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Abstract-  Synthet ic  approaches t o  the H u n t e n i a  a l k a l o i d s  a re  reviewed. 

The H u n t e h i a  a lka lo ids  are c l o s e l y  r e l a t e d  t o  the  Adpidoapehma a lka lo ids  bearing 

t h e  same fundamental CI0 non-tryptophan un i t .  Vincamine (1) and eburnamonine (2) 

a r e  t y p i c a l  r ep resen ta t ives  and b e s t  known members of t h i s  c l a s s  of a lka lo ids ,  

exh ib i t ing  i n t e r e s t i n g  physiological  a c t i v i t y  a s  ce rebe ra l   vasodilator^.^ Syn- 

t h e t i c  s t u d i e s  towards these  bases began as a p a r t  of s t r u c t u r a l  e luc ida t ion  s tu -  

d i e s  of B a r t l e t t  and ~ a y l o r ~  and were continued by ~ u e h n e , ~  ~ e n k e r t , ~  Harley- 

  as on^ and   ax ton.^ A number of t o t a l  syntheses have subsequently been reported,  

and i n t e r e s t i n g  bianimet ic  transformations of the  Aapidospenma a l k a l o i d a l  system 

t o  vincamine have a l s o  been 

The f i r s t  t o t a l  syn thes i s  of vincamine was reported i n  1964 by Kuehne e t  a1.3 

which involved t h e  condensation of tryptamine ( 3 )  with 4-ethyl-4-formylpimelate 

( 4 ) .  The l a t t e r  was obtained by exhaustive a lkyla t ion of t h e  pyr ro l id ine  enamine 

of butyraldehyde wi th  methyl a c r y l a t e  followed by hydrolys is .  The product ( 5 )  ' 

was converted t o  t h e  epimeric mixture of thiolactams (6) which w e r k  desulphurized 

wi th  Raney n icke l  t o  a f fo rd  the  corresponding amine ( 7 ) .  The l a t t e r  was equ i l ib -  

rated through the  immonium intermedia te  ( 8 )  t o  t h e  two amino esters (7a) and ( 7 b ) .  

Oxidation of ( 7 4  followed by c a r e f u l l y  controlled ac id  t rea tment  furnished (?)- 
vincamine (1) i n  30% y ie ld  (Scheme-1). 

Harley-Mason and coworkers5 have reported a s imi la r  approach t o  eburnamine (9 )  

and vincaminol (10) (Scheme-2). Condensation of t h e  a l i p h a t i c  u n i t  (11) with  t ryp-  

tamine afforded t h e  amide ( 1 2 ) .  Subsequent e labora t ion of (12) gave (+) -eburnamine 

( 9 ) .  Later  it was found t h a t  t h e  lactam ( 1 2 )  formed during t h e  above syn thes i s  

was i n  f a c t  an inhomogeneous mixture and on treatment with osmium t e t r o x i d e  y ie lded  

a mixture of d i o l s  (13) which on oxidat ion and r educ t ion /cyc l i sa t ion  af forded (5)- 
vincaminol (10) (Scheme-3) . 
An i n t e r e s t i n g  contr ibut ion t o  syn thes i s  i n  t h i s  a r e a  inc ludes  the  f i r s t  syn thes i s  

of it)-homoeburnamenina (26) and a t o t a l  synthesis of vincamine by Gibson and 

 axt ton.^ The syn thes i s  of (2)-hanoeburnamenine (26) employs t h e  e s t e r  d i o l  (22) as 

t h e  non-tryptophan u n i t .  Condensation of (22) with tryptamine afforded t h e  amide 



(23) which on oxidat ion gave t h e  carbinolamide l a c t o l  (24) a s  two separable  ieo-  

mers. Cycl isa t ion and reduct ion afforded homoeburnamenine (26) (Scheme-3). Cmium 

t e t rox ide  oxidat ion of (26) y ie lded t h e  d i o l  (27) i n  almost q u a n t i t a t i v e  y ie lds .  

