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and  l imi ts  t he  s t r u c t u r e  of rese rp ine  and  deserp id ine  to  
VI I  a a n d  b. 
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The ac id -ca t a lysed  3-epi-~c-yohimbine- to-rauwolscine 
t r a n s f o r m a t i o n  1 ind ica te s  t h a t  t he  fo rmer  has  an axial  
c a r b o m e t h o x y  g roup  ( IVb)  or an  axial  C(2)-C(3) l inkage  
(Vb) while in t he  l a t t e r  b o t h  func t ions  are e q u a t o r i a l l y  
d i rec ted .  The  d e m e t h y l a t i o n  of dese rp id ino l  to  rau-  
wolscinyl  a lcohol  I, w i th  l i t t le  l ikel ihood of invers ion  at  
C-17, also po in t s  to  a t r ans  r e l a t ionsh ip  of r ing E subs t i -  
t u e n t s  in a - y o h i m b i n e  (VIII)  and  its C-3 e p i m e r  ~. 
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Zusammen[assung 

Die zur  Zeit  a n g c n o m m e n e  s t e r e o c h e m i s c h e  F o r m u -  
l ierung yon  a l l o - Y o h i m b a n  wird  d u t c h  die T a t s a c h e  ge- 
s t i i tz t ,  dass  e p i - a l l o - Y o h i m b a n  (III) eine st~irkere Base  
als a l l o - Y o h i m b a n  (I) ist .  F e r n e r  b i lde t  I I I  e in A m i n -  
o x y d ,  w~ihrend I dies n i c h t  tu t .  I wird  k a t a l y t i s c h  e rheb -  
l ich l e ich te r  zu e iner  quatern/~ren V e r b i n d n n g  d e h y d r i e r t  
als I I I .  Zwischen  I u n d  I I I  b i lde t  s ich ein s~iurekataly- 
s ier tes  Gle ichgewich t ,  das  78,7% I I I  enth~ilt. Diese E r -  
gebnisse  u n d  eine neue I n t e r p r e t i e r u n g  der  V e r w a n d l u n g  
von R e s e r p s ~ u r e m e t h y l e s t e r t o s y l a t  in eine quatern~ire 
A m m o n i u m v e r b i n d u n g  d e u t e n  da r au f  hin,  dass  d e m  
Rese rp in  und  d e m  Dese rp id in  die s t e r i sche  F o r m e l  V I I  
z u k o m m e n  muss .  
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R a u w o l f i a  A l k a l o i d s  X X I .  

T h e  S t e r e o c h e m i s t r y  
of  R e s e r p i n e  a n d  D e s e r p i d i n e  

We have  p rov i s iona l ly  favored  the  s t e r eochemica l  
fu rmula  I for rese rp ine  a n d  dese rp id ineL  A recen t ly  
r e p o r t e d  e x p e r i m e n t a l  f ind ing  has  been  i n t e r p r e t e d  by  
a n o t h e r  g r o u p  of i n v e s t i g a t o r s  e t o  ind ica te  a s imi la r  
fo rmula ,  t t o w e v e r ,  ce r t a in  new fac ts  have  been o b t a i n e d  
wh ich  e s t ab l i sh  the  express ion  I I  as more  nea r ly  re- 
p r e s e n t i n g  the  s t e r e o c h e m i s t r y  of these  alkaloids.  
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Reserpine: R - -OCH.~, R' = -COC.oH~:(0CH3) 3 
Deserpidine: R = - H ,  R" = -COC6Ha(OCHa) , 

