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r e p o r t  herewith the i s o l a t i o n  and c h a r a c t e r i z a t i o n  of v o a c r i s t i n e  

hydroxyindolenine, and i t s  syn thes i s  from v o a c r i s t i n e .  

P a r t i t i o n  of t h e  ethanol e x t r a c t  of E. , I ) *  aichotoma r o o t  bark 

between e t h e r  and 4$ hydrochlor ic  acid gave a crude alkaloid 

f r a c t i o n  upon n e u t r a l i z a t i o n  of the acid and e x t r a c t i o n  w i t h  

ether. 

I 

The ether e x t r a c t  w a s  washed w i t h  1% sodium hydroxide t o  

renove t h e  phenol ic  bases, and the non-phenolic bases  w a r e  
I 

I 

chromatographed on n e u t r a l  alumina. 

(1 : 1 ) y ie lded  a f r a c t i o n  which was f u r t h e r  f r a c t i o n a t e d  by 

p a x t i t i o n  chromatography. 6 

E l u t i o n  wi th  benzene-chloroform 

* I 

Six purple  bands w e r e  v i s i b l e  on 

t h e  p a r t i t i o n  column. A f t e r  e l u t i o n ,  t h e  th i rd  band y i e lded  

heyneacine ( I )  - 5  T;?,e fourth band was rechromatographed on a 

p x t i t i o n  co'Lumn, and yks lded  f o u r  bands. Treatment of the t h i r d  

, 



band wi th  benzene-Skellysolve B gave a c r y s t a l l i n e  material. 

R e c r y s t a l l i z a t i o n  from the same so lven t  system yielded colorless 

c r y s t a l s ,  C H $3 0 (by h igh  r e s o l u t i o n  mass spectrometry),  

m.p. 176-179" dec,, [a], 26 - 22' (c 0.51, chf.). 

spectrum (Amz 229.5, 268, 291, 300 (sh),  314; 12,380, 4,400, 

4,780, 4,410, 3,810) and i n f r a r e d  spectrum suggested an indole-  

t ype  a l k a l o i d  bea r ing  s u b s t i t u e n t s  i n  t h e  aromatic r ing .  

i n f r a r e d  spectrum showed broad bands a t  2.80 ~1 (w)  and 3.10 p ( m ) ,  

i n d i c a t i v e  of the presence of hydroxyl groups, and a band at  

5.76 p, ( s ) ,  i n d i c a t i v e  of the presence of a carbomethoxy group. 

The nmr spectrum contained a doublet  '(1H) centered  a t  Ir' 2.66 

( J O r t h o  

22 2" 2 5 
The u l t r a v i o l e t  - 

The 

= 8 c p s ) ,  a double t  of doublets  (1H) centered  a t  7'3.24 

i 

- - =PSJ JMeta = 2.5 c p s )  and a double t  (1H) cen te red  at ( JOrtho 

7' 3.12 (JMeta = 2.5 c p s ) .  

1 ,2 ,4 - t r i subs t i t u t ed  benzene r i n g ,  

showed sharp s i n g l e t s  a t  

the presence of a rnethoxyl and carbomethoxy group, r e s p e c t i v e l y ,  

and a double t  (9) centered  a t  

broad m u l t i p l e t  (1H) centered  at  

presence of the -CHOHCH3 group, 

This p a t t e r n  i s  c o n s i s t e n t  w i t h  a 

I n  add i t ion ,  the nmr spectrum 

7' 6.18 ( 3 H )  and 7 6.30 (w), confirming 

f8.93 (J = 6.5 c p s )  and a 

3' 5.97, i n d i c a t i v e  of t h e  

I, R = H  

'111, R = GCH3 

IXa, R1 = O X 3 ,  R2 = E 

b, R l  = H, R2 = OCH3 
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. 
The conventional and high r e s o l u t i o n  mass s p e c t r a l  data 

