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Abst rac t  - The formal t o t a l  syn thes i s  o f  racemic elwesine ( 1 )  and 

epie lwesine  (11) i s  descr ibed.  The p re fe r red  ground-state confor- 

mation of t h e  &-3a-aryl-octahydroindole precursors  i s  shown t o  

be dependant on t h e  s u b s t i t u e n t  on n i t rogen .  

As a  cont inuat ion of our  s t u d i e s  an t h e  u t i l i z a t i o n  of t h e  Ary lace ton i t r i -  

l e  F.oute2 f o r  t h e  p repa ra t ion  of S c e l e t i m  (Aizoaceae) a l k a l o i d s ,  we now wish t o  

r e p o r t  a  formal t o t a l  syn thes i s  of racemic elwesine (I) and epielwesine ( I I ) ,  two 

a l k a l o i d s  belonging t o  t h e  5,lOb-ethanophenanthridine family of t h e  Amaryllidace- 

ae. ' * '  

I R= H R1= OH - - 
11 R= OH R1= H - -- 

Our s y n t h e t i c  s t r a t e g y  (SchemeI) i s  based on a new method of  const ruct ion 

o f  t h e  r e l e v a n t  &-3a-aryl-octahydroindol-6-one nucleus,  which i s  knownbb t o  be a 

use fu l  s y n t h e t i c  p recur so r  f o r  t h e  ethanophenanthridine a l k a l o i d s  t h e  P i c t e t -  

Spengler c y c l i z a t i o n .  

Therefore ,  our  i n i t i a l  aim was t o  ob ta in  s u f f i c i e n t  amounts o f  t h e  4-car- 

bethq-2-(3,4-methylenedioxyphenyl)butyroniti1 j?. Slnce it i s  knownS t h a t  under 

b a s i c  c a t a l y s i s  ( i e .  T r i t o n  B) n i t r i l e  L6 r e a d i l y  adds 2 moles of e t h y l  a c r y l a t e  

and t h e  d i r e c t  method using equimolar amounts of a s t rong base ( i e .  l i t h ium d i i s o -  

propylamide, LDA) i n  a p r o t i c  media7 gave but moderate y i e l d s  o f  t h e  des i r ed  mate- 



r i a l ,  we decided i n s t e a d  t o  use t h e  a - su l feny la t ed  in termedia te  2,' mp 81-8Z0(Et20- 

Hex), prepared i n  88% y i e l d  by t rea tment  o f  3,4-methylenedioxyphenylacetonitrile6 

1 with a  s l i g h t  excess diphenyl d i s u l f i d e  and powdered KOH i n  dry  te t rahydrofuran - 

(THF).9 Addit ion of  e t h y l  a c r y l a t e  proceeded r e a d i l y  i n  t h e  presence of c a t a l y t i c  

amounts o f  T r i t o n  B (THF, rt, 2 0  min) t o  a f f o r d  t h e  su l f eny la t ed  cyano e s t e r  3 as 

a  c o l o r l e s s  viscous o i l  i n  96% y i e l d .  Furthermore, desu l fu r i za t ion  o f  t h i s  mate- 

r ial  us ing  Urushibara ' s  n i c k e l  i n  ho t  acetonezb provided %, again  i n  96% y i e l d ,  

showing t h e  expected benzyl ic  methine a s  a  one-proton t r i p l e t  (5-7 Hz)  a t  3.89 ppm. 

I n  t h i s  manner, cyano e s t e r  5 can be r o u t i n e l y  prepared i n  80-85s o v e r a l l  y i e l d  

without having t o  i s o l a t e  any in t e rmed ia te s .  

