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[4+2] CYCI.OADDUCIS OF 5-BENZYLOXY-2-PYRIDONE WITH ELECTRON D E F I C I E N T  

1 DICNOPWILES.  RECIO- AND STEREOCHEMISTRY . 

* 
C l a u s  H e r d e i s  a n d  Claudia H a r t k e  

I n s t i t u t  f u r  P h a r r n a i i e  u n d  L e b e n s m l t t e l c h e m ~ e  d e r  U n ~ v e r s l t a t  W i j r r b u r g ,  

0 - 8 7 0 0  W u r r b u r q ,  A m  H u b l a n d  

A h s t r a c t  - The e l e c t r o n - r l r h  2 - p y r i d o n e  5 1s c o n v e r t e d  i n t o  t h e  2 - e r n -  

b l c y c l a [ 2 . 2 . 2 ] o c t a r ? c  d a r i v a i i v c s  812 u i a [ 4 + ~ J c y c l o a d d l t i a n .  2 i s  

t r a n s f o r m e d  t o  v l n y l  s u l f o n e  6,  a n  i n t e r r n e d l a t e  i n  a p a t e n t l a 1  r o u t e  t o  

l h a g v m l n e  1. T h e  r e g l a -  and  s t e r e o c h e r n l s t r y  o f  t h e  c y c l o a d d ~ t ~ o n  r e a c t l a n  

1 8  r e p o r t e d .  

R e c e n t l y  we r e p o r t e d  a synthetic a p p r o a c h  t o  t h e  2 - a r a b i r y c l a [ 2 . ~ . ~ o c L a n - 6 - o n e  

s k e l a t o n 2  2, an ~ n t e r r n e d i s t e  i n  t h e  s y n t h e s ~ s  o f  d e s e t h y l i b o g a m l n e  Z. 

Bzl 
L - 5 - 



Table 1 Cyc loedd l t lon  o f  4 w i t h  d i f f e r e n t  d lenaphi les 

D l e n o p h i l e  Product (R=CH.Ph) 
2 

H - H6 
1 

Yield(!;) 

(coup l ing  const.(Hr)) 
n 

* 
separated by f l a s h  chromatography 

aheated i n  to luene i n  a sealed tube(150°C) 
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A  v a r i e t y  o f  e l e g a n t  s t r a t e g i e s  w e r e  s u c c e s s f u l l y  d e v e l o p e d  i n  t h e  l a s t  y e a r s  f o r  

t h e  s y n t h e s i s  o f  l b a g a m l n e  s k e l e t o n  w l t h  1 , 2 - d i h y d r o p y r l d i n e s .  A l l  o f  t h e m  u s e  

3 t h e  D i e l s - A l d e r  a p p r o a c h  . I n  v i e w  o f  p h a r r n a c a l o g ~ c v l  t e s t s  o f  c o m p o u n d s  w ~ t h  t h e  

" i b o g a  s t r u c t u r e "  we n e e d  i n t e r m e d i a t e s  w l t h  h i g h  synthetic f l e n ~ b l l i t y .  

W i t h  c o m p o u n d  we c a n  i n t r o d u c e  v a r i o u s  s u b s t i t u e n t s  v i a  t h e  a - s u l f o n y l c a r b a n ~ a n .  

F u t h e r m o r e  t h e  v ~ n y l  s u l f o n e 4  i n t e r m e d i a t e  - 6  s e r v e s  a s  a s u b s t r a t e  f o r  1 , 4 - c o n ~ u g a t e  

a d d l t l a n  o f  n u c l e o p h i l e s  a n d  m e t a l l o r g a n l c  r e a g e n t s .  

H e r e  we w a n t  t o  show t h e  r e g l o -  a n d  s t e r e o c h e m ~ s t r y  o f  t h e  c y c l a a d d i t l a n  r r a c t l o n  

o f  w l t h  e l e c t r o n - d e f l c l e n t  a l e f l n s  a n d  same c h e m i c a l  t r a n s f o r m a t i o n s  o f  t h e  

p r o d u c t s .  I n  c o n t r a r y  t o  2 - p y r l d a n e  a n d  a l k y l  s u b s t i t u e d  d e r i v a t l v e s 5  5 - b e n z y l -  

2 a x y - 2 - p y r l d a n e  r e a c t s  a s  an electron-rich d ~ e n e  i n  t h e  D i s l s - A l d e r  r e a c t i o n  . 
T h i s  r e s u l t s  i n  h l g h  y l e l d s  o f  c y c l o a d d i t ~ a n  p r o d u c t s .  E v e n  ~n t h e  c a s e  o f  s t e r l -  

c a l l ?  d e r n a n d l n g  d l e n o p h l l e s  one  r e g i o l s o m e r  i s  t h e  m a l n  c y c l o a d d l t l o n  p r o d u c t .  

