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AN IMPROVED SYNTHESIS OF THE PYRIDOCARBAZOLE INDOLE ALKALOID OLIVACINE 
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An improved synthesis of t he  a l k a l o i d  

o l i v a c i n e  (I) has  been developed. Employing 

t r yp t apho l  (111) a s  s t a r t i n g  ma te r i a l ,  t h e  

s y n t h e t i c  sequence provides ,  i n  t h r e e  high- 

y i e l d i n g  s t e p s ,  t h e  important  aldehyde i n t e r -  

mediate  X. The l a t t e r  has  been prev ious ly  

converted i n  an e f f i c i e n t  manner t o  t h e  d e s i r e d  

a l k a l o i d .  

In  connect ion wi th  our  p r e sen t  i n v e s t i g a t i o n  i n t o  the  b io syn the s i s  

of t h e  pyr ido-andte t rahydropyr idocarbazole  c l a s s  of i n d a l e  a l k a l o i d s  exem- 

p l i f i e d  by t he  s t r u c t u r e s  of o l i v a c i n e  (I) and guatambuine (II), i t  became 

necessary  t o  undertake some s y n t h e t i c  s t u d i e s  which could be  d i r e c t l y  app l i -  

c a b l e  t o  t h e  b i o s y n t h e t i c  experiments .  



None of t h e  previous ly  developed syntheses  of o l ivac ine l  2, 3, 

o r  the  work r ecen t ly  published on o l i vac ine - l i ke  systems4 could adequately 

be  adapted t o  our needs f o r  a  l a rge  s c a l e  p r epa ra t i on  of t h i s  compound o r  

i t s  N-methyl te t rahydro  form, guatambuine. The syn thes i s  by Mosher e t  a13 

which cons t i t u t ed  an improvement of t h e  i n i t i a l  o l i vac ine  syn thes i s  by 

Schmutz and wit twerl  was b e s t  s u i t e d  f o r  l a r g e  s c a l e  work. However, i t  was 

i n e f f i c i e n t  due t o  i ts  excess ive  length .  Following the  theme developed 

by these  workers we centered our e f f o r t s  on an e f f i c i e n t  s y n t h e s i s  of t h e  

carbazole in te rmedia te  X which could subsequently be e l abo ra t ed  i n t o  t h e  

o l i vac ine  ske le ton  by a s e r i e s  of we l l  known high y i e ld ing  r e a c t i o n s .  

We chose t ryptophol  (111) a s  our s t a r t i n g  m a t e r i a l  because i t  

i s  r e a d i l y  a v a i l a b l e  both commercially and v i a  simple synthesis5".  Con- 

densat ion of t h e  bromide I V  , obtained by PBr3 t rea tment  of 111, wi th  t h e  

sodium anion of methyl ace toace t a t e  i n  dimethylfarmamide (3.5 hours,  100°C) 

produced, i n  80% y i e l d ,  an a lky l a t i on  product  which from s p e c t r a l  da t a7  

(nmr: 2.12, s ,  3H,  CH3CO; 3.66, s ,  3H, COOCH3; mass spectrometry: 259.120, - - 
Ci SH1703N requ i r e s  259.120) could be  assigned t h e  de s i r ed  s t r u c t u r e  V (Fig- 

u r e  1 ) .  

Cyc l i za t i on  of t h e  ke tone  carbanyl  of t h e  a l k y l a t i o n  product  onto 

t h e  C 2  p o s i t i o n  of t h e  i ndo l e  r i n g  was i n i t i a l l y  accomplished by r eac t i on  

i n  a  s o l u t i o n  of  2% H C 1  i n  methanol a t  O°C. The cyc l i za t i on  was ins tan taneous  

providing a q u a n t i t a t i v e  y i e l d  of a  r eac t i on  mixture cons i s t i ng  of two products  

i n  approximately a 1:l r a t i o .  Analysis  of the  s p e c t r a l  d a t a  f o r  t h e  mixture 

showed n e i t h e r  of t h e  products  t o  be  t h e  expected 3,4-dihydrocarhazole d e r i -  

v a t i v e  V I  bu t  t h e  te t rahydro  carbazole V I I  and t h e  f u l l y  oxidized carbazole  

V I I I .  It was apparent t h a t  these  products  were a r i s i n g  from the  dispropor-  

t i o n a t i o n  of V 1 . 8 3 9  
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Separation of VII and VIIl far spectral identification was accom- 

plished with difficulty using column and thick layer chromatography on 

alumina. For preparative purposes however no attempt was made to separate 

these components. Instead the component mixture was converted to a homo- 

geneous product by means of dehydrogenation. 

