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REACTION OF BIS-LACTONE IN RIGID POLYCYCLES WITH 
ALKYL LITHIUMS. SYNTHESIS O F  NOVEL 

OXACACE COMPOUNDS 

* 
Subrata Sarkar and Subrata Chosh 

Department o f  Organic Chemistry,  Indian Associat ion 
f o r  the Cu l t i va t ion  o f  Science, Jadavpur 

Calcutta - 700 032, India.  

Abstract : Read ion  o f  b is- lactone embodied i n  t h e  r i g i d  
tircyclo[5.2.1.02,6]decane 5 w i t h  MeLi and t -BuL i  produced t h e  
novel oxa-cage compounds 9 and 11 instead o f  t he  expected 
ketones 6. 

R i g i d  p o l y c y c l  i c  systems, because o f  t h e  inherent r i n g  

s t ra in ,  o f fe r  a t t r a c t i v e  oppor tun i t ies  f o r  f a c i l e  construct ion o f  a 

v a r i e t y  o f  interest ing s t ruc tu ra l  pat terns.  The thermal 

conversion' o f  pentacycloundecane t o  I inear t r iqu inane and our 

recent work  i nvo l v ing  t ransformat ion o f  t h e  

t r i c y c l o  [ 5.2.1 .02'6] decene 1 t o  b i cyc lo [  5.2.1 ] decene 2 towards 

t h e  syn thes is  o f  taxane di terpenes3 are  two representa t ive  

examples where inherent r i n g  s t r a i n  has been pu t  to use. 

Another important cha rac te r i s t i c  feature o f  t h e  r i g i d  systems i s  

t h e  p r o x i m i t y  o f  t he  nonbonded atoms tha t  may interact  resu l t ing  

i n  unexpected react ion course. T h i s  i s  demonstrated by 

ex t remely  fas t  and h i y h  y i e l d i n y  r i i i g  closure' o f  t h e  C2, C 3 -  

subst i tuents o f  t he  diketone 4 to fo rm the  prope l lane 3 .  I n  

connection t o  an approach towards t h e  synthesis o f  t h e  novel 

* 
To whom correspondence should b e  addressed 

3723 

Copyright 0 1995 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
8
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



3724 SARKAR AND GHOSH 

te t raquinane 75 f r o m  1, we h a v e  encountered such an unusual 

r e a c t i v i t y  mode t h a t  h a s  l e d  t o  f a c i l e  s y n t h e s i s  o f  novel  oxa-  

cage compounds. The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  i s  r e p o r t e d  

here.  

The b is - lac tone 5 was chosen as an in te rmed ia te  f o r  t h e  

p r o j e c t e d  s y n t h e s i s  o f  t h e  te t raquinane 7. The b is - lac tone 5, mp 

1 8 8  C was p r e p a r e d  f r o m  t h e  d i c a r b o x y l i c  a c i d  1 i n  84% y i e l d  

f o l l o w i n g  t h e  convent ional  p r o c e d u r e  o f  iodo-lactonisat ion 

(Scheme-1). It was a n t i c i p a t e d  t h a t  reac t ion  o f  t h e  b is - lac tone 5 

w i t h  t w o  e q u i v a l e n t s  o f  MeL i  w o u l d  p roduce t h e  h y d r o x y - k e t o n e  

6 w h i c h  a f t e r  p e r i o d a t e  cleavage o f  t h e  d i o l  and subsequent 

a l d o l  r i n g  c l o s u r e  w o u l d  p r o v i d e  t h e  te t raquinane 7. When t h e  

b is - lac tone 5 was a l l o w e d  t o  r e a c t  w i t h  2 . 5  e q u i v a l e n t  of MeL i  

i n  e ther ,  t h e  d e s i r e d  d ike tone 6 was not  at  al l  produced.  The 

o n l y  compound, m p  98 C ,  i s o l a t e d  f r o m  t h i s  reac t ion  in 85% 

y i e l d  was found t o  b e  t h e  pentacyc lo  oxa-cage compound 9. The 

h i g h l y  symmet r ica l  s t r u c t u r e  o f  t h i s  compound c o u l d  e a s i l y  b e  

deduced f r o m  i t s  ' H  NMR spect rum. A s i n g l e t  a t  6 1 . 2 8  f o r  t h e  

m e t h y l  protons,  a b r o a d  s i n g l e t  a t  6 2.38 f o r  t h e  b r i d g e - h e a d  

