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Abstract - The n o v e l  2-azabicyclo[3.3.l]nonan-8-one d e r i v a t i v e  4 has been 

i s o l a t e d  as b y p r o d u c t  i n  t h e  s y n t h e s i s  o f  (A)-mesembranone ( 2 )  by t h e  d i s -  

s o l v i n g  m e t a l  r e d u c t i o n  o f  t h e  4-aryl-4-aminoethylcyclohexenone 1. 

As p a r t  o f  o u r  s t u d i e s  i n  t h e  t o t a l  s y n t h e s i s  o f  S c e l e t i u m  (A izoaceae)  a l k a l o i d s , '  we have r e c e n t l y  

p u b l i s h e d 2  a  nove l  s y n t h e s i s  o f  t h e  p a r e n t  a l k a l o i d  (A)-mesembranone' (2) by t h e  d i s s o l v i n g  metal 

r e d u c t i o n  o f  N -benzenesu l fony l  4-(3',4'-dimethoxyphenyl)-4-methylamin0ethylcyclohx-2-n-l-one (I), 
as shown i n  Scheme I. We now p r e s e n t  f u r t h e r  o b s e r v a t i o n s  d e a l i n g  w i t h  t h e  m e c h a n i s t i c  aspects  o f  

t h i s  t r a n s f o r m a t i o n .  

When t h e  d i s s o l v i n g  m e t a l  r e d u c t i o n  o f  enone 1 i s  c a r r i e d  o u t  under  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  

a t  t h e  b o i l i n g  p o i n t  o f  l i q u i d  armonia u s i n g  d r y  1 ,2-d imethoxyethane (DME) as c o s o l v e n t ,  an 824 

y i e l d  of 2 can  be r e a d i l y  a c h i e ~ e d . ~  Carefu l  p r e p a r a t i v e  l a y e r  chromatography i n d i c a t e d  t h e  pre-  

sence of a  second unknown m a t e r i a l  showing b a s i c  p r o p e r t i e s .  The r e l e v a n t  byp roduc t  was t h u s  

i s o l a t e d  i n  5% y i e l d  as c o l o r l e s s  p r i s m s ,  mp 104-105°C (Me2CO-hex). E lementa l  a n a l y s i s  and mass 



spec t romet ry  measurements soon r e v e a l e d  a  mo lecu la r  fo rmu la  C I~H~~NOZ ( e x a c t  m o l e c u l a r  we igh t  de te r .  

m i n a t i o n  = 289.1676), i d e n t i c a l  t o  t h a t  o f  (i)-mesembranone2 (2 ) .  

I n t e r e s t i n g l y  enough, s u b s t i t u t i o n  o f  t h e  DME f o r  d r y  t e t r a h y d r o f u r a n  (THF) l e d  t o  a  m i x t u r e  o f  

p roduc ts  c o n s i s t i n g  o f  2 and t h e  same byproduc t  i n  an o v e r a l l  87% y i e l d  as a  5 : l  m i x t u r e ,  r e s p e c t i -  

v e l y .  

It seemed t o  us t h a t  if f u r t h e r  i n f o r m a t i o n  r e g a r d i n g  t h e  mechanism o f  t h e  t r a n s f o r m a t i o n  d e p i c t e d  

i n  Scheme I was t o  be fo r thcoming ,  we shou ld  f u l l y  c h a r a c t e r i z e  such byproduct .  The p o s s i b i l i t y  o f  

hav ing  a  trans-mesembrane system, such as i n  3, was r e a d i l y  d iscarded  upon comparison o f  i t s  'H-nmr 

da ta  (80-  and 100- MHz) w i t h  t h e  r e p o r t e d *  60- MHz 'H-nmr spectrum o f  a u t h e n t i c  ( A ) - m - m e s e m b r a -  

none (3). High frequency (500 MHz) Nuclear  Overhauser E f f e c t  (NOE) exper iments performed on  t h e  

unknown sample showed NOE between the  hydrogen atom a t  t h e  r i n g  j u n c t i o n  ( i . e . ,  t h e  H-atom 

ad jacen t  t o  t h e  N-methyl g roup ing)  and hydrogen a tom(s )  on t h e  a romat i c  r i n g  system, a f a c t  t h a t  i n  

p r i n c i p l e  suggested a trans r e l a t i o n s h i p  between t h e  two s u b s t i t u e n t s .  