Acid 5 was obta ined nex t ,  i n  n e a r l y  q u a n t i t i v e  y i e l d ,  by base t rea tment  

( 2 N  NaOH, MeOH, rt, 2 . 5  h) of t h e  l a t t e r  compound and was then submitted t o  a  mo- 

d i f i e d  Cur t ius  rearrangement." The r e s u l t i n g  (crude)  i socyanate  6 ,  v max 2260 cm-', 

was immediately t r e a t e d  with excess benzyl a lcohol  ( to luene ,  r e f l u x ,  1 h )  t o  f u r -  

n i s h  ure thane 1, a s  a  v iscous  o i l ,  i n  87% y i e l d .  Diisobutylaluminwn hydride (DIBAL) 

reduction" ( to luene ,  - 7 5 0 + 2 5 0 ,  1 h) followed by s t i r r i n g  with 10% ( v / v )  aqueous 

hydrochlor ic  a c i d  ( r t ,  4 0  min) produced t h e  o i l y  N-benzyloxycarhonyl-2-hydroxy-3- 

(3,4-methylenedioxypheny1)-pyrrolidine 8 i n  48% o v e r a l l  y i e l d  (Scheme I ) .  

I n  an attempt ta o b t a i n  t h e  d e s i r e d  octahydroindal -Lone nucleus  d i r e c t l y ,  

py r ro l id ine  8 was reac ted  wi th  a s l i g h t  excess methyl v inyl  ketone (MVK) i n  t h e  

presence o f  a c a t a l y t i c  amount of conc H C ~ ' ~  ( a c e t o n i t r i l e ,  r e f l u x ,  1 2  h ) .  The only  

product i s o l a t e d  from t h i s  r e a c t i o n  (90%) was t h e  endocycl ic  enamide 9, mp 135-137O 

(Et20-Hex), a r i s i n g  from a s t r a igh t fo rward  ac id-cata lyzed dehydration.  Because o f  
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t h e  electron-withdrawing a b i l i t y  of t h e  N-benzyloxycarbonyl grouping compound 9 

shows now a d r a s t i c a l l y  reduced n u c l e o p h i l i c i t y  a t  the 6-carbon, a s  compared t o  

s i m i l a r  systems having an N-alkyl ( i e .  methyl o r  benzyl) s u b s t i t u e n t ,  t hus  preclu-  

ding i t s  use  and t h a t  of r e l a t e d  compounds i n  t h e  c l a s s i c a l  endacycl ic  enamine-type 

annela t ion."  

However, t a k i n g  i n t o  account i t s  hemiamidal n a t u r e ,  in termedia te  8 reac-  

t e d  wi th  MVK under bas i c  c a t a l y s i s  (THF, T r i t o n  8, Oo, 30 min) and t h e  r e s u l t i n g  

( c rude )  adduct 5 immediately heated wi th  20% (v /v )  rnethanolic hydrach la r i c  a c i d  

t o  a f fo rd  i n  4 6 %  o v e r a l l  y i e l d  t h e  des i r ed  ( o i l y )  N-benzyloxycarbonyl-&-3a-(3,4- 

NCO 



Double resonance (nmdr) experiments allowed us t o  a s s ign  t h e  one-proton 

t r i p l e t  ( J  = 7 Hz) a t  4.63 ppm t o  t h e  conformationally d iagnos t i c  C,,-H_, w h i l s t  
app 

t h e  two-proton doublet a t  2.88 ppm corresponds t o  t h e  C-7  methylene (Tab le ) .  This 

i s  a r a t h e r  s u r p r i s i n g  r e s u l t ,  s ince  it has been previously  shown'b.13 t h a t  t h e  

cis-3a-aryl-actahydroindole systems and i t s  N-alkyl d e r i v a t i v e s  p r e f e r  a graund- - 

s t a t e  conformation where t h e  bulky 3a-aryl  s u b s t i t u e n t  adopts an a x i a l  o r i e n t a t i o n .  