The b e n z y l  e n o l  e t h e r  f u n c t i o n  i n  t h e  p r o d u c t s  c a n  s m o o t h l y  t r a n s f o r m e d  t o  d l r n e t h y l  

k e t a l s  l i k e  e . g .  17. T h ~ s  k e t a l  s e r v e s  f o r  C - C  b o n d  connection w l t h  t h e  l n d o l e  

3 
m o i e t y  i n  a l a t e r  s t a g e  o f  t h e  i b o g a m i n e  synthesis . The s t e r e o c h e m ~ s t r y  o f  t h e  

c y c l o a d d i t i o n  p r o d u c t s  c a n  u n a r n b l g o u s l y  d e d u c e d  f r o m  t h e  Z O O  MHz ' ~ - n r n r  s p e c t r a .  

C h a r a c t e r i s t i c l y  t h e  c o u p l i n g  c o n s t a n t  o f  t h e  b r i d g e h e a d  h y d r o g e n  HI t o  H i s  
6 , s y n  

7 
l n  t h e  r a n g e  2 .6  t o  4 . 2  H z ,  HI t o  H 6 ,  a,,ti 1 . 0  t n  1 . 9  H z  . ( T a b l e  1 )  

T r e a t m e n t  o f  8 ,  f i r s t  w i t h  d i l .  s o d i u m  hydroxide s a l u t l o n ,  t h e n  acidification, 

8 f u r n i s h e s  t h e  t r i c y c l i c  l a c t o n e  9 i n  q u a n t l t a t l v e  y ~ e l d  . 



T h e  e s t e r i f i c a t i n n  o f  13 w l t h  t h l a n y l  c h l o r l d e  i n  MeOH ( - 1 0  O C )  p r o d u c e s  t h e  c i s  

c o n f i g u r e l e d  k e t o n e  H. W h e r e a s  t r e a t m e n t  o f  2 w l t h  d i a z n m e t h a n r  a r id  t r a c e s  o f  

b a s e  g i v e s  t h e  t r a n s  p r o d u c t  1 5 5 C .  l h l s  p r o d u c t  i s  i d e n t i c a l  w l t h  t h e  hydrolysis 

p r o d u c t  o f  - 9 6 .  W l t h  distilled e t h e r e a l  d ~ u r o m e t h a n c  s o l u t i o n  9 1 s  m e t h y l a t e d  

q u v n t l t a t i v e l y  t o  3. 

Hydrolysis o f  t h e  b e n r y l  e n 0 1  e t h e r  r n o j e t y  i n  t h e  c y c l a a d d i t i o n  p r o d u c t s  w l t h  a c e t l c  

a c l d  a n d  2 N  h y d i o r h l o r ~ c  a c l d  f u r n l s h c s  t h e  k e t o n e s  w i t h  r e t e n t l a m  o f  s t e r e a c h e m l -  

s t r y .  r h l s  k e t o n e s  c a n  b e  t r a n s f o r m e d  t o  t h e  k e t a l s  w i t h  t a s i c  a c l d  a n d  t r l r n e t h y l  

o r l h o f o r m a t e  i n  n e a r l y  quantitative y i e l d  e . g .  +=. T h e  k e t a l  o f  a i s  q u a n t i -  

t a v e l y  t r a n s f o r m e d  w l t h  NaOCH, i n  m e t h a n o l  t o  t h e  t h e r r n o d y n a m ~ c  m a r e  s t a b l e  k e t a l  

o f  2. On t h e  o t h e r  h a n d  we w o r e  v e r y  p l e a s e d  t o  f i n d  t h a t  t r e a t m e n t  o f  11 w i t h  

KOH/THF f u r n i s h e s  4, t h e  k e y  i n t e r m e d i a t e  i n  o u r  r e t r a  s y n t h e t i c  p l a n .  

- 

B a  OMe 

b ott 

C CH-SOZPh 

CHJ 

Compound - 6 a d d s  a v a r i e t y  o f  h a r d  and  s o f t  n u c l e o p h ~ l e s  d i a s t e i e o s p e c i f i c  t o  18. 

We assume t h a t  s y r l  a t t a c k  o f  L h e  n u c l e o p h l l e s  is t h e  p r e f e r r e d  w a y  over a n t , ,  

since t h e r e  i s  a l a r g e  l , J  d l a x l a l  i n t e r a c t ~ o n  b e t w e e n  o n e  o f  t h e  m e t h o x y  s u b s t 1  

t u e n t s  a n d  t h e  e n t e r l n g  n u c l e o p h i l c .  R e d u c t i v e  d e s u l f o n y l a t l u n  o f  & a n d  t r a n s -  

f o r r n v t l o n  t o  & a n d  1 a r e  c u r r e n t l y  u n d e r w a y .  