, ( F i y u r e  1 )  s t r o n g l y  supported t h e  assignment of a hydroxy- 

indolen ine  s t r u c t u r e  of the iboga-type t o  the a lka lo id :  Peaks 

at m/e 383 (M-OH), 365 (M-OH-€120), 355 (M-C H 0) and 341 
(M-COOCH ) confirmed t h e  presence of t w o  hydroxy func t ions ,  a 

- 
2 5  

3 
hydroxy-substi tuted C -s ide c h a i n  and t h e  carbomethoxy grouping. 2 

This  p a t t e r n ,  t oge the r  wi th  t h e  peaks a t  m/e 260, 218, 190, 

176 and 162 (Figure l), is e n t i r e l y  analogous t o  t h a t  of o the r  

h y d r o x y i n d o l e n i n e ~ ~ '  of the iboga-ser ies  . Since  the p o s i t i o n  

(8) See r e fe rence  7a f o r  t he  p repa ra t ion  of o the r  hydroxy- 

indolen ines  i n  t h i s  series. 

I 
(7) a )  D. W. Thomas, Ph.D. Thesis, UT, 1966. 1 b) D. W. Thomas and K. Biemann, manuscript i n  

i prepara t ion .  

t h e s e  hydroxyindolenines is  discussed i n  de t a i l  i n  t h e s e  

r e p o r t s  . 

The i n t e r e s t i n g  mass spectral fragmentat ion of t 
I 
I 

? 
t 

e --- i 

I 
! 
f 

i 
I 

of t h e  methoxy grouping w a s  l imi ted  t o  C-12 o r  C-13 b j r  t h e  

c h a r a c t e r i s t i c  coupl ing c o n s t a n t s  observed i n  t h e  nmr spectrum 

(sse above), the mass spectral p a t t e r n  e s t a b l i s h e d  t h a t  the 

6 
t 

! 

a l k a l o i d  should be represented  by  s t r u c t u r e s  I I a  o r  IIb. 

S t r u c t u r e  I I a  fo r  t h e  a l k a l o i d  w a s  proven unambiguously by 

i t s  s y n t h e s i s  8 from v o a c r i s t i n e  (111): Passage of oxygen through 
! 
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. 
an i r r a d i a t e d  s o l u t i o n  of I11 i n b e n z e n e ,  followed by 

chromatography on alumina, yielded an amorphous product w i t h  

spectral p r o p e r t i e s  e s s e n t i a l l y  i d e n t i c a l  t o  those  of the 

n a t u r a l  product. Fur ther  p u r i f i c a t i o n  by p a r t i t i o n  , 

chromatography furn ished  a product which, upon c r y s t a l l i z a t i o n  

from benzene-Skellysolve E$ proved i d e n t i c a l  t o  the hydroxy- 

indolen ine  i s o l a t e d  from t h e  a lka lo id  mixture. 9 

( 9 )  I n  view of the r e l a t i v e l y  f a c i l e  au toxida t ion  of 

indo le  a l k a l o i d s  of the iboga series, t h e  i s o l a t i o n  of these 

products  from t h e  plant does n o t  n e c e s s a r i l y  prove their  

n a t u r a l  occurrence. 

Experimental 

Melting po in t s  w e r e  determined w i t h  a Thomas-Hoover 

Unimclt a p p x a t u s ,  and a r e  co r rec t ed .  I R  s p e c t r a  w e r e  

measured in C H C l  s o l u t i o n  ( 1 @ )  cn a Beckman double beam 3 
record ing  spectrophotometer,  model IR-5A, N m r  s p e c t r a  w e r e  

determined i n  CDCl a t  60 M c  on a Varian Assoc ia tes  A-60 

record ing  spectrophotometer using TMS a s  the i n t e r n a l  s tandard ,  

. .--. 