A s  a consequence, t h e  equa to r i a l ly -o r i en ted  C,,-H b i s e c t s  t h e  C-7 methylene and 

thus  appears a s  a t r i p l e t  (J - 3.2-3.5 Hz) .  Even i n  those  compounds derived from 
~ P P -  

t h e  +-3a-aryl-octahydroindol-2,6-dioneL' t h e  same ground-state conformation i s  

maintained, with t h e  r e l e v a n t  C-7a methine appearing again as  a t r i p l e t  ( J  = 4.0- 
aPP 

4.5 Hz) .  Furthermore, t h e  p o s s i b i l i t y  of ketone 11 having a =-fused arrangement 

can be r e a d i l y  r u l e d  ou t  by comparison with t h e  r epor t ed  nmr da ta  f o r  =-mesem- 

b r a n ~ n e . " ~  Therefore ,  11 must e x i s t  a s  a conformationally mobile system where t h e  

observed coupl ing cons tan t  f o r  t h e  C,,-H_ ( J  = 7 Hz) is i n  r e a l i t y  an average 
aPP 

value f a r  conformers and g. 

l l a  - l l b  - 
Ar= 3,4-methylenedioxyphenyl 

To proceed wi th  our  scheme o f  syn thes i s  ( v i d e  supra ) ,  ketone 11 was next 

reduced wi th  DIBAL 11  (THF, -70•‹, 1 h) and t h e  epimeric a l coho l s  and 13 ( r e l a t i -  

ve rat io:  3 .5 : l )  were i s o l a t e d  i n  95% y i e l d  a f t e r  p u r i f i c a t i o n  by p repa ra t ive  l a y e r  

chromatography on s i l i c a  ge l .  It i s  well-1cnown'b-'3 t h a t  hydride reduct ion o f  simi- 

l a r  systems having N-alkyl s u b s t i t u t i o n  y i e l d s  predominantly t h e  a x i a l  a lcohol  

(observed a x i a l :  e q u a t o r i a l  a lcohol  r a t i o =  2.33-3.U:l) a s  evidenced by t h e  charac- 

t e r i s t i c  W 1 / 2  values15 (W 1 / 2 =  8-11 Hz f o r  t h e  major product and 18-21 Hz f o r  t h e  

minor one) shown by t h e  corresponding C-6 methine proton.  Moreover, t h e  i n f r a r e d  

( i r )  spec t ra  of both epimers a r e  a l s o  very i n d i c a t i v e  of t h e  stereochemical  na tu-  

r e  of the C-6 s u b s t i t u e n t ;  t hus  t h e  main product ( a x i a l )  shows a s t rong  in t ramole-  
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c u l a r  hydrogen bond ( v  max= 3380-3325 cm-') wh i l s t  t h e  minor isomer ( e q u a t o r i a l )  

shows both a free-hydroxyl absorpt ion and a  weak in termolecular  i n t e r a c t i o n  (vmax= 

3600 and 3500 cm-') t h a t  d i s sapea r s  upon d i l u t i o n .  I n  our  p a r t i c u l a r  case ,  t h e  ob- 

served absorpt ion maxima ( n e a t )  f o r  both isomers ( v  max= 3420-3410 cm-') a re  i n d i -  

c a t i v e  of in t e rmolecu la r  hydrogen bonding s ince  they s h i f t  t o  h igher  f requencies  

on d i l u t i o n  (c= 0.025 M).4b 

On t h e  o t h e r  hand, whereas t h e  major product 2 shows a  broad mul t ip l e t  

c e n t e r e d a t  6 3.83 ppm (W 1 / 2 =  20 Hz) f o r  t h e  C,- t j  and a  dd (J- 6 . 5  and 11 Hz) a t  

4.33 ppm f o r  t h e  C7,-tj, i t s  isomer 13 shows a  mul t ip l e t  a t  9.00 (W 1 / 2 =  10.5 Hz) 

and a  dd (J= 7.3 and 7.5 Hz) a t  q . Q 7  ppm f o r  t h e  same protons  (Table) .  Clear ly  

enough these  d a t a  do no t  c o r r e l a t e  a t  a l l  with previous cases having N-alkyl subs- 

t i t u t i o n  un les s  one cons ide r s  t h a t  the  e f f e c t  of  the N-benzyloxycarbonyl grouping 

i s  t o  a l t e r  o r  even r e v e r t  the  o r i g i n a l  ground-state conformational e q u i l i b r i a b b r 1 3  

t o  those  shown i n  Scheme 11. 