EXPERIMENTAL 

I 
I n f r a r e d  s p e c t r a  were determined w i t h  a Perkln-Elmer  Model 480. ti-Nmr s p e c t r a  were run o r  a WP 200 

Bruker model. F l a s h  chromatography was done w ~ t h  s i l l c a  g e l  Merck 60 (230-400 mesh). T h i n - l a y e r  

chromatography was perFormed on Merck s l l i c a g e l  60 GF254 ILC p l a t e s  o f  thickness 0.25 mm. Compound 

v ~ s u a l ~ s a t i a n  was e f f e c t e d  with I o d i n e  vapor .  E lementa l  analyses were performed by t h e  M ic ro -  

analytical Labora to ry  aL t h e  Chemistry Department o f  Lhe U n ~ v e r s i t y  o f  Wurrhurg. 

( + ) - ( 5 , 6 - a n t i ) - 2 - ~ e n r y 1 - 7 - b e n z y l a x y - 2 - ~ t 7 - - - - 5 , 6 - d i b i  A c i d  Anhydride (5) 

To a s a l u t l o n  o f  $ ( 5  mmol, 1.45 g )  i n  t o l u e n e  (50  m l )  ma le ic  a n h y d r ~ d e  ( 1 5  rnmai, 1.47 g )  was added. 

The m i x t u r e  was r c f l u x e d  f a r  6 h. A f t e r  coollng t o  roam temperature e t h e r  (20  m l )  was added w i t h  

s t l r r i n g  and t h e  c l e a r  hrowr i lsh s o l u t l o n  was k e p t  a t  -20 OC. The c rude  c y c l o a d d i t i a n  product  was 

i s o l a t e d  by suction and washed w i t h  c o l d  e t h e r .  C r y s t a l l i s a i i o n  f r o m  t o l u e n e  gave 8 as c o l o u r l e s s  

c r y s t a l s  (1.759, 90%), mp 194 OC. I r ( K B r ) :  1870, 1780, 1685, 1642 ' l i -~ rn r  (CDCI,): (ppm) 

3.46 ( lH ,  dd, 3 ~ 8 . 6 ,  4.2 Hz, H-51; 3.55 i l H ,  dd, 3=8.6, 3.2 Hz, H-6); 3.89 ( I H ,  dd, 3 ~ 6 . 7 ,  3 .2  Hz, 

H-4) ;  4.43 (111, dd, 5 ~ 4 . 2 ,  2.7 Hz, H-1) ;  4.42 ( IH ,  d, 5 ~ 1 4 . 7  l iz, N-CH21; 4.55 ( l H ,  d, J=14.7 112, 

N-CH ) ;  4.66 (ZH, s ,  OCH ) ;  5.07 ( l H ,  dd, 3 ~ 6 . 7 .  2.7 Hz, H-8); 7.14-7.16 ( I o n ,  rn, H I. Anal .  2 2 arom. 

Calcd  f o r  C23H19N05 (389.4) :  C,70.94; H, 4.92; N, 3.60. Found: C, 70.91; H, 5.10; N, 3.76. 

(+)-(5-unti,6-syn)-~imeth~l-2-benryl-7-benryloxy-2-azabi~y~1~.2.~ct-7-en-~-one-5,6-dicarboxylate(~) 

(+)-(5-syn,6-anti)-~imethyl-2-benzyl-7-benryloxy-2-azabicycl~.2.~c~-7-en-3-one-5,6-dicarboxylate(9b) 

A s a l u t l o n  o f  $ ( 5  mmol, 1.45 g j  and d i m e t h y l  fumaraLe ( 8  mmol, 1.03 g )  I n  t o l u e n e  (50 ml) was re- 

f l u x e d  f o r  6 days. The s o l v e n t  was evaporated.  F l a s h  chromatography gave an elution w l t h  ch loroform 

e t h y l  a c e t a t e  ( 9 r l )  2 (1 .2  g, 58%) and (0.096 g ,  4.6%) as calnurless s o l z d s  ,upon t i t r a t l a n  w l t h  

e t h e r  a t  -20 OC. z; mp 77 O C .  I r  ( K B r ) :  171r5, 1730, 1675, 1648 ' ~ - ~ r n r  (CDC13): (ppm) 3.32 

( I l l ,  dd, Jz4.6, 2.8 Hz, H-6) ;  3.53 ( l H ,  dd, 3=4.6, 3.5 Hz, H-5 ) ;  3.60 (3H, 5 ,  UCH3); 3.72 ( l H ,  dd, 

J=7.1, 2.8 Hz, l i - 4 ) ;  3.75 (311, s ,  OCH ) ;  6.28 ( l H ,  t ,  J=3.5 Hz, H, H - I ) ;  4.4fi ( IH ,  d, J=15 Hz, NC1i2); 
3 

