be ing  estab lished  b y  th e  u n sh ared  e lec tron  p a ir  o f th e  n itro g en . 
H ow ever, X -ra y  d iffrac tion  m easu rem en ts o f V is s e r  e t al. [196] w ith  tro p in e  
hydrochloride an d  tro p in e  hydrobromide crystals show ed (F ig . 68) th a t  th e

ch a ir con fo rm ation  was in  p reponderance , w hereas, as a consequence of 
th e  an ti-o rien ta tio n  o f th e  h y d ro x y l g roup  o f tro p in e , i t  could  h av e  been  
ex p ec ted  th a t  th is  con fo rm ation  was u n fav o u red . U n fo rtu n a te ly , th e  D u tch  
in v e s tig a to r  d id  n o t exam ine )/>-tropine, th u s  th e re  is no d irec t evidence for 
i ts  chair con fo rm ation* ; anyhow , on th e  s tre n g th  o f th e  above considera tions, 
th e  la t te r  m ay  be reg a rd ed  to  be m ore p ro b ab le  also in  th is  case th a n  th e  b o a t 
fo rm . On th e  o th e r h an d , m ost recen t ex perim en ts o f H u n g a rian  researchers 
rev ea led  th a t  in  several tro p a n e  de riv a tiv es  th e  m e th y l group is p re fe rab ly  
inc lined  to w ard  th e  C(3) a to m  b earin g  th e  h y d ro x y l g roup  [23, 44 — 54, 63, 162],

* T his has b een  o b ta in ed  now by  P rof. Mag G ill a v r y  accord ing  to  ou r sug­
gestion .
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w hen  fo rm atio n  o f a hyd rogen  bond  betw een  th e  C(3) h y d ro x y l an d  n itro g en  
is less p ro b ab le , since i t  w ould req u ire  ju s t  th e  opposite  s teric  positio n  of th e  
m e th y l group . In  th is  respec t, how ever, th e  above ex p erim en ta l evidence is 
n o t convincing, because i t  shows no difference o f q u a n tita tiv e  ch a ra c te r  b e ­
tw een  th e  physica l co n stan ts  o f th e  tw o epim eric com pounds. I t  is in te re s tin g  
th a t  in  his new  stereochem ical m onograph  K l y n e  [108] reg a rd ed  th is  ev ­
idence from  physico-chem ical m easu rem en ts as a confirm ation  o f th e  re su lts  o b ­
ta in e d  in  p re p a ra tiv e  chem ical w ay . T he s itu a tio n  m ay  be d iffe ren t w ith  
/З-g rana to line  (% -granatoT ) w hich is form ed b y  th e  m eta-condensation  of 
tw o six -m em bered  rings; A l d e r  an d  D o rtm an n  [1] p o in ted  o u t here  th a t  th e  
ex istence  of hyd rogen  bond ing  h a d  been  ex p erim en ta lly  p roved  b y  S c h ä f e r . 
U n fo rtu n a te ly , th e  curves an d  a prom ised  d e ta iled  d iscusson have  n o t been 
p u b lished  so far. The fac t th a t  tro p in e  was th e  an ti-m o d ifica tio n  has recen tly  
also been  p roved  for th e  hyd ro b ro m id e  in  th e  ab ove-m en tioned  X -ra y  d iffrac­
tio n  stud ies o f  V is se r  e t al. [196]. Besides s ta tin g  th e  ch a ir con fo rm ation  of 
th e  p iperid ine  ring , i t  was also d em o n stra ted  th a t  th e  N -m eth y l group was 
s itu a te d  in  th e  d irec tion  o f th e  endoe thy len ic  bridge  (a t le a s t for th e  c ry s ta l­
line hyd rob rom ide); see references [44 — 54] an d  th e  subsec tio n  t i t le d  “ C on­
fig u ra tio n  o f th e  n itro g en  a to m  in  tro p a n e s .”  T he base  has p ro b ab ly  th e  
N -ep im eric , ch a ir con fo rm ation  (F ig . 68). H a r t u n g  an d  Sm ith  [91] in  1953  
confirm ed  th e  sy n -s tru c tu re  of y tro p in e» based  on a com parison  of th e  p fc 
values. T hese in v estig a to rs  found , n am ely , a h ig h er p k va lu e  for ^ -tro p in e  
(3 .67) th a n  for tro p in e  (2 .98). This re su lt was ascribed  to  an  in tram o lecu la r  
h y d rogen  b ond ing  in  y -tro p in e . In  ad d itio n , th ese  au th o rs  also re p o rte d  th e  
fac t th a t ,  d u rin g  th e  sam e reac tio n  tim e , benzoyl chloride gave 84 .5%  benzoyl 
tro p in e  h ydroch lo ride , w hile only  79 .2%  benzoy l y -tro p in e  hydroch lo ride  was 
form ed, th e  re su lt being  again  in te rp re te d  as a consequence o f a hyd rogen  
b o n d  in  th e  la t te r  case. T he sam e conclusion was d raw n  also from  th e  re la tiv e ly  
h igher d en sity  o f tro p in e . L a te r  on, Ge issm a n  e t a l. [84] s ta te d  th a t  tro p in e  
was a b y  a b o u t 0.5 p & u n its  s tro n g er base th a n  ^ -tro p in e , a t  va rian ce  w ith  th e  
find ings o f  H a r t u n g . A ccording to  Ge issm a n  “ th e  d ifferences b e tw een  th e  
basic  s tren g th s  o f tro p in e  an d  pseu d o tro p in e  can n o t be based  up o n  a co n sid era­
tio n  only  o f th e  con figu ra tion  o f th e  h y d ro x y l g ro u p ” . . . “ I t  is possible th a t  
th e  s tra in  im posed  u p o n  th e  ring  system  b y  th e  e th y len e  b ridge  (i.e., on th e  
p iperid ine  sk e le to n ). . .  is a ffec ted  b y  th e  positio n  of th e  h y d ro x y l group 
w ith  resp ec t to  th e  b ridge , an d  th u s  th e  ten d en cy  for th e  n itro g en  a to m  to  
assum e th e  te tra h e d ra l form  b y  ion iza tio n  is a ffec ted  b y  th e  co n fig u ra tio n  of 
th e  h y d ro x y l g ro u p .”  T his deb a te  does n o t ju s tify  th e  ap p ra isem en t of K l y n e  
[108] as regards th e  h igh  significance an d  re lia b ility  o f th e  q u o ted  physica l 
m easu rem en ts as a m eans o f s ta tin g  th e  co n figu ra tion  o f ra th e r  com plica ted  
organic com pounds.

I f  i t  is ta k e n  in to  co nsidera tion  th a t  th e  p iperid ine  ring  of th e  tro p an e  
skele ton  can  only  in  th e  b o a t con fo rm ation  reach  th e  s ta te  w hich  p e rm its  th e  
v ic in ity  n ecessary  for hyd ro g en  bond ing  b u t, on th e  o th e r h an d , repu lsive  
‘P itz e r  s tr a in ’ [15a] b e tw een  th e  n e ighbouring  C(2) an d  C(3) a to m s w ould  con­
seq u en tly  acqu ire  considerab le  values a t  th e  sam e tim e , i t  appears m o st p ro b ­
ab le th a t  th e  ground  s ta te  of th e  y -tro p in e  m olecule is p red o m in an tly  
th e  chair con fo rm ation  (F ig . 68), an d  equ ilib rium  w ith  th e  b o a t form  is b ro u g h t 
ab o u t a t  v e ry  h igh te m p e ra tu re s  only  [196]. N a tu ra lly , O—>-N acyl m ig ra tio n  
w ould tak e  p lace in  th e  b o a t form . N evertheless, i t  does n o t m ean  th a t  our 
a ssu m p tio n  o f th e  b o a t co n figu ra tion  is th e  ground  s ta te  of th e  m olecule. In

6*
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fa c t, th e  experience th a t  N->-0 acy l m ig ra tio n  w ould occur in  th is  sy stem  only 
w hen  th e  reac tio n  m ix tu re  is h ea ted  [40, 41, 66b], w hereas am inoalcohols 
w hich h av e  th e ir  g roups in  m ore fav o u rab le  steric  positions re a c t is ta n ta -  
neously  even a t  room  te m p e ra tu re  (see C hap te r I  p . 43), is an  evidence 
to  show  th a t  th e  b o a t con fig u ra tio n  can be rea lized  on ly  in  som e excited  
s ta te .

F in a l conclusions re la tin g  to  th e  con figu ra tions o f tro p in e  an d  y -tro p in e , 
w ere e rroneously  d raw n  also from  th e  m easu rem en ts o f o th e rp h y s ic a l co n stan ts . 
T hus, e.g ., Six m a  e t al. s tu d ied  in  1951 th e  ra te  o f sap o n ifica tio n  o f th e  epim eric 
benzoyl an d  p -n itro b en zo y l tro p e in es , an d  th e ir  m eth iod ides [177]. Since 
tro p in e  esters show ed sm aller /с-values th a n  y -tro p e in es , these  in v estig a to rs  
a t t r ib u te d  th is  fa c t to  an  in h ib ited  s te ric  position  o f th e  h y d ro x y l group , an d  
assum ing  b o a t con form ation , th e y  ascribed  d irec tly  th e  opposite  con figu ra tions 
to  th e  epim ers th a n  those  s ta te d  in d e p e n d e n tly  tw o  m o n th s earlie r in  th e  
ex p e rim en ts  o f H u n g a rian  researchers o f w hich SlEGMANN an d  his co-w orkers 
w ere  unaw are . In  a la te r  p a p e r (in 1954) SlEGMANN e t al. accep ted  [176] th e  
p re se n te d  a d d itio n a l evidence o b ta in ed  b y  a p re p a ra tiv e  m e th o d  [66b, 88, 135].

B e y e r m a n n , S ie g m a n n , S ix m a  an d  W is se r  rep o rted  in  1957 fu r th e r  
reac tio n  k in e tic  m easu rem en ts  [17] in  connection  w ith  th e  alcoholysis of ben- 
zoy ltropeine , benzo y l-y -tro p e in e  an d  th e ir  m eth iod ides. The re la tiv e  reac tio n  
ra te s  found , com plete ly  su p p o rted  th e  a ssu m p tio n  th a t  tro p in e  an d  ^ -tro p in e  
h ad  ch a ir conform ations, an d  th e ir  con figu ra tions corresponded  to  tho se  given 
a t  f ir s t  b y  th e  H u n g a rian  research  w orkers.

I t  was a t te m p te d  also b y  H komatka  e t al. [97] to  d raw  conclusions 
co n cern in g  th e  con fig u ra tio n  from  th e  ra te  differences o f th e  sap o n ifica tio n  
an d  acy la tio n  reac tio n s o f epim eric tro p e in es , as i t  was found  th a t  tro p in e  
b en z ila te  could  be p rep a red  an d  hydro ly zed  m ore d ifficu ltly  th a n  th e  co rres­
po n d in g  este r o f  ^ -tro p in e .

W hen  th e  above a sce rta in m en t o f th e  chair conform ations o f tro p in e  
an d  y -tro p in e , as well as o f th e ir  anti- an d  syn -configura tions, re sp ., are  con­
sidered , all th ese  experiences becom e easily  in te rp re te d . N am ely , in  th e  chair 
con fo rm ation , ju s t  th e  h y d ro x y l group of a n ti-position  is h in d ered , w hile th e  
eq u a to ria l syn -hydroxy l group is free, th u s  easily  e s te rified , an d  ju s t  as easily  
h y d ro ly sed  [49].

I t  was observed  a lread y  b y  W il l st ä t t e r  [198] th a t  red u c tio n  of tro p i- 
none b y  sodium  an d  alcohol gave p red o m in an tly  pseudo trop ine , accord ing  
to  ou r p resen t know ledge syn -trop ine . M irza  rep o rted  th e  sam e fin a l re su lt 
o f h is ex perim en ts w ith  lith iu m  a lum in ium  h y d rid e  [131]. H ow ever, p ro b ab ly  
because o f iso la tin g  th e  f in a l p ro d u c t as th e  p ic ra te , he overlooked th e  fac t 
th a t  red u c tio n  b y  lith iu m  a lu m in iu m  h y d rid e  w as n o t an  ab so lu te ly  s te reo ­
specific  process,* th u s  also a considerab le a m o u n t o f tro p in e  m ay  have  been  
fo rm ed , as i t  was p roved  indeed  to  be th e  case in  th e  course of o th e r  in v e s tig a ­
tions.**

As a consequence of an  erroneous in te rp re ta tio n  o f th e  above ex p eri­
m e n ta l fac ts , also P a d d o c k  [139] becam e th e  v ic tim  o f a sim ilar m istak e  like 
th e  D u tc h  in v es tig a to rs . A ssum ing th e  b o a t con fo rm ation  of tro p in o n e , he

* Cf.: B e c k et t  e t  al. [15b]
** T he b es t m eth o d  o f th e  stereospecific  re d u c tio n  o f tro p in o n e  to  syra-tropine is to  

use a lu m in iu m  isopropoxide a t  80°; a t  20° a m ix tu re  o f th e  ep im ers is fo rm ed [48a] [15b]
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fo rm u la ted  tro p in e , th e  p ro d u c t o f th e  ca ta ly tic  red u c tio n , w ith  syre-hydroxyl 
groups, w hile y -tro p in e  w ith  an ti-h y d ro x y l groups, since on th e  analogy  o f th e  
co n fo rm ationa l analysis of stero ls [12], c a ta ly tic  red u c tio n  resu lts  in  th e  fo rm a­
tio n  of an  axia l, an d  chem ical red u c tio n  m eth o d s o f an  equatorial h y d ro x y l 
group . I f  th e  sam e system  is deduced  from  th e  chair con fo rm ation , i t  is clear 
th a t  we o b ta in  d irec tly  th e  opposite , here an d  now  rig h t, re su lt. In  th is  resp ec t 
th e  op in ion  o f A l d e r  an d  D o rtm an n  [1], an d  th a t  o f F o dor  [48] are  in  
ag reem en t. Spa r k e  [180] does n o t sh are  P a d d o c k ’s view  e ith e r. A nyhow , i t  
appears th a t  som e au th o rs  m ade co n fo rm ationa l analysis overem phasized  in  
th a t  case since th e  con fig u ra tio n s h ad  been  su ffic ien tly  e lu c id a ted  — also acco r­
d ing  to  R o b in so n  [158] — a lread y  b y  th e  ex p erim en ts  o f th e  acy l m ig ra tio n .

On th e  o th e r h an d , th e  s tud ies o f  H a r d e g g e r  an d  О тт [88] h av e  been 
ex trem ely  useful. The Swiss in v es tig a to rs  tre a te d  no r-trop ine  an d  n o r-^ -tro p in e  
w ith  p -n itro b en za ld eh y d e  u n d er id en tica l cond itions, w hen  th e  syn-m odifica- 
tio n  gave, as expec ted , a cyclic te trah y d ro -m -o x az in e  d e riv a tiv e  (F ig . 69).

This m e th o d  an d  tech n iq u e  was f irs t  em ployed  b y  G o o dso n  an d  Ch r ist o ­
ph e r  [85] for 3-am ino-alcohols w hen  condensing  2 -(/5-hydroxyethyl)-p iperid ine 
w ith  b enzaldehyde. Com plex reac tions occurred  in  th e  case o f th e  an li-m odifica- 
tio n , w hich w ere also successfully  e lu c id a ted  b y  H a r d e g g e r  [89]. One o f th e  
p ro d u c ts  w as N -p -n itrobenzoy l-no r-trop ine  (F ig . 70).

In  th e  course o f these  experim en ts also a ylt-desoxy d e riv a tiv e  was form ed, 
w hich is a sig n ifican tly  m ore s tab le , closely re la te d  p ro d u c t to  th e  in te rm ed ia te  
in  th e  acy l m ig ra tio n  reac tio n , N ^A O , i.e ., to  a /t-hyd roxy-oxaz id ine  (Fig. 
57). T hough  in  H a r d e g g e r ’s opin ion  early  ex perim en ts affo rded  no “ . . .  in ­
con testab le  p ro o f” , (“ h an d fe s te . . . u n an fech tb a re  B ew eise” ,) his re su lts  re p re ­
sen t ra th e r  th e  confirm ation  o f th e  questio n  o f con figu ra tions assigned by  
a n o th e r m e th o d . H e p o in ted  ou t th a t  th e  reac tio n  of acyl m ig ra tio n  has been 
tr ie d  but in  a few  cases for th e  pu rpose  of de te rm in in g  th e  con fig u ra tio n ; he
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q u o ted  th e  references [66a an d  b] an d  [135]; how ever th is  s ta te m e n t is h a rd ly  
te n a b le , in  v iew  o f th is  reac tio n  hav ing  been  successfully  em ployed  p a r tly  by  
H u n g a ria n  in v es tig a to rs  in  th e  s tu d y  o f various ty p e s  of com pounds such  as 
/S -aryl-alkanolam ines, am ino-cyclanols, am in o -te tra lin o ls  an d  glucosam ine (see 
[22—29, 32, 41] in  In tro d u c tio n , an d  [9 —21] in  C h ap te r I), an d  fu r th e r  b y  
McCa sl a n d  e t al. [122] for epim eric inosam ines, b y  V a n  T a m e l e n  [190,191] 
fo r am ino  borneols, an d  fin a lly  b y  HuiSGEN [99] in  th e  research  o f th e  con figu ­
ra tio n  o f an ti-d iazo a tes .

W ith  th e  above considera tions, in v estig a tio n s concern ing  th e  p rov ing  
of th e  an ti-co n fig u ra tio n  o f tro p in e  an d  sy«-configu ra tion  of 1/;-tro p ine are 
com plete ly  concluded.

N om enclature. The w ork  of e lu c id a tin g  th e  co n fig u ra tio n  o f a g rea t n u m ­
b e r o f tro p a n e  alkalo ids, hyd ro lyzab le  to  tro p in e , p seu d o tro p in e  an d  th e ir  
nor d e riv a tiv e s , p resen ted  th e  prob lem  o f n o m en c la tu re . In  ag reem en t w ith  
th e  ed ito r o f th e  J .  Chem . Soc., also H u n g a rian  au th o rs  [66b] reg a rd  th e  
N -m eth y l b ridge as th e  p o in t o f reference, an d  groups in  re la tiv e  syn  s te ric  
positions are  d en o ted  b y  ß, an d  those  in  d is ta n t position  b y  a. This princ ip le  
o f n o m en c la tu re  w ill co nsequen tly  be app lied  th ro u g h o u t th e  follow ing ch ap te rs  
d iscussing  th e  d e riv a tiv es  o f cocaine, scopolam ine, va le ro id ine  an d  te lo id ine .

M odern Syntheses o f  Tropeines

A  m odern  v a r ie ty  o f th e  syn thesis  o f tro p in o n e  s ta r ts  from  fu rán . This 
com pound  is su b jec ted  to  e lec tro ly tic  (anodic) o x id a tio n  or to  b rom ine in  
m e th an o l to  give d im e th o x y d ih y d ro fu ran  [20, 21]; th e n  th e  double bo n d  is 
h y d ro g en a ted  over R an ey  nickel c a ta ly s t w hich process resu lts  in  th e  fo rm atio n  
o f succinic a ldehyde d im eth y l cyclic ace ta l. T he p ro d u c t is tre a te d  w ith  d ilu te  
acid , th e n  ac ted  up o n  b y  acetoned icarboxy lic  acid  an d  m eth y lam in e  in  a s u it­
ab le bu ffer so lu tio n  (a m od ifica tion  b y  H u n g a rian  au th o rs  [82 ]) to  give 85 — 90 %  
y ield  of tro p in o n e  (F ig . 71) w ith in  a few  hours.

CH,-------- CH2
------------ I /  Xtropinone ----------  H - C  c —H
— -— 1 II II

о о
Fig. 71

The m echan ism  of th e  co n densa tion  as assum ed  by  S ch ö pf  [170], was 
recen tly  ex p erim en ta lly  con firm ed  b y  Ga l in o v sk y  [80]. T his in v e s tig a to r  
succeeded  in  reducing  N -m ethy lsuccin im ide  w ith  lith iu m  a lum in ium  h y d rid e
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to  a ,a -d ih y d ro x y -N -m eth y l-p y rro lid in e , w hich com pound , in  tu rn , gave tro p i- 
none w hen tre a te d  w ith  acetoned icarboxy lic  acid , a lth o u g h  th e  yields were 
low  (F ig . 72). A nyhow , th is  is ju s t  one of th e  possible descrip tions o f 
th e  reac tio n  m echan ism ; s im u ltaneous a t ta c k  o f tw o nucleophilic  cen ­
tre s  on th e  oxo-carbon  a to m  o f th e  d ia ldehyde, i.e ., a M annich  reac tio n , 
is also a feasib le w ay ; indeed , th e  low  y ield  o f th e  p rev iously  discussed



tw o -step  process is an  in d ica tio n  in  fav o u r of th is  m echanism . The m echanism  
o f th e  M annich reac tio n  w as recen tly  e luc ida ted  b y  Cu m m in g s  an d  S h e l t o n * 
b y  k in e tic  ex p erim en ts. A ccordingly , th e  m ethy lo lam ine  reac ts  w ith  th e  carban- 
ion  a t  low  p H  values w ith  SN 2 m echanism . A t h igher p H  values, how ever, 
th e  reac tio n  appears to  be trim o lecu la r, ju s t  as i t  was assum ed  b y  th e  au th o r 
e t  al. for th e  case o f R o b in s o n ’s tro p in o n e  sy n thesis .

T he sim plified  p rac tica l syn thesis  o f d im e th o x y d ih y d ro fu ran  an d  its  
a lkoxy  de riv a tiv es  recen tly  ren d ered  possible th e  d ev e lopm en t of syn theses 
o f  n a tu ra l alkalo ids of pharm aco log ical im p o rtan ce  on a sem i-in d u stria l scale. 
T hus, a d irec t an d  sim ple syn thesis  o f S -(—)-hyoscyam ine w as rea lized  by  
F o d o r  an d  R á k ó c z i, a fte r  p ro p er reso lu tio n  of racem ic tro p ic  acid  in to  th e  
o p tica lly  ac tive  com ponen ts b y  m eans o f (1R : 2 R )-l-p -n itro p h en y l-2 -am in o - 
p ro p an e -l,3 -d io l [57]. T he syn thesis  of tro p en o l esters an d  th e  sem itechn ica l 
u tiliz a tio n  o f th e  process w ere realized  in  a sim ilar w ay. F o d o r , J a n z s ó , 
Ö t v ö s  an d  B á n f i  [59] described  th e  syn th esis  o f m e th y l-14C -hyoscyam ine in  
th e  w ay  show n in  F ig . 73.

A n in te re s tin g  tro p in o n e  syn thesis  s ta r tin g  w ith  hexadiine-1 ,5  an d  in v o lv ­
ing  th e  fo rm ation  of N -m ethy lpy rro lid ine-2 ,5 -d iace tic  e s te r w as described  by 
R a p h a e l  e t al.**
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STUDIES ON COCAINE AND ITS EPIMERS

The d e te rm in a tio n  o f th e  isom erism  of tro p in e  an d  ^ -tro p in e , an d  o x id a ­
tio n  o f ecgonine to  tro p in o n e  opened  up  th e  w ay  also to  th e  m ore com plicated  
p ro b lem  o f th e  s te reo ch em is try  of cocaine. T he ac id  hyd ro lysis  o f cocaine gives 
( — )-ecgonine [207] an d  th is  com pound is decom posed b y  o x id a tio n , w ith  the 
fo rm a tio n  o f th e  in te rm e d ia te  /?-keto acid , to  tro p in o n e  [200, 203] (F ig . 58), 
On th e  o th e r h an d , w hen (—)-ecgonine is ac ted  up o n  b y  alkalies [29—31], il

* T. F. Cu m m in gs  and J. R. Sh e l t o n : Mannich Reaction Mechanisms. J. Org. Chem 
25, 419—423 (1960).

** P a r k e r , W ., R a p h a e l , R. A. and W il k in s o n , D. I.: Acetylenic Routes to Tropinone 
Pseudopelletierine and Lobelamine. J. Chem. Soc. 1959, 2433.
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is rea rran g ed  to  (-(-) ecgonine, w hich com pound is n o t th e  en an tio ste reo m eric , 
b u t  th e  d iastereom eric  fo rm  of th e  s ta r tin g  m a te ria l. N am ely , th ese  tw o  
com pounds have  n o t th e  sam e m elting  p o in t, an d  also th e ir  abso lu te  values 
o f  o p tica l ro ta t io n  are  d iffe ren t. I t  was obvious to  b rin g  th is  fac t 
in to  h a rm o n y  w ith  th e  irreversib le  isom eriza tion  of tro p in e  to  ty)-tropine [200, 
201]. T h a t was th e  reason  w hy W i l l s t ä t t e r  called  th e  d e x tro ro ta to ry  ecgo­
n ine  d-pseudoecgonine as ea rly  as in  1900, w ith o u t an y  ev idence fo r th e  ac tu a l

Fig. 75

С(з) epim erism  of these  tw o  com pounds. E cgonine an d  pseudoecgonine gave, 
even  i f  u n d er d iffe ren tly  energetic  cond itions of tre a tm e n t, th e  sam e anhydro - 
ecgonine [29, 30]. H y d ro g en a tio n  o f th is  p ro d u c t afforded , accord ing  to  
G a d a m e r ,  tw o d ihydroanhydroecgon ines [78, 79], epim eric on th e  C(2> carbon  
a to m  (Fig. 74). These experim en ts  w ere la te r  re p e a te d  b y  F i n d l a y  [34]. The 
ea rly  ex p erim en t of E i c h e n g r ü n  an d  E i n h o r n  [28] m ay  serve as th e  basis to  
a new  ap p ro ach  in  e luc ida ting  th e  s teric  s tru c tu re  an d  th e  bo n d  sy stem  of 
ecgonine. B y  w ay  o f b ro m in a tin g  anhydroecgon ine , th ese  in v es tig a to rs  p rep ared  
a d ibrom o d e riv a tiv e  w hich was tre a te d  w ith  p o tassiu m  h y d ro x id e  to  give 
an  u n stab le  lac to n e  con ta in in g  b rom ine. This com pound  could, as a /3-lactone, 
possess only  c is-configuration , accord ing  to  our p re sen t know ledge. This 
ex p erim en ta l fa c t w ould be helpfu l fo r de te rm in in g  th e  s teric  positions o f th e  
C(2) and  C(3) a tom s, i.e ., o f th e  neighbouring  rin g  carbon  a tom s bearing  th e  
fu n c tio n a l g roups in  cocaine. H ow ever, since th e  co rre la tio n  am ong ecgonine, 
^ -ecgonine an d  th e  brom o-/3-lactone has n o t been  s ta te d  even u n til  to d a y ,



th is  o b se rv a tio n  offers no sound  basis for describ ing  th e  re la tiv e  s teric  positions 
o f th e  fu n c tio n a l groups e ith e r  in  ecgonine or in  y-ecgonine [48a]. In  1922, 
W i l l s t ä t t e r  an d  B o m m e r  realized  th e  to ta l  syn th esis  o f ( + ) -ecgonine, i.e., 
o f  y-ecgonine [201]. Two years la te r  also n a tu ra l  cocaine w as sy n thesized , 
s ta r tin g  w ith  acetoned icarboxy lic  acid  m o n o m eth y l e s te r [204]. T he key- 
in te rm ed ia te  in  th is  syn thesis  was m eth y l tro p in o n e-2 -ca rb o x y la te . R ed u c tio n
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of th e  la t te r  afforded  on ly  th ree  of th e  four possible racem ates , m a in ly  dl- 
pseudoecgonine, dl-ecgonine an d  a th ird  p a ir  o f an tip o d es. Also th is  syn thesis  
confirm ed W i l l s t ä t t e r ’ s  belief th a t  cocaine an d  pseudococaine o rig in a tin g  
from  th e  red u c tio n  of th e  sam e oxo com pound differed  on ly  as regards th e  
s teric  position  of th e  h y d ro x y l group of th e  C(3) carb o n  a to m  [201] (F ig . 75), 
a lth o u g h  eno liza tion  o f th e  oxocarboxylic  e s te r m ig h t have  considerab ly  
in fluenced  th e  s teric  course o f th e  red u c tio n . C is-hydrogen  a d d itio n  occur­
ring  on th e  enol form  m ay  lead , e.g ., to  th e  fo rm atio n  o f m odifica tions epim eric 
on b o th  carbon  atom s (F ig . 76). The a u th o r  also o m itte d  consid era tio n  o f th e  
fa c t th a t  th e  /?-hydroxycarboxylic  e s te r is m ore capab le  o f racem iza tio n  on 
its  carbon  a to m  of a s te ric  position , th a n  on th e  ^ -ca rb o n  a to m  b earin g  th e  
h y d ro x y l group . This prob lem  was la te r  s tu d ied  in  d e ta il b y  F i n d l a y  [35] 
an d  H u n g a ria n  researchers [46b, 48a].
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W i l l s t ä t t e r  th u s  assum ed th a t  ecgonine an d  y>-ecgonine w ere C(3) 
epim ers only  per analogiam , w ith o u t hav ing  p resen ted  th e  p ro p er exp erim en ta l 
evidence.

C oncerning th e  s te reo ch em istry  o f cocaine, in v es tig a tio n s  reach ed  th is  
s tage  b y  1951.

E s ta b lish m e n t of th e  con fig u ra tio n  of tro p in e  and p seu d o tro p in e  encouraged  
F o d o r  an d  la te r  his pup ils to  en d eav o u r to  de te rm ine  th e  co n fig u ra tio n  o f th e  
cocaine epim ers w hich is a fa r  m ore in tr ic a te  prob lem , fo r stereochem ically  
i t  involves a system  w ith  tw o v ariab les . One p rincip le  o f th e  w ork ing  
h y po thesis  was th e  above fin d in g  o f W i l l s t ä t t e r  accord ing  to  w hich 
cocaine or ecgonine could  be isom erized u n d er sim ilar c ircum stances to  give 
pseudoecgonine [29], like areii-tropine to  syre-trop ine.T his w as th e  reason  w hy 
he d en o ted  th e  ep im er of /-ecgonine as d-pseudoecgonine  [200], reg a rd in g  b o th  
com pounds to  be C(3) epim ers. The H u n g a rian  in v es tig a to rs  w an ted  to  prove 
f irs t th e  correctness o f th is  a ssu m p tio n  in  an  ex p erim en ta l w ay . T he second p a r t  
o f th e  lab o u r p ro jec t consisted  of th e  d e te rm in a tio n  o f th e  ste ric  re la tio n sh ip  
o f th e  groups a t  positions 2 an d  3. T he th eo re tica l m ethods o f con fo rm ational 
analysis w ere em ployed  on one h an d , an d  rin g  fo rm a tio n  be tw een  th e  h y d ro x y l 
an d  ca rboxy l groups w as a tte m p te d  on th e  o th e r. Since th e  p o ssib ility  o f failing  
w ith  th is  ex p erim en t w as ta k e n  in to  considera tion , reac tio n s o f know n ste reo ­
chem ical course occurring  w ith  th e  re te n tio n  of th e  con fig u ra tio n  w ere em ployed 
a t  th e  sam e tim e  to  co n v ert th e  ca rboxy l group an d  p rep a re  d e riv a tiv es  in  
w hich  th e  neighbourhood  or rem oteness o f th e  fu n c tio n a l g roups could easily  
be de tec ted . A th ird  ta s k  was th e  direct d e te rm in a tio n  of th e  re la tiv e  steric  
position  o f th e  carboxy l fu n c tio n a l g roup  a t  position  2 in  re la tio n  to  the rin g  
n itrogen , b y  m eans o f a cycliza tion  reaction .

D eterm ination o f  the Relative Steric Positions o f  the Nitrogen A tom  and  
o f  the C(3) H ydroxyl Group in  Cocaine E pim ers

F o d o r  degraded  cocaine th ro u g h  O -benzoylecgonine [31] to  nor-eego- 
n ine, an d  pseudoeegonine b y  o x id a tio n  w ith  K M n 0 4 [30] to  nor-pseudoeego- 
n ine. In  th e  course of th ese  processes no change o f th e  con fig u ra tio n  could tak e  
p lace. T hen  th e  N -acety l d e riv a tiv es  of th e  e th y l esters  o f th ese  com pounds 
were p rep ared , an d  co m p ara tiv e  N—> 0  acyl m ig ra tio n  reac tions w ere carried  
o u t in  th e  presence o f hydrogen  chloride in  d ioxan . In  th is  case, th e  e th y l 
e s te r of N -acetyl-nor-pseudoecgonine w as co n v erted  read ily  in to  th e  e th y l 
e s te r hyd roch lo ride  of O -acetyl-raor-pseudoecgonine; how ever, w hen  th e  nor- 
eegonine d eriv a tiv e  was reac ted  u n d er co m p ara tiv e ly  m ild  cond itions, th o u g h  
th e  s ta r tin g  m a te ria l could  n o t be recovered , no com pound  o f sa lt ch a ra c te r  
w as fo rm ed  e ith e r  [43] (F ig . 77). W hen  O -benzoyl-nor-ecgonine (th e  b eta ine) 
w as lib e ra ted  from  O-benzoyl-reor-ecgonine hydroch lo ride  [31], th e  p ro d u c t d id  
n o t rea rran g e  in to  th e  correspond ing  N -benzoyl d e riv a tiv e  even i f  a p ro longed 
period  a t  p H  8 was assu red . These ex p erim en ta l fac ts  were in te rp re te d  in  a 
w ay lead ing  to  th e  conclusion th a t  th e y  w ere in  ag reem en t w ith  th e  assu m p ­
tio n  of W i l l s t ä t t e r  [200] as regards th e  C(3) ep im erism  ex isting  betw een  
(—)-ecgonine an d  (-j-)-^-ecgonine. I t  follows ce rta in ly  on ly  so m uch  from  th ese  
fac ts  th a t  pseudoeegonine has a h y d ro x y l group in  a s teric  p o sition  in  syn- 
re la tio n  to  th e  n itro g en  a to m  [41, 43, 45a, 60]. T he evidence p roduced  in  th e  
case o f ecgonine [41] needs fu r th e r  co n firm ation  because of its  neg a tiv e  charac-
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te r  reg ard in g  th e  anti s te ric  position  of th e  C(3) h y d ro x y l group , since th e  deci­
sion to  be reached  concerns not th e  con fig u ra tio n  o f Шо d iaste reom ers, h u t  
two among fo u r  possible con figura tions. T h a t was th e  reason  w hy F odor  e t al. 
se t o u t in  th e  a u tu m n  of 1952 to  fin d  an o th e r ap p ro ach  to  th e  prob lem  o f th e  
C(2) or C(3) ep im erism  of th is  epim eric p a ir, an d  to  reach  a f in a l decision. The 
im p o rtan ce  o f fu r th e r  efforts w as p o in ted  o u t in d ep en d en tly  b y  G. S tork  
(N ovem ber, 1952) an d  b y  W . H ü c k el  ( J a n u a ry , 1953) in  le tte rs  w ritte n  
to  G. F odor  [100 ,186]. F irs t th e  e lim ination  o f th e  carboxy l group was a t te m p t­
ed b y  tre a tin g  th e  silver sa lt o f ecgonine w ith  brom ine or iodine [48a]. The fo r­

m atio n  o f 2-brom o-3-tropano ls was expected  w hich on red u c tiv e  dehalogenation  
w ould  h av e  g iven 3a- an d  3/?-tropanol in  case of C(3) epim erism , an d  exclusively  
3/?-tropanol in  case o f C(2) epim erism . H ow ever, since th e  ecgonine—silver 
n i tra te  com plex sa lt gave no w ell-defined p ro d u c t u n d e r such  conditions an d  
H u n s d ie c k e r ’s d eg rad a tio n  reac tio n  failed  p rev io u sly  also w ith  o th e r h y d ro x y  
acids, f ir s t  of all th e  C(3) h y d ro x y l was e lim in a ted  b o th  from  cocaine an d  pseudo- 
cocaine. F o r th is  pu rpose  ecgoninol (p rep ared  p rev io u sly  from  cocaine 
[43, 60, 163]) an d  joseudoecgoninol (p repared  from  pseudoecgonine m eth y l 
e s te r  b y  m eans of lith iu m  alum in ium  h y d rid e  red u c tio n ) w ere con v erted  
in to  th e  co rrespond ing  2 -m eth y l-3 -tro p an o l epim ers [46a, 64]. I t  w as done b y  
ch lo rin a tio n  w ith  th io n y l chloride an d  su b seq u en t ca ta ly tic  red u c tio n  (F ig . 78).

T he hydrogenolysis o f th e  chloro de riv a te  from  pseudoecgoninol could 
successfully  be carried  o u t only  u n d er h igh  p ressure . On th e  o th e r h an d , th e  
2 -ch lo rom ethy l-3 -tropano l m od ifica tion  p rep ared  from  ecgoninol is ex trem ely  
reac tiv e , an d  th is  p ro p e rty  w ill be discussed fu r th e r  also from  o th e r aspects
(p. 106).

The stereospecific  b eh av io u r o f th e  tw o  d ifferen t 2 -m ethy l-3 -tropano ls 
w as show n also in  th e  course of ox id a tio n . W hile th e  ecgonine d e riv a tiv e  was 
read ily  oxidized b y  a lum in ium  isopropoxide c a ta ly s t to  give th e  corresponding
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ketone , th e  desoxy com pound  o b ta in ed  from  pseudoecgoninol p ro v ed  to  be 
com plete ly  re s is ta n t to  th is  m e th o d  o f o x id a tio n , th o u g h  i t  could  be ox i­
dized w ith  chrom ic acid . B o th  ketones, p rep a red  in  th e  sp ring  o f 1953, gave 
the same oxim e  w hich w as found  to  be la e v o ro ta to ry . F o d o r  an d  K o v á c s  

regarded  th is  com m on d e riv a tiv e  as a decisive evidence [6 0 ]; th e  fo rm atio n  
of id en tica l oxim es from  b o th  epim eric 2 -m eth y ltro p an o ls  seem ed to  confirm  
W i l l s t ä t t e r ’ s  s ta te m e n t [200] an d  his ea rly  fin d in g s, w hich m ade h im  declare 
th a t  cocaine an d  pseudo  cocaine w ere C(3) ep im ers. W hen th e  oxim e in  questio n  
o b ta in ed  from  2 -m e th y ltro p an o l w hich, in  tu rn , h a d  been  p rep a red  from  ecgo- 
n ine, was successfully  p roduced  in  la rg e r am o u n ts , a n d  was carefu lly  hyd ro lyzed  
by  picric  acid  in to  th e  ke tone , n o t th e  o rig inal laevorotatory k e to n e , b u t  its
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dextrorotatory isom er was o b ta in ed . The sam e k e to n e  w as iso la ted  in  th e  form  
o f its  c rysta llized  sa lts  in  th e  course of la te r  in v estig a tio n s, w hen  2-m ethyl-3- 
tro p an o l, o b ta in ed  from  pseudoecgonine, w as oxidized [46a,b , 64,] This 
ke to n e  is rev ers ib ly  con v erted  in to  th e  ab ove-m en tioned  oxim e. B y  th ese  
experim en ts  i t  was fin a lly  decided th a t  th e  2 -m eth y l-3 -tro p an o l epim ers gave 
tw o  d iffe ren t ke to n es; th e  ecgonine d e riv a tiv e  undergoes inversion  d u ring  
a lkaline  ox im atio n , w hile th e  keto n e  o b ta in ed  from  pseudoe  cgonine can be 
con v erted  in to  th e  oxim e w ith o u t change o f co n fig u ra tio n . T his is th e  f irs t 
an d  in d isp u tab le  ex p erim en ta l evidence for th e  C(2) ep im erism  o f th e  tw o 
com pounds, i.e ., o f cocaine an d  pseudococaine.

S im ultan eo u sly  w ith  th e  f in a l s teps o f th is  w ork  (N ovem ber, 1953), a 
p re lim in a ry  n o te  was pub lished  b y  F i n d l a y  [35a], s ta tin g  th e  fac t th a t  he 
succeeded to  convert O -benzoyl-nor-ecgonine in to  th e  N -henzoyl d e riv a tiv e  
under the action o f  concentrated po tassium  carbonate solution  [60], n o tw ith ­
s ta n d in g  p rev ious experim en ts  in  m ild  a lkaline m ed ium  w hich h ad  failed 
(F ig. 77). F ro m  th is  fac t th e  C(2) ep im erism  of cocaine and  pseudo  cocaine was 
concluded , th e  re su lt being  com pared  w ith  fo rm er ex p erim en ta l evidences of 
F o d o r .

I t  is in te re s tin g  th a t  no re p o rt ab o u t ca rry in g  o u t th e  c o u n te rp a r t of th is  
ex p e rim en t, i.e. th e  N->-0 acyl m ig ra tio n  w as m ade , a lth o u g h  its  in tra ­
molecular ch a ra c te r  h ad  been  p roved  m uch earlier [41, 46a] th a n  th a t  o f th e  
О—>-N m ig ra tion , in  w hich la t te r  case also in te rm o d u la r  e s te r am id a tio n  
processes m ay  n o t be excluded  e ith e r. H av in g  also th e  evidences o b ta in ed  b y  
wray  o f oxidizing th e  tw o epim eric m e th y ltro p an o ls  to  th e  keto n es, i t  is obvious
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th a t  F i n d l a y ’s  s ta te m e n ts  are  sound . As an  ad d itio n a l proof, th e  p resen t 
a u th o r  con v erted  N-benzoyl-reor-ecgonine in to  th e  hyd roch lo ride  of th e  O- 
benzoyl d e riv a tiv e  by  m eans o f hydroch lo ric  acid  in  d ioxan , u n d er r a th e r  v ig o r­
ous cond itions [46a] (F ig . 77), an d  supp lied  in  th is  w ay  th e  co m p lem en ta ry  
p a r t  of F i n d l a y ’ s  ex p erim en t.

I t  was also s ta te d  b y  F i n d l a y  th a t  while ecgonine could  be ep im erized  
to  y-ecgonine on ly  in  th e  presence of c o n cen tra ted  p o tassiu m  h y d ro x id e  [29], 
(—[-cocaine w as con v erted  in to  (-(-)-yi-ecgonine m e th y l e s te r n ea rly  com plete ly  
w ith in  a sh o rt tim e  w hen ac ted  up o n  b y  1/10 m ol sod ium  m eth o x id e , as a 
re su lt of alcoholysis an d  ep im erisa tion  [35a] (F ig . 79). H ow ever, i t  is know n

th a t  racem ization  of th e  a -ca rb o n  a to m  in  carboxy lic  esters [3] does occur u n d er 
such  m ild  exp erim en ta l cond itions, while ep im eriza tion  of m esoid alcohols, e.g. 
tro p in e  to  y -tro p in e  [198], requ ires fa r  m ore d ra s tic  cond itions. This fa c t is 
also a p ro o f b y  analogy  for th e  C ^ e p irn e r is m o f th e  p a ir of cocaine— ^-cocaine.

As fo r ad d itio n a l evidence, F o d o r ,  K o v á c s  an d  W e i s z  [46b, 64] 
deg rad ed  b o th  epim eric 2 -m ethy l-3 -tropano ls via  th e  N -cyano-com pounds to  
th e  nor d e riv a tiv es , an d  condensed  th e m  w ith  p -n itro b en za ld eh y d e  to  tw o  
d iastereom eric  oxazine d e riv a tiv es , using  th e  m e th o d  o f G o o d s o n  an d  C h r i ­
s t o p h e r  [85] app lied  b y  H a r d e g g e r  an d  О тт [88] orig inally  for no r-trop ine  
(F ig . 78). I t  follow ed th a t  b o th  ecgonine an d  pseudoecgonine  h a d  a secondary  
h y d ro x y l group in  th e  syn  position .

T he s teric  n e ighbourhood  of th e  n itro g en  an d  oxygen  a to m s w as p roved  
in  these  epim eric  nor-am ines also b y  th e  rev e rsib ly  an d  read ily  occurring

Fig. 80
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O—»-N acy l m ig ra tio n  o f th e  benzoy l de riv a tiv es  (F ig . 80). T hus th e  o rig inal 
nam es, given b y  W i l l s t ä t t e r  [ 2 0 0 ]  becam e to  be m odified , since b o th  cocaine 
an d  pseudococaine  are  a c tu a lly  '•pseudo'-d eriv a tiv es , i.e ., com pounds derived  
from  pseudo trop ine  [46a, 35a, 64].

The n e x t p rob lem  w as th e  e x p lan a tio n  o f th e  cause o f fa ilu re  o f th e  acyl 
m ig ra tio n  re a c tio n  in  th e  case o f N -acety l-nor-ecgonine e th y l este r, in  sp ite  of 
th e  syn  s te ric  positio n  of th e  h y d ro x y l g roup  in  re la tio n  to  th e  n itro g en  a to m . 
H Ü C K E L  assum ed  th a t  e ith e r  th e  e th o x y  carbony l g roup  su ffered  a screening  
effect from  th e  C(3) h y d ro x y l group , or a h y d rogen  bo n d  was fo rm ed  (F ig . 81) 
be tw een  th e  n itro g en  an d  ester-oxygen . The fa c t th a t  F i n d l a y  [35a] found  a

Fig. 81

hydro g en  bridge betw een  th e  O H  an d  COOH oxygen  atom s in  th e  in fra red  
sp ec tra  o f benzoy l ecgonine is in  ag reem en t w ith  th is  assu m p tio n . O n th e  o th e r 
h an d , S t o r k  p o in ted  o u t th a t  ecgonine an d  its  de riv a tiv es , as i t  is know n, becam e 
read ily  d e h y d ra te d  u n d e r th e  ac tio n  o f acids, b u t  pseudoecgonine de riv a tiv es  
d id  n o t. H e was o f th e  op in ion  th a t  w hen  th e  e th y l es te r o f N -acetyl-reor- 
ecgoninew as t r e a te d  w ith  hydroch lo ric  acid  in  d ioxan , e lim ina tion  o f th e  elem ents 
o f w a te r  was b ro u g h t ab o u t b y  th e  reag en t, an d  th e  p ro d u ced  anhydro-com - 
p o u n d  suffered  p a r tia l  decom position , since i t  w as b y  no m eans capab le  of 
fo rm ing  an  O -acyl d e riv a tiv e . In  our view , b o th  fac to rs m ay  p la y  a p a r t ,  
a lth o u g h  a correspond ing  carboxy lic  acid, i.e. N -benzoyl-nor-ecgonine, u n d e r­
goes th e  acy l m ig ra tio n  process w ith o u t d eh y d ra tio n . T hese fac ts  confirm  ra th e r  
th e  assu m p tio n  o f a steric  h in d ran ce  on p a r t  o f th e  e ste r g roup . T he above- 
m en tio n ed  researchers have  n o t in v es tig a ted , how ever, w h e th e r esters o f th is  
ty p e  are  a c tu a lly  m ore read ily  d eh y d ra te d  th a n  carboxy lic  acids, a lth o u g h  i t  
seem s p robab le  th a t  th e  elec tron  w ith d raw in g  effect o f th e  e tho x y carb o n y l 
group is m uch  g rea te r th a n  th a t  o f th e  ca rboxy l group , an d  sp littin g  off o f 
th e  p ro to n  from  th e  carbon  a to m  in a s te ric  position  (requ ired  for e lim ination) 
nvo lves le ss  p ro to tro p ic  w ork  in  th is  case th a n  in  th a t  o f th e  free acid  [48a].

Relative Steric Positions o f  the Substituents o f  the C(2) and  C(3) A tom s
in  Cocaine E pim ers

In  o rder to  solve th is  p rob lem , i t  shou ld  be considered  f irs t o f all [41, 60] 
th a t  ecgonine is con v erted  in to  anhydroecgon ine  w ith  e x tra o rd in a ry  ease, 
w hile pseudoecgonine can  w ith s ta n d  d eh y d ra tio n  b y  acids re m a rk a b ly  w ell, 
an d  is con v erted  in to  th e  sam e olefine d e riv a tiv e  only  a t  140° [29]. I f  
th e  p rinc ip le  o f an ti-e lim in a tio n  [2] is com bined  w ith  th e  assu m p tio n  of th e  
ch a ir con fo rm ation  of th e  tro p a n e  skele ton , one m ay  ex p ec t an  easy  w a te r 
e lim in a tio n  reac tio n  o f ecgonine, due to  th e  presence of an  axia lly  b o u n d  
h y d ro x y l on C(3), an d  of an  equ a lly  axia l h y d rogen  a to m  on C(2) (Fig. 82). 
In  th e  case o f y-ecgonine, how ever, th e  equatorial positio n  of one group  an d  th e
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axia l of th e  o th e r is less fav o u rab le  fo r th is  e lim in a tio n  reac tio n . Since a t  th e  
tim e  o f these  f in a l conclusions [41] ecgonine was s till reg a rd ed  b y  th e  a u th o r  
as a C(3)-a -tropano l d e riv a tiv e , th is  in ference ap p eared  to  be in  ag reem en t 
w ith  fo rm er stereochem ical concep ts. Now i t  is know n th a t  th e  C(3) h y d ro x y l 
o f th e  cocaine m olecule assum es syn  position  — ju s t  like th a t  o f pseudo­

cocaine — an d  th is  w ould  m ean  to g e th e r  w ith  th e  prem ise o f th e  ch a ir confor­
m a tio n  th a t  in  ecgonine b o th  th e  hyd ro g en  to  be sp lit o ff as well as th e  h y d ro ­
x y l g roup  assum e axial s te ric  positions. In  th e  b o a t form  th e  s itu a tio n  is 
n a tu ra lly  th e  opposite  (F ig . 83). H ow ever, th e  s te reo ch em is try  o f ^ -h y d ro x y

acids an d  especially  th e ir  e lim in a tio n  reac tio n s have  n o t been s tu d ied  so fa r 
th o ro u g h ly  enough to  p e rm it an  a p rio ri ex tension  o f princip les [2], u n d o u b ted ly  
v a lid  for th e  d eh y d ra tio n  o f sim pler alcohols, to  fa r  m ore co m plica ted  system s, 
w here conform ations are  in  d y n am ic  eq u ilib rium , an d  th e  s ta b ili ty  is m odified  
b y  th e  presence o f an  endoe thy len ic  b ridge  [49]. N am ely , th e  tro p a n e  skele ton

7 Natural Carbon Compounds
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can  be reg a rd ed  n o t sim ply  as 2 ,6 -endoe thy lene-p iperid ine , b u t  also as 1,4- 
endom ethy lim ino-cyc/ohep tane .

T his w as th e  reason  w hy besides an y  ev a lu a tio n  o f  th e  fac ts  rep o rted  in 
th e  li te ra tu re  also ad d itio n a l experim ental evidence o f v a rious k inds were so u g h t. 
I n  o rd er to  de te rm ine  th e  s teric  p ro x im ity  o f  th e  ca rb o x y l a n d  h y d ro x y l 
g roups in  /S-hydroxy acids, T o i v o n e n  em ployed  th e  m e th o d  o f co ndensa tion  
w ith  ch lo ra l [187]. T he con fig u ra tio n  o f th e  a lky lo x y cy c lo p en tan e  carboxy lic

acid  o b ta in ed  from  borneol an d  isoborneol w as, indeed , successfully  e luc ida ted , 
since th e  cis-m odifica tion  gave a cyclic ch loralide, w hereas th e  trans-form  did  
n o t. H ow ever, n e ith e r  ecgonine n o r pseudoecgonine could form  chloralides 
w ith  ch loral a t  ex trem ely  low te m p e ra tu re s  [43, 60]. In  th e  case of ecgonine, 
H u n g a ria n  in v es tig a to rs  iso la ted  anhydroecgon ine  hydrogen  su lp h a te , w hile 
pseudoecgonine gave th e  acid  su lp h a te  o f th e  s ta r tin g  com pound  (F ig . 84). 
T h u s, e lim in a tio n  of w a te r  occurred  sooner th a n  chloralide fo rm atio n  even 
in  th e  case o f ecgonine. Since these  experim en ts  an d  considera tions gave no 
de fin ite  answ er to  th e  question  o f th e  s teric  positio n  of th e  C(2) an d  C(3) fu n c­
tio n a l g roups in  ecgonine, F o d o r  a tte m p te d  to  em ploy  an  a lte rn a tiv e  w orking  
h y p o th esis : th e  carboxy l g roup  w as co n v erted  in to  som e o th e r g roup  w hich 
w as ex p ec ted  to  undergo  a cyclization  w ith  th e  C(3) h y d ro x y l group in  th e  case
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o f th e ir  s te ric  ne ighbourhood . F o r th is  pu rpose , cocaine epim ers w ere su b jec ted  
to  C u rtiu s  reac tio n , w hich — accord ing  to  th e  l i te ra tu re  — alw ays to o k  p lace, 
b u t  for one excep tion  [178], w ith  th e  re te n tio n  o f co n fig u ra tio n  [3]. The 
re su lt of th e  reac tio n  w as, in  th is  case, th e  fo rm atio n  o f th e  epim eric  2-am ino- 
3 -tropano ls. These com pounds were fu r th e r  s tu d ied  b y  em ploy ing  th e  m e th o d  
o f acy l m ig ra tion , w hich h a d  been  p ro v ed  valuab le , e.g ., in  th e  case o f 2-am ino- 
cyclanols (see in tro d u c to ry  c h a p te r; [27]). T he 2 -benzam ino-3 -tropano l 
p rep a red  from  cocaine, suffered  q u a n tita tiv e  N->-0 acy l m ig ra tio n  u n d er 
th e  ac tio n  o f hydroch lo ric  acid , an d  gave th e  6 is-hydroch lo ride  o f th e

eegonien

O -benzoyl d e riv a tiv e  (F ig . 85). W ith  th e  N -benzoyl d e riv a tiv e  of 2 -am ino-3- 
tro p an o l, ob ta in ed  from  y>-ecgonine, no acy l m ig ra tio n  reac tio n  to o k  place u n d er 
id en tica l c ircum stances (F ig . 86). T he acyl sh ift w as found  to  be reversib le  
w ith  th e  eegonine d e riv a tiv e , th u s  th e  ex p erim en t confirm ed  th e  cis-configura- 
tio n  of th e  tw o fu n c tio n a l groups in th e  case o f th is  com pound as well as for 
th e  orig inal cocaine m olecule [43, 60]. In  o rd er to  o b ta in  fu r th e r  co n firm atio n  
ol th is  s ta te m e n t, ecgoninol and  pseudoecgoninol w ere p rep a red  b y  red u c tio n  
w ith  lith iu m  a lum in ium  h y d rid e . D uring  th is  process th e  a sy m m etric  carbon  
a to m s could n o t suffer an y  k ind  o f a tta c k . T hen  b o th  2 -h y d ro x y m eth y l-3 -

tro p a n o l ep im ers w ere su b jec ted  to  ace ty la tio n  in  th e  presence o f benzene- 
su lphon ic  acid  c a ta ly s t. This reac tio n  to o k  a c tu a lly  p lace on ly  w ith  ecgoninol 
(F ig . 87), w hile only  th e  sa lt o f  th e  s ta r tin g  m a te ria l w ith  benzenesu lphon ic  
acid  was o b ta in ed  from  y-ecgoninol (F ig. 88). Also th is  fac t p roved  th e  p ro x im ity  
o f th e  C(2) an d  C(3) groups of th e  cocaine d e riv a tiv e . T he o b jec tion  m ay  be 
ra ised  ag a in st th is  a rg u m en t th a t  w hen th e  p iperid ine  ring  in  tro p a n e  is in  its  
g round  s ta te  in  th e  ch a ir con fo rm ation , th e  groups in  question  will 
be in  cis s te ric  position  in  cocaine, i.e. equatorial, axia l ; b u t  in  pspudoeego- 
n ine  b o th  groups o f trans position  will be equatorial, accord ingly  ring  closure 
could n o t be excluded  in th e  la t te r  case, e ith e r. T hus th e  fac t o f  cyclisation  itse lf  
is n o t ab so lu te ly  decisive. In d eed , fo rm atio n  of a ring  is n o t conclusive if  
i t  m ay  occur w ith  e ith e r  o f th e  epim eric com pounds, e.g ., as a 4 ,6-benzal-

7 *
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com pound  m ay  be form ed b o th  from  galactose [76a] an d  glucose [76b], 
i.e. from  tw o C(4) epim eric hexoses. T his analogy  w as p o in ted  o u t b y  R e ic h - 
s t e i n  [155]. A n o th e r fac t to  be considered is th a t  in  th e  case o f th e  tro p an e

Fig. 87

skele ton  — like in  m ost sim ilar system s — one shou ld  ca lcu la te  w ith  a dynam ic  
equ ilib rium  betw een  th e  ch a ir an d  b o a t con figura tions. T his asp ec t is su p p o rted , 
e.g ., b y  th e  ten d en cy  o f th e  C(3) O H  group to  form  a ring  w ith  th e  su b s titu e n ts  
o f  th e  n itro g en . H ow ever, i f  such  an  equ ilib rium  does ex ist, i t  w ill fa vo u r  th e  
possib ility  o f  ring  fo rm atio n  equally well in  case o f b o th  sides o f th e  equatoria l- 
axial, axia l—equatorial sy s tem  if  i t  is ab o u t a c is-m odificat ion. W ith  trans 
m odifica tions, on th e  o th e r side, from  betw een  th e  tw o con form ations, i.e ., 
a x ia l-a x ia l  an d  equatorial—equatorial, only the latter state will be p re fe rred  from  
th e  aspec t o f cyclization .

H ence, from  th e  ex p erim en ta l fac t th e  s tra ig h t s ta tis t ic a l  conclusion 
m ay  be d raw n  th a t  n o t necessarily  on ly  th e  presence o f th e  ch a ir conform a­
tio n  shou ld  be ta k e n  in to  considera tion  for th e  m olecules o f cocaine and  
yi-cocaine. U n d er an y  c ircum stances, th e  cis s te ric  position  o f th e  C(2) carboxy l 
an d  C(3) h y d ro x y l groups in  th e  cocaine m olecule, an d  th e ir  trans  s te ric  position  
in  ^-cocaine [48a, 49] should  be reg a rd ed  as d e fin ite ly  se ttled .
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Direct A ttachm ent o f  the R in g  N itrogen to the Carboxyl Group
F or th is  purpose in  1954 F o d o r  syn thesized  N -cyano-reor-cocaine, know n 

also p rev iously , added  th e  e lem ents o f w a te r  b y  tre a tm e n t w ith  su lphuric  acid 
m o n o h y d ra te , an d  th e  N -carbam yl-nor-cocaine  o b ta in e d  [59] w as cyclized  to  
th e  la c tam e  b y  m eans o f sod ium  m eth o x id e  a t  —20° (F ig . 89).

O n th e  basis o f th ese  ex p e rim en ta l fac ts , cocaine shou ld  be ch a rac te rized  
as 2/3-carbom ethoxy-3/3-benzoyloxytropane, w hile ^-cocaine  is to  be reg a rd ed  
as 2a-carbom ethoxy-3 /3 -benzoy loxy tropane [48a, 49, 60]. F ro m  th ese  resu lts  
th e  steric  s tru c tu re s  of th e  esters  o f a- an d  /3-truxillic acids fo rm ed  w ith  ecgonine 
m eth y l este r, o f a- an d  /З-tru x illin e , as well as th a t  o f c innam yl ecgonine m eth y l 
e s te r  follow a u to m a tica lly .

(b) R=H
Fig. 89

C onform ation o f  Cocaine

B y  em ploy ing  th e  m eth o d s o f co n fo rm atio n a l ana lysis , B ose [18] 
asce rta in ed  th a t  w hen  m e th y l tro p in o n e-2 -ca rb o x y la te  is h y d ro g en a ted , d e riv ­
a tiv es  o f m o st s tab le  con fo rm ation  m u st o f necessity  be fo rm ed , i.e ., com ­
pounds w hich have  equatorial (2a, 3/3) fu n c tio n a l g roups b o th  on th e  C(2) and  
C(3) carbon  a to m s. T h a t is r ig h t if  th e  keto n e  este r is in  th e  ch a ir conform ation  
(F ig . 76). T his p re req u is ite  is given, how ever, only  in  th e  case o f pseudoeegonine 
este r. In  dZ-ecgonine an d  in  th e  th ird  racem a te  [204] these  groups assum e 
equatoria l-axia l (2/3, 3/3) o r axial-equatoria l (2a, 3a) s teric  positions, w hereas 
in  th e  fo u rth  racem a te  th e y  are  o f necessity  a x ia l-a x ia l  (2/3, 3a). These s ta te ­
m en ts  are  essen tia lly  in  ag reem en t w ith  th e  above view s, how ever, th e y  are 
on ly  th e  re su lts  o f co n fo rm ationa l analysis , an d  th e y  can  be co n sis ten t solely 
w ith  th e  a lread y  p roved  [41, 42] co n fig u ra tio n  o f y-eegonine, w hile reserv a tio n s 
are necessary  concern ing  th e  decision betw een  cocaine and  th e  th ird  racem ate . 
T he syn thesis  o f th e  th ird  an d  fo u rth  ep im er of cocaine has been  realized  b y  F i n d ­
l a y  [36, 39], th u s  th e ir  stereochem ical in v es tig a tio n  is a lread y  in  progress. 
H ow ever, so m uch  is ce rta in ly  know n th a t  an  a h y d ro x y l g roup  o f an ti steric  
positio n  m u st be p resen t in  b o th  com pounds, w hile th e  ca rb o x y l group  is in  
syn  (/3) position  in  one com pound , an d  in  an ti (a) in  th e  o th e r.

P red ic tio n s o f con fo rm ational analysis are  ta k e n  w ith  special p recau ­
tio n  in  th is  case, since tro p in o n e-2 -ca rb o x y la te  itse lf  m ay  occur as an  
eno l-beta ine , an d  even in  its  esters th e  2 /3-m ethoxycarbonyl g roup  m ay  b e ­
com e easily  rea rran g ed  in to  2a s teric  position  th ro u g h  th e  enol form . Besides, 
one m u st ta k e  in to  considera tion  a dynam ic  equ ilib rium  betw een  th e  ch a ir 
an d  b o a t conform ations o f b o th  epim eric (racem ic) ke to n es. T he ta b le  o f for-
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m ulas in  F ig . 76 lis ts  all these  possib ilities, w ith  reg ard  to  th e  fa c t th a t  re d u c ­
tio n  of th e  enol form  involves m ost p ro b ab ly  cis hyd rogen  ad d itio n , and  con­
sidering  th e  p red ic tions concern ing  th e  stereochem ical course o f th e  re d u c ­
tio n  o f th e  ca rboxy l g roups o f cyclohexane keto n es, accord ing  to  w hich 
‘chem ical’ m ethods (e.g., use o f sodium  am alg am  as done b y  W i l l s t ä t t e r ) 

cause th e  fo rm a tio n  of an  equatorial h y d ro x y l group , an d  ca ta ly tic  h y d ro g en a ­
tio n  th a t  o f an  axia l one. N a tu ra lly , as a re su lt o f th e  re la tiv e  s tab ilitie s  o f 
th e  end p ro d u c ts , a n o th e r p roblem  is th e  possib ility  o f th e ir  secondary  in te r ­
conversion (e.g. ecgonine es te r in to  y-ecgonine ester) w hich m akes th e  s itu a ­

tio n  even m ore com plex. T hus, w hen ‘chem ical’ m ethods are used , in  p rinc ip le  
all th e  four pa irs of an tip o d es m ay  be form ed. I t  is necessary  to  presuppose  th a t  
b o th  epim eric ke tones are  in  th e  chair form , in  o rd er th a t  one m ay  a rriv e  a t  
B o s e ’s  fin a l conclusions [18], i.e ., fo rm atio n  o f th e  2ß, 3/5-m odification
(ecgonine) an d  o f th e  2a,3 /l-epim er (^-ecgonine); in  th is  case, how ever, th e  
th ird  ep im er m u st be derived  from  th e  enol form  of th e  k e to e s te r  o r from  one 
o f th e  b o a t conform ations.