OMe 

Comparative h i g h  f requency NOE exper iments c a r r i e d  o u t  w i t h  a u t h e n t i c  ( i)-mesembranone (2) showed 

t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  ( a )  a  b e a u t i f u l  example o f  NOE between H,,, namely t h e  one a t  t h e  

r i n g  j u n c t i o n ,  and t h e  Hz, -a romat i c  hydrogen. The r o t a t i o n  around t h e  C,,-aryl bond i s  such t h a t  

b o t h  atoms a r e  q u i t e  c l o s e  t o g e t h e r  and t h u s  t h e  NOE e f f e c t  i s  s t r o n g  where t h e  a romat i c  s i g n a l  i s  

i r r a d i a t e d .  The cho ice  o f  t h e  a romat i c  hydrogen a f f e c t e d  i s  n o t  a c c i d e n t a l  s i n c e  t h i s  p r o t o n  i s  

e a s i l y  i s o l a t e d  f rom t h e  a romat i c  m u l t i p l e t .  Moreover, examinat ion of t h e  co r respond ing  mo lecu la r  

models c l e a r l y  conf i rms i t s  c l o s e  p r o x i m i t y  t o  t h e  H,,-atom; ( b )  as expected,  t h e  r e o r i e n t a t i o n  

t i m e  ( T ~ )  depends on t h e  temperature.  A t  2'37-K t h e  spectrum shows only one NOE e f f e c t ,  b u t  a t  

308°K t h e  increased conformat ional  m o b i l i t y  o f  t h e  r i n g  system a l l o w s  f o r  some o t h e r  (weak) NOE 

e f f e c t s  t o  show. S e l e c t i v e  homonuclear decoup l ing  exper iments were a l s o  c a r r i e d  o u t  i n  o r d e r  t o  

e x a c t l y  l o c a l i z e  H-atom o f  t h e  mo lecu le  (Tab le  I ) .  
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Assignment 

TABLE I. 500 MHz 'H-NMR Spectrum o f  (t)-Mesembranone (2) 

Chemical S h i f t  a 

(6) P P ~  M u l t i p l i c i t y  
b Coupl ing Constants  ( J ) ,  Hz 

3.18 ddd JzB,  23' 8.5; Jz,,,,= 9.8; Jzg,3a' 2.8 

2.36 q 5.9.2 

2.11 ddd J B=12.9; J ,,,, ,=9.3 Hz 

2.16 ddd J,,,,~=12.9; Jzo ,3u=9 .2 ;  J 2 ~ , e u = 2 . 8  

2.27 ddd J r g , n 4 . 8 ;  JQB,,e'5.4; J4, ,+~=9.8 

2.18 rn obscured 

2.44 ddd Jm,13=9;  Jra, i6=14.1 

2.20 ddd Jm ,==4.3 

( a )  A l l  va lues  r e f e r  t o  i n t e r n a l  t e t r a m e t h y l s i l a n e  (TMS). B ruker  WM-500 Spectrometer  

( b )  s= s i n g l e t ;  d= doub le t ;  t =  t r i p l e t ;  q=  q u a r t e t ;  m= m u l t i p l e t  

On t h e  o t h e r  hand, s i m i l a r  h i g h  f requency  NOE exper imen ts  c o r r o b o r a t e d  s t r u c t u r e  4, N-methyl-5- 

(3',4'-dimethoxypheny1)-2-arabicyclo [3.3. l ]nonan-8-one, f o r  t h e  b a s i c  byproduc t ,  s i n c e :  

( a )  t h e r e  i s  NOE e f f e c t  between t h e  H z 1 - a r o m a t i c  hydrogen and t h a t  a t  t h e  r i n g  j u n c t i o n  (HI); 