4.59 1H, d, J r l 5  Hz, NCH ) ;  4.61 ( I H ,  d, J = l l H r ,  0CH2); 4.66 ( l H ,  d, J = l l  Hz, 0CH2); 5.14 ( I H ,  dd, 
2 

Jz7.1, 2.8 Hz, H-8) ;  7.15-7.34 (ION, m, Haro,n,). Anal .  Ca lcd  f o r  CZ5HZ5NO6 (435.5) :  C ,  68.95; Ii, 5.79; 

1 
N, 3.22. Found: C, 68.86; H 5.67; N, 3.16. E,  mp. 157 'C. I r ( K B r ) :  1740, 1725, 1670, 1640 cm- . 

' H - N ~ I ~  (CDCl3I: (pprnj 3.38 ( l H ,  dd, 5 ~ 5 . 0 ,  1 .9 Hz, H-5) ;  3.51 ( I H ,  dd, Jz5.0, 2.4 H i ,  11-6); 3.59 (3H, 

s ,  0CH7); 3.71 (311, s ,  OCH j ;  3.79 ( IH ,  dd, 3 ~ 6 . 6 ,  2.4 Hz, H-6) ;  4.07 ( I H ,  d, J ~ l 6 . 8  Hz, NCH ) ;  b.41 
3 2 

( l H ,  t, 3 ~ 1 . 9  Hz, H - I ) ;  4.61 (2H, s ,  UCli3); 4.87 ( I !+ ,  d, J = l 4 . 8  Hz, NCH ) ;  4.92 ( I H ,  dd, J= 6.6, 2.5 2 

Hz, H-8); 7.11-7.36 (IOH, m, H z r o m ,  j .  



4 ( 1 0  mmol, 3.0 g )  a n d  €-1,2-b~s(phenylsulfonyl)ethene ( 1 2  mmal, 3.6 g )  were r e f l u x e d  i n  t o l ~ ~ c n e  - 
i 8 0  m l )  For 8 days .  The s o l v e n t  was e v a p o r a t e d  t o  g i v e  a crystalline r e s i d u e .  F l a s h  ch romv tag raphy  

(CHC13/Et0Ac 9 t l l  (see 9)  gave  10b ( 5 . 4  g ,  90%) and % (0.5 g ,  8 . 3 % ) .  B, mp 199 "C. Ir(K0r): 1690,  

1650, 1450 ern-'. l ~ - ~ r n r  (CDC1 ) .  (ppm) 3.42 ( l H ,  dd, 3 ~ 7 . 3 ,  2 . 4  Hz, H-4);  3.84 ( l H ,  dd, 5 ~ 5 . 1 ,  2.4 
3 '  

Hz, H-5);  3 . 91  ( l H ,  dd, 515.1 ,  3 . 1  Hz, H-6);  4 . 05  ( I H ,  t ,  J z 2 . 1  Hz, H -1 ) ;  4 . 09  ( I H ,  d, 3 ~ 1 4 . 7  Hz, 

NCH2); 4 .70  l H ,  d, 3=11.0 Hz, OCH2); 4.80 ( I H ,  d ,  3 ~ 1 1 . 0  Hz,  OCH2); 4.83 ( l H ,  d ,  J z l 4 . 7  Hz, NCH2); 

5.09 ( l H ,  dd, J=7.3, 2 . 7  Hz, H-8);  7.21-8.05 (20H, m, H ) .  A n a l .  C a l c d  f a r  C33H29N06S2 (599 .7 ) :  a r m .  

C, 66.09; H, 4.87; N, 2 .33.  Found: C, 65.81; H, 4 .96;  N, 2.31. B, rnp 178 OC. I r ( K B r ) :  1700, 1655, 

1 1  1453 c m  . H-Nmr (CDCl ) .  (ppm) 3.63 ( I H ,  dd, .1:6.6, 2.3 Hz, H -4 ) ;  4.13 (1H, dd, 5 ~ 5 . 1 ,  1 . 8  i l z ,  3 '  

H-6 ) ;  4.26 (1H, dd, J=5 .1 ,  2.3 Hz, H -5 ) ;  4.14 (? ! I ,  d, 5 -15.1  Hz, NCH ) ;  4.52 (111, d, J z l l . 4  Hz, 2 

(0CH21; 4.68 ( l H ,  d, J z 1 1 . 4  Hz, OCH ) 4 .73  (1H, t ,  5 ~ 2 . 0  Hz, H-1);  5.08 (1H, dd, Jz6.6 ,  2 . 6  Hz ,  2 

