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Abs t rac t  - The s t r u c t u r e  and a b s o l u t e  conf igura t ion  of s e r p e n t i c i n e ,  

a new anhydronim base i s o l a t e d  from Rauwolfia vomitoria Afz., has  been 

determined wi th  t h e  a i d  o f  W, I R  and 13c-nmr s p e c t r a l  d a t a  of the  base 

along wi th  ORD, proton nmr and high r e s o l u t i o n  mass s p e c t r a  of i ts t e t -  

rahydro product  8. 

The i s o l a t i o n  and s t r u c t u r e  of two new a l k a l o i d s  from t h e  methanolic e x t r a c t  of  

Rauwolfia vomitor ia ,  has  been communicated e a r l i e r . l r 2  Following f u r t h e r  s t u d i e s  

i n  the  a l k a l o i d a l  c o n s t i t u e n t s ,  a  new yellow anhydronium base has  been i s o l a t e d  

from t h e  s t r o n g l y  b a s i c  f r a c t i o n  and p r o v i s i o n a l l y  named a s  s e r p e n t i c i n e .  The 

procedure of  i t s  i s o l a t i o n ,  d e t a i l s  o f  which a r e  given i n  the  exper imenta l ,  was 

based on t h e  spa r ing  s o l u b i l i t y  o f  i ts hydroiodide i n  water  and a lcohol .  Ser- 

p e n t i c i n e  forms lemon yellow sh in ing  p l a t e s ,  mel ts  a t  275-276' and analysed f o r  

C H N 0 .5H20. I t  con ta ins  one C-methyl and two methoxyl groups. 22 22 2 4 

The W spectrum of  s e r p e n t i c i n e  is  very  s i m i l a r  t o  se rpen t ine ,  showing maxima a t  

265 nm ( l o g  c 4.41, 310 nm ( l o g  E 4.2) and 365 nm ( l o g  E 3 .6 ) .  The I R  spectrum 

shows i n d o l i c  NH (3400 cm-'1 and twin peaks of equa l  i n t e n s i t y  a t  1695 cm-' and 

1618 cm-1 due t o  carbonyl and C=C i n  t h e  grouping H C O O C ~ = C H - O R ? ' ~  Prominent 
3 

I bands a t  1580, 1460 cm-' and o t h e r  bands a t  lower frequency region between 650- 
900 cm-' provided evidence o f  a romat i c i ty .  The absorp t ion  a t  1200 cm-' represen-  

t e d  C-0-C asymmetric s t r e t c h i n g  i n  t h e  grouping C=C-0-C whi le  t h a t  a t  1260 cm- 1 

corresponded t o  0-CH3 group. m e  m u l t i p l e  bands from 1235-1300 cm-' a r e  due t o  

the  C-C(=O)-C s t r e t c h i n g  of t h e  e s t e r  of o,B-unsaturated a c i d .  The completely 

dehydrated base  i n  vacuo d i d  n o t  show t h e  presence of NH group. This a long wi th  

co lour ,  s t r o n g l y  b a s i c  c h a r a c t e r  and W spectrum, s t r o n g l y  suggested an anhydro- 

nium base  s t r u c t u r e  f o r  se rpen t i c ine .  

On c a t a l y t i c  reduct ion s e r p e n t i c i n e  y i e l d s  t e t r ahydrose rpen t i c ine  C 2 2 H 2 6 N 2 0 4 ,  

m.p. 264-26s0c, (a)? +68O (chloroform).  The presence o f  methoxycarbonyl group was 

e s t a b l i s h e d  by a l k a l i n e  hydro lys i s  o f  t e t r ahydrose rpen t i c ine  t o  an amorphous ami- 

no a c i d  - t e t r a h y d r o s e r p e n t i c i n i c  a c i d ,  from which t h e  mother base could be r e -  

genera ted  by e s t e r i f i c a t i o n  wi th  diazomethane. The W spectrum of  t e t r ahydrose r -  