3 

and were e l e c t r o n i c a l l y  in t eg ra t ed .  The W spectrum w a s  

determined i n  958 EtOE on a Becknian record ing  spectrophotometer 

3 nodel DK2A. The o p t i c a l  r o t a t i o n  w a s  determined i n  CHCl 

s o l u t i o n  w i t h  a Zeiss-Winkel polarinieter and is  approximated 

t 

. 

t o  t h e  neareAt degree. High reso l i l t ion  mass spectra w e r e  



' 1, b. . . f  . - 6 
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obta ined  on a C.E.C. 21 -1 10 instrument,  w i th  photoplate  

r eco rd ing ,  Elemental  compositions f o r  a l l  i ons  w e r e  determined; 

low r e s o l ~ ~ t i o n  mass sApectrs were o h t a i n e d  both on a C,E,C, 

21-103 and a C.E.C. 21-110 instrument.  Ske l lyso lve  B r e f e r s  to 

petroleum ether d i s t i l l i n g  a t  60-68". 

for  p a r t i t i o n  chromatography cons is ted  of e thy lene  ch lo r ide -  

Ske l lyso lve  B-methanol-water (2.5:15:2:0.3), us ing  Brorncresol 

Purple  as the i n d i c a t o r  i n  t h e  s t a t i o n a r y  ( l o w e r )  phase. 

are g r a t e f u l  t o  S m i t h  Kl ine and French Labora tor ies  f o r  the 

a l c o h o l  extract of E-. dichotoma. 

The s o l v e n t  system used 

We 

E x t r a c t i o n  and Prel imihary Fractionation,-The d r i e d  ground - 
root bark (4.6 kg) w a s  e x t r a c t e d  w i t h  e thano l  af ter  pre l iminary  

e x t r a c t i o n  w i t h  petroleum ether.  

concen t r a t ed  and t h e  r e s i d u e  was taken up  i n  d i l u t e  HC1.  

i n s o l u b l e  material was removed and the f i l t r a t e  brought  t o  

pH 7. 
a l k a l o i d  f r a c t i o n ;  50 9). 

a l k a l o i d  f r a c t i o n  w a s  p a r t i t i o n e d  between ether (i 25 m l )  and 

fou r  80 m l  po r t ions  of 4% HC1. 
w e r e  treated w i t h  (z'iIi4)2C03 u n t i l  a l k a l i n e  and thoroughly 

e x t r a c t e d  wi th  e t h e r  (4 x 200 ml). The combined e t h e r  

s o l u t i o n s  w e r e  e x t r a c t e d  w i t h  4$ H C 1  (4 x 100 ml). 

combined acid solutions w e r e  again t r e a t e d  w i t h  (NH ) CO 

u n t i l  a l k a l i n e  and e x t r a c t e d  with e t h e r  (5  x 100 m l ) .  

combined ether s o l u t i o n s  wzre washed w i t h  I $  NaOH (5 x 20 m l )  

Tlle e t h a n o l  e x t r a c t  w a s  

The 

The s o l i d  t h a t  separa ted  was c o l l e c t e d  and d r i e d  (crude 

A por t ion  (18.2 g )  of the crude 

The combined a c i d  s o l u t i o n s  

The 

4 2  3 
The 
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-c bases .  The ether s o l u t i o n  w a s  waslied 

w i t h  w a t e r ,  d r i e d  over fused K CO 

the nonphenolic bases  (8.8 g). 

and concent ra ted  t o  y i e l d  2 3  

I s o l a t i o n  of Alkaloids  .-The non2henolic bases  (8.8 g) 

w e r e  treated w i t h  benzene-Skellysolve B (4:l ) and f i l t e red  t o  

remove i n s o l u b l e  material (0.1 9). The f i l t r a t e  w a s  added to 

a column of n e u t r a l  W o e l m  grade I alumina (210 4). 

w i t h  benzene-Skellysolve B ( 1  : 1 ; 3000 m l )  followed by  benzene- 

Ske l lyso lve  B (3: l ;  3000 m l )  yielded a c l e a r  sy rup  (fract ion 1; 

1-51 9). E l u t i o n  w i t h  benzene (3000 m l )  y ie lded  f r a c t i o n  2 