H-8) ) ;  5 . 30  ( l H ,  d, J r 1 5 . 1  t l z ,  NCH ) ;  7 . 0 5  7.95 (20H, rn, H ) .  Ana l .  C a l c d  f o r  C H N 5 ( 5 9 9 . 7 ) :  2 arom 33 29 6 2 

C, 66.09; H, 4.87; N, 2.33. Found: C, 65.85; H, 4.91; N, 2.52 

(+i-(5-anti,6-anti)-Z-Benryl-7-henzyloxy-5,6-phenylsulfonyl-2-urabicY~1o[2.2.~ act -7-en-3-one (11) 

4 ( 3  mmal, 0.87 g )  and Z -1 ,2 -h i s  ( p h e n y l s u l f a n y l ) e t h e r , e  ( 3 . 5  rnrnal, 1 .08  g )  were r e f l u x e d  i n  t o l u e n e  - 

( 2 0  m i )  f a r  13  days .  The s o l v e n t  was e v a p o r a t e d  and t h e  r e s i d u e  f l a s h  ch roma tog raphed  ( s e e  9 ) .  1 g 

(55.60;) of  E, 120 mg (6.7%) o f  ij and 340 rng o f  E-1,2-blsiphenylsuliany1)ethcne was i s o l a t e d .  2, 

rnp 266 'C. I r ( K B r ) :  1695, 1650, 1425 I H - N ~ ~  (COC1 ) .  (pprn) 3.67 ( l H ,  dd, Jz9 .5 ,  2 . 6 ,  Hz, H -6 ) ;  3 '  

3.68 ( l H ,  d, .1=14.2 Hz, NCH 1 ;  3 .74  ( I H ,  dd, J=6.9 ,  1 .6  Hz,  H-4) ;  3 .99 ( l H ,  dd, 3.9.5, 1 . 6  Hz, 11-5); 
2 

4 .09  ( l H ,  t ,  5 ~ 2 . 5  Hz, H -1 ) ;  4.74 (1H, d, k 1 4 . 2  Hz, NCH ) ;  4.83 ( l H ,  d, J=10.8 Hz, 0CH2); 5 .03 (1H, 
2 

d ,  J=10.8 Hz, OCH 1; 5 .36  i l H ,  dd, 5 ~ 6 . 9 ,  2 .5  Hz, H-8) ;  6.85-8.03 (2014, m, Harem.). 
2 

~ + ) - ( 5 - a n t i ) - ~ t h y 1 - 2 - b e n r y 1 - 7 - b e n ~ ~ 1 0 ~ y - 3 - - 2 - b 1 [ 2 . 2 . 2 t - 7 - 5 - y 1 t  ( E l  

(+~-(6-anti)-Ethyl-2-benzyl-7-ben~ylo~y-3-oxo-Z-zbic~clo[2.2.2]oct-7-en-6-carbb~ylate 

A solution o f  4 ( 3  mrnol, 0 . 87  g )  ~n f r e s h l y  d ~ s t l l l e d  e t h y l  a c r y l a t e  ( 1 0  m l )  and L o l u e r ~ e  ( 1 0  m l )  

was heated in a sealed tube ( 1 5 0  OC) for  48  h. The s o l v e n t  was evaporated a n d  tP8e remaining "11 was 

f l a s h  ch roma tog raphed  ( see  9 )  t o  g i v e  3 ( 850  mg, 73%) and ( 4 2  mg, 3,60:). e, rnp 83 OC. I i  

1 1  (KBr ) .  1725, 1655, 1600 c m  . H-Nmr (CDCI ) .  (pprn) 1.23 (3H, t ,  5 ~ 7 . 1  H z ) ;  1 .97-2 .04 (2H, m, H- 
3 '  

6 ) ;  2 . 00  ( l H ,  ddd, Jk8.9, 5.3,  2 . 4  Hz, H-5) ;  3 .79  ( l H ,  dd, 3 ~ 6 . 7 ,  2 .4  Hz, H -4 ) ;  3.96 (1H, dd, Jz5.2 ,  

2.6, H -1 ) ;  4.11 (ZH, q, 317 .1  H z ) ;  4.49 (ZH, s, NCH ) ;  h . 6 5  (ZH, s, 0CH2); b.93 ( l H ,  dd, 3 ~ 6 . 7 ,  2 . 6  
2 

Hz, H-8);  7.18-7.37 (10H. m. H ) .  Ana l .  C a l c d  fa r :  C2nH25N04 (391 .5 ) :  C, 73.64; H, 6.44; N, 
arom. 