( b )  t h e r e  i s  a s t r o n g  NOE between H, and b o t h  H, (w t o  t h e  N-methyl g r o u p i n g )  and H9' ( i e . ,  t h e  

anti o n e ) .  A l though  HI shows weak NOE i n t e r a c t i o n s  w i t h  o t h e r  H-atoms fi t o  i t  ( i e . ,  a t  Cb and 

C,), m o l e c u l a r  models show t h a t  o n l y  i n  s t r u c t u r e  4 t h e  d i s t a n c e  between HI and H9,  H 9 #  i s  indeed 

t h e  s h o r t e s t  compared t o  a l l  o t h e r  *-hydrogens. As be fo re ,  s e l e c t i v e  d e c o u p l i n g  exper iments a l -  

lowed ass ignment  o f  a l l  H-atoms i n  t h e  mo lecu le  ( T a b l e  1 1 ) .  Moreover, t h e  b i c y c l o  s t r u c t u r e  4 
a l l o w s  f o r  l o n g  range W-type5 c o u p l i n g s  between c e r t a i n  p r o t o n s  t o  show, such as H9  (z) and H, 

o r  H,, be) and H,, ( see  Tab le  1 1 ) .  



TABLE 11. 500 MHz 'H-NMR Spectrum o f  4 

Assignment 

H ~ E .  

H m  

H 4 6  

H w  

H6B 

H6a 

H,' 
( a n t i )  

3  ' -0Me 

4'-OMe 

N-Me 

Hz '  

H s '  

H,' 

Chemical s h i f t a  

( 6 )  P P ~  M u l t i p l i c i t y  
b  

Coup l ing  Constants  (J),Hz 

2.78 d t J,8,ra=12.6; J36,r6=4.6;  J 3 ~ , 2 ~ = 1 2 . 6  

1.99 m Jsa,66=10.'3; J S ~ , , ~  ~ 1 0 . 6 ;  J60,,e=2.7 

2.28 m obscured 

3.87 s  

3.89 s  

2.35 s  

6.88 d J,', ,1=2.0 

6.83 d JS',  6 1 = 9 . 1  

( a )  A l l  va lues  r e f e r  t o  i n t e r n a l  t e t r a m e t h y l s i l a n e  (TMS). B ruker  WM-500 Spectrometer 

( b )  s= s i n g l e t ;  d= d o u b l e t ;  t =  t r i p l e t ;  m= m u l t i p l e t .  
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BY t h e  same token ,  i t s  25 .1  MHz UC-nmr spectrum f u l l y  suppor ts  t h e  proposed b i c y c l i c  s t r u c t u r e  

4 ( T a b l e  111). Thus, t h e  s i g n a l  a t  208.3 ppm i s  r e a d i l y  ass igned  t o  a 6-membered r i n g  carbonyl  ,' - 

whereas t h e  two s i g n a l s  a t  147.2 and 148.5 ppm correspond t o  t h e  i p s o  ( i e . ,  t h e  m e t h o x y l - s u b s t i -  

t u t e d )  a romat i c  carbon atoms. S i m i l a r l y ,  t h e  s i g n a l  a t  141.9 ppm i s  a t t r i b u t a b l e  t o  t h e  C,'- 

a romat i c  atom, w h i l e  t h e  C1 atom appears as a d o u b l e t  a t  65.8 ppm due t o  t h e  i n f l u e n c e  o f  t h e  

n e i g h b o r i n g  n i t r o g e n  atom and c a r b o n y l  g roup ing .  The two p r o t o n a t e d  C-atoms a t  108.4 and 110.9 

a r e  e a s i l y  ass igned  t o  those  benzenoid ca rbon  atoms ortho t o  t h e  methoxy ls ,  which i n  t u r n  show a t  

55.7 and 55.8 ppm. The N-methyl s u b s t i t u e n t  i s  seen as a q u a r t e t  i n  42.9 pprn. The o t h e r  r i n g  

f u s i o n  atom (C5 ,  t e t r a s u b s t i t u t e d )  appears c l e a r l y  a t  33.6 pprn. F i n a l l y ,  t h e  r e m a i n i n g  5 methy l -  

enes a r e  r e a d i l y  ass igned  by compar ison w i t h  t h e  wel l -known6 N-methyl p i p e r i d i n e  and cyc lohexanone 

systems. 