Oxidation of t h e  d i o l  (27) t o  (28) was d i f f i c u l t  a s  it was l imi ted  t o  t h e  use of 

non-acidic condi t ions  because of the  high s u s c e p t i b i l i t y  of t h e  system t o  ac id-  

catalysed dehydration.  However pyridine-sulphur t r i o x i d e  complex i n  DMSO conta i -  

ning t r a c e s  of water afforded t h e  des i r ed  epimeric mixture of (28 ) .  Alkaline hy- 

d ro lys i s  afforded t h e  corresponding mixture of hydroxy a c i d s  (29) which were e s t e -  

r i f i e d  by diazomethane t o  g ive  t h e  methyl e s t e r  (30 ) .  Oxidation of t h e  hydroxy 

e s t e r  and subsequent cyc l i za t ion  i n  t h e  presence of base afforded (?I-vincamine (1) 

(Scheme-4). 

B a r t l e t t  and 'raylor' have reported an e f f i c i e n t  seven s t e p  syn thes i s  of (?)- 

eburnamonine ( 2 ) .  The key s t e p  involved t h e  condensation of 8-e thylfomyladipic  

acid (36) wi th  tryptamine t o  g ive  the  (5)-eburnamonine lactam (37) which was re-  

duced wi th  l i t h ium aluminium hydride t o  a f fo rd  (+)-eburnamine ( 9 ) .  Oxidation of 

(9) afforded eburnamonine (2) (Scheme-5). 
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Wenkert and co l l abora to r s4  i n  t h e i r  genera l  study on t h e  use of p ipe r id ine  i n t e r -  

mediates i n  indole  a lka lo id  syn thes i s ,  have published a d i f f e r e n t  scheme f o r  t h e  

synthes is  of (5)-ebumamonine ( 2 ) .  The s a l t  (40) prepared from 8-acetylpyridine 

(39) and t ryptophyl  bromide (38) was hydrogenated t o  t h e  te t rahydro de r iva t ive  

( 4 1 ) .  Pictet-Spengler cyc l i za t ion  of (41) afforded (42) which on Wolff-Kishner 

reduction gave ( 4 4 )  which was oxidised wi th  mercuric a c e t a t e  t o  the  ammonium s a l t  

(46). This underwent t h e  expected base-catalyzed isomeriza t ion t o  the  enamine 

( 4 7 ) ,  a key in termedia te  which has been used f o r  transformation i n t o  the  kntehia 

alkaloids  i n  seve ra l  subsequent syntheses.1°'12 The enamine (47) can be a lky la t ed  

t o  (48) which a f t e r  reduction and t rea tment  wi th  base af forded (5) -eburnamonine ( 2 )  

(Scheme-6). The vincamine system can be reasonably considered t o  give r i s e  to 
ebumamonine ( 9 )  by ox ida t ive  transformation i n  t h e  p l a n t s  (Scheme-7). 

An i n t e r e s t i n g  syn thes i s  of ebumamonine descr ibed by wenkert13 i s  based on an ex- 

tension of t h e  prepara t ion of 1.4-diketones through a cyclopropanoid in termedia te .  

Acid hydrolys is  of t h e  e s t e r  (53) prepared by a copper-ass is ted  decomposition of 

ethyl d i azoace ta t e  i n  dihydropyran (52) y ie lded t h e  lac tone (54) .  Treatment of t h e  

l a t t e r  wi th  boron tribomide gave t h e  dibromide (55) which on hydrolys is  afforded a 

bromo-a-lactol ( 5 6 ) .  Condensation of (56) with t h e  appropr ia te  indo ly le thy l  der iva-  

t i ve  l e d  t o  t h e  in termedia te  ( 5 7 ) ,  thermolysis of which gave (5)-eburnamonine ( 2 )  

(Scheme-8) . 

The f i r s t  s t e r e o s e l e c t i v e  t o t a l  syn thes i s  of (+)-vincamine (1) was accomplished by 
4 

szantayl0 e t  a l .  i n  1973. The enamine (47) descr ibed e a r l i e r  by Wenkert w a s  pre- 

pared by a p o t e n t i a l l y  genera l  method, and was anployed a s  t h e  s t a r t i n g  ma te r i a l  f o r  

the above syn thes i s .  Alkyla t ion of (47) wi th  methyl o-acetoxyacrylate gave t h e  

adduct (60) i n  exce l l en t  y i e lds .  Reduction and subsequent oxidat ion wi th  Ag2C03/ 

c e l i t e  gave a mixture of (+_)-vincamine (1) and 14-epivincamine ( l a )  (Scheme-9). 