1 
3.58. Found: C, 73.42; H, 6.60; N, 3.60. E, c o l a u r l e s s  o i l .  H-Nmr (CDC13!: (ppm) 1.14 (3H, L ,  J= 

7.2 Hz ) ;  2.07 (2H, dd, J=7.0, 2.7 Hz, H-5) ;  2.90 ( l H ,  d t  , Jz7.0 ,  3.5 Hz, H-6) ;  3.41 ( I H ,  d t  , 
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5 ~ 6 . 9 ,  2.7 Hz, H-4) ;  4.04 (ZH, q, 377.2 l i z ) ;  4.27 ( l H ,  dd, Jz3.4, 2.7 Hz, H - I ) ;  4.44 ( I H ,  d, .I= 

15.0 HZ, NCtl ) ;  4.57 ( l H ,  d, J:15.0 Hz, NCH ) ;  4.61 ( l H ,  d, Jz9.7 Hz, 0CH2); 4.66 ( l l i ,  d, 5 ~ 9 . 7  
2  2  

112, OCH ) ;  5.11 ( l H ,  dd, 5 ~ 6 . 9 ,  2.7 Hz, t i -0); 7.17-7.19 (IOH, m, H erom. !. 
2 

(+)-(5-anti,6-ant~)-~imethyl-2-henzyl-3,7-diaxo-~-azabicyclo[2.~.2]octan-5,6-carboxylate - (3) 

To a coa led  ( -10  "C) suspension o f  ( 5  mcnol, 2  g j  i n  MeOH (30 m l )  was added drapwise w i t h  s t i r r l n g  

L h l a n y i  c h l o r i d e  ( 3  m l ! .  A f t e r  20 mln t h e  s o l u t l a n  was warmed t o  room temp. and s t l r - r e d  ano ther  2  h .  

MeOH was evaporated and t h e  a l l y  r c s i d u e  b rnugh t  t o  c r y s t a l i l r a t i o n  w l t h  e t h e r  ( -20  O C ) .  The colour-  

l e s s  powder was l s a l a t ~ d  by s u c t i o n  arid r e c r y s t a l l l r e d  w i t h  EtOH. rnp 145-146 OC. Ir(K0r): 1740, 

1720, 1600 ern-'. ' H - N ~  (CDC1 . !ppm) 2.58 ( IH ,  dd, Jz19.2, 3.1 l iz, H-8); 7.0& ( l H ,  dd, 3 ~ 1 9 . 2 ,  1.9 
3  ' 

Hz, H-8); 3.28 (ZH, s ,  H-5,6!; 3.33 (1H, s ,  H-4) ;  3.61 !3H, s ,  OCH3); 3.66 (3H, s ,  0CH3); 3.82 ( lH,  

s ,  11.1); 4.27 (1H, d, J=14.6 Hz, NCH ) ,  4.86 (1H, d, 5-14.6 Hz, NCli2); 7.20-7.36 (5H, m, Herom,). 2  

Anal. C a l r d  f o r  Cl8Hl9NO6 (345.3) :  C, 62.60; H, 5.55; N, 4.05. Found: C ,  61.94; H, 5.63; N, 4.09. 

(+)-(5-anti)-~ethyl-8-benzyl-l-benzyloxy-~,7-dioxo-~-ara-8-aratricyclo[4.3.1.0~'~]decan-5- 

c a r b o x y l a t c  (3) 

A solution o f  8 ( 5  mmal, 1.94 g )  i n  dboxane ( 3 0  m i )  was t r e a t e d  w l t h  water  ( 1 0  m l )  a t  60 OC f o r  1  h. 

E v a p o r a t i o n  o f  t h e  v o l a t l l e s  f u r n i s h e d  a c o l o u r i e s s  powder whlch was d r l e d  under  vacuum. Th ls  mate- 

rial was d ~ s s o l v e d  i n  dioxane/methanol (30  m1/10 ml: and t r e a t e d  w i t h  distilled e t h e r e a l  diazometha- 

ne s o l u t i o n  u n L l l  n l t r o g e r l  e u a l u t ~ o i l  s toped.  A f t e r  evaporation o f  t h e  s o l v e n t s ,  t h e  c o l o u r l e s s  mate- 

1  
r i a l  was r e c r y s t a l i l r e d  from e thano l .  mp 171-172 OC (1.95 g ,  920;l. Ir(K8r): 1790, 1735, 1685 cm- . 

(CDC13): (pprn) 2.28 ( l H ,  d, 3=14.8 Hz, H-10); 2.84-3.10 (OH, m ,  H-4,5,6,101; 3.73 (3H, s, OCH3): 

3.97 ( l H ,  d, J=14.7 Hz, NCH2); 4.13 (1H, d ,  Jk5.2 Hz, H-9) ;  4.45 ( l H ,  d, Jk11.3 Hz, OCH 1; 4.67 OH, 2  

d ,  J ; l l . >  Hz, OCH2); 4.89 ( IH,  d, L 1 4 . 7  Hz, NCH2); 7.13-7.38 (?OH, m, tlarom,). Anal .  Ca lcd  f o r  