The th ird  ecgonine racem ate , o b ta in ed  b y  th e  red u c tio n  o f m e th y l tro p i- 
n o n e-2 -carb o x y la te  [204], becom es ex trem ely  easily  d e h y d ra te d . W hile t a k ­
ing th e  m en tio n ed  res tric tio n s  in to  considera tion , th e  above au th o rs  are 
neverthe less o f th e  opinion, th a t  th e  com pound has fu n c tio n a l g roups of 
an ti a steric  position  on C(2) as well as on C(3) [42, 48]. In  th is  case b o th  th e  
hyd rogen  an d  h y d ro x y l are  in  axial position  in  th e  chair form  an d , consequen tly , 
accord ing  to  th e  p rincip le  o f irons e lim ination  [2], it w ould fav o u r th e  e lim ina­
tio n  of w a te r (F ig . 90). F o r th e  syn thesis  o f th is  p a ir  of com pounds, H u n g a rian  
in v es tig a to rs  an d  F i n d l a y  carried  o u t correspond ing  ex perim en ts (p. 108).

B y  m eans o f th e  p ressu re  h y d ro g en a tio n  o f b o th  epim eric  m odifica tions 
o f  2 -m ethy ltropane-3 -one , th e  th ird  and  fo u rth  epim eric m odifica tions of
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2 -m ethy l-3 -tropano l w ere successfully  p rep a red  (F ig . 91). A s tu d y  o f th e  th ird  
an d  fo u rth  epim ers o f cocaine is eq ua lly  in te re s tin g  also from  th e  scien tific  
i.e ., pharm aco log ical p o in t o f view . F o r th is  pu rpose  th e  reso lu tio n  o f W il l - 
s t ä t t e r ’s  ‘th ird  ra c e m a te ’ an d  th e  inversion  o f th e  an tip o d es a t  th e  C(2) 
carb o n  a to m  was a tte m p te d . On th e  o th e r h an d , F o d o r  w an ted  to  proceed 
w ith  th e  ta s k  of d eh a logena ting  a-brom oecgonine-/3-lactone, p rep a red  b y  
E i c h e n g r ü n  an d  E i n h o r n  [28], w ith  th e  p u rpose  of p rep arin g  th e  th ird  
ep im er (2a,3 /?-m odification: alio ecgonine) b y  m eans o f hyd ro ly z in g  th e  lac to n e

Fig. 91

bo n d  [48] (F ig . 92). In  p rinc ip le , o f course, i t  is possible th a t  th is  exp erim en t 
w ould  rep resen t m erely  a new  w ay  o f fo rm atio n  o f  ecgonine. U n fo rtu n a ­
te ly , how ever, p re p a ra tio n  o f a-brom oecgonine-/?-lactone could  n o t be re p ro ­
duced  so fa r, th u s  th is  w ay  o f ap p ro ach  has rem ain ed  blocked .

H ow ever, i t  was successful to  fin d  a new  p o ssib ility  for th e  stereospecific  
syn thesis  o f all the fo u r  diastereomeric ecgoninols [86, 111] by  th e  use o f th e  
special conversions observed  in  th e  case o f 2/?-chlorom ethyl-3/3-tropanol. 
W hen  th e  hyd roch lo ride  o f th is  com pound  was decom posed, e.g. b y  sodium  
e thox ide , th e  re su lt was n o t th e  fo rm atio n  o f th e  free base, b u t th a t  o f an  
e th o x y l d e riv a tiv e . This reac tio n  w as ascribed  p rim arily  to  th e  g rea t m ob ility  
o f th e  chlorine a to m , i.e ., to  its  exchange w ith  th e  e tb o x id e  an ion  accord ing  
to  an  S N 2 m echanism . L a te r  i t  was p roved  th a t  th is  base could  be iso la ted  in 
c ry sta llin e  form  if  ex trem ely  low te m p e ra tu re s  w ere em ployed . A  sh o rt period  
o f w arm ing  in  a n e u tra l so lven t, how ever, caused sp o n tan eo u s conversion  of
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th e  base in to  an  isom eric com pound con ta in in g  chloride ions, an d  th e  m elting  
p o in t was ra ised  to  140° (F ig . 93). As to  th e  s tru c tu re  o f th is  la t te r  com ­
pou n d , th e re  are  six  a lte rn a tiv e  possib ilities (F ig . 94):
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a)  <(21,3)-anhydro-2 /3 -hydroxym ethy l-3 /3 -hydroxy tropane
b)  2 -m ethy lene-3 /?-hydroxy tropane
c)  2a-m ethy l-2 ,3 /J-epoxy tropane
d )  m onom eric q u a te rn a ry  am m onium  sa lt
e)  b is -q u a te rn a ry  d eriv a tiv e , p roduced  from  tw o  m oles o f th e  chloro- 

m e th y l com pound
f )  e igh t-m em bered  (dim eric) cyclic e th e r  o f th e  2/?-hydroxym ethyl-3/S- 

h y d ro x y tro p a n e .

P ro o f o f  the Constitution o f  the Four-m em bered R in g  Ether

Choice am ong th e  six  possible s tru c tu re s  show n in F ig . 94 becam e 
possible by  co -o rd ina ting  th e  p rep a ra tiv e  an d  reac tio n  k in e tic  in v es tig a ­
tions o f H u n g a rian  au th o rs  an d  th e  in fra red  spectroscopic  s tud ies o f D r. 
Z o l l e r  in  B asel. Two o u t o f th e  six  s tru c tu re s  can  be fo rm ed  b y  b im olecu lar 
reac tio n s, an d  fou r by  m onom olecular ones. F o d o r , K o v á c s  an d  W e is z  [111] 
found  th a t  th e  spon taneous isom eriza tion  in  w a te r  o f th e  ch lo rom ethy l base 
to  th e  hyd roch lo ride  o f th e  fin a l p ro d u c t rev ea led  th e  occurrence o f a m ono- 
m olecu lar reac tio n . C onsequen tly , th e  s tru c tu re s  rep resen tin g  th e  d im eric 
q u a te rn a ry  sa lt (e) an d  th e  d im eric e th e r  (f) can  be excluded . D e te rm in a tio n  
o f th e  m olecular w eight also confirm ed a ‘m onom olecu lar’ c o n s titu tio n . The 
n e x t s tep  was th e  selection  an d  id en tif ic a tio n  o f th e  groups necessary  in  any  
case fo r th e  condensa tion , from  am ong th e  fu n c tio n a l g roups w hich m ay  
p la y  a p a r t  in  a cyclisa tion ; th is  w ork  w as done b y  sy s tem a tic  e lim ination . 
T he ace ty l d e riv a tiv e  o f th e  ch lo rom ethy l com pound, w hich has no free O H  
group  on C(3), is incapab le  o f in tram o lecu la r conden sa tio n . T his fa c t excludes 
th e  a lte rn a tiv e  possib ilities o f b) and  d ) ,  i.e. th e  com pounds w ith  free h y d ro x y l 
g roup ; s tru c tu re  d )  is un like ly  because of its  ex trem ely  s tra in ed  n a tu re , 
a lth o u g h  recen tly  G a l in o v s k y  [81] could syn thesize  an  e x tra o rd in a ry  s tra in ­
ed tricyc lic  am m onium  sa lt in  th e  lup in ine  series.* On th e  o th e r h an d , th e  
N -m eth y l q u a te rn a ry  sa lt o f th e  ch lo rom ethy l com pound  gave w ith  1 mole 
o f a lka li th e  m eth o h a lid e  o f th e  above p ro d u c t (F ig . 95). T hus, th e  q u a te rn a ry  
s ta te  of n itro g en  does n o t p rev en t cyclization . C onsequen tly , d )  and  
e)  can  be excluded  from  th e  co m p etitio n  once for all. The epoxide co n stitu tio n , 
derived  from  th e  secondary  rea rran g em en t of b) [39, 168] is im possib le, because 
h y d ro g en a tio n  could n o t he accom plished even a t  80° and  100 a tm . p ressu re , 
an d  because on tre a tm e n t w ith  hydroch lo ric  acid  th e  hyd roch lo ride  of th e  
s ta r t in g  m a te ria l, i.e ., o f 2/?-chlorom ethyltropan-3/?-ol w as o b ta in ed . In f r a ­
red  sp e c tra  in d ica ted  a fou r-m em bered  rin g  e th e r  s tru c tu re , too .

One o f th e  resu lts  of th is  se t of ex p erim en ts  w as th a t  th e  cis s te ric  posi­
tio n  o f th e  fu n c tio n a l groups o f cocaine was d e fin ite ly  p roved , since a four- 
m em bered  rin g  can becom e a tta c h e d  to  a six-m em bered  one m uch m ore p ro b ­
ab ly  w ith  c is-anella tion  th a n  w ith  trans. F u r th e r , i t  was show n th a t  th e  a lk a ­
line hyd ro lysis  o f th e  cyclic e th e r  afforded  b y  w ay  o f a b im o lecu lar S N2 
re ac tio n , tw o 2 /J-hydroxym ethy ltropano ls epim eric  on C(3), n am ely  th e  a lread y  
know n ecgoninol an d  th e  За-m odification . T he la t te r  w as ep im erized  w ith  
sod ium  am ylox ide  in  th e  presence o f benzophenone as an  o x id a tio n —red u c tio n

* Recently, N. J. L eonard  [in Ma n sk e : The Alkaloids, Vol. VII. pp .265 —266 (1961)] 
queried that structure in favour of a dimeric one, with an eight-membered ring.
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c a ta ly s t [27] to  th e  diol o f th e  fo u rth  ep im er, 2 a -h y d ro x y m e th y l- tro p an e -  
3a-ol. T he stereospecific  syn thesis  o f th ese  tw o la t te r  p ro d u c ts  opened  up  a 
w ay — in  case o f a successful selective o x id a tio n  o f th e  CH2O H  group  on C(2) — 
to  tw o new  epim ers o f ecgonine a n d  co n seq u en tly  o f  cocaine, w hich  h ad  been 
u nknow n  prev iously , an d  th u s  also an  in v es tig a tio n  of th e ir  physio logical 
p ro p ertie s  lack ing . A th ird  re su lt was th a t  th e  fo rm atio n  of th e  tr im e th y le n e  
rin g  e th e r  and  th e  s teric  course of its  sp littin g  was th e  su b jec t o f a d e ta iled  in v es­
tig a tio n  for th e  f irs t  tim e  w ith  th e  use o f a correspond ing  m odel.

O th e r d e ta ils  o f th is  in v es tig a tio n  are  show n in  F ig . 95.
T he selective o x id a tio n  o f th e  p rim a ry  h y d ro x y l group  of an  ep im eric  

ecgoninol of know n co n fig u ra tio n  was a tte m p te d  b y  H a l m o s ,  K o v á c s  an d  
F o d o r  [86]. S everal oxidizing agen ts fa iled ; f in a lly  m o ist silver oxide p roved  
to  be a su itab le  an d  selective reag en t for th e  reac tio n . W ith  th is  ag en t, ecgonin­
ol w as successfully  oxidized to  ecgonine, an d  y-ecgoninol to  y-ecgonine, in  a 
y ield  of 60 an d  80 p er cen t, respective ly . U n fo rtu n a te ly , overo x id a tio n  to o k  place 
w ith  th e  2ß,З а -m odifica tion , wdiile th e  2 a ,За-epim er was n o t a tta c k e d  b y  
th is  oxidizing ag en t a t  all. T hus, rea liza tio n  o f  th e  stereospecific  syn thesis  
o f new  ecgonine an d  th ro u g h  th em  of new cocaine epim ers b y  th is  m eth o d  
rem ain ed  unsuccessful.

O n th e  o th e r  h an d , severa l p a r tia l  re su lts  w’ere ach ieved  along th e  w ay  
o f W i l l s t ä t t e r ’s  cocaine syn thesis  b y  F i n d l a y  [36, 38, 39], an d  in d ep en d en tly  
b y  Z e i l e  an d  S c h u l t z  [211], recen tly  also b y  P r e o b r a z i i e n s k i  [13, 14]. T he 
G erm an  in v es tig a to rs  ben zo y la ted  th e  racem a te  o f W i l l s t ä t t e r ’ s ‘th ird  
ecgonine m eth y l e s te r’ an d  p rep ared  a new  racem ic cocaine m o d ifica tio n  in  
th is  wray . F i n d l a y  o b ta in ed  m eth y l trop inone-2(/??)-carboxy la te  in  o p tica lly  
ac tiv e  form  b y  th e  chrom ic acid  o x y d a tio n  o f (-(-)-y-ecgonine m e th y l es te r; 
su b seq u en t ca ta ly tic  h y d ro g en a tio n  gave a new  com pound , 2 /1-m ethoxycarbonyl- 
З а -tro p an o l, co n ta in in g  th e  h y d ro x y l group  p resu m ab ly  in  За positio n  [36—39]. 
This com pound was epim erized w hen ac ted  upon b y  sod ium  e thox ide . By 
analogy  w ith  cocaine, i t  is assum ed th a t  th e  2 /?-m ethoxycarbonyl g roup  becam e 
re a rra n g ed  in to  2a ste ric  position . T he ac tio n  of m e th y l iodide on th e  so-called 
th ird  m od ifica tion  is accom pan ied  b y  ep im eriza tion , an d  th e  m eth iod ide  
o b ta in ed  is th e  sam e as th e  one fo rm ed  from  th e  este r b y  th e  ab ove-m en tioned  
ep im eriza tion . T he red u c tio n  o f th e  ecgonine e s te r  o b ta in ed  in  th is  w ay  was 
carried  o u t b y  lith iu m  a lum in ium  h y d rid e  in  co -opera tion  w ith  th e  H u n g a rian  
researchers [37], w hich ex p erim en t should , a t  th e  sam e tim e , be a check  o f th e  
ab so lu te  con figu ra tion  o f th e  ecgonine epim ers o b ta in ed  b y  syn thesis .

Table IV
Cu\ and C(3) epimeric 2-hydroxymethyl-3-tropanols

Melting point [a] $
Configuration ---------------------- ;---------------------- ------------------ j— ------------------

Base Hydrochloride Base Hydrochloride

2/5, 3/5 oil 27 0 -2 7 2 °  —37.3°
2a, 3/5 131-133° 232° -f58.3° + 46 .3°
2/5, 3a 139 -141° 265° + 34 .4° -1 2 .9 °
2a, 3a 1 6 5 -166° 172° -1 1 .8 °  -1 3 .7 °

C orresponding to  th is  lab o u r p lan , in  O ctober 1959 F i n d l a y  [39] 
rep o rted  th e  p re p a ra tio n  o f racem ic aZ/ococaine an d  allopseurfococaine. 
F in a lly , also th e  red u c tio n  o f alloecgonine m eth y l e s te r w ith  lith iu m  a lum in ium
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h y d rid e  w as described , in  w hich case fo rm atio n  o f 2 a -h y d ro x y m eth y l-3 a - 
tro p a n o l was expected . T his ecgoninol show ed m .p . 202 — 202.8° an d  [а]2ц =  
=  6.3°. T hese physica l d a ta  co rrespond  to  none o f tho se  o f th e  ecgoninols 
p rep a red  p rev iously  b y  th e  H u n g a rian  in v es tig a to rs  (T able IV).

In  th is  w ay  th e  questio n  rem ained  undecided  w h e th e r p a r tia l  racem iza- 
tio n  took  place d u ring  th e  red u c tio n  w ith  lith iu m  alu m in iu m  h y d rid e , or th e  
reac tio n  course in d ica ted  p rev iously  b y  us in  connection  w ith  th e  p re p a ra tio n  
o f  2 a -h y d ro x y m e th y l-3 a -tro p an o l shou ld  be p e rh ap s su b s titu te d , accord ing  to

F i n d l a y ,  b y  th e  a lte rn a tiv e  ro u te  show n in  F ig . 96. E ssen tia lly , F i n d l a y  
assum ed  th a t  t re a tm e n t w ith  th io n y l ch loride o f 2/?-hydroxym ethyl-3/3- 
tro p a n o l, o b ta in ed  from  cocaine, was accom pan ied  b y  a rea rra n g em e n t, an d  
co n seq u en tly  th e  p ro d u c t shou ld  n o t be fo rm u la ted  as 2d-chlorom ethyl-3/J- 
tro p a n o l, b u t  as 2 /?-m ethyl-2a-ch loro-3 /?-hydroxytropane. T he la t te r  p ro d u c t 
w ould becom e con v erted  w ith  th e  e lim in a tio n  o f h y d rogen  ch loride in to  2a- 
m ethy l-2 ,3 /l-ep o x y tro p an e, an d  n o t in to  a fou r-m em bered  rin g  e th e r. This 
com pound , how ever, corresponds to  th e  possible co n fig u ra tio n  o f th e  conver­
sion p ro d u c t from  ‘chloroecgoninol’, fo rm u la ted  b y  us as c) in  F ig . 94. F i n d l a y  
suggested  fu r th e r  th a t  th e  hyd ro lysis  o f th is  epoxide gave 2 a -m eth y ltro p an e- 
2/?,3a-diol an d  n o t 2 /S -hydroxym ethyl-3/?-tropanol. E p im eriza tio n  w ith  sodium  
am ylox ide  shou ld  give 2a-m ethy ltropane-2 /!,3 /l-d io l from  th is  p ro d u c t, an d  
n o t th e  fo u rth  ecgoninol. This p re sen ta tio n , w hich was given also b y  F i n d l a y  
h im se lf only  as an  assu m p tio n , an d  n o t as a p ro v ed  reac tio n  sequence, can  
h a rd ly  be reconciled  w ith  th e  ex p erim en ta l resu lts  o b ta in ed  b y  th e  a u th o r  of 
p re sen t an d  his p rev ious co-w orkers [111]. O n th e  one h an d , th e  e th e r  p roved  to



be q u ite  re s is ta n t to  ca ta ly tic  h y d ro g en a tio n , w hich is in  c o n tra s t w ith  th e  
b eh av io u r o f o th e r  epoxides of th e  tro p a n e  series, or W'ith th a t  o f epoxides 
in  general. On th e  o th e r h an d , in fra red  spectro scopy  p ro d u ced  evidence also 
m uch m ore in fav o u r of a s tra in ed  tr im e th y len e  oxide ring  th a n  o f a th ree - 
m em bered  cyclic e th er.

Both chloromethyltropanols (which were structural isomers according to F in d l a y ) 
gave two epimeric 2-methyl-3-tropanols after hydrogenolysis, which were oxidized to two epi- 
meric ketones; the products became, in turn, epimerized to the same ketoxime during the 
process of oximation. If the configuration of 2/?-methyl-2a-chlorotropanol assumed by F in d l a y  
were a true representation of ‘chloroecgoninol’, then formation of the same 2/3-methyl-3a- 
tropanol by hydrogenolysis would be probable only in case of a stereospecific hydrogenolysis 
of the chlorine, with retention of the configuration. However, no distinctly selective steric 
course has been observed so far in connection with such types of reactions.

A t an y  ra te , one m ore ex p erim en t w ould be necessary  to  be able to  d is­
card  fin a lly  th e  reac tio n  m echan ism  assum ed b y  F i n d l a y ' :  th e  ch lo ro -deriva tive  
from  ecgoninol should  be con v erted  u n d er non-a lkaline  cond itions, e.g ., w ith  
p o tassiu m  a c e ta te  in  an h y d ro u s acetic  acid  to  give 2/S-acetoxym ethyl-3a- 
tro p an o l. T his tre a tm e n t could , n am ely , b y  no m eans re su lt in  a re a rra n g e ­
m en t sim ilar to  th e  one in d ica ted  b y  F i n d l a y ' ;  i f  his assu m p tio n s are r ig h t, 
th e  p ro d u c t should  be e ith e r 2a-m ethy l-2 /J,3a-tropand io l, o r th e  2a,3/J-diol. 
T his prob lem  still aw aits  decision, b u t  will be defin ite ly  se ttle d  in  th e  n ear 
fu tu re .
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D eterm ination o f  the Absolute C onfiguration o f  Cocaine

W ith  th e  conclusion o f th e  p e rta in in g  in v estig a tio n s o f th e  H u n g arian  
researchers [46a, 60] and  those  o f F i n d l a y  [35b], th e  relative con fig u ra tio n  o f 
cocaine an d  i/)-cocaine is d e fin ite ly  p roved . P ro o f o f th e  fac t th a t  th e  p ro jec tive  
fo rm ula  used  so fa r only  a rb itra r ily  fo r rep resen tin g  (— )-cocaine was th e  
r ig h t one in s tead  o f its  m irro r-im age, is a re su lt o f th e  m ost recen t investig a tio n s 
o f H a r d e g g e r  an d  О тт [90]. I t  is know n th a t  wdien (—)-ecgonine is ox idized 
w ith  chrom ic acid , also ac tive  ‘ecgoninic’ acid is fo rm ed  in  a d d itio n  to  in ac tiv e , 
‘tro p in ic ’ acid  [118]. In  th e  fo rm er com pound on ly  a single cen tre  o f a sy m m etry  
is re ta in e d  from  th e  cocaine skele ton , th a t  o f C(6). T he abso lu te  con figu ra tion  
o f th is  a to m  w as s ta te d  b y  Swiss in v es tig a to rs  b y  co rre la tio n  w ith  L - (  +  ) -  
g lu tam ic  ac id : th is  la t te r  com pound was con v erted  to  L -N -m ethy lpy rro lidony l 
ace tic  acid  (ecgoninic acid) via  L -pyrrolidone carboxy lic  acid  (F ig . 97). Id e n ti ty  
o f th ese  tw o com pounds p roved  u n equ ivoca lly  th e  com plete  s im ila rity  b e ­
tw een  th e  con fig u ra tio n  of th e  C(5) a to m  of cocaine an d  th a t  o f th e  C(2) a to m  in 
D -glyceraldehyde. T herefore, th e  p ro jec tio n  fo rm ulas of all cocaine d e riv a tiv es , 
show ing so fa r th e  re la tiv e  co n figu ra tions, can  be accep ted  now  as tru e  re p re ­
sen ta tio n s  of th e  ab so lu te  co n figu ra tion .

In  1956 C a h n ,  I n g o l d  an d  P r e l o g  in tro d u ced  a new  co n ven tion  for th e  
unequ ivocal d escrip tion  o f th e  co n fig u ra tio n  o f organic com pounds [19]. 
A ccording to  th is  p rinc ip le , th e  ab so lu te  con fig u ra tio n  o f th e  cen tres o f a sy m ­
m e try  are  in d ica ted  n o t b y  th e  le tte rs  d  an d  l , b u t b y  th e  n o ta tio n s  R  an d  S, 
w hich are  in d ep en d en t of a reference com pound. A ccording to  th is  conven­
tio n , th e  s teric  s tru c tu re  o f n a tu ra l cocaine is described  as (2R  : 3S )-2 -m ethoxy- 
carbo n y l-3 -b en zo x y tro p an e ; consequen tly , (-|-)-pseudococaine is (2S : 3S)-2- 
m eth o x y earb o n y l-3 -b en zo x y tro p an e . T his conven tion  assigns d iffe ren t classes
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to  carboxy lic  esters and  to  th e  p rim ary  alcohols o b ta in ed  from  th em  by  
red u c tio n , th u s  R  an d  S do n o t den o te  an  ‘o p tica lly  ac tive  series’. In  th is  
w ay, (— )-ecgoninol, o b ta in ed  from  cocaine, is (2S : 3S )-2 -hydroxym ethy l-3 - 
h y d ro x y tro p an e  [52, 56].

F ig . 97

STEREOCHEMISTRY OF SCOPOLAMINE AND VALEROIDINE

Scopolam ine can be o b ta in ed  from  p lan ts  in  tw o stereoisom eric form s: 
th e  op tica lly  ac tive  la e v o ro ta to ry  m odifica tion , hyoscine, from  H yoscyam us  
m uticus  [165, 167], and  th e  racem ic form  from  an  e x tra c t o f Scopolia atropoides 
B erch t and  P resl [165]. C orrect recogn ition  o f th e  c o n s titu tio n  of scopolam ine 
(hyoscine) was h indered  for a long tim e  by  th e  fa c t th a t  th e  p rim a ry  iso la ted  
p ro d u c t o f hydro lysis  [106, 107, 165, 167] w as n o t th e  ac tu a l a lkam ine  com po­
n e n t, i.e ., scopine, w hich was o b ta in ed  on ly  m uch  la te r  [199], b u t  oscine 
(te rm ed  genera lly  scopoline in  th e  G erm an li te ra tu re ) . H ow ever, acy la tio n  of 
th is  p ro d u c t d id  n o t reg en era te  scopolam ine [166]. This fac t in d ica ted  a fu n d a ­
m e n ta l change in  th e  s tru c tu re  of th e  m olecule d u rin g  hydro lysis . R esearch  w ork 
d irec ted  tow ards th e  e luc ida tion  of th e  chem ical s tru c tu re  of oscine (scopoline), 
such  as d eg rad a tio n  an d  p a r tia l syn th esis  o f th e  d eg rad a tio n  p ro d u c ts , 
p rim arily  th e  ex perim en ts of S c h m i d t ,  H e s s ,  K i n g  e t al. [167], es tab lish ed  
a connection  betw een  tro p a n e  an d  oscine. H ow ever, th e  use o f s tru c tu ra l fo rm u ­
las w ith  p la n a r six-m em bered  rings d id  n o t give th e  obvious so lu tion  concern-
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ing  th e  ste ric  re la tio n sh ip s  o f th e  m olecule, n e ith e r  — b y  reason ing  — for 
th e  o rig inal s teric  s tru c tu re  o f scopolam ine. L a te r  W i l l s t ä t t e r  an d  B e r n e r  
found  th a t  scopolam ine could  be sp lit b y  w ay  o f m ild  en zy m atic  hyd ro lysis  
(w ith  p an c rea tic  lipase) or also b y  S orensen bu ffer so lu tio n  to  give th e  n a tiv e  
am inoalcohol, scopine [199]. S u b seq u en tly , scopine could  easily  be co n v erted  
in to  oscine b y  t re a tm e n t w ith  acids or basic  reag en ts . O n th e  o th e r h an d , 
P o l o n o v s k y  e t  al. re ac ted  scopolam ine w ith  h y d ro g en  perox ide , an d  in  a d d i­
tio n  to  th e  N -oxide, th e y  o b ta in ed  a com pound  w hich could  be reduced  to  a 
h y d ro x y l d e riv a tiv e  isom eric w ith  scopine, b u t  n o t co n vertib le  in to  oscine

F ig . 98

[148]. Since th is  m od ifica tion  resis ted  th e  ac tio n  o f sodium  am ylox ide, P o l o ­
n o v s k y  assum ed  on th e  basis of analogous cases, b u t  w ith o u t an  ex ac t p ro o f o f 
th e  steric  s tru c tu re , th a t  th e  p ro d u c t w as a com pound  re la te d  to  y -tro p in e , 
n am ely  y -scopine, w hile scopolam ine was reg a rd ed  to  co rrespond  to  tro p in e  
from  th e  stereochem ical p o in t o f view . C orrect d iscovery  of th e  s te ric  s tru c tu re  
was h in d ered  in  th is  phase o f positive  research  resu lts  b y  th e  fac t th a t  th e  
n o n -co p lan ar n a tu re  o f six -m em bered  h y d ro a ro m a tic  rings was n o t genera lly  
recognized y e t, co n sequen tly  no co rrec t s teric  view s could  develop . A t th a t  
tim e  chem ists dealing  w ith  th e  prob lem s o f tro p a n e  alkalo ids d id  n o t ap p ly  
for th e ir  ow n fie ld  o f re sea rch  th e  S a c h s e  —  M o h r  th e o ry  [134, 164] w hich  
h a d  sound  stereochem ical aspects  as its  basis. A n in te re s tin g  docu m en t of 
th is  c ircum stance  is th e  p u b lica tio n  o f W i l l s t ä t t e r  an d  B e r n e r  [199] from  
1923, in  w hich  th e  four th eo re tica lly  possible stereo isom eric  form s o f scopol­
am ine are  dep ic ted  w ith  cop lanar p iperid ine  rings (F ig . 98). J u s t  th is  was 
th e  reason  w hich — a fte r  h av in g  lea rn ed  th e  c o n s titu tio n  o f oscine — p reven ted  
th e  ea*rly in v es tig a to rs  to  decide w hich  o f th e  above s tru c tu re s  shou ld  be
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T his re su lt m ade p ro b ab le  th e  syn  s te ric  positio n  o f one o f th e  h y d ro x y l groups 
as com pared  to  th e  n itro g en  a to m , a lth o u g h  th e  'u re th a n e ’ c o n s titu tio n  of 
th e  com pound  w as based  on ly  on an a ly tic a l fig u res . These in v es tig a tio n s  
gave s till n o th in g  to  go b y  concern ing  th e  s teric  p o sitio n  o f th e  o th e r acy la ted  
fu n c tio n a l g roup  o f th e  m olecule in  re la tio n  to  th e  n itro g en  a to m , an d  i t  was 
n o t decided e ith e r , w hich o f th e  h y d ro x y l g roups — th a t  a t  C(3) or C(6) — 
assum ed  th e  syn  s te ric  position  to  n itro g en . L a te r  stereochem ical in v estig a tio n s 
p roved  th e  ste ric  s tru c tu re  o f scopolam ine an d  valero id ine  jo in tly  ju s t  th ro u g h  
th e  co rre la tio n  of th e  tw o com pounds.

T he ex p erim en ta l fa c t o f th e  conversion  of scopolam ine to  oscine [166] 
was in te rp re te d  for th e  f irs t tim e  in  m odern  stereochem ical te rm s fo r th e  pu rpose  
o f d e te rm in in g  th e  co n fig u ra tio n  by  F o d o r  [41], w ith o u t b rin g in g  up  an y  
new  ex p erim en ta l evidence (D ecem ber, 1951). A ccordingly , scopolam ine or 
scopine, resp ., can  be tran sfo rm ed  in to  oscine [199] only  in  th a t  case, i f  th e  
epoxide rin g  is in  syn  an d  th e  C(3) h y d ro x y l g roup  in  an ti s te ric  position  as 
re la te d  to  th e  n itro g en  a to m . O nly  u n d er these  cond itions is given th e  possib ility  
th a t  th e  C(3) h y d ro x y l should  be able to  d irec t a nucleophilic  a t ta c k  from  th e  
opposite  s teric  d irec tio n  ag a in st one o f  th e  p illa rs o f th e  epoxide b ridge , i.e .,
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assigned  to  th e  n a tu ra l  a lka lo id . In  fac t, W i l l s t ä t t e r , as a p u p il of 
V .  B a e y e h ,  d e lib e ra te ly  re jec ted  S a c h s e ’s  th e o ry  in  his ea rly  p ap ers  [199, 
200], re fe rrin g  to  th e  th e o ry  o f s tra in .

W hen  va le ro id ine  is h y d ro ly zed , th e  p ro d u c t is 3 ,6 -d ih y d ro x y tro p an e  [8]. 
T he la t te r  com pound  can  be fo u n d  in  th e  free s ta te  in  Ja v a n e se  Coca leaves 
[206]. E lu c id a tio n  o f th e  ste ric  s tru c tu re  was p ro m o ted  p rim a rily  b y  th e  acci­
d e n ta l fac t th a t  p o tassiu m  p e rm a n g a n a te  o x id a tio n  ca rried  o u t b y  M i t ­
c h e l l  an d  T r A u t n e r  re su lte d  in  th e  fo rm a tio n  o f  an  u re th a n e  [132], p re su m ­
ab ly  o f cyclic n a tu re , in  ad d itio n  to  th e  ex p ec ted  nor-valero id ine  (F ig . 99)
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ag a in s t C(6) or C(7) (F ig . 100). As a re su lt, th e  C(6) (or C(7)) h y d ro x y l group of 
di-oscine (scopoline) is fo rm ed. The reversed  process, i.e ., an  a t ta c k  o f th e  
epoxide oxygen  ag a in st th e  C(3) h y d ro x y l being  in  sy /i-position , ap p eared  for 
th e o re tic a l reasons from  th e  beg inning  im p ro b ab le . On th is  basis, th e  s tru c tu ra l 
fo rm ula  of 6 ,7-syre-epoxy-3-an ii-tropoy loxy tropane w as assigned to  scopol-

F ig . 100

am ine , as a re s id t o f p u re ly  d educ tive  considera tions [41, 43]. I t  is in te re s tin g  
th a t  th e  sam e re su lt w as a tta in e d  w ith in  a y e a r b y  tw o  o th e r resea rch ers , M e i n - 

W A L D  [127] an d  C o o k s o n  [24] in d ep en d en tly . B esides th e  conversion  o f scopine 
to  oscine, th e y  in te rp re te d  also th e  reac tio n  lead ing  from  scopolam ine-N -oxide 
to  scop in ium  brom ide [148] from  an  u p -to -d a te  p o in t of v iew  (F ig . 101). The 
co rrec t con fig u ra tio n  of scopolam ine w as deduced  also from  these  consid­

e ra tio n s, as from  an  au x ilia ry  a rg u m en t. L a te r  F o d o r  found  also convincing 
ex p e rim en ta l p ro o f fo r th e  correctness of h is w ork ing  h y p o th esis , w hen  in  th e  
course o f an  in v es tig a tio n  in  com m on w ith  K o v á c s ,  th e  epoxide rin g  o f scopol­
am ine w as su b jec ted  to  hydrogeno lysis; th e  reac tio n  gave th e  d i-m odification  
o f  3 ,6 -d ih y d ro x y tro p an e . The com pound  could  be reso lved  [61a, b ] ; th e
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la e v o ro ta to ry  form  w as found  to  be id en tica l w ith  th e  3 ,6 -d ih y d ro x y tro p an e  
m od ifica tion  w hich h a d  been  p rep a red  b y  B a r g e r ,  M a r t i n  an d  M i t c h e l l  
b y  h y dro lyz ing  n a tu ra l valero id ine  [8], an d  h a d  been  iso la ted  even earlier 
from  Jav an ese  Coca leaves b y  W o l f e s  an d  H r o m a t k a  [206] (Fig. 102). I t  is 
an  in te re s tin g  coincidence th a t  r ig h t in  th e  days of realiz ing  th e  above hydro-

genolysis, S t o l l ,  J u c k e r  e t al. rep o rted  th e  to ta l  syn th esis  of th e  sam e 3,6- 
d ih y d ro x y tro p an e  [182]. Since oscine can  he p ro d u ced  b u t  from  a 3a (a n ti) -  
h y d ro x y tro p a n e  d e riv a tiv e , i t  follows th a t  th is  h y d ro x y l group  is in  a , anti 
s te ric  position  n o t only  in  scopolam ine, b u t  also in  valero id ine . On th e  o th e r h an d , 
in fo rm atio n  concern ing  th e  s teric  position  o f th e  C(6) h y d ro x y l o f valero id ine  
h a d  been  supp lied  b y  th e  fo rm atio n  of th e  cyclic u re th a n e  in  M i t c h e l l ’s  an d  
T r a u t n e r ’s  ex p erim en ts  [132]. This com pound  can  be fo rm ed  on ly  in  case o f 
a s y n - (ß )  positio n  o f th e  C ( 6 ) h y d ro x y l. B ased  on th ese  ev idences, F o d o r  
declared  valero id ine  to  be (—)-3-isovalery l-3a,6 /?-d ihydroxy tropane [44], and  
confirm ed a t  th e  sam e tim e  th e  d ed u c tio n  o f th e  co n fig u ra tio n  o f scopolam ine 
as 3 a -tropoy loxy-6 ,7d -epoxy tropane  (F ig. 103). H ow ever, since th e  above cyclic

8*
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u re th a n e  s tru c tu re  h ad  n o t been th e  su b jec t o f a d e ta iled  in v es tig a tio n , H u n ­
g a rian  au th o rs  considered  i t  w o rth  w hile looking for ad d itio n a l ex p erim en ta l 
evidence to  confirm  these  con figu ra tions d e fin ite ly . A p o ssib ility  fo r th is  
was given in  th e  m eth o d  w hich h ad  been  tr ie d  in  v a in  b y  M i l l s , P a r k i n  
an d  W a r d  [130] in  th e  case o f 4 -h y d roxyp iperid ine , nam ely  th e  process of 
fo rm ing  a lac to n e  sa lt w ith  e th y l b ro m o ace ta te . B o th  oscine an d  3 ,6 -d ihydroxy- 
tro p a n e  re a c te d  w ith  e th y l io d o ace ta te  eq u a lly  w ell, an d  th e  correspond ing  
q u a te rn a ry  am m onium  sa lt lac tones w ere successfu lly  o b ta in ed  in  b o th  cases 
[60, 70, 75]. T his fa c t is an  unam biguous p ro o f for th e  /5-position o f th e  C(e or 7)
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h y d ro x y l re la te d  to  th e  n itro g en  a to m , an d  even m ore so since th e  rin g  o f th is  
lac to n e  could be opened  again  in  a reversib le  w ay  to  give th e  b e ta in e  (F ig . 104).

T hus, th e  com plete  co n fig u ra tio n  o f  oscine is co rrec tly  given b y  th e  
n o ta tio n  o f < i/-3a,6a-oxydo-7/J-hydroxytropane, w hile va lero id ine  is (—)-3a-iso-

valeroy loxy-6 /?-hydroxy tropane (F ig ., 105) an d  f in a lly  ( —)-scopolam ine can  
d e fin ite ly  be ch a rac te rized  b y  th e  s tru c tu ra l fo rm ula  o f  3a -S (—)-tropoy loxy- 
6 ,7/S-epoxytropane (F ig . 106).

Absolute Configuration o f  ( — )-T ro p ic  A c id

/1-Chlorohydra tropic acid was resolved into its antipodes by McK e n z ie  and Str a t h e h n  
[124] as early as in 1925, and the laevorotatory acid was subsequently hydrolyzed to 
natural tropic acid. On the other hand, in 1939 W h itm o r e  and B e r n s t e in  succeeded in estab­
lishing a correlation between a-methyl-phenylacetic acid and dextrorotatory alanine by de­
grading the former compound to (—)-phenylethylamine, nitrating and reducing the benzoyl 
derivative of this product, and destroying the aromatic ring by oxidation to produce natural 
(-(-l-alanine (Fig. 107). When the unequivocal denotation of configuration of Ca h n , I n go ld

and P relo g  is used, S configuration will be assigned to (-j-)-a-methyl phenylacetie acid (the 
absolute configuration of which had been previously ascertained), while the laevorotatory 
form has R  configuration. In this way, the only missing link for correlating natural tropic 
acid with natural alanine was obviously the conversion of ( — )-/?-chlorohydratropic acid into 
a-methylphenylacetic acid of known absolute configuration. This work was recently accom­
plished by Hungarian investigators [58] by resolving the two optically active components of 
/S-chlorohydratropic acid by means of codeine, and subjecting the laevorotatory form to



hydrogenolysis in ethyl acetate in the presence of palladium-charcoal and barium hydroxide. 
The product was R (—)-a-methylphenylacetic acid. Consequently, natural tropic acid is 
S (—)-tropic acid having the absolute configuration shown in Fig. 108.- It follows that the 
configuration of ( —)-hyoscyamine is to be given as S (—)-tropoyltropane-3a-ol, and 
( —) hyoscine has the absolute configuration of S (—)-tropoyl-3a-hydroxy-6,7/?-epoxytropane.
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Fig. 108

Syntheses o f  Valeroidine and Scopolam ine

R ecogn ition  of th e  s teric  s tru c tu re  o f va lero id ine  an d  scopolam ine 
rendered  possible the stereospecific  syn thesis  o f th ese  m a te ria ls . S yn thesis  of 
th e  f irs t com pound  was realized  in  Ju n e  1955 b y  H u n g a rian  in v es tig a to rs  [72]. 
S t o l l  e t al. [184] a fte r  hav ing  accom plished  th e  to ta l  syn th esis  o f 3 a ,6/3- 
d ih y d ro x y tro p an es  (F ig . 109), a tte m p te d  a fte r  reso lu tio n  of th e  k e to n e ,

th e  selective v a le ro y la tio n  of th e  ( —)-m odifica tion  a t  th e  C(3) carb o n  a tom  
as early  as in  1953. This ex p erim en t fa iled , an d  only  a m ix tu re  w as also o b ta in ed  
d u rin g  th e  p a r tia l  hydro lysis  o f th e  3 ,6 -d ivaleroyl d e riv a tiv e , w hich la t te r  
com pound  h a d  been  p rep a red  from  n a tu ra l va le ro id ine  an d  (—)-3a,6/3- 
d ih y d ro x y tro p an e . T he H u n g a rian  au th o rs  succeeded la te r  to  realize th e  se lec t­
ive desacy la tio n  of th e  C(6) h y d ro x y l of tropane-3a,6 /3-d io l-d ivaleroate  [75].

As to  th e  syn thesis  of scopolam ine, only  neg a tiv e  ex p erim en ts  h ad  
been  know n prev iously . E ach  in v e s tig a to r  tr ie d  to  achieve his purpose  b y  th e  
R ob inson -condensa tion  of epoxysuccinic d ia ldehyde. T his d ifficu ltly  accessible 
k ey -m ate ria l w as f in a lly  successfully  p rep ared  b y  S c h ö p f  an d  S c h m e t t e r l i n g  
[171] how ever, th e  conversion p ro d u c t o b ta in ed  from  th is  su b stan ce  
u n d e r so-called physio logical cond itions w as n o t scopinone, because th e  
epoxide rin g  could n o t b ea r th e  ac tio n  of tw o  nucleophilic  reag en ts , n am ely  
th a t  o f ace toned icarboxy lic  acid  an d  m e th y lam in e  (F ig . 110). P r e o b r a - 
z h e n s k i  [152, 153] w an ted  to  syn thesize  scopine an d  th u s  scopolam ine by  
reduc ing  6-tropene-3-one an d  su b seq u en t ep o x id a tio n  of th e  tro peno l. H ow ever, 
a f te r  h im  also fo u r o th e r  research  lab o ra to rie s  ( S c h ö p f ,  K a r r e r ,  S t o l l  and  
S h e e h a n ) [105, 169] failed  in  p rep a rin g  tro p en o n e  from  m aleic d ia ldehyde. 
S c h ö p f  is o f th e  opinion th a t  d u rin g  th e  h y d ro g en a tio n  of b u ty n e d ia l ace ta l, 
th e  p roduced  b u tened ia l ace ta l becom es c o n ta m in a te d  b y  b u tan ed ia l ace ta l, 
th e re fo re  wTh a t  th e  above-m en tioned  a u th o r  iso la ted  v7as im pure  tro p an o n e .*

* In 1962 F odor  and S. Kiss succeeded in oxidizing tropenol into 6-tropene-3-ones a 
compound of considerable stability ; cf. Chem. & Ind. 1963, 372.
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F o d o r  an d  K o czo r  carried  o u t th e  rin g  opening reac tio n  of racem ic 
r t ro p e n e  ox ide’ b y  m eans o f ace ty l b rom ide, to  o b ta in  3a-acetoxy-6/?-brom o- 
tro p a n e ; su b seq u en tly  h y d rogen  b rom ide was sp lit off b y  tr e a tin g  th e  p ro d u c t 
w ith  collidine (and  m uch  b e tte r , la te r  accord ing  to  S. K is s , b y  p ip e ri­
d ine), w hich  reac tio n  re su lted  in  th e  fo rm a tio n  o f 3a-acetoxy-6-troperae 
[51]. This com pound, th e  a c e ta te  o f tro p en o l, is a long p resum ed  [25]

in te rm ed ia te  o f th e  biogenesis of tro p a n e  a lkam ines. F o d o r , T ó t h , D obó  an d  
Y i n c z e  m ade tro p en y l a c e ta te  even  easier availab le  b y  reduc ing  6/?-phenyl 
ca rb am y lo x y -3 -tro p an o n e  to  th e  3a alcohol, a c e ty la tin g  th e  p ro d u c t, th e n  c a rry ­
ing o u t a therm olysis  to  give tro pane-3 ,6 -d io l m o n o ace ta te , an d  in d irec t w a te r 
e lim in a tio n  from  th e  la t te r  com pound. I n  th e  course o f ca ta ly tic  h y d ro g en a tio n , 
tro p e n y l a c e ta te  becam e s a tu ra te d  to  ace ty ltro p in e , wdiich reac tio n  wras a 
d e fin ite  p ro o f of its  s tru c tu re  [51, 69] (F ig. 111).

T he reversib le  n a tu re  of p h e n y lu re th an e  fo rm a tio n  has n o t been  u tilized  
so fa r as a p re p a ra tiv e  m e th o d  for th e  tra n s ito ry  b locking  o f alcoholic (or 
phenolic) h y d ro x y l groups. A bou t sim u ltan eo u sly  w ith  th e  observ a tio n s of 
F o d o r , also Jap a n e se  researchers s tu d ied  th e  reac tio n  k in e tics  o f th is  process, 
w ith  th e  use o f sim ple m odels.*

Total Syn thesis o f  Scopolam ine

In  th e  course o f th e  hyd ro lysis  o f ace ty ltro p en o l b y  acids, H u n g a ria n  
in v es tig a to rs  iso la ted  w ell-crysta llized  tro p en o l h yd roch lo ride . F o r th e  pu rpose  
o f ep o x id a tio n , ace ty ltro p en o l w7as ac ted  up o n  b y  v a rious o rganic  p e rac ids. 
T re a tm e n t w ith  m o n o p erp h th a lic  ac id  in  e th e r  so lu tio n  gave m ain ly  th e  
N -oxide [53, 72], how ever, w ith  a g rea t excess o f th e  re a g e n t also th e  N- 
oxide-epoxide w as successfully  p rep ared . E v idence  for th e  s tru c tu re  o f th e  la t te r  
p ro d u c t was o b ta in ed  b y  hydrogeno lysis, v 'h ich  gave th e  know n  3a-acetoxy-

* Muha y am a  T a n a k i, M o to k i S im ic h i and H amad a  Y a s u c h i, Bull. Chem. Soc 
Japan, 26, 49 (19531.
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6 /1-hydroxytropane [72]. H ow ever, th e  y ield  was ex trem ely  low , therefo re  
new  ex perim en ts were carried  o u t w ith  th e  m ore electroph ilic  triflu o ro p er- 
ace tic  acid . A cety lscopine [53] was successfully  p rep a red  in  th is  w ay  (F ig . 112). 
L a te r  on, s tud ies b y  p a p e r c h ro m a to g rap h y  w ere carried  o u t to  in v es tig a te  a 
n u m b er o f organic acids (form ic, acetic , trich lo ro acetic , tr if lu o ro ace tic  acids) 
used  to g e th e r w ith  80 —9 0 %  hydro g en  perox ide , w ith  th e  purpose o f le a rn ­
ing th e  b es t com bina tion , i.e ., to  fin d  th e  b est p erac id  form ed in  situ , from  th e  
asp ec t o f ep o x id a tio n . T he use of form ic acid  an d  h y drogen  peroxide was found  
to  be th e  m ost ad v an tag eo u s; w ith  th is  reag en t N -oxide w as n o t fo rm ed  a t 
all [53, 56]. Id e n tif ic a tio n  o f acety lscop ine w as accom plished  b y  converting  
scopine hydroch lo ride , o b ta in ed  from  scopolam ine accord ing  to  W i l l s t ä t t e r  
[199], o r recen tly  accord ing  to  M e i n w a l d  [128], in to  acety lscop ine  h y d ro ­
chloride, b y  tre a tin g  th e  com pound  w ith  ace ty l chloride.
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Me in w a l d ’s method essentially consists of subjecting N-methoxymethyl-scopolami- 
nium chloride to alkaline hydrolysis, when no oscine is formed; the methoxymethyl group 
— as it is about an acetal bond — can readily be removed at the end of the process by dilute 
acids.

This method is analogus to the procedure of Mo ff e t t  and G a r r e t t , who succeeded 
in hydrolyzing scopolamine methobromide to scopine methobromide under alkaline condi­
tions [133].

The use o f K u n z ’s m ethod  o f hyd ro lysis  (acetone -f- O . I n  N aO H ) 
m ade possible to  ca rry  o u t also th e  reverse  reac tio n : scopine base  could  be

iso la ted  from  acety lscop ine  [69]; th e  single fu r th e r  ta s k  fo r accom plish ing  
th e  syn thesis  o f  scopolam ine was th e  e ste rifica tio n  o f scopine w ith  tro p ic  
acid . A fte r in n u m erab le  unsuccessfu l ex p erim en ts , scopine hydroch lo ride  could 
fin a lly  be este rified  w ith  ace ty ltro p o y l chloride a t  65° in n itrobenzene  so lu tion . 
A n u m b er o f b y -p ro d u c ts  was fo rm ed, too , w hich w ere d e te c te d  b y  p ap e r 
ch ro m a to g rap h y ; these  p ro d u c ts  could  be successfully  se p a ra te d  b y  m eans of 
p a r ti t io n  ch ro m ato g rap h y  on cellulose pow der, be tw een  b u ta n o l an d  I n  
hydroch lo ric  ac id  [69]. E v e n tu a lly  p u re  racem ic scopolam ine hydroch lo ride  
was o b ta in ed  b y  hydro lysing  acety l-scopo lam ine w ith  2 n  hydroch lo ric  ac id , 
an d  re p e a tin g  th e  ch ro m ato g rap h ic  sep a ra tio n  o f th e  reac tio n  p ro d u c t (F ig . 
112) on a cellulose pow der co lum n severa l tim es [69]. Since ( - f - ) - h y o s c in e  
h a d  been  p rep a red  from  (-f-)-scopolam ine b y  K i n g  in  1919 [106, 107], an d  
P r e o b r a z h e n s k i  [173] could p rep are  also (—)-hyoscine b y  reso lu tio n , th is  
syn th esis  is equal to  th e  to ta l  syn thesis  o f  n a tu ra l (—)-hyoscine.

A new  v a r ie ty  o f th e  syn th esis  [73] (F ig . 113) w as th e  e ste rific a tio n  o f 
tro p e n o l w ith  (— )-ace ty ltro p o y l chloride to  give 6 ,7 -dehydrohyoscyam ine ace-
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tä te .  T his com pound  was found  to  be ox idab le  w hen  re a c te d  w ith  form ic acid  
an d  hydro g en  perox ide , an d  even b e tte r  b y  tu n g s tic  ac id  as a c a ta ly s t. In  th is  
w ay  (—)-hyoscine could  be p rep ared .

T he sy n th esis  o f scopolam ine was th e  o b jec t o f ex p erim en ts  also of 
in v es tig a to rs  o th e r  th a n  th e  H u n g a ria n  ones, in  Z urich , N ew  Y o rk  a n d  a t  
th e  H a rv a rd  U n iv e rs ity . H a r d e g g e r  an d  F u r t e r  [87] w ere th e  f ir s t  to  p re ­
p a re  th e  com pound  defined  accord ing  to  th e  C ah n —In g o ld —P re lo g  con­
v e n tio n  o f ab so lu te  con figu ra tions as S (-(-)-6 ,7 -d ihydroxy tropane-3 -one, b y  
R o b i n s o n ’s  co n d en sa tio n  from  (-(-)- ta r ta r ic  d ia ld eh y d e , w hich , in  tu r n ,  h ad  
been  p rep a red  b y  th e  lith iu m  a lum in ium  h y d rid e  re d u c tio n  o f th e  co rresp o n d ­
ing d ian ilide. P re p a ra tio n  o f th e  sam e k e to n e  w as rep o rted  b y  S t e r n  an d  
W a s s e r m a n  [181]. On th e  o th e r h an d , th e  racemic k e to n e  w as o b ta in ed  
b y  S h e e h a n  [174] in  th e  follow ing w ay : 2 ,5 -d im eth o x y -2 ,5 -d ih y d ro fu ran  was 
co n v erted  in to  th e  epoxide, th e n  th e  rin g  opened  w ith  d ilu te  ac id  to  y ie ld  
racem ic  ta r ta r ic  d ia ldehvde. This com pound  w as condensed  accord ing  to
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R o b in so n ’s m e th o d  to  give racem ic 6a,7 /3-d ihydroxy tropane-3-one. C a ta ly tic  
red u c tio n  o f th e  p ro d u c t gave rise to  tropane-3a ,6a,7 /?-trio l; how ever, selective 
d eh y d ra tio n  o f th is  com pound  re su lted  in  th e  fo rm atio n  n o t o f th e  expected  
scopine b u t  o f th e  u n desired  oscine.

E m p lo y in g  essen tia lly  th e  sam e course o f sy n th esis  as th e  H u n g a ria n  
researchers in  th e  case o f scopolam ine, L in d e n m a n n  [119] p re p a re d  scopine 
b en zh y d ry l e th e r  (F ig . 114). 6 -H y d ro x y tro p in o n e  w as red u ced  th ro u g h  th e  
p h e n y lu re th a n , th e  re su ltin g  6 -p h en y lca rb am y l-o x y tro p an e-3 a -o l w as e th e rified  
Ь у  t re a tm e n t w ith  b en zh y d ry l b rom ide  an d  d ip h en y l d iazo m eth an e , resp . 
an d  su b jec ted  to  therm o ly sis  (cf. F ig . 111). T o sy la tio n  o f th e  d io l-m onoether 
a n d  selective e lim in a tio n  o f to lu enesu lphon ic  acid  gave /d6-tropeny l-3 -benz- 
h y d ry l e th e r. E p o x id a tio n  of th e  la t te r  com pound  b y  tr if lu o ro p erace tic  acid 
in  ace to n itrile  a ffo rded  scopine b e n zh y d ry l e th e r.

These scien tific  syn theses m ay  a fte r  su itab le  m odifica tions re su lt la te r  
in  th e  deve lopm en t o f an  econom ic syn thesis  o f scopolam ine. Scopinone 
w as o b ta in ed  re c e n tly  accord ing  to  M e i n w a l d  a n d  H e u s n e r * b y  oxidizing 
scopine; red u c tio n  led  to  ■y-scopine, id en tica l w ith  th a t  o b ta in ed  from  scopol- 
am ine-N -ox ide [148].

Total Synthesis o f  Valér oidine and  the D eterm ination  
o f  its Absolute C onfiguration

As a b ran ch in g  o ff of scopolam ine syn th esis , in  1957 also th e  to ta l  sy n ­
thesis  o f n a tu ra l  valero id ine  w as realized  b y  H u n g a rian  in v es tig a to rs  [195].



R acem ic 6 /? -pheny lcarbam yloxy-3a-hydroxy tropane  w as successfully  reso lved  
w ith  (-(-)-ta rta ric  acid  in to  th e  an tip o d es, th e n  b o th  m od ifica tions w ere a c y la te d  
w ith  isovalery l ch loride, an d  f in a lly  b o th  p ro d u c ts  w ere su b jec ted  to  th e rm o ­
lysis to  give ( + ) -  an d  (—)-valero id ine (F ig . 115a). A ll th e  p h ysica l p ro p ertie s  
o f th e  la t te r  com pound  w ere id en tica l w ith  tho se  o f th e  a u th e n tic  n a tu ra l 
va lero id ine  o b ta in ed  b y  M it c h e l l  [132].

The a u th o r  o f p resen t an d  his p rev ious co-w orkers [71] succeeded in  
realiz ing  a sim plified  syn th esis  o f va lero id ine  b y  th e  p a r t ia l  hyd ro lysis  o f 
th e  op tica lly  ac tiv e  (-j-)-3a,6 /S -diisovaleryloxytropane in  ace tone  con ta in ing  
d ilu te  sodium  hydrox ide .
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I t  was also successful to  d e te rm in e  th e  ab so lu te  co n fig u ra tio n  o f v a le ro i­
d ine w ith  a h igh  p ro b ab ility . F o d o r , Y in c z e  an d  T ó t h  [74, 75] q u a te rn ized  
th e  op tica lly  ac tiv e  a lkam ine of va lero id ine , (—)-3a,6 /5 -d ihydroxy tropane, 
w ith  e th y l io d o ace ta te , w hen a h igh ly  laevorotatory e s te r sa lt ( [a ]o  =  — 23.7°) 
was o b ta in ed . T he lac tone , w hich could he read ily  fo rm ed  from  th is  com pound 
b y  overb ridg ing  th e  n itro g en  a to m  an d  th e  h y d ro x y l g roup  a t  th e  cen tre  o f 
a sy m m e try  C(6), w as s tro n g ly  dextrorotatory ([a]!? =  -)-37.5°). T his consider­
ab le sh ift o f  th e  ro ta to ry  pow er to  th e  r ig h t p ro v ed  accord ing  to  H u d so n ’s 
lac to n e  ru le  [98, 205] th a t  th e  h y d ro x y l group  in  qu estio n , p a r ta k in g  in  th e  
fo rm a tio n  o f th e  lac to n e  ring , belonged to  th e  d g series (F ig . 115b). I f  th e

F ig .  115c

Ca h n — I n g o l d  — P r e l o g  conven tion  [19] is ap p lied  also in  th is  case, v a le ­
ro id ine shou ld  be described as (3R :6R )( — )-3 ,6 -d ihydroxy tropane-3-m onoiso - 
valeric  e s te r (F ig . 115c). E s ta b lish m e n t o f th e  co n fig u ra tio n a l co rre la tion  b e ­
tw een  va lero id ine  and  som e am ino acid of know n config u ra tio n  is also in 
progress bySÓ Ti (F ig . 115d).
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ь- Hydroxyprollnc.

Fig. 115d

STER1C STRUCTURE OF METELOIDINE AND TELOIDINE

M eteloidine, an  op tica lly  in ac tiv e  m ino r a lkalo id  o f D atura meteloides 
was iso la ted  b y  P y m a n  an d  R e y n o l d s  [154] besides scopolam ine an d  a t ro ­
p ine. K i n g  asce rta in ed  [106] th a t  s im ilarly  to  tro p in e  an d  y -tro p in e , i t  was 
a m od ifica tion  o f 3 -tig lo y l-3 ,6 ,7 -trih y d ro x y tro p an e  (tig loy l te lo id ine) hav in g  
m esoid  s tru c tu re , fo r i t  c an n o t be reso lved . This s tru c tu re , based  f ir s t  on 
n eg a tiv e  evidences, such  as th e  all-cis s te ric  positio n  of b o th  th e  C(6) an d  
C(7) h y d ro x y l groups, w as con firm ed  la te r  b y  th e  syn th esis  o f  te lo id ine  from  
m eso tartaric  d ia ldehyde , b y  S c h ö p f  an d  A r n o l d  [170] (F ig . 116 ).R ecen tly  
S h e e h a n  an d  B i s s e l  [174] ach ieved  th e  sy n th esis  of 3 -(a -m eth y lb u ty ry l)-  
te lo id ine , too.

These ex p erim en ta l d a ta  gave no ex ac t answ er as to  th e  ab so lu te  con­
fig u ra tio n  o f te lo id ine , th e y  estab lish ed  on ly  so m uch  th a t  tw o o f th e  
th re e  h y d ro x y l groups o f te lo id ine  w ere in  c is-re la tionsh ip  w ith  each  o th e r.

E a rly  in  1954, th e  a u th o r  an d  co-w orkers [46a, 70] p ro v ed  th e  s teric  
p o sition  o f th e  C(6) an d  C(7) h y d ro x y l groups o f te lo id ine  in  a sim ilar w ay  as 
i t  w as done in  th e  case o f valero id ine  a lkam ine . N am ely , th e  ac tio n  of e th y l 
io d o a c e ta te  caused  conversion  in to  a lac to n e  sa lt also in  th is  case. 
W hen  th is  lac to n e  iod ide w as co n v erted  in to  th e  co rrespond ing  chloride, th is  
p ro d u c t w as fo u n d  to  be en tire ly  re s is ta n t to  periodic acid, w hereas b o th  
te lo id ine an d  te lo id inone in s ta n ta n e o u s ly  consum ed  one m ole o f periodic acid



each  [46a, 70]. This fa c t c learly  show ed th a t  lac to n e  fo rm a tio n  to o k  place 
w ith  th e  p a r tic ip a tio n  o f th e  n itro g en  a to m  an d  th e  C(6) or eq u iv a len t C(7) 
h y d ro x y l group , an d  n o t w ith  th e  h y d ro x y l a t  C(3); th e  an ti-p o sitio n  o f th is  
la t te r  group h a d  been  p red ic ted  p rev io u sly  only  b y  w ay  o f analogy . N am ely , 
c a ta ly tic  p ressu re  h y d ro g en a tio n  o f te lo id inone gave rise to  th e  fo rm a tio n  o f
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te lo id ine  as th e  m ain  p ro d u c t [172], an d  u n d e r such  cond itions in  th e  tro p a n e  
series genera lly  th e  fo rm atio n  o f a h y d ro x y l of an ti-p o sitio n  is fav o u red
[18, 48].

S h o rtly  a f te r  th is  w ork, yi-nor-teloidine ace to n id e , o b ta in ed  b y  h y d ro ­
g en a tio n  from  te lo id ine  aceton ide , w as condensed  b y  H e u s n e r  [92, 94] w ith  
p -n itro b en za ld eh y d e , to  give an  oxazid ine. This co n s titu te s  fu r th e r  an d  f in a l 
p ro o f for th e  syn-position  of th e  C(3) O H  group of ̂ -te lo id in e  an d  in  consequence 
fo r its  an ti-p o sitio n  in  te lo id ine  (F ig . 117). I t  w as again  H e u s n e r  [92, 93] 
w ho d e fin ite ly  p roved  th e  fa c t th a t  tig lic  acid  w as a tta c h e d  to  th e  C(3) h y d ro x y l 
group  o f m ete lo id ine . N am ely , m etelo id ine gave an  aceton ide  w hich  on a lka line  
hyd ro lysis  y ie lded  th e  sam e te lo id ine  aceton ide  w hich  w as also th e  m ain  p ro d u c t
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of th e  red u c tio n  o f te lo id ine-3 -one-6 ,7 -aceton ide. I t  is to  he n o te d  th a t  also th e  
syn th esis  o f S h e e h a n  an d  B i s s e l  [174] w as b ased  on th e  sam e p rinc ip le : 
6 ,7 -benzalte lo id ine, p rep a red  b y  th e  h y d ro g en a tio n  o f 6 ,7-benzalte lo id inone 
over R an ey  n ickel c a ta ly s t, w as acy la ted  on th e  C(3) h y d ro x y l g roup  b y  m eans 
o f a -m e th y lb u ty ric  an h y d rid e ; th e  benzy lidene  g roup  was th e n  sp lit off b y  
hydrogeno lysis (P d  in  ace tic  acid) to  give d ih ydrom ete lo id ine .

A ccord ingly , th e  c o n s titu tio n  o f m etelo id ine is 3a-tigloyloxy-6/3,7/S- 
d ih y d ro x y tro p a n e , an d  con seq u en tly  te lo id ine  w ill be described  as 3a,6ß,7ß- 
t r ih y  d r oxy t r  op an e .