I t  h a d  p rev ious ly  been  a s s u m e d  t h a t  the  d r iv ing  force 
for t he  e p i m e r i z a t i o n  reac t ion  at  C-3 of rese rp ine  and  i ts  
de r iva t ives  and  de r iva t ives  of dese rp id ine  res ided  in t he  
g rea t e r  i n h e r e n t  s t a b i l i t y  of t h e  a l l o y o h i m b a n e  over  t h e  
3 -ep i a l l oyoh imbane  skele ton*.  H o w e v e r ,  f u r t h e r  in- 
ves t iga t ions  r evea l ed  t h a t  t he  allo- and  3-epia l loyohim-  
banes  w i t h o u t  a s y m m e t r i c  s u b s t i t u t i o n  a t  C-16, C-17 or  
C-18 u n d e r  cond i t i ons  of t he  i somer i za t ion  are  of ap-  
p r o x i m a t e l y  equa l  s tab i l i ty .  Fo r  example ,  m e t h y l  an-  
h y d r o r e s e r p a t e  4 wh ich  m u s t  possess  the  allo conf igura-  
t ion  since it m a y  be o b t a i n e d  f r o m  m e t h y l  3-iso- 
r e se rpa t e  t o s y l a t e  as well as f rom t h e  n o r m a l  to sy la t e ,  
on  t r e a t m e n t  w i t h  acid,  gives l l - m e t h o x y - 3 - e p i a l l o -  
y o h i m b o n e  [m.p.  2¢0-243°;  I ic~ + 72 ° (chloroform).  
Ca lcu la ted  for C2oH,4N,O,: C, 74.04; H, 7.46; N, 8-64. 
F o u n d :  C, 73.88; H, 7.57; N, 8.49] as well  as t he  previ -  
ous ly  descr ibad  l l - m e t h o x y a l l o y o h i m b o n e  (reserpone) 5 
in a r a t io  of 3 to  2. F u r t h e r m o r e  it has  been  s h o w n  ~ t h a t  
t he  c o m p o s i t i o n  of t he  s y s t e m  3 -ep ia l loyoh imbane-  
a l l o y o h i m b a n e  a t  acid a t t a i n e d  equ i l ib r ium is 3.6 to  1. 

The  reason  for t h e  c o m p l e t e  e p i me r i z a t i o n  of r e se rp ine  
a n d  its d e r i v a t i v e s  and  ce r t a in  de r iva t i ve s  of dese rp id ine  
m u s t  the re fo re  lie in t h e  s ter ic  r e la t ionsh ip  of t he  sub-  
s t i t u e n t s  in r ing  E. On the  basis  of I, t he  iso c o m p o u n d s  
(conformation IIIa) wi th  1 ,3-diaxia l  i n t e r a c t i o n s  no t  
possessed  b y  t h e  n o r ma l  c o m p o u n d s  would  be the  less 
s tab le  r a t h e r  t h a n  the  more  s tab le  of t he  pai rs  of e p i me r s .  
However ,  t h e  express ion  I I  ( con fo rma t ion  I r a )  g ives  
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a c lea r  e x p l a n a t i o n  for  t h e  g r e a t e r  s t a b i l i t y  of t h e  iso 
c o m p o u n d s .  

I I I  

IV 
a:  R = - C O O C H ~  R ' = - O C O C s H e ( O C H s )  ~ 
b: R = - C O O H  R '  = OH 

F u r t h e r ,  3- iso-reserpic  ac id  (as t h e  n i t r a t e )  (Em. p.  266 
to  270°3. C a l c u l a t e d  for  C,~H~sN~O 5 • H N O  3 • HaO:  C, 
54.88;  H,  6-49; !"4, 8"73. F o u n d :  C, 55.07;  H,  6.32;  lq, 
9.01) on  t r e a t m e n t  w i t h  ace t ic  a n h y d r i d e - p y r i d i n e  
y i e lded  a n  O - a c e t y l  a m i n o  ac id  r a t h e r  t h a n  a l a c t o n e  as  
is o b t a i n e d  f r o m  rese rp ic  ac id  h y d r o c h l o r i d e .  T h i s  a m i n o  
ac id  w i t h  d i a z o m e t h a n e  gave  m e t h y l  3 - i so- rese rpa te  
a c e t a t e  x. On  t h e  bas i s  of I, 3 - i soreserp ic  ac id  posses s ing  
t h e  c o n f o r m a t i o n  I I I  b s h o u l d  r e a d i l y  l a c t o n i z e  w h e r e a s  
t h e  n e w  e x p r e s s i o n  I I  ( c o n f o r m a t i o n  IVb)  for  t h e  iso 
c o m p o u n d  wou ld  e x p l a i n  t h e  g r e a t e r  d i f f i cu l ty  e n c o u n -  
t e r e d  in  l a c t o n e  f o r m a t i o n .  E x i s t e n c e  of t h e  r i ng  con-  
v e r s i o n  i s o m e r  of I V b  posses s ing  s u b s t i t u e n t s  a t  C-16 
a n d  C-18 in t h e  ax i a l  o r i e n t a t i o n  r e q u i r e d  for  c losure  
to  t h e  l a c t o n e  r i n g  c a n  be  seen  t o  be  e x t r e m e l y  u n l i k e l y  
in  c o n t r a s t  t o  i t s  c o u n t e r p a r t  I I I b .  L a c t o n e  f o r m a t i o n  
of  I V b  could ,  of  course ,  a lso  occu r  b y  t r a n s f o r m a t i o n  of 
r i n g  E in  one  of i t s  c o n v e r s i o n  i s o m e r s  to  t h e  b o a t  con-  
f o r m a t i o n  b u t  t h i s  r equ i r e s  e x t r a  e n e r g y  a n d  is n o t  
n e c e s s a r y  in  I I I b .  