C H  NO (421.4) :  C ,  68.40; H, 5.50; N, 3.32. Found: C, 6R.46; H, 5.48, N, 3.90. 
24 23 6 

( + ) - ( 5 - a n t i , 6 - s y n ) - 2 - b e n r y 1 - 7 - d i . e t h o x y - 5 , 6 - h y 1 1 f 1 - 2 b i y 1 . . t - -  (E) 
A suspension o f  10b (3  rnmol, 1.5 g )  i l l  aueilc a c ~ d  (60  m l )  and ZN-HCI ( 2 0  m l )  was stirred fo r  15 m l n  

a t  60 OC and then  for I h a t  room temp. A f l ~ e r  d l l u t ~ n g  w i t h  H20 (100 m l )  t h e  rn l x tu re  was e x t r a c t e d  

w i t h  CH2C12 (3x50 rn l ) .  The combined organlc  e x t r a c t s  were washed f i r s t  w l t h  wa te r ,  then  w i t h  s a t .  

NaHCO s o l u t i o n ,  d r i e d  over  sodium s u l f a t e  and concen t ra ted .  The c o l o r ~ r l e s s  residue was d l s s o l u e d  i n  
3  

MeOH (150 m l ) .  To t h l s  s a l u t l n n  t o s l c  a c i d  ( 1  g )  and t r i m e t h y l  o r tho fo rmate  ( 3 0  rn l )  was added. The 

m i x t u r e  was r c f l u x e d  f o r  2  days, t h e  s o l v e n t  was evaporated and t h e  res idue  was d l s s a l v e d  i n  CII2Cl2 

100 m l ) .  l h e  s o l u t i o n  was washed w l t h  water ,  s a t .  NaHC03 s o l u t ~ o n  and d r i e d  over sodium s u l f a t e .  

A f t e r  f l l t r a t l o n  and e v a p a r a t ~ n n  o f  t h e  so lverr t  t h e  r e s i d u e  was t r i t u r a t e d  w i t h  e t h e r  and t h e  pro- 

d u c t  r e c r y s t a l l i r e d  f rom e thano l .  (1 .6 g, 100O;), mp 188 OC. Ir(KBr):  1665, 1445 m - ' .  ' ~ ~ N r n r  (CDCi3), 

ppm 1.65 (1H, ddd, J z l 3 . 1 ,  2.6, 1 .3 Hz, H-8) ;  2.89-3.03 (2H, m, H-&,a,);  2.38 OH,  s ,  OCH I ;  3  



3.15 (3H, s ,  OCH 1; 4.04 (lH, ddd, 3~6.1, 2.3, 1.4 Hz, H-5); 4.14 (lH,d, J=l5.l Hz, NCH2); 4.55 3 

(lH, d, 3~1.6 Hz, H-11; 4.62 (IH, dd, J=6.1, 1.6 Hz, H-6); 5.32 (lH, d, J=15.1 Hz, NCH2); 7.28-7.98 

15H, m, Harem,). Anal. Cvlcd for C28H29N07S2 (555.3): C, 60.56; H, 5.22; N, 2.52. Found: C, 

60.64; H, 5.40; N, 2.31. 

(+)-2-~enryl7-dimethoxy-5-phenylsulfonyl-2-arabicyclo[2.2.2]oct-5-en-3-one (6) 

l o  a solution o f 1 7  (2,5 mmol, 1.4 g)  I n  THF (70 mll was added 0.5 N KOH (7 ml). The mixture was stir- 

red at room terno. until TLC showed conversion to essentially one product. The reactlon mixture was 

poured into sat.NH C1 solution (70 rnl) and extracted with CHZC12 (3x50 mi). The comblned organic ex- 4 

tracts were washed wlth water, drled (Na2SOhl, and evaporated, to leave a colouiless ail. Tr~turation 

wlth ether/ethanol furnished crystalline 6 (1.03 q, 99L), mp 176 OC. Ir(K8r): 1673, 1612, 1448 c K 1 .  

I H - N ~ ~  (CDC1 1. (ppm) 1.55 (IH, dd, J=11.0, 3.1 Hz, H-8); 1.94 (IH, dd, J=l3.O, 2.7 Hz, H-8); 3.08 3 '  

(3H, s ,  OCH3); 3.16 (3H, s, OCH3); 3.69 (lH, dd, J=5.4, 2.7 Hz, H-4); 4.20 (lH, d, Jz6.0 Hz, H-1); 

3.82 (lH, d, J=15.2 Hz, NCH 1; 5.11 (IH, d, J=15.2 Hz, NCH 1; 6.89-7.89 (lOH, m, H ) ;  7.13 (IH, 2 2 arom. 

dd, J=6.0, 2.4 Hz, H-6). Anal. Calcd for C22H23N05S (413.5): C, 63.91; H, 5.61; N, 3.39. Found: 

C, 64.07; H, 5.42; N, 3.26. 