p e n t i c i n e  e x h i b i t s  maxima a t  230 and 298 nm, wi th  i n f l e c t i o n  a t  246-250 nm. The 

sunanation o f  t h e  W s p e c t r a  of 2.3-dimethyl-6-methoxyindole wi th  2,6-dimethyl-3- 

carbnoethoxy-5, 6-dihydro-1.4-pyran i s  superimposable on t h e  spectrum o f  t e t r a -  

hydrose rpen t i c ine ,  and t h e  l a t t e r  i s  t h e r e f o r e  to be  considered a s  a d e r i v a t i v e  



of 7-methoxytetrahydrocarb01ine. This p a r t  of t h e  s t r u c t u r e  i n  t h e  molecule is 

supported by the  p o s i t i v e  Adamkiewicz r eac t ion ,  a s  w e l l  a s  c l o s e  s i m i l a r i t y  i n  
5 UV and I R  s p e c t r a  o f  t e t r ahydrose rpen t i c ine  wi th  those o f  t e t r a p h y l l i n e  and r e -  

6 serpinine . .  

The high r e s o l u t i o n  mass spectrum of  t e t r ahydrose rpen t i c ine  shows a  fragmentation 

p a t t e r n  s i m i l a r  t o  t h a t  of a jma l i c ine  and yohimbine7-9 wi th  an increment of  30 

f o r  a l l  the  fragments conta in ing the  benzene r i n g .  The molecular ion  peak was a t  

382.1892 which agmeswith  t h e  molecular formula C22H26N204. Aside of t h a t ,  it 

showed in tense  M - 1  peak a t  381 r e s u l t i n g  from the  l o s s  o f  a  hydrogen atom from 

C-3, and peaks a t  m/e 367, 351 and 323 due t o  t h e  l o s s  o f  methyl group, 0-CH and 3  
COOCH3 r e spec t ive ly .  The peak a t  m/e 255 i s  due t o  fragment & of  composition 

C16H19N20. I t  a r i s e s  from t h e  cleavage a t  D/E r i n g  junction.' The l o s s  of  ethy- 

l e n e  from & g ives  another  prominent peak a t  m/e 227 f o r  fragment 2.  

The s t r o n g  peaks a t  m/e 214 (C13H14N20), 200 (C12H12N20) and 199 (C12HllN20) r e -  

s u l t  from t h e  homolysis o f  a l l y l i c a l l y  l a b i l i z e d  3-14 bond o f  te t rahydroserpen-  

t i c i n e  t o  g ive  t h e  in t e rmed ia te  2.7 Fur ther  cleavage of  t h e  4-21 l inkage then 

l e a d s  to t h e  ion ized  dihydro-8-carboline $ (m/e 2001, whi le  t h e  expuls ion of an 

a d d i t i o n a l  hydrogen atom from $ o f f e r s  a  r o u t e  t o  t h e  0-carbolinium i o n  2 (m/e 

199) .  On t h e  o t h e r  hand, cleavage a t  20-21 l inkage g ives  i o n  r a d i c a l  61 (m/e 214) 

H 3 C 0  

H COOC (m/e 214)  
3 
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A very i n t e n s e  peak a t  m/e 186 a r i s e s  from t h e  i o n  Cl2Hl2NO. Its genes i s  can 

be expla ined through t h e  mechanism proposed e a r l i e r  by Dje rass i  e t  a l . 7  which 

involves  r e t r o  Die l s  - Alder fragmentation of r i n g  C,  followed by homolytic 

f i s s i o n  o f  t h e  a l l y l i c a l l y  a c t i v a t e d  14-15 bond wi th  genera t ion o f  t h e  conjuga- 

t e d  i o n  ;I (m/e 1861. 