Dehydrogenation of the above mixture employing PdlC did not give 

uniformly reproducible results but optimum conditions were obtained with 

chloranil as the reagent.lol" Thus reaction of the cyclization material 

with an equimalar quantity of chloranil in refluxing toluene (24 hours) 

provided the carbazole VIII in high yield (about 80%). 

Advantage was taken of the disproportionation reaction to achieve 

the direct canversion of V to the carbazole VIII in one step by conducting 

the cyclization reaction in the presence of an excess of chloranil as the 

hydrogen acceptor. Thus V was converted to VIII by dropwise addition of a 

solution of 2% HCl in methanol to a benzene solution of V containing 1.5 mole 

equivalents of chloranil. In this way the desired product VIII was isolated 

in an overall 84% yield. The ultraviolet data of VIII (Amax 303 and 246 nm) 

was in good agreement with that of the corresponding ethyl ester reported by 

~chmutz' while the nmr (3.95, s, 3H, COOCH3; 2.84, s, 3H, aromatic CH3) and - - 
+ mass spectral data (base peak at mle 239 (M ), 239.094, C15H1 30ZN requires 

239.094) were in complete agreement with the assigned structure. 

Lithium aluminum hydride reduction of the ester group in VIll was 

accomplished in ether at room temperature (0.5 hours). The isolated produm 

(95% yield) was the known crystalline alcohol IX, m.p. 184-186' (lit., m.p. 

187-188") .l 
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It was hoped t h a t  through t h e  use of more e f f i c i e n t  ox id iz ing  

media t h a t  t h e  y i e l d s  f a r  t h e  syn thes i s  of t h e  de s i r ed  aldehyde interme- 

d i a t e  X might be  increased  over those previous ly  obta ined  by S a r e t t  

ox ida t i on  (60%) of t h e  benzy l i c  carbaza le  a l coho l  I X . 3 , 1 2  A v a r i e t y  of 

a l t e r n a t e  methods inc luding  c o l l i n s i  3, Ag and Ce ( IV)  oxida t ions1  5 ,  

C ~ O ~ / H O A C - ~ ~ ~ ~ ~ ,  DMSO/pyr-SO3' and Pb (OAc) were t r i e d .  However, 

a l l  proved of l i t t l e  u t i l i t y  a s  a consequence of e i t h e r  o f  two drawbacks, 

poor s o l u b i l i t y  of t h e  a l coho l  i n  t h e  r e a c t i o n  medium, o r  complicat ions on 

workup. Jones ox ida t i on i9  condi t ions  even tua l l y  provided a f a c i l e  means of 

e f f e c t i n g  t h e  de s i r ed  conversion.  The y i e l d s  were not  enhanced g r e a t l y  (70%), 

however t h e  r e a c t i o n  was ins tan taneous  and workup was g r e a t l y  s imp l i f i ed  

when compared t o  t h e  S a r e t t  r e ac t i on .  The des i r ed  aldehyde was obta ined  a s  

yel low needles  by r e c r y s t a l l i z a t i o n  from chloroform (m.p. 165-166'C, lit. 

164-165"). 

The o v e r a l l  s y n t h e s i s  of t h e  aldehyde i n t e rmed ia t e  X was t hus  e f -  

f e c t e d  i n  t h r e e  high y i e ld ing  s t e p s  s t a r t i n g  from t ryptophol  (111) thereby 

r ep re sen t ing  a s u b s t a n t i a l  improvement over the  previous ly  employed approa- 

ches .' 3 

The subsequent cons t ruc t i on  of t h e  "D" r i n g s  of o l i v a c i n e  and gua- 

tambuine v i a  t h e  sequences, X + X I  + XI1 + I and/or  11 proceeded without  com- 

p l i c a t i o n  and i n  an e f f i c i e n t  manner according t o  t h e  e s t a b l i s h e d  proced- 

u r e ~ . ' , ~ , ' '  It should be  noted  t h a t  i n  t h e  s y n t h e s i s  of guatambuine, t h e  

f i n a l  s t e p  XI1 + I1 involves  a sodium harohydride reduct ion  of t h e  methiodide 

d e r i v a t i v e  of XII .  We found t h i s  method t o  he  a s  convenient a s  t h e  c a t a l y t i c  

I 
reduct ion  technique employed by Schmutz. The y i e l d  i n  t h i s  conversion i s  

e s s e n t i a l l y  q u a n t i t a t i v e .  
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