О

Fig. 118

R ecen tly  H e u s n e r  [95] succeeded in  ach iev ing  th e  to ta l  sy n th esis  o f 
n a tu ra l  m ete lo id ine  (F ig . 118). T eloid inone teas tre a te d  w ith  d ie th y l ca rb o n a te  
an d  d ispersed  sodium  to  give te lo id inone c a rb o n a te ; th is  com pound  w as ca ta - 
ly tic a lly  h y d ro g en a ted  to  teloidine-6/?,7/?-carbonate, an d  th e n  este rified  w ith  
tig lic  an h y d rid e  a t  ca rbon  3 to  afford  m eteloidine-6/?,7/?-carbonate. H ea tin g
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of th is  p ro d u c t in  chloroform  in  th e  presence o f hydrogen  chloride re su lted  
in  th e  evo lu tion  o f carbon  dioxide, an d  th e  hyd roch lo ride  of th e  n a tu ra l a lkalo id  
w as form ed.

I n  1957 a new  a lkalo id  w as iso la ted  b y  E v a n s  [32] from  D atura  w hich 
gave m ete lo id ine  an d  tig lic  acid  on p a r tia l  hyd ro lysis . B ased  on th is  evidence 
its  c o n s titu tio n  is ( +  )3a ,6ß -d itig loy loxy-7 /?-hydroxy tropane (F ig . 119).

CONFIGURATION OF THE NITROGEN ATOM IN TROPANES

T he m eth o d  of lac tone  sa lt fo rm atio n  has ren d ered  possible th e  ex ac t 
d e te rm in a tio n  o f th e  s teric  s tru c tu re  o f som e q u a te rn a ry  tro p a n iu m  sa lts  
[44, 51, 54]. The s teric  positions o f th e  N -m eth y l g roup  an d  N -ca rb o x y m e th y l 
g roup  h av e  been  u n am b iguously  d e te rm in ed  [48a] in  th e  lac to n e  sa lts  
p rep a red  w ith  e th y l io d o ace ta te  from  oscine [47, 70], 3a,6/3-dihydroxy- 
tro p a n e  [70, 188] (F ig. 104), an d  te lo id ine  (F ig . 117). The e th y l b ro m o ace ta te  
a d d u c t o f scopolam ine gave th e  sam e N -carb o x y m eth y lo sc in iu m  lac to n e  sa lt 
on hy d ro ly sis  w hich  was form ed also in  th e  reac tio n  o f oscine an d  e th y l b ro m o ­
a c e ta te  [48a]. I t  is in te re s tin g  th a t  th e  co rrespond ing  N -epim eric  com pound  
was fo rm ed  in  none of th ese  fo u r cases. A  sim ilar se lec tiv ity  could  be observed  
b y  H u n g a rian  au th o rs  in  th e  course o f th e  ad d itio n  o f e th y l iodo ­
a c e ta te  to  tro p in e , y -tro p in e  an d  ecgoninol. S h o rtly  la te r  F i n d l a y  stu d ied  th e  
q u a te rn iz a tio n  of tro p in e , N -e th y l-n o r-tro p in e  an d  N -p ropy l-no r-trop ine  [33]. 
H e asce rta in ed  th a t  tro p in e  e th iod ide  an d  N -e th y l-n o r-tro p in e  m eth iod ide  
w ere id en tica l com pounds, w hile N -e th y l-n o r-tro p in e  p rop iod ide  an d N -p ro p y l- 
no r-trop ine  e th iod ide  ex is ted  rea lly  as N -epim eric form s. F i n d l a y  confirm ed 
th e  difference betw een  th e  m em bers o f th is  epim eric  p a ir  b y  D ebye-S cherrer 
d iag ram s. U n fo rtu n a te ly , how ever, he drew  th e  conclusion in  th e  case o f th e  
e th y l-m e th y l d e riv a tiv es  only  on th e  basis o f th e ir  id en tica l m elting  p o in ts . 
L a te r  F o d o r  e t al. a sce rta in ed  [48a, 4 9 ,1 8 8 ] th a t  N -e th y l-n o r-tro p in e  m e th io d i­
de p rep a red  in  alcohol-benzene so lu tio n  a t  room  te m p e ra tu re  was d is tin c tly  
d iffe ren t from  tro p in e  e th iod ide , as regards b o th  th e  c ry s ta l sy stem  an d  
D ebye-S cherrer d iag ram  [49, 62].

A ccordingly , a s teric  se lec tiv ity  w as observed  also in  th e  q u a te rn iz a tio n  
o f tro p in es . W hen  tro p in e  w as ac ted  upon  b y  e th y l iod ide , a q u a te rn a ry  
iodide was form ed a t f ir s t ,  w hich  w as show n to  be d iffe ren t from  N -ethy l- 
no r-trop ine  m eth iod ide , o b ta in ed  b y  th e  N -e th y la tio n  o f no r-tro p in e  an d  
su b seq u en t q u a te rn iz a tio n  o f th e  p ro d u c t w ith  m e th y l iodide (F ig . 120). 
A ccording to  th e  c ry sta llo g rap h ic  s tud ies of K o c h  [109], th e  tro p in e  e th iod ide  
c ry s ta l belonged  to  th e  reg u la r c ry s ta l sy stem , w hile N -e th y l-n o r-tro p in e  
m eth iod ide  was th e  m em ber of a sy stem  lack ing  a p rin c ip a l ax is of sy m m etry .

Q uite  recen tly  b o th  e th y l-m eth y l-n o r-tro p in iu m  brom ides w ere th e  
su b jec t o f a de ta iled  X -ra y  in v es tig a tio n  in  th e  C ry sta llog raph ica l L ab o ra to ry  
of th e  U n iv e rs ity  o f A m sterd am  b y  P rofessor C. M a c G i l l a v r y  in  co llabo ra tion  
w ith  p re sen t a u th o r  (cf. L ec tu re  N o. A 2/31. by  F o d o r  a t  th e  X I X th  Congress 
o f IU P A C , L ondon , 15 Ju ly , 1963, Congress A b s tra c ts  A. 120). I t  was found  
th a t  N -e th y l-n o r-tro p in e  m ethobrom ide  h as  th e  e th y l group axia l, th e  m e th y l 
equatorial; th e  opposite  follow s fo r th e  N -ep im er (F ig . 121a,b ,c). T his case 
is o f in te re s t, because due to  th e  lack  of reac tiv e  fu n c tio n a l g roups, th e re  is 
no p o ssib ility  o f  b rin g in g  a b o u t a rin g  closure to  a sce rta in  th e  co n figu ­
ra tio n s  o f th e se  ep im ers chem ically .
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9 Natural Carbon Compounds
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F o d o r  e t al. [44] found  as a general ru le  th a t  n o r-tro p an e  de riv a tiv es  
gave tw o d iffe ren t N -epim eric com pounds, su b s ti tu te d  on th e  n itro g en  a to m  
b y  groups a an d  b, depend ing  upon  th e  succession of th e  re a c tio n  w ith  
a ha lide  an d  b ha lide . T h ey  called  th ese  tw o reac tio n  sequences ‘n o rm a l’ 
a n d  ‘rev e rsed ’ q u a te rn iza tio n s  (Figs 122 an d  123).
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T he f ir s t  series o f ex p erim en ts  w as carried  o u t w ith  p seudo trop ine  an d  
N -e th o x y carb o n y lm eth y l-n o r-p seu d o tro p in e . T he used  q u a te rn iz in g  ag en t 
w as e th y l io d o ace ta te  in  th e  f irs t  case [44, 62], an d  m e th y l iodide in  th e  
second (F ig. 124).

The N -epim eric q u a te rn a ry  N -e th o x y carb o n y lm eth y l-p seu d o tro p an iu m  
iodides gave tw o d iffe ren t be ta in es  w ith  m oist silver oxide. T he b e ta in e  
p rep a red  from  pseudo trop ine  b y  m eans of e th y l io d o ace ta te  co n ta in ed  1 mole 
o f c ry s ta l w a te r, b u t  th e  p ro d u c t o b ta in ed  from  N -e th o x y carb o n y lm eth y l- 
nor-pseudo trop ine  w as found  to  be an h y d ro u s. O n th is  basis tb e  a u th o r  
assigned  N a con fig u ra tio n  to  th e  c a rb o x y m e th y l g roup  in  th e  second b e ta in e ; 
th e  opposite , N 6 steric  position  of th e  CH2COÓR group  in  th e  q u a te rn iz a tio n  
p ro d u c t o f p seu d o tro p in e  follows au to m a tica lly .

The sam e conclusion w as d raw n  from  an  ex am in a tio n  o f th e  ir  sp e c t­
ru m  o f a p ro d u c t p rep a red  from  th e  ‘an h y d ro u s’ b e ta in e  an d  hydro g en  iodide. 
T he m ax im a  a t 1750 an d  1623 cm -1  shou ld  be ascribed  accord ing  to  P l i v a  
(Czecho-Slovak A cadem y of Sciences) to  th e  presence o f a lac to n e  ring  [45b].

The therm olysis o f b o th  N -epim eric esters  re su lted  in  a d isp ro p o rtio ­
n a tio n , since th e  iso la ted  m ain  p ro d u c t was p seudo trop ine  m eth io d id e  [62].

A n o th e r series o f ex perim en ts d ea lt w ith  3a ,6 /?-d ihydroxy tropane, an d  
N -e th o x y carbony lm ethy l-3a ,6 /S -d ihydroxy-no r-tropane  [70] (F ig . 125). T he 
second com pound  failed  to  give a lac to n e  e ith e r  in  its  te r t ia ry  s ta te  or a f te r  
be ing  q u a te rn ized  w ith  m e th y l iod ide; th e  f irs t com pound, on th e  o th e r
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h a n d , gave th e  lac to n e  o f N ^-carboxym ethy l- 3 ,6 -d ih y d ro x y tro p an iu m  iodide 
w hen t re a te d  w ith  e th y l io d o ace ta te ; th e  b y -p ro d u c t w as th e  co rrespond ing  
q u a te rn a ry  es te r sa lt. T his e s te r sa lt could  also he tran sfo rm ed  in to  th e  sam e 
lac to n e  b y  d isso lv ing  i t  in  h o t e th an o l or h ea tin g  above th e  m e ltin g  p o in t. S u r­
p rising  was th e  b eh av io u r o f nor-tropane-3a,6 /?-dio l-N -acetic  acid  e th y l e s te r 
d u ring  acid  h y d ro lysis , since th e  hyd roch lo ride  o f th e  co rrespond ing  
N -acetic  ac id  w as fo rm ed; th e  CH2COOH group  o f th is  com p o u n d  m u st 
assum e th e re in  N a co n figu ra tion .

E n tire ly  d iffe ren t was th e  beh av io u r of oscine: w ith  e th y l io d o ace ta te  a 
lac to n e  sa lt was d irec tly  fo rm ed; th is  w as o b ta in ab le  also from  scopolam ine 
F ig . 126).

N -e th o x y ca rb o n y lm eth y la tio n  o f nor-oscine gave a te r t ia r y  e s te r  w hich 
a ffo rded  an  e s te r  sa lt, besides th e  N -epim eric lac to n e  sa lt, on t r e a tm e n t w ith  
m e th y l iodide. S apon ifica tion  o f th e  te r t ia ry  e s te r sa lt y ie lded  a tria lk y l-  
am m onium  sa lt o f th e  lac tone . T hus, th e  ste reo sp ec ifity  o f  q u a te rn iz a tio n  
holds no longer tru e  for th e  case o f  a tro p a n e  ske le ton  w ith  a 3 ,6-bridge. 
T he in te rp re ta tio n  o f th is  d iffe ren t b eh av io u r in  com parison  w ith  oscine 
d e riv a tiv es  w ill be g iven on p . 134.

W hen  reor-ecgoninol was a lk y la ted  w ith  e th y l io d o ace ta te  an d  th e  t e r ­
t ia ry  am in o este r su b seq u en tly  m e th y la te d  b y  m eans of m e th y l iod ide, th e  
p ro d u c t w as th e  lac to n e  o f N a-carboxym ethy l-2 /?-hydroxym ethy l-3 /5 -hydroxy- 
tro p a n iu m  iodide, in  ad d itio n  to  th e  co rrespond ing  es te r sa lt [63] (F ig . 127).

Fig. 127
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In te re s tin g ly , th e  op tica l ro ta to ry  pow er o f th e  lac to n e  sa lt w as 
[a ]D =  + 0 ° ,  w hile th e  b e ta in e  p rep a red  from  th is  com pound  b y  rin g  opening 
w ith  m oist silver oxide gave, a f te r  t re a tm e n t w ith  hyd roch lo ric  acid , a highly  
laevorotatory N -carboxym ethoch lo ride  o f ecgoninol. D irec t q u a te rn iz a tio n  of 
d iacety lecgon ino l b y  m e th y l iodide re su lted  in  th e  fo rm atio n  of d iacety l- 
ecgoninol-N -acetic  e s te r m eth iod ide , a n d  th e  hyd ro lysis  o f th is  p ro d u c t 
y ie lded  th e  dextrorotatory N ft-carb o x y m eth o  chloride o f  ecgoninol.

F ro m  th e  above re su lt, considering  th e  a lread y  asce rta in ed  ab so lu te  
2R  : 3S con fig u ra tio n  o f cocaine [86], th e  ab so lu te  co n fig u ra tio n  of th e  lac to n e

sa lt could  be g iven as (N R  : 2R  : 3 S )-N -carb o x y m eth y l-2 -h y d ro x y m eth y l-3 - 
h y d ro x y tro p a n iu m  iodide [52, 54] (F ig. 128).

T he m eth o d  o f ‘n o rm a l’ an d  ‘rev erse’ q u a te rn iz a tio n  ren d ered  possible 
also th e  p re p a ra tio n  o f th e  esters o f  N -epim eric carboxy lic  acids co rresponding  
to  th e  lac to n e  sa lts ; th e  con figu ra tions o f th e  p ro d u c ts  (F igs 125 —128) follow 
a u to m a tic a lly . In  th e  case o f th e  q u a te rn a ry  sa lts o f ecgoninol, w ich is a cocaine 
d e riv a tiv e  of a lread y  know n ab so lu te  con fig u ra tio n  [90], th ese  con figu ra tions 
rep re sen t th e  ab so lu te  ones a t  th e  sam e tim e  (F igs 127 a n d  128). T he sam e 
holds tru e  fo r th e  ca rb o x y m e th y lb e ta in e  of te lo id ine  (F ig . 117) h av in g  a 
m esoid  s tru c tu re . W ith  th e  conclusion o f th e  in v estig a tio n s b eg u n  b y  th e  
H u n g a rian  au th o rs  [75] for estab lish in g  a co n fig u ra tio n a l co rre la tio n  betw een  
3a ,6 /?-d ihydroxy tropane an d  oscine (deduc tion  to  th e  s te ric  s tru c tu re  of 
y -h y droxypro line), p re sen tly  g iven re la tiv e  con figu ra tions w ill a u to m a tica lly  
becom e equal e ith e r  to  th e  abso lu te  ones or to  th e ir  m irro r-im ages.

T hese are th e  v e ry  f irs t  o rgan ic  n itro g en  com pounds in  w hich th e  
abso lu te  con fig u ra tio n  of th e  asy m m etric  n itro g en  a to m  is defin ite ly  know n.

The p re p a ra tio n  o f these  com pounds an d  asce rta in in g  o f th e ir  s te ric  
s tru c tu re  p resen ts  a com plete ly  new  prob lem  o f n o m en c la tu re . I t  w as solved 
b y  th e  H u n g a ria n  researchers [71] in  ag reem en t w ith  D r R . S. C a h n  (ed ito r 
o f  J .  Chem . Soc., London) as follows. E ach  com pound  h av in g  also a m e th y l



group  on th e  n itro g en  a to m  is a ‘tro p a n iu m ’ sa lt;  th e  s teric  position  o f a 
su b s ti tu e n t p resen t on th e  n itro g en  a to m  in ad d itio n  to  th e  m e th y l group is 
d en o ted  b y  a, i f  i t  is s i tu a te d  in  th e  d irec tio n  o f th e  six -m em bered  ring , an d  
b y  in d ex  6, w hen i t  is in  th e  d irec tio n  of th e  five-m em bered  ring . The 
a d d u c t o f ( +  )-3a ,6 /?-d ihydroxy tropane w ith  e th y l io d o ace ta te  w hich  is capab le  
o f  fo rm ing  a lac to n e  (th u s in d ica tin g  th e  d irec tion  o f its  c a rb o x y m eth y l group 
to w a rd  th e  py rro lid in e  ring), e.g., is to  be called (+ )-N j,-e th o x y carb o n y lm eth y l- 
3a ,6 /? -d ih y d ro x y tro p an iu m  iodide, an d  to  its  N -ep im er th e  n am e o f ( +  )-N a- 
e th o x y carb o n y lm eth y l-3 a ,6 /? -d ih y d ro x y tro p an iu m  iodide w ill be assigned.

T he fa c t o f selective, stereospecific  q u a te rn iz a tio n  o f te r t ia ry  am ines 
[212], w hich w as p o in ted  o u t in  connection  w ith  th e  tro p a n e  m odel [44], 
raises th e  questio n  w h e th e r inferences could be d raw n  also concern ing  th e  
co n fig u ra tio n  o f th e  so-called th ird  su b s titu e n t, a tta c h e d  to  th e  n itro g en  a to m  
o f selec tive ly  q u a te rn izab le  tro p a n e  bases.

T he q u o ted  au th o rs  in te rp re t th is  phenom enon  so [45, 48, 49, 52] th a t  
th e  tw o possib le  s teric  positions o f an  a lip h a tic  su b s ti tu e n t, e .g ., th a t  o f th e  
m e th y l g roup , are  n o t eq ua lly  p ro b ab le  even w hen th e  am ine  is s till in  th e  
te r t ia ry  form  in  th e  g round  s ta te  o f th e  tro p a n e  skele ton . E xperience  
show ed th a t  th e  th ird  su b s ti tu e n t w as s itu a te d  in  th e  d irec tio n  to w ard  
th e  p ip erid ine  p a r t  o f th e  m olecule in  a ll cases w here th e  s teric  positions of 
th e  su b s titu e n ts  o f th e  q u a te rn a ry  n itro g en  a to m  ap p eared  to  be ex p erim en ta lly  
d em o n strab le ; from  th is  fa c t th e  conclusion was d raw n  th a t  th is  positio n  w as 
m ore p ro b ab le , an d  en erge tica lly  m ore favoured . In  o rd er to  ex p la in  th is  
a ssu m p tio n , th e  above au th o rs  ta k e  tw o  fac to rs  in to  co n sid era tio n . F irs t, 
th e y  suppose th e  ap p earan ce  o f a P itz e r  s tra in  [15, 151] in  th e  h ig h ly  deform ed 
five-m em bered  rin g  o f tro p a n e s ; th e  m e th y l g roup , in  try in g  to  sh u n  it ,  w ill 
sw ing over in  th e  d irec tion  of th e  p iperid ine  ring . In  th is  la t te r  form  th e  m ole­
cule can  overcom e th e  in te rfe ren ce  of th e  C(3) su b s titu e n ts  w ith  th e  m e th y l 
g roup  b y  a clicking over of th e  six-m em bered  rin g  in to  th e  chair con fo rm ation , 
since no considerab le  in te ra c tio n  can  assert i ts e lf  in  th is  form  betw een  th e  
m e th y l g roup  an d  th e  h y d rogen  a to m s, or th e  h y d ro x y l g roup  o f th e  ring . 
T he o th e r fac to r  is th e  hyd ro g en  bridge  w hich can  be fo rm ed  especially  in  
case o f tro p a n e  de riv a tiv es  con ta in in g  a h y d ro x y l g roup  on th e  endoe thy lene  
b ridge , such  as 3a ,6 /?-d ihydroxy tropane, oscine an d  te lo id in e . T his bo n d  can  
obv iously  be estab lished  on ly  b y  th e  u n sh ared  e lec tro n  p a irs  o f th e  
n itro g en  a to m . T h a t am o u n ts  to  say ing  th a t  th e  N -m e th y l g roup  w ill 
be shoved  aw ay  in  th e  d irec tion  of th e  p iperid ine  ring . W ith  th e  m en tioned  
tro p an e-6 -o l d e riv a tiv es  th ese  tw o effects ap p ea r p ara lle l, an d  b o th  p rom ote  
th e  o rie n ta tio n  o f th e  n itro g en  a to m  in  th e  m ean ing  described  b y  th e  H u n g a ria n  
au th o rs .

On th e  o th e r h an d , th e  sam e phenom enon  can n o t be ex p ec ted  in  th e  case 
o f com pounds con ta in in g  a h y d ro x y l group of syn  s te ric  position  in  th e  p ip e ri­
dine ring , such  as syn -3 -tropano l or 2 /?-hydroxym ethyltropane-3/?-ol (ecgoninol): 
one shou ld  ra th e r  reckon  here  w ith  th e  fo rm atio n  o f a h y d ro g en  bridge  betw een  
th e  C(2) m e th y lo l group (or C(3) h y d ro x y l group) an d  th e  n itro g en  a to m . Con­
s id e ra tio n  o f th e  P itze r  s tra in  p reva iling  in  th e  five-m em bered  ring , an d  of th e  
h y d rogen  b o n d  in  th e  six -m em bered  cycle re su lt now  in  th e  a n tic ip a tio n  of 
tw o  d iffe ren t s teric  positions o f th e  m e th y l g roup ; th e  re la tiv e  p ro b a b ility  o f 
th e  s teric  position  of th e  su b s titu e n ts  w ill be d e te rm in ed  b y  th e  effect w hich  is 
s tro n g er th a n  th e  o th er. A nyw ay, each ex p erim en t carried  o u t in  connection  
w ith  th e  n o rm a l or reverse  q u a te rn iza tio n  of ecgoninol an d  nor-ecgoninol

X34 STEREOCHEM ISTRY OF ALKALOIDS



TR 0PA N E S 135

in d ica ted  th e  fa c t th a t  th e  m e th y l g roup  becam e m ore fre q u e n tly  s itu a te d  
over th e  p iperid ine  rin g  (F ig . 121); th is  evidence show s [63] th a t  th e  P itz e r  
s tra in  is th e  p reva iling  fac to r  also in  th is  case. T he th ird  fac to r, w hich  was 
p o in ted  o u t to  th e  a u th o r  b y  B a r t o n  [11], is th e  follow ing: in  th e  1 ,3 -d iax ia lly  
s u b s ti tu te d  cyclohexane ring , th e  b u lk ie s t su b s ti tu e n t on C(2) is m ost s tab le  
w hen  in  axial, trans  position  in  re la tio n  to  th e  m ost vo lum inous neighbouring  
su b s titu e n ts . As regards th e  tro p a n e  d e riv a tiv es , i t  m eans th a t  w hen  th e  
endoe th y len e  b ridge  is fo rm ally  considered  as a p a ir  o f d iax ia l su b s titu e n ts , 
a n  axial position  (i.e., one in  th e  d irec tio n  o f th e  p iperid ine  ring) will be fa r 
m ore p ro b ab le  for th e  th ird  su b s ti tu e n t on th e  in te rm e d ia te  n itro g en  a to m  
th a n  an  equatorial co n fig u ra tio n , i.e ., in c lin a tio n  to w a rd  th e  py rro lid in e  ring .

The a u th o r  an d  co-w orkers carried  o u t an  in te re s tin g  series of experi­
m en ts  [71] w ith  th e  pu rpose  of d em o n stra tin g  th e  ap p earan ce  o f  th e  P itze r  
s tra in . T he m olecular m odels o f 3a ,6 /?-d ihydroxy tropane a n d  oscine w ere 
c o n s tru c te d  accord ing  to  th e  princip les o f descrip tiv e  geom etry . I t  w as show n 
th a t  th e  py rro lid in e  rin g  w as m uch  m ore d is to rte d  in  th e  f irs t  case th a n  in  th e  
second ; a lth o u g h  d efo rm atio n  o f th e  w hole m olecule w as increased  b y  th e  
oxygen  b ridge  connecting  C(3) w ith  C(6) in  oscine, s till th e  angle a  o f  th e  
five-m em bered  ring  w as b y  15° sm aller, an d  th is  m o ie ty  ap p ro ach ed  th u s  th e  
co p lan ar s ta te  considerab ly  b e tte r  (F ig . 129). C onsequen tly , i t  h a d  to  be ta k e n  
in to  co nsidera tion  th a t  th e  m e th o d  o f reversed  q u a te rn iza tio n , w hich is based  
on th e  co n fig u ra tiv e  s ta b ility  o f th e  te r t ia ry  am ine, e.g. on th a t  o f 3 ,6-dihy- 
d ro x y tro p a n e , can  h a rd ly  ho ld  tru e  for th e  case o f oscine. In d eed , in  th e  course 
o f th is  s tu d y  i t  was show n th a t  th e  N -ca rb o x y m eth y l d e riv a tiv e  o f 3 a ,6/3- 
d ih y d ro x y -n o r-tro p an e  w as n o t able a t  all to  fo rm  a lac to n e  w hen  ac ted  upon  
b y  m inera l acids (F ig . 125). This is a p ro o f for th e  N a p o sition  o f th e  carboxy- 
m e th y l group in  th is  com pound , b ased  upon  th e  m en tio n ed  p rincip les of 
n o m en c la tu re . In  c o n tra s t w ith  th is , w hen  th e  N -ca rb o x y m e th y l d e riv a tiv e  
o f nor-oscine is re a c te d  w ith  acids, th e  re su lt is q u a n tita tiv e  lac to n e  fo rm atio n  
(F ig . 126). T hus, in  th is  case no d ifference can  be found  betw een  th e  p ro b a b ility  
o f  one or th e  o th e r o rien ta tio n  for th e  te r t ia ry  s ta te  of oscine, b u t  th e  s ta b ility  
o f th e  re la tiv e ly  m ost s tab le  f in a l p ro d u c t — th e  lac to n e  sa lt — w ill decide on 
th e  m ost p re fe rred  ste ric  p o sitio n  o f th e  th ird  su b s ti tu e n t. T hese tw o re la te d  
com pounds are also d iffe ren t as reg ard s  th e ir  b eh av io u r to  m e th y l iodide. 
W hile th e  3a,6 /3 -d ihydroxy tropane d e riv a tiv e  gives an  ester- a n d  carboxy lic  
acid  d e riv a tiv e  incapab le  of lac to n e  rin g  closure, N -carboxym ethy l-nor-osc ine  
affords tw o d ifferen t m eth iod ides [118] side b y  side, one o f th em  capab le  
o f form ing  a lac to n e  sa lt, w hereas th e  o th e r can  give a ca rb o x y am m o n iu m  sa lt 
only . These fac ts  confirm ed th e  above w orking  hy p o th esis , s ta tin g  th a t  th e
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e x te n t o f  d efo rm atio n  o f th e  p y rro lid ine  rin g  co n trib u te s  to  th e  con figu ra tive  
s ta b ili ty  o f th e  te r t ia ry  tro p a n e  n itro g en . F o r a fu r th e r  ev a lu a tio n  o f th e  
P itz e r  s tra in , th e  a u th o r  an d  K .  K o c z k a  have  s ta r te d  ex perim en ts w ith  p y rro li­
d ine de riv a tiv es , p rim arily  w ith  y -h ydroxypro line .

T he on ly  possible dynam ic  a lte rn a tiv e  opposite  to  th e  above in te rp re ta ­
tio n  o f th e  d iscussed  ex perim en ts w ould  be th e  follow ing. T he so-called th ird  
s u b s ti tu e n t, a tta c h e d  to  th e  n itro g en  a to m , m ay  assum e in  th e  g round  
s ta te  e ith e r  positio n  a or b (F ig . 122) w ith  equal p ro b a b ility , how ever, th e  
a t ta c k  o f th e  ca tio n  (or th a t  o f th e  m olecule b reak in g  off to  afford  th e  cation) 
effecting  th e  q u a te rn iz a tio n  m ay  com e only  from  th e  d irec tio n  o f th e  p y rro ­
lid ine ring . In  th is  w ay, no decided o rien ta tio n  could  be assigned  to  th e  th ird  
su b s ti tu e n t o f th e  n itro g en  a t  th e  te r t ia ry  am ine s tag e ; solely th e  p y rro lid ine  
rin g  w ould co n tro l th e  d irec tion  o f th e  a tta c k , h u t  w ith  no s tab le  o r ie n ta ­
tio n  o f th e  u n sh a red  e lec tron  p a ir. H ow ever, i t  w ould  follow  from  th is  a l te r ­
n a tiv e  co n sid e ra tio n  th a t  th e  ca tio n  to  be in tro d u ced  app roaches th e  m olecule 
from  th e  d irec tio n  o f th e  p y rro lid ine  rin g  also in  th e  cases o f th e  so-called 
in d ire c t q u a te rn iza tio n s , e.g ., w ith  scopolam ine, oscine, 3 ,6 -d ih y d ro x y tro p an e  
or w ith  te lo id ine . B u t in  th is  d irec tion  th e  su b s titu e n ts  a lread y  p re se n t — th e  
epoxide oxygen  o f scopolam ine or even m ore so th e  h y d ro x y ls  o f te lo id ine  
b o u n d  w ith  a hyd ro g en  b ridge  to  n itro g en  — w ould  a t  an y  ra te  give rise  to  
a considerab le  s teric  h in d ran ce  ag a in s t th e  app ro ach in g  ca tio n  ra th e r  th a n  
fa c ilita te  its  a tta c k . T he co n trad ic tio n  is especially  obvious i f  th e  ch a ir con­
fo rm atio n  o f th e  p iperid ine  rin g  in  th e  tro p a n e  sk e le ton  is ta k e n  in to  considera­
tio n , w hich — ju s t  in  th e  case o f scopolam ine de riv a tiv es  — is p ro v ed  to  be 
th e  fa r  m ore p robab le  s ta te  [45a].

In  th is  co n fig u ra tio n , nam ely , n o th in g  w ould  h in d er th e  q u a te rn iz in g  
ca tio n  to  ap p ro ach  from  th e  d irec tio n  o f th e  p ip erid ine  rin g , an d  to  com pel 
th e  orig inally  N a s itu a te d  m e th y l group to  sw ing over in to  th e  s te ric  position  
N b. O n th e  basis of all these  considera tions, th e  s itu a tio n  appears to  be m ore 
p lausib le  w hen  in te rp re te d  accord ing  to  th e  orig inal version  o f F o d o r  e t al. 
[45a, 51].

The co n fig u ra tio n a l s ta b ility  of th e  n itro g en  a to m  o f te r t ia ry  am ines h ad  
been  p rev io u sly  p roved  in  a single case, b y  th e  exam ple  of th e  tricy c lic  T roe- 
ger base. In  th is  case no p o ssib ility  fo r tu rn in g  inside o u t is given, th u s  th e  
o rie n ta tio n  o f th e  p yra m id a l v a len cy  o f te r t ia ry  n itro g en  w as p roved  b y  
th e  re so lv ab ility  of T roeger’s base [150]. T he co n fig u ra tio n a l s ta b ili ty  
o f th e  T roeger base  gives s till no clue for th e  o rien ted  or non -o rien ted  
c h a ra c te r  o f th e  u n sh a red  elec tron  p a ir. T he co n fig u ra tio n a l s ta b ili ty  o f te r t ia ry  
am ines w ith  tro p a n e  skele ton  w as in te rp re te d  b y  th e  c ited  au th o rs  b y  suggest­
in g  th e  te tra h e d ra l o rie n ta tio n  of th e  n itro g en  a to m  in  th is  case, too , i.e ., by  
assum ing  th a t  th e  la t te r  w as to  be fo u n d  in  th e  h y b rid ized  [sp3] s ta te . T h u s , 
th e  d e te rm in ed  v a len cy  o rien ta tio n  [113] o f th e  u n sh a red  e lec tro n  p a ir  o f 
th e  te r t ia ry  tro p an e  am ines can n o t be reg a rd ed  sim ply  as a />-orbital [151], 
b u t  h y b rid ized  as a consequence of [sp3] h y b rid iza tio n .

A n in te re s tin g  co n firm ation  o f th e  a ssu m p tio n  th a t  th e  u n sh a red  e lectron  
p a ir h ad  w ell-defined s teric  o rien ta tio n  in  tro p a n e  d e riv a tiv es  w as recen tly  
c o n tr ib u te d  b y  L e  F e v r e  an d  A r o n e y  as a re su lt o f s tud ies concern ­
ing  th e  p o la rizab ility  o f p iperid ine  an d  m orpholine [4, 5]. T he A u stra lian  
in v es tig a to rs  de te rm in ed  th e  m olecular K e rr  co n stan ts , m olecular re frac tio n s, 
an d  dipole m om ents. I t  was found  th a t  th e  N —H  bonds h ad  axia l position  
in  th e  p iperid ine  ring  (and  also in  m orpholine), an d  o u t o f th e  six  possible
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conform ations o f th e  p ip erid ine  rin g  (F ig . 130) ch a ir form  I I  was th e  m ost 
p ro b ab le . W ith  N -m eth y lp ip e rid in e , a n ea rly  un ifo rm  s ta tis t ic  d is tr ib u tio n  
o f th e  m e th y l group betw een  th e  axia l (II) an d  equatorial (I) s teric  p o sition  
w as found . I t  w as concluded  from  th is  fin d in g  th a t  th e  space re q u irem en t of 
th e  u n sh a red  e lec tron  p a ir  on th e  te r t ia ry  n itro g en  w as g re a te r  th a n  th a t  of 
a hyd ro g en  a to m , being  in  th e  o rd er o f m ag n itu d e  o f th e  space re q u ire m e n t o f 
a m e th y l g roup .

One m ay  refe r here  b ack  to  th e  p ap e r o f F o d o r  an d  L e st y á n  [65] 
who carried  o u t dipole m om en t m easu rem en ts  in  d ioxan , an d  calcu la tions 
concern ing  th e  six  possible conform ations as early  as in  1952, using  4 -hydroxy- 
p iperid ine . F ro m  these  m easu rem en ts an d  from  th e  m olecular re frac tio n  values; 
also th e  p o la rizab ility  w as concluded. T he ca lcu la ted  d ipole m om en ts are 
g iven in  F ig . 131. In  o rder to  d e te rm in e  th e  m ost p ro b ab le  conform ations, 
th e  in d iv id u a l dipoles o f th e  fu n c tio n a l g roups in  th e  m olecule w ere v ec to ria lly  
ad d ed , u n d e r co nsidera tion  o f th e  angle betw een  th e  p a r tia l  dipoles. T he dipole
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m om en ts  ca lcu la ted  in  th is  w ay  shou ld  be reg a rd ed  to  be f irs t  ap p ro x im atio n s. 
T ak in g  in to  considera tion  th e  d ielec tric  co n stan ts , den sity , an d  th e  re frac tiv e  
ind ices m easu red  fo r th e  D line o f sodium , a dipole m o m en t o f 1.479 was 
estab lish ed .

From these measurements and calculations, as well as on the basis of the fact that N- 
benzoyl-4-piperidinol undergoes N -> 0  acyl migration (even if  only at 150°), the Hungarian 
investigators concluded that in 4-hydroxypiperidine in any case the chair conformation must 
be present, and particularly that form (I) in which the functional groups are in syn, ß position.

These measurements are in agreement with the results of the extensive studies of L e  
F e v h e  and A r o n e y .

T his in te rp re ta tio n  o f th e  s te ric  se lec tiv ity  in  q u a te rn iz a tio n  o f tro p an e  
d e riv a tiv e s  has been  recen tly  c ritic ized  b y  C l o s s  [23]. T he essen tia l po in ts  
o f  th e  polem ics w ere th e  follow ing.

1. T he reac tio n  ra te  of th e  q u a te rn iza tio n  shou ld  in  an y  case be h igher 
th a n  th e  ra te  o f th e  sw inging over o f th e  m e th y l group from  axia l position  in to  
th e  equatorial one. C onsequently , th e  q u a te rn iz a tio n  is con tro lled  b y  k in e tic  
fac to rs .

2. A ccording to  th e  m odel s tud ies o f  th e  A m erican  a u th o r, th e  S tu a r t— 
B riegleb  m odel of tro p a n e  shou ld  reveal a g rea te r  s te ric  com pression in  th e  case 
o f  th e  equatorial s te ric  positio n  of th e  m e th y l g roup  th a n  in  th e  axia l one 
(F ig . 132). This a ssu m p tio n  w as in te rp re te d  b y  M c K e n n a  [123] b y  s ta tin g  
th a t  a group w as, in  general, m ore s tro n g ly  sh ielded  b y  tw o  n e ig h b o u rin g  
axia l g roups o f 1 ,3-position  w hen i t  w as in  th e  equatorial s te ric  position  
th a n  in  th e  stereo isom eric  axia l one. H ow ever, fo rm a tio n  o f th e  tro p a n e  
sk e le ton  b rings ab o u t, accord ing  to  M c K e n n a ,  such  a d efo rm atio n  of th e  
p ip erid in e  ch a ir con fo rm ation  th a t  th e  re su lt is again  a sm aller s te ric  com pres­
sion in  case o f th e  equatorial s te ric  positio n  of th e  m e th y l group .

3. P ro to n m ag n e tic  resonance s tu d ies  o f th e  aqueous so lu tions o f pseudo- 
tro p in e  deu te rioch lo ride  in d ica ted  th e  presence o f b o th  N -epim eric  deu terio - 
chlorides (i.e ., o f tw o Stereom ers w ith  d iffe ren t positions of th e  m e th y l group).

N uclear m ag n etic  resonance  m easu rem en ts w ere also carried  o u t in  acid 
d eu te riu m  oxide so lu tion , an d  th e  area  u n d e r th e  in d iv id u a l m ax im a ev a lu ­
a te d  se m i-q u an tita tiv e ly . The h igher line was a rb itra r ily  assigned to  th e  form  
w ith  equatorial N -m eth y l group . Som e o th e r tro p a n e  bases w ere in v es tig a ted  
also, as deu terioch lo rides , b y  th e  m e th o d  o f n u c lea r m agnetic  resonance, an d  
conclusions w ere d raw n  from  th e  sp ec tra  concern ing  th e  conform ations of 
th e  o rig inal bases. I t  a t tr a c te d  th e  a t te n tio n  of th e  researchers th a t  oscine 
d e riv a tiv es  gave en tire ly  d iffe ren t p ro p o rtio n s o f th e  tw o N -epim eric  d e u te rio ­
chlorides in  com parison  w ith  th e  b icyclic ‘re a l’ tro p an es .
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O ur reflec tions as regards these  a rg u m en ts  are  as follows.
1. N e ith e r  th e  energy  of a c tiv a tio n  nor th e  e n tro p y  o f  th e  process o f  

sw inging over o f a m e th y l group above th e  tro p a n e  n itro g en  a to m  firm ly  
anchored  b y  tw o  valence bonds a re  know n; co n seq u en tly  a n y  a p rio ri 
s ta te m e n ts  concern ing  th e ir  m ag n itu d e  are a rb itra ry  a t  p resen t.

2. As i t  is show n in  F ig . 132, th e  d ifference b e tw een  th e  ste ric  
com pressions an d  th e  tw o  ex trem e positions o f th e  m ethyl g roup  is a c tu a lly  
n o t to o  g rea t. E x is ten ce  o f a P itz e r  s tra in  o f five-m em bered  rings could  be 
den ied  only  on th is  basis. In  th is  case, how ever, th e re  is no d o u b t a b o u t a 
P itz e r  s tra in  ex isting  in  th e  five-m em bered  ring , w hich  shou ld  be even h igher 
in  tro p a n e  th a n  in  cyclopen tane, since th e  1 ,3 -annela tion  resu lts  in  a d is to r ­
t io n  o f th e  positio n  of th e , say , equatorial m e th y l g roup  to w a rd  th e  e th y len ic  
hyd rogen  a tom s. L e t alone th is  a rg u m en t, S tu a r t — B riegleb  m odels are  a t  
p re se n t h a rd ly  su itab le  fo r d raw ing  q u a n tita tiv e  conclusions concern ing  th e  
in terferences o f b ridged  system s like tro p an e , because th e y  are  n o t designed 
w ith  deform ed valence angles ca lcu la ted  for th is  special pu rpose . C onsequen tly , 
in  th is  re sp ec t we can sh are  M c K e n n a ’s  opin ion : “ I f  th e  w ork  o f A r o n e y  
a n d  L e  F e v r e  is ta k e n  in to  acco u n t, an d  also th e  fa c t th a t  w ith  som e ty p es  
o f space-filling  m odels there is not very much difference in  steric compression  
between the two fla n k s  o f  the heterocyclic nitrogen atom, i t  is ev id en t th a t  assess­
m e n t o f th e  p re fe rred  con fo rm ation  o f tro p a n e  bases is a m a tte r  o f som e d iffi­
c u lty ; th e  in te re s tin g  general p rob lem  concern ing  s tereochem ical con tro l in  th e  
q u a te rn iz a tio n  of asy m m etric  bases should , how ever, be less in tra c ta b le ” , 
i.e ., even if  th e  co -o rd ination  o f a s tab le  co n fig u ra tio n  is d is tu rb e d  to  som e 
e x te n t b y  th e  k in e tic  con tro l in  th e  te r t ia ry  phase , th e  p rob lem  of tb e  c o n tr ib u ­
tio n  o f s teric  fac to rs  to  th e  course o f q u a te rn iz a tio n  rem ains a questio n  of 
g enera l in te re s t.

T he ob jec tions of C l o s s  gave fu rth e rm o re  no ex p lan a tio n  fo r th e  com plete  
d isap p earan ce  o f th e  ste reo sp ec ifity  of q u a te rn iz a tio n  p ara lle l w ith  an  obvious 
decrease o f th e  P itz e r  s tra in  in  th e  cases o f oscine (see F igs 126 an d  129) 
a n d  th e  g ra n a ta n o ls ; in  th e  la t te r  case th e  th e rm o d y n am ic  fac to r  becom es 
con tro lling .

3. T he n u c lea r m ag n etic  resonance sp ec tra  w ere ta k e n  n o t w ith  th e  bases, 
b u t  w ith  th e  sa lts  in  acidic aqueous so lu tion . In  th is  case p ro to n s (or deu terons) 
a re  p re sen t in  excess; co n sequen tly  th e  exchange reac tio n  on th e  n itro g en  m ay  
p roceed  b y  electroph ilic  a t ta c k  an d  su b s titu tio n  w ith  th e  inversion  o f the  
m e th y l group.

In  ou r op in ion  th ese  cond itions are n o t connected  closely enough  w ith  
th e  c ircum stances o f q u a te rn iz a tio n  in  an h y d ro u s m ed ium  to  ju s tify  com m on 
conclusions.

T herefore, p ro to n  m agnetic  resonance , dipole m o m en t an d  X -ra y  
in v estig a tio n s w ith  tro p in e  an d  6 /j - h у  d г о x у t  г о p in e inc lud ing  th e  co rre­
spond ing  k e tones are  carried  on in  co llab o ra tio n  w ith  th e  C am bridge an d  
A m ste rd am  U niversities.*

To achieve fin a l se ttle m e n t o f th is  p rob lem , fu r th e r  in v estig a tio n s should  
be m ade in  th e  fu tu re  w ith  th e  use of ( —)-N -carboxym ethyl-nor-3a,6 /?-d i- 
h y d ro x y tro p a n e . T he racem a te  of th is  com pound  failed  to  lac ton ize  [71]. I t

* Psendotropine crystal has an equatorial methyl and intermolecularly H-bonded 
lone electron pair. Dipole moment measurements with a- and /S-3-cyanotropane also 
support that configuration.
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is in ten d ed  now  to  a t te m p t to  force th e  lac to n iza tio n  o f th e  com pound  a t  
d iffe ren t te m p e ra tu re s  u n d e r p o la rim etric  con tro l, an d  d e te rm in e  th e  a c tiv a ­
tio n  energy  o f th e  con fig u ra tio n a l change of th e  c a rb o x y m e th y l group from  
th e  k inetics of th e  reac tio n .

A side from  th e  re su lt of fu r th e r  discussions concern ing  th e  conform ation  
of th e  N -m eth y l group of tertiary  tro p a n e  bases, th e re  is no d o u b t ab o u t th e  
fac t th a t  d e te rm in a tio n  of th e  re la tiv e  an d  also of ab so lu te  con figu ra tions o f  
som e q u a te rn a ry  am m onium  bases was ren d ered  possible f i r s t  b y  th e  stereo- 
sp ec ifity  o f th e  q u a te rn iza tio n  of tro p an e  d eriva tives.

DIOSCORINE

This tro p a n e  (?) a lkalo id  is to d a y  th e  la s t re p re se n ta tiv e  of th e  g roup  w hich  
has n o t y e t  been  m ade accessible b y  to ta l  sy n th esis . I ts  ap p ro x im a te  con­
s t i tu tio n  has been , how ever, m ade o u t w ith  h igh  p ro b a b ility  o f correctness 
b y  m eans o f d eg rad a tio n  reac tio n s, an d  even th e  ab so lu te  co n fig u ra tio n  has 
been re p o rte d  as a sce rta in ed  b y  co rre la tio n . F o r a b e t te r  u n d e rs ta n d in g  of th e  
stereochem ical co rre la tions, c o n s titu tio n  shou ld  be discussed b rie fly  a t  f ir s t .

E lucidation  o f  the C onstitution and o f  the C onfiguration

The alkalo id  of Dioscorea h isp ida  D en n sted t, show ed a positive  L egal 
te s t ,  from  w hich fac t G o r t er , as early  as in  1911, concluded  th e  presence o f 
an  a ,/? -u n sa tu ra ted  lac tone  group . H o fm an n  d eg rad a tio n  o f th e  alkalo id  gave 
a base w ith  th e  em pirica l fo rm ula  o f C13H 21N  w hich p ro d u c t affo rded  tr im e th y l-  
am ine on h e a tin g  w ith  p a llad iu m  charcoal; o th e r  p ro d u c ts  w ere e ith e r  iso- 
b u ty lb en zen e  or ß ,/5 -dim ethylstyrene, depend ing  up o n  th e  a c tiv ity  o f th e  
c a ta ly s t, an d  also an  u nknow n  base was iso la ted . E x h a u s tiv e  m e th y la tio n  o f 
th e  la t te r  com pound re su lted  in  th e  fo rm atio n  o f a h y d ro ca rb o n  hav in g  th e  
em pirica l fo rm u la  Cn H 14, fo r w hich in fra red  sp ec tra l analysis in d ica ted  a 
c o n s titu tio n  o f isobutenyl-cycZ oheptatriene. H y d ro g en a tio n  gave Cl tH 22, b u t  
th e  p ro d u c t d id  n o t ap p ea r to  be id en tica l w ith  sy n th e tic  isobutylcycZoheptane. 
Tw o sy n th e tic  stereo isom eric  N ,N -d im ethy l-3 - an d  4-isobutylcycZoheptyl 
am ines w ere com pared  w ith , b u t  found  again  to  be d iffe ren t from  th e  
H ofm ann  base.

On th e  basis o f th is  evidence, P in d e r  suggested  f irs t  c o n s titu tio n  A  
of a 2 ,3 -an n e la ted  tro p an e-lac to n e  fo r dioscorine [142] (F ig. 133).

T hen  BÜCHI e t al. [6] show ed th a t  d ioscorine gave a diol, ‘dioscorinoP 
on hydrogeno lysis; th e  ozonolysis o f th is  com pound  p roduced  glycollic a ld eh y d e
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Fig. 134

t h a t  th e  k e to  base C8H 13NO from  dioscorine w as n o t id en tica l w ith  
2 -o x o tro p an e , so he w ith d rew  his p rev ious s ta te m e n t. In s te a d , th e  s tru c tu re  
o f 2 -m ethy l-5 -oxo-isoqu inuclid ine , b ased  up o n  renew ed  H o fm an n  d eg rad a tio n  
o f th e  sam e k e to -b ase , has been suggested . I n  consequence, th e  s tru c tu re  
sugg ested  fo r dioscorine w ould  be th a t  show n in F ig . 134. P re se n t a u th o r  is 
e x trem e ly  so rry  to  leave his read ers  in  d o u b t since —  owing to  severa l changes 
in  th e  concep t on th e  s tru c tu re  o f d io sc o rin e —-th e  la s t f in a l decision  seem s 
to  be ta k e n  w ith  re se rv a tio n  a n d  p o stp o n ed  till  th e  to ta l  sy n th esis  o f d ioscorine 
is ach ieved . O nly  th a t  could  ru le  o u t th e  p o ssib ility  o f a re a rra n g em e n t o f th e  
orig inal tro p a n e  sk e le ton  in to  an  isoqu inuclid ine during  degradation.

STERIC STRUCTURE AND BIOGENESIS OF TROPANE ALKALOIDS

Since th e  tim e  of R o b i n s o n ’ s  p ioneering  syn th esis  o f tro p in o n e  [156] and  
his hyp o th esis  concern ing  th e  b io syn thesis  o f th e  tro p a n e  bases in  p la n ts , several 
in v es tig a to rs  h av e  d ea lt w ith  th e  p rob lem  of th e  biogenesis of tro p a n e  a lkalo ids. 
R o b i n s o n  w as th e  f irs t to  syn thesize  tro p in o n e  [157] from  succinic d ia ldehyde , 
m e th y l am ine, an d  ace toned icarboxy lic  acid , a reac tio n  sim ilar to  th e  so-called 
P e tre n k o  — K ritsch en k o  reac tio n  [140] (cf. F igs 71 an d  72). A ll th e se  bu ild ing- 
stones are  sim ple, an d  th e y  are  p resu m ab ly  in  d irec t connection  w ith  th e  c a rb o ­
h y d ra te  an d  am ino acid  m etabo lism , co n seq u en tly  th is  w ay  o f fo rm a tio n  o f  
tro p in o n e  was accep ted  as th e  process w hich  p ro b ab ly  also occurs in  th e  v eg e ta l 
cell. In d eed , S c h ö p f  succeeded in  carry in g  o u t th e  sam e process u n d e r s im u ­
la te d  physio logical cond itions, in  d ilu te  aqueous so lu tio n  an d  a t  a p H  v a lu e

* Unpublished.
** September 2nd, 1961; Chem. and Ind. 1961, 1410.

a n d  a h y d ro x y k e to n e  [6 ,146]. T he la t te r  suffered  re tro -a ld o l reac tio n  on h ea tin g , 
an d  becam e decom posed to  acetone an d  a ke tone , C8H 13ON, w hich w as considered  
f i r s t  to  be 6 -oxo tropane, b u t  id en tif ied  (?) la te r  as 2 -oxo tro p an e  [16, 147].

The fo rm er a ssu m p tio n  induced  B ü c h i  to  form  his w ork ing  hyp o th esis  
invo lv ing  a 6-s jjiro -tro p an ecarb o x y lic lac to n e  (F o rm ulae  B ) ,  fu rth e rm o re  F o d o r , 
H a l m o s  an d  S ó n  to  synthesize*  6 -oxo tropane . This com pound  was p rep a red  
from  6/S-hydroxytropinone b y  C lem m ensen red u c tio n  an d  o x id a tio n  o f th e  C(6) 
h y d ro x y l to  an  oxo-group . T he keto n e  w as n o t id en tica l w ith  th e  m a te ria l 
described  b y  B ü c h i . A r c h e r  [16] could degrade  (—)-anhydroecgon ine  am ide 
to  L -(-(-)-2-oxotropane, an d  id en tify  th is  p ro d u c t w ith  th e  k e to n e , C8H 13ON, 
o b ta in e d  from  dioscorine. C onsequently , th e  n a tu ra l  base w as believed  to  have  
a  C(2) sp iran e  s tru c tu re  ( C )  on th e  tro p a n e  sk e le ton , an d  th e  sam e ab so lu te  
co n fig u ra tio n  as (— )-cocaine. S urprising ly , P i n d e r  e t al.**  re p o rte d  la te r
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to le rab le  for th e  p la n t [170]. T he sam e ex p erim en ta l tech n iq u e  has so fa r  p ro v ed  
successful in  all know n cases o f em ploying  R ob inson ’s m e th o d  to  syn thesize  
3 -tro p an o n es. T hus, e.g ., W i l l s t ä t t e r  [201, 204] p rep a red  in  th e  sam e 
w ay  th e  m e th y l e s te r of trop inone-2 -carboxy lic  acid , w hich is th e  key -in te r- 
m ed ia te  o f th e  syn thesis  of cocaine an d  pseudococaine, s ta r t in g  w ith  th e  m ono­
m e th y l e s te r o f ace toned icarboxy lic  acid , w hile S t o l l ,  B e c k e r  an d  J u c k e r  
[182] condensed m alic d ia ldehyde (2 -h y d ro x y b u tan e -l,4 -d ia l)  u n d er sim ilar 
cond itions to  give 6 -h y d ro x y tro p in o n e . S c h ö p f  an d  A r n o l d  o b ta in ed  6,7- 
d ih y d ro x y tro p an e-3 -o n e , i.e ., te lo id inone from  m eso ta rta ric  d ia ldehyde  [172] 
u n d e r physio logical cond itions. All th ese  ex p erim en ts  show  th a t  th e  tro p a n e  
skele ton  can  a c tu a lly  be b u ilt  up  u n d e r such  circum stances. A n o th e r question  
is t h a t  in  n a tu re  th e re  occur n o t only  op tica lly  in ac tiv e  tro p a n e  de riv a tiv es , 
b u t  also ac tiv e  m od ifica tions, such as cocaine, va lero id ine  e tc ., as well as esters 
o f tro p an o ls  of m esostructure  (e.g. trop ine) fo rm ed  w ith  op tica lly  ac tive  
acids, such  as tro p ic  acid . F ro m  th e  aspec t o f th e  biogenesis o f th e  
tro p a n e  skele ton , th e  f irs t  p rob lem  is th e  m ore in te re s tin g : th e  w ay  of 
fo rm a tio n  o f th e  op tica lly  ac tiv e , i.e ., asy m m etric  tro p an o ls  an d  tro p an e-d io ls . 
T he second case can  be, n am ely , fa irly  easily  ex p la ined : tropane-3 -one , form ed 
w ith o u t th e  ac tio n  of enzym es m ay  en zy m atica lly  becom e red u ced  to  tro p an e - 
3a-ol. T he la t te r  com pound  m ay  th e n  undergo  secondary  este rific a tio n  w hen 
ac ted  upon  b y  a p ro d u c t of m etabo lism  p ro d u ced  in  a d iffe ren t w ay , e .g . 
S (—)-tro p ic  acid  or (—)-a -m e th y lb u ty ric  acid . N a tu ra lly , one m ay  also 
assum e th a t  in  th e  case of th e  f irs t ty p e  o f fo rm atio n  th e  o p tica lly  ac tive  
m alic d ia ldehyde  p roduced  in  th e  course o f th e  c a rb o h y d ra te  m etabo lism  
(or ap p earin g  as a decom position  p ro d u c t o f a sp a rtic  acid), is co n v erted  in to  
6 -hyd ro x y tro p an e-3 -o n e  rea lly  u n d e r so-called physio logical cond itions, i.e ., 
w ith o u t th e  c o n tr ib u tio n  o f enzym es (F ig. 109). H ow ever, in  th e  case o f th e  
cocaine sk e le ton  one m u s t o f necessity  consider an  asy m m etric  syn th esis , a t  
le a s t a stereospecific  red u c tio n  o f th e  tropane-3 -one-2 -carboxy lic  este r, because 
o therw ise  n a tu ra l  cocaine w ould  be accom pan ied  in  th e  Coca le a f  also b y  
racem ic cocaine or som e este r of th e  (-(-[-m odification  [4 8 ,4 9 ]. S c h ö p f  e t  al. 
a tte m p te d  to  e x te n d  th e  spon tan eo u s syn thesis  o f tro p a n e  alkam ines u n d er 
physio log ical cond itions also to  epoxysuccinic d ia ld eh y d e . T his reac tio n , 
how ever, re su lte d  n o t in  th e  fo rm atio n  o f th e  expec ted  scopine (6,7/3-epoxy- 
tropane-3-one) b u t  o f a b icyclic h y d ro x y p y rro lid in e  d e riv a tiv e  [171] (F ig . 110). 
The re su lt show ed th a t ,  in s te a d  of R ob inson  co n densa tion  to  give th e  ex p ec ted  
ke tone , th e  epox ide rin g  w as opened a t  th e  p H  values em ployed , as a re su lt 
o f th e  ac tio n  o f th e  h igh ly  nucleophilic  ace toned icarboxy lic  acid.

K a r r e r  and  K e b r l e  [105] m ak ing  use o f a fo rm er o b se rv a tio n  of 
R o b i n s o n ,  ex ten d ed  th e  m e th o d  o f syn th esiz in g  1 ,4-d ialdehydes also to  
a,(5-dioxocarboxylic acids. T herefo re, i t  is conceivable th a t ,  in s tead  of th e  
u n s ta b le  epoxysuccin ic  d ia ldehyde, its  m ore s tab le  d e riv a tiv e  w ith  one or 
tw o carboxy lic  su b s titu e n ts  w ould serve as th e  k ey -in te rm ed ia te  fo r scopine, 
an d  th e  ca rb o x y l group , becom ing  u n desired  a f te r  ring  closure, could  be 
rem oved  e ith e r  en zy m a tica lly  or spon tan eo u sly .

A ll th e se  w ork ing  hy p o th eses  are , of course, sound  on ly  if  th e y  can 
a c tu a lly  be verified  b y  m eans of th e  iso tope  tra c e r  tech n iq u e . In  th is  fie ld  
th e  n u m b er of such  experim en ts  is increasing . I t  w as show n f irs t  th a t  th e  14C 
a to m  of pu tresc in e  d id  n o t becom e in co rp o ra ted  in to  th e  hyoscyam ine or a t ro ­
p in e  m olecule p roduced  b y  D atura stram onium  [101]. A n o th e r o b se rv a tio n  
o b ta in ed  n o t b y  rad io ac tiv e  tra c e r  tech n iq u e  show ed th a t  feed ing  of orni-
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th in e , a rg in ine [25, 26, 101] an d  also o f p u tresc in e  [26] m easu rab ly  increased  
th e  p ro d u c tio n  of hyoscyam ine in  th e  liv ing  D atura stram onium  p la n t. J a m e s  

s ta te d  th a t  o rn ith in e  was decom posed b y  a vege tab le  oxydase  to  ő-oxo-a-am ino- 
va le ric  acid  [102]. I t  w as suggested  th a t  th e  am ino -n itro g en  o f th is  com pound  
supp lied  th e n  th e  n itro g en  a to m  of th e  tro p a n e  w hich su b seq u en tly  u n d erw en t 
a ‘tra n sm e th y la tio n ’ b y  m eth ion ine  to  give tro p in o n e . I t  shou ld  be m en tioned  
th a t  accord ing  to  R o b i n s o n  [157] a ,a ’-d iam inoad ip ic  acid  an d  c itric  acid  gave 
a sm all am o u n t o f nor-tropane-3-one u n d e r th e  ac tio n  of h y d ro g en  perox ide  
(F ig . 135). T hese acids can  easily  be p roduced  in  vivo  from  hexoses or C3- 
sugars. In  th e  lig h t of th is  ex p erim en t, c ritic ism  m ay  arise in  connection  w ith

th e  w ork ing  hyp o th esis  of C r o m w e l l  [25, 26], accord ing  to  w hich  he reg a rd ed  
p u tresc in e  as th e  source o f succinic d ia ldehyde , an d  supposed  its  fo rm atio n  
th ro u g h  arg in ine an d  o rn ith in e . T he o th e r a lte rn a tiv e  suggested  b y  th is  a u th o r  
sa id  th a t  p u tresc in e  becam e co n v erted  in to  a -am in o b u ty ra ld eh y d e , an d  th e  
gem inal a lkam ine  form  o f th is  com pound  w as fu r th e r  ox id ized  to  2 ,5-dihy- 
d ro x y p y rro lid in e , to  be condensed  f in a lly  w ith  acetone  in to  no r-tro p an o n e  
(F ig . 136). F o r th is  w ork ing  hypo th esis  th e re  is ab so lu te ly  no o th e r sound  
basis th a n  th e  m en tio n ed  feed ing  ex p erim en ts. H ow ever, th e  questio n  in  
w hich  w ay  o rn ith in e  becom es co n v erted  in to  succinic d ia ldehyde  can  be d e fin ite ­
ly  answ ered  only  if  i t  succeeds to  o b ta in  rad io ac tiv e  tro p a n o l este r, e .g ., 
scopolam ine or a tro p in e , from  th e  leaves of A tropa  or D atura  fed  w ith  r e ­
labelled  succinic d ialdehyde.

A n o th e r im p o r ta n t c o n tr ib u tio n  to  th e  know ledge o f th e  fo rm a tio n  o f th e  
tro p a n e  skele ton  in  vivo  w as supp lied  in  1960 b y  M o t h e s ,  K a c z k o w s k i  an d  
S c h ü t t e  [103]. These in v es tig a to rs  fed  D atura metel w ith  a c e ta te -2 -14C an d  
a c e ta te - l-14C. T he ra te  o f in co rp o ra tio n  o f 2-14C acetic  acid  w as a b o u t tw ice 
as h igh , from  w hich fa c t i t  follows th a t  th e  p y rro lid ine  rin g  u n d e rw en t co n d en ­
sa tio n  w ith  tw o m olecules o f a c e ta te , w ith  th e  loss of a ca rboxy l group . Since 
th e re  is no d o u b t ab o u t th e  orig in  of th e  C ^) an d  C(5) carb o n  a to m s o f hyoscy-
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am ine (b o th  are  derived  from  th e  a -ca rb o n  a to m  o f o rn ith in e  [114]), now  i t  is 
know n th a t  a tom s C(2), C(3) an d  C(4) o rig in a te  from  acetic  acid  via  ace to ace tic  
acid . T his re su lt in d ica tes  ace to ace tic  acid  as one o f th e  v e ry  p robab le  b u ild ing  
stones o f th e  tro p a n e  skele ton . As to  th e  w ay  lead ing  from  o rn ith in e  to  tro p in e  
we are s till in  th e  d a rk . M o t h e s  e t al. [103] assum e zlj-pyrro line  as a n  in te r ­
m ed ia te  w hich  m ay  ta k e  up  ace toace tic  acid  to  give p y rro lid in y l ace to ace tic  
acid  an d  th is , in  tu rn ,  b y  en zy m atic  d eh y d ro g en a tio n  m ay  y ie ld  reor-tropinone; 
m e th y la tio n  on th e  n itro g en  a to m  shou ld  ensue a t  a la te r  s tage  (Fig. 137).

H ow ever, th e  possib ility  of o x y d a tiv e  d eam in a tio n  o f o rn ith in e  to  su c ­
cinic a ldehyde as a s tep , follow ed b y  m e th y la tio n  an d  co n d en sa tio n  w ith  
ace to ace tic  acid  has n o t b een  ru led  o u t e ith e r. I n  o rd e r to  check  th e  like lihood  o f 
th is  p a th w a y , th e  a u th o r  an d  his colleagues ( U r e s c h  an d  D u t k a ) succeeded 
in  p rep a rin g  now  C2 : C3 labelled  succinic d ia ldehyde an d  em ploy  i t  in  co-oper­
a tio n  w ith  R o m e i k e ,  in  feed ing  ex p erim en ts  on D atura, in  o rd e r to  a rriv e  a t  
a f in a l se ttle m e n t o f th is  p rob lem . N o serious in co rp o ra tio n  in to  hyoscy- 
am ine w as fo und .





In  th is  course o f re la te d  ex p erim en ts  B o t h n e r - B y  e t al.* h ad  in v e s ti­
g a ted  th e  in co rp o ra tio n  of labelled  a c e ta te - l-C 14 in to  hyoscyam ine b io sy n th e ­
sized b y  ro o ts  o f  D atura stram onium . T he stepw ise d eg rad a tio n  o f th e  alkalo id  
th e y  o b ta in ed  was carried  o u t as show n in  th e  flow  shee t (F ig . 138).