H C 
3 

14 CH3 

H COO H 3 COOC 0 
3 

On t h e  b a s i s  o f  cumulative evidence t e t r ahydrose rpen t i c ine  appears t o  be a s t e r e o -  

isomer of  r e se rp in ine ,  i s o r e s e r p i n i n e  and t e t r a p h y l l i n e .  This was supported by 

the proton nmr spectrum i n  CDC13. I t  showed a 1 H  broad s i n g l e t  a t  6 8.20 f o r  

i n d o l i c  NH, a th ree  proton doub le t  a t  6 1.35 f o r  C-19 methyl (J=7.1  Hz),  a sharp  

3H s i n g l e t  a t  6 3.89 f o r  aromatic methoxyl group and another  3H s i n g l e t  a t  6 3.7 

due t o  COOCH3. A one proton s i n g l e t  a t  6 7.5 i s  a t t r i b u t e d  t o  t h e  e t h y l e n i c  pro- 

ton  i n  t h e  grouping ROOC-C=CH-OR. The s i g n a l  f o r  8-19 comes a t  6 4.3. I t  is bro- 

ken i n t o  a q u a r t e t  by t h e  methyl group (J=7.1  Hz1 and then i n t o  an o c t e t  due t o  

proton a t  C-20 (J=10.5 Hz) .  A doub le t  a t  6 6.8 may be  ass igned t o  H-12 which has 

a h igher  e l e c t r o n  dens i ty .  The proton showed meta coupling wi th  H-10 (J=2.5 Hz) 

and a smal l  para  coupl ing wi th  H-9 (J=0.5 Hz) v i s i b l e  under high r e s o l u t i o n  only .  

The s i g n a l  o f  H-10 is a t  6 7.7 a s  a d i s t o r t e d  q u a r t e t .  I t  exh ib i t ed  o r t h o  coup- 

l i n g  wi th  H-9 (J=9 Hz) and meta coupling wi th  H-12 (J=2.5  Hz). The H-9 s i g n a l  

i s  again  a doub le t  a t  6 8.00 showing o r t h o  coupling wi th  H-10 (J=9 Hz1 and para 

coupling wi th  H-12 (J=0.5 Hz1 v i s i b l e  under high r e s o l u t i o n  only .  

Tet rahydroserpent ic ine  showed a complex p a t t e r n  of Bohlmann bands i n  t h e  I R  spec- 

trum between 2700-2900 cm-', which is t y p i c a l  of C-3 hydrogen ol and a x i a l  t o  r i n g  

D. The C/D r i n g  junct ion is t h e r e f o r e  t r a n s  wi th  r e fe rence  t o  t h e  bond C-3 

t o  H and t h e  f r e e  e l e c t r o n i c  doub le t  of Nb. This conclus ion is f u r t h e r  supported 

by proton nmr spectrum of Nb-methiodide of t e t r ahydrose rpen t i c ine  which showed 

N+-cH3 chemical s h i f t  a t  6 3.36, which is t y p i c a l  of  t r a n s  q u i n o l i z i d i n e  system. 
6 

The conf igura t ion  a t  C-20 was e s t a b l i s h e d  through ORD s t u d i e s .  Tetrahydroserpen- 

t i c i n e  gave two Cotton e f f e , = t s ,  one a t  270-278 me (shoulder ,  [$]=+8900 t o  + 8450) 

and t h e  o t h e r  a t  238-253 m u  (peak a t  253 m u ,  [ + I = +  15100: trough a t  238 m a [ + ] = -  

3500: molecular amplitude 186).  The l a t t e r  a r i s e s  from u.8-unsaturated e s t e r  

grouping i n  r i n g  E . ~ ~  The p o s i t i v e  s i g n  o f  t h i s  e f f e c t  can be  expla ined by any 

one o f  t h e  t h r e e  p o s s i b l e  combinations (3a.208-;38,2Oo- and 313,208-). l4 1n view 



of a x i a l  hydrogen a t  C-3, t h e  acceptable  combination is 3a.206. This is f u r t h e r  

confirmed by smal l  amplitude of Cotton e f f e c t  a t  235-255 nm. I t  depends on r e l a -  

t i v e  p o s i t i o n s  of t h e  two chromophoree (a.6-unsaturated e s t e r  and indo le  nuc leus ) .  