Scheme 11. qr U H 

13a - 13b 

We have thus  shown t h a t  t h e  na tu re  o f  t h e  N-subst l tuent  is  indeed a g- 

termining factor i n  t h e  canformational equi l ibr ium of t h e  &-3a-a ry l -oc tahydrm-  

do le  system. Although the  magnitude of t h i s  e f f e c t  d i f f e r s  f o r  isomers 12 and 13, 

lt i s  obvious t h a t  a  combination of  t h e  s t e r i c  and/or e l e c t r o n i c  f a c t o r s  o f  t h i s  

p a r t i c u l a r  s u b s t i t u e n t ,  chosen f o r  synthetic purposes, i s  r e spons ib le  f o r  t h e  

observed changes. " 



TABLE. Selec ted  nmr f o r  compounds ~-13: 

C-6 hydrogen C-7a hydrogen 

Compound 6 W 1 / 2 ,  Hz 6 J o r J , H z ( m u l t . )  
apP 

a 9 0 - ~ ~ z  Varian EM-390. Spect ra  were r u n  i n  C D C l e  using TMS as i n t e r n a l  
standard.  Chemical s h i f t s  a r e  r epor t ed  i n  ppm. 

F i n a l l y ,  when a lcohol  12 was submitted t o  a  Pd-catalyzed hydrogenalysis 

(10% Pd-C, M e O H ,  60 p s i g ,  3 h) i n  o rde r  t o  remove t h e  p r o t e c t i n g  group, amino a lco-  

h o l  E, mp 177-17g0 (benzene-EtrO), a f t e r  sublimation a t  95•‹/0.1 m ( l i t b b  mp 179- 

180'1, mp (hydrochlor ide  sal t)  245-247O (MeOH-Et20) (litbb mp 2116-251.5•‹) was pra- 

duced i n  n e a r l y  q u a n t i t i v e  y ie ld .  S imi la r ly ,  t h e  minor isomer 13 a f fo rded  t h e  

amino a l coho l  l5, mp 152-15Li0 ( l i t b b  mp 154-156.5•‹), a f t e r  subl imat ion 

a t  87-9O0/0.1 m. It i s  worth mentioning t h a t  both products  proved spec t roscop ica l -  

l y  i d e n t i c a l  (nmr, i r )  t o  t h e  samples prepared e a r l i e r  by S t e v e n ~ . ' + ~ , ' 6  

This  a l so  demonstrates t h a t  upon removal of t h e  p r o t e c t i n g  group i n  ques t ion t h e  

molecules r e v e r t  back t o  t h e  o r i g i n a l l y  p r e f e r r e d  ground-state conformation,namely 

t h e  one having an a x i a l  3a-aryl  moiety (Scheme 111). 

Scheme 111. 

'H 
1 2  R = H , R2= OH - 1 

14 R1= H , R2= OH - y r  -- R ~ =  OH , R ~ =  H 

1 3  R1= Oh ,  R = H - 2 - 1 5  R 1- - OH, R 2 = H 2 R,= H , R2= 08 

AT= 3.4-methylenediaxyphenyl 

I n  o rde r  t o  complete our  s y n t h e t i c  t a s k ,  a l l  t h a t  i s  needed i s  t o  i n t r o -  

duce a one-carbon u n i t  between t h e  n i t rogen  atom and t h e  ammat ic  r i n g .  Since t h i s  
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t r a n s f o r m a t i o n  h a s  a l r e a d y  b e e n  p e r f o r m e d 4 b  o n  bo th  i s o m e r s  2 a n d  g, - v i a  a 

P i c t e t - S p e n g l e r  c y c l i z a t i o n ,  o u r  s y n t h e s i s  o f  t h e  l a t t e r  compounds c o n s t i t u t e s  i n  

f a c t  a f o r m a l  t o t a l  s y n t h e s i s  o f  e p i e l w e s i n e  ( 1 1 )  and e l w e s i n e  ( I ) ,  r e s p e c t i v e l y . "  
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