TABLE 111. Comparat ive 'C NMR Spec t ra  of ( i)-Mesembranone7 (2) and $ a  

Chemical S h i f t  / M u l t i p l i c i t y  b  Assignment 

(6) ppm 

( a )  A l l  va lues  r e f e r  t o  i n t e r n a l  t e t r a m e t h y l s i l a n e  (TMS) 
( b )  s= s i n g l e t ;  d= d o u b l e t ;  t =  t r i p l e t ;  q= q u a r t e t  



Furthermore,  t h e  mass spec t rum o f  4 ( T a b l e  IV )  suppor ts  f u l l y  t h e  proposed b i c y c l i c  s t r u c t u r e .  The 

main fea tu res  of t h e  f ragmenta t ion  p a t t e r n  shown i n  Scheme 11, a r e  : ( a )  t h e  absence o f  t h e  

s i g n i f i c a n t  M+-1 peak which i s  c h a r a c t e r i s t i c  o f  t h e  mesembrane a l k a l o i d s ; '  ( b )  t h e  c o n s e c u t i v e  

l o s s  of carbon monoxide ( t o  g i v e  A, C16H2,N0,) and e t h y l e n e  from t h e  c a r b o n y l - c o n t a i n i n g  r i n g  o f  4 
t o  genera te  im in ium r a d i c a l  (CLbH,,N0>), a 6-membered n i t r o g e n a t e d  system b e a r i n g  t h e  3,4-dime- 

thoxyphenyl  s u b s t i t u e n t  a t  t h e  4 - p o s i t i o n .  F u r t h e r  f r a g m e n t a t i o n  i n  a  r e t r o  D i e l s - A l d e r  f a s h i o n  

g i v e s  azadiene i o n  ( C b H , N ) .  Moreover, l o s e s  hydrogen atom t o  y i e l d  t h e  base peak C (C,,H,,NO,). 

Other  fragments a r e  i n d i c a t e d  i n  Tab le  I V .  

TABLE I V .  Mass Spectrum o f  4. 
m/z R e l a t i v e  I n t e n s i t y ,  I Exact  Mass 

289 17.7 289.1676 

261 30.4 261.1727 

233 32.9 233.1415 

232 100.0 232.1336 

202 5.7 

109 9.5 

85 45.6 

83 41.8 

7  1 43.0 

70 24.0 

69 50.0 

57 74.8 

56 25.3 

55 50.6 

51 11.4 

- 

From t h e  m e c h a n i s t i c  p o i n t  o f  v iew,  t h e  t r a n s f o r m a t i o n  d e p i c t e d  i n  Scheme I i s  e x c e e d i n g l y  i n t e r e s t -  

i n g .  I n  Scheme 111 we p r e s e n t  a  p o s s i b l e  r e a c t i o n  mechanism t h a t  i n c o r p o r a t e s  a l l  of t h e  observa-  

t i o n s  recorded  t h u s  f a r .  From an a n a l y s i s  o f  t h e  p o l a r o g r a p h i c s  and e l e c t r o c h e m i c a 1 ' ~ e a k  po ten-  

t i a l s  (Ep) o f  t h e  two r e a c t i v e  f u n c t i o n a l  groups p r e s e n t  i n  L, v i z . ,  a  cyc lohexenone and a  d i a l k y l  

sulfonamide grouping,"  one can s a f e l y  asSume an i n i t i a l  chemose lec t i ve  r e d u c t i o n  o f  t h e  enone 

system t o  genera te  r a d i c a l  an ion  !,I2 which i s  r a p i d l y  t rapped ,  i n t r a r n o l e c u l a r l y ,  by t h e  ne ighbor -  

i n g  sulfonamide m o i e t y .  The r e s u l t i n g  6-membered c y c l i c  i n t e r m e d i a t e  ! i s  f u r t h e r  reduced t o  d i -  

an ion  C, which i n  t u r n  can f ragment  i n  two d i f f e r e n t  ways. 