I n  3o.206 combination t h e  two chromophores a r e  more n e a r l y  coplanar ,  and the  ORD 

amplitude i s  small .14 Considering u conf igura t ion  a t  C-15 (Wenkert r u l e ) , 1 5  t h e  

D/E r i n g  junction i s  t r a n s  and t e t r ahydrose rpen t i c ine ,  t h e r e f o r e ,  belongs t o  nor- 

mal s e r i e s  of heteroyohimbine a l k a l o i d s .  

The conf igura t ion  a t  C-19 was e s t a b l i s h e d  through proton nmr spectrum. Ajmalicine 

and t e t r a p h y l l i n e ,  having a and a x i a l  conf igura t ion  o f  C-19 methyl group, show 

methyl double t  a t  6 1.16, f u r t h e r  u p f i e l d  than any o t h e r  heteroyohimbine alka- 

lo id .14 The methyl double t  of t e t r ahydrose rpen t i c ine  comes a t  6 1.35 which com- 

pa res  we l l  wi th  those  of raumitor ine  and rauvanine, having 6  and e q u a t o r i a l  con- 

f i g u r a t i o n  of C-19 methyl group. Tet rahydroserpent ic ine  is ,  t h e r e f o r e ,  19-epimer 

of t e t r a p h y l l i n e .  This is f u r t h e r  confinned by l a r g e  coupling cons tan t  (J=10.5 

Hz) between H-19 and H-20 due t o  t r a n s  d i a x i a l  i n t e r a c t i o n .  The a b s o l u t e  conf i -  

gu ra t ion  o f  t e t r ahydrose rpen t i c ine  can the re fo re  be r ep resen ted  a s  g.  

Tetrahydroserpent ic ine  is a reduct ion product of s e r p e n t i c i n e ,  i n t o  which i t  can 

be  converted back through dehydrogenation wi th  l ead  t e t r a a c e t a t e .  Consequently 

t h e  fo l lowing s t r u c t u r e  4. can be  ass igned t o  s e r p e n t i c i n e ,  keeping i n  view t h e  

r e l a t i o n s h i p  between a jmalc ine  and se rpen t ine .  

Conclusive suppor t  t o  t h e  above s t r u c t u r e  is provided by 13c-nmr spectrum of se r -  

pen t i c ine .  It showed t h e  fo l lowing s i g n a l s  iihich were i d e n t i f i e d  through compa- 

r i s o n  wi th  t h e  spectrum of  se rpen t ine .  Of p a r t i c u l a r  s i g n i f i c a n c e  i n  t h e  con tex t  

of t h i s  da ta  is  t h e  downfield s h i f t  f o r  t h e  s i n g l e t  of C - 1 1  due t o  oxygen subs- 
t i t u e n t ,  and a l s o  comparative downfield s h i f t s  o f  C-19 and G 2 4  due t o  epimrization 
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a t  C-19. Such s h i f t s  have been desc r ibed  by Wenkert e t  a1.16 i n  c a s e  of ajma- 

l i c i n e  and 19-epimer o f  i t s  i s o  base.  The chemical  s h i f t s  a r e  r e f e r r e d  t o  tet-  

r ame thy l s i l ane  ( 6  0.00) . 
Carbon atom ~ u l t i ~ l i c i t ~ *  s e r p e n t l c i n e  Se rpen t ine  

C-2 s i n g l e t  128.48 128.50 

C- 3 s i n g l e t  156.12 156.10 

C-5 doub le t  143.51 143.52 

C-6 doub le t  117.72 117.77 

C-7 s i n g l e t  106.33 106.24 

C- 8 s i n g l e t  126.98 126.92 

C-9 doub le t  117.47 117.41 

C-10 doub le t  109.2 118.99 

C - 1 1  s i n g l e t  155.6 1 1 9 . l ( d )  

C-12 doub le t  95.67 110.85 

C-13 s i n g l e t  136.1 135.95 

C-14 t r i p l e t  34.44 34.32 

C-15 doub le t  30.75 30.21 

C-16 s i n g l e t  106.66 106.5 

C-17 doub le t  154.24 154.27 

C-19 doub le t  75.6 73.2 

C-20 doub le t  43.91 40.45 

C-21 t r i p l e t  70.00 71.28 

C-22 s i n g l e t  166.91 166.95 

C-23 q u a r t e t  50.7 50.8 

C-24 q u a r t e t  17.85 14.00 

0-CH 
3 q u a r t e t  55.8 . - 

* 
~ e f e r s  to off  resonance spectrum. 