(+)-(5-anti,6-syn)-2-Benzyl-7-dimethoxy-6-methoxy-5-phenyls~lfonyl-2-azab~c~cl 4.2.+ctan->-one (B) 

Sadlum (1.5 rnrnol, 35 mgl was dissolved i n  methanol (30 ml). To this salutlon was added 6 (1.2 mmol, 

500 mq). The rnlxture was silrred for 1 h at room temp. The solvent was evaporated and the residue was 

partitioned hetween CH2C12 (50 ml) and sat.NH C1 solutlon (100 ml). The organ," phase was washed 4 

wlth water, dried (Na2S04), and evaporated, to leave a colourless oil. Crysialliration wlth e t h e r  

gave & (418 mg, 94061, mp 198 OC. Ir(KBr1: 1660, 1445, 1300 rrn-l. ' H - N ~  (CDC13): (pprn) 1.72 (lH, 

ddd, 5~14.4, 3.4, 1.5 Hz, ti-8); 2.74 (3H, s, OCH,); 2.81 (lH, dd, Jzl4.4, 2.4 t lz, H-8); 2.98 3H, s, 

OCH3); 3.01 (lH, rn, H-4); 3.20 (lH, dt, 5-4.8, 1.8 Iir, H-5); 1.26 (3H, s, OCH ) ;  3.77 (IH, d ,  3: 
3 

1.9 Hz, H-I); 4.15 (lH, d, J=14.7 Hz, NCH ) ;  4.24 (lH, dd, J=4.8, 1.9 Hz, H-6); 4.89 (111, d, 5~14.7 
2 

Hz, NCH 1: 7.24-7.92 (?OH, rn, H 1 .  Anal. Calcd for CZ3HZ7NO6S (445.5): C, 62.00; H, 6.11; N, 3.14. 2 a r m .  

Found: C, 62.19; H, 6.19; N, 3.15. 

(~)-~5-anti,6-syn)-2-8enryl-7-dimethoxy-6-~9-methyl-9-phenylsulfonylmethyl~-8-phenylsulfonyl-2-aza- 

bicyclab.2.2]octan->-one (tBc) 

To a solution o f  dllsopropylamlne (2.75 mrnol, 0.44 m i )  I n  anhydrous THF (5 ml) was added n-Bull (2.7 

rnmal, 1.9 rnl of 1.59 molar solution in hexanel at -78 "C. The mixture was stirred for 30 m l r r  at -10°C 

and then coaled to 7 8  "C. Then a solut~on o f  ethylphenylsulfone (2.75 mmol ,  515 mg) I n  THF (20 m l )  

was added i n  one portlan. To the yellow salutlan 6 (2.5 rnrnol, 1.03 g )  I n  THF (40 ml) was added. The 

rnlxture was stirred at 7 8  'C f o r  30 m l r i ,  then warmed up to room temp. and stlrred ouernlqht. The 

yellow solutlan was quenched wlth sat. Nli C1 solution (50 m i )  and extracted wlth CH2C12 (3x50 ml) 
4 
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The combinrd organ lc  e x t r a c t s  were washed w i t h  water ,  d r l e d  (NaeSOq) and evapora ted  t o  glue a 

y e l l o w  011. T r ~ t n r a t l o n  w ~ t h  e t h y l  a c e t a t e  gaue a c o l a u r l e s s  powder. Whlch c o u l d  be r e c r y s t a l l i r e d  

f rom EtOH t o  g l u e  ( 1 . 3  g, 86%),  rnp 168 OC. I r ( K B r ) :  1695, 1445, 1422 ~ r n - ~ .  I H - N ~ ~  (CDC13): (ppm) 

0.93 (311, d, 577.4 Hz, CH3); 1.77 (111, ddd, J = 14.3, 2.7, 1.2, Hz, H -8 ) ) ;  2.47 ( I H ,  m ) ;  2.71-2.84 

(2H, m, H-4, H -8 ) ;  3.09 (3H, s, 0CH31; 3.22 (114, m, H-5); 3.41 (3H, a ,  OCH5); 3.47 ( l H ,  rn, H-6); 

6 .02  ( l H ,  d ,  J=14.6 Hz, NCH2); 4.d7 ( l H ,  d, 3 ~ 1 . 5  Hz, H-1); 5.13 ( l H ,  d ,  5 ~ 1 4 . 6  Hz,  NCH2!; 7.32- 

7.56 (15H, rn, H arom, ,  ) .  Arnal. C v l c d  f o r  C30H33N075Z (583 .7 ) :  C, 61.73, H, 5.70; N, 2.110. Found: C ,  

61.56; H, 5.83, N, 2.41. 
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