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Abstract -The Baeyer-Villiger oxidation of 2-alkyl-N-methoxy- 

carbonyl-9-azabicyclo[3.3.llnonane-3,7-diones (9.3 and 9b) 
w Y 

proceeded site-specifically to afford the keto lactones (lla - 
and llb) which were transformed into the &s-2.6-disubstituted 

,4 

piperidines related to palustramic acid. 

In the previous papers,' there was reported that the Baeyer-Villiger oxidation of 

bicyclo[3.3.llnonane-3.7-dione (12) or its analogue (lb) gave the keto lactone ( 3 )  
CU V 

as a single product via the interrnedlate ( 2 )  resulting from through-space partlci- - 
pation of the facing carbonyls. 

l a ,  X = C H 2  - 
l b ,  X = N S 0 2 P h  - 

This communication describes a site-specific Baeyer- lliger oxi dation of 2-alk] rl- 

9-azabicyclo[3.3.llnonane-3,7-diones and an approach to the stereoselective 

synthetic design of palustramic acid, the piperideine fragment of the Equisetum 

alkaloid palustrine (4). 2 -., 



4 
d 

The 2-methyl- and 2-ethyl-N-methoxycarb0ny1-9-a~abi~y~lo[3.3.l]nonane-3,7-diones 

3 
(9a and 9b) were prepared a s  fo l lows.  7-Ethoxy-pseudopel le t ie r ine  (5 )  was 
Y N -4 

conver ted  t o  t h e  carbamate (6 )  i n  66% y i e l d  by t r ea tmen t  wi th  methyl chlorocarbo-  ," 
n a t e ,  and monoalkylated by success ive  t r ea tmen t s  wi th  dimethyl carbonate  i n  t h e  

presence of sodium hydr ide  and wi th  a l k y l i o d i d e s  followed by s a p o n i f i c a t i o n  and 

decarboxyla t ion.  The y i e l d s  o f  a-monoalkyl ketones  (7a  and 7b) from 6 were 49 
-4 -4 -., 

and 5 6 % ,  r e s p e c t i v e l y .  The methyl group i n  7a was a s s igned  e q u a t o r i a l  - 
5 conf igura t ion4  by decoupl ing experiment on t h e  pmr spectrum of  i t s  oxime. 

Treatment o f  7a wi th  boron t r ib romide  in methylene c h l o r i d e  a t  -78' a f fo rded  a 
W 

s i n g l e  k e t o l  (8a )  i n  84% y i e l d ,  b u t  wi th  7b two s t e r e o i s o m e r i c  k e t o l s  (8b and 8c )  
d 4 U Y 

were ob ta ined  i n  a  r a t i o  o f  ca. 5 .7 : l  i n  888 sum y i e l d .  The main and minor 

products  were a s s igned  t o  an  e q u a t o r i a l  and an a x i a l  isomer,  r e s p e c t i v e l y ,  on t h e  

b a s l s  o f  t h e  pmr evidences6 on t h e i r  oxlmes. The e q u a t o r i a l  isomers 5 and 8b 
Y 

were oxxdized wi th  chromium t r i o x i d e - p y r i d i n e  t o  g l v e  t h e d i k e t o n e s  9.3 [78% y i e l d ;  + 
I R ( C C 1 4 )  : 1730 (sh) , 1715cm-l] and 9b [78% y l e l d ;  I R ( C C 1 4 )  : 1 7 3 0 ( s h ) ,  1710cm-'1. 

U 

The Baeyer -Vi l l ige r  o x i d a t i o n  o f  9a and 9b wi th  m-chloroperbenzoic a c i d  i n  b o i l i n g  ." -4 

methylene c h l o r i d e 7  gave t h e  ke to  l ac tones  l l a  [93% y i e l d :  I R ( C I 1 C l 3 ) :  1747, 1 7 2 0 ( s h ) ,  - 
1705cm-'; MS: m/e 2 4 1 ( ~ + ,  4 .58) ]  and l l b  [94% y i e l d ;  I R ( C H C 1 3 )  : 1750, 1 7 2 0 ( s h ) .  

W + 
1708cm-l; MS: 255(M , 78) 1 ,  r e s p e c t i v e l y .  I n  t h e  pmr spectrum o f  l l a ,  t h e  

4 
8 

C2-H s i g n a l  a t  6 4.71 was changed from a  q u a r t e t  (J=7Hz) t o  a  s i n g l e t  by decou- 

p l i n g  o f  t h e  doub le t  (J=7Hz) f o r  methyl group a t  6 1 .38.  I n  l l b ,  t h e  double- 
N 

8 doub le t  (J=7,6Hz) f o r  t h e  C2-H a t  6 4.37 was changed t o  a  s i n g l e t  by decoupl ing 

Of t h e  methylene s i g n a l  due t o  t h e  e t h y l  group. These r e s u l t s  i n d i c a t e  

t h a t  i n  t h e  Baeyer-Vi l l iger  o x i d a t i o n  of t h e s e  d ike tones  t h e  p e r a c i d  a t t a c k e d  

s i t e - s p e c i f i c a l l y  t h e  a l k y l a t e d  piper ldone r i n g  and t h a t  t h e  C2-carbon rea r ranged  

s e l e c t i v e l y  v i a  t h e  in t e rmed ia te  such a s  1 0 .  Methanolysis o f  l l a  and l l b  i n  
-4 - 'V 

methylene chloride-methanol i n  t h e  presence  o f  alumina performed t h e  r i n g  

c leavage t o  a f f o r d  t h e  e r y t h r o - c i s  products  12a L70% y i e l d ;  I R ( C C 1 4 ) :  3450, -- Y 

1 7 4 0 ( s h ) ,  1725 ( s h ) ,  1708cm-I; MS: m/e 2 7 3 ( ~ + ,  0 . 5 % ) ;  PMR(CDC13): 6 1 .13(d ,  J=7Hz), 
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OEt OEt OH 

Ya, R-Me - L 1 0  
--4 l l a ,  R-Me 

9 b ,  R=Et - - l l b .  R-Et  - 
1 2 a ,  R-Me - 
12b,  R=Et  - 

[ e r y t h r o - c i s ]  
H 

OH 

3.69, 3.73 ( s ,  0CH3x2), 4.22(m, carbinol H)] and 12b I43% yield; IR(CC1 1. 3450, - 4 ' 

1740(shl, 1725(sh1, 1708cm-l; MS: m/e 287(~+, 0.6%) ; PMR(CDCl31 : 6 0.99 (t, ?=7Hzl, 
1.4l(quintet-like, -CE2CH31, 3.7, 3.72 (s, 0CH3x21 , 3.92 (m, carbinol Hl 1.  

The ester 1Zb has the piperidine skeleton bearing all of the asymmetric centers 
Cy 

of palustrine (4, threo-cis) though eplmeric with respect to the hydroxyl configu- -., 
ration. Inversion of the hydroxyl configuration in 12b and stereoselective 

'V 

synthesis of 4 are now under investigation. -., 
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