HETEROCYCLES, Vol 23,  No 3, 1985 

Scheme 11 

On t h e  one hand, we p o s t u l a t e  an i r r e v e r s i b l e  e n o l a t e - a s s i s t e d  decompos i t i on  l e a d i n g  t o  t h e  regene- 

r a t i o n  o f  t h e  a ,o -unsa tu ra ted  ca rbony l  system and d i a l k y l  amide i o n  ( i n t e r m e d i a t e  E ) ,  w i t h  s imul-  

taneous e x p u l s i o n  o f  sodium b e n r e n e s u l f i n a t e  (Route a) .  I n t e r m e d i a t e  then  su f fe rs  a  f a s t  i n t r a -  

m o l e c u l a r  M i c h a e l - t y p e  a d d i t i o n  t h a t  r e s u l t s  i n  t h e  e l a b o r a t i o n  o f  t h e  f u l l y  f u n c t i o n a l i z e d  c- 
mesembrane s k e l e t o n .  On t h e  o t h e r  hand, i n t e r m e d i a t e  C can a l s o  undergo a  r e v e r s i b l e  n i t r o g e n -  o r  

s u l f o a n i o n - a s s i s t e d  r i n g  opening t o  d i a n i o n  E, which  can t h u s  be p r o t o n a t e d  and f u r t h e r  reduced t o  

F .  A l though  t h e  e x a c t  n a t u r e  of t h e  reduced e n t i t y  cannot  be f u l l y  a s c e r t a i n e d  a t  t h i s  t i m e ,  i t  - 

should,  n e v e r t h e l e s s ,  p r e s e n t  good l e a v i n g  group p r o p e r t i e s ,  s i n c e  n u c l e o p h i l i c  a t t a c k  by t h e  eno- 

l a t e  i o n  l e a d s  t o  f o r m a t i o n  o f  t h e  b i c y c l i c  ana log  4 (Route b) .  Moreover, an i n t a c t  benzenesulfo- 

n y l  g roup ing  i s  n o t  t h e  a c t u a l  l e a v i n g  spec ies  as demonstrated by t h e  f a c t  t h a t  d i h y d r o  compound 5 

f a i l s  t o  g i v e  any b i c y c l i c  d e r i v a t i v e s  under  a l l  p o s s i b l e  e n o l a t e  f o r m a t i o n  c o n d i t i o n s  attempted. 

Meo&"ph base Meo& M e  

--3C---, 

M e 0  so lvent  
Me0 

5 - 3. 

F i n a l l y ,  t h e  s o l v e n t  e f f e c t s  encountered d u r i n g  t h e  i n i t i a l  exper imen ts  ( v i d e  supra )  a r e  now r e a d i l y  



Scheme I11 

Mesembranone I?) 
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e x p l a i n e d  i n  terms of i n t e r m e d i a t e  C (Scheme 111) .  Namely, t h e  use o f  a  good m e t a l  i o n  c h e l a t i n g  

s o l v e n t  such as 1,2-dimethoxyethane IDME) w i l l  a c c e l e r a t e  p a t h  a ( i . e . ,  k,,>k,) by enhancement of 

t h e  e l e c t r o n  r e l e a s i n g  power o f  t h e  ' non  a s s o c i a t e d "  e n o l a t e .  Conversely ,  t h e  use o f  t h e  THF w i l l  

r e s u l t  i n  a  more compet ing s i t u a t i o n  ( k 3 > k 2 )  where bo th  f r a g m e n t a t i o n  pathways a r e  c o - o c c u r r i n g .  

We a r e  p r e s e n t l y  w o r k i n g  on t h e  a p p l i c a t i o n  o f  t h i s  methodology f o r  t h e  c o n s t r u c t i o n  o f  complex 

cis-mesembrane systems such as those  encountered i n  t h e  f u s e d - p y r i d i n e  S c e l e t i u m  a l k a l o i d s  t o r t u o -  

samine and a l k a l o i d  A,.' Our complete r e s u l t s  w i l l  be r e p o r t e d  i n  due course .  
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