EXPERIMENTAL 

Darkish v i scous  methanol ic  e x t r a c t  o f  Rauwolfia vomitor ia  I2 kg) was p a r t i -  

t i oned  between e t h y l  a c e t a t e  and water .  The aqueous f i l t r a t e  was success ive ly  

t r e a t e d  wi th  NaCl and K I  t o  s e p a r a t e  t h e  bases  forming s p a r i n g l y  s o l u b l e  hydro- 

c h l o r i d e  and hydroiodide  s a l t s .  Through a r epea ted  procedure o f  s a l v a t i o n  o f  

t he  hydroiodide i n  e thano l  and g radua l  p r e c i p i t a t i o n  wi th  t h e  a d d i t i o n  o f  water  

a d i l u t e  e thano l  i n s o l u b l e  f r a c t i o n  of  t h e  hydroiodide  was e v e n t u a l l y  ob ta ined  

a long wi th  f r a c t i o n  which was f a i r l y  s o l u b l e  i n  it. The i n s o l u b l e  f r a c t i o n  was 

d i s so lved  i n  d i l u t e  a c e t i c  a c i d  and t r e a t e d  wi th  a s o l u t i o n  of  K I  till t u r b i d i t y  

and k e p t  i n  cold.  The l i g h t  brown s t i c k y  p r e c i p i t a t e  c r y s t a l l i z e d  o u t  from 

methanol i n  p r i s m a t i c  rods ,  m.p. 2 8 6 - ~ 8 9 ~ ~ .  The f r e e  base  l i b e r a t e d  from i t  

wi th  c a u s t i c  a l k a l i  was f r a c t i o n a l l y  c r y s t a l l i z e d  from 1:2 methanol ic  benzene. 

From t h e  top  f r a c t i o n s  s e r p e n t i c i n e  was ob ta ined  a s  lemon yellow s h i n i n g  p l a t e s  

which showed s i n g l e  s p o t  on HPLC and melted a t  275-276Oc ( y i e l d  2 g; 0.1% on t h e  

weight of  t h e  crude  methanol ic  e x t r a c t ) .  



The combined f i l t r a t e  of t h e  hydroiodide r e f e r r e d  t o  above, was s a t u r a t e d  wi th  

K I  and t h e  r e s u l t i n g  hydroiodide was sucked and w e l l  washed wi th  water  and 

dried.  Af te r  repeated  s o l v a t i o n  o f  t h e  hydroiodide i n  a lcohol  and p u r i f i c a t i o n  

w i t h  the  a d d i t i o n  of smal l  q u a n t i t i e s  o f  water ,  t h e  f r a c t i o n  comparatively more 

so lub le  i n  ethanol-water,  a f forded c r y s t a l l i n e  hydroiodide (380 mg). I t  was 

worked up according t o  t h e  r epor t ed  procedure17 t o  y i e l d  c r y s t a l l i n e  base which 

could be i d e n t i f i e d  through mixed m.p. and auperimposable s p e c t r a l  d a t a  a s  

a l s t o n i n e .  