Wmwm et  a1.14 have reported a s t e r e o s p e c i f i c  to ta l  syn thes i s  of vincamine, based on a 

high Yield cons t ruc t ion  of t h e  t r i c y c l i c  lactam (66) .  The lactam was prepared from 

the l i t h ium eno la t e  of ter t -htyl  b ~ t y r a t e  by a lky la t ion  with 1,3-dibromo~roPane 
which af forded t h e  bromo-ester (62 ) .  Subsequent hydrolys is  to t h e  corresponding 

acid and its conversion to t h e  ac id  ch lo r ide  af forded (64) .  Condensation of t h e  
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l a t t e r  wi th  tryptamine gave t h e  amide (65) which was then cyc l i zed  by potassium 

hydride t o  g ive  t h e  lactam ( 6 6 ) .  Reaction with l i thium diisopropyl-amide produced 

t h e  dianion (67) which upon t rea tment  wi th  methyl 2-thiomethylacrylate af forded 

t h e  lactam e s t e r  (68) . Cycl isa t ion and s t e reospec i f i c  reduction of (68) gave t h e  

t e t r a c y c l i c  m i n e  e s t e r  (70) i n  98% y ie ld .  The f i f t h  r i n g  w a s  introduced by oxi-  

da t ion of (70) t o  t h e  sul foxide  (71) and its reaction wi th  a c e t y l  chloride (Schem-10) 

LO* - 
" r '1" -78% 



Another t o t a l  syn thes i s  of o p t i c a l l y  pure vincamine involves  t h e  syn thes i s  of a 

key in termedia te  (79) conta in ing t h e  quaternary  cen te r  C-16 wi th  t h e  n a t u r a l  ch i -  

r a l i t y .  During the  reduct ion of t h e  inmonium s a l t ,  cen te r  C-16 s e l e c t i v e l y  indu- 

ces t h e  des i r ed  stereochemistry a t  c e n t e r  C-3 which a t  a l a t e r  s t age  along with 

center C-16 con t ro l s  t h e  epimerizable c e n t e r  C-14 (Scheme-11). 

An a l t e r n a t i v e  sequence has been repor ted  by t h e  same group f o r  t h e  enantio- 

se l ec t ive  syn thes i s  of I+) -vincamine (1) .16 The approach involves t h e  prepara- 

t ion of t h e  t e t r a c y c l i c  aldehyde by an in t ramolecular  Mannich r eac t ion  of t h e  s i l y l  

en01 e t h e r s  which e f f i c i e n t l y  p a r t i c i p a t e  a s  en01 equivalents  i n  t h e  r eac t ion .  

This modification dramat ica l ly  enhanced t h e  y i e l d  of  t h e  t e t r a c y c l i c  aldehyde (891 
t o  74% a s  compared t o  t h e  y i e l d  previously obtained (10%) by t h e  c l a s s i c a l  method 

(d i r ec t  condensation of aldehyde wi th  t r y p t a n i n e ) .  This syn thes i s  is  a l s o  remark- 

able i n  t h a t  t h e  cis-racemate of (89) could be s e p a r a t e d a n d  resolved t o  a f fo rd  

the wanted c i s - e n a n t i m e r  while t h e  trans-racemate could be recycled by e q u i l i b r a -  

t ion t o  give t h e  des i r ed  cis-racemate by r eve r s ib le  Mannich Eission.  I n  t h i s  way 

v i r t u a l l y  a l l  t h e  amino aldehyde (89) could be u t i l i z e d  (Scheme-12) . 
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1901 (desired lsonerl 

I n  t h e i r  syn thes i s  of ehrnamonine Szantay and col labora tors  have u t i l i z e d  an 

annela t ion r eac t ion  between 3.4-dihydro-8-carboline (105) and an appropr i a t e  

enone (104) f o r  const ruct ing t h e  t e t r a c y c l i c  intermediate (107).  Both epimers 

were obta ined and separated and the  syn thes i s  carr ied  out sepa ra te ly  with each 

epimer (Scheme-13) . l2 

Recent work i n  t h e  eburnamine-vincamine a rea  includes a new syn thes i s  of eburna- 