T he essen tia l p o in t is th e  reso lu tio n  of th e  so-called  a -m e th y l-tro p id in e  
follow ed b y  rea rra n g em e n t of th e  op tica lly  ac tiv e  com ponen ts in to  /3-methyl- 
tro p id in e  (l-d im ethy lam inocycZ ohep ta-l,3 -d iene) an d , in  tu rn ,  b y  hydro lysis  
to  cyc/oheptanone. R ed u c tio n  to  cycZoheptanone an d  G rignard  reac tio n  w ith  
/»-ch lorophenylm agnesium  brom ide w ere th e  consecutive step s . T he la s t s tage  
invo lved  o x id a tio n  o f th e  te r t ia ry  carb ino l to  p-ch lo robenzo ic  acid . O nly  
p-ch lo robenzo ic  acid  p rep a red  from  (- |-)a -m e th y ltro p id in e  co n ta in ed  th e  o v er­
w helm ing  m a jo rity  of th e  lab e l, while th e  acid  derived  from  th e  (— )-m od ifica tion  
h ad  none (F ig . l3 8 ). A ccordingly , an  asy m m etric  in co rp o ra tio n  o f th e  ra d io ­
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*  J .  Amer. Chem. Soc. 84, 53 (1962).
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carb o n  to o k  place. T ak in g  in to  considera tion  th a t  accord ing  to  th e  Szent- 
G yörgy i— K reb s cycle 14C -labelled a c e ta te  m u s t be m etabo lized  to  5-14C 
o rn ith in e , one o f th e  b ridgeheads in  th e  tro p a n e  sk e le ton  m u st arise from  
th a t  te rm in a l carbon .

As a co m p lem en ta ry  piece of evidence, s im u ltan eo u sly  w ith  B o t h n e r - B y , 

also L e e t e  succeeded  in  p ro v in g  th e  stereospecific  in co rp o ra tio n  o f a-14C- 
o rn ith in c  in to  th e  tro p in e  m o ie ty  o f hyoscyam ine.*  A ccord ingly , th e re  is 
serious likelihood  o f an  asy m m etrica l in te rm e d ia te  in  hyoscyam ine b io sy n ­
th esis , i. e. e ith e r  Zlj-pyrroline as suggested  b y  ana logy  w ith  n ico tine  b io sy n ­
thesis  b y  M o t h e s ,  or succinic a ldehyde as supposed  b y  R o b i n s o n ,  S c h ö p f  and  
la te ly  b y  th e  p re se n t a u th o r  (F ig . 139). T he m ost s trik in g  o b se rv a tio n  is th a t  
even  racem ic  o rn ith in e  is in co rp o ra ted  stereospecifically  p o in tin g  s tro n g ly  to  
an  asy m m etric  s tep  in  th e  conversion  o f o rn ith in e  in to  tro p in e . I n  our 
op in ion , Z lj-dehydroproline** could be  m ade responsib le  as a n  in te rm e d ia te  
fo r th is  se lec tive  in co rp o ra tio n  — a n  a ssu m p tio n  to  be  checked  in  th e  
n e a r fu tu re  (F ig . 140).

T he bio logical in te rre la tio n s  am ong th e  in d iv id u a l tro p a n e  alkalo ids m ay  be 
rep re sen ted  in  one possib le w ay  accord ing  to  C r o m w e l l ’s  assum p tio n s as 
show n in  F ig . 141. H e considered  6-tropene-3-o l p ro d u ced  b y  th e  en zy m atic  
d eh y d ro g en a tio n  o f tro p in e  to  be th e  p resum ab le  in te rm e d ia te  o f a ll re la ted  
tro p a n e  a lkalo ids, such  as scopolam ine, v a le ro id ine , te lo id ine  or m ete lo id ine . 
T his a ssu m p tio n  w ould  be su p p o rted  p rim arily  b y  th e  fa c t th a t  i t  succeeded 
in  iden tify ingN -m ethy l-Z lg -pyrro line as a co m ponen t p re se n t in B e lla d o n n a [189]. 
A ll suggested  conversions of tro p en o l can  be u n d e rs to o d  w ith  p e rfec t easiness. 
T he m an ifo ld  tra n sfo rm a tio n s  can  be read ily  in te rp re te d  b y  sim ple reac tions, 
like  h y d ra tio n , h y d ro g en a tio n , p e ro x id a tio n , an d  ep o x id a tio n , assum ing

* Amer. Chem. Soc. 84, 55 (1962).
** This has been synthesized from á-phtali midomalonic ester via a-oxo-d-phtalimido 

valerate by F odor and U resch , cf. Lecture A 6 at the X IX th  Congress of IUPAC, 
London, July 12, 1963.

10*
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en zy m atic  ac tions a t  th e  sam e tim e . T he schem e o f P r e o b r a z h e n s k i’s conception  
[153] (F ig . 141) is essen tia lly  th e  sam e; as i t  was m en tio n ed , he re p o rte d  the  
co n d en sa tio n  of m aleic d ia ldehyde to  give tro p en o n e  [152], an d  hoped  to  be 
ab le  to  co n v ert th is  com pound  in to  tro p en o l, th e n  in to  th e  m en tio n ed  alkam ines. 
H ow ever, tro p en o n e  could n o t be p rep a red  su ffic ien tly  w ell in  th is  w ay  [105, 
169, 185], th u s  P r e o b r a z h e n sk i has rem ain ed  in  d e b t for th e  su b seq u en t 
conversions. T he ab ove-m en tioned  ex p erim en ts  o f th e  H u n g a ria n  a u th o r  led 
f in a lly  to  th e  successful p re p a ra tio n  o f tro p en o l, th e  key  to  check th e  above 
h y p o th es is  o f b io syn thesis  [72]. A nyhow , in  vitro conversions o f th is  com pound 
in to  tro p a n e  alkam ines is in  itse lf  s till n o t conclusive p ro o f for its  be ing  th e  
com m on in te rm e d ia te  o f a ll tro p an e  bases.*

F ig .  141

T r a u t n e r  show ed in  th e  course o f his sy s tem a tic  s tud ies [189] th a t  
tro p a n e  bases p roduced  b y  th e  v eg e ta l fam ily  o f Solanaceae belonged  to  tw o 
d iffe ren t an d  d is tin c tly  d e lim ited  system s o f a lkalo ids. In  th e  so-called hyoscine- 
system  scopine, ^J-tropine, va le rin e  an d  te lo id in e  a re  fo rm ed . F ro m  am ong 
th ese , scopine is este rified  b y  tro p ic  acid , b u t  th e  bases occurring  in  sm aller 
am o u n ts  b y  isoprenoid  carboxy lic  acids. T rop ine  its e lf  is, how ever, com plete ly  
m issing  from  th is  sy stem  o f alkalo ids. T he f irs t  a lka lo id  sy stem  occurs in  
D uboisia myoporoides as w ell as in  D atura meteloides. In  th e  o th e r, so-called 
h y оscyam ine-system  (of D uboisia Leichard itii)  an d  in  som e so u th e rn  species 
o f D uboisia myoporoides, T r a u t n e r  found  on ly  tro p in e  an d  n o r-tro p in e , w hich 
w ere este rified  b y  tro p ic  acid , a tro p ic  acid , an d  in  sm aller am o u n ts  also b y  
isopreno id  carboxy lic  acids. T he process o f e s te rific a tio n  is th u s  m anifo ld . 
Som e bases occur in  th e  p la n t also in  th e  free s ta te . H ow ever, in  these  p la n ts  
no scopine, i/)-tropine or h y d ro x y  bases are found .

T hese tw o  system s o f alkalo ids d iffer from  each  o th e r n o t on ly  as 
reg ard s  th e  degree o f ox id a tio n . All th ese  fac ts  c o n tra d ic t th e  s ta te m e n t of 
C r o m w e l l , accord ing  to  w h ich  s a tu ra te d  bases, e.g. tro p in e , w ould be th e

* In 1962 F o d o r  and S. Kiss succeeded in oxidizing 6-tropen-3a-yl acetate into 
3-acetylteloidine.
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precursors o f th e  oxidized an d  d eh y d ro g en a ted  ones [25, 26]. E v en  i f  i t  
w ere successful to  prove th e  fa c t o f d eh y d ro g en a tio n  occurring  in  th e  
p la n t on th e  C(6) an d  C(7) carbon  a to m s o f tro p a n o l, th is  w ould  n o t y e t 
exp la in  th e  fo rm a tio n  of y’-tro p in e  con ta in in g  a h y d ro x y l g roup  o f syn  s te ric  
positio n  on C(3). H ow ever, i f  one assum es th a t  tw o  d iffe ren t — even  i f  r e la t ­
ed — m echanism s are in  o p era tio n , th e  fo rm a tio n  o f all p ro d u c ts  becom es 
com prehensib le .

T o d ay  i t  w ould  be too  early  to  accep t th e  view s o f C r o m w e l l  an d  
P r e o b r a s h e n s k i  or, on th e  o th e r h a n d , tho se  o f T r a u t n e r  as th e  f in a l so lu ­
tions o f th e  p rob lem . N am ely , K o c z k a  succeeded in  1955, follow ing a sugges­
tio n  o f F o d o r ,  in  d eh y d ro g en a tin g  N -benzy lpy rro lid ine  to  N-benzyl-Z)3 4̂)- 
py rro lin e , using  d ie th y l azo d ica rb o x y la te , a re a g e n t w hich  does n o t occur 
in  n a tu re . One can n o t exclude th e  p o ssib ility  th a t  som e| o th e r  n a tu ra lly  
occurring  com pound , h av in g  an  o x id a tio n —red u c tio n  p o te n tia l s im ila r to  th a t  
o f d ie th y l azo d ica rb o x y la te , m ay  be ab le to  p erfo rm  a s im ila r d eh y d ro g en a ­
tio n  in  th e  v eg e ta l cell, an d  accom plish  th e  tro p in e —>-tropenol (or h yoscyam ine 
—> dehydro -hyoscyam ine) reac tio n  in  th is  w ay . T he fo rm atio n  o f ^ -tro p in e  
accom pany ing  th e  o x y g en a ted  bases, is n o t read ily  exp la ined  b y  an y  o f th e  
m echanism s. H ow ever, i t  shou ld  also be considered  th a t  th e  irreversib le  con­
version  of tro p in e  in to  ^ -tro p in e  can  be execu ted  in  th e  presence o f a n u m b er 
o f o x id a tio n —red u c tio n  c a ta ly s ts . T hus, d isappearance  of tro p in e  from  th e  
p la n t does n o t exclude th e  p o ssib ility  th a t  a n ti-trop ine  was orig inally  p re sen t 
in  i t ,  an d  becam e co n v erted  in to  syn  (y )-tro p in e , because , even  i f  only  ex ­
trem e ly  ra re ly  so fa r, i t  has been  successful to  d e te c t free, n o t  es te rified  t r o ­
p ine  in  th e  liv ing  A tropa  p la n t [189].

A n o th e r in te re s tin g  p rob lem  o f th e  biogenesis o f tro p a n e  a lkalo ids arose 
a f te r  th e  conclusion o f th e  described  stereochem ical researches. N am ely , i t  is 
rem ark ab le  th a t  th e  oxygen-con ta in ing  fu n c tio n a l g roups, e ith e r  h y d ro x y l or 
epoxy , a t  C(e) an d  C(7) are  co n ta in ed  in  a ll tro p a n e  a lkalo ids occurring  in  
n a tu re  alw ays in  syn , ß  position  in  re la tio n  to  th e  n itro g en  a to m . I t  is in te re s tin g  
th a t  in  m ost sy n th e tic  6 (7 )-hydroxy- or presum ably  6 (7 )-a lk o x y tro p an e  d e riv ­
a tiv es  th e  ste ric  position  o f th is  fu n c tio n a l g roup  is th e  sam e as in  th e  n a tu ra l  
p ro d u c t. As co n tra s ted  w ith  th is , S t o l l ,  J u c k e r  e t al. re p o rte d  [182, 183] an 
occasion of condensing  m alic  d ia ldehyde , w hen  sep a ra tio n  o f th e  p roduced  
racem ic  6 -h y d ro x y -tro p in o n e  gave in  a d d itio n  to  th e  (-)-)-6 -h y d ro x y  m od ifica ­
tio n  correspond ing  to  n a tu ra l (—)-valero id ine, also an  epim eric  (—̂ -m o d ifica ­
tio n , an d  n o t th e  la e v o ro ta to ry  m irro r-im age o f th e  fo rm er com pound . T h is 
com pound  w as p resu m ab ly  6 a-h y d ro x y tro p an e-3 -o n e . A  p ro d u c t o f such  
s tru c tu re  has n o t occurred  so fa r  in  n a tu re  accord ing  to  ou r know ledge. As 
observed  b y  S t o l l  an d  J u c k e r  [185], th e  e th e rs  o f 6 -h y d ro x y tro p an e  possess 
ex trem ely  s tro n g  m y d ria tic  ac tion , there fo re  a n u m b er o f com pounds belong­
ing to  th is  ty p e  have  been  p rep a red  [211] in  th e  in s t i tu te  o f S t o l l ,  of K a r r e r ,  
as w ell as in  th e  Boehringer L ab o ra to rie s . F ro m  a s tu d y  o f th e  m odels of th e se  
C(6)- an d  C(7)-su b stitu ted  d e riv a tiv es , K e b r l e  an d  K a r r e r  derived  th e  f in a l 
conclusion th a t  th e  p ro d u c t o b ta in ed  could  be s tab le  on ly  if  th e  oxygen- 
co n ta in in g  fu n c tio n a l group w as in  syn , ß  s te ric  position  re la te d  to  th e  n itrogen  
a to m ; th is  w as th e  m ain  reason  to  ex p la in  th e  fre q u e n t occurrence o f th e  
syn , ß  co n fig u ra tio n  o f these  h y d ro x y l de riv a tiv es , w hich  la t te r  fa c t w as 
considered  to  be only  p robab le  a t  th a t  tim e , b u t  is p ro v ed  since th e n  [48a].

Long since has been  a p ro o f w an ted  concern ing  th e  id e n tity  o f  m e th o x y - 
an d  o th e r a lkox y -d eriv a tiv es  w ith  th e  a lkam ine  com ponen ts o f valero id ine  an d



te lo id ine  as regards th e  co n figu ra tion  o f th e  C6(7) a tom .*  ** D ecision o f th is  p rob lem  
in  th e  a ffirm a tiv e  appears to  ju s tify  th e  a ssu m p tio n  th a t  n a tu ra lly  occurring  
a n d  sy n th e tica lly  p roduced  tro p a n e  alkalo ids h av in g  C6(7) oxygen-con ta in ing  
fu n c tio n a l g roups are b u ilt  up  accord ing  to  th e  sam e p rincip le  o f sy n thesis .

I f  th e  v iew  o f K a r r e r  [105] is accep ted , i t  is supposed  th a t  th e  syn , ß  
s te ric  positio n  o f th e  C6—C7 oxygen  fu n c tio n  is p re d o m in a n t, because th e  
opposite  6a con fig u ra tio n  w ould  re su lt in  an  u n s tab le  m olecu lar s tru c tu re . 
I n  th is  re sp ec t reference shou ld  be m ade to  a re c e n t p u b lica tio n  of A l d e r  
a n d  D o r t m a n n  [1]; th e se  au th o rs , w hen  supposing  th e  syn -co n fig u ra tio n  of 
a ll 6 (7 )-h y d ro x y tro p an es an d  -tropanones, are  o f th e  op in ion  th a t  th is  fo rm  is 
p roduced  d u rin g  th e  condensation  reac tio n , because th e  in tram o lecu la r hyd rogen  
b ridge  p ro m o tes  th is  reac tio n  as a s tab iliz ing  fac to r  in  th e  in te rm ed ia te  
a ,a -d ih y d ro x y  py rro lid ine  (cf. F ig . 72). H ow ever, i f  th e  m ethoxyl d e riv a tiv es  are  
also of th e  sam e co n fig u ra tio n  as th e  h y d ro x y  com pounds (as i t  is p ro v ed  ac tu a lly  
w ith  th e  m o n o m eth o x y  com pound), th e  fo rm er assu m p tio n  is h a rd ly  ten ab le , 
since th e  ex istence  o f a hyd rogen  b o n d  is im possib le in  th e  case of e th e rs . 
F o r a f in a l se ttle m e n t of th is  p rob lem  i t  is necessary  to  a sce rta in  th e  ste ric  
s tru c tu re  of th e  m e th o x y  com pounds exac tly , b y  m eans o f m e th y la tin g  6/?,7/3- 
d ih y d ro x y tro p an e-3 -o n e  or b y  th e  aceto lysis o f 6 ,7 -d im eth o x y tro p an e[4 8 a]. 
F u rth e rm o re , th e  p rob lem  still rem ains to  be solved w h e th e r th e  id en tica l 
s te ric  positions o f th e  oxygen  fu nc tions fo rm ed  in  th ese  com pounds are  b ro u g h t 
ab o u t b y  th e  req u irem en ts  o f stereochem ical s ta b ility , o r are th ese  com pounds 
b u ilt  up  from  a com m on in te rm e d ia te  b y  stereospecific  reac tio n s.

T he m o st recen t re su lts  w ill sh o rtly  ensue. M a r i o n  e t al. fed  o rn ith in e  
m ark ed  w ith  14C on th e  a -ca rb o n  a to m  to  D atura  p la n t [114], an d  iso la ted  
rad io ac tiv e  a tro p in e  an d  rad io in ac tiv e  scopolam ine. T his tra c e r  s tu d y  concerning 
th e  biogenesis o f tro p an e  alkalo ids in d ica tes  th a t  we shou ld  suppose an  in d ep en d ­
e n t w ay  o f fo rm atio n  o f a tro p in e  an d  scopolam ine in  th e  p la n t. H ow ever, 
th e  m ore recen t experim en ts o f M o t h e s  an d  R o m e i k e  [159, 160] in  th e  
R esearch  In s t i tu te  fo r P la n t P hysio logy  o f th e  A cadem y o f B erlin  h as  th ro w n  
new  lig h t up o n  th e  p rob lem  o f biogenesis. N am ely , th e y  found  th a t  w ith  
a young  scission of D atura  p la n t, on C yphom andra, u n ab le  to  produce  alkalo ids 
in  itse lf, feed ing  o f a tro p in e  or hyoscyam ine re su lted  in  th e  p ro d u c tio n  o f (—)- 
h y o sc in e .T h is  p ro d u c t was d e tec ted  in  th e  leaves b y  p ap e r ch ro m ato g rap h y  [160, 
162], an d  iso la ted  la te r  in  th e  form  o f a c ry sta llin e  p ic ra te , w hich  was id en tified  
in  1959 in  th e  la b o ra to ry  o f th e  a u th o r  b y  m icroanalysis an d  m icropo la rom etry .*  * 
I f  we consider now  th a t  th e  b io syn thesis  o f scopolam ine ta k e s  p lace sim ilarly  
as th e  chem ical one b y  th e  o x id a tio n  o f tro p en o l esters  [69, 73], i t  can  be ju s t ly  
assum ed  th a t  w hen hyoscyam ine is a c ted  u p o n  b y  a n y  k in d  o f v eg e ta l d eh y d ro ­
genase th e  com pound  is co n v erted  f ir s t  in to  d eh ydrohyoscyam ine , i.e. in to  
tro p e n y l tro p o y la te , an d  th e n  epoxid ized  b y  a perox idase  enzym e sy stem . 
T he ex p e rim en ta l checking o f th is  hyp o th esis  consisted  o f feeding d eh y d ro ­
h y oscyam ine  to  D atura fe ro x  p la n ts  an d , indeed , i t  has been  successful to
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* In 1958 F odor  and S. K iss succeeded in converting 6-methoxytropinone into 6/S-acet- 
oxytropinone, and 6-methoxytropine into 3a,6/?-diacetoxy tropane, by treatment with acetyl 
bromide; these experiments established the correctness of the above assumption. Lately 6- 
methoxytropine was converted by hydrobromic acid into methyl bromide and 3a, 
6/5-tropandiol.

** F o d o r , G., R o m e ik e , A., J anzsó , G., and K oczor, I.: Epoxidation Experiments 
in vivo w ith Dehydrohyoscyamine and Related Compounds. Tetrahedron Letters 7, 16 —18 
(1959).
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iso la te  ( —)-scopolam ine (hyoscine), w hich c o n stitu te s  a p ro o f for th e  possi­
b il i ty  of co n v ertin g  tro p ic  esters  o f tro p en o l in to  (—)-scopolam ine in  th e  
p la n t. A n e x t ta s k  is to  in v es tig a te  th e  en zy m atic  d eh y d ra tio n  o f S -a tro p in e  
to  S -(— )-d eh y d ro a tro p in e  an d  o b ta in  evidence for th is  reac tio n .

In  fu r th e r  exp erim en ts , R o m eik e  could  iso la te  tw o  new  alkalo ids as 
in te rm e d ia te s , w hen  cut-offs of D atura  w ere fed  to  th e  a lkalo id-free co m b in a­
tio n  o f D atura  ferox  scission of C yphom andra betacea. One o f th e  p ro d u c ts  w as 
d en o ted  as a lkalo id  ‘U \  th e  o th e r as a lkalo id  ‘V ’. T his la t te r  com pound  was 
show n in d eed  to  be an  in te rm e d ia te , since i t  could  be co n v e rted  fu r th e r  b y

c o n tin u ed  feeding to  give hyoscine. R o m e i k e  could  iso la te  3 ,6 -d ihydroxy- 
tro p a n e  as th e  p ro d u c t o f hyd ro lysis  of a lkalo id  ’V ‘ F u rth e rm o re , 6 -h y d ro x y - 
hyoscyam ine , p rep a red  re c e n tly  b y  F o d o r , K o c z o r  an d  J a n z s Ó b y  th e  hyd ro - 
genolysis o f (—)-hyoscine, fo llow ed b y  sep a ra tio n  of th e  tw o  d iaste reo isom ers 
via  d ibenzoy l ta r ta r a te s  w as show n b y  p ap e r ch ro m a to g rap h y  to  be id en tica l 
w ith  alkalo id  ‘V ’. A ccordingly , i t  ap p ears  th a t  h yoscyam ine is ox id ized  in  
th e  p la n t to  hyoscine invo lv in g  th e  in te rm e d ia ry  fo rm a tio n  o f 6 -hydroxy- 
hyoscyam ine, in  w hich process also dehydro h y o scy am in e  m ay  p la y  th e  p a r t  
o f an  in te rm e d ia te , a lth o u g h  th is  la s t p ro d u c t has n o t been  fo u n d  in  th e  p la n t, 
p e rh ap s because o f its  too  q u ick  m etabo lic  decom position . M oreover, i t  could 
be  p ro v ed  (A ugust, I960) in  th a t  w hen ‘n o rm a l’ D atura stram onium  
w as fed  w ith  rad io ac tiv e  14C -m arked  S (—)-hyoscyam ine, all th e  app lied  
ra d io a c tiv ity  becam e d is tr ib u te d  betw een  th e  hyoscine, a lka lo id  ‘V ’ p roduced  
in  th e  p la n t, a n d  som e hyoscyam ine . C onsequen tly , i t  can  be s ta te d  th a t  
oxidation o f  hyoscyam ine to hyoscine follow s the same route in  the alkaloid-free  
p la n t as in  the native one, and  the interm ediate is 6-hydroxyhyoscyam ine in  both 
cases (F ig . 142). In  th e  n e a r fu tu re  rad io ac tiv e  deh y d ro h y o scy am in e  an d  6- 
hy d ro x y h y o scy am in e  w ill b o th  be p rep ared  an d  th e ir  b eh av io u r in v es ti-
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ga ted  b y  feed ing  ex p erim en ts  in  th e  liv ing  p la n t. Feed ing  ex p erim en ts  w ith  
14C-form ic acid  gave m e th y l-14C -m arked hyoscyam ine (70% ) an d  hyoscine 
(30% ). A ll th ese  experim en ts  w ere ca rried  o u t on 2 m o n th s o ld  p la n ts , an d  
fo rm er re su lts  o b ta in ed  w ith  o lder p la n ts  co rrec ted  accord ing ly  [115].

T he tra c e r  stud ies o f L e e t e  in  1960 asce rta in ed  th a t  th e  w hole ra d io ­
a c tiv ity  o f 3-14C -phenylalan ine used  in  p lan t-feed in g  ex perim en ts w as re ta in e d  
in  th e  C(2) carb o n  a to m  of th e  tro p ic  ac id  frag m en t of th e  hyoscyam ine an d  
hyoscine fo rm ed . I t  follows th a t  tro p ic  acid  m u st be fo rm ed  in  vivo  from  p h en y l­
a lan ine , p e rh ap s b y  th e  ro u te  lead ing  th ro u g h  p rep h en ic  acid  as assum ed  b y  
W e n k e r t  [193], an d  show n in  Fig. 143.

E v en  th o u g h  th e  s teric  s tru c tu re  of p rephen ic  acid  h a d  been  ascerta in ed  
b y  P l i e n i n g e r * th is  concep t seem s to  be d isap p ro v ed  in  view  o f some recen t 
b iogenetic  ex p erim en ts . F irs t, G o o d e v e  an d  R a m s t a d * *  found  th a t  try p to -  
phane-3 -14C w as con v erted  b y  D atura stram onium  in to  tro p ic  acid  labelled  
on th e  ca rb o x y l group . O n th e  o th e r h an d , a c c o rd in g to  L e e t e  an d  L o u d e n * * *  
D atura stram onium  p la n ts  a ffo rded  tro p ic  acid  w hich co n ta in ed  th e  w hole labe l 
in  th e  m e th y lo l group . All th ese  v e ry  d iv e rg en t an d  even  co n tra d ic to ry  find ings 
have  b een  a tte m p te d  to  be u n ited  b y  L e e t e  in  supposing  ca rb o x y la tio n  in  
th e  3 positio n  an d  red u c tiv e  d eca rb o x y la tio n  o f th e  p h en y lo x a lacetic  acid  on 
th e  te rm in a l ca rbon  to  give tro p ic  acid , labelled  in  th e  C H 2O H  group . To 
ge t G o o d e v e ’s  find ings w ith  try p to p h a n e  in to  th e  p ic tu re , L e e t e  suggests 
o x id a tiv e  m etabo lism  o f th e  try p to p h a n e  side chain  follow ed b y  in co rp o ra tio n  
o f th e  labelled  carbon  dioxide a t  th e  carbon  a to m  n e x t to  th e  ph en y l group . 
I t  is seen th a t  all these  b iogenetic  theo ries are  s till in  need  of ex p erim en ta l 
su p p o rt as to  th e ir  in te rm ed ia te s .

* Z. Naturforschung l/6b, No. 2, 81 (1961)
** Experientia 1961, 1.24

*** Chem. and Ind. 1962, 405
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IN T R O D U C T IO N
PH A R M A C O LO G IC A L F U N D A M E N T A L  N O T IO N S

T he re la tio n sh ip  b e tw een  chem ical s tru c tu re  an d  physio logical a c tiv ity  
has long since con tin u ed  to  rem ain  th e  cen tra l th eo re tica l p rob lem  o f d rug  
research . T he group  of tro p e in es  has been  found  to  afford  v e ry  usefu l m odel 
com pounds for th is  w ork. T he s te reo ch em istry  o f th is  group w as p recisely  
estab lished , w hich served  as a f irm  basis for th e  chem ist to  s ta r t  d raw ing  
conclusions betw een  th is  p ro p e rty  an d  physio logical a c tiv ity . B esides, special 
im p o rtan ce  w as g iven to  th is  group o f  com pounds b y  th e  fa c t th a t  sy s tem a tic  
m odifica tions o f th e  chem ical s tru c tu re  w ith in  th is  ty p e  led  to  p ro d u c ts  h av in g  
various effects on th e  v eg e ta tiv e  nervous sy stem . T hus a deep in sig h t, never 
ach ieved  here to fo re , could be o b ta in ed  concern ing  th e  re la tio n sh ip  o f a c tiv ity  
an d  co n stitu tio n , or even stereochem ical s tru c tu re . The d iscovery  o f N o v a tro p in  
b y  I sse k u t z  [58] opened  up  new  possib ilities fo r com pounds belonging  to  th e  
series o f p a ra sy m p a th o ly tic  a lky l m o n o q u a te rn a ry  tro p e in es . In  th e  case of 
a ra lk y l m o n o q u a te rn a ry  tro p e in es  it  w as found  [39, 81, 84] th a t  in tro d u c ­
tio n  o f an  a ra lk y l g roup  suspended  p a ra sy m p a th o ly tic  a c tiv ity , b u t  a 
ganglion  b locking  effect ap p eared  a t  th e  sam e tim e . E v a lu a tio n  an d  u tiliz a tio n  
o f th is  fin d in g  resu lted  in  th e  d iscovery  o f G astro p in  b y  N á do r  an d  Gy e r m e k  
in  1954 [40, 82, 85]. N ,N ’-l,4 -x y ly len -b is-tro p e in es  affo rded , on th e  o th e r 
h an d , v e ry  ac tive  com pounds possessing curare-like effect (N á d o r , K ü t t e l , 
I sse k u t z ) [38, 80, 90].

I t  w ere th e  f irs t  re su lts  o f th ese  in v estig a tio n s concern ing  th e  re la tio n ­
sh ip  betw een  s tru c tu re  an d  a c tiv ity  w hich d irec ted  th e  a t te n tio n  to  th e  s te reo ­
chem ical p roblem s o f th e  tro p e in es . T he stereochem ical s tru c tu re s  o f tro p in e  
an d  p seu d o tro p in e  (F o dor  an d  N á d o r ), of cocaine (F odor  an d  K ovács) 
an d  o f scopolam ine (F o do r , K ovács e t al.) were e lu c id a ted  f ir s t ,  w hich was 
follow ed b y  th e  d e te rm in a tio n  of th e  sp a tia l o rie n ta tio n  of th e  p a ir  of 
u n sh a red  e lectrons belonging  to  th e  n itro g en  a to m  o f th e  tro p a n e  skele ton  
(F o do r , L e st y Án , K oczka an d  T óth). These im p o r ta n t re su lts  w ere of g rea t 
assistance  in  th e  course o f fu r th e r  researches on physio logically  ac tiv e  tro p e ­
ines. A n o th e r reason  to  give special in te re s t to  tro p e in es  in  th e  la s t years was 
th e  fa c t th a t  th e ir  ex ac tly  know n ste reo ch em istry  m ade possible th e  collec­
tio n  o f an  a m o u n t o f v a lu ab le  d a ta ;  th ese  w ere o b ta in ed  from  in v estig a tio n s 
ca rried  o u t w ith  so-called m odel com pounds possessing s tru c tu re s  or ac tiv itie s  
sim ilar to  th e  above-m en tioned  substances. The m ost im p o r ta n t th eo re tica l ques­
tio n  concern ing  m odel com pounds is e.g ., w h e th e r th e ir  a c tiv ity  is due to  a 
s tru c tu re  or even  sp a tia l a rran g em en t a c tu a lly  sim ilar to  th a t  o f th e  n a tu ra l  
ac tiv e  agen t, or should  som e o th e r m echan ism , qu ite  in d ep en d en t of th e  
fo rm er, be considered . F o r in stan ce , i t  has n o t been  de te rm in ed  so fa r w h e th e r 
th e  m y d ria tic  a c tiv ity  of eu p h ta lm in e , th e  m odel o f  h o m atro p in e , is due to
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com m on s tru c tu ra l p rincip les, an d  th u s  to  reac tio n  w ith  th e  sam e recep to rs, 
or th e  sam e effect is o b ta in ed  th ro u g h  in fluencing  d iffe ren t recep to rs . E u p h ta l-  
m ine, like h o m atro p in e , is an  ester o f m andelic  acid , nam ely  th a t  o f 1,2,6,6- 
te tra m e th y l-4 -h y d ro x y p ip erid in e , w hich is a basic  alcohol h av in g  th e  skele ton  
o f  p ip erid ine ; in  th is  com pound  also th e  s teric  a rran g em en ts  o f th e  N —C H 3 
a n d  O H  groups are  p ro b ab ly , b u t  n o t decidedly , th e  sam e. H ow ever, i t  is n o t 
know n w h e th e r m ydriasis is due to  b locking  o f th e  p a ra sy m p a th e tic  nerve  
endings o f th e  ocu lom otor nerve  or to  exciting  th e  sy m p h a te tic  m ech a­
n ism  of th e  eye. S im ilar b u t  m ore com plex prob lem s arise in  th e  case of 
com pounds w here s tru c tu ra l analogies are  n o t so sim ple as be tw een  h o ­
m atro p in e  an d  eu p h ta lm in e , an d  w here th e re  is on ly  a th e o re tic a l s im ila ­
r i ty  be tw een  th e  n a tu ra l ac tiv e  ag en t and  th e  m odel com pound . One of 
th e  m ost in te re s tin g  ta sk s  o f th e  research  o f tro p e in es  is, e.g ., th e  
pharm aco log ical s tu d y  of th e  benzilic esters  of h o m a tro p in e  an d  /S-piperidino- 
e th an o l. C om plete e luc ida tion  o f th e  s te reo ch em istry  of h o m atro p in e  w ould 
be of considerab le  assistance  in  solving th is  p rob lem . N am ely , th a t  w ould 
ren d e r possible a se a rc h 'fo r  th e  com m on m echan ism  o f ac tio n  b y  th e  a id  of 
m odel com pounds. A n ad d itio n a l p rob lem  is th e n  th e  research  o f th e  
b iochem ical m echan ism  o f ac tio n , w hich shou ld  also be considered  b y  th e  
p h arm aco log ist as a question  to  be solved.

In  th e  overw helm ing  m a jo rity  o f cases, tro p e in es  exercise th e ir  p h y sio ­
logical a c tiv ity  n ea rly  exclusively  on th e  v eg e ta tiv e  nervous sy stem . As a 
p re req u is ite  o f discussing re la tionsh ips betw een  s tru c tu re  an d  a c tiv ity , i t  is 
ab so lu te ly  necessary  to  get a cq u a in ted  f irs t w ith  som e pharm aco log ical fu n d a ­
m en ta l ideas connected  w ith  th is  p rob lem .

F ro m  th e  m orphological p o in t of v iew , th e  v eg e ta tiv e  nervous sy stem  can 
be d iv ided  in to  th ree  p a r ts . The cen tra l p a r t  m ay  be lis te d  f irs t, w hich  consists 
o f th e  v eg e ta tiv e  cen tres o f th e  h y p o th a lam u s an d  th e  v eg e ta tiv e  nucle i o f 
m edu lla  ob lo n g a ta . N a tu ra lly , th ese  cen tres are  u n d e r a m ore c o n s tan t an d  
h igher con tro l, an d  th e y  are  in  close fu n c tio n a l re la tio n  w ith  th e  h igher co rtica l 
areas. T he second m orphological p a r t  o f th e  v e g e ta tiv e  n ervous sy stem  is th e  
cen trifuga l nerve-fib re  system  in  w hich tw o ty p es  of nerves can be d iffe ren tia ted  
accord ing  to  th e  place of ex it: c ran iosacral nerves, w hich are also called p a ra ­
sy m p a th e tic  nerves (from  th e  b ra in  an d  from  th e  low er p a r t  o f th e  sp inal cord), 
an d  th o raco lu m b ar or sy m p a th e tic  nerves (from  th e  dorsa l an d  lu m b ar v e r­
teb rae ). B o th  groups o f nerves can be d iffe ren tia ted  fu rth e r , an d  i t  is cu sto m ary  
to  speak  ab o u t m edu lla ry  preganglion ic , an d  n o n -m ed u lla ry , so-called p o s t­
ganglionic fib res. T he th ird  m orphological e lem ent is th e  v eg e ta tiv e  ganglion, 
also called synapsis, w hich is to  be found  betw een  th e  p reganglion ic  an d  p o s t­
ganglionic fib res. G anglia can  be found  exclusively  in  connection  w ith  th e  vege­
ta t iv e  nerve  fib res. A ccording to  localiza tion , we m ay  sp eak  o f p a ra sy m p a ­
th e tic  an d  sy m p a th e tic  ganglia. The p a ra sy m p a th e tic  ganglia are  to  be found  
in  th e  effect o rgans, co n sequen tly  th e  postgang lion ic  fib re  s ta r tin g  from  th e  
m edulla  is v e ry  sh o rt, w hereas postganglion ic  fib res  com ing from  sy m p a th e tic  
ganglia are  long.

H ig h ly  im p o r ta n t is th e  fu n c tio n a l role o f th e  te rm in a l a p p a ra tu s  of 
th e  v eg e ta tiv e  nervous sy stem , i.e ., th e  endings o f th e  v eg e ta tiv e  nerve  fib res, 
w here s tim u la tio n s  com ing from  th e  cen tre  are tra n sfe rre d  to  th e  effect 
o rgans. In  connection  w ith  th e  te rm in a l a p p a ra tu s  an d  recep to rs , how ever, 
no d iffe ren tia tio n  o f m orphologically  defined  an d  specified  elem ents can  be 
m ade. Go o dm an  and  Gil m a n  [32] are  o f th e  op in ion  th a t  th e  recep to r or
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effector ch a ra c te r  o f a cell is de te rm in ed  b y  its  physico-chem ical cond itions. 
A ccord ing  to  A nit sc h k o w  [2], fu n c tio n in g  of v eg e ta tiv e  recep to rs  is in  close 
alliance  w ith  th e  p ro te in  an d  c a rb o h y d ra te  m etabo lism  o f cells o f ce rta in  p a r ts  
o f th e  organs.

F ro m  th e  fu n c tio n a l p o in t of v iew , th e  p ic tu re  o f th e  v e g e ta tiv e  nervous 
sy stem  is q u ite  d ifferen t. A nalysis o f its  fu n c tio n  rev ea led  th a t  tw o s tim u la t­
ing  ag en ts  are  lib e ra te d  in  th is  sy stem : acety lcho line  an d  no rad ren a lin e  or 
ad ren a lin e  (sy m p a th in ), resp . In  th is  re sp ec t, i t  is c u s to m ary  to  sp eak  of 
p a ra sy m p a th e tic  an d  sy m p a th e tic  n erv o u s system s w hich  are  opposed  to  each  
o th e r. A t th e  endings of th e  p a ra sy m p a th e tic  nerves acety lcho line  is lib e ra ted , 
w hereas on sy m p a th e tic  te rm in a ls  no rad ren a lin e  is p roduced . This is th e  
reason  w hy also th e  n o tions ‘cholinerg ic’ an d  ‘ad ren erg ic ’ are  cu sto m arily  
used.

T hus, from  th e  fu n c tio n a l aspect, th e  v e g e ta tiv e  nerve  sy stem  can  be 
d iv ided  in to  tw o p a r ts . B o th  p a r ts  h av e  th e ir  cen tres in  th e  h y p o th a lam u s. 
A ccording to  D a l e , K ib ja k o w  an d  F e l d b e r g  [14, 15, 16, 22, 23 , 62] s tim u la ­
tio n  is tra n sfe rre d  in  th e  v eg e ta tiv e  gang lia  b y  a chem ical s tim u la tin g  ag en t, 
n am ely  acety lcho line . H ow ever, one shou ld  also be aw are o f th e  fa c t th a t  
ace ty lcho line  p lays th e  p a r t  o f th e  s tim u la n t n o t on ly  in  th e  p a ra sy m p a th e tic  
b u t  also in  sy m p a th e tic  ganglia . C onsequen tly , all p reganglion ic  fib res are  of 
cholinergic ch a rac te r , an d  on ly  postgang lion ic  sy m p a th e tic  fib res  are o f th e  
ad renerg ic  ty p e . O n th e  te rm in a l a p p a ra tu s  o f th ese  la t te r ,  n o t ace ty lcho line  
b u t  th e  sy m p a th e tic  s tim u la tin g  ag en t is lib e ra ted .

T he ta s k  o f drugs ac tin g  on th e  v eg e ta tiv e  nervous sy s tem  is e ith e r  to  
s tim u la te  or h in d er its  fu n c tio n in g . E lu c id a tio n  of th e  chem ical s tru c tu re  of 
b o th  s tim u la tin g  an d  blocking  agen ts has been  o f v e ry  considerab le  help  in  
fu r th e r  re search  for d rugs. T he d ifficu lty  of researches o f th is  k in d  for cholin- 
ergetic  an d  an tich o lin erg e tic  com pounds w as th e  p ro p e rty  of ace ty lcho line  
to  a c t as a s tim u lu s tran sfe rr in g  ag en t n o t o n ly  on th e  p a ra sy m p a th e tic  
te rm in a ls , b u t  also on th e  ganglia, an d  even on th e  m o to ric  end  p la te s  o f th e  
cross-striped  m uscles. C onsequen tly , th ree  po in ts  of a t ta c k  o f ace ty lcho line  
shou ld  be d is tingu ished . D rug  research  has th e  pu rpose  to  p roduce  com pounds 
h av in g  selective ac tion  possib ly  on only  one o f th ese  p o in ts  of a tta c k . The 
effect o f acety lcho line an d  o th e r cholinergic s tim id a n ts  on th e  p a ra s y m p a th e t­
ic te rm in a l a p p a ra tu s  can  be an tagon ized  b y  tro p e in es , e .g ., b y  a tro p in e  an d  
its  q u a te rn a ry  alky l de riv a tiv es . This p ro p e rty  is show n also b y  com pounds 
consisting  essen tia lly  o f esters  o f am inoalcohols w ith  a ro m a tic  carboxy lic  
acids. The ganglionic fu n c tio n  of acety lcho line can, on th e  o th e r h an d , be b locked 
b y  q u a te rn a ry  a ra lk y l esters o f tro p in e . F o r th e  th ird  p o in t o f a t ta c k  of 
acety lcho line , n am ely  in  th e  m o to ric  end  p la tes  o f s tr ip e d  m uscles, effective 
b locking  agen ts h av e  been found  in  th e  form  of cu rare  an d  s im ila r b is -q u a te r-  
n a ry  com pounds.

As a re su lt o f com m on s tru c tu ra l p rinc ip les, p a ra sy m p a th o m i­
m etic  an d  p a ra sy m p a th o ly tic  com pounds can  m u tu a lly  an tag o n ize  each  
o th e r.

P f e if f e r  [96] was th e  f irs t  to  p o in t o u t th a t  th e  d is tan ce  of th e  ca rb o n y l 
oxygen  from  th e  n itro g en  a to m  was th e  sam e in  all o f th ese  com pounds, a 
p ro p e rty  w hich renders m u tu a l an tag o n ism  possible. B etw een  sy m p a th o m i­
m etic  or sy m p a th o ly tic  ag en ts  on one h an d , an d  ad ren a lin e  on tb e  o th e r, no 
s im ila r  re la tio n sh ip  has been  found  so fa r. T he p a ra sy m p a th o ly tic  a c tiv ity  o f  a 
com pound  is u su a lly  com pared  w ith  th a t  of a tro p in e . To charac terize  ganglion-
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b locking  a c tiv ity  te tra e th y l  am m onium  brom ide, for ganglion  s tim u la tin g  
agen ts te tra m e th y l am m onium  brom ide, an d  fin a lly  to  com pare cu rare-like 
a c tiv ity , d -tu b o cu ra rin e  have  been chosen as th e  reference s ta n d a rd s . F o r an  
easy  su rv ey  an d  s tu d y  of th e  re la tio n sh ip s  betw een  th e  s tru c tu re  an d  a c tiv ity  
o f th ese  com pounds, we have  a rran g ed  availab le  d a ta  in  fo rm  o f tab le s , and  
th e  in te n s ity  of pharm aco log ical a c tiv ity  is given, w herever possible, ch a rac ­
terized  in  re la tio n  to  th e  s ta n d a rd s  in d ica ted  above.*

* This part of the monograph covers the literature of the field to 1960. More 
recent results are to he published in a forthcoming volume.



C H A P T E R  I

T R O P E IN E S  O F PA R A SY M PA T H O L Y T IC  A C T IV IT Y

L a d e n b u r g  [66] w as th e  first to  d en ote  th e  esters o f  trop in e as ‘trop e-  
in e s’ and la id  dow n th e  fo llow in g  stru ctural fea tu res as assu m ed  p rereq uisites  
o f m yd ria tic , i .e .,  a ty p ic a l p a ra sy m p a th o ly tic  action .

1. T he acidic com ponen t to  be esterified  shou ld  co n ta in  a benzene rin g  
an d  a h y d ro x y l g roup;

2. th e  h y d ro x y l group shou ld  be in  th a t  p a r t  o f th e  chain  w hich 
con ta in s th e  carboxy l group .

H ow ever, in v estig a tio n s carried  o u t b y  J o w ett  an d  P y m a n  [61] revea led  
th a t  La d e n b u r g ’s ru les could n o t he generalized . As show n b y  th e  ex p erim en ta l 
resu lts  o f Go ttlieb  [33], tro p in e  esters o f a lip h a tic  acids (w hich w ould  be d e ­
n o ted  to d a y  as trop an -3 -o l esters) are n o t poisonous com pounds. T h u s, ace ty l-, 
succinyl-, an d  la c ty ltro p in e  are  n o t to x ic  on ca ts even  i f  g iven in  large doses, 
such  as 800 m g/kg.

A lthough  to p ica lly  ap p lied  tro p in e  has no d ila tin g  effect on th e  p u p il o f 
th e  eye, tro p e in es  p rep a red  w ith  a lip h a tic  acids produce  a ra th e r  m ark ed  
an d  la s tin g  m y d ria tic  effect. A fu r th e r  ch a rac te ris tic  o f tro p y la c e ta te  is th a t  
i t  considerab ly  raises re flex  ex c itab ility , an d  produces clonic-tonic spasm .

T hese sy m p to m s are  n o t b ro u g h t a b o u t b y  th e  succiny l analogue; 
t re a tm e n t w ith  th is  com pound  resu lts  in  th e  para ly sis  o f th e  an im al. T he 
la c ta te  has no o th e r pharm aco log ical effects w o rth  m en tion ing .

S im ilar effects are  p roduced  b y  th e  above tro p e in es  on th e  h e a r t . In v e s ­
tig a tio n s  concern ing  th is  p o in t o f ac tio n  revealed  th a t  la c ty l d e riv a tiv es , 
be ing  th e  esters o f a h y d ro x y carb o x y lic  acid , have  a m ore p ronounced  p a ra ­
sy m p a th o ly tic  a c tiv ity  th a n  tro p e in es  derived  from  acids co n ta in in g  no h y ­
d ro x y l group . U n fo rtu n a te ly , a g rea t n u m b er of trope ines described  in  li te ra tu re  
has n o t been  su b jec ted  to  co m p ara tiv e  te s ts  carried  o u t sim u ltan eo u sly  or, 
a t  leas t, b y  em ploy ing  th e  sam e m eth o d . T hus, T ab le  I  shows a q u a lita tiv e  
or p a r t ly  q u a n tita tiv e  p ic tu re  a b o u t acy la tin g  groups (R ), th e  in tro d u c tio n  o f 
w hich resu lts  in  a m y d ria tic  ac tio n  o f th e  З а -tro p in e  este r.

F ro m  am ong  th e  various tro p e in es , u n d o u b te d ly  a tro p in e  w as th e  su b ­
je c t  o f th e  m ost d e ta iled  s tu d ies. T he pharm aco logy  o f th is  com pound  was 
exce llen tly  rev iew ed b y  O e t t i n g e n  [92] an d  P f a n k u c h  [95], re sp ec tiv e ly . 
D a ta  are  p resen ted  a t  th e  sam e place a b o u t th e  p harm aco logy  o f o th e r  fo r­
m erly  know n trope ines. U n fo rtu n a te ly , these  au th o rs  give no tab le s  of p ro p ­
ertie s  for th e  com parison  o f th ese  com pounds.

H ow ever, th e  conclusion m ay  be d raw n  also from  th is  w ork  th a t  an  effec­
tiv e  m y d ria tic  ag en t can  be o b ta in ed  in  th e  series o f tro p an -3 a-o l este rs , if  
th e  esterify ing  acid  is an  a ro m atic  h y d ro x y carb o x y lic  acid . Since prev ious 
in v estig a tio n s h ad  been on ly  o f in fo rm a to ry  ch a rac te r , re cen tly  E n g e l h a r d t
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T a b le  J
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T a b le  I I
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an d  W ick  [19] carried  o u t a co m p ara tiv e  s tu d y  o f a g rea t n u m b e r of 
te r t ia ry  tro p e in es . The a c tiv ity  o f th e  com pound  in  questio n  w as alw ays 
com pared  w ith  th a t  o f a tro p in e . T he resu lts  of these  ex p erim en ts  are  g iven  in  
T ab le  I I .  I t  is also to  be seen here  th a t  th e  h ighest p a ra sy m p a th o ly tic  a c t iv i ty  
is asso c ia ted  w ith  th e  esters o f h y d ro x y  acids. F u r th e r , i t  shou ld  be n o ted  
th a t  esters w ith  xan th en e-9 -carb o x y lic  an d  benzilic acids are  m ore p o te n t 
ag en ts  th a n  a tro p in e . T hese in v estig a tio n s have  som ew hat m odified  th e  p o in t 
o f v iew  held  p rev io u sly , w hich ascribed  s tro n g  physio logical ac tio n  on ly  to  
d e riv a tiv es  o f  h y d ro x y  acids. N am ely , as i t  is show n in  T ab le  I I ,  th e  te r t ia ry  
form s o f th e  tro p in e  esters o f b o th  fluorene-9 -carboxy lic  ac id  an d  d ipheny l 
ace tic  acid  have  a spasm oly tic  a c tiv ity  equal to  th a t  o f a tro p in e . B esides,
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physiological ac tio n  of a com pound is decisively  in fluenced  b y  its  s le ric  s tru c ­
tu re , such  as th e  position  o f th e  C(3) — O H  group in  re la tio n  to  th e  n itro g en  
a to m ; esters o f pseudo trop ine , e .g ., o f th e  follow ing s tru c tu re

h av e  no m y d ria tic  ac tio n  a t  all. T hus, only  tro p e in es  h av in g  th e  N  an d  О 
a to m s in  an ti-(a ) position  can  excercise an  ac tio n  on th e  p a ra sy m p a th e tic  
te rm in a l a p p a ra tu s . T h a t m eans th a t  th e  ac tio n  is stereospecific . T he N — C H 3 
group  of tro p e in es  has n o t been  th e  su b jec t o f in v es tig a tio n s  from  th e  asp ec t 
o f s tru c tu re -a c tio n  re la tio n sh ip . H ow ever, from  d a ta  av a ilab le  so fa r, th e re  is 
good reaso n  to  d o u b t th a t  o p tim u m  m y d ria tic  a c tiv ity , or, w ith  a ra lk y l 
q u a te rn a ry  com pounds, o p tim u m  ganglion  b locking  ac tio n  is fu rn ish ed  by 
th e  su b s titu e n ts  on th e  n itro g en  a to m . S to ll , L in d e m a n n  e t al. [70, 109, 111, 
112, 114] p rep a red  severa l 6 -a lkoxy trope ines b ea rin g  su b s titu e n ts  on
th e  n itro g en  a to m , b u t  no d e ta iled  in fo rm a tio n  has been  p u b lish ed  so fa r 
ab o u t th e  physio logical ac tio n  of th ese  com pounds. A new  G erm an  p a te n t  
[125] rep o rts  on no rtrop ines h av in g  a su lp h u r-co n ta in in g  su b s titu e n t.

F ro m  am ong th e  norcom pounds, on ly  n o ra tro p in e  has been  in v es tig a ted  
to  a ce rta in  e x te n t [11]. On th e  eye o f th e  ca t, th e  a c tiv ity  o f th ese  d e riv a tiv e s  is 
show n to  be one e ig h th  o f th a t  o f a tro p in e . A n o th e r no rcom pound , nor-l- 
hyoscyam ine has 1/4 a c tiv ity  in  com parison  w ith  a tro p in e . I t  m ig h t be  conclud­
ed from  th is  single re su lt th a t  op tim u m  m y d ria tic  ac tio n  is fu rn ish ed  b y  th e  
presence of an  N -alky l group . R e la tiv e  ac tiv itie s  o f a tro p in e  a n d  d- a n d  Z-hyos- 
cyam ine w ere s tu d ied  b y  Cu s h n y  [12, 13] as w ell as b y  B a r r o w c l iff  an d  
T u t in  [48]; th e  re su lts  are show n in  T ab le  I I I .

E v en  these  few d a ta  are  su ffic ien t to  in d ica te  th a t  o p tim u m  ac tio n  does 
n o t depend  solely on som e de fin ite  c o n s titu tio n , b u t  also on th e  given s te reo ­
chem ical a rran g em en t. I f  th e  n itro g en  a to m  o f th e  N —C H 3 group o f trop e in es  
is q u a te rn ized  w ith  an  alky l group , p a ra sy m p a th o ly tic  ac tio n  rem ains nearly  
u n ch an g ed  in  com parison  w ith  th e  co rrespond ing  te r t ia ry  com pound ; cen tra l 
s tim u la tin g  p ro p erties , how ever, w hich a re  especially  s tro n g  in  th e  case of 
a tro p in e , w ill d isap p ear. In d eed , a general ru le  o f th eo re tica l p h a rm aceu tica l 
ch em is try  is th a t  q u a te rn iza tio n  b y  m eans o f  a lk y l g roups w ill reduce  cen tra l 
ac tions. I t  is a general p rac tice  to  choose an d  em ploy  everyw here eu m y d rin e  
[21, 36, 53] an d  n o v a tro p in e  [58] from  am ong  th e  p a ra sy m p a th o ly tic  q u a te r ­
n a ry  a lk y l tro p in e  sa lts . T he f irs t  com pound  is th e  m e th o n itra te  of a tro p in e  
an d  th e  second th a t  o f h o m atro p in e  (tro p in e  m an d e la te ). B o th  d e riv a tiv es  are 
less to x ic  th a n  th e  p a re n t com pounds. P rev io u sly  also th e  use o f gen a tro p in e  
(N -oxide o f a tro p in e) [43, 98, 116] w as accep ted , w hich is less poisonous th a n  
a tro p in e .
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T a b le  I I I

Parasympatholytic action I Atropine j  /-Hyoscyamine | d-Hyoscyamine
__________________________ I_________________ I_________________I_________________

Action against salivation
caused by pilocarpine 5/10 ] 1 1/12—1/40

Action against vagus stimu­
lation I 1 1 /25-1 /40

Action on the pupils 5/10 j 1 1/100
Action on isolated intestine 5/10 1

A ccord ing  to  Lie b e r m a n n  an d  L im pach  [69], p seu d о a tro p in e  (tropoyl- 
3 /?-hydroxytropane) has no m y d ria tic  ac tion .

E n g e l h a r d t  an d  W ick  [19] p u b lish ed  a d e ta iled  s tu d y  on th e  
in fluence  o f various alky l groups used  in  fo rm ing  q u a te rn a ry  deriv a tiv es . 
T he in v es tig a tio n  com prised  esters o f tro p in e  w ith  benzoic, xan th en e-9 - 
carboxy lic , m andelic  an d  tro p ic  acids. (In  th e  case of a tro p in e  also groups o th e r 
th a n  a lky l w ere stud ied .) T he resu lts  o f th ese  ex p erim en ts  are  sum m arized  
in T ables IV —IX . C om pounds of v e ry  fav o u rab le  ac tio n  h av e  been  o b ta in ed

R =  H 1/100 <  1/100
CH3 1/70 1/200
C2H5 1/100 —
C3H7 —n 1/500 —
C4H9 -ra 1/2000
C5HU—n 1/2500 1/400
C6H13—ra 1/2500
C,H15—n 1/150
C8H17—n 1/50-1/100
C9H19—n 1/50 —
Ci0H21—n 1/30
Cn H23- n  1 /10-1 /25  < 1 /1000
С ^Н щ -п  1/100 <1/1000

w ith  x an th en e-9 -carb o x y lic  acid  an d  tro p ic  acid , especially  in  th e  case of C6 
to  C8 a lky l g roups; benzoic acid  esters w ere useless. T he a c tiv ity  o f th e  above 
com pounds a tta in e d  or even su rpassed  th a t  of a tro p in e ; a t  th e  sam e tim e , th e  
m y d ria tic  side effect, u ndesirab le  in  th is  case, becam e v e ry  considerab ly  re d u ­
ced. A  com parison  of all p roperties in d ica tes  N -n -o c ty l-a tro p in iu m  brom ide 
to  be th e  b e s t; th is  com pound p roved  to  be th e  m ost favourab le  also from  th e



PARASYMPATHOLYTIC ACTIVITY 173

T a b le  V

R RH.

V S——— V Spasmolytic action against Mydriasis after subcutaneous
S \  \  acetylcholine on isolated rat I injection on albino mice

^O -C O -C H  оb
R =  H 1 -1 5 /1 0  1 /5 -17 /10

CH3 1 5 /1 0 -2  1/500
C2H5 1 - 2  1/5
C3H7 - re 1 /10 -1 /20  1/80
C4H9 — re 1/10 1 /100-1/120
C5HU—re 5/6 1 /100-1/120
C6H13- n  1 /2 -1  1/10
C7H16—re 1 1/1000
C8H17—re 3/4 <  1/1200
C9Hle—re 1 /10-1 /15  i < 1 /1200

Table VI

N
VS—----- - Spasmolytic action against Mydriasis after subcutaneous
y \  \  acetylcholine on isolated rat injection on albino mice

^  j and guinea-pig intestine, resp.

\ o - C O - C - O H

XI) I------------- :—
R =  H 15/10 1/15

CH3 12/10 12/10
C2H5 1 /5 -1 /1 0  1 /5 -1 /1 0
C3H, —re 1/10 1/15
C4H9 -re  1/10 1 /50-1 /100
C5H41—re 1/50 1/100
C6H13—re 1/5—1/10 1/200
C7H15—re 1/4 1/100
C8H17—re 1/2 1/100
C9H19—re 1/3 <  1/1000

C10H2l—re 1 /5 -1 /1 0  <  1/1000



174 STRUCTURE AND ACTIVITY OF TROPEINES

T a b le  V I I

Table V III
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Table I X

R CH,

Spasmolytic action against Mydriasis after subcutaneous
-------- V acetylcholine on isolated rat injection on albino mice

j / \  \  and guinea-pig intestine, resp.

^O-CO—СН-/ \
CH„OH At ropi né» X

R =  CH3 ч
> C H - 1/10-1/20 I 1/50

« V
CH34

> CH-CH2-  1/50-1/100 i 1/1000
CH3
CH

3N  CH-CH2CH2-  1/150 1/30-1/40
С Н /
CH3-(CH2)3—CH -  CH—

I 1/50 j 1/1000-1/2000
C2Hä

<J7^-ch,ch,- 1/5 —

CH2= C H -C H 2— I  1/5-1/10 1/5-1/10
C H sC -C H j-  j 1/2—1/4 1/2—2/3
CH3-(C H 2)4-C H = C H -C H 2-  I 1/3—1/4 1/3—1/4
СН3-(С Н 2),-С Н =С Ы -С Н 2-  I 1/10 1/40
CeH5-C H 2-  ! 1/4 1/60-1/100
CeHs-(C H 2)2-C H 2-  1/10-1/25 1/2—2/3
C6H5-(C H 2)4-C H 2-  1 /5-1/10 ! 1/150—1/200
CeH6—(CH2)e—CH2 — 1/15-1/20 j 1/140

<^-C H =C H - 1/3 —1/4 1/10

c \  I I
,C H ~  1/1000 —

< y

"HtCOOH^-с н ,-  I 1/4 1/50-1/100

C4H9COO —(CH2)4— 1/50
CH3—(CH2)4-C H B r-C H B r-C H 2-  1/10-1/15 1/60-1/100

H.c-----CH,
Н .с ^ с н - с н , -  1/50-1/100 1/100

H O -C 2H4-  I 1/4-1/10 1/100

O co- . -  I 1/20-1/50 -

BrCH2—CHBr—CH2— 1/5-1/10 1/600
CH2=C B r-C H 2-  1/10 1/100
CH3-C O -C H 2-  1/10 1/10
C1CH2-  1/5 -
NH2-C O -C H 2-  1/2 -
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th e ra p e u tic  p o in t o f view . This m edicine can  be reg a rd ed  as a selective n e u ro ­
tro p ic  spasm oly tic  ag en t w hich is free o f  side-actions. I t  is to  be n o te d  th a t  no 
pharm aco log ical d ifference has been  observed  betw een  th e  ac tio n  of th e  N- 
d iastereo isom ers (also none in  th e  case of N -n -o c ty l-n o ra tro p in e  m etho- 
brom ide) a lth o u g h  these  com pounds differ in  o th e r  p ro p ertie s , such  as th e  
m elting  po in ts  or in fra red  sp ec tra . On th e  o th e r h a n d , o u r ow n in v estig a tio n s 
[77] rev ea led  a difference betw een  th e  ac tio n  of N -a ra lk y l-N -alk y l an d  di-N - 
a ra lk y l q u a te rn a ry  tro p e in es , w hich becom es especially  p ronounced  in  th e  case 
o f th e  bis q u a te rn a ry  deriv a tiv es .

In  th e  course of a search  for new  spasm oly tic  agen ts, I n g  e t a l. [28 ]  
p rep a red  an d  s tu d ied  various h y d ro x y  esters of tro p in e  an d  pseudo trop ine . 
E v en  these  few  d a ta  w ere enough to  d raw  th e  in ference th a t  th e  spasm oly tic  
a c tiv ity  o f 3/?-acyloxytropanes (pseudotropeines) is, in  general, n o t low er 
th a n  th a t  o f th e  analogous a-esters. This conclusion is su p p o rted  also b y  th e

Table X

R\ W/ CH- ]
N

\ v  \ Y~ Spasmolytic Mydriatic
■/V  \  action action

^O-COR'

R R ' Y A t r o p i n e  =  1

Ж  Ж о  ~ ^  " " "
_  -C -O H  1 1 1

: V ch, \
V /  b CH, Cl 0.01 -

H f x j  Cl 1.5 0.4
CH3 - e -о н  1 1 —
CA  \2)  I 1 I -

/ О
CH3 —C—OH )

4 ?

HQW  I  * )  0 - 3
CH3 ' ф  I 1 0.2 I  -

* The tertiary base was tested
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old experience th a t  th e  benzil este r of pseudotropine, described  b y  H rom atka  and  
K re it m a ir  [57, 65], p roved  to  be a good spasm oly tic  ag en t. F o r th e  sake o f an  
easy  com parison  of ac tiv itie s , te s te d  com pounds a re  lis ted  in  T ables X  and  
X I . T hese stud ies p e rm it d raw ing  th e  h igh ly  im p o rta n t conclusion th a t  th e  
n eu ro tro p ic  spasm oly tic  actions o f trope ines are  n o t para lle l. C onsequently , 
one shou ld  n o t in fer a spasm oly tic  ac tio n  from  a m y d ria tic  effect. T his fac t 
n ecessita tes also a rev ision  of prev ious pharm aco log ical d a ta  ab o u t trope ines, 
in  o rd er to  o b ta in  unequ ivocal conclusions concern ing  th e  re la tio n sh ip  o f 
s tru c tu re  an d  action .

T he ex perim en ts o f I ng an d  h is co-w orkers [28] also inc luded  severa l 
p o ly m e th y len e -b isq u a te rn a ry  tro p e in es; how ever, th e y  re p o rt on ly  ab o u t sp a s­
m oly tic  an d  m y d ria tic  ac tiv itie s , a lth o u g h  i t  is know n th a t  com pounds of 
th is  ty p e  arc  ch a rac te rized  n o t only  b y  a p a ra sy m p a th o ly tic  ac tio n , b u t  also 
b y  a cu rare-like  one. S tru c tu ra l fo rm ulas an d  ac tiv itie s  o f th e  tw o  te s te d  
stereo isom eric  pa irs are show n in  T ab le  X II .

