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A b s t r a c t  - The p r e p a r a t i o n  o f  v a r i o u s  i s o m e r i c  3 - a r y l o c t a h y d r o i n d o l e s ,  p o t e n t i a l  

synthons f o r  t h e  t o t a l  s y n t h e s i s  o f  t h e  m o n t a n i n e - l i k e  Amary l l i daceae  a l k a l o i d s ,  

i s  d e s c r i b e d .  

The montanine a l k a l o i d s  compr i se  a  sma l l  number o f  bases i s o l a t e d  f rom Amary l l i daceae  spec ies1  char- 

a c t e r i z e d  by h a v i n g  a  5,11-methanomorfanthridine s k e l e t o n .  A l though  an enormous s y n t h e t i c  e f f o r t  

has been d i r e c t e d  towards  o t h e r  members o f  t h e  s e r i e s ,  e . g . ,  l y c o r a m i n e s ,  ga lan thamines ,  and 5,lOb- 

e t h a n o p h e n a n t h r i d i n e ~ , ~  t h e r e  a r e  b u t  a few s t r u c t u r e  e l u c i d a t i o n  s t u d i e s  r e g a r d i n g  t h e  montanine 

bases .' 
As c o n t i n u a t i o n  o f  o u r  s y n t h e t i c  program d e a l i n g  w i t h  a l k a l o i d s  f rom Amary l l i daceae , '  we now r e p o r t  

t h e  f i r s t  approaches t o  t h e  t o t a l  s y n t h e s i s  o f  t h e  montanine compounds. 

An a n t i t h e t i c  a n a l y s i s  (Scheme I )  o f  mon tan ine  (I) i t s e l f  p r o v i d e s  i n  p r i n c i p l e ,  a f t e r  removal o f  

t h e  b e n z y l i c  ca rbon  atom a t  p o s i t i o n  6 and s i m p i i f i c a t i o n  o f  t h e  o x y g e n a t i o n  p a t t e r n ,  t h r e e  main 

r o u t e s  f o r  t h e  c o n s t r u c t i o n  o f  t h e  key 3c r -a ry loc tahyd ro indo le  n u c l e u s  U. Routes A and 2 have a  

common i n t e r m e d i a t e ,  namely, t h e  f u n c t i o n a l i z e d  1 - n i t r o c y c l o h e x e n e  d e r i v a t i v e  m,' whereas r o u t e  

B u t i l i z e s  t h e  a ry l i denecyc lohexanone  p r e c u r s o r  x. - 

Along  t h e  l i n e s  o f  s t r a t e g y  A (Z=H;), we proceeded t o  r e a c t  3'4-(methy1enedioxy)phenylacetonitrile 

(1) w i t h  1 - n i t r o c y c l o h e x e n e '  (2) ( n ~ u ~ i / ~ ~ ~ / - 5 ~ D ~ )  t o  f u r n i s h  a  6 5 %  y i e l d  of a  2 7 : l  m i x t u r e  o f  t h e  



cis- and trans- addition products 3 and 4, respectively (Scheme 11). In fact, the major isomer 3 
is the result of a kinetically controlled addition reaction. Moreover, the stereoselectivity of 

this transformation is both temperature and substrate dependent since reaction o f  N,N-diethyl 3,4- 

(methy1enedioxy)phenylacetamide with 1-nitrocyclohexene under similar conditions ( n ~ ~ ~ i / ~ ~ ~ / - 2 0 0 ~ )  

furnished instead a 1:l mixture of the corresponding *- and trans- addition products in 51% 
overall yield. 
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When the major isomer 3, mp 105-107°C (EtOH), was submitted to the Jacobsoni modification of the 

Nef reaction, a 791  yield of a 1:l ('H-NMR) mixture of the threo - 2 and erythro - isomers6 was 

realized (see Table I). Whereas the threo isomer proved to be crystals, mp 130-13l0C (EtOH), the 

erythro one remained as an oil. Subsequent reductive cyclization of this mixture (Urushibara's ni- 

ckel ,' 'P~OH, 50 psi, 45-55"C, 48 h) afforded the oily octahydroindole & (R=H) in 52% yield. Re- 

action of the latter with ethyl chloroformate (CH,Cl,, Et,N, 0°C) provided the protected *- (%) 
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and trans- octahydroindoles (E),' as a 1:l mixture ('H-NMR) separable by crystallization. Isomer 

6b showed to be crystals, mp 113-115°C (EtOH), while the other remained as an oil.' - 

Scheme JI 

B.  R-H 

f l ~ ,  R-C0,Et; 3ap-H 

6c.  R-C02Et; 3an-H - 
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a, erythro 

' N 4  

On the other hand, route 2 was also developed as depicted in Scheme 11. Isomer 2 was reduced with 
i B u z A I H  ( T H F ,  0°C; 817) to yield a 1:1 mixture ('H-NMR) of the oily &- (&) and the crystalline 

mp 92-93°C (EtOH), =- nitroaldehyde 3 after careful work-up. When submitted to the reductive 

cyclization conditions described above, & provided the &- fused octahydroindoles 8 bearing the 

desired 3n-aryl substituent in 5 7 %  yield. However, the =-isomer furnished only non-cyclic 

andlor polymeric materials under the same conditions. 

