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+ 
A t o t a l  s y n t h e s ~ s  of (-)-yohimb~ne (8)  f r o m  1 , 2 , 3 , 4 , 5 , 6 , 7 ;  

12b-octahydroindolo[2,3-a]quinolizin-2-one (5)  h a s  b e e n  

a c h i e v e d  th rough  15,16-dehydroyohimbinone (6) a n d  yohimbi- 

none  (7) .  T w o  k inds  of nove l  s y n t h e s e s  of (5)  are a l s o  r e p o r t e d .  

1 
T h e  yohimbane-type a l k a l o i d s  h a v e  b e e n  s u b j e c t e d  t o  m o r e  s t u d i e s  t h a n  t h o s e  

of  the  o t h e r  a l k a l o i d s  i n  t h e  indo le  s e r i e s ,  b e c a u s e  of t h e  p h a r m a c o l o g i c a l  

ac t iv i ty  of yohirnbme (8)  a n d  r e s e r p i n e .  W e  a r e  c u r r e n t l y  i n v e s t i g a t i n g  the  

2 
s y n t h e s i s  of a l k a l o i d s  of t h e  yohimbane g r o u p  a n d  h e r e  wish t o  r e p o r t  a t o t a l  

s y n t h e s i s  of yohimbine (8) .  

l-Ethoxycarbonylmethyl-l,2,3.4-tetrahydro-P-carboline (1)3 w a s  c o n d e n s e d  

with a c r y l o n i t r i l e  on  a w a t e r  b a t h  f o r  2 0  hi- to  g ive  in  97.6 % yie ld  t h e  c o r r e s -  

0 
ponding 2-cyanoethyl  d e r i v a t i v e  (2) , mp 126 - 1 3 6  [ v  max ( C H C I ~ )  3340  ( indo le  

-1 
NH) , 2245 (CN) a n d  1710 (CO) c m  ; h max ( M ~ O H )  291, 282 - 280  a n d  ~ 7 5 ' ~  nm;  

m/e 311 (M'); h (CDCI?) 0.94 ( 3 H ,  1 ,  J 7 H z ,  C H ~ C H _ ~ ) ,  2 .4  - 3 .33  (IOH, m ,  5 x 

C H ~ ) ,  4.2 ( 3 H ,  q, J 7 H a ,  0 C E 2 C H 3  a n d  A ~ C F N ) ,  7 . 0  - 7 . 6  ( 4 ~ ,  m ,  A ~ H )  a n d  

8 . 3 6  ( l H ,  b r o a d  s ,  NH)] ,  which w a s  s u b j e c t e d  t o  Dieckmann c y c l i s a t i o n  i n  the  

p r e s e n c e  of s o d i u m  h y d r i d e  in bo i l ing  b e n z e n e  f o r  2 h r  t o  a f f o r d  3-cyano-1.2,- 



3,4,5,6,7,12h-octahydroindolo [2,3-a] quinolizin-2-one (3) in  87 .9  9 yield [m/e 

1 265 (M'); v max ( c H c ~ ~ )  2250 (CN) and  1720 (CO) cm- ] . Trea tment  of (3) with I 0  

% sulphurlc  a c id  f o r  24 h r  under  re f lux  yielded the  decyana ted  indolo[2,3-a]quinoh- 

ain-2-one (5) ,  mp 177 - 180' ( l i t .  , 3  mp 180 - 181 O) in  70  % yield [m/e  240 (M'); 

v max (CHCI ) 3475 (NH), 2760 - 2850 (Bohlmann hands) ,  and  1717 (CO) cm-I ; 
3 

~ ( C D C I  ) 8.07  (NH)].  T h l s  compound was  a l s o  obtained in poor  yield by Robinson 
3 

anne la t ian  of 3 ,4-dihydro-0-carholine (4) with methyl vinyl ketone in methanol a t  

room tempera ture  f o r  1 h r  and  identical  k i t h  t he  authentic sample ,  p r epa red  by the  

3 .  . known methods,  ln  ir a n d  nmr  s p e c t r a l  compar i sans :  

React ion of the pyr ro l id ine  enarnine of th i s  ketqne (5) with methyl 3-0x0-4- 

4 pentenoate i n  boiling benzene f o r  1 0  min by S t o r k ' s  method gave  the 15 , l6-dehydro-  

yohimhinone (6)  in  25 % yie ld ,  a f t e r  s epa ra t i on  and  pur i f ica t ion  on s i l i c a  g e l  column 

chromatography a n d  'lc , mp 189' ( l i t . ,  mp 188 - 1 89O)[m/e 350 (M'); v max ( c H C I ~ )  

3475 (NH), 2760 - 2850 (Bohlmann bands) ,  1725 and 1675 (CO),  and  1625 (C=C);  

A max (MeOM) 291,  283,  and  274 nm; 5 (CDC13) 3 .93  (3H, s ,  C O ~ C _ H ~ ) ] ,  'which , 

w a s  hydrogenated on 30 % palladium-carbon5 in methanol to  give the  yohimbinone 

(7) in  60 % yie ld ,  mp 239' ( h t .  , 5  rnp 238 - 239')[m/e 352 (M?, 100 % )), 351, , 321 ,  

320 ,  319 ,  294 ,  293,  291, 237, 235,  223,  221, 1 8 4 ,  170 ,  169 ,  156 ,  155 and  1411 ,  

whose ir [ v  max (CHC1 ) 3480 (NH) ,  1740 (C02CI13), and 11 50 cm-'I and  nm> 
3 

[ 6  ( C D C I ~ )  3 .83  (3H, s ,  OCH ) ]  s p e c t r a  w e r e  super lmposable  on those  of the  
- 3  

authentid sample (7) .6 Yohimhinone (7) h a s  a l r e a d y  been c o r r e l a t e d  with yohlmhine 

7 8 (8) by Szsn t ay  and  co-workers  and  Z i eg l e r  and  Sweeny.  

+ Thus  we have accomplished a total  syn the s i s  of (-)-yohimbine (8) f r om 3 ,4 -  . 
dihydro-P-carholine (4) in  f o u r  s t e p s .  
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