In  th e  course o f a search  for m y d ria tic  or cholinergic agen ts, 
S to ll , J u c k e r  an d  L in d e m a n n  [112] p rep ared  a g rea t n u m b er of 6 -m ethoxy- 
tro p e in es  an d  th e  co rrespond ing  q u a te rn a ry  d e riv a tiv e s . U n fo rtu n a te ly , 
th e  re su lts  o f pharm aco log ical te s ts  w ith  th ese  com pounds, carried  o u t b y  
R o t h l in , T ä sc h l e r , K onzett  an d  Ce r l e t t i [103] are  m en tio n ed  b u t  v e ry  
b rie fly . I t  ap p ears  th a t  6 -m eth o x y tro p an e-3 a-o l b en zo a te  an d  ben z ila te , or 
th e ir  m ethobrom ides, re spec tive ly , were especially  ac tiv e , since pharm aco log ical 
re su lts  are  g iven only fo r these  com pounds (cf. T ab les X I I I  an d  X IV ).

D a ta  o f th ese  tab le s  in d ica te  th a t  com pound  ‘IV ’ is on ly  tw ice as ac tiv e  
as B uscopan  (b u ty lscopo lam in ium  brom ide), a lth o u g h  th e  la t te r  is lis ted  
am ong th e  less effective cholino ly tic  agen ts. A m ore d e ta iled  s tu d y  o f q u a te rn iz - 
ing  groups w ould  u n d o u b ted ly  lead  to  ad d itio n a l useful re su lts . I t  shou ld  be 
n o ted  th a t  com pound  IV  w as d em o n stra ted  to  be in  vivo m ore specific  ag a in st 
neurogenous spasm s th a n  a tro p in e . T he correspond ing  6 -e th o x y  d e riv a tiv e  is 
less ac tiv e  an d  even m ore tox ic . P u b lica tio n  o f th e  d e ta iled  pharm aco log ical 
re su lts  is n ecessary  before i t  is possible to  ju d g e  th e  v alue  of th e  new  evidence 
supp lied  b y  th is  g roup  o f com pounds in  su b s ta n tia tin g  conclusions d raw n  from  
th e  b eh av io u r o f o th e r trope ines concern ing  th e  re la tio n sh ip  o f s tru c tu re  an d  
ac tio n . Im p o r ta n t  is th e  o b se rv a tio n  th a t  tro p a n y l esters  w ith  a h y d ro x y l 
g roup  in  /3-position are  p rac tica lly  ineffec tive, p ro b ab ly  as a consequence of 
th e  fo rm a tio n  o f a hyd ro g en  bond.

T he p ro p e rty  of N -ally l-no rm orph ine  of being  capab le  o f an tag o n iz in g  
m o rp h in  effects p ro m p ted  a research  dealing  w ith  N -a lly l-no ra trop ines and 
o th e r N -a lly ltrope ines. S yn theses of these  com pounds ra n  in to  considerab le 
p re p a ra tiv e  d ifficu lties, in  sp ite  o f all experiences o b ta in ed  w ith  o th e r a n a ­
logous tro p e in es . L a te r , how ever, we succeeded [78] in  syn thesiz ing  N -allyl- 
n o ra tro p in e . T he com pound has no an tagon iz ing  p ro p ertie s  ag a in st a tro p in e , 
an d  its  p a ra sy m p a th o ly tic  a c tiv ity  is n o t h igher th a n  1/10 to  1/20 as com pared  
w ith  a tro p in e .

S im ilar o b se rva tions w ere also m ade b y  o th e r researchers [30] in  
th e  course o f a co m p ara tiv e  in v es tig a tio n  concern ing  tro p in e  an d  N -allyl- 
n o rtro p in e  b en z ila tes . F o r th e  sake o f sim p lic ity , re su lts  a re  sum m arized  in  
T ab le  X V . As i t  is seen, th e  p a ra sy m p a th o ly tic  p ro p erties  o f th e  N -ally l com ­
p o u n d  can n o t be com pared  w ith  th a t  of a tro p in e  or even less w ith  th e  a c tiv ity  
o f  th e  analogous N —C H 3 com pound . O n th e  o th e r h a n d , th e  a lly l com pound  
has a p o te n t local a n aes th e tic  ac tion , b u t i t  is ex trem ely  tox ic  a t  th e  sam e tim e .
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Table X I V

Intestine in  vitro Intestine in  vivo

Q u o t i e n t  j j [ Mydriasis Salivation
Acetyl- Pilo- Vagus Pilo- 1 1
choline carpine stimulation 1 carpine j

___Atropine__ 25 I 33 4 | 5 j 25 20
Compound I \

Atropine 55 55 7 7 I 50
Buscopan

Besides the various quaternary a-alkyl tropeines, the esters of N -alkoxy- 
carbonylm ethyltropinium  salts and quaternary scopolam inium  salts are worth  
m entioning. These com pounds were studied by Ze il e , AüiCKERand W ick [123]. 
These derivatives are characterized by a considerable reduction o f side-effects 
(such as m ydriasis, tachycardia, dryness o f m outh, etc.), w ith  the spasm olytic

Table X V
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Table X V I

a c tiv ity  being  u nchanged  (Tables X V I an d  X V II). O p tim u m  ac tio n  w as found  
in  com pounds co n ta in in g  6- to  8-m em bered  carbon  chains. T he tro p o y lo x y  
group  is, also in  scopolam ine, in  an ti-p o sitio n  in  re la tio n  to  th e  n itro g en  a to m .

Table X V I I



C onsequently , also th is  ag en t is ex p ec ted  to  have  v e ry  s tro n g  p a ra sy m p a th o ly tic  
an d  m y d ria tic  ac tion . B ecause o f th e  h igh  ce n tra l a c tiv ity  (cf. C h ap te r V I), 
scopolam ine is used alm ost exclusively  for m y d ria tic  purposes.

Some esters  o f scopoline have  been  know n for a long tim e  [6]. S c h il ­
l er  [105], how ever, d ea lt on ly  w ith  th e  a ce ta te , b en z ila te  an d  c in n am ate  in 
his pharm aco log ical s tu d y . T hese com pounds, p a r tic u la r ly  th e  c in n am ate , 
caused  th e  narcosis o f frogs, and  h igher doses b ro u g h t a b o u t p ara ly sis . M y d ria t­
ic ac tio n  w as found  in  none o f th e  cases. L a te r  scopo ly lbenzoate  w as tr ied  
ag a in s t seasickness [107]. Mo ffe tt  an d  A sp e r g r e n  [74] re p o rte d  on
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scopoline-plienylcyclopentyl acetate, and the m etliobrom ide o f this com ­
pound. B oth substances have but very slight anticholinergic action.

A ccording to  W ick  [121], am ong recen tly  s tu d ie d  q u a te rn a ry  scopol- 
am in ium  d eriv a tiv es , B uscopan  is u n d o u b te d ly  th e  m ost usefu l know n 
spasm oly tic  ag en t. T ested  com pounds an d  th e ir  a c tiv itie s  are  show n in 
T ab le  X V III . A lthough  B uscopan  is considerab ly  w eaker th a n  a tro p in e  
or th e  o th e r m odern  spasm o ly tic  agen ts, i t  is genera lly  accep ted  as a re su lt 
of its  m uch  m ore re s tr ic te d  side-actions. A n o th e r m ost f re q u e n tly  used 
p a ra sy m p a th o ly tic  tro p e in e  is N -m ethy lscopo lam in ium  b rom ide  (P am in ). 
Mo ffe tt  an d  A sp e r g r e n  [74] em phasized  th e  ad v an tag eo u s  p ro p ertie s  of 
O -ace ty l-m ethy lscopo lam in ium  b rom ide. T he in v es tig a tio n s  o f th ese  re ­
searchers inc luded , in  ad d itio n  to  sim ple q u a te rn a ry  d e riv a tiv es , an d  besides 
th e  h yd rob rom ides an d  m ethobrom ides o f th e  O -acyl d e riv a tiv e s , also som e 
conversion p ro d u c ts  o f scopolam ine. I t  can  be seen from  T ab les X IX  an d  X X  
th a t  n e ith e r  th e  esters w ith  a tro p ic  an d  h y d ra tro p ic  acids, no r th e  O -acyl-

Notes : * The compound is N,N’-hexamethylene-bis-scopolaminium dibromide
** Scopolamine-N-oxide-hydrobromide monohydrate 

*** O-Acetylscopolamine-N-oxide
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* The test was made on rats. Method of V is sh e r  et al. J. Pharmacol. Exp. Therap. 
110, 118 (1954)
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tro p y l d e riv a tiv es  show  an y  special a d v a n ta g e  in  com parison  w ith  n o n -acy la ted  
tro p ic  esters. F ro m  these  d a ta  th e  conclusion m ay  be d raw n  th a t  th e  conversion  
p ro d u c ts  o f scopolam ine are , from  th e  p rac tica l p o in t o f view , n ea rly  o f no 
value, fu rth e rm o re  th e y  have  ra th e r  u n fav o u rab le  a tro p in e  indices and  
to x ic ity  indices. T he q u a te rn a ry  d e riv a tiv es  are, in  general, considerab ly  m ore 
to x ic  th a n  th e  analogous te r t ia ry  com pounds.

A g rea t n u m b er o f  scopoline esters h av e  been  p rep a red  b y  Z e il e  
an d  H e u s n e r  [124], an d  th e ir  pharm aco log ical te s ts  w ere m ade b y  W ic k . 
T hese com pounds, b u t  fo r som e benzilic esters, p roved  to  be v e ry  feeble sp asm o ­
ly tic  agen ts (T able X X I) . T hese re su lts  also in d ica te  th a t  3 -acyloxy  d e riv a tiv es  
are  necessary  to  o b ta in  sy m p a th o ly tic  ac tion .

A m ong som e N -alky l hom ologues o f scopoline, Zie l e  an d  H e u s n e r  [124] 
p rep a red  also th e  N -p ropy l an d  N -n -b u ty l d e riv a tiv es . The in v es tig a tio n  in c lu d ­
ed N -re-propyl-scopoline ben z ila te , to o ; th e  spasm oly tic  a c tiv ity  o f th e  com pound 
a g a in s t ace ty lcho line  was fa irly  w eak, ab o u t 1/1000 o f th a t  o f a tro p in e . 
T his re su lt is w orth  considera tion  for fu tu re  research , since i t  rep resen ts  
a decrease o f a c tiv ity  to  a b o u t 1/140 in  com parison  w ith  th e  N -m eth y l 
analogues also show n in  T ab le  X X I. A fter ad m in is te rin g  non -to x ic  doses, no 
ce n tra l ac tions could be observed  e ith e r in  th e  case o f b en zo a te , O -ethyl- 
b en z ila te  or p h e n y lu re th a n  an d  m an d e la te .

T he b en zh y d ry l e th e r  of scopoline proved  to  be a ra th e r  in ac tiv e  an ti-  
h is tam in ic  ag en t (ab o u t 20 tim es w eaker th a n  B enadry l), an d  its  p a ra sy m p a th o ­
ly tic  a c tiv ity  ag a in st ace ty lcho line  was n o t h igher th a n  1/3 o f th e  effect of 
a tro p in e , e ith er. H ow ever, th e  com pound  has a su rp ris in g ly  s tro n g  local a n ­
a e s th e tic  ac tio n  w hich is 10 tim es g rea te r th a n  th a t  o f cocaine. N o in ju rio u s 
effects on tissu es  w ere rep o rted .

Also th e  O -acyl d e riv a tiv es  o f a tro p in e  an d  scopolam ine a re  pow erfu l 
p a ra sy m p a th o ly tic  ag en ts . A ccording to  th e  s tud ies of H e r m a n , S h aw  an d  
R o se n b l u m  [50], th e ir  an tiace ty lch o lin ic  a c tiv ity  is h a rd ly  less th a n  th a t  of 
a tro p in e . T he ac tio n  is la s tin g ; th is  fa c t m ay  be exp la ined  b y  th e  presence 
o f th e  O -acyl g roup  w hich is on ly  slow ly sp lit off in  th e  organism . C om pounds 
o f  th is  ty p e  are  show n in  T ab le  X X II .

I t  can  be seen from  th e  T ab le  th a t  q u a te rn iz a tio n  b rings ab o u t a de­
crease o f an ti-ace ty lch o lin ic  a c tiv ity . S ecre tio n -in h ib itin g  a c tiv ity , im p o r ta n t 
from  th e  aspec t o f p rac tice , w as s tu d ied  on ra ts  b y  an a lyz ing  th e  co n ten ts  o f 
th e  sto m ach  20 to  22 hours a f te r  ad m in is te rin g  a 350 m g/kg  dose o f th e  com ­
p o u n d . I f  th e  a m o u n t and  p H  o f th e  gastric  ju ice  was know n, th e  acid  co n ten ts  
could  be expressed  in  m illiequ iva len ts/kg . T he resu lts  o f th is  w ork  are  su m m a r­
ized in  T ab le  X X I I I .  As regards th e  tre a tm e n t o f u lcers, th e  au th o rs  are o f th e  
op in ion  th a t  O -p ro p iony la trop ine  m e th o n itra te  is th e  m ost v a lu ab le  am ong 
th e  com pounds lis ted  in  th e  T able . T he o ra l to x ic ity  of th is  ag en t is low, and  
fav o u rab le  re su lts  h av e  been  o b ta in ed  also in  p re lim in ary  ex p erim en ts  on 
h u m an s [4, 49].

T he follow ing conclusions m ay  be d raw n  from  th e  b e h av io u r o f p a ra ­
sy m p a th o ly tic  trop e in es  in v e s tig a te d  so far.

a )  O p tim u m  a c tiv ity  is o b ta in ed  i f  a n  N — C H 3 group is p resen t.
b)  The ac tio n  m ark ed  w ith  acy lo x y tro p an es is show n in com pounds hav in g  

an  a ro m atic  ring . T he а -position  of th e  acy loxy  g roup  is m ore fav o u rab le . 
Besides x an th en e-9 -carb o x y lic  acid , este rifica tio n  w ith  a ry l-a lip h a tic  h y d ro x y  
acids gave th e  m ost effective com pounds; th e  O H  group  m u st be a tta c h e d  to  
th e  carbon  a to m  betw een  th e  rin g  and  ca rboxy l group .
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Table X X I
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Table X X I  continued

R' ЛН,

I Spasmolytic Surface
RO—(  / " V \  '  action against Mydriatic anaesthesia

TT \ s  acetylcholine action tested with
R V. 1% solution

R | R ' J y  A t r o p  i n e  =  1 Cocaine =1

- « K > *  H c i  -  -  ~  1

-OCNHH^) H Cl — — 0

i
-  OCNH ■ o  oc4hs i H Cl — — 5

/OCH,

-O C -N H ^ V ü C H . H Cl < 1 /1000  -  о

'OCH,
!

c)  A p a rt from  th e  acy loxy  group , no su b s titu e n ts  o f fav o u rab le  ac tion  
h av e  been found .

d)  Q u a te rn iza tio n  resu lts  in  th e  d isap p earan ce  o f th e  cen tra l effects 
ch a rac te ris tic  of th e  te r t ia ry  com pounds. V ege ta tive  effects are  n o t, in  general, 
decreased  or, in  each case, th e re  can  be found  a q u a te rn iz in g  g roup  w hich 
prov ides a com pound  a tta in in g  th e  v eg e ta tiv e  a c tiv ity  o f th e  te r t ia ry  base ; 
m ost fav o u rab le  groups are  m e th y l, hexy l, h e p ty l an d  n -octy l. Some q u a te r ­
n a ry  N -ca rb o x y m eth y l de riv a tiv es  are  also ac tive .

Table X X I I

I Antiacetylcholinic action
Name of compound I on isoiated intestine of guineapig

Atropine hydrobromide 0.5 X 10"8
Atropine methobromide 0.6 X 10“8
O-Acetylatropine hydrobromide 0.7 X 10“8
O-Acetylatropine methobromide 0.5 X 10~7
O-Propionylatropine hydrobromide 0.75 X 10“8
O-Propionylatropine methobromide 0.2 X 10'7
O-Valeroylatropine methobromide 0.2 X 10”8
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T a b le  X X I I I

Analysis of gastric juice

Name of compound , Milliequivalents
T'>tal pH of acid per kg
volume j weight of body

Blank experiment j  9.7 <  2.0 2.541

Atropine hydrobromide 1.2 3.9 j 0.329
Atropine methobromide ! 1.7 3.8 | 0.420

O-Acetylatropine hydrobromide l 0.95 4.0 0.480
O-Acetylatropine methobromide 0.48 5.2 0.277
O-Propionylatropine hydrobromide 1.54 5.8 0.227
O-Propionylatropine methonitrate 1.4 4.4 0.206
O-Valeroylatropine methonitrate 1.2 3.3 0.471

Scopolamine hydrobromide 2.2 2.9 ! 1,201
Scopolamine methobromide 1.50 4.6 I 0.508

O-Acetylscopolamine hydrobromide 1.95 3.6 0.368
O-Propionylscopolamine hydrobromide 1.84 3.1 0.981
O-Butyrylscopolamine hydrobromide 2.3 3.5 0.662
O-Valeroylscopolamine hydrobromide 1.17 4.1 0.398
O-iso-Valeroylscopolamine hydrobromide ! 2.0 3.5 0.844
O-Benzoylscopolamine hydrobromide | 1.6 5.6 0.507

(dosis : 250 mg/kg)

O-Acetylscopolamine-N-oxyde hydrobromide 2.7 2.5 0.620
O-Acetylhomatropine hydrobromide | 2.6 2.3 0.950
O-Benzoylhomatropine hydrobromide j 0.7 5.8 0.084

(dose : 200 mg/kg)

S pasm oly tic  an d  m y d ria tic  ac tions are  n o t p ara lle l. S y stem atic  v a ria tio n  
o f th e  s tru c tu re , p rim arily  th a t  o f th e  q u a te rn a ry  groups, can  lead  to  sp asm o ­
ly tic s  w hich possess on ly  m in im al u ndesired  m y d ria tic  side-ac tion . M arked 
m y d ria tic  a c tiv ity  can be expec ted  from  tro p e in es  derived  from  aro m atic  
h y d ro x y  acids an d  from  th e  correspond ing  q u a te rn a ry  N -m eth y ltro p an iu m  
sa lts .



C H A P T E R  II

T R O P E IN E S  W IT H  G A N G LIO N IC  A CTIO N

GANGLION BLOCKING AGENTS

M o n o q u ate rn ary  sa lts  o f tro p e in es , a c tin g  on th e  ganglia an d  a n ta g o n iz ­
ing  th u s  acety lcholine a t  th e  second p o in t o f its  a tta c k , becam e know n  th ro u g h  
th e  researches of N ádor an d  Gy e r m e k  [39, 81 ]. G anglion b locking  ac tio n  
itse lf  was in v es tig a ted  in  th e  ex p lo ra to ry  ex p erim en ts  o f Gy e r m e k  and  
S z t a n y ik  [42 ], w ho found  th a t  th is  effect w as h a rd ly  show n b y  te r t ia ry  tro p e ­
ines. b u t  m ark ed ly  b y  th e  q u a te rn a ry  d eriv a tiv es .

I t  was show n in prev ious experim en ts [79] th a t ,  in  o rd er to  o b ta in  o p ti­
m um  ganglion blocking ac tion , th e  presence of th e  s tru c tu ra l u n its  (a) o r (b)

or, accord ing  to  ou r experiences th e  a rra n g e m en t (c) (F ig . 2) was necessary . 
S tud ies w ith  m odel com pounds revealed  th a t  ganglion s tim u la tin g  a c tiv ity  could  
be suspended  b y  in tro d u c in g  an  a ra lk y l group . To g a th e r in fo rm atio n , sim ple 
a lk y l-a -tro p in iu m  es te r sa lts  w ere syn thesized  f irs t . P harm aco log ica l te s ts  
show ed th a t  a lth o u g h  these  com pounds w ere 2 to  4 tim es as s tro n g  ganglion 
b locking  agen ts as te tra e th y la m m o n iu m  brom ide (T E A ), th e y  h a d  so s tro n g  
p a ra sy m p a th o ly tic  action  a t  th e  sam e tim e  th a t  th e y  could n o t be used  in 
p rac tice .

V ery  im p o r ta n t for fu tu re  research  w as th e  o b se rv a tio n  th a t  th e  ganglion  
b lock ing  a c tiv ity  of a ra lk y l-a -tro p in iu m  d eriv a tiv es  w as n o t w eaker, b u t  m o stly  
s tro n g e r th a n  th a t  o f a lky l com pounds. In  a d d itio n , u n d esired  p a ra sy m p a th o ­
ly tic  ac tio n  o f N -alky l d e riv a tiv es  was reduced  b y  th is  su b s ti tu tio n  to  a 
m in im u m  va lue . C onsequen tly , in s tead  o f q u a te rn a ry  N -a lk y ltro p e in es , th e  
quaternary ara lkyl de riv a tiv es  becam e th e  goal o f sy n th e tic  w ork. The p a ra ­
sym patholytic activity o f  tropeines can be reduced in  this w ay much more effectively  
— and  without decreasing the ganglion blocking properties — than by substitu ting

184
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the aromatic hydroxy acid , which fo rm s the ester w ith the C(3) hydroxyl, by sim pler  
aromatic carboxylic acids.

A ccepted  opinion u n til  now  has been (as m en tio n ed  in  th e  case 
o f  3 -benzoy loxy tropane) th a t  a- and  Д-tropeines m ade w ith  sim ple a ro m atic  
or a lk y la ro m atic  acids, such as benzoic, p h en y lace tic  acid , e tc ., possess no 
usefu l p a ra sy m p a th o ly tic  p ro p erties , how ever, th ese  com pounds h av e  local 
an a e s th e tic  ac tio n , especially  w hen belonging to  th e  Д-series. O n th e  o th e r h an d , 
Irop ine  esters form ed w ith  a lk y la ro m atic  a lcohol-carboxylic  acids (e.g. tro p ic , 
m andelic  acid , e tc .), have  s tro n g  p a ra sy m p a th o ly tic  a c tiv ity  w hich , in  general, 
is n o t decreased  b y  N -a lk y la tio n , especially  b y  N -m eth y la tio n . N ow  i t  was 
found  th a t ,  in  case of trope ines m ade w ith  sim ple a ro m atic  acids, qu a te rn iza - 
tio n  b y  an  alky l group resu lted  n o t in  a p a ra sy m p a th o ly tic  b u t  in  a w ell-defined 
ganglion b locking  ac tion . In  th is  w ay , th e re  are  tw o possib ilities to  o b ta in  
a p o te n t ganglion b locking  agen t in  th e  series o f trop e in es:

a)  F ro m  tro p in e  esters o f a ro m atic  h y d ro x y  acids, on th e  basis o f th e  p r in ­
ciple th a t  p a ra sy m p a th o ly tic  a c tiv ity  is m ark ed ly  reduced  b y  qu a te rn iza - 
t io n  w ith  an  alky l group , an d  a s tro n g  ganglion b locking  ac tio n  appears a t  
th e  sam e tim e .

b)  F ro m  tropeines m ade w ith  sim ple a ro m atic  acids, w here undesired  
p a ra sy m p a th o ly tic  blocking ac tion  need  n o t be considered, b y  fin d in g  a q u a te r ­
n a ry  a -a ra lk y l ca tion ic  su b s titu e n t w hich can assu red ly  su p p ly  th e  desired  
ganglion b locking  ac tion .

B o th  possib ilities have  ad v an tag es  and  d isad v an tag es. In  th e  f irs t  case, 
i t  m u st be considered th a t  th e  p a ra sy m p a th o ly tic  ac tio n  in tro d u ced  b y  th e  
presence o f th e  a ro m atic  h y d ro x y  acid  m ay  n o t com plete ly  d isap p ear. In  
case b) ,  i.e. w ith  sim ple a ro m atic  ca rboxy lic  acids th is  fac to r  m ay  be 
neg lec ted ; how ever, search  for a h igh ly  ac tive  com pound  is less hopefu l in  
th is  series.

A  g rea t n u m b er o f q u a te rn a ry  trope ines was syn th esized  fo r th e  purpose 
o f a carefu l analysis of th is  p rob lem . T ab le  X X IV  shows th e  m ost im p o r ta n t 
ty p es  w ith in  th is  series o f com pounds; o th e r de riv a tiv es  are  described  in  th e  
orig inal p a p e r [86].

A n in d ep en d en t in v es tig a tio n  w as d ev o ted  to  d e te rm in e  th e  in fluence  
o f th e  steric  position  o f th e  C(3) h y d ro x y l group  on th e  a c tiv ity . T he resu lts  of 
these  ex perim en ts are  sum m arized  in  T ab le  X X V . C oncerning th e  re la tio n sh ip  
betw een  chem ical s tru c tu re  and pharm aco log ical ac tion , th e  T ab les p e rm it 
th e  follow ing conclusions.

a)  Q u a te rn iza tio n  w ith  an  a ra lk y l in s te a d  of a m e th y l group alw ays 
re su lts  in  th e  fo rm atio n  of a com pound h av in g  considerab ly  red u ced  p a ra ­
sy m p a th o ly tic  a c tiv ity .

b)  Q u a te rn a ry  N -benzy l-tropeines are , in  general, a t  le a s t as s trong  
ganglion b locking  agen ts as th e  q u a te rn a ry  m eth y l de riv a tiv es , an d  in  several 
cases th e  fo rm er are  even m ore effective.

c) G anglion b locking  ac tion  m ay  considerab ly  be increased  b y  in tro d u c ­
ing  a s u b s ti tu e n t — p re fe rab ly  halogene or ph en y l — in to  p -p o sitio n  on th e  
a ra lk y l g roup .

d )  T he a lip h a tic  carbon  a to m  m u st n o t be su b s titu te d , i.e . th e  n itrogen  
a to m  has to  be a tta c h e d  to  a CH2 group . S u b s titu tio n  on th is  CH2 group  w ould 
ex trem ely  reduce  ganglion b locking  ac tion .

e)  I f  th e  N -ara lk y l group is th e  sam e, tro p e in es  m ade w ith  a ro m atic  
h y d ro x y  acids have  s tro n g er ganglion b locking  ac tio n  th a n  b en zo a tes .
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Ganglion i  Parasym- 
blocking j patholytic

■̂ °* I R ^  action

TEA =  1 i Atropine =  1

N —131 !  CH3 I  I  1 —
N —149 j C2H 5 I II I I  —

N — 192 j  О с я ,  1 j  -

N —180 I CH3 < 0.3 -
—COCH,

N —228 V - ) - 0 ”’ 2  < 0.005

N —308 i  CH3 3  °-08

N —309 0 C H '  - c o c h , ~ Q  4'8 001

N — 351 i  10 < 0.01

N —278 I CH3 5 3  ° - 0 5

N —299 \ Z ) ” CH / С ) 2.0 0.01
-COCH

n -350  ; ( O C O ”1 \ l )  10-° °-01

Novatropine I CH3 4.5 0.13
N —146 ! C2H5 2.2 0.15

N —190 Q - C H .  3-0 0.004

j 'cot O
N — 272 j  chs- < ^ > - ch, 14.0 0.01

N —239 j , 19.0 0.015
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Ganglion Parasympa-
blocking tholytic

No. R R' action

TEA =  1 Atropine =  1

N_ 310 40.0 i 0.01

0 \  / —ч
N —241 pH- — CO—CH— о л

С У  °н

N -2 7 1  Q ^ c H -с н , i . 6

Eumydrine CH3 0.3 1.0

— (~~^-CH, 2.1 0.1

N —259 Cl— —CO—CH— \  7.5 0.1

CH2OH
N —243 Br- ( > C H ,  8.5 0.07

N —399 U n  18.0 0.08
Gastropine '—' \—/
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T a b l e  X X V

Ganglion Parasym-
blocking patholytic

No. R R' __________________________ __
action

TEA — 1 I Atropine =  1

I /—V IN —160 CH3-  I - с о - /  \  2 0.04
'—'  .

N—220 O -СП,- “ c0_<O  3 0-004
_______________________________________________________ _____________ I___________

Ganglion Paraeym-
blocking patholytic

No. R R' ---- ----------------------------------------
action

TEA =  1 I Atropine =  1

N—293 CH3-  I  - C 0X 3  0.4 < 0 .005

N —294 ^ У ~ СП,~  I - c o ^ Q  0.5 <0.005

f )  A considera tion  o f th e  in te rac tio n  o f p a ra sy m p a th o ly tic  an d  ganglion 
b locking  fac to rs leads to  th e  conclusion th a t  th e re  are  good p rospec ts  o f f in d ­
ing h ig h ly  ac tiv e  ganglion b locking  agen ts derived  from  a ro m a tic  h y d ro x y  
acids.

g )  In  o rder to  o b ta in  s tro n g  ganglion b locking  ac tio n , i t  is im p o r ta n t 
to  have  th e  acy loxy  group a tta c h e d  to  C(3) in  а -position  co m p ared  w ith  th e  
n itro g en  a to m .

G anglion b locking  ac tio n  o f a ra lk y l tro p e in iu m  sa lts  w ith  b u lk ie r acy l 
g roups w ill becom e m uch  less increased  w hen th e  q u a te rn a ry  m e th y l is su b ­
s t i tu te d  b y  an  a ra lk y l group (T able X X Y I).

As a re su lt o f these  considera tions, th e  m ain  su b jec ts  o f ou r ow n ex p eri­
m en ts w ere q u a te rn a ry  d e riv a tiv es  of tro p e in es  a c y la ted  w ith  sim ple a ro m a tic  
acids, m ostly  w ith  benzoic an d  m andelic  acids.

13 N a tu ra l  C arb o n  C om pounds
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Table X X V I

Ganglion blocking action (TEA =  1)

Acyl group in the quaternary tropeine compound when the quaternary group is

methyl benzyl

CH3C O - < 0 .3  Í 2.0
CH3

> N C O - <  0.2 3.0
CH3/

Q - c o -  2.0 3.0

£ b c H - c o -  4-5 3-°
OH

^ У~сн—со— 4.0 2.1
CH,OH

си—со— 5.3 2.0

o '

A n in d e p e n d e n t s tu d y  was d evo ted  to  th e  p rob lem  how  suspension  o f 
th e  a c tiv ity  w as in fluenced  b y  th e  3a- or 3/9-position, re sp ., o f th e  benzoxy l 
group . T his p a ir  o f com pounds p ro v ed , in  fa c t, to  be v e ry  su itab le  fo r in v e s ti­
g a tin g  th e  re la tio n sh ip  betw een  s teric  s tru c tu re  an d  ac tion . V arious a n tich o lin ­
ergic effects o f these  com pounds w ere s tu d ied  b y  G y e r m e k  [37], an d  are 
sum m arized  in  T able X X V II. As i t  is seen, m em bers belonging to  th e  a-series 
a re  m ore pow erfu l p a ra sy m p a th o ly tic  agen ts th a n  th e  stereo isom eric  ^-com ­
p o unds. P a ra sy m p a th e tic  b locking  ac tion  is, how ever, n o t in  th e  sam e w ay 
in flu en ced  b y  th e  vario u s q u a te rn iz in g  g roups: a c tiv ity  is in  th e  a-series 
essen tia lly  o f a ra th e r  un ifo rm  va lu e  (w ith  th e  single ex cep tion  o f th e  n -b u ty l 
com pound), w hereas p a ra sy m p a th o ly tic  ac tiv itie s  in  the/9-series are  s ig n ifican tly  
d iffe ren t. On th e  o th e r h a n d , N -a lk y la ted  m em bers of th e  /9-series are som e­
w h a t m ore p o te n t ganglion b locking  agen ts th a n  th e  co rrespond ing  a -deriva- 
tiv e s . A gain , in  th e  case of a ra lk y l su b s titu e n ts , а -d eriv a tiv es  are considerab ly  
m ore ac tiv e .

As regards th e  re la tio n sh ip  betw een  s tru c tu re  an d  ac tio n , i t  m ay  be 
concluded  from  these  s tud ies th a t  m ost fav o u rab le  ganglion b locking  com pounds 
are  to  be looked for am ong N -a ra lk y l-a -tro p e in iu m  sa lts  w hich h a d  been acy la ted  
w ith  a ro m a tic  acids or a ry ]-h y d ro x y a lk y l acids, such  as benzoic or m andelic  
ac id , h av in g  m edium  space req u irem en t. O nly a few  d eriv a tiv es  w ere syn thesized  
b y  us in  th e  class o f b enz ila tes w hich , acc id en ta lly , are r a th e r  easy  to  o b ta in . 
H ow ever, i t  w as in fe rred  from  th e  ideas m en tio n ed  above [75] th a t  s tro n g  
p a ra sy m p a th o ly tic  agen ts m ay  be found  am ong tho se  N -a lk y l-a -tro p ein iu m  
sa lts  w hich h a d  been a c y la ted  b y  a ro m atic  h y d ro x y  acids o f h igher req u irem en t 
o f  space. This assu m p tio n  was la te r  ju s tif ie d  b y  th e  p re p a ra tio n  o f various
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Х ш /  3 Parasympatholytic Ganglion Curare-likeN blocking

V y  v \  actionИ -----------------------------------
Atropine — 1 i TEA =  1 j  d-Tubocurarine =  1

R =  H ! 0.01 0.1 0.0
CH3 I 0.025 ! 2.0 0.1
C2H5 0.02 3.0 0.25
C3H ,- n  0.02 i 2.8 0.1
C4H9—n 0.005 > 6.0 0.25
C6H5CH2 0.01 3.0 0.1

v"

R == H 0.003 0.1 0.0
CH3 0.002 0.2 0.07
C2H5 0.005 6.7 ' 0.15
C3H7- re ! 0.003 1 6.0 0.10
C4H9—n j 0.005 1 4.6 0.25
C6H6CH2 ! 0.005 0.5 0.10

tro p in e  benzila tes an d  th e  tro p in e  es te r o f x an th en e-9 -ca rb o x y lic  acid  -which 
has also g rea t req u irem en t o f  space [93].

H ow ever, b y  p ro p er selection  o f th e  q u a te rn a ry  groups o f  a tro p e in e  
possessing su ffic ien t p rim ary  a c tiv ity , also com pounds w ith  considerab le  g an ­
glion b locking  ac tio n  com bined  w ith  increased  in s tead  o f decreased  p a ra sy m ­
p a th o ly tic  p ro p ertie s  m ay  be p rep ared . Such com pounds are  increasing ly  d e ­
m an d ed  in  clinical p rac tice , an d  b y  v ir tu e  of th e ir  hav in g  double p o in t o f a tta c k , 
th e y  can d isp lay  v e ry  fav o u rab le  th e ra p e u tic  effects in  case o f v eg e ta tiv e  
d isfun c tio n s o f th e  g a s tro in te s tin a l canal. In  th e  course of a research  w ork 
carried  o u t in  co -opera tion  w ith  G y e r m e k  [83, 87] we succeeded in  fin d in g  a 
com pound  of th is  ty p e . The m a te ria l was 4 -d ip h en y lm e th y l-a tro p in iu m  brom ide 
w hich , a fte r th e  fav o u rab le  clin ical experiences [104, 108, 117] has becom e 
accep ted  by  p rac tice  u n d er th e  nam e G astro p in  (E quosanol) [20]. This com ­
pound  is an  18 tim es s tro n g er ganglion b locking  ag en t th a n  te tra e th y la m m o - 
n ium  brom ide, w hile its  p a ra sy m p a th o ly tic  a c tiv ity  is a b o u t 12 tim es sm aller 
th a n  th a t  o f a tro p in e . In  a d d itio n  to  these  fav o u rab le  th e ra p e u tic  effects, also 
th e  re so rp tio n  o f th e  agen t is good an d  qu ick . Since th e  com pound  is ac tive  
in  v e ry  sm all doses (2 — 5 m g in  h u m an  th e ra p y ) , u n d esired  side-effects (such 
as m ydriasis, d ryness o f th e  m o u th , card iac  com pla in ts  etc .) h a rd ly  ap p ear. 
T he to x ic ity  in d ex  is v e ry  favourab le . T he m o st im p o r ta n t pharm aco log ical 
p ro p ertie s  o f th is  m edicine a re  co n ta in ed  in  T ab le  X X V III , in  com parison  w ith  
o th e r m ateria ls  in  th e  sam e fie ld  o f ap p lica tio n .

13*
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Structural formula Spaamolyaia Spasmolysia Inhibition Bladderic ' Mydriatic T“chy- Relative
in vitro in vivo of salivation action . » action c . c toxicityaction action

_____________________ _________ ___________ _________ ____________ I__________________

/ > -  ■ ч \  V. 1 0 0  1 0 0  1 0 0  -  1 0 0  1 0 0  1 0 0  1 0 0

/ CH-0H no;-!
^ O C O  -  OH

У л
Eumydrine \ __/

C K > cv cH’ j I j I

Л -------- s X ^ I I  CH.0II Brl-  22 95 10 I > 400 600 1 4 < 20 83

^ 'O C O -C H

Yy>
Gastropine '—'

0,11, .CH.

/ CH,OH Brí-) 2.7 22 2 100 150 1.2 < 2 0  56
^ о с о - с н

V \
Buscopan \ —«/

I
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Я  C00C,II‘ Hr'- 200 90 40 <100 20 6 -  170

Banthine

0 \  (+̂ cu,
VcO O -C,H -N -cC,H. Br1-' 100 _  >100 <100 <100 40 _  145

( и /  OH

Anthrenyl

G
A

N
G

L
IO

N
IC

 A
C

T
IO

N
 

197



T he O -acyl d e riv a tiv es  of a tro p in e  and  scopolam ine, as w ell as th e ir  
m e thobrom ides, are co m p ara tiv e ly  w eak ganglion  b lock ing  ag en ts . R e ­
gard ing  th is  effect, H e r m a n , S h aw  an d  R o se n b l u m  [50] found  these  
com pounds to  be ranged  betw een  p e n tam e th o n iu m  an d  bu ty lsco p o lam in iu m  
brom ide.

A sym m etric  b is -q u a te rn a ry  tro p in iu m  deriv a tiv es  w ere syn th esized  and  
te s te d  b y  A r c h e r , Cava llito  an d  Gray  ̂ [3]. These com pounds are  sum m arized  
in  T able X X IX . T he o b jec t o f th ese  in v estig a tio n s was th e  p re p a ra tio n  of a 
com pound  w ith  h y p o ten siv e  an d  ganglion b lock ing  p ro p e rtie s . In  fo rm er 
s tu d ies , i t  was found  b y  th e  sam e au th o rs  [34,35] th a t  b is -q u a te rn a ry  com ­
p ounds o f th e  ty p e

198 STRUCTURE AND ACTIVITY OF TROPfelNES

C om pound I  b rings ab o u t m ydriasis  in  th e  m an n e r like a tro p in e , i t  has 
vagus in h ib itin g  ac tion , b u t  no effect on accom m odation ; fu n c tio n in g  o f iso ­
la te d  ra b b it  in te s tin e  is s tim u la ted  b y  th e  com pound , in  th is  re sp ec t i t  m ay  
be regarded  as an  a n tag o n is t o f a tro p in e . On th e  o th e r h an d , I I  causes no 
m ydriasis , i t  in h ib its  th e  card iac  vagus. T he b en zo a te  (I I I )  b rings ab o u t 
m edium  m ydriasis only  in  5 %  so lu tion , i t  has no vagus in h ib itin g  and  local 
an aes th e tic  actions.

w here R  is a b u lk y  ca tion ic  g roup  (e.g. te tra h y d ro iso q u in o lin e ), w ere v e ry  
effective ganglion  b locking  agen ts ; how ever, th e  d u ra tio n  of th e ir  ac tio n  was 
v e ry  sh o rt. T his fa c t called th e  a t te n tio n  to  th e  tro p a n e  skele ton  as to  a n o th e r 
b u lk y  group . T he ta b le  show s th a t  w hen  th e re  is a tr im e th y la m m o n iu m  group 
a t  th e  end  of th e  tr i m ethy lene  chain , th e  d u ra tio n  of ac tio n  is increased  in  th e  
follow ing o rd er: tro p in o n e  — tro p in e  — tro p a n e . T his fa c t w as in te rp re te d  
b y  assum ing  th a t  th e  tro p in o n e  p a r t  suffers qu ick  tra n s fo rm a tio n  in  th e  
organism , an d  i t  is con v erted  th ro u g h  th e  correspond ing  tro p a n o l d eriv a tiv e  
in to  th e  s tab le  tro p a n e  com pound. T hus m ost la s tin g  ac tio n  is show n b y  th e  
tro p a n e  d e riv a tiv e . U n fo rtu n a te ly , th ese  com pounds have  n o t been  com pared  
w ith  know n ganglion b locking  ag en ts  so far.

M ention  m u st be m ade also of M ydriasin  an d  analogous d e riv a tiv es  
p rep a red  b y  v . B r a u n  an d  Mü l l e r  [9] an d  b y  W ic h u r a  [120] (F ig . 4).
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A m ong th e  tro p ic  esters of N -alkylenoxy-reor-tropanes, also p rep ared  
b y  V. B r a u n  [7], only  th e  com pound n  — 5 has a m o d era te  m y d ria tic  ac ­
tio n ; in  th e  case o f th e  analogous tro p e in e  de riv a tiv es , V II an d  V III , th is  action  
is even  less p ronounced  (F ig . 5).

Fig. 5

C onsequen tly , i t  seem s th a t  su b s titu tio n  on C(3) is th e  m ost fav o u rab le  for 
o b ta in in g  an  a trop ine-like  ac tion . F u r th e r  su b s titu e n ts  are  n o t ad v an tag eo u s. 
T his is also show n b y  th e  fac t th a t  m etelo id ine (este r o f 6 ,7 -d ih y d ro x y tro p in e  
w ith  tig lic  acid) has no ac tio n  [99].

I t  is to  be no ted , on th e  o th e r h an d , th a t  accord ing  to  recen t in v es tig a ­
tio n s o f A l d e r  an d  D o rtm an n  [1], th e  tro p ic  an d  m andelic  esters  o f N -m ethy l- 
g ran a tan -3 a-o l possess s tro n g  m y d ria tic  ac tion , an d  th e  ben zo a te  is a p o te n t 
local an aes th e tic . 3/?-D iastereoisom ers are , how ever, in ac tiv e  [46, 118, 119].

TROPEINES WITH GANGLION STIMULATING ACTION

In  th e  course o f s tu d y in g  th e  role o f b u lk y  q u a te rn iz in g  groups, 
Gy e r m e k  an d  N ádo r  succeeded in  fin d in g  a new  class of ganglion  s tim u la tin g  
ag en ts  am ong th e  trope ines [41]. These find ings can  be reg a rd ed  im p o r ta n t 
also from  th e  p rac tica l p o in t o f view , since com pounds w ith  re sp ira tio n  s tim u ­
la tin g  an d  h y p erten siv e  ac tions m ay  fin d  useful ap p lica tio n  in  th e  collapso- 
th e ra p y . F o r a reflexogenic s tim u la tio n  of th e  re sp ira to ry  cen tre  only  lobeline 
was used  from  am ong com pounds of th is  ty p e , w hich is a v e ry  pow erful g an ­
glion s tim u la n t. N ico tine could n o t be used  for th is  purpose , m o stly  because of 
its  noxious side-actions on th e  h e a r t and  m uscles. M ost effective com pounds 
are  sum m arized  in  T able X X X .

E v en  th ese  few com pounds in d ica te  th a t  ganglion s tim u la tin g  p ro p erties  
are  possessed only  b y  tho se  m em bers w hich b ea r th e  acy loxy  group on th e  
3a-, i.e ., in  trans-p o sitio n  on th e  tro p a n e  skele ton . 3/3-A cyloxy  de riv a tiv es  are 
p rac tica lly  in ac tiv e . I t  is also a p p a re n t th a t  th e  N —C H 3 as w ell as th e  esterified  
h y d ro x y l groups m u s t o c c u p y  t r a n s -  p o s i t i o n  b o th  in  g a n g l io n  b lo c k in g  a n d  
g a n g l io n  s t im u la t in g  c o m p o u n d s .  This re la tio n sh ip  co n trib u tes  im p o r ta n t in ­
fo rm atio n  to  th e  e lucidation  of th e  s tru c tu re  of ganglionic recep to rs .

B esides, th e  presence o f a sim ple aroy l group is also n ecessary  to  o b ta in  
ganglion s tim u la tin g  ac tion , because h y d ro x y  esters s tu d ied  in  d e ta il h a d  ju s t  
th e  opposite , i.e ., ganglion b locking  ac tion , as discussed in  th e  prev ious 
ch ap te r.

S tud ies carried  o u t w ith  these  com pounds increased  ou r know ledge as 
regards th e  m echan ism  o f th e  ac tion  of ganglion s tim u la n ts , too . L ike o th e r 
ganglion s tim u la tin g  agen ts, also these  m a te ria ls  d isp lay  th e ir  ac tio n  in  tw o 
s tep s: ganglia  are f irs t s tim u lá l ed, th e n  b locked b y  th em . T his fa c t leads to
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th e  fin a l conclusion th a t  in  th e  s tr ic te s t  s e n se  o f  th e  w o r d  o n e  m a y  n o t s p e a k  e ith e r  
o f  s e le c tiv e  g a n g lio n  s t im u la n ts  o r  o f  c o m p le te ly  se le c tiv e  g a n g l io n  b lo c k in g  a g e n ts .  
P ro b ab ly , th e  cholinergic recep to r surfaces of th e  p a ra sy m p a th e tic  an d  sy m ­
p a th e tic  ganglia have  sim ilar b u t  n o t id en tica l s tru c tu re s , as i t  is th e  case also 
w ith  p a ra sy m p a th e tic  te rm in a ls  an d  w ith  m o to r end  p la tes , th o u g h  b o th  of 
th e  la t te r  are  of cholinergic ch a rac te r. T ropeines are  excep tio n a lly  su itab le  
fo r th e  pu rpose  of fu r th e r  researches in  th is  fie ld , since th e  o rig inal ac tion  of 
these  com pounds can  be in fluenced  or even  reversed  by  v a ry in g  th e  ind iv idua l 
su b s titu e n ts  of th e  sam e p rim ary  s tru c tu re .
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B IS -Q U A T E R N A R Y  T R O P E IN E S  W IT H  C U R A R E  A CTION

T he observa tions o f K im u r a , U n n a  an d  P f e if f e r  [63, 64] called  th e  
a tte n tio n  to  th e  th ird  p o in t o f a t ta c k  of ace ty lcho line , w hich is on th e  m o to r 
end  p la te s . I t  w as found  th a t  1 ,1 0 -d ecam eth y len e-b is-a tro p in iu m  brom ide 
h a d  a m ark ed  curare-like ac tion . A suggestion  for p rep arin g  such  com pounds 
could  be derived  also from  th e  w ork  o f B arlo w  an d  I ng  [5] as well as P ato n  
an d  Zaim is [94], accord ing  to  w hich 1 ,10 -decam eth y len e-b is-trim eth y lam m o - 
n iu m  brom ide (D ecam ethon ium ) possessed a v e ry  s tro n g  curare-like ac tion . 
In  connection  w ith  th is  com pound  th e  concept of in te rp ro s th e tic  d is tan ce  was 
in tro d u ced , w hich deno tes th e  d is tan ce  in  A  u n its  o f tw o pharm aco log ically  ac tive  
p o in ts  o f a m olecule. In  th e  case of cu rare-like ac tio n  i t  was found  to  be 13—15 Á.

S im u ltan eo u sly  w ith  th e  above research , ex p erim en ts  w ere carried  o u t 
also b y  us [90] in  th e  fie ld  o f s tu d y in g  b is -q u a te rn a ry  com pounds, p rim arily
1 ,4 -x y ly len e-b is-q u a tern a ry  trop e in es  of cu rare-like ac tion . T hese com pounds 
are  show n in  T ab le  X X X I.

T he p re p a ra tio n  an d  pharm aco log ical te s tin g  o f such  1 ,4-xylylene-bis- 
tro p e in iu m  deriv a tiv es  ap p eared  all th e  m ore prom ising  to  us, since i t  could be 
p resum ed  on th e  basis o f th e  know n an tag o n ism  b e tw een  p rostig m in e  an d  a tro ­
p ine th a t  va lu ab le  com pounds m ay  be p rep ared  if  th e  s tru c tu ra l p re req u is ite  of 
c ap ab ility  for an tag o n ism , i.e. th e  tro p in e  sk e le ton , is in tro d u ced  also in to  
th ese  b is -q u a te rn a ry  com pounds of su ffic ien t a c tiv ity .

E v en  th e  f ir s t  resu lts  of th ese  in v es tig a tio n s  fu rn ish ed  im p o r ta n t clues 
to  decide ab o u t th e  s tru c tu re  an d  n u m b er o f th e  com pounds to  be sy n th esized .

T ab le  X X X I  shows th a t  1 ,4 -x y ly len e-b is-q u a te rn a ry  tro p e in es  have  v e ry  
s tro n g  cu rare  a c tiv ity . T h e ir e ffec tiv ity  is th e  sam e as th a t  of d -tu b o cu rarin e . 
T he ac tio n , how ever, is b y  no m eans selective, because th ese  d e riv a tiv es  
possess also a considerab le  p a ra sy m p a th o ly tic  a c tiv ity , th u s  th e y  can n o t 
be used  in  th e  th e ra p e u tic  p rac tice . On th e  o th e r h an d , th e se  p ro p ertie s  
— includ ing  cu rare  ac tio n  — m ay  be com ple te ly  an d  a t  once co u n te ra c ted  by 
p ro stig m in e .

W hen  considering  th e  p re p a ra tio n  of o th e r  ag en ts , we s ta r te d  w ith  th e  
know n fac t th a t  th e re  are  considerab le  d ifferences even  am ong te r t ia ry  tro p in e  
e ste rs ; n am ely , p a ra sy m p a th o ly tic  a c tiv ity  is found  on ly  w ith  tro p e in es  
from  a ry l-a lip h a tic  h y d ro x y  acids (such as m andelic , tro p ic  ac id  e tc .), w hile 
th e  d e riv a tiv es  m ade w ith  sim ple acids (e.g. benzoic, p h en y lace tic  etc.) 
show  b u t  a v e ry  low  a c tiv ity . T hus, th e  syn th esis  of 1 ,4 -x y ly len e-b is-q u a te rn a ry  
tro p e in es  derived  from  benzoic an d  p h en y lace tic  acids ap p eared  to  be th e  
m ost p rom ising , since p a ra sy m p a th o ly tic  ac tio n  w as u n d esired  in  th is  case. 
T ab le  X X X II  d em o n stra te s  th a t  ex p ec ta tio n s were ju s tif ie d . E spec ia lly  v a lu ­
able is th e  benzoyl d e riv a tiv e  w hich, besides a s tro n g  curare-like ac tio n , has also

203
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T a b l e  X X X I

Curare>like Parasympatholytic

R I action

on frogs on cats

H I 1/10

CH3CO— I 2/10 -

1  1/50
OK

O f H - C O -  ' 13/10 1/40
CII.OII

C V  I 5/10 1/40

C / v  I
(i-Tubocurarine j 1  —

Atropine — 1

o th e r  fav o u rab le  pharm aco log ical p ro p erties  [59, 60]. I t  is w ell w o rth  m e n tio n ' 
ing  th a t  th e  ac tio n  o f th is  ag en t can  in s ta n tly  be co u n te rb a lan ced  b y  p rostig - 
m ine, w hereas its  p a ra sy m p a th o ly tic  ac tio n  is p ra c tic a lly  negligible. T hus, 
an  in v es tig a tio n  of th ese  1 ,4 -x y ly len e-b is-q u a tern a ry  tro p e in es  show ed th a t  
th e  d is tan ce  o f th e  p ro s th e tic  groups o f ab o u t 13— 15 Á was n o t abso lu te ly  
necessary : in  th ese  com pounds th is  d is tan ce  w as considerab ly  sm aller. N ev er­
the less, th e  cu rare-like p ro p erties  o f these  de riv a tiv es  are  v e ry  s tro n g , in  som e 
cases a tta in in g  or even su rpassing  th e  a c tiv ity  o f n a tu ra l  d -tu b o cu ra rin e .

A fte r th e  e lu c id a tio n  of th e  ste ric  s tru c tu re  o f tro p in e  an d  yi-tropine 
[25, 26], we considered i t  necessary  to  syn thesize  an d  also su b jec t to  a p h a r ­
m acological s tu d y  som e deriv a tiv es  of yi-tropine (3 /?-hydroxytropane), 
defined  now  on an  ex ac t stereochem ical basis. T hus, esters a n d  correspond ing
1 ,4 -x y ly len e-b is-q u a tern a ry  deriv a tiv es  o f y -tro p in e  w ere sy n thesized . P h a rm a-
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T a b l e  X X X I I

Curare-like Parasympatholytic

R I action

on frogs i on cats

( > a  I 2 1/75

( h) - C 0 -  I 7/10 1/100

a - Q - C O -  ! 65/100 1/75

( > C H tCO- 15/10 1/100\—f
_______________________________________ ___________________________ _

<Л  'си— со— ' 65/100 1/50

< y
■-------------------------------------------- — ----------------- ----------------------------------------------------------------------------------- — ------------------------------------------------------— ------------------------------------------------------

(f-Tubocurarine 1 —

Atropine ] — 1

cologic te s ts  w ith  these  com pounds show ed, how ever (see T ab le  X X X III )  
th a t  3/?-acyl de riv a tiv es  w ere m uch  less ac tiv e  th a n  th e  o therw ise  analogous 
3a-acy loxy  de riv a tiv es . A h igher a c tiv ity  w as th u s  ex e rted  also here  by  an  
este r g roup  in  th e  a-(anti) position .

S im ilarly , cu ra re  a c tiv ity  was v e ry  considerab ly  in fluenced  also b y  
N -d iastereo isom erism . F o d o r  [24, 27] could d e m o n s tra te  in  th e  cases of several 
tro p a n e  d e riv a tiv es  th a t  th e  N -m eth y l g roup  of th e  tro p a n e  sk e le to n  is to  be 
found  in  m uch h igher p ro b a b ility  in  th e  s teric  neighbourhood  o f th e  C(3)
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T a b l e  X X X I I I

Curare-like | Parasympatholytic

R action

on frogs on cats

O c o -  6 / 1 0  1/150

5/10 1/150

Q -C H .C O - 2/10 1/100

d-Tubocurarine 1 —

Atropine — 1

h y d ro x y l group . I t  follows from  th is  s ta te m e n t th a t  also th e  u n sh a red  e lec tron  
p a ir  o f th e  n itro g en  a to m  m u st have  a d efin ite  ste ric  o r ien ta tio n  w hich will 
re su lt in  a p red e te rm in ed  co n figu ra tion  o f th e  n itro g en  a to m  in th e  tro p a n iu m  
d e riv a tiv e  w hen q u a te rn iza tio n  w ith  an  alkyl- or a ra lk y l g roup  estab lishes a 
co -o rd inate  bond.*  C onsequently , th e  q u a te rn iz in g  group , e.g ., th e  1,4- 
xy lene  g roup  p ro b ab ly  assum es, on th e  ana logy  o f o th e r  groups, a s teric  
position  in  th e  ne ighbourhood  o f th e  py rro lid in e  ring  (N 6 positio n  in  F o d o r ’s 
d en o ta tio n ), b o th  in  m o n o q u a te rn a ry  an d  b is -q u a te rn a ry  tro p e in es . T he bis- 
q u a te rn a ry  trop e in es  w ere syn thesized  b y  reac tin g  2 m oles of a tro p e in e  w ith  
1 m ole o f 1 ,4-xylylene d ibrom ide.

H ow ever, if  th e  1,4-xylylene group  is in tro d u ced  f irs t  in to  th e  co rresp o n d ­
ing  nor-com pound in  place o f th e  N —C H 3 group o f th e  tro p in e  skele ton , i.e ., 
i f  reversed  q u a te rn iza tio n  is in ten d ed  [24, 27], th e n  th is  a ra lk y len e  g roup

* The author wishes to express also here his most sincere thanks to Prof. G. F odor 
lor the kind personal communication of the results of studies unpublished at that time, which 
made possible the preparation of compounds by ‘reversed quaternization’.
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will be in  the  s teric  v ic in ity  of th e  h y d ro x y l group . I f  th e  b is - te r tia ry  com pound  
p rep a red  in  th is  w ay  is su b seq u en tly  q u a te rn ized  w ith  m e th y l b rom ide, th e  
ep im eric  fo rm  o f N ,N ’-x y ly len e-b is-(0 -b en zo y l)-a -tro p in iu m  b rom ide  w ill be 
o b ta in ed .

These tw o d iffe ren t m eth o d s o f p re p a ra tio n  afford  th u s  tw o  d ia s te reo ­
m ere, ju s t  th e  w ay  as ex p ec ted ; th is  p a ir  o f com pounds is i llu s tra te d  in  T ab le  
X X X IV . These d e riv a tiv es  show  also considerab le  s tru c tu ra l differences, since 
one o f th em  is a lm ost lin ear, th e  o th e r crescen t-shaped  an d  correspond ing ly  
also th e ir  physiologic ac tio n  is fu n d a m e n ta lly  d iffe ren t. N am ely , th e  lin ear 
com pound  is a v e ry  p o te n t ag en t, m ore ac tiv e  th a n  d -tu b o cu ra rin e , w hile its  
d iaste reo isom er is fo rty  tim es less effective.

T hus, th e  o p tim u m  s tru c tu ra l cond itions for a cu rare-like ac tio n  can  be 
ch a rac te rized  b y  say ing  th a t  th e  €(3) a to m  of tro p a n e  shou ld  b e a r a benzoyl- 
oxy  g roup  in  a steric  position , w hile th e  xy ly lene  g roup  o f th e  n itro g en  a to m  
m u st assum e th e  so-called N 6 s te reo -a rran g em en t.

S im ilar d e ta iled  an d  precise analysis o f th e  re la tio n sh ip s  o f ac tion , 
s tru c tu re  an d  co n fig u ra tio n  h ad  n o t been m ade p rev iously . T he resu lts  
o f th ese  in v estig a tio n s show  unequ ivocally  th a t  m odern  d rug  resea rch  is h a rd ly  
to  be m ark ed  off from  th eo re tica l ch em istry , an d  basica lly  new  resu lts  can  be 
ach ieved  in  th e  fie ld  of in v es tig a tin g  th e  s tru c tu re -a c tio n  re la tio n sh ip  on ly  in  
th is  w ay.

As it  has been m en tioned , m o n o q u a te rn a ry  tro p e in es  have  s tro n g  g an ­
glion b locking  ac tion . F rom  th e  th eo re tica l p o in t of view  we considered  i t  im p o r­
t a n t  to  decide w h a t k in d  o f pharm aco log ical ac tio n  w as possessed b y  th e  
d icarboxy lic  esters o f tro p in e : w ere th e y  ganglion  b locking  ag en ts  or h ad  th e y  
cu ra re  a c tiv ity ?  T his question  was all the  m ore in te re s tin g  since from  th e  a l­
re a d y  lea rn ed  re la tio n sh ip s  betw een  s tru c tu re  and  a c tiv ity  th e  w ay  of ch an g ­
ing  th e  o therw ise ganglion  b locking  influence  o f a ra lk y l q u a te rn iz a tio n  
could  n o t be fo re to ld  w hen  th is  group w as p re sen t tw ice in  th e  m olecule. 
A s tu d y  o f th is  ty p e  o f com pounds was also in trig u in g , because in  th is  case 
good possib ilities w ere g iven for sy n thesiz ing  com pounds h av in g  q u a te rn a ry  
groups of d isc re tio n ary  com position . N am ely , in th e  case o f th e  ab ove-m en tioned
1 ,4 -xy ly lene-b is-tropein ium  sa lts , th e  s tru c tu re  an d  also the ste ric  s tru c tu re  
o f th e  q u a te rn iz in g  group was decided from  th e  beg inn ing , a lth o u g h  th e re  
was no p ro o f w h a tev e r th a t  i t  was th e  b es t q u a te rn a ry  group  from  th e  aspec t 
o f cu rare  ac tion . F o r th e  pu rpose  of in v es tig a tin g  th is  p rob lem , th e  com pounds 
sum m arized  in  T ab le  X X X V  w ere p rep a red  an d  te s te d  [38, 80].

T he T ab le  show s th a t  th ese  d e riv a tiv es  are  ch a rac te rized  by  a s tro n g  
cu ra re  ac tion , w hile th e ir  ganglion b locking  a c tiv ity  is h a rd ly  w o rth  m en tio n ­
ing. The ac tio n  can he p ro m p tly  suspended  b y  p rostigm ine . W hile show ing 
w eak  p a ra sy m p a th o ly tic  a c tiv ity , th ese  com pounds w ere found  to  be ra th e r  
to x ic . B ecause o f th e  s tro n g  curare-like  ac tio n , i t  w ould  be reasonab le  to  
ca rry  o u t reversed  q u a te rn iza tio n  ex perim en ts also w ith  th is  ty p e , since if  th e  
su b s titu e n ts  are given, th is  is th e  on ly  p o ssib ility  for th e  v a r ia tio n  o f th e  
s teric  position  of th e  q u a te rn a ry  group  an d  to  clear up  th e re b y  th e  re la tio n sh ip  
betw een  curare-like ac tio n  an d  s teric  s tru c tu re .

T h a t was th e  m otive  o f our efforts to  p rep are  also o th e r N -alky l analogues 
besides th e  com pounds co n ta in in g  th e  n a tu ra lly  g iven  N —C H 3 group . In  a 
p a p e r  [79] dealing  w ith  ganglion b locking  ag en ts , we gave an  e x p lan a tio n  for 
th e  d iffe ren t physio logical b eh av io u r of th e  hom ologous TM A an d  T E A  (the  
f irs t  com pound  s tim u la te s , th e  second p ara lyzes ganglia) b y  suggesting  th a t
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Table X X X I V

Table X X X V

R, .CII, H,r' \ ( + ) / R’
\ ( + ) /  N Curare- Paraeym-

N. ____ _ / /  1*̂ ® patholytic

____________________ “ £ •
^^O-CO-Rj-CO-O^

action

Rj I R2 on frogs I on cats

CH3-  5/10 1/1000 51/10

ch, - Q - ch, -  — CH2CH2— 1 1/500 2

(^У ~ с4 -  25/10 1/50 36/10
Br

CH3-  3/10 1/500 5/10

r v
C H . - Q - C , -  5 1/20 18/10

d-Tubocurarine 1 — —

Atropine — 1  —

Tetraethylammonium bromide — — 1
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T a b l e  X X X V I

Curare-like Stereochemical
Rj i R, I  action I relationship

I d-Tubocuranine =  l  j N/O

I
~y~CO~ C2H5-  j 0.65 anti

C O - C2H5-  0.50 syn

^H^-CO C2H5— 0.35 anti

CO— nC4H9— 0.8 anti

raC4H9— 0.6 anti

C \
CH — со— reC4 H9 — 0.7 anti

< У  ' j
Q - C . C O  nC4 H9— j 0.4 anti

th e  w ell-know n elec tron-releasing  p ro p e rty  o f th e  m e th y l group gives rise to  
a re la tiv e ly  h igh elec tron  d en sity  ab o u t th e  n itro g en  a to m  o f TM A, w hile 
th e  e lec tron -w ithd raw ing  pow er o f th e  e th y l group resu lts  in a  re la tiv e  deficiency 
of e lectrons. H o l m e s  [54] a rriv ed  a t  s im ila r conclusions concern ing  th e  causes 
of cu rare-like ac tion .