Moreover, route (Scheme 111) was also appraised as follows. Piperonal (5) was allowed to react 

with cyclohexanone under controlled conditions (NaOH catalysis) to give piperonylidenecyclohexanone 

(101, mp 87-88°C (lit." mp 88-89°C) in 92: yield, together with a small amount of the bis-pipero- 



n y l i d e n e  d e r i v a t i v e  11, mp 188-189°C (EtOAc). F u r t h e r  r e a c t i o n  o f  10 w i t h  po tass ium cyan ide  under  

L i o t t a ' s  conditions" (CGH6, acetone cyanohydr in ,  18-crown-6, r e f l u x ,  6  h )  p r o v i d e d  k e t o n e  2 ( see  

Scheme 11) i n  61% y i e l d  as t h e  r e a d i l y  separab le  67:33 m i x t u r e  o f  t h e  same t h r e o - i a  and erythro-5J 

isomers,  r e s p e c t i v e l y  ( v i d e  sup ra ) ,  t h u s  p r o v i d i n g  an a l t e r n a t e ,  amenable f o r  sca le -up  r o u t e  t o  

such v e r s a t i l e  i n t e r m e d i a t e s .  

Scheme III 

Fur the rmore ,  when enone was a l l o w e d  t o  r e a c t  w i t h  n i t r o m e t h a n e  u s i n g  a  "suppor ted "  t e t r a b u t y l -  

ammonium f l u o r i d e  ~ a t a l y s t , ' ~  ke tone  g was o b t a i n e d  i n  922 y i e l d  as t h e  s i n g l e  t h r e o  d i a s t e r o i s o -  

mer,'%p 162-163°C ( E t O H ) .  R e d u c t i v e  c y c l i z a t i o n ,  as before,  a f f o r d e d  t h e  o i l y  =-fused o c t a -  
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h y d r o i n d o l e '  13 i n  68% y i e l d .  See Tab le  I f o r  a  c o l l e c t i o n  o f  s e l e c t e d  'H-NMR d a t a  f o r  r e l e v a n t  

compounds. A  c a r e f u l  a n a l y s i s  o f  t h e  d a t a  shown t h e r e  suggests  t h a t  f o r  t hose  compounds h a v i n g  

l a r g e  c o u p l i n g  c o n s t a n t s  J = 10-11 Hz ( i e . ,  e n t r i e s  3, &, and z), a  f i x  i n  con fo rmat ion ,  

caused by  e l e c t r o s t a t i c  i n t e r a c t i o n s  amongst t h e  v a r i o u s  f u n c t i o n a l  g roups  must p r e v a i l .  However, 

t r a n s  p r o d u c t  4 shows a  c o u p l i n g  c o n s t a n t  o f  o n l y  4  Hz. M o l e c u l a r  models show t h a t  i ndeed  i n  t h i s  

case t h e  cyan0 g roup  can n o t  i n t e r a c t  a d e q u a t e l y  w i t h  t h e  nearby  n i t r o  f u n c t i o n  and t h u s  t h e  ob-  

s e r v e d  c o n s t a n t  shou ld  co r respond  t o  t h e  average 'J v a l u e  f o r  t h i s  p a r t i c u l a r  n o n - r i g i d  system. 

C o n s i d e r i n g  t h e  impor tance  and a v a i l a b i l i t y  o f  ke tone  11, s e v e r a l  o t h e r  r e d u c t i o n  r e a c t i o n s  were 

e v a l u a t e d  as w e l l .  Thus, r e a c t i o n  w i t h  a c t i v a t e d  ZnL"(1g v /v  aqueous HOAc, r t ,  0.5 h )  f u r n i s h e d  

n i t r o n e  1615 cm-') ,  rnp 142-144°C (EtOAc-EtOH), i n  72% y i e l d ,  wh ich  upon po tass ium borohy -  

d r i d e 1 5  t r e a t m e n t  (EtOH-H,O, rt, 3 h )  gave t h e  c y c l i c  hyd roxy lamine  g i n  66% y i e l d .  F i n a l l y ,  

r e d u c t i o n  under  Chandrasekaran 's  c o n d i t i o n s 1 6  (TiCl, ,  Mg amalgam, THF, r t ,  1 .5  h )  produced i m i n e  

16 t o g e t h e r  w i t h  a  smal l  amount o f  enamine 17. - 

I n  c o n c l u s i o n ,  we have d e v i s e d  s e v e r a l  easy t o  implement  s y n t h e t i c  e n t r i e s  i n t o  t h e  3 - a r y l o c t a h y -  

d r o i n d o l e  system. The u t i l i z a t i o n  o f  such i n t e r m e d i a t e s  i n  t h e  t o t a l  s y n t h e s i s  o f  t h e  montanine-  

l i k e  a l k a l o i d s  i s  now i n  p r o g r e s s  and w i l l  be r e p o r t e d  e l sewhere .  
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