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Abstract------- Photocycl iza t ion of t h e  enamide ( 3 a ) ,  which was r e a d i l y  

prepared from harmalane and s u b s t i t u t e d  benzoyl ch lo r ide ,  provided a simple 

prepara t ion o f  t h e  key in termedia te  (4a) f o r  t o t a l  s y n t h e s i s  of t h e  a l k a l -  

o i d  yohimbine. 

Syn the t i c  chal lenge t o  indo le  a l k a l o i d s  has a t t r a c t e d  much a t t e n t i o n  from many 

chemists.  A c r u c i a l  s t e p  i n  t h e  s y n t h e s i s  of yohimbine (1)l. a r e p r e s e n t a t i v e  of  

indo le  a l k a l o i d s ,  would be  t h e  s t e reo -con t ro l l ed  in t roduc t ion  of two func t iona l i zed  

groups i n t o  16- and 17-posi t ions  whi le  holding a t rans-conf igura t ion o f  D/E r ing .  

As an extens ion of our  s y n t h e t i c  study on yohimbane2, a  b a s i c  s t r u c t u r e  of t h e  

a l k a l o i d ,  we now r e p o r t  a simple syn thes i s  of t h e  p o t e n t i a l  i n t e rmed ia te  (4a)  i n  t h e  

3  t o t a l  s y n t : i f s ~ s  o f  yohimbine which had been descr ibed by Kametani and h i s  coworkers. 

Harmalane ( 2 )  was acy la t ed  wi th  4-methoxy-3-methoxycarbonylbenzoyl c h l o r i d e  4 

t o  y i e l d  t h e  corresponeing enamide ( 3 a ) ,  which was found t o  be s o  uns tab le  t h a t  it 

was without p u r i f i c a t i o n  i r r a d i a t e d  i n  a benzene s o l u t i o n  wi th  a high p ressu re  mer- 

cury lamp with a pyrex f i l t e r  a t  room temperature.  Chromatography of t h e  r eac t ion  

mixture on s i l i c a  g e l  separa ted  two r e a d i l y  c r y s t a l l i z e d  products (4a and 4b) i n  5  

and 32 % y i e l d s  r e spec t ive ly .  The s p e c t r a l  d a t a  of these  products [ ( 4 a ) ;  i r  (Nujoll 

em-l: 3300, 1700, 1645; nmr (CDC13)  $ : 9.00 ( 1 H .  b r . s ,  N H ) .  8.41 ( l H ,  d ,  J=9Hz, 

19-H), 6.80 ( l H ,  d ,  J=9Hz, 18-H), 6.58 ( l H ,  s ,  1 4 - H ) ,  4.42 ( 2 H .  t ,  J=7Hz, 5-H2), 

4.10 (3H, s ,  OMe), 3.76 (3H. s ,  OMe), 3.05 ( 2 H .  t ,  J=7Hz, 6-Hz); m/e 374 ( M + )  and 

( 4 b ) :  i r  (CHC13)  cm-l: 3470, 1700, 1640: nmr ( C D C 1 3 )  6 :  9.33 ( l H ,  b r . s ,  N H ) ,  9.00 

( 1 H .  s ,  19-HI, 6.68 and 6.75 (each 1 H .  s ,  1 4 -  and 16-HI, 4.58 (2H. t ,  J=7Hz, 5-H2), 

3.88 (3H, S t  OMe), 3.84 (3H, s ,  OMe), 3.18 (3H, t ,  JZ7Hz, 6-H2); m/e 374 ( M + )  I 

confirmed t h e ~ r  s t r u c t u r e s  as depic ted  arid t h e  former (4a)  was i d e n t i c a l  wi th  a 

known key in termedia te3a  t o  yohimbine upon comparisons wi th  t h e i r  s p e c t r a l  da ta .  

Though a  formal t o t a l  s y n t h e s i s  o f  yoh~mbine was thus  nompleted by prepar ing 

t h e  key in termedia te  ( 4 a ) ,  non- reg iospec i f i c i ty  of photocycl iza t ion pushed us t o  



investigate the cyclization in search of a suitable enamide for regiospecific photo- 

cyclization. We prepared the enamide (3bl having an isoxazole ring which would be 

expected to cyclize preferably at 4-position due to a comparable degree of aromatic- 

5 ity in the benzisoxazole ring system as in the case of N-(2-naphthoyllenamine and 

would also be expected to undergo facile ring cleavage into two functional groups. 

Irradiation of the enamide (3b), which was prepared from harmalane and 3-meth- 

6 yl-1,2-benzisoxazole-5-carbonyl chloride , afforded a mixture of two types of the 
lactams (4c and 4dl in 19 and 3 8 yields respectively. The structures of these 

products were established from their spectral data I(4cl; ir (Nujoll cm-l: 3330, 

1640; nmr (CF3C02Hl &: 8.73 (IH, d, J=lOHz, 19-HI, 3.07 (3H, s, N=C-Me); m/e 341 

+ (M 1; and (4d); ir (Nujoll cm-l: 3250, 1640, 1625; nmr (CF3C02H) 6: 8.72 (lH, s, 

19-11] ,7.50 (1H. s, 16-HI, 2.60 (3H, s ,  N=C-Me); m/e 341 (M+) 1 and the following 

reactions. Hydrogenolysis of (4c and 4d1 with 10 % palladium on charcoal in the 

presence of triethylamine followed by hydrolysis of the resulti~g imino-phenols 

afforded the acetyl-phenols (4e and 4f) in good yields, which were identical with 

the corresponding lactams (4e and 4f) upon comparisons with the samples obtained 

from photocyclization of the enamide (3c) followed by hydrogenolysis of the benzyl 

group respectively. 
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7 Interestingly, no transposition of an isoxazole ring into ovazole was observed 

during the course of photocyclization of the enamide (3b). 

Finally, another synthetic approaches to this intermediate (4a) from (4e) by 

the conversion of an acetyl group into a carboxyl group by haloform reaction or 

8a treatment with 12-pyridine , C ~ B ~ ~ - D M S O ~ ~  , and cu~r~-pyridine" were unsuccessful. 
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