T he in v es tig a tio n  o f th e  analogues o f N -ethy l- an d  N -re-bu ty l-nor-trop ines 
ap p ea red  to  us to  be o f special in te re s t. T ab le  X X X V I show s th a t  th e  
N-re-butyl- and  especially  th e  N -e th y l analogues have  m uch  w eaker cu ra re  
a c tiv ity  th a n  th e  N -m eth y l com pound. T hus, th e  N -m eth y l g roup  as a th ird

14 N a tu ra l  C arbon C om pounds
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Table X X X V I I

Structural formula Curare-likeaction on trogs

О  r - \  ^  0.04h' ^ chH ^ - ch. - ^ h

0.15H,c vch, - ^ ) - ch- 4 CHi

ф  Ф  0.06H .cr^cH ,-/ V-ch,^ х :гн5

d-Tubocurarine 1

fa c to r  o f d e te rm in in g  th e  op tim u m  s tru c tu re  shou ld  be ran g ed  w ith  th e  above- 
m en tio n ed  tw o.

T able X X X V II clearly  d em o n stra te s  th a t  cu rare-like  an d  also ganglion 
b locking  actions of a com pound are  v e ry  s tro n g ly  in fluenced  n o t on ly  b y  
s tru c tu ra l  e lem ents, b u t  also b y  th e  e le c tro n -a ttra c tin g  or e lec tron-releasing  
effects p resen t in  th e  m olecule.

As i t  is seen, th e  f irs t  com pound , th e  b is-p ip erid in iu m  d e riv a tiv e  can 
h a rd ly  be reg a rd ed  as an  ag en t hav in g  curare-like ac tio n . T his fa c t is p ro b ab ly  
in  connection  w ith  th e  charge d is tr ib u tin g  p ro p e rty  o f th e  doub le-bond  sy stem . 
T h e  d iffe ren t a c tiv itie s  o f N -m ethy l- an d  N -e th y l-b is -q u a te rn a ry  p ip e rid in iu m  
d e riv a tiv e s  w ere sa tis fac to rily  exp la ined  a lread y  on basis o f th e  above in te r ­
p re ta tio n .

As a re su lt of th e  above experiences, th e  re la tio n sh ip  betw een  s tru c tu re  
an d  effect can  be sum m arized  for th e  case of tro p e in iu m  sa lts  w ith  cu rare-like 
ac tio n  as follows.

a)  a -A cyloxy d e riv a tiv es  are  considerab ly  m ore ac tiv e  th a n  th e  a n a ­
logous ^-com pounds.

b)  T he m ost fav o u rab le  a-acy l group is benzoyl. In  th e  case of n o t sim ple 
a ro m a tic  acids, an d  p a rtic u la r ly  in  case o f a ry la lip h a tic  a lcoho lcarboxy lic  
ac ids, possible ap p earan ce  o f a p a ra sy m p a th o ly tic  side-effect shou ld  be ta k e n  
in to  considera tion .

c) T he N —C H 3 group rep resen ts  th e  o p tim u m ; th is  g roup  m u st be in  
N b ste ric  p osition , i.e ., n ea r to  th e  C(3) e s te r group.

d )  A n ad v an tag eo u s connecting  linkage b e tw een  th e  ca tion ic  g roups 
is g iven by  th e  1 ,4-xyly lene-chain . T he in te rp ro s th e tic  d is tan ce  b e ­
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tw een  th e  tw o ca tion ic  g roups need n o t necessarily  be 13 —14 Á, i t  m ay  be 
sh o rte r.

e) T he q u a te rn a ry  d e riv a tiv es  of tro p in e  esters  w ith  d icarboxy lic  acids 
are  ch a rac te rized  b y  v e ry  s tro n g  curare-like ac tion . In  th e  case o f these  com ­
pounds, th e  in tro d u c tio n  o f an  a ra lk y l g roup  on to  th e  n itro g en  a to m  resu lts  in  
m ore p o te n t d e riv a tiv es  th a n  th e  su b s titu tio n  of th e  N -m eth y l g roup  b y  an  
alky l g roup . H ow ever, also th e  u n desired  p a ra sy m p a th o ly tic  side-effect of 
a ra lk y l de riv a tiv es  will be increased  in  th is  w ay.

The clinical tr ia l of l,4 -x y ly len e-b is-3 a-b en zo y ltro p in iu m  brom ide is in  
progress.

14*
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T R O P E IN E S  W IT H  LOCAL A N A E S T H E T IC  A CTIO N

The re la tio n sh ip  betw een  s tru c tu re  an d  ac tio n  in  th is  class o f com pounds 
is m uch  less know n th a n  in  th e  case of th e  trope ines discussed above. This fac t 
m ay  be exp la ined  p a r tly  b y  th e  m uch  sm aller n u m b er o f d e riv a tiv es  p rep a red  
in  th is  g roup . C onsequen tly , on ly  a lim ited  n u m b er o f com pounds h av in g  th is  
physio logical ac tio n  could be in v es tig a ted . M eanw hile m odern  sy n th e tic  local 
an aesth e tic s  of v e ry  l i t t le  to x ic ity  h av e  alm ost com plete ly  rep laced  cocaine 
an d  its  fo rm erly  used  su b s titu te s . A n o th e r u n fav o u rab le  c ircu m stan ce  was 
th a t  no sy s tem a tic  co m p ara tiv e  ex p erim en ts  w ith  m odern  m eth o d s h av e  been  
carried  o u t, th u s  th e  com parison  of pharm aco log ical d a ta  re la tin g  to  th ese  com ­
p ounds p rep a red  on d iffe ren t occasions is on ly  of p a r t ly -q u a n ti ta t iv e  ch a rac te r .

T he m ost sign ifican t re p re se n ta tiv e  o f th is  g roup  o f com pounds was 
cocaine, i.e ., (—)-2a-carbom ethoxy-3 /3 -benzoy loxy tropane (F ig . 6).

In  ad d itio n  to  th e  presence o f a ca rb o m eth o x y  group , cocaine d iffers 
from  th e  abo v e-m en tio n ed  tro p e in es  also in  h av in g  th e  b enzoy loxy  g roup  in  
ß-syn  positio n  re la te d  to  th e  n itro g en  a to m . As i t  has been  m en tio n ed , t ro p e ­
ines an d  th e ir  q u a te rn a ry  d e riv a tiv es  belonging  to  th e  /3-series a re  a lm ost w ith ­
o u t an y  effect on th e  ganglia, w hereas th e y  h av e  local a n a e s th e tic  ac tio n . A 
re p re se n ta tiv e  o f 3/3-acyloxytropanes w ith  sim pler s tru c tu re  is 3/9-benzoyl- 
o x y tro p an e , i.e. n a tu ra l tro p aco ca in e  w hich is a local an a e s th e tic  a d o p ted  
also b y  m edical p rac tice . Also y-cocaine has an  este rified  3/3-hydroxyl 
g roup  [10, 18, 56, 68, 122]; th is  ag en t show s d e fin ite  ad v an tag es  even 
over cocaine.

The basic  com pound  o f cocaine, ecgonine is com plete ly  ineffec tive  as a 
local a n aes th e tic . A m y d ria tic  ac tio n , ch a ra c te ris tic  ag a in  for cocaine, can  
be observed  b u t  w hen  giv ing v e ry  large doses. B enzoylecgonine has sim ilar 
ch a rac te ris tic s .

H ow ever, a local a n aes th e tic  ac tio n  is observed  w ith  th o se  analogues 
w hich co n ta in  e ith e r  som e o th e r e ste rify ing  a lk y l g roup  in stead  of m e th y l 
(e.g ., e th y l in  cocae thy lin , p ro p y l, isopropy l e tc .), or w hich h av e  som e o th e r
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acid  rad ica l (e.g. ph tha lic ) on C(3). I t  is in te re s tin g  th a t  also nor-cocaine or 
th e  N -alky l analogues are  ac tiv e  [55, 73]. T hus i t  appears th a t  stereochem ical 
fac to rs p lay  a m uch  m ore im p o r ta n t p a r t  th a n  th e  n a tu re  o f th e  N  or C(3) O H  
su b s titu e n ts  in  c o n s titu tin g  a local an aes th e tic  ac tion , an d  th is  fea tu re  is of 
considerab ly  g rea te r  im p o rtan ce  in  th e  case of th is  p h arm aco log ica l ty p e  th a n  
w ith  trop e in es  w ith  p a ra sy m p a th o ly tic  ac tion .

I t  can  be regarded  as a general ru le  th a t  th e  presence o f a 3/3-benzoyl group 
is necessary  to  p roduce  a d e fin ite  local an aes th e tic  ac tion  in  tro p e in es . Or even 
i t  can  be s ta te d  th a t  th e  given local an aes th e tic  ac tio n  (e.g., th a t  o f cocaine, 
tro p aco ca in e  an d  ^-cocaine) — w here p a rtic u la rs  o f th e  m echan ism  have no t 
been  e lu c id a ted  so fa r — is stereospecific; i t  should  be borne in  m ind  here  th a t  
also am ong o th e r local an aesth e tic s , such  as a-eucaine  (I) or 1-piperidino- 
m ethy l-2 -benzoy loxycyclohexane (II) , only  one of th e  possible geom etrical 
or op tica l isom ers have  local a n aes th e tic  p ro p ertie s  [72] (F ig . 7).

D e te rm in a tio n  o f th e  re la tiv e  ste ric  positions o f th e  N an d  О a tom s in 
th ese  com pounds is one of th e  n e x t ta sk s ; i t  w ill be a tte m p te d  to  co rre la te  
th e  re su lts  o f these  investig a tio n s w ith  th e  c h a ra c te r  o f th e  local an aes th e tic  
ac tio n  o f th ese  tro p e in es . I t  is to  be n o ted  th a t  in  th e  case o f eucaine b o th  th e  
op tica lly  ac tiv e  an d  racem ic m od ifica tions have  alm ost th e  sam e physiological 
a c tiv ity . This o b se rv a tio n  renders th e  above-m en tioned  corre la tions betw een  
s teric  s tru c tu re  and  ac tion  open to  discussion an d  p e rm its  also th e  conclusion 
th a t  th e  tro p a n e  skeleton  as a w hole s tru c tu ra l u n it is n o t n ecessary  for local 
a n aes th e tic  ac tio n ; a n o th e r com pound of d e fin ite  ste ric  s tru c tu re , th o u g h  
d iffe ren t from  th e  tro p a n e  skele ton , m ay  have local an aes th e tic  p ro p erties  as 
well.

Since d a ta  are  ra th e r  lim ited  concern ing  cocaine racem ates , p re sen tly  no 
m ore can be sa id  ab o u t th e  connection  o f th e  co n fig u ra tio n  o f th e  C(2) c a rb ­
oxyl g roup  an d  th e  pharm aco log ical ac tion , th a n  th a t  th e  a s te ric  positio n  of 
th is  carboxy l is fav o u rab le  for a local an aes th e tic  ac tion .

I t  was an  accep ted  view  in  th e  fie ld  o f local an aes th e tic s  th a t  th e y  are 
ac tiv e  only  w hen in  th e  form  of te r t ia ry  cyclic bases. The ac tio n  is v e ry  qu ick , 
ensu ing  w ith in  a few m inu tes. I t  was s ta te d  a b o u t th e  p rep ared  correspond ing  
q u a te rn a ry  sa lts  th a t  th e y  were ineffective as local a n aes th e tic  agen ts, as a 
consequence o f th e ir  in so lu b ility  in  lipoids. A few years ago our research  group 
[51, 89] succeeded in  d em o n stra tin g  th a t  th is  v iew  was erroneous, since also 
som e q u a te rn a ry  am m onium  sa lts  h ad  s tro n g  local a n aes th e tic  ac tion . Such 
com pounds were in  p a r tic u la r  th e  N -m eth y l an d  N -benzy lam m onium  d e riv a ­
tiv e s ; how ever, th e  ac tion  ensued here v e ry  slow ly, only  a fte r  30 m in u tes . 
B eing accustom ed  to  expec t a qu ick  ac tion , th e  a c tiv ity  o f th e  q u a te rn a ry  
com pounds was a p p a re n tly  overlooked b y  som e in v es tig a to rs . T he d u ra tio n  
o f ac tion  is show n in T ab le  X X X V III .
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The sam e observa tions w ere m ade also b y  Gy e r m e k  [37] in  connection  
w ith  q u a te rn a ry  benzo y lo x y tro p an e  deriv a tiv es  (T able X X X IX ). The prev ious 
in ference, s ta tin g  th a t  a local an aes th e tic  ac tio n  w as ch a rac te ris tic  of th e  m em ­
bers o f th e  /3-acyloxy series, holds tru e  also o f th e  co rrespond ing  q u a te rn a ry  
com pounds, in  com parison  w ith  th e  analogous За-d eriv a tiv es . T he p ra c tic a l 
ap p lica tio n  o f th ese  agen ts is, how ever, considerab ly  h in d ered  b y  th e  fa c t th a t  
on ly  a few from  am ong a g rea t n u m b er of in v es tig a ted  q u a te rn a ry  com pounds 
w ere found  to  be free o f de leterious effects on tissues.

Also eucaine, p rep a red  b y  B r a u n  [8], is w o rth  m en tion ing . T he com ­
p o und  is less to x ic  th a n  cocaine, its  a c tiv ity  is sa tis fac to ry , s till i t  has n o t been  
used  in  p rac tice . A nalogous com pounds such as th e  one show n in  F ig . 8. 
are  m ore or less ac tiv e  an aes th e tic  agents.

The follow ing conclusions can  be d raw n  concern ing  th e  re la tio n sh ip  b e ­
tw een  local an aes th e tic  ac tion  an d  th e  s teric  positions of th e  fu n c tio n a l 
g roups of th e  tro p an e  skeleton.

a ) B enzoylecgonine (F ig . 9) has no local a n aes th e tic  p ro p erties .

Table X X X V I I I  continued

Conduction I Infiltration

Structure of the quaternary compound anaesthesia
Procaine = 1

C ,H , - N H - ^ ^ - C O O C !H , - <S f^C H , Y<—)

R =  H X =  Cl 6.4 8 . 6
CH3 I 2.8 7.5
C6H5CH2 Br 5.1 27.0

(+)/^2 ̂ 5
CONH — C.IL — N —C.H,

r r S  Y"

R =  H Y =  Br 16.0 21.4
CH3 I 3.1 14.9
C6 H5CH2 Cl 11.7 15.6
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Table X X X I X

H,. ... ^CH.
Local anaesthetic Local anaesthetic

X  . “ t10“ on rat»> , I action on frogsV \_____  infiltration method

_________ I________
^ " 'O C O - ^ ^

P r o c a i n e  =  1
____________________________________________ I__________________________________

R =  H 0.5
CH3 0.6 —
C2H5 1.4
C3H7 — n 1.2 —
C4H9 — n 0.6 —

/  1 - 2  —

R CH,
X

v,~’

R =  H 2.2 2.6
CH3 0.25 0.4
C2H5 0.6 2.8
C3H7—re 0.8 3.0
C4 H9— re 1.5 3.2

( ^ ) ~ Cl1' 2-2 2.0
I
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H ow ever, este rifica tio n  w ith  alcohols re -estab lishes a c tiv ity .
b) T he m eth y l e s te r of ecgonine (F ig . 10) is also w ith o u t ac tion ; 

how ever its  este rifica tio n  w ith  benzoic acid or c innam ic acid gives again  ac tive  
de riv a tiv es .

E specia lly  s tro n g  local an aes th e tic  ac tio n  is observed  on ly  in  th e  case o f 
3/S-tropanols esterified  w ith  benzoic acid . F rom  th is  o b se rv a tio n  th e  p h a rm a ­
cological s ta te m e n t has been  derived  th a t  th e  benzoy l group  is an  ‘anaes- 
thesio p h o ric ’ one.

c) N -q u a te rn iza tio n  gave local an aes th e tic s  w hich develop an  effect 
only  slow ly, b u t  th e  ac tio n  is lasting .

d )  The benzoic acid  rad ica l can  be su b s titu te d  b y  th e  isosteric  th enoy l- 
2 -carboxylic  acid  w ith o u t an y  considerab le  change in  th e  a c tiv ity  (cf. th e  
analogy  o f benzene to  th iophene).
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T R O P E IN E S  W IT H  O T H E R  PH A R M A C O LO G IC A L ACTIO N S

NOR-TROPINE, TROPINE, TROPANE AND THEIR QUATERNARY DERIVATIVES

N  or-tropane-3a-ol and  -3ß-ol. —  A ccording to  L e v y  an d  H a z a r d  [67], 
a 1 %  so lu tion  o f no r-trop ine  causes a 72 %  co n trac tio n  o f th e  p u p il o f th e  
enuc lea ted  eye o f th e  frog. A ccordingly , th e  а -d e riv a tiv e  has a m io tic  effect 
w hich is n o t show n by  th e  /3-com pound. T he а -d e riv a tiv e  has no s ign ifican t 
effect on th e  h e a r t or b lood vessels. I ts  p a ra sy m p a th o ly tic  a c tiv ity  is also 
w eak an d  u n c e rta in  [44]. O n th e  o th e r han d , th e  /З-analogon (n o r-y-trop ine) 
s tro n g ly  in fluences blood c ircu la tio n , and  un like a tro p in e , i t  increases blood 
pressure  also in  an im als w ith o u t su p ra ren a l g land . B esides, i t  increases th e  
frequency  of th e  h e a r t an d  th e  systo lic  pow er. A ccording to  H a z a r d  and  
P o lo no w sk i [47] nor-y -tro p in e  h inders th e  vagus effect o f th e  h e a r t b o th  
d irec tly  and  also th ro u g h  re flec to r effects.

Тгорапе-Ъа-ol and  -bß-ol. (T ropine an d  y>-tropine.) — T he a-com pound  
has no m y d ria tic  ac tio n  [29]. T hough  an  an tim u scarin e- (i.e. p a ra sy m p a th o ly tic )  
a c tiv ity  is d e tec tab le  on th e  iso la ted  frog  h e a r t, i t  is v e ry  feeble. V agus in h ib it­
ing  ac tio n  is sm all. T he com pound  co u n te rac ts  th e  increased  sa liv a tio n  o f dogs 
p roduced  b y  th e  a d m in is tra tio n  o f p ilocarp ine , how ever, large doses (100 
m g/kg) are necessary  for th e  purpose . I ts  ac tions on th e  h e a r t an d  blood  c ircu la ­
tio n  are  sim ilar to  those  of a tro p in e , th o u g h  th e y  are  considerab ly  w eaker; 
b e s t ch arac terized  is its  h y p o ten siv e  ac tion . In te s tin a l to n e  is in  situ  increased  
b y  th e  а -com pound on th e  in te s tin e  o f dogs, w hile a tro p in e  has ju s t  th e  opposite  
ac tion . This find ing , to g e th e r  w ith  th e  o b se rv a tio n  th a t  ace ty lcho line  re ta in s  
its  h indering  ac tio n  on th e  h e a r t even a fte r  p rev ious a d m in is tra tio n  o f tro p in e , 
in d ica tes  th a t  tro p in e  has no vagus b locking  ac tio n  [101].

/З-T ropanol was m uch  less in v es tig a ted . In  c o n tra s t w ith  th e  a -com pound , 
i t  c o n trac ts  b lood vessels an d  increases b lood p ressu re  in  th is  w ay . This ac tio n  
is o f th e  sam e c h a ra c te r  as th a t  o f n ico tine . This d e riv a tiv e , ju s t  like th e  a-com - 
p o u n d , show s no v ago ly tic  a c tiv ity  on dogs [44].

As regards th e  а -type , co nsidera tion  of th e  above fac ts  allow s th e  con­
clusion th a t  th e  nor-com pound has less m ark ed  v eg e ta tiv e  ac tio n . W hile th e  
nor-com pound show s also a p ro p e rty  (m iosis) w hich  is in  c o n tra s t  w ith  th e  
b eh av io u r of a tro p in e , a -tro p an o l, on th e  o th e r h a n d , is r a th e r  s im ila r to  
a tro p in e  as regards its  ac tions. T hough  p a ra sy m p a th o m im e tic  effects s till 
occur, p a ra sy m p a th o ly tic  p ro p ertie s  becom e m ore an d  m ore p ronounced . 
T he s tru c tu ra l p re req u is ite  o f p a ra sy m p a th o ly tic  ac tio n  is th u s  g iven b y  th e  
presence of an  N —C H 3 group  in  th e  tro p a n e  skele ton . N o conclusions can  be 
d raw n  concern ing  th e  /3-series, because of th e  sm all n u m b er of re spec tive  in v es­
tig a tio n s .

The q u a te rn a ry  sa lts  o f tro p in e  [39, 81] are  w eak  ganglion  b lock ing  agen ts 
w ith o u t an y  p rac tica l significance. T he sam e holds tru e  fo r tropane-3/3-ol.
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A m ong th e  hom ologues of tro p in e , 1 -m eth y ltro p in e  was in v e s tig a te d  
b y  R a o  [100]. This com pound is a s t im u la n t of th e  cen tra l n ervous system  an d  
causes tre m o r as well as irreg u la r tonoclonic  spasm s on m ice, th e  f in a l re su lt 
be ing  th e  para ly sis  of re sp ira tio n  an d  d iasto lic  h e a r t  s toppage . In  4 %  so lu tion  
th e  com pound  produces a tra n s ito ry  an aesth esia  o f th e  eye of th e  ra b b it .  I t  
can  s tim u la te  r a b b it  in te s tin e  a t  a co n cen tra tio n  o f 1 : 20000.

A ccording to  H a z a r d  [45], tro p in o n e , th e  o x id a tio n  p ro d u c t o f tro p in e  
differs b u t l i t t le  from  th e  pharm aco log ical b eh av io u r o f th e  p a re n t com pound.

Also 3 -ch lo ro tropane w as in v es tig a ted  by  H a z a r d . This com pound 
p ara ly ses th e  vagus an d  has no m y d ria tic  ac tion . I t  has p ro b ab ly  ganglion 
s tim u la tin g  p ro p ertie s  o f th e  c h a rac te r  of n ico tine .

T he m o n o q u a te rn a ry  d e riv a tiv es  o f tro p a n e  [88] are  ganglion b locking  
ag en ts , w hereas th e  b is -q u a te rn a ry  com pounds rev ea l cu rare-like  a c tiv ity .

Table X L

K. .CH,

\ \ _____  -p _  Ganglion Parasym- Anti-
\  Г blocking patholytic nicotinic* Curare-like *

__________________________________________________
R j action

N A -8 5  CH3-  3 1/200 10 80

N —415 4 1/20 — —

N —416 Br— CH, -  15 1/15 j 2 30

N —421 ф - Г ^ С Н , -  30 1/50 1/5

N —423*** СН,- <  2 1/60 > 2 0  7

Ф
СН,—

N —426 C2H5OCOCH2-  <  1 1/40 > 1 0  -
______________________________________________ I_______
TEA 1 -  50 —
Atropine — 1 — —
Hexamethonium bromide 15 — 1 —
N —147 (cf. [90]) — — — 5

Notes:
* Antinicotinic action on intestine, у /10 ml 

** Curare-like action was tested on frogs. Action: y/g 
*** Compound N —423 is a bis-quaternary derivative
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In ferences concerning th e  re la tio n sh ip  o f ac tio n  an d  th e  s tru c tu re  o f th e  q u a ­
te rn a ry  group can  be d raw n  from  T ab le  X L . I t  is seen th a t  th e  ganglion  b lo ck ­
ing a c tiv ity  is in fluenced  b y  th e  in tro d u c tio n  of a q u a te rn a ry  g roup  to  th e  sam e 
e x te n t as i t  was a lread y  d em o n stra ted  for tro p e in es . This re su lt also shows 
th a t  ap p earan ce  of a ganglion b locking  ac tio n  in  tro p e in es  is a lm ost exclusively 
due to  th e  presence of th e  q u a te rn a ry  am m onium  group . T he influence  o f th e  
acy loxy  group on th is  ch a rac te ris tic  is only  o f secondary  im p o rtan ce . Com­
pounds lis ted  in  T ab le  X L I  afford  s till ad d itio n a l evidence for th e  correctness 
of th is  s ta te m e n t.

F ro m  a pharm aco log ical s tu d y  o f these  com pounds i t  could  be derived  
th a t  th e  v a rio u s q u a te rn a ry  groups in fluenced  th e  ganglion b locking  p roperties 
of th e  p ro d u c ts  in  an  alm ost id en tica l w ay  w h e th e r in  tro p a n e , tro p an e-3 a-o l, 
or in  th e  racem ic 3 a -m an d e ly lo x y tro p an e . As i t  is seen, th e  e x te n t o f th e  
changes o f a c tiv ity  is p rac tica lly  th e  sam e — excep t for p -b rom obenzy l-a - 
tro p in iu m  brom ide — an d  i t  is w ith in  th e  m arg in  o f e rro r o f b io logical m ethods. 
I t  w as also asce rta in ed  th a t  th e  exchange of the q u a te rn iz in g  m eth y l group 
ag a in s t benzy l d id  n o t increase ganglion b locking  a c tiv ity . O n th e  o th e r h an d , 
increased  a c tiv ity  a fte r  su b s titu tio n  w ith  p -b ro m o b en zy l was 4.5 tim es, an d  
w ith  th e  p -p h en y lb en zy l group was 8 to  10 tim es as g rea t as th e  orig inal. A m ore 
d e ta iled  version  of th is  T able , con ta in in g  all th e  d iffe ren t m ain  an d  side- 
effects was of considerab le help  to  us in  selecting  th e  com pounds w ith  o p tim u m  
p ro p ertie s , an d  am ong th em  G astrop ine . Since th is  T ab le  show s one of th e  m ost 
im p o r ta n t connections betw een  ac tion  an d  s tru c tu re  or s teric  s tru c tu re , i t  should  
be developed  fu rth e r . F o r th is  purpose in  th e  fie ld  o f tro p e in es , th e  syn thesis  
an d  pharm aco log ical s tu d y  of th e  q u a te rn a ry  d e riv a tiv es  of m an d e lo x y tro p an e  
an d  o f th e ir  N -d iastereo isom ers w ill be requ ired .

TROPINE ETHERS WITH ANTIHISTAMINIC ACTION

E th e rif ic a tio n  of tro p in e , like th a t  o f 4 -h y d ro x y p ip erid in e , can  be carried  
ou t w ith  considerab le d ifficu lty . C onsequen tly , th e  n u m b er o f tro p in e  e th ers  
p rep ared  is fa r  less th a n  th a t  of th e  esters. T he f irs t  com pound  of th is  ty p e  
was th e  m e th y l e th e r  o f tro p in e  [17]. H ow ever, th is  com pound  was n o t a 
pu re  an d  un ifo rm  p ro d u c t [52].

R ecen tly  th e  tro p in e  e th e r  of b e n z h y d ro la n d  its  r in g -su b s titu tio n  p ro d u c ts  
h av e  been described  [91, 97, 113]. These com pounds possess considerab le  an ti-  
h is tam in ic  a c tiv ity . T he reason  for th e ir  p re p a ra tio n  w as p a r tly  th a t  th e  basic 
alkyl e thers of b en zhydro l h ad  been  know n as s tro n g  an tih is tam in ics  (e.g. 
b en ad ry l =  /3 -d im ethy lam inoethy lbenzhydry l e ther) [71, 102]. F u rth e rm o re , 
th ese  syn theses w ere fo rw arded  also b y  th e  fa c t th a t  tro p in e  could  be read ily  
tran sfo rm ed  in to  th e  b en zh y d ry l e th e r  b y  d ip h en y ld iazo m eth an e , p rep ared , 
in  tu rn , from  benzophenone in  a conven ien t w ay  [106]. S tro n g  an d  long-lasting  
effects are  show n especially  b y  b en zh y d ry l e th ers  ch lo rin a ted  in  th e  para- or 
ortho-positions [31]. E .g ., tro p in e -p -ch lo ro b en zh y d ry l e th e r  is capab le  of 
sav ing  gu inea-p ig  as long as for 7 to  8 days from  h is tam in e  b ronchospasm . 
E v en  0.1 g/kg of th is  com pound  is su ffic ien t to  p ro te c t th e  an im al ag a in st a 
le th a l dose o f h is tam in e . No re p o rt has been  m ade so fa r a b o u t a n y  d e ta il­
ed  clin ical s tu d y  of th e  com pound.

A ccording to  Z e i l e  an d  H e u s n e r  [124], th e  b en zh y d ry l e th e r  o f scopo- 
line show s no sign ifican t an tih is tam in ic  a c tiv ity .
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TROPEINES WITH ACTION ON THE CENTRAL NERVOUS SYSTEM

I t  has been know n long since th a t  a tro p in e , besides its  v eg e ta tiv e  p a ra ­
sy m p a th o ly tic  effects, has a considerab le  cen tra l a c tiv ity . T h u s, h igher doses of 
a tro p in e  b rin g  a b o u t f its  of rage , h a llu c in a tio n  an d , in  general, a s tro n g  e x c ita ­
tio n  of th e  cen tra l nervous system . Q u a te rn iza tio n  causes these  effects to  
d isap p ear, only  th e  v eg e ta tiv e  ac tions are re ta in e d . O n th e  o th e r h a n d , scopol­
am ine  has s tro n g  depressive ac tio n : once i t  w as even  em ployed  as a basa l 
n a rco tic . E v en  to d a y  th is  ag en t is used  — a lth o u g h  on ly  to  a lim ited  e x te n t — 
to  calm  rag ing  p a tie n ts  suffering  from  m en ta l disease. Scopolam ine effects can 
also be e lim in a ted  b y  q u a te rn iza tio n . A d m in is tra tio n  of large doses of cocaine 
re su lt again  in  cen tra l reac tio n s. All these  cen tra l effects are , how ever, useless 
from  th e  th e ra p e u tic a l p o in t of view7, excep t in  th e  case o f scopolam ine. F o r  
th e  tim e  being  th e  question  is n o t decided y e t, w h e th e r th e  m en tio n ed  cen tra l 
ac tions are  ch a rac te ris tic  on ly  of th e  te r t ia ry  tro p ey l-tro p e in es , or also of o th e r 
s tro n g ly  p a ra sy m p a th o ly tic  te r t ia ry  tro p e in es , such  as th e  benzilic  esters 
an d  x an th en e-9 -ca rb o x y lic  esters. B esides, in fo rm atio n  shou ld  be  o b ta in ed  
also concern ing  th e  cen tra l ac tions possessed b y  tho se  p a ra sy m p a th o ly tic  
ag en ts  w hich are  n o t o f tro p a n e  s tru c tu re , s till have  pharm aco log ical ch a rac ­
te ris tic s  sim ilar to  tho se  o f a tro p in e .

In  th e  course o f a search  a fte r  agen ts o f cen tra l a c tio n , L o n g , L a n d s  and 
Z e n it z  [71a] p rep ared  som e no r-tro p in e  d e riv a tiv es , n am ely  9 -ph en o th iaz in y l- 
a lk y l-n o r-tro p an es . On basis o f th e  know n cen tra l effects o f ch lo rp rom azine, 
i t  was assum ed th a t  th e  p h en o th iaz in e  rin g  h a d  ab ovo an  im p o r ta n t ro le in  
d isp lay ing  th e  expec ted  cen tra l ac tions o f th e  d rug . S tu d ied  com pounds are 
sum m arized  in  T ab le  X L II .

F rom  th e  d a ta  show n in  th is  T ab le  i t  can  be concluded  th a t  on ly  tho se  
com pounds w ill be ch a rac terized  by  a cen tra l s tim u la tin g  ac tio n  in  w hich th e  
p h en o th iaz in  ring  is connected  w ith  th e  tro p a n e  skele ton  th ro u g h  a p ropy lene  
b ridge . L onger or sh o rte r  ca rb o n  chains p ro fo u n d ly  reduce  a c tiv ity .

C om pounds con ta in ing  an  a -h y d ro x y l group a t  C(3) h av e  h ig h er a c tiv ity  
th a n  th e  o therw ise analogous C(3) /^-derivatives. S u b s titu tio n  o f th e  h y d ro x y l 
group  b y  hydrogen  is u n fav o u rab le , w hile ch lo ro -su b stitu tio n  in  th e  p h en o ­
th iaz in e  rin g  resu lts  in  increased  a c tiv ity . T he presence of a tr im e th o x y b en zo y l 
group  is again  d e tr im e n ta l, a lth o u g h  th is  rad ica l has a p ositive  role in  several 
com pounds o f cen tra l ac tion , such  as reserp ine , m escaline, e tc .

J o r d a n  e t a l., s ta r tin g  w ith  th e  fa c t th a t  h igher doses o f cocaine cause 
h a llu c in a tio n s, a tte m p te d  to  o b ta in  som e new  cocaine d e riv a tiv es  of m ore a d ­
v an tag eo u s ac tions. In  th e  course o f th is  in v es tig a tio n  (-(-)-2-N ,N -diethy l-

( - f  )-2-N,N-diethylcarboxamido-3ß-benzoyloxytropane 

Fig. 11



Table X L  I I

Q
s—(“* * - 0

\  )  Adrenolytic activity**
í '  I  \ —/  _ . . .  Dose necessary to reverse

] R R  Ccntral actlons the action of adrenaline, mg/kg

______________________________V _______________________________________________________________________
Barbiturate j

R, Ro n i R3 R. poten- Rectal Mean value Extreme values
I tiation j temperature

H OH 3 H H 14.0 I 8.5 0.27 0.1 — 0.5
OH H 3 H H 6.5 I 6.0 0.58 0.2 — 1.6
H OH +  3 Cl I I  100.0 100.0 0.24 0.1 — 0.6
OH H 3 Cl H 34.0 25.5 1.1 0.2 -  2.0
H H 3 H I I  10.0 3.5 0.3 0.1 — 0.4
H H 3 Cl H 22.5 16.5 0.9 0.2 -  1.6

,OCH,
H o o o ^ y  0CHj 3 H II  < 1 .0  <  1.0 0.13 0 .0 5 -  0.2

.осп, <>сн*
H 3 H H < 1 .0  <  1.0 8.0 6.0 -1 0 .0

' och,

H OH 2 H H <  1.0 < 1 .0  > 1 0 .0  ~
H OH 4 H H <  1.0 <  1.0 4.5 2.0 — 8.0
H OH 5 H H <  1.0 <  1.0 >  10.0 ~
H OH 3 H C1 8.0 3.0 0.4 0.2 — 0.8
H OH 3 Br H 100.0 94.0 0.26 0.1 — 0.4

* Activities for the individual compounds are given by regarding the activ ity  of the compound marked with +  to be 100%.
Barbiturate potentiation. The mean sleeping period produced on mice by the i.p. administration of 100 mg/kg Evipan R  was taken 

as the standard. Potentiation was measured by giving subcutaneously 45 m inutes earlier (before the Evipan) as much of the compound to 
be tested as to produce a 100% prolongation of sleep. W ith the compound marked by -j- this quantity was 1.7 mg/kg.

Rectal temperature was measured on mice in groups of 10 animals each. Subcutaneous doses were increased by the value of 0.3 
log, and results obtained with the three last doses were taken as the extreme value of the effective dose. The quantity of compound 
(ED60) necessary for decreasing the rectal temperature by 5 F° was graphically evaluated by the aid of the above data. With the compound 
marked by -)- this quantity was 1.3 mg/kg.

** Adrenolytic activity was measured on dogs, and the minimum dose necessary for reversing the hypertensive action of 1 — 5 "//kg 
adrenaline was indicated. All the compounds tested were hydrochlorides except for the two trimethoxybenzoates which were employed as 
the acetate salts.
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carboxam ido-3 /J-benzoy loxy tropane ch lo ro h y d ra te  was su b jec ted  to  a v e ry  
d e ta iled  pharm aco log ical s tu d y .

O n ra b b its  an d  m ice, th is  com pound  show ed m uch  m ore p ronounced  
ce n tra l s tim u la tin g  ac tio n  th a n  cocaine, how ever i t  was ra th e r  to x ic . In te re s t  
in  com pounds w ith  so-called psycho ton ic  effect d irec ted  a t  th e  ce n tra l nervous 
sy stem  gets to d a y  m ore an d  m ore in  th e  fo reground . R esearch  on tro p e in es  
is expec ted  to  b rin g  m an y  m ore in te re s tin g  resu lts  in  th is  field .

15 N a tu ra l  C arbon C om pounds



________________ -_____________________________________________________í-------- I-------



C H A P T E R  V I

FUNDAMENTAL PROBLEMS 
OF STRUCTURE, ACTION AND OF ANTAGONISM

I t  is seen from  th e  above discussion th a t  tro p e in es , a c tin g  as an tag o n is ts  
on  th e  th ree  p o in ts  o f a t ta c k  o f ace ty lcho line , m ay  differ from  each  o th e r as 
regards th e ir  s tru c tu re . I t  is a ju s t  a ssu m p tio n  th a t  th ese  m olecules s till m u st 
co n ta in  a s tru c tu ra l e lem ent or som e ch a ra c te ris tic  w hich  ren d ers  possible 
an tag o n ism  a t  a ll th e  th ree  po in ts  o f a t ta c k . P f e i f f e r  [96] w as th e  f i r s t  to  p o in t 
o u t th a t  th e  in te rp ro s th e tic  d is tan ce  be tw een  th e  n itro g en  a to m  an d  th e  alco­
holic  an d  ca rbony l oxygen  w as 5 to  7 Á, resp ec tiv e ly , b o th  in  acety lcho line  an d  
a tro p in e  (F ig. 12). F u rth e rm o re , he argued  th a t  th e  sam e in te rp ro s th e tic  d is­
tan ces  occur also in  o th e r p a ra sy m p a th o m im e tic  com pounds w hich  can  be 
an tag o n ized  b y  a tro p in e  (e.g. dory l, p ro stig m in e , p ilo carp in e , e tc .).

A ccord ing  to  th is  th e o ry , th e  d is tan ce  o f 7 A be tw een  N  an d  th e  ca rb o n y l 
oxygen  of ace ty lcho line  m ay  p e rm it a tta c h m e n t to  th e  nerve  te rm in a ls  as well 
as to  cho lineste rase . T he sam e s tru c tu ra l  a t t r ib u te  allow s tro p e in es  to  becom e 
a ff ix ed ; co m p e titiv e  an tag o n ism  is ex p la in ed  b y  th e  fa c t t h a t  th e  n itro g en  o f 
com pounds w ith  tro p a n e  sk e le to n  is fo u n d  in  an  ‘u m b re lla ’ s tru c tu re .

In  te s tin g  th is  th e o ry , we can  s ta r t  w ith  th e  fa c t th a t  i f  th e  in te rp ro s th e tic  
d is tan ce  o f 5 an d  7 A, re sp ., is rea lly  a s ig n ifican t fac to r  of p a ra sy m p a th o ly tic  
a c tiv ity , th is  d is tan ce  shou ld  occur on ly  in  th e  an ii-tro p e in es  o f th e  a-series, 
b u t  n o t in  th e  /5-com pounds. I t  w ould  a p p ea r th a t  th e  <mi£-position o f  th e  h y ­
d roxy l g roup  in  a tro p in e  decides th e  p o ssib ility  of a p a ra sy m p a th o ly tic  ac tio n  
from  th e  v e ry  beg inn ing , so th a t  th is  ch a rac te ris tic  w ould  h a rd ly  be su b jec ted  
to  an y  fu r th e r  in fluence b y  in tro d u c in g  d iffe ren t q u a te rn a ry  groups. I n  syn-
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com pounds, w here th e  g iven s tru c tu re  ab ovo excludes th e  n ecessary  an d  o p ti­
m um  d is tan ce  o f 5 an d  7 Á, resp ., no p a ra sy m p a th o ly tic  ac tio n  shou ld  occur. 
H ow ever, accord ing  to  ex p erim en ta l evidence, th e  difference is n o t so m arked . 
A m ore p ronounced  difference can be observed  on th e  second p o in t o f a t ta c k  
o f acety lcho line , i.e ., on th e  v eg e ta tiv e  ganglia . H ow ever, in  th is  case th e  free 
or e ste rified  h y d ro x y l g roup  a t  C(3) has no decisive role, since, as i t  has been 
m en tioned  above, analogous q u a te rn a ry  tro p an es  derived  from  these  3-acyl- 
oxy  com pounds ra th e r  ap p ro ach  th e  sam e a c tiv ity  (T able X L I).

C onsequen tly , th e  conclusion m ay  be d raw n  th a t  c o n tra ry  to  p a ra ­
sy m p a th o ly tic  a c tiv ity , ganglionic effects o f tro p e in es  are  d e te rm in ed  n o t b y  
th e  syn- o r an ti-p o sitio n , o r by  th e  presence or absence o f th e  C(3) h y d ro x y l 
group , b u t  p rim arily  b y  th e  n a tu re  an d  ste ric  positio n  o f th e  su b s titu e n ts  on 
th e  q u a te rn a ry  n itro g en  a to m . M em bers o f th e  syn- an d  a n ti-series d isp lay  
no selective a ff in ity  for th e  recep to rs  o f v eg e ta tiv e  ganglia , b u t  th e y  affect 
— m o stly  in  th e  form  of b locking  — sy m p a th e tic  an d  p a ra sy m p a th e tic  ganglia  
alike. T he o b se rv a tio n  th a t  th e  e th y l or even m ore th e  m e th y l g roup  m ay  be 
rep laced  b y  an  N -benzyl group  in  q u a te rn a ry  tro p in iu m  sa lts  ap p ears  to  be 
tru e  also in  re sp ec t o f ganglion b locking  ac tio n . T h u s th e  ganglion  b locking  
a c tiv ity  of, e .g ., N -benzy l-/?-benzoyloxytropanium  b rom ide  is ju s t  as w eak 
as th a t  o f  th e  correspond ing  m e th y l analógon. T h u s th e  s itu a tio n  is qu ite  
d iffe ren t from  th e  case of h igher a lky l de riv a tiv es , w here th e  above s tru c tu ra l 
change corresponds to  an  increase in  a c tiv ity  b y  a fa c to r  o f 3 to  6 as 
com pared  w ith  T E A . In  N -q u a te rn a ry  a ra lk y l sa lts , how ever, in tro d u c tio n  o f 
a p - s u b s titu e n t fu n d a m e n ta lly  changes th e  c h a ra c te r  o f th e  com pound , since 
trope ines w ith  such  q u a te rn a ry  g roups are  v e ry  effective cho lino ly tic  agen ts. 
P ro b ab ly , th e  cause o f th is  difference betw een  th e  tw o  ty p es  is to  be found  in 
th e  re la tiv e ly  h igh  or low  e lec tro n  d en sity  of th e  q u a te rn a ry  n itro g en  a tom , 
p ro d u ced  th e re  b y  th e  su b s titu e n ts . A ccording to  p resen t view s, for o b ta in in g  
a cholinerg ic  ac tio n  b o th  on th e  p a ra sy m p a th e tic  te rm in a l a p p a ra tu s  an d  on 
th e  v eg e ta tiv e  ganglia, i t  is necessary  to  have  such  N -a ra lk y l q u a te rn a ry  
am m onium  com pounds in  w hich th e  p re p o n d e ra n t a lk y l g roup  is m eth y l 
(e.g. ace ty lcho line , TM A, p rostigm ine  etc.).

L eas t ac tiv e  ganglion b locking  agen ts in  th e  syn-series are  th e  m e th y l 
an d  e th y l d e riv a tiv es  o f th e  3 -benzoy loxy tropanes, an d  th e  sam e holds tru e  
as reg ard s  a c tiv ity  on th e  m yoneura l ganglia. F ro m  th e  asp ec t o f cu rare-like 
ac tion , b u ty l d e riv a tiv es  were found  to  possess h ighest a c tiv ity  b o th  in  th e  
syn  an d  an ti benzoy loxy  series. M oreover, th ese  com pounds h av e  also a con­
siderab le  ganglion  b locking  ac tion . T hus we could su p p o rt ou r fo rm er o b se rv a ­
tio n  also th ro u g h  resu lts  ob ta in ed  in  th is  series, accord ing  to  w hich curare-like  
a c tiv ity  an d  ganglion b locking  ac tio n  ru n  ab o u t para lle l in  th e  case o f th e  
m o n o q u a te rn a ry  com pounds w ith in  one group o f com pounds, while w ith  bis- 
q u a te rn a ry  de riv a tiv es  th e  a c tiv ity  is v e ry  m uch sh ifted  to w a rd  curare-like  
a c tiv ity .

A v e ry  im p o r ta n t role is assigned to  th e  3a-acy loxy  g roup  in  c o n tr ib u tin g  
to  cu rare-like a c tiv ity , since se lec tiv ity  an d  co n seq u en tly  th e  th e ra p e u tic a l 
value o f th e  com pound c ritica lly  depends up o n  th e  n a tu re  o f th is  group 
(sim ple a ro m a tic  acid  or a ry la lip h a tic  h y d ro x y  acid). H ow ever, th e  p resence  
of a 3a-acy loxy  group is n o t a crite rio n  o f cu rare-like  ac tio n , as i t  can  
be seen from  a su rv ey  o f th e  b is-tro p in iu m  com pounds lis ted  in  T ab le  
X X X I; th e  a c tiv ity  o f these  d e riv a tiv es  is n ea rly  as h igh  as th a t  o f d -tu b o - 
cu rarine .
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H ow ever, w hile th e  ac tio n  of b is -acy ltro p in iu m  d eriv a tiv es  can  be a n ta ­
gonized b y  p rostigm ine , th is  is n o t so in  th e  case o f b is - tro p an iu m  sa lts  con­
ta in in g  no oxygen . T his o b se rv a tio n  p e rm its  th e  conclusion th a t  cu rare-like 
a c tiv ity  is such  a tw o-phase  process w here th e  s tru c tu ra l c rite ria  o f ac tio n  and  
an tag o n izab ility  are  d e te rm in ed  b y  th e  recep to r surfaces them selves. T here 
are  good reasons to  believe th a t  d ru g  research  m u st proceed  on th e  w ay  in d ica ted  
above to  o b ta in  a b e tte r  know ledge of th e  s tru c tu re  o f recep to rs  an d  th e ir  
fu n c tio n  w hich follows from  it.
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IN T R O D U C T IO N

T he im p o rtan ce  o f to ta l  syn th esis  in  o rganic  ch em is try  is d ifficu lt to  
o v erestim a te  an d  i t  is s till th e  crow ning p o in t o f a n y  en d eav o u r in  th is  fie ld , 
inc lu d in g  th e  area  of s te ro ids. I t  is th e re fo re  n o t su rp ris in g  th a t  w ork  in  
th is  d irec tion  w as begun  im m ed ia te ly  a f te r  th e  s tru c tu re  o f th e  s te ro id  
sk e le ton  h a d  been  estab lished , a lth o u g h  th e  s te reo ch em is try  o f th ese  com ­
po u n d s or even th e  loca tio n  o f som e o f th e ir  fu n c tio n a l g roups w as s till 
n o t know n.

In  a sense, th e  f ir s t  s teps to w ard s  th e  to ta l  syn th esis  o f stero ids m a y  be 
considered  to  be th e  w ork  b y  B a r d h a n — S e n g u p t a  an d  R u z i c k a  d ev o ted  
to  th e  sy n th esis  o f cy c lo p en tan o p h en an th ren e  d e riv a tiv es . O f course th e  
p re sen t successes owe th e ir  ex istence  to  th e  w hole t r iu m p h a n t m arch  of organic 
ch em is try  an d  i t  is v e ry  d iffic id t to  conceive a sy n th esis  o f even  th e  sim plest 
s te ro id  horm ones w ith o u t, say , th e  A r n d t — E i s t e r t  re a c tio n , se lective h y d ro ­
g en a tio n , o r stereospecific  red u c tio n . T he p a r t  p lay ed  b y  th e  M a n n i c h —  
R o b i n s o n  con d en sa tio n  has received  u n iv e rsa l acknow ledgm en t, p rov id ing  
th e  m eans fo r b u ild ing  u p  th e  six -m em bered  rings, an d , w h a t is especially  
v a lu ab le , th e  possib ility  o f co n s tru c tin g  polycyclic system s w ith  an g u la r 
m e th y l g roups. T he B i r c h  red u c tio n  p e rm itte d  J o h n s o n  to  sy n thesize  a 
n u m b e r o f stero ids of th e  a n d ro s tan e  group , an d  diene co n d en sa tio n  w as 
an  in itia l s tage  in  W o o d w a r d ’s  an d  S a r e t t ’s  sy n th eses . T he seem ingly  
sim ple m eth o d  o f p ro tec tin g  th e  ca rbony l g roup  b y  m eans o f e th y len e  glycol 
m ade possible (or a t  least g re a tly  fac ilita ted ) th e  sy n th es is  o f /В -3-k e toste ro ids 
an d  sapogenins.

In  th e  p re sen t rev iew  we h av e  lim ited  ourselves to  an  illu s tra tio n  of 
on ly  tho se  syn theses th a t  h av e  led  to  n a tu ra l  s tero ids or th e ir  racem ic  m o d ifica ­
tio n s. W e h av e  d e lib e ra te ly  o m itte d  (w ith  few  excep tions) th e  sy n th es is  of 
com pounds closely re la te d  to  th e  n a tu ra l  p ro d u c ts  or th e  sy n th esis  o f th e ir  
num erous isom ers, in  o rd er to  keep  th e  su rv ey  w ith in  reasonab le  lim its.

As in  o th e r  b ran ch es o f ch em is try , th e  pace o f to ta l  syn th eses  is ever 
acce lera ting . T he period  from  1940 to  1950 saw  th e  p re p a ra tio n  o f only  th e  
s im p lest s te ro id  horm ones, equilen in  an d  oestrone . In  th e  succeeding decade 
th e  to ta l  syn thesis  o f cholestero l, of all th e  sex an d  co rtica l horm ones (including  
such  com plex p ro d u c ts  as co rtisone an d  a ldosterone), o f th e  sapogenins an d  
of a n u m b er o f ste ro id  alkalo ids w as accom plished . E rg o ste ro l, th e  bile acids, 
th e  card iac  aglycones an d  o th e r s te ro id  alkalo ids are all now  “ aw aiting  
th e ir  tu r n ” . T here  is scarcely  room  for d o u b t th a t  th e  p re sen t s ta te  of 
o rganic  ch em is try  in  general an d  o f  s te ro id  ch em is try  in  p a r tic u la r  w ill 
p e rm it these  syn theses to  be carried  ou t w ith in  th e  n e x t few  y ears , or even 
m on ths.
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T he to ta l  syn th esis  o f th e  stero ids has as y e t received  no ap p lica tions 
of in d u s tr ia l im p o rtan ce , b u t  th e  con tinuous im p ro v em en t in  tech n iq u es 
allow s one to  ex p ec t th e  ach ievem en t of m eth o d s fo r th e  p ra c tic a l syn thesis  
n o t on ly  o f th e  re la tiv e ly  sim ple horm ones, such  as oestrone , b u t  also o f such  
com plex com pounds as cortisone or a ldosterone .



C H A P T E R  I

SYNTHESES OF EQUILENIN

SYNTHESIS ACCORDING TO BACHMANN

T he p re p a ra tio n  o f equ ilen in  b y  B a c h m a n , Cole an d  W il d s  [2, 3] 
in  1 9 3 9 — 40 w as th e  f irs t  to ta l  syn thesis  of a ste ro id  horm one. B ach m a n n  
s ta r te d  w ith  th e  tricy c lic  ke to n e  (I) p rep a red  earlie r b y  B u t e n a n d t  an d  
S chramm  [5] from  Cl e v e ’s acid  (II) . F usion  o f th e  la t te r  w ith  p o tassium  
h y d ro x id e  y ie lded  an  a m in o n ap h th o l th a t  on m e th y la tio n  w ith  d im eth y l 
su lp h a te  gave 6 -m e th o x y -l-a m in o n a p h th a le n e  ( I II) . Iod ine  w as in tro d u ced  in  
p lace of th e  am ino group  b y  m eans o f th e  diazo reac tio n , an d  th e  iodine d e riv a ­
tiv e  w as co n v erted  to  th e  o rganom agnesium  com pound  (IV) w hich  B a c h m a n n  
em ployed  to  re a c t w ith  succinic sem ialdehyde este r. T he in te rm e d ia te  w as 
easily  d e h y d ra te d  to  th e  e s te r (V). C onsecutive h y d ro g en a tio n  an d  hydro lysis  
o f th e  la t te r  p roduced  th e  ac id  (V I), th e  chloride o f w hich w as co n v erted  by  
F r ie d e l — Cr a fts  reac tio n  to  k e to n e  I.

T he process w as im p ro v ed  b y  B a c h m a n n  [2], C o o k  [7, 8] a n d  W i l d s  
[14], u tiliz in g  co ndensa tion  w ith  e th y len e  oxide an d  th e  m alonic e s te r 
syn thesis.
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L a te r , S t o r k  [13] proposed  a m uch  m ore conven ien t syn th esis  o f th e  
cyclic k e to n e  I ,  s ta r tin g  w ith  nero lin  (/S -m ethoxynaph thalene). H y d ro g en a tio n  
an d  su b seq u en t o x id a tio n  o f th e  la t te r  gave 6 -m e th o x y te tra lo n e -l (V III) 
( th is  com pound  w as used  la te r  also b y  o th e r w orkers in  th e  syn th esis  o f 
oestrone , see below ). R e f o r m a t s k y  condensation  o f V III  w ith  m e th y l y-hrom o- 
c ro to n a te  w as accom pan ied  b y  e lim ina tion  o f w a te r  an d  gave th e  u n s a tu ra te d  
este r (IX ) t h a t  on h ea tin g  w ith  Pd/C  u n d erw en t iso m eriza tion  to  th e  ester 
o f  th e  acid  (V I) m en tio n ed  above.

C yclization  o f V I gave th e  k e to n e  I  in  an  over-all y ie ld  o f  a b o u t 36%  
based  on nero lin , or ab o u t 60%  ca lcu la ted  for m e th o x y te tra lo n e  (V III).

In  o rd er to  fo rm  rin g  D , B a c h m a n n  f irs t  condensed  th e  cyclic k e to n e  I  
w ith  oxalic  este r. P yro lysis  o f th e  p ro d u ced  glyoxylic e s te r in  th e  presence 
of pow dered  glass y ielded  th e  k e to -e s te r  X , w hich  w as m e th y la te d  to  X I. 
T hen  B a c h m a n n  in tro d u ced  th e  side chain  b y  R e f o r m a t s k y  reac tio n , o b ta in ­
ing , on d e h y d ra tio n  th ro u g h  th e  ch loride, a lkaline h y d ro lysis  an d  red u c tio n , 
an  ap p ro x im a te ly  equal m ix tu re  of th e  tw o  possible s tereom eric  d l-d icarboxy lic  
acids (X H a  an d  X H b ). A fte r th e ir  sep a ra tio n , e s te rifica tio n  an d  selective 
hyd ro ly sis , th e  h a lf-este r X I I I  w as co n v erted  b y  A r n d t — E i s t e r t  reac tio n
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to  th e  d ieste r X IY . D i e c k m a n n  cycliza tion  of th e  la t te r  re su lte d  in  th e  /Z-keto- 
e s te r X V  w hich  on h ea tin g  in  a m ix tu re  o f ace tic  an d  hyd ro ch lo ric  acids gave 
<ZZ-equilenin (X Y I).

T he y ield  w as ab o u t 20%  w ith  re sp ec t to  th e  k e to n e  I  an d  a b o u t 12%  w ith  
re sp ec t to  6 -m eth o x y te tra lo n e  (V III). T he y ield , b ea rin g  in  m ind  th e  m u lti­
p lic ity  o f stages (13, w hen  s ta r tin g  w ith  k e to n e  I ,  an d  17, from  k e to n e  V III) , 
m ay  ind eed  be considered  as h igh ly  sa tis fac to ry . T he racem ic  m ix tu re  w as 
reso lved  b y  c ry s ta lliz a tio n  o f th e  Z -m enthoxyacetates, y ield ing  th e  n a tu ra lly  
occurring  d -equilen in  an d  its  Z-isomer. d- an d  Z-ísoequilenin (X V II) w ere o b ta in ed  
b y  an  analogous ro u te , s ta r tin g  w ith  th e  d icarboxy lic  <ZZ-acid X l la .

In  1951 B a c h m a n n  [4] reported  a n ew , v er y  original sy n th esis  o f  eq u ilen in , 
w h ich , h ow ever , g ave  low  y ie ld s and u sed  less rea d ily  ava ila b le  com p ou n d s
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as th e  s ta r tin g  m a te ria ls , n am ely  /? -(6 -m eth o x y n ap h th y l)-e th y l iod ide (X V III)  
(p rep ared  from  IV  b y  condensation  w ith  e th y len e  oxide an d  conversion  o f th e  
p roduced  carb iuo l to  th e  iodide) an d  e th y l 2 -m eth y l-3 -k e to ad ip a te .

T he po tassio  d e riv a tiv e  o f th e  /1-keto-ester X IX  on reac tio n  w ith  th e  
iodide X V III  gives th e  k e to -e s te r X X  w hich  cyclizes in  85%  su lfuric  acid  
to  th e  la c to -e s te r X X I. T re a tm e n t o f th e  la t te r  w ith  sod ium  m e th y la te  co n v erts  
i t  to  th e  k e to -lac to n e  X X II ,  y ield ing  on pyro lysis th e  m e th y l e s te r o f dehydro - 
equilen in  (X X III ) .

J o h n s o n  show ed (see below) th a t  k e to n e  X X I I I  can be easily  co n v erted  
to  dZ-equilenin (X V I) b y  h y d ro g en a tio n  an d  su b seq u en t d em eth y la tio n .

SYNTHESIS ACCORDING TO JOHNSON

A sim pler ro u te  to  equilen in , w ith  a m uch  sm aller n u m b er of stages th a n  
req u ired  fo r th e  B a c h m a n n  syn th esis  w as p roposed  in  1945 b y  J o h n so n , 
P e t e r so n  an d  G utsch e  [10, 11]. L ike B a c h m a n n , J o h n so n  s ta r te d  from  
th e  tricy c lic  ke to n e  (I), b u t  em ployed  an  en tire ly  new  reac tio n  to  b u ild  ring  D. 
Cl a ise n  co ndensa tion  o f th e  k e to n e  I  w ith  e th y l fo rm a te  gave th e  keto -eno l 
X X IV  w hich  y ielded  th e  isoxazole X X V  on reac tio n  w ith  h y d ro x y lam in e . 
T re a tm e n t o f th e  isoxazol (X X V ) w ith  m e th y l iodide in  th e  presence of 
p o tassiu m  tert.-bu tox ide  led to  its  m e th y la tio n  w ith  s im u ltaneous opening  of 
th e  h e te ro -rin g , fo rm ing  th e  cyano-ke tone  X X V I, sim ilar to  B a c h m a n n ’s 
ke to -este r. One m ig h t h av e  th o u g h t th e  syn th esis  w ould  th e n  be c o n d u c ted  
along B a c h m a n n ’s schem e, n am ely  R eform atsicy  reac tio n  follow ed b y
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len g th en in g  o f th e  side chain , b u t  J o h n s o n  chose a sh o rte r , h ig h ly  ingenious 
ro u te . H e carried  o u t a succinic e s te r co n densa tion  w ith  th e  ob jec tiv e  o f 
d irec tly  o b ta in in g  th e  req u ired  tr ia to m ic  side chain . A c tu a lly , u n d e r th e  in ­
fluence  of p o tassiu m  tert.-b u to x id e  n o t on ly  co n d ensa tion , b u t  cycliza tion  
to o k  place, re su ltin g  in  th e  k e to -e s te r  X X V II.

16 Natural Carbon Compounds
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T his k e to -e s te r (X X V II) w as th e n  su b jec ted  to  a lkaline h y d ro lysis  an d  th e  
re s u lta n t k e to -ac id  X X V III  on d eca rb o x y la tio n  gave th e  m eth o x y k e to n e  
X X I I I .  H y d ro g en a tio n  of th e  la t te r  led  to  a 2 : 1 m ix tu re  o f equ ilen in  an d  
isoequilen in  m e th y l e thers (X X IX a  an d  X X IX b ) . T h e ir sep a ra tio n  an d  
d e m e th y la tio n  gave (//-equilenin (X V I) an d  (//-isoequilenin (X V II), an d  f in a lly  
d -equilen in . T he y ield  o f (//-equilenin (X V I) w as ca. 29%  w ith  re sp ec t to  th e  
k e to n e  I  an d  in  all th e re  w ere 8 opera tions.

J o h n s o n  also developed  an  a lte rn a tiv e  ro u te  [12], s ta r tin g  from  th e  
k e to n e  X X X , a m e th y l analogue o f I ,  t h a t  is read ily  o b ta in ab le  from  es te r V II 
in  a know n w ay  [14]. C ondensation  of th e  k e to n e  X X X  w ith  succinic este r 
affo rded  th e  d ieste r X X X I w hich w as h y d ro ly zed  an d  d eca rb o x y la ted  to  give 
th e  acid  X X X II  w ith  sh ifted  double bond . D a r z e n s  cycliza tion  of th is  acid 
y ie ld ed  th e  m e th y l e s te r o f d ehydroequ ilen in  (X X III )  an d  th e  la t te r  w as 
co n v erted  in to  (//-equilenin in  th e  m an n e r described  above.

SYNTHESES VIA THE D-HOMOCOMPOUNDS

Som e stero ids m ay  be syn th esized  b y  a re la tiv e ly  easy  an d  s tr a ig h t­
fo rw ard  m eth o d , u tiliz ing  th e  co rrespond ing  D -hom ocom pound . As i t  w ill be 
show n la te r , th is  ro u te  has been used  n o t on ly  in  th e  p re p a ra tio n  of equilen in  
b u t  also o f oestrone , te s to s te ro n e  an d  11-oxidized ste ro id s  (see pp . 248, 254, 
267, 269). Such a syn thesis  w as ach ieved  b y  C h a n g  C h i n  [6]. R e f o r m a t s k y  
co n densa tion  o f  k e to n e  X X X  w ith  y -b rom ocro ton ic  e s te r affo rded  th e  
h y d ro x y -e s te r  X X X II I  w hich on h y d ro lysis  an d  h y d ro g en a tio n  y ie lded  th e  
h y d ro x y -ac id  X X X IV , an d  i t  w as read ily  cyclized  to  th e  k e to n e  X X X V . 
H y d ro g en a tio n  o f th e  la t te r  led to  th e  m e tb y l e th e r  of D -hom o-equ ilen in  
(X X X V l) th e  o x id a tiv e  cleavage o f w hich gave a d icarboxy lic  acid  th a t  w as 
este rified  to  X X X V II. S u b sequen t cycliza tion  b y  th e  m e th o d  o f D i e c k m a n n ,  

hydro lysis  an d  d eca rb o x y la tio n  gave equilen in  m e th y l e th e r  (X X IX ).
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In  a n o th e r syn thesis  p roposed  b y  T o r g o v  an d  A n a n c h e n k o  [1] th e  
read ily  ava ilab le  6 -m e th o x y te tra lo n e -l (V III) served  as th e  s ta r tin g  m a te ria l. 
T his w as co n v erted  in to  th e  v iny lcarb in o l X X X V III  b y  th e  a id  o f v iny l- 
m agnesium  brom ide. In  th e  presence of a lkaline  ag en ts  (best o f all ‘T rito n  B ’), 
th e  v in y lcarb in o l u n d erw en t an  in te re s tin g  co n densa tion  w ith  m e th y ld ih y d ro - 
resorcino l to  give th e  tricyc lic  d ike tone  X X X IX . O n h e a tin g  th e  la t te r  w ith  
p y rid in e  h y d roch lo ride  th re e  consecutive reac tio n s to o k  place, n am ely , cycliza- 
tio n , isom eriza tion  an d  d em eth y la tio n , as a re su lt o f w hich  D -hom oequ ilen in  
(X L ) w as form ed.

i6*



As show n above, b y  m eans o f  in e th y la tio n , o x id a tiv e  cleavage an d  
cycliza tion , D -hom oequ ilen in  m ay  be easily  co n v erted  in to  equ ilen in  m e th y l 
e th e r  (X X IX a ) an d  fu r th e r  to  d/-equilenin .
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OTHER SYNTHESES

d l-E qu ilen in  m e th y l e th e r  (X X IX a ) was p rep a red  [9] b y  th e  o x id a tio n  
o f 8(9)-dehydro-oestrone m eth y l e th e r  (X L I), th e  in te rm e d ia te  in  th e  syn thesis  
o f oestrone  accord ing  to  H u g h e s — S m i t h  (see p . 252).
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C H A P T E R  I I

SYNTHESES OF OESTRONE AND ITS DERIVATIVES

SYNTHESIS ACCORDING TO MIESCHER

T he f ir s t  syn th esis  o f oestrone  in  1948 b y  A n n e r  an d  M i e s c h e r  [2, 3 ,4 ]  
crow ned a long series o f in v es tig a tio n s  begun  a lread y  b y  R o b i n s o n  an d  con­
tin u e d  b y  B a c h m a n n . T he k ey  in te rm e d ia te  w as th e  so-called  R o b i n s o n ’s 
k e to n e  (I) p rep a red  [18, 19, 5] from  m -brom oanisole (II)  an d  g lu ta ric  h a lf­
e s te r ch loride (III ) .