mine which involves  a Micheal addi t ion/cycl isa t ion r eac t ion  of 2 -ch lo roac ry lon i t r i l e  

wi th  t h e  enamine (47) .  Reduction of t h e  product following oxygenation i n  the  pre- 

sence of a  s t rong  base gave ehrnamonine  (Scheme-14). 18 

w i n t e r f e l d t ' s  syn thes i s  of eburnamonine fo l lows qui te  d i f f e r e n t  l i n e s  from t h e  
previous approaches and has  been accomplished with a high degree of s t e reose lec -  

t i v i t y .  The syn thes i s  involves  the  regioselec t ive  r i n g  opening of t h e  cyclopro- 

pane (114) of def ined conf igura t ion.  Condensation of tryptamine wi th  (114) gave 

t h e  pentacycl ic  lactam e s t e r  (115) i n  85% y i e l d  which was then converted t o  (+_)- 

eburnamonine ( 2 )  v i a  t h e  d i lac tam (37) a f t e r  several  s t e p s  (Scheme-15) .lo 
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A considerable  amount of new syn the t i c  work reported i n  t h i s  a rea  during recent  

years  inc ludes  a new t o t a l  syn thes i s  of I+_)-eburnamonine 1 2 ) ~ ~  and a formal syn- 

t h o s i s  of vincamine (1) ." The bas ic  s t r a t e g y  of t h e  scheme l i e s  i n  the  anodic 

oxidat ion of t h e  des i r ed  carbamates 1128) a ~ d  (134) t o  t h e  f ive -  and sixmembered 

lac tones  which were f u r t h e r  u t i l i z e d  f o r  t h e  synthesis of eburnamonine (2 )  and 
vincamine (1). The amino l ac tone  (130) was condensed wi th  tryptophyl bromide t o  

af ford  the  t ryptophyl  amino lac tone (131).  The l a t t e r  when refluxed i n  a c e t i c  

ac id  af forded (2)-eburnamonine 12) i n  60% y i e l d  (Scheme-16). 

/ / / 



 he six-membered amino lac tone (134) which was previously  employed fo r  t h e  synthe- 
s i s  of (+)-vincamine - by ~ ~ ~ o l z e r ~ ~  has been used f o r  t h e  formal syn thes i s  of (2)-  
vincamine (1). The in termedia te  (134) was converted t o  vincamine by an a l ready 

es tabl ished method (Scheme-17). 

An e n t i r e l y  new approach f o r  t h e  enan t iose lec t ive  prepara t ion of t h e  key compound 

(145) f o r  t h e  syn thes i s  of (-1-eburnamonine (2) was reported r ecen t ly  by Takano 
22 

which would promise an e n t r y  t o  (-) -eburnamonine (Scheme-18). 

An e legant  synthes isz3 of vincamine (1) makes use  of t h e  enamine (17) a s  t h e  s t a r -  

t ing ma te r i a l .  The c r i t i c a l  s t e p  of t h e  synthes is  involves t h e  in t roduc t ion  of a 

s ide  chain  by t h e  a lky la t ion  of t h e  enamine (17) with methyl bromopyruvate-2,4- 

dinitrophenyl hydrazone (168) t o  g ive  t h e  s a l t  (165) .  Subsequent reduct ion of 

(165) gave t h e  m i n e  (166) ,hydrolys is  of which d i d  not  prove t o  be f eas ib le .  

Hydrolysis of t h e  s a l t  (165) p r i o r  t o  reduct ion however proceeded smoothly which 

was r a t iona l i sed  i n  terms of p a r t i c i p a t i o n  of iminium s a l t  i n  t h e  react ion.  Reduc- 

t ion  of t h e  hydrolysed product (1671 wi th  sodium borohydride gave epivincamine ( l a )  

(Scheme-19). 