T h e  a b s o l u t e  c o n f i g u r a t i o n  e s t a b l i s h e d  b y  I~LYIffE 2 for  
y o h i m b i n e  i n d i c a t e s  t h a t  t h e  h y d r o g e n  a t  C-3 is in  t h e  

o r i e n t a t i o n .  T h e  c o n t r i b u t i o n  of s u c h  a n  ax i a l  h y d r o g e n  
is s h o w n  b y  t h e  d i f fe rences  in  m o l e c u l a r  r o t a t i o n  b e t w e e n  
a ser ies  of t h r e e  y o h i m b a n e  d e r i v a t i v e s  a n d  t h e i r  corres-  
p o n d i n g  t e t r a d e h y d r o  c o m p o u n d s .  T h e  v a l u e s  v a r y  f r o m  
- -  586 ° to  -- 602 °. T h e  d i f fe rence  b e t w e e n  a ser ies  of t h r e e  
a l l o y o h i m b a n e  d e r i v a t i v e s  a n d  t h e i r  c o r r e s p o n d i n g  
t e t r a d e h y d r o  d e r i v a t i v e s  are  l ikewise  h i g h l y  n e g a t i v e  

" ( - - 2 6 7  ° to  - -690°) .  The re fo re ,  t h e  h y d r o g e n  a t  C-3 in 
a l l o y o h i m b a n e  is a a n d  3 - e p i - a t l o y o h i m b a n e  possesses  
t h e  a b s o l u t e  c o n f i g u r a t i o n  a t  C-3, C-15 a n d  C-20 i n d i c a t -  
ed  in  I I .  T h i s  impl i e s  t h a t  t h e  s t e r e o c h e m i s t r y  of al lo-  
y o h i m b a n e  (C-3, C-15, C-20 cis) as  i n d i c a t e d  b y  L ~  HIR 
et al. 3 a n d  STORK et al.* is a ccep t ed .  B y  a p p l i c a t i o n  of  
H u d s o n s  l a c t o n e  ru le  (KLYNE 5) t h e  g r o u p s  a t  C-16 a n d  
C-18 are  o r i e n t e d  in  t h e  fl p o s i t i o n  in  r e se rp ine  e a n d  
dese rp id ine  (/I l a c t o n e - a c i d  = + 641 [py r id ine ] ) l  w h i c h  
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l e ads  to  I I  as t h e  a b s o l u t e  c o n f i g u r a t i o n  of t he se  al- 
ka lo ids .  