Charac te r i za t ion  o f  se rpen t i c ine :  The base is so lub le  i n  chloroform, a mixture 

of h o t  e thano l  o r  methanol wi th  benzene, spa r ing ly  so lub le  i n  e thano l ,  methanol, 

benzene, e t h e r  and water ,  and p r a c t i c a l l y  inso lub le  i n  pe t .  e t h e r .  I t  analyzed 

f o r  C22H22N204.5H20 wi th  2-methoxyls and one C-methyl group. (Found: C ,  56.37; 

H ,  6.80; N,  6.00: 0, 30.83; 0CH3,  13.1; C-CH3, 3.3%. Calcd. f o r  C22H22N204.5H20: 

C ,  56.41; H, 6.83; N,  5.98; 0 ,  30.76;OCH3, 13.24 and C-CH3,3.20%l. 

C a t a l y t i c  reduct ion of s e r p e n t i c i n e  - t e t r ahydrose rpen t i c ine :  Se rpen t i c ine  (2g) 

was d i s so lved  i n  abso lu te  methanol (200 m l ) ,  brought t o  pH 10 wi th  methanolic a l -  
k a l i  and t r e a t e d  wi th  hydrogen over platinum oxide  (400 mgj f o r  10 h r .  The solu- 

t i o n  was warmed t o  d i s s o l v e  t h e  product ,  f i l t e r e d ,  concentra ted  i n  vacuo and d i -  

l u t e d  wi th  water.  On cool ing i n  the  i c e  c h e s t  c o l o u r l e s s  p r i sma t i c  p l a t e s  of 

t e t r ahydrose rpen t i c ine  ( 1 . 4  g )  were obta ined which mel ted  a t  264-26s0c, 

( U ) : ~ + ~ ~ ~ ( C H C ~ ~ )  and analyzed f o r  C22H26N204 (Found: C,  69.23: H, 6.77: N ,  7.19 

and M+ peak a t  382. Calcd. f o r  CZ2Hz6N2O4:  C ,  69.10; H ,  6.80: N,  7.33% and mol.wt. 

382) .  

Alkal ine  hydro lys i s  of  t e t r ahydrose rpen t i c ine :  A s o l u t i o n  o f  t h e  base  (200 mg) i n  

2N methanolic KOH (10 m l )  was r e f luxed  f o r  5 h r .  A t  t h e  end o f  this pe r iod ,  t h e  

golden yellow s o l u t i o n  was cooled and t r e a t e d  wi th  hydrochlor ic  a c i d  till a c i d i c  

t o  Congo red.  The p r e c i p i t a t e d  potassium ch lo r ide  was f i l t e r e d  o f f  and t h e  f i l -  

t r a t e  was f r e e d  of t h e  s o l v e n t  i n  vacuo. The r e s u l t i n g  hydrochloride was worked 
5 

up by following t h e  procedure r epor t ed  e a r l i e r  f o r  t e t r a p h y l l i n e  and a r i c i n e ,  
18 

t o  a f f o r d  t e t r a h ~ d r o s e r p e n t i c i n i c  a c i d  a s  an amorphous powder which on drying 

a t  10oOc i n  vacuo, analysed f o r  C21H24N204 (Found: C ,  68.51; H ,  6.49; N, 7.80% 
+ and M peak a t  368. Calcd. f o r  Cz1Hz4N2O4: C,  68.47; H ,  6.52; N,  7.60% and mol. 

wt. 368) .  The methanolic s o l u t i o n  of  the  ac id  on t rea tment  wi th  e t h e r e a l  so lu-  

t i o n  of diazomethane, y i e lded  c r y s t a l l i n e  base which could be i d e n t i f i e d  through 

mixed m.p. and comparative Rf value  a s  s e r p e n t i c i n e .  

S a l t s  of se rpen t i c ine :  

Hydrochloride: b r i g h t  yellow g l i s t e n i n g  rods ,  m.p. 2 8 9 - 2 9 0 ~ ~  

Hydrobromide: l i g h t  yellow rec tangu la r  p l a t e s ,  m.p. 2 9 ~ ~ ~ .  

P ic ra t e :  lemon yellow needles ,  m.p. 196-19e0c. 
0 

Methiodide: lemon yellow s l ender  needles ,  m.p. 282 C. 

Chlomplatinate: pa le  yellow needles ,  m.p. 246'~. 
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