R eac tio n  o f m -anisy l m agnesium  brom ide w ith  e th y len e  oxide gave 
th e  p rim a ry  carb ino l (IV) from  w hich  th e  co rrespond ing  iod ide  (V) w as 
o b ta in ed . C ondensation  w ith  sod iom alonate  led  to  th e  d ieste r V I, th e  sod ium  
d eriv a tiv e  of w hich  on reac tio n  w ith  th e  chloride I I I  gave th e  k e to tr ica rb o x y lic  
e s te r V II. C yclization  o f th e  la t te r  w ith  phosphoric  acid  y ie lded  th e  bicyclic 
tr ie s te r  V III  w hich  w as tran sfo rm ed  b y  consecutive a lkaline  cleavage, rem o v al 
o f one m alonic  ty p e  carboxy lic  group , h y d ro g en a tio n , an d  e s te rifica tio n  in to  
th e  d ieste r IX . D i e c k m a n n  co ndensa tion  follow ed b y  an g u la r m e th y la tio n  
gave R o b i n s o n ’s  k e to n e  (I).
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Since s tru c tu re  I  possesses th re e  asy m m etric  carbon  a to m s, an d  th e  
above reac tio n s , in  p a r tic u la r  h y d ro g en a tio n , a re  n o t stereospecific , th e  
p roduced  k e to n e  (I) p ro v ed  to  be a m ix tu re  o f stereo isom ers. I t  w as ju s t  
because o f th is  th a t  R o b in s o n  w as unab le  to  com plete  th e  syn th esis  of 
oestrone.

B a c h m a n n  [5] m ade use of his m eth o d  fo r co n stru c tin g  rin g  D (see p . 239) 
in  th e  k e to n e  X , an d  th u s  succeeded in  p rep a rin g  a m ix tu re  o f te tracy c lic  
com pounds from  w hich th e  so-called B ach m a n n  oestrone  w as iso la ted . H ow ­
ever, i t  w as fo u n d  to  differ from  th e  n a tu ra l p ro d u c t.

Mixture of isomers ( 55% from XI) Baclimann oestrone

D esp ite  th e  obvious d ifficu lties, Mie s c h e r  an d  A n n e r  decided  to  rep ea t 
th is  ro u te . W ork ing  w ith  larger q u a n titie s , th e y  succeeded  in  iso la tin g  th ree  
isom ers from  ’R o b i n s o n ’s k e to n e ’. O ne of th e m  (ketone  A) w as fo u n d  to  
possess th e  req u ired  ’n a tu ra l’ co n fig u ra tio n , an d  a n o th e r (ke tone  C) could be 
tra n sfo rm e d  to  A on tre a tm e n t w ith  alcoholic a lkali. T his con firm ed  th e  
ex istence  o f a irons-decalone sy stem  in k e to n e  A. Follow ing B a c h m a n n ’s 
schem e, th e  Swiss researchers w ere indeed  able to  o b ta in  n a tu ra l  oestrone 
from  keto n e  A.

T he k e to -e s te r  (IA) w as su b jec ted  to  th e  R e f o r m a t s k y  reac tio n  followed 
b y  d eh y d ra tio n  to  give th e  d ieste r X I I  w hich  on h y d ro g en a tio n  y ie ld ed  a
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m ix tu re  of isom ers th a t  w as sep a ra te d  by  c ry sta lliza tio n . One o f th e  isom ers 
(X III )  w as su b m itte d  to  A r n d t  — E iste r t  reac tio n  follow ed b y  cycliza tion , 
hyd ro lysis  an d  d em e th y la tio n  to  give dZ-oestrone (X IV ). T he d- an d  Z-isomers 
w ere o b ta in ed  from  th e  racem ate  b y  c ry s ta lliz a tio n  of th e  Z -m enthoxyace- 
ta te s .

L a te r  A n n e r  an d  M ie sc h e r  p rep a red  fiv e  isom ers o f oestrone  from  
th e  o th e r  stereo isom ers o f  th e  keto n e  I  an d  o f th e  d ieste rs  o f ty p e  X I I I .

T he syn th esis  com parises 20 step s  an d  is n o t ch a rac te rized  b y  s te re o ­
specific ity .

SYNTHESIS ACCORDING TO JOHNSON

A  novel, fu n d a m e n ta lly  d iffe ren t and  sh o rte r  syn th esis  o f oestrone  was 
re p o rte d  b y  J o h n so n  an d  his g roup  [12, 13]. T he ra th e r  d iff icu ltly  availab le  
m -m eth o x y p h en y lacety len e  (XV) an d  deca lin -l,5 -d io n e  (X V I) served  as 
s ta r t in g  m ate ria ls . T hese com pounds w ere condensed  to  th e  tricy c lic  ke to l 
X V II in  th e  p resence of p o ta ss iu m  ie ri.-b u ty la te . E x h a u s tiv e  h y d ro g en a tio n  
follow ed b y  d e h y d ra tio n  led  to  th e  u n s a tu ra te d  k e to n e  X V III  w hich , u n d e r 
th e  in fluence  of A1C13, cyclized  to  a m ix tu re  o f stereo isom eric  k e tones X IX . 
T hree  isom ers w ere iso la ted  from  th is  m ix tu re  in  1 : 1 : 2  p ro p o rtio n , an d  
su b jec ted  to  fu r th e r  reac tio n  invo lv ing  th e  in tro d u c tio n  o f an  an g u la r 
m e th y l g roup  an d  th e  conversion  o f a six  to  a five-m em bered  ring . T he p ro ­
cedure for th is  h a d  been developed  b y  J o h n so n  earlier [11] on m odel com ­
pounds.
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T he b en za l d e riv a tiv e  w as p rep a red  from  one o f  th e  less p re v a le n t iso ­
m eric k e tones (X IX ), a n d  on m e th y la tio n  th is  again  y ie lded  a m ix tu re  of 
isom ers. O zon ization  o f one o f th e m  (X X I) led  to  th e  d icarboxy lic  acid  X X II ,  
pyro lysis  o f w hich  affo rded  сЛ-oestrorie m e th y l e th e r  (X X III ) . <ZZ-Oestrone 
(X IV ) w as reso lved  b y  m eans of th e  m en th o x y a c e ta tes .

U tiliz ing  th e  o th e r  isom eric k e to n e s  (X IX  an d  X X Ia )  J o h n so n  
accom plished  th e  syn thesis  o f all th e  8 possib le oestrone  isom ers; one o f th e m  
p ro v ed  to  be  id en tica l w ith  ‘B a c h m a n n ’s o estro n e’.

J o h n so n ’s syn th esis  is on ly  p a r tia lly  stereospecific . I t  com prises 9 
o p era tio n s, th e  to ta l  y ield  o f dZ-oestrone am o u n ts  to  0 .21% , b ased  on d ike tone  
X V I. T he m e th o d  of fo rm ing  th e  ste ro id  m olecule v ia  D -hom ostero ids w as also 
u sed  by  J o h n so n  in  o th e r  syn theses.
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SYNTHESIS ACCORDING TO JOHNSON AND CHRISTIANSEN

L a te r  J o h n s o n  an d  C h r i s t i a n s e n  [14, 15] developed  a ro u te  to  oestrone, 
from  m ore read ily  av a ilab le  p ro d u c ts , n am ely , anisole an d  th e  acid  chloride 
o f e th y l h y d ro g en  g lu ta ra te  ( I I I )  or, b e t te r  still, g lu ta ric  an h y d rid e . T he 
F r i e d e l —  C r a f t s  reac tio n  w as used  to  p ro d u ce  y -an iso y lb u ty ric  e s te r  (Х Х У ) 
w hich  w as condensed  w ith  m e th y l su cc in a te  to  th e  e s te r X X V I, th e n  con­
v e rte d  b y  sap o n ifica tio n , red u c tio n  an d  e s te rifica tio n  to  th e  tr ie s te r  X X V II. 
D i e c k m a n n  cycliza tion  follow ed b y  m e th y la tio n  affo rded  th e  b icyclo keto - 
e s te r o f th e  req u ired  co n fig u ra tio n  X X V III  as th e  p re d o m in a n t p ro d u c t, 
to g e th e r  w ith  sm aller am o u n ts  o f its  isom er (X X IX ).

R e f o r m a t s k y  r e a c t i o n  c o n v e r t e d  t h e  k e t o - e s t e r  (X X V III)  l a r g e l y  i n t o  t h e  
h y d r o x y - e s t e r  (X X X ) a c c o m p a n i e d  b y  t h e  f o r m a t i o n  o f  s o m e  l a c t o n e s .
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T he c rude  m ix tu re  w as t re a te d  w ith  fo rm ic acid  (d eh y d ra tio n ), an d  th e n  w ith  
an  alcoholic a lkali so lu tion . T his gave th e  acid  X X X I. In tra m o le c u la r  acy la tio n  
b y  F r i e d e l — Crafts  reac tio n  led  to  th e  tricy c lic  k e to -e s te r  X X X II  w hich 
on consecu tive  h y d ro g en a tio n , f ir s t  w ith  p a lla tiz e d  carbon  in  acidic m ed ium  
an d  th e n  w ith  p a llad iu m  on s tro n tiu m  ca rb o n a te  in  e th y l a c e ta te , w as con­
v e rte d  in to  th e  m e th o x y d ie s te r  X I I I  p rep a red  f ir s t  b y  M ie s c h e r  (see p . 247). 
C onversion o f th is  e s te r in to  i/Z-oestrone w as ca rried  o u t in  tw o  w ays: accord ing  
to  B a c h m a n n — M ie s c h e r  (see p . 247) an d  accord ing  to  S h e e h a n  [20]. T he 
la t te r  m e th o d  in v o lved  th e  use o f  th e  acyloin  co n d en sa tio n  reac tio n  to  form  
rin g  D an d  th e n  accom plished  th e  syn th esis  o f oestrone  b y  a sequence of 
reac tio n s: red u c tio n , d eh y d ra tio n  an d  d em eth y la tio n .

S h e e h a n ’s m od ifica tio n  o f th e  J o h n s o n — Ch r i s t i a n s e n  syn th esis  
consists o f 18 steps an d  is h igh ly  stereospecific . T he low  price o f th e  
s ta r tin g  m a te ria ls  m akes i t  a ttra c t iv e  fo r large scale p ro d u c tio n , all th e  m ore 
so since im p ro v em en ts  due to  K i p r ia n o v  [16] can  raise  th e  over-a ll y ield  
to  4 % .

SYNTHESIS ACCORDING TO JOHNSON, ROBINS AND W ALKER

A  h ig h ly  in te re s tin g  syn thesis  o f oestrone  w as ach ieved  b y  J o h n s o n ’s 
group  an d  E n g lish  chem ists [7].

To b u ild  th e  stero id  a rran g em en t th e y  m ade use o f th e  d iene condensa­
tio n  o f l-v in y l-6 -m e th o x y -3 ,4 -d ih y d ro n ap h th a len e  (X X X IV ) w ith  qu inone. 
T he eis-d iketone  X X X V  o b ta in ed  in  h igh  y ie ld  w as red u ced  to  th e  d ik e to n e  
X X X V I h av in g  a m ore reac tiv e  17a-keto  group  th a t  y ie ld ed  th e  k e ta l  w ith  
m eth an o l. K is h n e r  e lim ina tion  o f th e  15-keto g roup  w as accom pan ied  b y  
inversion  a t  C 14, an d  a fte r  hydro lysis th e  tran s-k e to n e  X X X V III  w as o b ta in ed . 
E m p lo y in g  th e  w ell-know n p rocedures o f an g u la r m e th y la tio n  (see p . 248) 
(w hich gave th e  desired  isom er in  p red o m in a tin g  am o u n ts) an d  o f rin g  D 
opening , th e  au th o rs  o b ta in ed  th e  ac id  X L , w hich  w as red u ced  b y  so ­
dium  in  liq u id  am m onia  to  th e  d e riv a tiv e  o f D -hom om arriano lic  acid 
(X L a).
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T ran sfo rm a tio n  o f th e  la t te r  in to  d i-oestrone m eth y l e th e r  (X X III )  an d  th en  
in to  d l-oestrone (X IV ) w as accom plished  b y  co n v en tio n a l m ethods.

T he en tire  syn thesis  from  th e  in itia l 6 -m e th o x y te tra lo n e  involves 12 
stages an d  th e  over-a ll y ie ld  w ith  re sp ec t to  th e  s ta r t in g  m ate ria ls  is ab o u t 
3 .2 %  (values fo r th e  in d iv id u a l yields h av e  been  ta k e n  from  o th e r sources [17]). 
T he a v a ila b ility  o f th e  s ta r tin g  m ate ria ls  an d  th e  sim p lic ity  o f th e  chem ical 
o p era tio n s m akes th is  m e th o d  h ig h ly  prom ising  even for com m ercial p ro d u c ­
tio n . I t  shou ld  be n o te d  th a t  dienic co n densa tion  using  th e  d iene X X X IV  
w ith  th e  ob jec tiv e  o f sy n thesiz ing  stero ids w as f ir s t  ca rried  o u t in  1939 b y  
D a n e  [ 8 ]  w ho em ployed  th e  reac tiv e  3-m ethyl-Zl3-cy c lo p en ten e-l,2 -d io n e  as 
th e  d ienophil. T he a d d u c t X L I  w as co n v erted  b y  a series o f reac tio n s in to  
com pound  X L II  isom eric w ith  oestrone , b u t  th e  s tru c tu re  w as n o t  d e te rm in ed .
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L a te r  [21] i t  w as d e fin ite ly  e s tab lished  th a t  D a n e ’s a d d u c t possessed 
th e  s tru c tu re  X L I.

SYNTHESIS ACCORDING TO HUGHES AND SMITH

In  1960 H u g h es  an d  S m ith  described  in  tw o  b r ie f  re p o rts  [9, 10] th e  
to ta l  syn th esis  o f D -hom o-oestrone an d  oestrone , s ta r tin g  from  m -(3-brom o- 
propy l)an iso le  (X L III)  an d  m eth y ld ih y d ro reso rc in o l o r 2 -m ethylcyclo- 
p e n ta n e -l,3 -d io n e , re spec tive ly . T he Ma n n ic h  an d  Mic h a e l  reac tio n s w ere 
u tilized  in  th e  syn thesis . H igh ly  orig inal w as th e  double  cycliza tion  to  form  
consecu tive ly  rings В an d  C.

R eac tio n  o f th e  b rom ide  X L I I I  w ith  sod ium  ace ty lide  a ffo rded  th e  
acety len ic  com pound  X L IY  w hich w as co n v erted  b y  Ma n n ic h  reac tio n  in to  
th e  am in e  X L V . D istilla tio n  of th e  K u ch ero v  h y d ra tio n  p ro d u c t o f th e  la t te r  
y ie lded  th e  u n s a tu ra te d  k e to n e  X L V I c o n ta m in a te d  w ith  th e  /S-ketoam ine 
X L V II. B o th  com pounds (ac tu a lly  th e  m ix tu re  is used) re a d ily  undergo  th e  
Mic h a e l  reac tio n  w ith  m eth y ld ih y d ro reso rc in o l, or w ith  2-m ethylcyclo- 
p e n ta n e -l,3 -d io n e  to  give th e  tr ik e to n e s  X L V III  or X L IX , re spec tive ly .
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T he la t te r  com pound  undergoes double  cycliza tion  w hen tre a te d  w ith  
p -to lu en esu lp h o n ic  ac id  to  affo rd  th e  s te ro id  k e to n e  L w hich is h y d ro g en a ted  
to  k e to n e  L I  h av in g  trans C/D rin g  ju n c tio n . R ed u c tio n  w ith  p o tass iu m  in 
liq u id  am m o n ia  follow ed b y  o x id a tio n  o f th e  k e to n e -a lco h o l m ix tu re  leads 
to  oestrone  m e th y l e th e r  (X X III ) . O x id a tio n  of th e  k e to n e  L I w ith  selenium  
dioxide gives equilen in  m e th y l e th e r  (L II).

A nalogously , D -hom o-oestrone (L II I )  w as o b ta in ed  from  th e  tr ik e to n e  
X L V III . T he H u g h e s — S m i t h  syn th esis  consists o f 8 stages s ta r tin g  w ith  th e  
d ifficu ltly  o b ta in ab le  brom ide X L II I .

SYNTHESIS ACCORDING TO TORGOV AND ANANCHENKO

In  1960 — 62 T o r g o v  an d  A n a n c h e n k o  [1] syn th esized  oestrone  an d  
D -hom o-oestrone, s ta r tin g  w ith  6 -m e th o x y te tra lo n e  an d  m e th y ld ih y d ro - 
resorcino l or 2 -m e th y lcy c lo p en tan e-l,3 -d io n e . T h e  basic  reac tio n s  in  th is  
syn th esis  w ere condensation  o f l-v in y l-6  m e th o x y te tra lo l (LIV ) (p rep ared  
from  6 -m eth o x y te tra lo n e  accord ing  to  N o r m a n ) w ith  m eth y ld ih y d ro reso rc in o l 
an d  m eth y lcy c lo p en tan ed io n e , resp ec tiv e ly . T his in te re s tin g  reac tio n  is induced
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b y  a lkaline agen ts, such as p o tassiu m  h y d ro x id e , a lcoho la tes, or, b e s t of all, 
tr im e th y lb e n z y l am m onium  h y d ro x id e  (T riton  B ), an d  leads to  th e  tricy c lic  
k e tones LV an d  LV I w hich  v e ry  read ily  undergo  cycliza tion  in  acidic m ed ium  
to  th e  ste ro id  ketones L Y II an d  L.

T he k e to n e  L w hich h a d  been  p rev io u sly  o b ta in ed  b y  H u g h e s  and  
S m i t h  (see p . 253) w as co n v erted  in to  dZ-oestrone m e th y l e th e r  (X X III )  and  
dZ-oestrone (X IV ) b y  o rd in a ry  m ethods. T he la t te r  w as also p rep a red  from  th e  
k e to n e  L V II an d  its  d ihy d ro  d e riv a tiv e  (L V III). T he e th y le n e k e ta l of th e  
d ih y d ro  d e riv a tiv e  on red u c tio n  w ith  po tassiu m  in  liqu id  am m onia  follow ed 
b y  hydro lysis  gave th e  m e th y l e th e r  o f D -hom o-oestrone (L III)  w hich , using  
J o h n s o n ’ s  m eth o d , w as con v erted  in to  dZ-oestrone.
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T he f ir s t  ro u te  (v ia  d ik e to n e  LYI) com prises seven  o p era tio n s a n d  is 
h ig h ly  stereospecific . T he y ie ld  o f d l-oestrone  (w ith  re sp ec t to  6 -m ethoxy- 
te tra lo n e ) exceeds 10% . T he second ro u te  (v ia d ik e to n e  L V II) is longer (10 
stages), an d  th e  over-a ll y ie ld  is less (5 .3% ), b u t  th e  s ta r t in g  m a te ria l, m eth y l- 
d ihyd ro reso re ino l, is m ore read ily  av ailab le . B o th * a lte rn a tiv es  a re  p rom ising  
from  an  in d u s tr ia l s ta n d p o in t.

SYNTHESIS ACCORDING TO BANERJEE

T his sy n th esis  w as described  [6] in  a b r ie f  com m u n ica tio n  in  1960. 
T he s ta r tin g  m ate ria ls  w ere th e  a b u n d a n tly  ava ilab le  p -m eth o x y ace to p h en o n e  
(L IX ) an d  th e  less read ily  availab le  d im e th y l-3 -k e to ad ip a te  (L X ). T he p ro d u c t 
o b ta in ed  from  L IX  w ith  fo rm ald eh y d e  an d  d im eth y lam in e  w as condensed  
w ith  th e  /3-keto este r L X  in  th e  presence o f d im eth y lsu lp h o x id e  an d  sod ium  
m eth o x id e  to  fo rm  th e  d ik e to -este r L X II . T re a tm e n t o f th e  la t te r  w ith  sodium  
m eth o x id e  causes i ts  sap o n ifica tio n  w ith  s im u ltan eo u s cyc liza tion  to  th e  
b icyclic  h a lf-e ste r L X II I , a lka line  h y d ro lysis  o f w hich  leads to  th e  k e to -ac id  
L X IY . T he double  bo n d  o f th e  la t te r  is read ily  an d  s tereospecifica lly  red u ced  
b y  lith iu m  in  liq u id  am m onia .
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B y a series o f reac tio n s described  in  th e  discussion of J o h n s o n ’s  syn th esis  
o f  equilen in  (see p . 241), th e  e ste r o f th e  k e to -ac id  L X Y  w as co n v erted  to  
th e  k e to -e s te r X X V III  from  w hich  dZ-oestrone (see p. 249) h a d  been  syn th esized  
earlie r.

B a n e r j e e ’ s  syn thesis  invo lves 17 stages; i t  is v e ry  d ifficu lt to  e s tim a te  
th e  over-a ll y ield .

SYNTHESIS ACCORDING TO VELLUZ

In  th e  syn thesis  o f V e l l u z  p u b lished  in  1960 [22, 23] ju s t  like in  tho se  
o f C o l e — J o h n s o n — R o b i n s — W a l k e r  an d  o f A n a n c h e n k o - T o r g o v ,  th e  
s ta r tin g  m a te ria l w as 6 -m e th o x y te tra lo n e . H ow ever, in  c o n tra s t to  th e  p rev ious 
m eth o d s, th is  su b stan ce  served  here  as th e  fo u n d a tio n  fo r rings В a n d  C 
in s te a d  o f A an d  B . V e l l u z  fo rm ed  f ir s t  rin g  D accord ing  to  J o h n s o n ’s  schem e, 
o b ta in in g  th e  k e to -e s te r L X V I in  50%  yie ld . I ts  red u c tio n  w ith  sod ium  boro- 
h y d rid e , sap o n ifica tio n  to  th e  h y d ro x y -ac id  an d  reso lu tio n  w ith  ch lo ram ­
phen ico l led  to  th e  o p tica lly  ac tiv e  h y d ro x y -ac id  L X V II w hich  on re flu x in g  
w ith  hyd roch lo ric  ac id  suffered  d eca rb o x y la tio n  to  th e  carb ino l L X V III . 
C onsecutive h y d ro g en a tio n , red u c tio n  w ith  lith iu m  in  liq u id  am m onia  and  
m ild  h y d ro lysis  y ie lded  th e  (J ,y -u n sa tu ra ted  k e to l L X IX , th e  b en zo a te  of 
w hich  in  th e  fo rm  o f th e  sodium  d eriv a tiv e  could  be read ily  condensed  w ith  
l,3 -d ich lo ro b u ten e-2  to  give th e  tricy c lic  ch lo roketone  L X X . ( I t  shou ld  be 
m en tio n ed  th a t  w ith  th e  isom eric a ,/j-u n sa tu ra te d  k e to l ad d itio n  ta k e s  p lace 
a t  C(11j.) T he ac tio n  o f su lphuric  ac id  on th e  ch lo roke tone  L X X  affo rded  
th e  d ike tone  L X X I w hich  was easily  cyclized in  th e  presence o f sod ium  tert.- 
am y la te  to  th e  te tracy c lic  d ienone L X X II .
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T he d ienone L X X II  isom erizes on h e a tin g  w ith  pallad ized  carbon  to  
d -estrad io l ben zo a te  (L X X III) .

T he en tire  syn thesis  invo lv ing  15 stages is ch a rac te rized  b y  h igh  s te reo ­
specific ity . I t  is n o te w o rth y  th a t  th e  in te rm e d ia te  d ike tone  L X X I m ay  be 
u tilized  in  th e  syn th esis  o f d eh y d ro te s to s te ro n e  an d  ad ren o ste ro n e , as will 
be show n in th e  follow ing c h a p te r  (see p. 270).

SYNTHESIS OF EQUILIN ACCORDING TO DJERASSI

E q u ilin  differs from  oestrone  only  in  th e  presence o f a J 7̂ 8)-bond , b u t  
th is  seem ingly  sm all difference m ade its  syn th esis  e x tra o rd in a r ily  d ifficu lt, 
all a tte m p ts  to  in tro d u ce  a double  bo n d  in to  rin g  В of oestrone  in v a ria b ly  
causing  d eh y d ro g en a tio n  w ith  th e  fo rm a tio n  o f equ ilen in . O nly  in  1958, a f te r  
m uch  m ore com plex stero ids h a d  been sy n thesized , could D j e r a s s i  an d  
co llabo ra to rs [24] achieve th e  syn th esis  o f equilin . T h ey  s ta r te d  w ith  th e  
m e th y l e th e r  o f oestrad io l (L X X X IV ) w hich  on red u c tio n  w ith  lith iu m  an d  
alcohol in  liq u id  am m onia , follow ed b y  h y d ro lysis , gave 19 -no rtesto ste ro n e , 
th e  a c e ta te  o f w hich (L X X Y ) w as b ro m in a te d  w ith  N -brom osuccin im ide. 
T he 6-brom o d eriv a tiv e  (L X X Y I) w as fo rm ed , w hich w as d eh y d ro b ro m in a ted ,

17 Natural Carbon Compounds
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fo rm ing  th e  d ienone L X X V II. T he enol a c e ta te  (L X X Y III) o f th e  la t te r  on 
red u c tio n  w ith  sodium  b o ro h y d rid e  gave th e  diói L X X IX  w hich , su b jec ted  
to  Op p e n a u e r  o x id a tio n , y ielded  th e  d ike tone  L X X X .

T he d ik e to n e  (L X X X ) a lread y  possessing th e  req u ired  Zl7̂  b o n d  w as 
su b jec ted  to  m icrobiological d eh y d ro g en a tio n  w ith  Corine b a c te riu m  sim plex , 
re su ltin g  in  th e  fo rm atio n  of a zl-bond. T he in te rm e d ia te  d ienone sp o n tan eo u sly  
isom erized  to  equilin  (L X X X I).
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C H A P T E R  I I I

SYNTHESES OF ANDROSTANE DERIVATIVES

SYNTHESIS ACCORDING TO ROBINSON

T he to ta l  syn thesis  of an d ro s tan e  p ro v ed  to  he a m uch  m ore d ifficu lt 
ta s k  th a n  th a t  of oestrone, because special m ethods h a d  to  be devised  for 
in tro d u c in g  th e  C10-an g u la r m e th y l g roup . In  p rinc ip le , th is  p rob lem  h ad  
been  solved b y  R o b in so n  [3, 15] as fa r  back  as in  1937, s till m uch  tim e  
w as req u ired  before these  s tud ies ended  in  th e  to ta l  syn th esis  o f n a tu ra l  
stero ids.

T he to ta l  syn th esis  o f an d ro s tan e  an d  p reg n an e  d e riv a tiv e s  w as ach ieved  
a lm o st sim u ltan eo u sly  in  1951 b y  R o b in s o n  an d  W o o d w a r d  using  in d ep en d ­
e n t an d  en tire ly  d iffe ren t m ethods. Since R o b in s o n  cam e to  deh y d ro ep ian d ro - 
ste rone  we shall consider his syn th esis  in  th is  section .

T he s ta r tin g  m a te ria l [1, 2] w as 1 ,6 -d ih y d ro x y n ap h th a len e  (I), p rov id ing  
th e  basis of th e  rin g  system  BC. R ed u c tio n  o f its  m e th y l e th e r  gave 5 -m ethoxy- 
2 -te tra lo n e  (II) . M etb y la tio n  in  th e  1-position  led  to  l-m e th y l-5 -m eth o x y -2 - 
te tra lo n e  (III) . R ing  A w as th e n  form ed b y  Ma n n i c h  co ndensa tion  an d  th e  
re su ltin g  tricy c lic  k e to n e  IV  on d em e th y la tio n , h y d ro g en a tio n , selective 
ace ty la tio n , a second h y d ro g en a tio n  an d  o x id a tio n  affo rded  a m ix tu re  o f 
th e  isom eric ace to x y k e to n es V.

261
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T his m ix tu re  w as sapon ified  an d  th e n  se p a ra te d  b y  c ry s ta lliz a tio n  of 
th e  hyd ro g en  succinates (yield for each  isom er 5 — 10% ). T he fra c tio n a ted  
isom eric h a lf-este rs  w ere in  tu rn  reso lved  th ro u g h  th e  b ru c in e  sa lts  (yield 
3 0 —40% ). A ll th e  fou r op tica lly  ac tiv e  h y d ro x y k e to n e  a c e ta tes  (V) w ere 
m e th y la te d , sapon ified  an d  oxidized to  th e  fo u r d ike tones (VI). One o f th ese  
stereo isom ers (know n as th e  R eich  d ike tone), V ia , p ro v ed  to  be id en tica l 
w ith  th e  d eg rad a tio n  p ro d u c t o f cho lestero l an d  desoxycholic acid.

T he isom er V I a w as u tilized  in  th e  fu r th e r  steps th a t  ended  in  th e  to ta l  syn th esis  
o f ep iand roste rone . T he co n stru c tio n  o f ring  D w as, in  general, s im ilar to  th a t  
o f  B a c h m a n n ’s an d  M i e s c h e r ’s schem es. In v ers io n  of th e  cis con fig u ra tio n  
o f rings A an d  В to  th e  trans co n fig u ra tio n  w as accom plished  in  an  ingenious 
w ay. B ro m in a tio n  an d  d eh y d ro b ro m in a tio n  of th e  d ike tone  V ia  gave th e  
u n sa tu ra te d  d iketone  V II, th a t  w as co n v erted  in to  th e  enol a c e ta te  V II I  
w hich  on red u c tio n  y ie lded  th e  d ike tone  IX . T he la t te r  w as co n v erted  b y  
L iA lH 4 to  th e  diói X . One h y d ro x y l g roup  o f th is  diol reac ts  m u ch  m ore 
read ily  w ith  t r i ty l  chloride th a n  th e  o th e r, allow ing th e  la t te r  to  be se lectively  
ox id ized  w ith  th e  fo rm atio n  of th e  ké tő l X I. C arb o x y la tio n  o f th e  sodium  
d e riv a tiv e  of th e  k e to l b en zo a te  o f X I follow ed b y  este rifica tio n  afforded  
a m ix tu re  o f th e  k e to -este rs  X H a  an d  X l lb ,  t h a t  w as sep a ra te d  b y  c ry s ta lliz a ­
tio n .
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T he isom er X l lb  possessed th e  a p p ro p ria te  co n fig u ra tio n  o f th e  CH3 
g roups, an d  y ie lded  on R e f o r m a t s k y  reac tio n  follow ed b y  m ethano lysis  
th e  d ih y d ro x y d ie s te r  X I I I .  B y  succesive h y d ro g en a tio n , ace ty la tio n , d e h y d ra ­
tio n  an d  again  h y d ro g en a tio n , th e  e ste r X I I I  a ffo rded  th e  d ieste r X IV . T he side 
chain  w as len g th en ed  b y  A r n d t — E is t e r t  reac tio n . H ydro ly sis  an d  a c e ty la ­
tio n  o f th e  re su ltin g  este r X V  gave th e  an h y d rid e  X Y I, w hich  on pyro lysis 
y ie lded  ep ian d ro ste ro n e  a c e ta te  (X V II).

Since ep ian d ro ste ro n e  h a d  been earlie r co n v erted  to  an d ro ste ro n e , 
te s to s te ro n e , cholestero l an d  d e riv a tiv es  of p regnane , R o b i n s o n ’s syn thesis  
w as a c tu a lly  eq u iv a len t to  th e  syn th esis  o f th e  m a jo rity  o f ste ro id  horm ones 
a n d  w as an  o u ts ta n d in g  c o n tr ib u tio n  to  organic ch em istry .
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T he schem e invo lved  ab o u t 40 stages, an d  th e  over-all y ield  d id  n o t 
exceed 0 .0004% . S everal o f its  o p era tio n s m ay  be sh o rten ed  an d  m odified , 
an d  i t  w as th is  course t h a t  w as ta k e n  b y  W il d s  w hen ca rry in g  o u t his sy n ­
th esis  of e tian ic  acid  d e riv a tiv es  (see p . 277).

SYNTHESIS ACCORDING TO JOHNSON

In  severa l p ap ers  ap p earin g  in  1956, J o h n so n  an d  co llab o ra to rs  [4, 13] 
described  a n u m b er of ro u tes  to  a n d ro s tan e  d e riv a tiv es  v ia  com pounds of 
th e  h y d ro ch ry sen e  series. L ike R o b i n s o n , J o h n so n  s ta r te d  w ith  5 -m ethoxy- 
2 -te tra lo n e  (II) w hich  on co n densa tion  w ith  e th y l v in y l k e to n e  (as its  Ma n n ic h  
base) u n d e rw en t ring  closure in  p o sition  1 as in  R o b i n s o n ’s case (see p . 261), 
y ie ld ing  a m ix tu re  of th e  tricyc lic  k e tones X V III  an d  X IX . A second conden­
sa tio n  o f th is  m ix tu re  w ith  m e th y l v in y l k e to n e , accord ing  to  M ic h a e l , 
gave th e  te tra c y c lic  k e to n e  X X . U n d er m ilder cond itions, th e  k e to l in te r ­
m ed ia tes X X Ia  an d  X X Ib  could  be iso la ted  an d  th e ir  s tru c tu re s  w ere 
estab lish ed  b y  a special in v estig a tio n .
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T he k e to n e  X X  w as red u ced  b y  lith iu m  (or sodium ) an d  alcohol in  liqu id  
am m onia , y ield ing  th e  carb ino l X X II . S u b seq u en t red u c tio n  of th e  carb ino l 
w ith  a large excess of th e  sam e reducing  ag en t a ffo rded  a fte r  h y d ro lysis  a m ix ­
tu re  o f th e  keto ls  X X I I I a  a n d X X II Ib  th a t  w as su b jec ted  w ith o u t sep a ra tio n  
to  a lkaline h y d ro g en a tio n . As a re su lt, th e  k é tő l X X IV  w as o b ta in ed  w ith  
trans  C/D rin g  ju n c tio n . T he k e to n e  X X  could also d irec tly  be red u ced  to  
th e  k e to l m ix tu re  X X I I I a  an d  X X I I Ib  u n d e r a p p ro p ria te  cond itions [5, 6]. 
S u b seq u en tly , J o h n so n  u tilized  th e  m e th o d  described  above for th e  d e g rad a ­
tio n  o f a six -m em bered  D -ring  to  a five-m em bered  ring  (see p . 248). M ethyla- 
tio n  o f th e  fu rfu ry lid en e  d e riv a tiv e  X X V  gave a m ix tu re  o f th e  1 8 -m ethy l 
com pounds X X Y Ia  an d  X X Y Ib , how ever, w ith  th e  desired  isom er (X X V Ib) 
in  th e  low er am o u n ts . O zonization  of th e  a c e ta te  o f X X V Ib  gave rise  to  th e  
fo rm a tio n  o f th e  acid  X X V II w hich on este rifica tio n , D ie c k m a n n  cyclization , 
an d  hydro lysis affo rded  dZ-epiandrosterone (X X V III) .



T he com plete  sy n th esis  invo lves 10 s tages (several reac tio n s being 
com bined  in to  a single s tep ), if  th e  s ta r tin g  m a te ria l is 5 -m eth o x y -2 -te tra lo n e  
(II) , an d  12 stages, i f  1 ,6 -d ih y d ro x y n ap h th a len e  (I) is used. T he over-all y ield  
o f d /-ep iand roste rone  (X X V III)  am o u n ts  to  1 .5%  w ith  re sp ec t to  I.

J o h n so n  also ach ieved  th e  syn th esis  o f te s to s te ro n e , s ta r tin g  from  th e  
k e to n e  X X  [7]. I ts  k e ta l (X X IX ) w as su b jec ted  to  red u c tio n  in  liq u id  am m onia , 
f ir s t  b y  p o ta ss iu m  an d  alcohol, an d  th e n  b y  lith iu m  an d  alcohol, b o th  in  
a single o p era tio n . H ydro lysis  o f th e  p ro d u c ts  b y  oxalic  acid  gave a m ix tu re  
o f th e  u n s a tu ra te d  k e tones X X X . X X X a  w as h y d ro g e n a te d  to  th e  k e to n e  
X X X I. T h is reac tio n  is accom pan ied  b y  th e  p a r tia l  h y d ro g en a tio n  o f  th e  
/ l5(e)-hond, to o , so t h a t  th e  y ie ld  o f X X X I  is n o t v e ry  h igh . T he 1 : 4 p ro ­
p o rtio n  o f th e  18/3-m ethyl com pound  X X X II I  an d  its  ep im er X X X IV  in  
th e  m ix tu re  as re su ltin g  from  th e  m e th y la tio n  o f th e  fu rfu ry lid en e  d e riv a tiv e  
X X X II  is n o t v e ry  fav o u rab le  e ith e r. O p tim u m  opening  o f rin g  D could be 
ach ieved  w hen h y drogen  perox ide  in  a lkaline  m ed ium  w as used  fo r th is  
p u rp o se ; ozon iza tion  d id  n o t give th e  desired  re su lt. T he d ica rb o x y lic  acid  
e s te r X X X V  w as su b jec ted  to  D i e c k m a n n  cycliza tion , to  fo rm  th e  ke to - 
e s te r X X X V I, w hich w as co n v erted  in to  th e  k e to n e  X X X V II  b y  h ea tin g  
in  cym ene. dZ-Testosterone (X X X V III)  w as f in a lly  o b ta in e d  b y  reducing  
X X X V II  w ith  sodium  b o ro h y d rid e , follow ed b y  hydro lysis .
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R eso lu tion  in to  th e  n a tu ra lly  oceuring  d -te s to s te ro n e  an d  i ts  Z-isomer w as 
ca rried  ou t b y  m eans o f Z -m enthoxyacetate . T he syn th esis  o f th e  dZ-compound 
com prises 14 stages, an d  th e  over-all y ie ld  is 0 .2 %  w ith  re sp ec t to  1,6-di- 
h y d ro x y n ap h th a len e .

In  1960 J o h n so n  p u b lished  [14] an  a lte rn a tiv e  ro u te  to  te s to s te ro n e  
also s ta r tin g  w ith  th e  zl4-3-ketone (X X ). H y d ro g en a tio n  o f X X  gave th e  
k e to n e  X X X IX  belonging to  th e  cis-A B series, w h ich  w as red u ced  [12] to  
th e  carb ino l X L . T he la t te r  w as su b jec ted  to  red u c tio n  in  liq u id  am m onia , 
f ir s t  b y  p o tassiu m  an d  alcohol an d  th e n  b y  lith iu m  an d  alcohol, y ield ing  as 
in  th e  cases described  above (see p . 266) a m ix tu re  o f u n s a tu ra te d  k e to n s 
w hich  on h y d ro g en a tio n  a ffo rded  la rge ly  th e  k e to l X L I. T he y ields in  these  
s tep s  w ere m uch  b e tte r  th a n  in  th e  p rev ious v a r ia n t . T hen , b y  th e  sam e 
m e th o d  th a t  h a d  been re p e a te d ly  used  to  pass over from  D -hom osteriods 
to  stero ids h av in g  five-m em bered  D -ring  (see p . 248), J o h n s o n  co n v erted  
th e  k e to l X L I  to  th e  ke to l X L I I I  w hich on o x id a tio n  y ie lded  dZ-5/1-androstane- 
dione-3,17 (X L IY ). B ro m in a tio n  an d  d eh y d ro b ro m in a tio n  o f th e  la t te r  (w h ith  
th e  a id  of lith iu m  chloride in  d im ethy lfo rm am ide) led  to  dZ-androstenedione- 
3,17 (X LV ) an d  su b seq u en t red u c tio n  to  cZZ-testosterone (X X X V III) .
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R ed u c tio n  of dZ-J4-androstened ione-3 ,17  (X LY ) w ith  th e  a id  of fe rm e n t­
ing  (M a m o l i ’s m ethod) gave d -tes to ste ro n e , to g e th e r  w ith  Z-Zl4-and rostene- 
dione.

This syn thesis  o f te s to s te ro n e  consists a p p ro x im a te ly  of 18 stages an d  
th e  over-all y ield  (based on d ih y d ro x y n ap h th a len e , I) is 0 .15% .

In  th e  course o f th e  above described  sy n theses, J o h n s o n , com bin ing  
th e  red u c tio n  procedures w ith  th e  h y d ro g en a tio n  o f th e  double  bo n d  an d  
o f th e  a ro m a tic  nucleus, o b ta in ed  a n u m b er of in te rm e d ia te  te tracy c lic  com ­
pounds o f d iffe ren t con figu ra tion  an d  several stereo isom erides o f th e  n a tu ra l 
p ro d u c ts , e.g ., of ep ian d ro ste ro n e  (13-isoepiandrosterone) an d  of te s to s te ro n e  
(13-iso testosterone).

T he lea s t s tereospecific  stage  of J o h n s o n ’s syn theses is th e  m eth y la tio n  
reac tio n  w hich  is accom pan ied  b y  inversion  a t  C(]3).

S ta r tin g  w ith  th e  carb ino l X X II ,  J o h n so n  w as also ab le to  p rep are  
th e  11-oxidized d e riv a tiv es  o f a n d ro s tan e  [8, 10], in  p a r tic u la r , dZ-androstane- 
3 /9 ,ll/i-d io l-17-one (X L V I) w hich h a d  been  iso la ted  earlie r from  ad ren a l 
g lands as th e  d-isom er. T hough  th is  com pound  is in ac tiv e , i t  can  be t r a n s ­
fo rm ed  in to  n a tu ra lly  occurring  horm ones.
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O x id a tio n  b y  lead  te tra -a c e ta te  o f th e  carb ino l X X I I  a ffo rded  th e  
d ia c e ta te  X L Y II w hich  fo rm ed  th e  zl11(12)-com pound (X L V III)  on h ea tin g  
w ith  acetic  acid . R eac tio n  of X L V III  w ith  a m ix tu re  o f form ic acid  an d  h y d ro ­
gen perox ide  y ie lded  th e  epoxide X L IX ; th e  la t te r  on red u c tio n  w ith  lith iu m  
an d  alcohol in  liq u id  am m onia  follow ed b y  h y d ro lysis  w as tra n sfo rm e d  in to  
a m ix tu re  of th e  u n sa tu ra te d  d ih y d ro x y k e to n es  L a an d  L b. A lkaline h y d ro g en a ­
tio n  of th is  m ix tu re  gave th e  d ih y d ro x y k e to n e  L I possessing th e  co n fig u ra tio n  
o f th e  n a tu ra l  s tero id .

F u rth e rm o re , J o h n so n  ap p lied  th e  u su a l m eth o d s o f  an g u la r m e th y la tio n , 
opening  o f rin g  D , an d  cycliza tion  to  p rep are  dZ -androstane-3/LH /L diol- 
17-one (X L V I). T he la rg es t losses w ere in cu rred  d u rin g  th e  m e th y la tio n  
reac tio n  w hen o n ly  8 %  of th e  req u ired  isom er (L II)  an d  23%  o f th e  C(13y 
ep im er (L III)  could be iso la ted .
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T he en tire  syn thesis  involves 16— 18 s tep s; th e  y ield  is a b o u t 0 .004%  
b ased  on d ih y d ro x y n a p h th a le n e  (I).

SYNTHESIS ACCORDING TO VELLUZ

S ta r tin g  from  th e  tricyc lic  k e to n e  LIY , an  in te rm e d ia te  in  th e  to ta l  
syn th esis  o f oestrad io l (see p . 257), V e l l u z  an d  co llabo ra to rs [16] w ere able 
to  o b ta in  9 ,1 1 -d eh y d ro testo ste ro n e  (LV) an d  ad ren o ste ro n e  (LV I) w hich  h ad  
been  earlie r iso la ted  from  ad ren a l g lands. I t  w as fo u n d  th a t  m e th y la tio n  of 
th e  h em ik e ta l o f th e  d ik e to n e  LIV  ta k e s  p lace a t  p o sitio n  10, an d  s im u ltaneous 
m ig ra tio n  of th e  double b o n d  gives rise to  th e  m e th y lk e to n e  L V II w hich  suffers 
cycliza tion  w hen  tr e a te d  w ith  acids to  affo rd  9 ,1 1 -d eh y d ro testo ste ro n e  b en zo a te

T he F r i e d — S a b o  procedure  w hich  h ad  been  used  w ith  m uch  success 
fo r th e  syn thesis  o f /p>9(u) stero ids w as em ployed  to  co n v ert d eh y d ro te s te ro n e  
in to  ad ren o ste ro n e . A dd itio n  of th e  e lem ents o f h y d ro b ro m o u s acid  (by  
t re a tm e n t w ith  N -b ro m o ace tam id e  in  acidic m edium ) gave th e  b ro m o h y d rin  
L V III , an d  its  o x id a tio n  an d  d eb ro m in a tio n  y ie lded  ad ren o ste ro n e  (LV I).

T he syn th esis  o f ad renoste rone  invo lves 19 stages (from  6-m ethoxy- 
te tra lo n e ); i t  is  d ifficu lt to  e s tim a te  th e  over-a ll y ie ld , because th e  values fo r 
severa l s teps h av e  n o t been  rep o rted .
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C H A P T E R  I V

S Y N T H E S IS  O F  11-D E SO X Y  CO M PO U N D S 
O F  T H E  P R E G N A N E  S E R IE S

SYNTHESIS ACCORDING TO WOODWARD

W o o d w a r d ’s syn theses [17, 18], p u b lish ed  in  1951, w ere, to g e th e r  w ith  
th e  w ork  of R o b i n s o n , th e  su m m it o f ach ievem en ts in  s te ro id  ch em istry . 
T h ey  n o t on ly  u n ite d  v a rio u s p a r tia l  syn theses in to  a h a rm on ious w hole, 
b u t  p roved  to  be a m ig h ty  in cen tiv e  to  new  ex p lo ra tio n s. W o o d w a r d ’s p lan  
consisted  in  co n stru c tin g  f irs t  a trans decalone sy stem  (rings C an d  D) a lread y  
co n ta in in g  th e  an g u la r m e th y l g roup , an d  such  fu n c tio n s th a t  w ould  p e rm it 
su b seq u en t fo rm atio n  of rings В an d  A; and th e  f in a l ta s k  w as th e  co n trac tio n  
of th e  six -m em bered  D -ring  to  a five-m em bered  one. W o o d w a r d  s ta r te d  w ith  
th e  read ily  av a ilab le  m e th o x y to lu q u in o n e  (I) an d  b u tad ien e . T hese re a c te d  to  
give th e  cfs-d iketone I I ,  w hich  w as read ily  izom erized  in to  th e  trans  fo rm  ( I II) . 
L ith iu m  a lum in ium  h y d rid e  red u c tio n  gave th e  diói IY , an d  th e  la t te r  w as 
hyd ro ly zed  w ith  acid  to  y ield , a f te r  d eh y d ra tio n , th e  u n s a tu ra te d  k e to l Y. 
T he rem ain in g  ‘e x tra ’ h y d ro x y l w as rem oved  b y  t re a tm e n t w ith  zinc in 
ace tic  an h y d rid e , an d  th e  re su ltin g  k e to n e  V I now  h a d  all th e  desired  re q u ire ­
m en ts  for com pletion  of th e  ste ro id  m olecule: trans C /D -ring ju n c tio n , a double  
bo n d  to  p e rm it la te r  c o n trac tio n  o f ring  D , an d  a k e to  group fo r a tta c h m e n t 
o f rin g  B. C ondensation  o f th e  k e to n e  (VI) w ith  e th y l fo rm a te  in  th e  presence 
of sodium  e th y la te  a ffo rded  th e  fo rm y l k e to n e  V II, w hich  w as su b jec ted  
to  Mic h a e l  reac tio n  w ith  e th y l v in y l ke to n e . U n d er th e  reac tio n  cond itions 
CO w as e lim in a ted  an d  cycliza tion  to  th e  tricy c lic  tr ien o n e  (V III) took  
place.
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B efore fo rm ing  rin g  A, W o o d w a r d  in tro d u c e d  h y d ro x y ls  in to  rin g  D 
b y  m eans of osm ium  te tro x id e  (ac ting , as is well k now n , m a in ly  on th e  iso la ted  
double b o nd), th e n  con v erted  th e  glycol (IX ) in to  th e  ace to n id e  (X ), a p ro d u c t 
w hich  is s tab le  to w ard s a lkaline agen ts. T he ‘e x tra ’ double b o n d  in  rin g  C 
w as th e n  e lim in a ted  b y  p a r tia l  h y d ro g en a tio n . Since, c o n tra ry  to  th e  k e to n e  
Y I, th e re  w ere tw o  reac tio n  cen tres in  k e to n e  X I, one of th e m  h a d  to  be 
‘b lo ck ed ’, w hich  w as accom plished b y  fo rm y la tio n  an d  su b seq u en t tre a tm e n t 
w ith  m eth y lan ilin e . C ondensation  of th e  m e th v lan ilin o m eth y len e  d e riv a tiv e  
(X II)  w ith  acry lo n itrile , follow ed b y  a lkaline h y d ro lysis  gave a m ix tu re  
of th e  epim eric ke to -ac ids from  w hich  th e  req u ired  isom er (X III)  w as iso la ted  
in  a y ie ld  of 20% . All fu r th e r  w ork  w as now  ca rried  o u t w ith  th is  com pound . 
T he lac to n e  (X IV ) w as o b ta in ed  b y  t re a tm e n t w ith  ace tic  an h y d rid e , a n d  was 
re a c te d  successively  w ith  m e th y l m agnesium  iodide an d  w ith  a lkali. U n d e r 
th e se  cond itions th e  in te rm e d ia te  d ike tone  X V  cyclized to  th e  te tra c y c lic  
D -hom oste ro id  k e to n e  X V I.
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N ow  W o o d w a r d  could  s ta r t  c o n tra c tin g  rin g  D . B y  th e  acid  hyd ro lysis  
o f th e  k é tő l X V I he o b ta in ed  th e  glycol X V II w hich  w as co n v erted  b y  periodic 
o x id a tio n  in to  th e  u n s tab le  d ia ldehyde  (X V III). T he la t te r  w as se lectively  
cyclized b y  p iperid ine  to  th e  s te ro id  aldehyde X IX ; h a rd ly  a n y  o f th e  second 
possib le isom er w ith  th e  a ldehyde g roup  a t  15 w as observed . C onsecutive 
o x id a tio n  an d  este rifica tio n  affo rded  th e  k e to -e s te r X X , re d u c tio n  o f w hich  
gave a m ix tu re  of th e  3a- an d  3/5-hydroxy com pounds (X X Ia  an d  X X Ib ) , 
w hich  w ere reso lved  w ith  d ig iton in . H av in g  th e  o p tica lly  ac tiv e  isom er [14] 
a t  h a n d , i t  w as now  oxid ized  to  th e  op tica lly  ac tiv e  k e to -e s te r  X X II ,  id en tica l 
w ith  th e  com pound  th a t  h a d  been  o b ta in ed  earlie r from  h y d ro co rtiso n e . 
T he losses d u rin g  th ese  o p era tions w ere v e ry  h igh , an d  th e  y ie ld  o f th e  ke to - 
e s te r X X I I  d id  n o t exceed 5% . I ts  h y d ro g en a tio n  an d  su b seq u en t reo x id a tio n  
(th e  k e to  group  is p a r tia lly  red u ced  to  a hyd ro x y l) y ie lded  th e  s a tu ra te d  keto - 
e s te r  X X I I I ,  th e  conversion of w hich in to  desoxycorticoste rone  a c e ta te  
(X X IV ) h a d  a lread y  been  ach ieved  [2, 13].
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T he syn th esis  involves ab o u t 30 stages, an d  th e  to ta l  y ield  o f desoxy- 
co rticoste rone  a c e ta te  (X X IY ), based  on th e  qu inone I  is 0 .00007% .

Since i t  h a d  been p roved  earlie r th a t  desoxycorticosterone  could  be 
co n v erted  to  te s to s te ro n e  an d  an d ro ste ro n e , th is  syn thesis  w as eq u iv a len t to  
th e  to ta l  syn theses of all androgenic  an d  gestagenic horm ones.

W o o d w a r d  [14] th e n  m ade use of th e  k e to -e s te r X X I I I  for th e  to ta l  
syn th esis  o f cho lestano l (X X V ). H e reduced  th e  k e to -e s te r to  th e  3/3-hydroxy- 
e s te r  X X V I, w hich w as con v erted  to  th e  acid chloride (X X V II) b y  th e  usual 
m e th o d . R eac tio n  of th e  la t te r  w ith  d im eth y lcad m iu m  gave th e  k e to n e  
X X V III  w hich w as ac ted  upon  b y  isohexylm agnesium  brom ide to  afford  
th e  diói X X IX . A ce ty la tio n  an d  d e h y d ra tio n  of th e  la t te r  y ie lded  th e  a ce ta te  
X X X  an d  successive h y d ro g en a tio n  an d  sapo n ifica tio n  of th is  p ro d u c t gave 
cho lestano l itself.
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F in a lly , W o o d w a r d  succeeded [15, 16] in  estab lish in g  th e  la s t link  
in  th e  chain  of reac tions lead ing  to  th e  to ta l  syn thesis  o f th e  m a jo r ad ren o ­
co rtica l horm one, cortisone.

Selective h y d ro g en a tio n  of th e  k e to -este r X X II  led  to  X X X I con ta in ing  
a double b o n d  in  th e  9 ( ll) -p o s itio n . R ed u c tio n  of th is  k e to -este r w ith  sodium  
b o ro h y d rid e  an d  su b seq u en t reso lu tion  of th e  a an d  ß  isom erides as th e  
d ig iton ides gave th e  h y d ro x y -e s te r X X X II .
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Since F ie s e r  [3] h ad  earlier co n v erted  th e  h y d ro x y -e s te r  X X X II  to  
cortisone, its  to ta l syn thesis  was th u s  accom plished.

SYNTHESIS ACCORDING TO WILDS

In  1953 W ilds  an d  co llabo ra to rs [11, 12] ach ieved  th e  to ta l  syn th esis  
o f  d /-3 -ketoaetian ic  acid  (X X X III)  v ia  16-ketostero ids. C ondensing d ih y d ro ­
resorcino l (X X X IV ) w ith  e th y l v in y l k e to n e  (as th e  Ma n n ic h  base), and  
reac tin g  th e  p roduced  d ike tone  (X X X V ) w ith  m e th y l v in y l k e to n e , th e y  
o b ta in ed  th e  tricyc lic  d ike tone  X X X V I, th a t  on selective h y d ro g en a tio n  
y ie lded  th e  d ike tone  X X X V II. T he la t te r  w as m e th y la te d  an d  k e ta lized  b y  
o rd in a ry  m ethods, giv ing th e  keto n e  X X X V III , th e  sodium  d eriv a tiv e  of 
w hich reac ted  w ith  h rom oacetic  e s te r to  y ield  th e  k e to -e s te r  X X X IX , an d  
th e n  th e  k e to -ac id  X L , iso la ted  in  tw o isom eric form s. T he ch loride o f one 
of th e m  (hav ing  th e  con fig u ra tio n  18-/?-CH3) w as condensed  w ith  tert.-b u ty l 
sod iom alona te , an d  th e  re su lta n t e s te r (X L I) gave on acid  hydro lysis th e  
tr ik e to n e  X L II . U n d er th e  ac tion  o f sodium  m e th y la te  th is  p ro d u c t cyclized 
to  th e  ste ro id  3 ,16-d iketone X L I I I  w hich, su b jec ted  to  k e ta liza tio n , fo rm ed  
la rge ly  th e  3 -ke ta l X L IV . In  o rder to  in tro d u ce  a ca rboxy l group  a t  th e  17 
position , th e  au th o rs  m ade use of th e  condensation  w ith  d im e th y lca rb o n a te  
in th e  presence o f sod ium  h y d rid e , w hich resu lted  in th e  fo rm atio n  of th e  keto - 
e s te r X LV . S u b sequen t hyd ro lysis , h y d ro g en a tio n  an d  o x id a tio n  led to  dl-3- 
k e to ae tian ic  acid (X X X III) .



Since th is  acid  h ad  fo rm erly  [9] been  tra n sfo rm e d  in to  desoxycortico - 
s te ro n e  an d  p rogeste rone , th e  above described  ro u te  m a y  be reg a rd ed  as a new  
to ta l  syn th esis  of all s te ro id  horm ones.

W i l d s ’ syn th esis  invo lves 14 stag es; i t  is d ifficu lt to  e s tim a te  th e  y ield . 
F o r  co m p ara tiv e  purposes i t  m ay  be n o te d  th a t  th e  syn thesis  o f X X I I I ,  w hich 
is th e  e ste r o f th e  ep im er o f acid  X X X II I ,  req u ired  22 stages accord ing  to  
W o o d w a r d ’s m ethod .

SYNTHESIS ACCORDING TO NAGATA

N ag at a  an d  his co llab o ra to rs  pu b lish ed  [4, 5, 6, 7, 8] a series of papers 
in  1960—61 on th e  to ta l  syn thesis  o f d e riv a tiv es  of p reg n an e  v ia  D -hom o- 
ste ro id s . T he syn th esis  h as  m uch  in  com m on w ith  th e  m ethods of J o h n so n  
a n d  W i l d s , a novel fe a tu re  being  th e  p ro ced u re  o f in tro d u c in g  th e  18-CH 3 
g ro u p , in  a m ore stereospecific  w ay  th a n  p roposed  b y  J o h n s o n .
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N agata  s ta r te d  w ith  th e  re la tiv e ly  well ava ilab le  6 -m e th o x y te tra lo n e - 
(X L Y I). C ondensation  of th is  com pound  w ith  e th y l v in y l k e to n e  (in th e  fo rm  
of a Ma n n ic h  base) an d  th e n  w ith  m e th y l v in y l k e to n e  led  f irs t  to  th e  k e to l 
X L Y II an d  th e n  to  th e  k e to n e  X L V III , d iffering  from  J o h n s o n ’s k e to n e  (see 
p . 264) on ly  in  th e  position  o f th e  m e th o x y l group . R ed u c tio n  w ith  lith iu m  
an d  alcohol in  liq u id  am m onia , follow ed b y  h y d ro lysis  gave th e  isom eric 
ke to ls  X L IX  an d  L. T he la t te r ,  possessing th e  ‘n a tu ra l’ co n fig u ra tio n , w as 
o b ta in ed  p red o m in an tly . A d d itio n  of h y d ro cy an ic  ac id  to  (L) led  to  a m ix tu re  
o f th e  k e to -n itrile s  L I an d  L II  o f w hich  th e  k e ta l  a ce ta te s , L I I I  an d  LIV , 
w ere se p a ra te d  b y  c ry s ta lliza tio n . (The 18/?-isomer c o n s titu te d  m ore th a n  
60%  of th e  m ix tu re .)  T he n itrile  g roup  w as co n v e rted  in to  a m e th y l group 
b y  a series o f red u c tio n s, an d  th e  D -hom ostero id  17-ketone (LV) w as iso la ted  
on hydro lysis  an d  ace ty la tio n .
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R eaction  of th e  keto n e  (LV) w ith  m eth y lm ag n esiu m  iodide y ielded  
th e  carb ino l (LV I), th a t  w as d eh y d ra te d  to  a m ix tu re  o f A le- an d  /Jr ‘-com pounds 
(L V II). O x id a tio n  of th e  m ix tu re  w ith  osm ium  te tro x id e  led to  a m ix tu re  
o f th e  fo u r glycols L V IIIa  — d w hich could  he sep a ra ted  b y  c ry sta lliza tio n  
an d  ch ro m ato g rap h y . Tw o glycols (iso la ted  in  an  over-all y ie ld  o f 30% ) 
su b jec ted  to  period ic  acid  o x id a tio n  gave th e  sam e u n stab le  ke to -a ld eh y d e  
(L IX ) th a t  read ily  cyclized to  th e  a c e ta te  o f d /- /l16-5a-pregnene-3/?-ol-20-one 
(L X ) th e  d-form  of w hich w as o b ta in ed  as th e  d eg rad a tio n  p ro d u c t o f to m a ti-  
d ine [10].

T his k e to n e  (L X ) h ad  p rev iously  been con v erted  in to  p rogeste rone  [1].
N a g a t a ’s syn thesis  involves 15 stag es; th e  y ie ld  o f th e  ace to x y k e to n e  

(LY) reach ed  a v alue  of 0 .35%  based  on 6 -m eth o x y te tra lo n e-2  (X L V I).
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C H A P T E R  V

SY N T H E S E S  O F 1 1 -H Y D R O X Y  CO M PO U N D S 
O F T H E  P R E G N A N E  S E R IE S

In  th is  section  th e  to ta l  syn thesis  o f d e riv a tiv es  of p reg n an e  or closely 
re la te d  com pounds w ill he described , b y  m eth o d s w hich  invo lve  th e  in tro d u c ­
tio n  of th e  oxygen  fu n c tio n  in  th e  11 position  a t  th e  in itia l s tages. I t  is for 
th is  d is tin c tio n  th a t  W o o d w a r d ’s  syn thesis  was d iscussed  in  th e  prev ious 
sec tion  (see p. 273), a lth o u g h  i t  is n o t on ly  a m e th o d  fo r th e  p re p a ra tio n  of 
11-desoxypregnanes, b u t  also o f 11-oxidized p regnanes; th e  conversion  o f 
th e  fo rm er in to  th e  la t te r  has been  know n fo r a long tim e.

SYNTHESIS OF CORTISONE BY THE MONSANTO GROUP

In  1953 — 54 a group  o f chem ists developed  a t  M onsanto  on th e  basis 
o f W o o d w a r d ’s  schem e th e ir  ow n m od ifica tio n  fo r th e  sy n th esis  o f stero ids, 
in  p a r tic u la r  th a t  of co rtisone [4 ,5 ,6 ,3 4 ] . W o o d w a r d ’ s  d ik e to n e  (I) w as reduced  
w ith  zinc to  th e  ké tő l (II) , an d  reso lved  b y  c ry s ta lliz a tio n  o f th e  cam phor- 
su lp h o n a te . S u b seq u en t w ork  w as ca rried  o u t w ith  th e  la e v o ro ta to ry  isom er 
(I I I )  w hose co n figu ra tion  corresponded  to  th e  n a tu ra l con fig u ra tio n  o f th e  
stero ids. R educ tive  cleavage of th e  e s te r I I I  b y  zinc in  acetic  ac id  led  to  th e  
m e th o x y  k e to n e  IY  w hich  w as re a c te d  w ith  l ith iu m  a lu m in iu m  h y d rid e  an d  
th e n  hydro ly zed  to  y ie ld  th e  d ienone V.