Completely d i f f e r e n t  approaches t o  t h e  p a r t i a l  syn thes i s  of I+)-vincamine (1) have 

embodied biomimetic rearrangement react ions .  Le Men and Levy were ab le  t o  emulate 

the b iogenet ic  route  t o  vincamine from (-)-vincadifformine (146) by its oxidat ion 

t o  the  3-hydroxyindolenine (148) ,  conversion t o  t h e  N-oxide (149) followed by 

reaction with PPh3 and acid-catalysed s k e l e t a l  rearrangement (Scheme-20). Oxida- 

t i v e  rearrangement of v incad i f fomine  (146) t o  vincamine (1) can be a f fec ted  d i -  

r ec t ly  i n  approximately 30% y i e l d  by t h e  use  of oxygen i n  t h e  presence of  metal  

s a l t s  and hydrochloric ac id .  This method avoids t h e  undesired oxidat ion of Nb, 

and the necess i ty  t o  remove t h e  N -oxide funct ion so  produced by means of tri- 
b 

phenylphosphine whioh was a f ea tu re  of t h e  e a r l i e r  procedure. 

More r ecen t ly  Danie l i  and coworkers have employed t h e  oxidant  ozone f o r  t h e  func- 

t i o n a l i s a t i o n  a t  C-3 of v incadif  formine (146) . The 3-hydroxyvincadif fonnine (148) 

then undergoes a rearrangement t o  vincamine (1) (Scheme-21). 

A simple approach t o  p o t e n t i a l  in termedia te  (150) was repor ted  r ecen t ly  by t h e  

Pakistani  The in termedia te  which conta ins  four  of t h e  r e q u i s i t e  f i v e  

r ings and two of t h e  th ree  c h i r a l  cen te r s  can be transformed t o  vincamine and 

eburnamonine by one of t h e  seve ra l  methods. The syn thes i s  c o n s i s t s  of construc- 

t ing an appropr ia te  a l i p h a t i c  u n i t  making use of t h e . S t o r k S s  enamine a lky la t ion  

procedure which i s  condensed with tryptamine t o  a f fo rd  t h e  lactam. Reduc- 

tion and subsequent t ransformat ions  lead t o  vincamine and eburnamonine (Scheme-22). 

Because of t h e i r  remarkable pharmacological a c t i v i t i e s ,  t h e r e  has been growing 

i n t e r e s t  i n  s t m c t u r e  modification s t u d i e s  on these  pentacycl ic  indo le  molecules. 

Thus 0noZ5 has repor ted  new syn the t i c  analogs (151) of vincamine (1) and 
eburnamonine (2 )  i n  which t h e  oxygen atom was t ransposi t ioned from 14-posit ion 

Of the  corresponding n a t u r a l  a lka lo id  i n t o  t h e  neighbouring posi t ion .  Using 

the same analog (151) a s  an in termedia te  a novel syn thes i s  of a p o v i n c d n a t e  (152) 

was t h u s  accmpl i shed  (Scheme-23) . 
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A new approach to apovincamine (153) which by-passes the intermediacy of vinca- 

mine (1) has been reported by ~anieli.'~ Apovincamine (153) was synthesised by 

the dehydration of p-hydroxyester (154) obtained by alkylation of the aldehyde 

(155) with methyl chloroacetate (Scheme-24) . 

The methoxy analogue of vincamine (1) which possesses interesting pharmacological 

propertiesZ7 and showed close similarity to the biologically active serotonin has 

been synthesised by ~alaus.~'   he methoxy analogue (156) of the enamine (47) was 

employed as the starting material for the synthesis. The enamine (156) on reac- 

tion with methyl a-acetoxyacrylate and subsequent reduction gave 1158). Deacetyla- 

tion of (158) followed by oxidation gave isovincine (159) (Scheme-25). 

1158) yzM Reagent 1157) 
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Recently a French group has repor ted  t h e  synthes is  o f  norvincamone (160) by e 

route  involving the  r eac t ion  of tryptamine wi th  a s u i t a b l e  a l i p h a t i c  moiety 

(161) 29 (Scheme-26) . 

The syn the t i c  approaches t o  t h e  Hunteaia a lka lo ids  descr ibed above r e f l e c t  t h e  
importance of t h e s e  pharmacologically ac t ive  bases which have g r e a t l y  i n t e r e s t e d  

organic  chemists dur ing r ecen t  years .  The numerous i n t e r n a t i o n a l  pa ten t s  of 
var ious  d e r i v a t i v e s  of vincamine which continue t o  appear i n  t h e  l i t e r a t u r e  bear 

testimony t o  t h e . f a c t  t h a t  these  substances w i l l  remain a t a r g e t  f o r  s y n t h e t i c  

organic  chemists f o r  q u i t e  some time. 
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