(0.51 g )  . E l u t i o n  wi th  benzene-chloroform ( 1  : 1 ; 3000 m l )  

y i e lded  a s o l i d  yellow foam ( f r a c t i o n  3; 5-42 9). P a r t i t i o n  

chromatography of t h e  t h i rd  fract ion (5.42 g) on a C e l i t e  545 

column (495 g)  y i e lded  six bands. 

g )  w i t h  Ske l lyso lve  B y ie lded  heyneanine . 
of band 4 (460 m g )  on a C e l i t e  545 p a r t i t i o n  column (495 g )  

y i e lded  fou r  bands. T rea tmen t  of band 3 (145 mg) wi th  

benzene-Skellysolve B yie lded  a c o l o r l e s s  c r y s t a l l i n e  material. 

R e c r y s t a l l i z a t i o n  from the same so lven t  system y ie lded  

v o a c r i s t i n e  hydroxyindolenine (IIa;  53 mg), C22H2$205, mp 

E lu t ion  

Treatment of band 3 (1.33 

Rechromatography 

176-179" dec.; [a], 26 - 22' (c 0.51, chf . ) ;Akg13 2.80 (w), 

3.10 (m), 5.76 (SI, 5-90  ( m ) ,  6.25 (m), 6.45 (4, 6.78 (4, 
6.98 p(s ) ;AEtoH 229.5, 268, 291, 300 (sh),  314 w (e 12,380, 

4,400, 4,780, 3,810, 4,410); nrrcr 7' 2.66 (one proton, double t ,  
m a x  

JOrtho = 8 c;ps), 3.12 (one proton, double t ,  Jmeta = 2.5 C P S ) ,  
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(one proton, doublet  of doublet ,  JOrtho = 8 CPSr JEleta = 2.5 
' c p s ) ,  5.97 (one proton, broad m u l t j p l e t ) ,  6.18 ( t h r e e  protons,  

-0CH ), 6.30 (three pro tons ,  -CO CH ), and 8.93 ( t h r e e  

protons,  doublet ,  J = 6.5 c p s ) ;  mass spectrum Figure 1 . 3 2 3  

Synthes is  of Voacr i s t ine  Hydroxyindolenine from Voacristine.-  

Voac r i s t i ne  (111, 500 mg) i n  5 ml of benzene was i l lumina ted  

by an u l t r a v i o l e t  lanip ("Blak-Ray", WL-22,  U.V. Products,  Inc., 

san Gabr ie l ,  C a l i f  .) while  oxygen w a s  slowly bubbled through 

the s o l u t i o n .  

volume. 

of Woelm alumina IiI. 

v o a c r i s t i n e ,  and 'chloroform e l u t e d  a 150 mg f r a c t i o n  con ta in ing  

Benzene was p e r i o d i c a l l y  added t o  maintain the 

A f t e r  8 'hr the product w a s  chromatographed on 50 g 

Benzene/chloroform e l u t e d  unchanged 

the hydroxyindolenine t o g e t h e r  w i t h  a sma l l  amount of v o a e r i s t i n e .  

P u r i f i c a t i o n  by t l c  on s i l i c a  g e l  H provided 116 mg of amorphous. 

material which gave i n f r a r e d ,  mass, and nmr spectra i d e n t i c a l  

w i t h  d a t a  from the i s o l a t e d  product IIa. 
6 

A por t ion  of t h i s  

material (16.4 mg) was subjec ted  t o  p a r t i t i o n  chromatograpky 

on a C e l i t e  545 coluAai (5  g )  w h i c h  y ie lded  a c o l o r l e s s  s o l i d  

(11.4 mg). 

c o l o r l e s s  c r y s t a l s  (6.7 mg), m p  179-179" dec. T h i s  material 

was  shown t o  be i d e n t i c a l  t o  t h e  i s o l a t e d  material (mixture 

t l c ,  mixture mp) . 

C r y s t a l l i z a t i o n  from benzene-Skellysolve B y i e lded  
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