T he la t te r  w as co n v erted  in to  th e  tricy c lic  k e to n e  V I e x a c tly  accord ing  to  
W o o d w a r d ’s  m eth o d  an d  th e n , w ith o u t an y  p re lim in ary  p ro te c tio n  of th e  
double b o n d  in  rin g  D , in to  th e  k e to -ac id  V II  an d  lac to n e  V III . T re a tm e n t 
of th e  lac to n e  w ith  m e th y l m agnesium  brom ide a t  —50° a n d  th e n  w ith  alkali 
a ffo rded  th e  te tracy c lic  k e to n e  IX  w hich  (in th e  fo rm  o f th e  racem ate) was 
su b jec ted  to  P r e v o t  o x id a tio n  (iodine an d  silver ace ta te ) to  give th e  1 6 ,17-cis- 
diol X ; th e  o th e r double  bonds w ere n o t a ffec ted . T he aceton ide  o f th e  diol

283



28 4 TOTAL SYNTHESIS OF NATURAL STEROIDS

(X I) w as converted  b y  m eans of F r i e d  an d  S a b o ’s  m eth o d  [10] in to  th e  
b ro m o h y d rin  X I I  w hich was th e n  oxid ized  an d  d eb ro m in a ted , form ing  th e  
d ike tone  X I I I .  T he aceton ide  p ro tec tio n  was th e n  rem oved , an d  th e  glycol 
(X IV ) oxidized to  th e  d ia ldehyde  X V ; th e  la t te r  could he cyclized to  th e  
ste ro id  d iketo -a ld eh y d e  X V I.

T his was re a c te d  w ith  a lkaline h y d rogen  perox ide, giv ing th e  epoxide (X V Ia), 
w hich on o x id a tio n  y ie lded  th e  acid  (X V II). I ts  chloride w as co n v erted  v ia  
th e  d iazoketone  X V III  in to  th e  ace to x y k e to n e  X IX  an d  f in a lly , b y  th e  action  
of hy d ro b ro m ic  ac id  follow ed b y  red u c tio n  in  th e  presence o f R an ey  nickel, 
in to  (ZZ-cortisone a c e ta te  (X X ).
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C om prising 27 stages, th e  syn th esis  gave a 0 .04%  over-all y ie ld  of 
dZ-cortisone a c e ta te  (X X ), b ased  on m e th o x y to lu q u in o n e . A n o tab le  fe a tu re  
o f th e  syn th esis  is its  h igh  s te reospec ific ity  (excep t th e  p re p a ra tio n  of th e  
k e to -ac id  V II).

In  a n o th e r (incom plete) w ay  described  in  a p a te n t  [3], m e th y l h ep ten e- 
6-one-5-oate is used  for co n stru c tin g  th e  rings A a n d  B.
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T he f in a l k e to a ld eh y d e  ace ta l can  he c o n v e rted  in to  11-ketostero ids 
accord ing  to  F r i e d —Sa b o ’s m eth o d  [10].

SYNTHESIS OF CORTISONE ACCORDING TO SARETT

This sy n th esis  w as p u b lished  f irs t  in  1952 [25] an d  m od ified  an d  ex ­
te n d e d  in  a series of fu r th e r  in v estig a tio n s [7, 8, 19, 20, 26, 27]. In  c o n tra s t 
to  W o o d w a r d ’s syn thesis  an d  its  m od ifica tio n  b y  th e  M onsanto  g roup  de­
scribed  above, w herein  th e  11-oxidized stero ids w ere fo rm ed  from  com pounds 
ca rry in g  no oxygen  su b s titu e n t in  rin g  C, Sa rett  p re p a re d  a com pound  w ith  
oxygen  in  th e  req u ired  position  in  th e  v e ry  f irs t  s tages o f th e  syn thesis . T he 
D ie l s — A l d e r  co ndensa tion  of l-m e th y l-2 -e th o x y b u ta d ien e  (X X I) w ith  
qu inone y ie lded  th e  b icyclic cis-cis d ike tone  X X II  w hich, b y  selective h y d ro ­
gen a tio n  an d  su b seq u en t red u c tio n  w ith  lith iu m  alu m in iu m  h y d rid e  w as 
co n v erted  in to  th e  diói X X I I I .  A cid hydro lysis  o f th e  la t te r  led  to  th e  keto -d io l 
X X IV , an d  th is  w as condensed  w ith  m e th y l v in y l k e to n e  in  th e  presence 
o f an  a lkaline  ag en t (best o f all tr im e th y lb en zy lam m o n iu m  h y d ro x id e , 
‘T rito n  B ’) to  give th e  tricy c lic  k e to -d io l X X V . T he k e to  g roup  o f th is  com ­
p o u n d  w as now  p ro te c te d  b y  conversion in to  th e  k e ta l X X V I w hich  w as th e n  
su b jec ted  to  Op p e n a u e r  ox id a tio n . T his reac tio n  is accom pan ied  b y  inversion  
a t  C(8) (designation  th a t  o f th e  s te ro id  skeleton). As a re su lt, th e  tricyc lic  
k é tő l X X V II w as o b ta in ed , w hich  served  as th e  s ta r tin g  p o in t fo r th e  syn th esis  
o f th e  11-oxidized stero ids. T he suggested  con fig u ra tio n  o f com pounds X X I I I — 
X X V II w as rigo rously  exam ined  an d  confirm ed  b y  special experim en ts.

H av in g  p rep a red  th e  k é tő l (X X V II) w ith  th e  req u ired  fu n c tio n a l g roups 
an d  th e  ‘n a tu ra l’ co n fig u ra tio n , Sa r e t t  proceeded  to  fo rm  ring  D  an d  sim ul-
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ta n e o u s ly  th e  side chain , em ploying  a m e th o d  en tire ly  d iffe ren t from  th e  
p rev ious syn theses. C onsecutive a lk y la tio n  w ith  m e th y l iod ide an d  m eth a lly l 
in  th e  presence o f p o tass iu m  tert.-b u to x id e  gave th e  s u b s titu te d  k é tő l X X V III  
of th e  req u ired  co n fig u ra tio n . Since th e  presence of th e  11-O H  group  w ould  
affect now  th e  ste reo sp ec ific ity  o f th e  red u c tio n  o f th e  double  b o n d  adverse ly , 
th e  fu r th e r  steps w ere ca rried  o u t a f te r  th e  k é tő l (X X V III)  h a d  been  oxidized 
to  th e  d ik e to n e  X X IX , in  w hich  th e  11-keto  g roup  is v e ry  reac tiv e . To con­
s tru c t  rin g  B , n o t th e  R e fo r m a t sk y  reac tio n  (cf. th e  w ork  o f B a c h m a n n  
an d  M ie sc h e r ), h u t  e th o x y e th y n y lm ag n esiu m  b rom ide  w as u sed  [1], re su ltin g  
f ir s t  in  th e  fo rm a tio n  of th e  carb ino l X X X  an d  th e n , a f te r  hyd ro ly sis , o f th e  
h y d ro x y -e s te r  X X X I  an d  th e  u n s a tu ra te d  es te r X X X II . C om pound X X X I 
w as read ily  d e h y d ra te d  to  th e  e ste r X X X II  u n d e r th e  in fluence  o f th io n y l 
chloride in  py rid in e . A lkaline h y d ro lysis  an d  reac tio n  w ith  sod ium  b o ro h y d rid e  
led  to  th e  h y d ro x y -ac id  X X X II I  w hich w as red u ced  b y  p o ta ss iu m  in  liqu id  
am m onia  to  th e  h y d ro x y -ac id  X X X IV  of th e  req u ired  co n fig u ra tio n .

In  o rder to  co n v ert th e  h y d ro x y -ac id  X X X IV  in to  th e  3 -e th y len ek e ta l of 
11-ketoprogesterone  (X X X V ), an  in te rm e d ia te  in  th e  sy n th esis  o f cortisone, 
Sa r e t t  developed  th re e  m eth o d s. T he f ir s t  [14] consisted  in  red u c in g  th e  
ac id  X X X IV  w ith  lith iu m  a lum in ium  h y d rid e  to  th e  diói X X X V I. T he la t te r  
re a d ily  gave a m o n o to sy la te  (X X X V II)  w hich  w as th e n  oxid ized  to  th e  k e to n e  
X X X V III . T re a tm e n t w ith  1 m ole o f osm ium  te tro x id e  led  to  th e  glycol 
X X X IX  an d  th is  w as su b jec ted  to  period ic  acid  o x id a tio n  to  give th e  d ike tone  
X L . U n d e r th e  ac tio n  o f sod ium  m eth o x id e , th e  d ik e to n e  cyclized in to  d i­
k e to n e  X L I , th e  ep im er o f X X X V . C om pound X L I  in  a lka line  m ed ium  
y ie lded  an  easily  separab le  equ ilib rium  m ix tu re  o f th e  d ike tones X L I  and  
X X X V .
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T he second ro u te  [21] consisted  in  oxidizing th e  diol X X X Y I w ith  
chrom ic an h y d rid e  in  p y rid in e  (Sa r e t t ’s reag en t) to  th e  k e to -a ld eh y d e  X L II  
follow ed b y  t re a tm e n t w ith  osm ium  te tro x id e  an d  th e n  w ith  period ic  acid 
to  y ield  th e  d ik e to -a ld eh y d e  X L II I . C yclization  o f th e  la t te r  in  th e  presence 
of a lkali led  to  th e  3 -e th y len ek e ta l of 1 6 ,1 7 -d eh y d ro -ll-k e to p ro g este ro n e  
(X L IV ) w hich  w as h y d ro g en a ted  to  th e  3 -e th y len ek e ta l o f 11-ketoprogesterone
(X X X Y ).

A ccording to  th e  th ird  m e th o d  [2], th e  acid X X X IV  w as este rified  w ith  
th e  a id  of m e th y l iodide an d  po tassiu m  ca rb o n a te  in  acetone. T he resu lting  
este r (X X X IV a) M as oxidized in  th re e  su b seq u en t steps b y  chrom ic an h y d rid e  
in  p y rid in e , osm ium  te tro x id e , an d  period ic  acid  to  give th e  d ik e to -es te r X LV . 
W hen  t r e a te d  w ith  sodium  m ethod ixe  th e  la t te r  cyclized  alm ost q u a n ti ta t iv e ly  
in to  th e  tr ik e to n e  X L V I. To rem ove th e  16-keto g roup , Sa r e t t  tra n s fo rm e d  
th e  tr ik e to n e  w ith  th e  aid  of p -to lu en esu lp h o ch lo rid e  in  p y rid in e  in to  a m ix tu re  
of th e  enolic to sy la te s  X L V II an d  X L V III , w hich  on hydrogeno lysis gave th e  
3 -e th y len ek e ta l o f 11-ketoprogesterone  (X X X V ).
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O f th e  th re e  m ethods fo r p re p a ra tio n  o f th e  d ik e to n e  Х Х Х У , b es t re su lts  
w ere o b ta in ed  w ith  th e  la s t (over-all y ield  50%  as com pared  w ith  31%  in  
th e  f irs t, an d  36%  in th e  second m eth o d , based  on th e  acid X X X IV ).

D ik e to n e  X X X V  w as co n v erted  to  d eh y d ro co rtico ste ro n e  (X L IX ) and  
cortisone a c e ta te  (L) as follows [22]. C ondensation  w ith  m e th y l o x a la te  gave 
th e  g ly o x a la te  L I  w hich w as sapon ified  to  th e  co rrespond ing  acid  L II , an d  
reso lved  as th e  s try ch n in e  sa lts. Io d in a tio n  o f th e  (-(-)-acid follow ed b y  a lkaline 
d eg rad a tio n  led  to  th e  21-iodo com pound  (L III)  w hich  w as c o n v e rted  b y  
reac tio n  w ith  p o tassiu m  a c e ta te  in to  th e  3 -e th y len ek e ta l o f d eh y d ro co rtico ­
s te ro n e  a c e ta te  (LIV ) an d  th e n  in to  d eh y d ro co rtico ste ro n e  (X L IX ).

T he 1 7 -hydroxy  g roup  w as in tro d u c e d  b y  m eans o f th e  c y an o h y d rin  
m e th o d  also developed  earlie r b y  Sa r e t t  [23, 24]. T he c y an o h y d rin  o f th e  
k e to n e  LV gave on d eh y d ra tio n  th e  u n s a tu ra te d  n itrile  (LV I) w hich  b y  o x id a ­
tio n  w ith  p e rm an g an a te  in  th e  presence of p y rid in e  y ie lded  th e  3 -e th y len ek e ta l 
o f cortisone a c e ta te  (L V II). On acid  h y d ro lysis  th is  gave cortisone a c e ta te  (L ).
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Also co rticosterone  w as syn thesized  [14, 22], s ta r tin g  from  th e  ep im er 
o f th e  acid  X X X IV .

Sa r e t t ’s syn thesis  is h igh ly  stereospecific ; th e  low  y ields a t  ce rta in  
stages (e.g. in  th e  p re p a ra tio n  of th e  ke tod io l X X V  are due to  side reac tio n s 
r a th e r  th a n  to  th e  fo rm atio n  of u n d esirab le  stereo isom ers. T he presence an d  
s te ric  position  o f th e  su b s titu e n t a t  CX1 ex erts  a considerab le  effect on th e
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steric  course of th e  reac tio n ; th u s , red u c tio n  o f th e  11-epim er of X X X II I  
gives la rge ly  th e  14/3-com pound.

T he o p tim u m  v a r ia n t o f Sa r e t t ’s cortisone sy n th esis  inv o lv es  28 stages, 
an d  th e  to ta l  y ie ld  of co rtisone a c e ta te  is a b o u t 0 .04%  b ased  on l-m e th y l-2 - 
e th o x y b u ta d ie n e  (X X I).

SYNTHESIS OF ALDOSTERONE ACCORDING TO WETTSTEIN 
(FIRST VARIANT)

T he syn th esis  of th e  pow erful ad ren a l co rtica l ho rm one a ldosterone  
w as described  in  a b rie f com m unica tion  for th e  f ir s t  tim e  in  1955 b y  W e t t - 
s t e in ’s group  [31] w ork ing  in  close co -opera tion  w ith  chem ists of O rganon  
(Oss, H olland) an d  Ciba, R e ic h s t e in ’s group  a t  th e  B asel U n iv e rsity , an d  
E sc h e n m o se r ’s te a m  a t  th e  T echnische H ochschule  o f Z ürich . Since a ld o ­
s te ro n e  itse lf  w as d iscovered  an d  iso la ted  in  th e  p u re  s ta te  on ly  in  1953 [32, 
33, cf. 11], one m ay  only  reg a rd  w ith  a d m ira tio n  th e  am azing  ra p id ity  an d  
precision  w ith  w hich  th ese  chem ists ach ieved  th e  to ta l  syn thesis .

T he s ta r tin g  m a te ria l w as Sa r e t t ’s h y d ro x y -k e to n e  (X X V II) th e  p re ­
p a ra tio n  of w hich  has been described  above (see p . 286). Since a ldosterone  
has an  an g u la r a ldehyde group  (w hich, on reac tio n  w ith  th e  1 1 ^ -h y d ro x y l gives 
a sem iaceta l g rouping), i t  seem ed ra tio n a l to  in tro d u ce  i t  a t  once in  th e  h y d r- 
o x y k e to n e  b y  sim ple fo rm y la tio n , w ith  th e  p ro jec t o f fo rm ing  th e n  rin g  D b y  
th e  m eth o d  w hich  h a d  a lread y  been successfully  em ployed  in  th e  syn thesis  
of cortisone. Such w ork  w as indeed  p a r tia lly  carried  o u t [35, 39], b u t  e v en tu a lly  
th e  ro u te  v ia  18-carboxyl com pounds p roved  to  be m ore co nven ien t. Con­
d en sa tio n  o f th e  h y d ro x y k e to n e  X X V II w ith  e th y l ca rb o n a te  gave th e  k e tc -  
e s te r  L V III , a lk y la tio n  o f w hich  w ith  m e th a lly l iodide y ielded  th e  su b s titu te d  
k e to -e s te r  L IX . R ed u c tio n  w ith  sodium  b o ro h y d rid e  re su lted  in  th e  h y d ro x y - 
e s te r L X , an d  th is , on a lkaline  hyd ro lysis , gave th e  h y d ro x y lac to n e  L X I, 
possessing th e  oxidized group ing  of a ldosterone  [28]. In  o rd er to  fo rm  rin g  D 
an d  th e  side cha in , th e  au th o rs  in  genera l follow ed Sa r e t t ’s ro u te . T he h y d ro x y ­
lac to n e  (L X I) w as oxidized to  th e  k e to -lac to n e  X L II , an d  th e  la t te r  was 
re a c te d  w ith  e th o x y e th y n y lm ag n esiu m  brom ide to  y ie ld  th e  co m p ara tiv e ly  
s tab le  e th y n y lca rb in o l L X II I  co n ta in in g  a sm all a m o u n t o f th e  isom er. I ts  
ozon iza tion  (w ith o u t sep a ra tio n  o f th e  m ix tu re ) a ffo rded  th e  h y d ro x y k e to n e  
L X IV . C onsecutive selective h y d ro g en a tio n  an d  h y d ro lysis  p ro d u ced  [29] 
th e  u n sa tu ra te d  ke to -a ld eh y d e  LX V .

19*
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H y d ro g en a tio n  of th e  a ,/? -u n sa tu ra ted  k e to -a ld eh y d e  (LX Y ) to o k  place 
stereospecifica lly , an d  th e  p ro d u ced  k e to -a ld eh y d e  L X V III  w as cy c lized in to  
th e  ste ro id  k e to n e  L X IX . A second h y d ro g en a tio n  gave th e  k e to n e  L X X  in  
a lm o st q u a n tita tiv e  yields. To in tro d u ce  th e  2 1 -h y d ro x y  g roup , L X X  was 
condensed  w ith  oxalic e s te r to  th e  g ly o x a la te  (L X X I), w ith  on consecu tive  
io d in a tio n  an d  t re a tm e n t w ith  p o tassiu m  a c e ta te  w as co n v erted  to  th e  ace toxy- 
k e to n e  L X X II . H ydro lysis  o f th e  la t te r  gave th e  d ik e to n e  L X X II I ,  d iffering  
from  a ldosterone  on ly  in  th e  presence of an  18-CO in s tead  of an  O H  group . 
A fte r e th y len e  glycol p ro tec tio n  o f th e  side-chain  k e to  group , red u c tio n  w ith  
lith iu m  a lum in ium  h y d rid e  an d  su b seq u en t hydro lysis com pleted  th e  sy n ­
th esis  o f d l-a ldosterone; th e  losses in  th e  la s t stages w ere incongruously  
h igh  [30].
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The en tire  syn th esis  req u ired  18 stages. T he over-all y ie ld  of d i-a ldo­
ste rone  reach ed  0 .23% , b ased  on Sa r e t t ’s h y d ro x y k e to n e . W ith  reference 
to  l-m e th y l-2 -e th o x y b u ta d ien e  (X X I), th e  n u m b er o f stages is 25 an d  th e  
y ield  0 .043% .

W e t t s t e in  [38] also p rep a red  th e  op tica lly  ac tiv e  d -a ldosterone , s t a r t ­
ing  w ith  th e  in te rm e d ia te  L X X . W hen th e  m icro -o rgan ism  Ophiobolus w as 
allow ed to  ac t on th e  d ike tone  L X X Y  p rep a red  from  L X X , th e  d-isom er o f 
th e  h y d ro x y k e to n e  L X X II I  w as fo rm ed  an d  th is  could  be co n v erted  b y  th e  
usual m eans to  d -aldosterone.

SYNTHESIS OF ALDOSTERONE ACCORDING TO REICHSTEIN

W ith in  th e  fram ew ork  o f th e  co -opera tive  e ffo rt o f th e  Swiss and D u tch  
chem ists to  p rep are  a ldoste rone , R e ic h st e in  carried  o u t a n o th e r  v a r ia n t 
[17] o f th e  sy n th esis , s ta r tin g  from  th e  sam e h y d ro x y k e to n e  of Sa r e t t ’ 
(X X V II). T he y ie ld  in  th is  m e th o d  w as m uch  low er th a n  th a t  of W e t t s t e in ’, 
an d  accord ing  to  R e ic h st e in  him self, th e  m e th o d  h ad  no a d v a n ta g e  over 
th e  o th e r. H ow ever, he em ployed  a h ig h ly  ingenious p ro ced u re  fo r th e  con­
s tru c tio n  o f rin g  D co n ta in in g  th e  req u ired  h y d ro x y a c e ta te  chain , w hich 
possib ly  w ill f in d  ap p lica tio n  in  th e  fu r th e r  dev e lo p m en t o f th e  m olecular 
a rc h ite c tu re  of stero ids.

T he k e to -e s te r L V III  o b ta in ed  b y  th e  co ndensa tion  o f th e  h y d ro x y ­
k e to n e  X X V II w ith  e th y l ca rb o n a te , w as a lk y la ted  w ith  a lly l chloride to  
give a m ix tu re  of isom ers (L X X V I an d  L X X V II) ,w ith  th e  la t te r  in  p re p o n d e ra n t 
am o u n ts . T he m ix tu re  w as red u ced  w ith  sodium  b o ro h y d rid e , an d  a fte r  t re a t-
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m en t w ith  a lkali, th e  h y d ro x y lac to n e  L X X IX  w as iso la ted  from  am ong th e  
reac tio n  p ro d u c ts , an d  i t  w as oxidized fu r th e r  to  th e  k e to n e  L X X X . R eac tion  
w ith  e th o x y e th y n y lm ag n esiu m  brom ide, or, b e t te r  still, w ith  e th o x y e th y n y l-  
lith iu m , led  to  th e  carb ino l L X X X I in  a d m ix tu re  w ith  its  isom er (L X X X II) . 
C onsecutive o x id a tio n  w ith  osm ium  te tro x id e  to  th e  tr ió i L X X X II I ,  h y d ro ­
g ena tion  to  th e  v in y lcarb in o l L X X X IY , selective a c e ty la tio n  an d  f in a lly  
o x id a tio n  affo rded  th e  k e to l L X X X Y . T he la t te r  w as co n v erted  b y  th e  ac tio n  
o f phosphorus trib ro m id e  in  p y rid ine  to  th e  a ,/3 -u n sa tu ra ted  ke to -a ld eh y d e  
an d  a f te r  h y d ro g en a tio n , to  th e  k e to -a ld eh y d e  L X X X V I, w hich  b y  cycliza tion  
gave th e  s te ro id  com pound  L X X X V II co n ta in in g  th e  p re fo rm ed  h y d ro x y - 
acetone  chain . H y d ro g en a tio n  th e n  gave th e  ace to x y k e to n e  L X X II  th e  con­
version  of w hich  to  a ldosterone  (L X X IV ) has been  described  above (see p. 293).
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T he w eakest link  in  th e  syn th esis  is th e  cycliza tion  to  th e  ace to x y k e to n e  
L X X X V II; th e  la t te r ,  m oreover, can  he p u rified  on ly  w ith  m uch  d ifficu lty . 
I t i  s n o te w o rth y  th a t  R e ic h st e in  an d  his co llab o ra to rs  w orked  w ith  v e ry  
sm all am o u n ts  of m a te ria l, an d  fin ish ed  th e  syn th esis  w ith  as l i ttle  as 3 m g 
of th e  ace to x y k e to n e  (L X X II) .

SYNTHESIS OF ALDOSTERONE ACCORDING TO THE DUTCH GROUP

A th ird  v a r ia n t o f th e  syn thesis  o f a ld oste rone  [9, 35, 36] w as pub lished  
in  1958 b y  a group o f D u tc h  chem ists of th e  O rganon  C om pany, w ork ing  in  
close c o n ta c t w ith  th e  Swiss in v estig a to rs .

T his m e th o d  d iffered  from  th e  p rev iously  described  ones in  th a t  M ic h a el  
co ndensa tion  w ith  acro lein  w as ca rried  o u t in s te a d  o f a lk y la tio n . A fte r a 
series o f reac tio n s a D -hom ostero id  w as fo rm ed , w hich  w as fu r th e r  co n v erted  
in to  aldosterone . T he s ta r tin g  m a te ria l w as again  th e  h y d ro x y k e to n e  X X V II, 
or to  be m ore ex ac t its  fo rm yl d e riv a tiv e  (L X X X V III)  w hich h ad  also been 
p rep a red  earlie r b y  Sa r e t t  [18].

C ondensation  of th e  fo rm ylke tone  L X X X V III  w ith  acro lein  ta k e s  place 
in  th e  presence of tr im e th y la m in e  an d  y ields th e  k e to -a ld eh y d e  L X X X IX . 
M ethanol reac ts  w ith  on ly  one of th e  aldehyde groups [35] to  give th e  m ono­
ace ta l XC w hich  w as oxidized to  th e  k e to -lac to n e  X C I. T he la t te r  w as con­
v e rte d  w ith  th e  aid  o f e th o x y ace ty len e lith iu m  to  a m ix tu re  o f th e  carb inols 
X C II an d  X C III , o f w hich on ly  th e  la t te r  w as used  in  th e  fu r th e r  stages. 
Selective h y d ro g en a tio n  led  to  th e  v in y lcarb in o l X C IV  w hich  on reac tio n  
w ith  th io n y l chloride in  p y rid ine  gave th e  u n sa tu ra te d  aldehyde XCV.
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H y d ro g en a tio n  of th e  a ldehyde (XCV) follow ed b y  h y d ro ly sis  u n d e r 
s tr ic tly  co n tro lled  cond itions (in o rd er to  avo id  a t ta c k  on th e  k e ta l  group) 
led  to  th e  u n s tab le  d ia ldehyde  X C V II, w hich  w as cyclized w ith o u t an y  p u rif ic a ­
tio n  in  th e  presence of p ip erid ine  a c e ta te . Since th e  in te rm e d ia te  a ldehyde 
(X C V III) could  n o t be iso la ted  in  th e  c rysta lline  fo rm , i t  w as fu r th e r  reduced  
w ith  sod ium  b o ro h y d rid e  to  th e  carb ino l, th e  a c e ta te  of w hich (X C IX ) could 
th e n  he o b ta in ed  p u re  [36]. T he la t te r  com pound  w as ox id ized  in  th e  u su a l 
w ay  to  th e  diói (C) an d  th e n  to  th e  ke to -a ld eh y d e  (L X X X Y I), p rep a red  earlie r 
b y  R e ic h st e in  (see p . 294) as an  oil. C yclization  o f th e  p u re  c ry sta llin e  aldehyde 
(L X X X Y I) gave m uch  b e tte r  re su lts  th a n  tho se  o b ta in ed  b y  R e ic h st e in  
( l3 %  as com pared  to  his 2 % ), an d  y ielded  th e  s te ro id  ace to x y k e to n e  L X X X V II; 
th e  conversion o f th is  p ro d u c t to  a ldosterone  h a d  been  ach ieved  earlier.

U nlike  th e  tw o  p rev ious m ethods, here  th e  reac tio n  w ith  e th o x y ace ty len e - 
lith iu m  is n o t stereospecific , an d  u n fo rtu n a te ly , th e  epim eric carb ino l X C II 
could n o t be co n v erted  in to  th e  aldehyde XCV. C yclization  o f th e  keto - 
a ldehyde L X X X V I, desp ite  th e  m o d ifica tions, s till gave a low  y ie ld . T he 
en tire  syn thesis  invo lves 20 stages, th e  to ta l  y ield  is 0 .0017% , based  on S a r e t t ’s 
h y d ro x y k e to n e .

SYNTHESIS OF ALDOSTERONE ACCORDING TO WETTSTEIN 
(SECOND VARIANT)

In  1959, W e t t s t e in  p u b lished  [13] an  a lte rn a te  ro u te  to  a ldosterone  
s ta r tin g  w ith  Sa r e t t ’s h y d ro x y k e to n e  (X X V II). T h is w as a lk y la te d  b y  
m eth a lly l iodide in  th e  presence o f p o ta ss iu m  tert.-b u to x id e , giv ing th e  d ialky l- 
k e to n e  C l w hich  w as ozonized to  a m ix tu re  o f tw o  d iketones, C II an d  C III. 
B o th  w ere cyclized (in th e  presence o f p o tassiu m  tert.-bu tox ide) to  th e  sam e 
a ,/? -u n sa tu ra ted  s te ro id  k e to n e  (CIV). T re a tm e n t of th e  la t te r  w ith  hyd rogen
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perox ide  in  a lkaline m ed ium  gave th e  epoxide CV, w hich  w as ox id ized  f irs t 
b y  osm ium  te tro x id e , th e n  b y  period ic  ac id  [40], to  y ie ld  th e  ace to x y -k e to - 
a ldehyde CYI. R em oval o f th e  ace to x y  group b y  m eans o f so d iu m  m eth o x id e  
resu lted  in  a sem iaceta l g rouping  re ta in e d  till th e  f in a l stage  o f th e  sy n th esis ; 
th e  h y d ro x y l group w as p ro te c te d  b y  conversion to  th e  te tra h y d ro p y ra n y ]  
d e riv a tiv e  (CV II).

H y d ro g en a tio n  of com pound CY II an d  d e h y d ra tio n  o f th e  re su ltin g  
k e to l (C V III) gave u n sa tu ra te d  k e to n e  C IX . In  o rd e r to  c o n s tru c t th e  side 
chain , th e  la t te r  w as condensed  w ith  d im e th y l ox a la te . A ce ty la tio n  o f th e  
co n densa tion  p ro d u c t (CX) led to  th e  en o lace ta te  C X I, w hich w as co n v erted  
to  th e  m orpho lide  (C X II). These conversions w ere necessary , because on su b ­
seq u en t h y d ro g en a tio n  on ly  th e  m orpho lide  (C X II) gave th e  desired  16-hydroxy- 
d e riv a tiv e  (C X III) in  h igh  y ield , com pounds CX an d  C X I affo rd ing  u n d er 
th ese  cond itions on ly  m ix tu res  o f v a rious h y d ro g en a tio n  p ro d u c ts  [12]. 
A lkaline hyd ro lysis  o f th e  am ide C X III  accom pan ied  b y  d e h y d ra tio n  an d  
su b seq u en t m e th y la tio n  y ie lded  th e  u n s a tu ra te d  k e to -e s te r CX IV  w hich was 
h y d ro g en a ted  an d  ac e ty la ted  to  th e  enol a c e ta te  CXV.
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R ed u c tio n  o f th e  enol a c e ta te  (CXY) w ith  lith iu m  a lu m in iu m  h y d rid e  
follow ed b y  ace ty la tio n  of th e  k e to l C X V I an d  h y d ro lysis  of th e  ace ty l an d  
k e ta l  g roups led  to  a ldosterone  a c e ta te  (C X V II).

T he syn thesis  invo lv ed  20 stages, an d  th e  over-a ll y ie ld  o f d l-a ldosterone  
a c e ta te  reach ed  a v alue  of 1 .2%  based  on Sa r e t t ’s h y d ro x y k e to n e .

T hus, from  am ong th e  fo u r syn theses pu b lish ed  b y  th e  Sw iss—D u tc h  
group , th e  second syn thesis  b y  W e t t s t e i n  p ro v ed  to  be th e  b e s t; i t  h as  th e  
d is tin c tio n  o f being  h ig h ly  stereospecific.

SYNTHESIS OF ALDOSTERONE ACCORDING TO JOHNSON

B esides th e  syn thesis  o f te s to s te ro n e , ep ian d ro s te ro n e  an d  th e  co rtica l 
horm ones, s ta r tin g  from  h y d ro ch ry sen e  d e riv a tiv e s , J o h n so n  an d  his col­
lab o ra to rs  also developed  a to ta l  syn th esis  of a ldo ste ro n e , p u b lish ed  in  1958 
as a b r ie f  com m u n ica tio n  [15].

T he s ta r tin g  p o in t w as th e  d ih y d ro x y k e to n e  C X V III w hich  J o h n so n  
h a d  o b ta in ed  earlier (from  carb ino l C X V IIIa) in  th e  course o f th e  syn th esis  of 
11-oxidized stero ids (see pp . 267— 269).B y  condensing  C X V III w ith  fu rfu ra l, 
he o b ta in ed  th e  d e riv a tiv e  C X IX  w hich  w as su b jec ted  to  M ic h a e l  re a c tio n
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w ith  m eth ac ry lo n itrile . T his re su lted  in  th e  fo rm atio n  o f com pound 
C X X ; th e  reac tio n  occurred  w ith  inversion  a t  C(13). O n ozon iza tion  th is  
com pound  y ie lded  th e  d icarboxy lic  acid  C X X I, an d  th e n , on hydro lysis , 
th e  lac to n e-acid  (C X X II) w as o b ta in ed . T he ac tio n  o f ace tic  an h y d rid e  
an d  th e n  of oxaly l chloride co n v erted  th is  p ro d u c t in to  th e  acid chloride 
C X X III .
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J o h n so n  chose a som ew hat u n u su a l ro u te  to  fo rm  ring  D , an d  to  b u ild  
th e  side chain  s im u ltaneously . R eaction  o f th e  chloride C X X III  w ith  ke tene  
d im e th y lk e ta l gave th e  d ike tone  C X X Y , ev id en tly  v ia  th e  a d d u c t C X X IV . 
T he d ike tone  (CXXY) w as ox idized b y  trif lu o ro p e race tic  acid , an d  a fte r  
hyd ro lysis  gave th e  tr ió i C X X V I. Selective o x id a tio n  o f th e  la t te r  b y  N -brom o- 
ace tam id e  (w hich oxidizes o n ly  th e  3-O H  group) led , a f te r  a ce ty la tio n , to  
th e  keto n e  C X X V II and , on b ro m in a tio n  an d  d e h y d ro b ro m in a tio n , to  th e  
u n sa tu ra te d  d iace to x y k e to n e  C X X V III an d  its  k e ta l C X X IX . A lkaline h y d ro ­
lysis of th e  la t te r  y ie lded  th e  diói C X X X ; th e  p rim a ry  alcohol group w as 
p ro te c te d  b y  reac tio n  w ith  xy lenesu lp h o n y l ch loride, so th a t  su b seq u en t 
o x id a tio n  gave th e  keto n e  C X X X I. T he n e x t o p era tio n  was cycliza tion , s im ilar 
to  th e  one in  Sa r e t t ’s syn th esis  of cortisone (see p. 288): as д re su lt, th e  
s te ro id  w ith  17-iso-chain (C X X X II) w as fo rm ed  as th e  m a jo r p ro d u c t. T he 
la t te r  p a r tia lly  isom erized in to  th e  17/3-epimer L X X . T he tra n s itio n  from  th is  
ke to n e  (L X X ) to  a ldosterone  has been described  in  a prev ious section  (see 
p. 292).

T he k e to n e  (C X X X II) was tran sfo rm ed  in to  a ldosterone  b y  u su a l 
m eth o d s. L ith iu m  a lum in ium  h y d rid e  red u c tio n  follow ed b y  hydro lysis  gave 
th e  ke to l C X X X III . The reac tiv e  h y d ro x y l of th e  sem iaceta l g roup ing  w as 
p ro te c te d  b y  tre a tm e n t w ith  m e th an o l; th u s  o x id a tio n  w as possible to  th e  
k e to n e  C X X X IV , an d  su b seq u en t co n densa tion  w ith  d ie th y l o x a la te  gave 
th e  g ly o x a la te  C X X X V . T re a tm e n t w ith  iod ine an d  th e n  w ith  p o tassiu m  
a c e ta te  co n v erted  th e  g lyoxa la te  in to  th e  ace to x y k e to n e  (C X X X V I). A cid  
hydro lysis an d  isom eriza tion  u n d er th e  in fluence  of p o tassiu m  ca rb o n a te  
y ie lded , w ith  th e  s im u ltaneous hydro lysis o f th e  ace to x y  g roup , th e  f in a l 
p ro d u c t a ldosterone  (L X X IV ).
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J o h n so n ’s syn thesis  involves 26 stages w hen  s ta r tin g  w ith  th e  d ih y d ro x y - 
k e to n e  C X V III, or 38 stages if  th e  s ta r tin g  p o in t is 1 ,6 -d ih y d ro x y n ap h ta - 
lene.
J o h n so n  re p o rte d  th e  y ields fo r th e  d iffe ren t stages in  a co rrespond ing  p a te n t  
[16] w hich  differs a l i ttle  from  th e  p re lim in a ry  com m unica tion  [15]. F o r 
in stan ce , besides th e  m e th o d  using  th e  k e ten e  ace ta l (w hich w as described  
above), th e  classical re a c tio n  w ith  benzy l m a lo n a te  w as em ployed . In s te a d  of 
xy len esu lp h o n y l ch loride, p -to lu en esu lp h o n y l chloride w as em ployed  fo r th e  
p ro tec tio n  o f th e  p rim ary  hydroxy] group .
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T he conversion of th e  k e to n e  C X X X II in to  a ld oste rone  w as carried  o u t 
in  th e  u su a l w ay ; th e  g rea te s t losses w ere invo lved  in  th e  s tep  of in tro d u c in g  
th e  21 -acetoxy  group .
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T he to ta l  y ield  on d l-a ldosterone  is a b o u t 0 .055%  based  on th e  d ih ydroxy- 
k e to n e  C X V III, or 0 .002%  ca lcu la ted  fo r 1 ,6 -d ih y d ro x y n ap h th a len e .
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C H A P T E R  VI

SYNTHESES OF OTHER STEROID COMPOUNDS

SYNTHESIS OF SAPOGENINS ACCORDING TO SONDHEIMER

T he m ore im p o r ta n t sapogenins (diosgenin, tigogen in , hecogenin  an d  
som e o thers) h av e  long been th e  o b jec t o f in v es tig a tio n , m a in ly  from  th e  
s ta n d p o in t of th e ir  conversion  in to  p reg n an e  d e riv a tiv es , an d  fu r th e r  in to  sex  
an d  ad ren a l co rtica l horm ones. O n th e  o th e r h a n d , th e re  w as v e ry  l i ttle  
research  for ro u tes  to  th e  to ta l  syn thesis  of th ese  com pounds, d esp ite  th e ir  
s tru c tu ra l s im p lic ity  in  com parison , fo r in s tan ce , w ith  th e  co rtico ids. T his 
gap  has been  a p tly  filled  b y  th e  w ork  o f S o n d h e i m e r ,  M a z u r  an d  D a n i e l l i  
w ho ach ieved  [2, 8, 9] th e  to ta l  sy n th esis  o f tigogen in  an d  neo tigogen in  in  
1 9 5 8 -1 9 5 9 .

T he s ta r tin g  m a te ria l w as ep ian d ro ste ro n e  (I), th e  to ta l  syn th esis  o f w hich 
has been described  in  an  earlie r section  (see pp . 261, 265). E x h a u s tiv e  a ce ty la tio n  
affo rded  th e  enol ace ta te  I I ,  w hich, a f te r  ep o x id a tio n  an d  hydro lysis , y ie lded  
th e  d iace to x y k e to n e  I I I .  T he n e x t p rob lem  w as to  in tro d u ce  an  isopropyl 
chain  in  positio n  17. This w as accom plished  b y  R e f r o m a t s k y  re a c tio n  w ith  
e th y l a -b ro m o p ro p io n a te , lead ing  to  a m ix tu re  o f p ro d u c ts , from  w hich, a f te r  
a ce ty la tio n , th e  d ia c e ta te  IY  w as iso la ted  in  63%  yield . D e h y d ra tio n  o f th e  
d ia c e ta te  led  to  th e  u n s a tu ra te d  es te r V an d  th e  lac to n e  V I, w hich  w ere 
d esp ite  th e  difference betw een  th e ir  chem ical s tru c tu re  b o th  u tilized  in  th e  
syn thesis .

2 0  N a t u r a l  C a r b o n  C o m p o u n d s
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H y d ro g en a tio n  of th e  u n sa tu ra te d  este r (У) gave th e  s a tu ra te d  com pound 
V II h av in g  anom alous co n figu ra tion  a t  C20. T he s a tu ra te d  este r w as su b jec ted  
to  th e  u su a l reac tio n s (hydro lysis, e s te rifica tio n  an d  o x ida tion ) to  p rep are  
th e  d ik e to -es te r V III . T he la t te r ,  in  o rd er to  in v e r t  th e  co n figu ra tion  a t  C20, 
w as isom erized to  th e  acid IX  b y  h ea tin g  w ith  p o tassiu m  h y d ro x id e  in  m ethano l, 
an d  th e n  m e th y la te d  to  th e  e ste r X . T his com pound  also could  be o b ta in ed  
from  V I b y  h y d ro g en a tio n  to  th e  lac to n e  X I, red u c tio n  w ith  lith iu m  a lum in ium  
h y d rid e  to  th e  tr ió i X II , o x id a tio n  (an d  esterifica tion ) to  th e  d ik e to -este r 
X I I I ,  follow ed b y  isom eriza tion  an d  esterifica tion .

T he over-all y ie ld  of th e  d ik e to -este r X  b ased  on th e  d iace to x y k e to n e  I I I  is 
a b o u t 20% . F ro m  th e  d ik e to -este r th e  b isk e ta l X IV  w as o b ta in ed  b y  o rd in a ry  
m ean s; i t  w as red u ced  to  th e  carb ino l X V , an d  th e n  oxidized to  th e  a lde­
h y d e  X V I. In  o rd e r to  fo rm  rings E  an d  F , S o n d h e i m e r  condensed  th is  a lde­
h y d e  (X V I) w ith  th e  m agnesium  com pound  o f l-b ro m o -3 -m eth y lp en t-4 -en e
(X V II) specially  syn thesized  fo r th is  purpose  from  e th y l /i-e th o x y acry la te
(X V III) an d  c ro ty l alcohol. T he carb ino l (X IX ) p rep a red  in  th is  w ay  w as 
ox id ized  to  th e  k e to n e  X X .
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On ozon ization  o f k e to n e  X X  an d  red u c tiv e  d eg rad a tio n  o f th e  ozonide, 
th e  ke to -a ld eh y d e  X X I w as o b ta in ed , an d  th is  w as h y d ro ly zed  w ith o u t 
p u rific a tio n  to  th e  tr ik e to -a ld eh y d e  X X II . Sodium  b o ro h y d rid e  red u c tio n  
o f th e  la t te r  p roceeded  selectively , th e  s te rica lly  h in d ered  C22-ke to  g roup  w as 
n o t affected . As a re su lt, th e  k e to -tr io l X X I I I  w as fo rm ed , w hich  on reflu x in g  
w ith  h yd roch lo ric  acid  in  m e th an o l gave an  equ im olecu lar m ix tu re  o f tigogen in  
(X X IV ) an d  neo tigogenin  (X X Y ).

20*
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P u re  tigogen in  could be iso la ted  b y  pro longed  re flu x in g  o f th e  m ix tu re  
w ith  an  alcoholic so lu tion  o f hyd roch lo ric  acid  an d  su b seq u en t ch ro m a to ­
g rap h y . On th e  o th e r h an d , neo tigogen in  w as o b ta in ed  (as th e  a c e ta te )  b y  
frac tio n a l c ry s ta lliz a tio n  o f th e  ace ta tes .

T he syn th esis  o f tigogen in  (X X IV ) m ean t s im u ltan eo u sly  th e  to ta l  
syn thesis  o f a n u m b er o f o th e r  sapogenins (d iosgenin, sm ilagenin , g itogenin , 
hecogenin , e tc .), because th e ir  in te rconversions h a d  a lread y  been  accom plished 
earlie r. T his m ay  be i llu s tra te d  b y  th e  tra n s fo rm a tio n  o f tigog en in  (X X IV ) in to  
diosgenin  (X X V I). T igogenin  (X X IV ) is ox idized to  tigogenone (X X V II) 
w hich  is th e n  b ro m in a te d , th e  p rin c ip a l p ro d u c t be ing  th e  tr ib ro m id e  X X V III . 
C onsecutive d eh y d ro b ro m in a tio n  (by  m eans o f sod ium  iodide) an d  debrom ina- 
t io n  (w ith  zinc) led  to  th e  Zl4-3-ketone (X X IX ) w hich  w as t r e a te d  w ith  iso- 
p ro p en y l a c e ta te  to  y ield  th e  enol a c e ta te  X X X . R ed u c tio n  o f th e  la t te r  w ith  
sod ium  b o ro h y d rid e  a ffo rded  diosgenin  (X X V I).

S o j m d h e i m e r  also ach ieved  a p rev io u sly  co n tem p la ted , b u t  n o t accom ­
p lished  tra n s it io n  from  diosgenin  to  hecogenin  (X X X I). D iosgenin  ace ta te  
(X X X II)  w as co n v erted  b y  ally lic  b ro m in a tio n  a n d  d eh y d ro b ro m in a tio n  to  
th e  zl5-7-diene X X X II I  and , a f te r  h y d ro g en a tio n , to  th e  J 7-com pound  (X X X IV ) 
[3]. T he 9,11 double  bo n d  w as in tro d u c e d  b y  o x id a tio n  w ith  m ercuric  a c e ta te ,
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an d  th e  Zl7>9-diene X X X V  w as re a c te d  w ith  perbenzo ic  acid  to  give th e  epoxide 
X X X V I w hich  [10, 11, 12] read ily  isom erized  in  th e  p resence of b o ro n  t r i ­
fluo ride  to  th e  11-ketone X X X V II. R ed u c tio n  o f  th e  la t te r  w ith  lith iu m  an d  
alcohol in  liq u id  am m onia  gave th e  diói X X X V III , from  w hich  th e  l la - O H  
group could  be read ily  rem oved  b y  t r e a tm e n t w ith  p h o sp h o ry l chloride. 
T he resu ltin g  a c e ta te  o f zl9(1:1)-5a, 25D -spirostene-3/?-ol (X X X IX ) w as oxidized 
b y  chrom ic ac id  to  give a m o d era te  y ie ld  o f dehydroghecogen in  a c e ta te  (X L ) 
an d  f in a lly  hecogenin  (X X X I).

S ta r tin g  w ith  th e  sapogenins, one can, in  tu rn ,  sy n thesize  a n u m b er 
o f ste ro id  a lkalo ids (see below ).

SYNTHESIS OF SOME STEROID ALKALOIDS

T he in te rre la tio n  betw een  s te ro id  sapogenins an d  ce rta in  alkalo ids 
(to m atid in e , so lasodine), an d  th e  successful conversion  o f th e  fo rm er in to  
th e  la t te r  ju s tif ie s  th e  view  th a t  th e  to ta l  syn th esis  o f th ese  a lkalo ids has been 
achieved .
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Syn thesis  o f  T om atid ine  and  Solasodine

N eotigogenin  (X X V ), th e  syn thesis  of w hich has been  described  above, 
w as co n v erted  in to  to m a tid in e  (X L I) b y  th e  follow ing series o f reac tio n s [16]. 
T he sapogenin  w as co n v erted  b y  o rd in a ry  m eans (h ea tin g  w ith  acetic  an h y d rid e  
an d  hydro lysis) in to  pseudoneo tigogen in  (X L II) from  w hich th e  to sy la te  
(X L III)  w as p rep ared . T he la t te r  was h ea ted  w ith  sodium  iodide, y ield ing  
th e  u n stab le  iod ide X L IV  w hich w as ac ted  up o n  b y  p o tassiu m  p h th a lim id e  
to  give th e  d e riv a tiv e  X LV . I ts  reac tio n  w ith  h y d raz in e  y ie ld ed  th e  am ine 
(X L V I) an d  th e  la t te r  cyclized u n d e r th e  in fluence of phosphoric  acid  in to  
to m a tid in e  (X L I).

In  a lm ost th e  sam e w ay  [14, 15] solasodine w as p rep a red  from  diosgenin, 
th e  only  difference being th e  non-acid ic  cycliza tion  o f th e  in te rm ed ia te  am ine 
(analogue of X L V I). T he syn th esis  w as developed  in  tw o  v a r ia n ts . A ccording 
to  th e  sh o rte r  ro u te , diosgenin a ce ta te  (X X X II)  w as tran sfo rm ed  d irec tly  to  
th e  26-chloro d e riv a tiv e  X L V III  by  h ea tin g  w ith  ace ty l chloride an d  acetic  
an h y d rid e , an d  th is  was th e n  con v erted  in to  solasodine v ia  th e  p h th a lim id e  
d eriv a tiv e .
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Syn thesis o f  Conessine

In  1961 B a r t o n  an d  M o r g a n  [1] described  th e  syn thesis  o f th e  s te ro id  
alkalo id  conessine, th e  s tru c tu re  of w hich  is in te re s tin g  because of th e  presence 
o f a n itrogeneous fu n c tio n  a t  th e  C18 a tom . T he au th o rs  s ta r te d  w ith  p reg n en ­
olone (X L IX ), i.e. a s te ro id  p rep a red  b y  to ta l  syn th esis , so th a t  th e ir  w ork 
shou ld  be reg a rd ed  as a to ta l  syn thesis  o f conessine.

Solvolysis o f p regnenolone to sy la te  (L) gave th e  isostero id  keto n e  (L I), 
w hich w as h y d ro g en a ted  to  a m ix tu re  of 20-epim eric alcohols, reso lved  v ia  
th e  benzoates.

The 20/5-epim er benzoa te  (L II) w as tran sfo rm ed  in to  Zl5-pregnane-3/J, 2 0ß- 
d io l-3 -acetate-20-benzoate  (L III)  by  reflu x in g  w ith  acetic  acid  [13] an d  
th e n  h y d ro ly zed  to  th e  diói (LIV ). T he d ito sy la te  o f th e  la t te r  w as re a c te d  
w ith  lith iu m  azide to  give th e  b isazide LV, w hich  on ir ra d ia tio n  y ie ld ed  a 
m ix tu re  of am ines. C onsecutive red u c tio n  of th is  m ix tu re  w ith  lith iu m  a lu ­
m in ium  h y d rid e  an d  fin a lly  m e th y la tio n  affo rded  conessine (LYI).
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SYNTHESIS OF VITAMIN D 3

A lth o u g h  v ita m in  D 3 is fo rm ally  n o t a s te ro id , i t  is genetica lly  v e ry  
closely re la te d  to  th ese  com pounds an d  on th ese  g rounds can be t re a te d  here.

V itam in  D 3 is p ro d u ced , even  on in d u s tr ia l scale, from  cholesterol 
sy n th es ized  ea rlie r (see p . 276), an d  th e re fo re  its  to ta l  syn thesis  m ay  be con­
sidered  to  h av e  been  accom plished . H ow ever, th e  w ork  of I n h o f f e n  an d  his 
g roup  d ev o ted  to  th is  p rob lem  is in d e p e n d e n t an d  i t  has considerab le  scientific  
in te re s t , th u s  i t  deserves special d e ta iled  discussion.

T he m ain  s ta r tin g  m a te ria l used  b y  I n h o f f e n  fo r th e  to ta l  syn thesis  of 
v ita m in  D 3 w as /?-(3-m ethyl-zl2-cyclohexen-one-2-y l)-propionic  ac id  (LV II). 
A d d itio n  of hyd ro g en  cyan ide  to  th e  double b o n d  an d  hydro lysis  o f th e  re su ltin g  
n itrile  gave th e  am ide L V III, an d  th is , on h ea tin g , y ie ld ed  th e  lac to n e -lac tam  
L IX . A cid h y d ro lysis  o f th e  la t te r  affo rded  an  eq u ilib riu m  m ix tu re  o f th e  
cis- a n d  trons-d icarboxy lic  acid  L X  an d  L X I. T he trans  isom er w as reso lved  
th ro u g h  th e  b ruc ine  sa lts  to  iso la te  th e  1-frares-acid, w hich  w as co n v erted  in to  
th e  d im eth y l e s te r  (L X II). D i e c k m a n n  cyclization  o f the  la t te r  gave, how ever, 
on ly  th e  cis-indane d e riv a tiv e , so th a t  i t  w as found  n ecessary  to  reduce  firs t 
th e  k e to  g roup  to  h y d ro x y l. The resu ltin g  h y d ro x y d ie s te r  (L X III)  w as cyclized 
in to  a m ix tu re  o f cis- an d  Irares-isomeric /?-keto-estcrs, from  w hich , a fter 
h y d ro lysis  an d  d eca rb o x y la tio n , th e  h y d ro x y k e to n e  L X IV  w as iso la ted  in 
low  y ield  [7].
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The condensation  o f th is  h y d ro x y k e to n e  (L X IV ) w ith  cro ty lm agnesium  
brom ide w as accom pan ied  b y  allylic re a rra n g em e n t, giv ing th e  diói LX Y . 
C onsecutive o x id a tio n  w ith  osm ium  te tro x id e  an d  period ic  acid  con v erted  
th e  diol in to  a d ih y d ro x y a ld eh y d e , an d  th e  la t te r  gave on d e h y d ra tio n  and  
a c e ty la tio n  a m ix tu re  of th e  cis- an d  írans-isom eric  ace to x y a ld eh y d es, L X V I 
an d  L X V II, sep a ra te d  b y  c ry sta lliza tio n . The cis-isom er (L X Y I) w as co n v erted  
b y  m eans o f th e  W i t t i g  reac tio n  in to  th e  diene L X V III  w hich  w as h y d ro g en ­
a te d  to  th e  carh ino l (L X IX ). T he la t te r  w as ox id ized  to  th e  k e to n e  L X X , 
id en tica l w ith  th e  one iso la ted  from  th e  o x id a tio n  of v ita m in  D 3.

T he n e x t s tep  w as to  p rep a re  th e  C20-a ldehyde  L X X I; i t  w as again  
ach ieved  b y  em ploy ing  th e  W i t t i g  re a c tio n  [ 6 ] .  T he above k e to n e  (L X X ) 
w ith  a lly lid en ep h o sp h o ran e  gave th e  diene L X X II  t h a t  w as selectively  
ozonized. T he ozonide w as red u ced  w ith  lith iu m  a lum in ium  h y d rid e  to  th e  
carb ino l L X X II I ,  w h ich  could  he ox id ized  b y  m anganese  d ioxide to  th e  
C20-aldehyde L X X I, iso la ted  as th e  sem icarbazone.



This a ldehyde (L X X I) w as condensed  w ith  p -h y d ro x y cy c lo h ex an o n e  to  a 
m ix tu re  of th e  epim eric  ke to ls  L X X IV  a n d  L X X Y . T he frac tio n  en riched  in  
th e  /9-epimer L X X V  u n d erw en t th e  W i t t i g  reac tio n  w ith  m ethy lenephos- 
ph o ran e , y ie ld ing  a m ix tu re  o f trieno ls (5,6-irores-vitam in D 3), w hich  was 
su b jec ted  to  ir ra d ia tio n  (q u a rtz  lam p) w ith o u t sep a ra tio n . A fte r t re a tm e n t of 
th e  ir ra d ia tio n  p ro d u c ts  w ith  d in itro b en zo y l chloride in  p y rid in e , p u re  v i ta ­
m in  D 3 (L X X Y I) w as iso la ted  [5] b y  ch ro m a to g rap h y  in  a low  yield .
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L a te r  i t  w as estab lished  [4] th a t  th e  trans a ldehyde L X V II can  also 
be co n v erted  b y  a series o f red u c tio n  reac tio n s in to  th e  carb ino l L X IX , an d  
th u s  th e  over-all y ie ld  could be som ew hat im proved . A ccording to  th e  schem e 
p resen ted , th e  y ie ld  is a b o u t 10~6 % .

SYNTHESIS OF d 8-LANOSTENOL ANI) LANOSTEROL

C om pounds of th e  lano ste ro l g roup  possess th e  s tru c tu re  o f s te ro id s , 
b u t  accord ing  to  th e ir  com position  an d  chem ical p ro p erties  th e y  could  also be 
classified as tr ite rp e n e s . H ence, lano ste ro l is a so rt o f ‘b rid g e ’ be tw een  tw o 
large  classes o f n a tu ra l  p ro d u c ts , stero ids an d  trite rp en o id s .

In  1954 W o o d w a r d , B a r t o n , an d  th e ir  co llabo ra to rs [17] w ere able to  
‘ta k e  th is  b rid g e’ b y  ach iev ing  th e  to ta l  syn thesis  of zJ8-lanoste ro l (L X X III)  
from  cholestenone.

M eth y la tio n  o f cholestenone (L X X V III)  w ith  m e th y l iodide in  th e  
presence of p o tassiu m  tert.-bu tox ide  y ie lded  4 ,4 -d im ethy l-z l5-cholestene-3-one 
(L X X IX ), w hich w as reduced  w ith  iith iu m  alum in ium  h y d rid e  to  give th e  
carb ino l L X X X . T he a c e ta te  o f th e  la t te r  on allylic b ro m in a tio n  follow ed 
b y  d eh y d ro b ro m in a tio n  w as co n v erted  in to  th e  A5,7-diene L X X X I. T his 
com pound  isom erized in th e  presence o f hyd rogen  ch lo ride (a re a c tio n  c h a r­
ac te ris tic  o f ergostero l deriv a tiv es) to  th e  zl7il4-diene L X X X II , w hich  w as 
re a c te d  w ith  p e rp h th a lic  acid  to  y ield , a f te r  a lka line  hyd ro lysis , th e  tr io l 
L X X X III . In  acidic m ed ium  th e  tr io l undergoes rea rra n g em e n t w ith  deh y d ra-
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tio n  y ield ing  zJ8̂ 14̂ -15-ketone (L X X X IV ). T he b en zo a te  o f th e  la t te r  on 
m e th y la tio n  w ith  a la rge  excess o f  m e th y l iod ide gave a good y ie ld  o f  th e  
14-m ethyl-zl7-15-ketone L X X X Y , w hich  on K i s h n e r  red u c tio n  affo rded  
ZF-lanostenol (L X X X Y I).

T re a tm e n t o f zl7-lanosteno l benzoa te  w ith  h y d rogen  chloride led  to  a m ix tu re  
of benzoates from  w hich  th e  benzoa te  o f n a tu ra l  zl8-lanosteno l w as o b ta in ed  
in  m o d era te  yield.

O x ida tion  of Zl8-lanosteno l a c e ta te  (L X X X V II)  gave th e  d iketo -ac id  
L X X X V III  in  low  y ield . T he K i s h n e r —  H u a n g — M i n l o n  red u c tio n  u n d e r 
o rd in a ry  cond itions rem oved  th e  k e to  group  (m ore d ra s tic  reac tio n  re su lted  
in  th e  red u c tio n  of th e  Zl8-bond). T he a c e ta te  of th e  o b ta in ed  11-keto-acid  
(L X X X IX ) w as su b jec ted  to  A r n d t — E i s t e r t  reac tio n , y ield ing  th e  hom o-
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acid  m e th y l es te r X C, an d  on fu r th e r  reac tio n  w ith  m eth y lm ag n esiu m  iodide 
th e  keto -d io l X C I w as produced .

D e h y d ra tio n  o f th e  la t te r  (X C I) follow ed b y  K i s h n e r —H u a n g — 
M i n l o n  red u c tio n  [18] w ith  an h y d ro u s h y d raz in e  a t  230° led  to  n a tu ra l 
lanostero l (X C II).
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SYNTHESIS OF DIGITOXIGENIN

A t th e  beg inn ing  of 1962 S o n d h e i m e r  a n d  his co llab o ra to rs  p u b lished  
[1] th e  f irs t  syn thesis  o f th e  card iac  aglycone d ig itox igen in  (X C III), s ta r tin g  
from  m e th y l 14 /?-hydroxy-3 /3-acetoxyaetianate  (X C IV ). Since th e  la t te r  
h a d  been syn thesized  earlie r [3] from  5/?-androstane-3/9-ol-17-one (XCY), 
th e  chain  o f th e  to ta l  syn thesis  (a r a th e r  long one, because th e  k e to l XCY 
w as o b ta in ed  b y  th e  h y d ro g en a tio n  of d eh y d ro ep ian d ro ste ro n e) has been 
com pleted .

T he es te r (XCIV ) w as p rep a red  b y  R u z i c k a  accord ing  to  th e  follow ing 
schem e:

T his e s te r (XCIV ) w as co n v erted  b y  S o n d h e i m e r  in to  th e  p reg n an e  d e riv a tiv e  
(pregnane-3/?,14/?-diol-20-one 3 -ace ta te , X C V II) b y  a series o f th e  u su a l 
reac tions. C onversion w ith  e th o x y e th y n illith iu m  gave th e  carb ino l X C V III 
w hich w as easily  isom erized  in  acid ic  m ed ia  to  th e  a ,/? -u n sa tu ra ted  este r 
X C IX . T he c ritica l o p e ra tio n  w as th e  la s t s tep , w hen  o x id a tio n  w ith  
selen ium  oxide succesfully  in tro d u ced  a h y d ro x y l group  in to  position  21. 
U n d er th e  g iven reac tio n  cond itions th e  fo rm ed  h y d ro x y -e s te r  cyclized to  
d ig itox igen in  a c e ta te  (C) w hich  w as e v en tu a lly  sapon ified  to  d ig itoxigenin  
(X C III).
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SYNTHESIS OF dl-CONESSINE

T he to ta l  syn thesis  o f conessine (LYI) w as ach ieved  in  1962 b y  J o h n s o n  
an d  M a r s h a l l  [2]. T he s ta r tin g  m a te ria l w as th e  k e to l C l o f th e  h y d ro ­
chrysene  series, w hich  h a d  a lread y  been  th e  in te rm e d ia te  in  th e  syn thesis  
o f te s to s te ro n e  (see p. 267). R eac tio n  o f th is  k e to l w ith  m e th y llith iu m  an d  
su b seq u en t d eh y d ra tio n  led  to  th e  u n sa tu ra te d  a c e ta te  C II, w hich  on fu r th e r  
ozon iza tion  affo rded  th e  13,17-secosteroid d ike tone  C III. C yclization  of th e  
la t te r  gave th e  a ,/? -u n sa tu ra ted  keto n e  CIV w hich  easily  ad d ed  h y drogen  
cyan ide  fo rm ing  an  ap p ro x im a te ly  equal m ix tu re  of th e  epim eric  y -keto - 
n itrile s  CV an d  CVI. T he sam e m eth o d  of in tro d u c in g  fu n c tio n a l g roups in to  
an g u la r position  of th e  s te ro id  m olecule w as la te ly  used  b y  N a g a t a  (see p. 279).
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T he fu r th e r  tran sfo rm a tio n s  w ere carried  o u t w ith  th e  13/?-isomer (CVI). 
I ts  e th y len ek e ta l w as reduced  b y  lith iu m  a lum in ium  h y d rid e  to  th e  in te r ­
m ed ia te  am inoke ta le  w hich  w as th e n  h ydro lized  to  th e  enam ine CY II. Con­
secu tive  h y d ro g en a tio n  an d  m e th y la tio n  gave rise to  th e  am inoalcoho l C V III 
w hich w as oxidized to  th e  am inoke tone  C IX . T he la t te r  w as co n v erted  to  
dZ-conessine b y  a series o f th e  u su a l reac tio n s.
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cepts renders the monograph per­

fectly intelligible to the pure 

organic chemist.

I. V. Torgov presents a lucid 

and very concise monograph on 

the total synthesis of naturally 

occurring stereoids. This distin­

guished researcher covers the 

literature to about 1962, and ar­

ranges his material in a modern 

and interesting survey. All im­

portant achievements of this new 

and intriguing branch of steroid 

chemistry arc condensed in charts 

of formulae, connected by a fac­

tual and extremely clear ex ­

planatory text.
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