R e s e r p i n e  in  s o l u t i o n  c a n  be  r e g a r d e d  as  a n  e q u i l i b r i u m  
m i x t u r e  of  t h e  t w o  r i n g  c o n v e r s i o n  i s o m e r s  V a  a n d  V I a  
b a s e d  o n  t h e  t r a n s - a n t i - c i s  a n d  c i s -an t i - c i s  r i n g  s k e l e t o n s  
w i t h  t h e  l a t t e r  b e i n g  e n e r g e t i c a l l y  p re f e r r ed .  T h e  p re -  
d o m i n a n c e  of V I  is a lso  i n d i c a t e d  b y  t h e  b e h a v i o r  of 
rese rp ic  ac id  l a c t o n e  (Vb) w h i c h  is l ocked  in t h e  t r a n s -  
an t i - c i s  c o n f o r m a t i o n  a n d  r e s e r p i n e d i o l  (VIb)  t o w a r d s  
c a t a l y t i c  d e h y d r o g e n a t i o n  ove r  p a l l a d i u m  us ing  ma le ic  
ac id  as a h y d r o g e n  a c c e p t o r L  T h e  l a c t o n e  is r e c o v e r e d  
in 70 % y ie ld  u n d e r  c o n d i t i o n s  w h i c h  give a q u a n t i t a t i v e  
y ie ld  of t e t r a d e h y d r o r e s e r p i n e d i o l .  Access  of t h e  h y d r o -  
gen  a t o m  a t  C-3 in  V b  to  t h e  c a t a l y s t  su r face  w o u l d  be  
e x p e c t e d  to  be  s o m e w h a t  h i n d e r e d .  

V VI 

a:  R = - C O O C H 3 ,  a: R = - C O O C H s ,  
R'  = OCOC6Hz(OCHs) 3 R'  = OCOCsH2(OCHa) ~ 

O b: R = CH2OH, 
II R '  b: R - I ~ "  = - C O -  = OH 

Clear  cu t  ev idence  for  t h e  c o n f i g u r a t i o n  a t  C-17 is n o t  
a t  h a n d  s ince r e a c t i o n s  i n v o l v i n g  t h i s  c e n t e r  c a n  be  
v a r i o u s l y  i n t e r p r e t e d .  H o w e v e r ,  ~ - o r i e n t a t i o n  of t h e  
m e t h o x y l  s e e m s  p r e f e r a b l e  because ,  a m o n g  o t h e r  r ea -  
sons ,  /3 -or ien ta t ion  of t h i s  g r o u p  w o u l d  m a k e  f o r m a t i o n  
of t h e  q u a t e r n a r y  s a l t  f r o m  m e t h y l  r e s e r p a t e  t o s y t a t e  ~ 
s t e r i c a l l y  d i f f icu l t .  W e  are  i n d e b t e d  t o  Dr .  D.  PRINS for  
p o i n t i n g  t h i s  o u t  t o  us  a . 
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Zusammen /as sung  

Ft i r  R e s e r p i n  u n d  D e s e r p i d i n  w i r d  e ine  n e u e  s te reo-  
c h e m i s c h e  F o r m u l i e r u n g  v o r g e s c h l a g e n ,  die au f  fo lgen-  
d e n  e x p e r i m e n t e l l e n  ] 3 e f u n d e n  b e r u h t :  

1. R e s e r p i n -  u n d  D e s e r p i d i n d e r i v a t e  e p i m e r i s i e r e n  als  
3 - E p i a l l o v e r b i n d u n g e n  vo l l s t i i nd ig  zu d e n  e n t s p r e c h e n -  
d e n  I s o v e r b i n d u n g e n .  I m  G e g e n s a t z  d a z u  e p i m e r i s i e r e n  
e i n f a c h e r e  3 - E p i a l l o y o h i m b a n e  (ohne  S u b s t i t u e n t e n  in  
16, 17 a n d  18-S te l lung)  zu e ine r  M i s c h u n g  v o n  n o r m a l e r  
a n d  i s o - V e r b i n d u n g .  B e i d e  I s o m e r e  s c h e i n e n  in  d i e s e m  
Fa l l  u n g e f ~ h r  g le iche  S t ab i l i t i i t  zu bes i t zen .  

2. I m  G e g e n s a t z  zu Rese rps l tu re  b i l d e t  i so -Rese rp -  
s~iure ke in  L a k t o n .  

3. I n t e r p r e t a t i o n  de r  D r e h u n g s w e r t e  d e u t e t  d a r a u f  
b in ,  dass  das  H - A t o m  in  S t e l l u n g  3 u n d  die S u b s t i t u e n -  
t e n  in S t e l l u n g  16 u n d  18 f l -Or i en t i e rung  bes i t zen .  
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s Prof. E. vAu TAMELEN has kindly given us a copy of a manu- 
script on the stereochemistry of reserpine prior to publication. The 
invalidity of I is pointed out and II is mentioned as one of two possi- 
bilities for the new representation of reserpine. 