pro tons  and a n a r r o w  t r i p l e t  a t  6 4.05 f o r  t h e  meth ine pro tons  

a t t a c h e d  t o  oxygen a r e  t h e  c h a r a c t e r i s t i c  s p e c t r a l  features o f  

t h e  s t r u c t u r e  9. The fo rmat ion  o f  t h i s  compound cou ld  b e  

r a t i o n a l  i s e d  t h r o u g h  t h e  in te rmed ia te  8 w h i c h  i s  i n i t i a l l y  formed 

on a d d i t i o n  o f  MeL i  t o  t h e  lactone carbony ls .  Because o f  t h e  

p r o x i m i t y  o f  t h e  r i g i d l y  h e l d  OH groups, t h e  in te rmed ia te  8 

undergoes spontaneous r i n g  c losure  on e l i m i n a t i o n  o f  a mole o f  

water  t o  p roduce t h e  cage compound 9. S i m i l a r l y ,  when t h e  b i s -  

lactone 5 was a l l o w e d  t o  r e a c t  w i t h  t -BuL i ,  t h e  oxa-cage 

compound 11 was fo rmed i n  76% y i e l d .  The s i m p l e  b is - lac tone 12 

was also found t o  p roduce t h e  pentacyc lo  oxa-cage 13 i n  

exce l len t  y i e l d  on reac t ion  w i t h  t -BuLi .  

0 

0 

S u r p r i s i n g l y ,  t h e  oxa  r a g e  compounds t h u s  obta ined,  

i n s p i t e  o f  t h e  presence o f  h y d r o l y s i s  p rone aceta l  un i ts ,  were 

found t o  b e  t o t a l l y  r e s i s t a n t  t o  h y d r o l y t i c  condi t ions.  The 

ex t reme s t a b i l i t y  o f  these compounds i s  p o s s i b l y  due t o  t h e  
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Scheme -1 

+? R 

1, R=COOH 
4 ,  R =COMe 

li 
2 - 

OH COMe 
- 5 
ii, iii I 

R 
- 8,  R=Me 9.R = Me,85% 
13, R= t -Bu fi. R = t-Bu,76% 

0 h0 iii o&B~t 

Reagents: i 1 I2-NaHC03-KI, water,roomtemperature,8L%; ii )MeLi 
Ether,0°C,6-7h; iii)t-BuLi,Ether, 0°C 6-7h. 
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3726 SARKAR AND GHOSH 

ex is tence o f  t h e  aceta l  u n i t s  b e i n g  l o c k e d  i n  a c h a i r  

conformat ion as shown in  Scheme-I. 

I n  t h e  contex t  o f  t h e  c u r r e n t  i n t e r e s t  assoc iated w i t h  t h e  

syn thes is  and p r o p e r t i e s  o f  cage compounds,6 i n  p a r t i c u l a r  oxa- 

cage  compound^,^ t h e  present  w o r k  d e s c r i b i n g  t h e  s y n t h e s i s  o f  a 

few nove l  oxa-cage compounds i s  s ign i f i can t .  It w i l l  be o f  

i n t e r e s t  i f  t h e  c a v i t y  enc losed by t h e  t h r e e  t e t r a h y d r o f u r a n  

r i n g s  o f  these compounds can b e  employed f o r  ca t ion-b ind ing .  

E x p e r i m e n t a l  Section 

endo -8,9 -Di h y d r o x y  tr i c y c l o  [ 5.2.1 . 02' I decane -2,6 

- d i c a r b o x y l i c  a c i d  Lactone (5). The d i a c i d  1 (1.2 g, 5 mmol) 

was d i s s o l v e d  in  a so lu t ion  o f  NaHC03 (1.25 g, 15 mmol)  i n  

water  (20ml) .  To i t  was added an iod ine  so lu t ion  p r e p a r e d  by 

add ing  i o d i n e  (1.9 g, 7.5 mmol)  and K I  (3.45 g, 22.2 mmol i n  

water  (10ml) .  The r e s u l t i n g  homogeneous m i x t u r e  was k e p t  a t  

room tempera ture  f o r  ' 3  days. It was t h e n  e x t r a c t e d  w i t h  e t h y l  

acetate ( j x 3 0 m l ) .  The organic  e x t r a c t  was washed w i t h  aqueous 

Na2S203 (!I%), b r i n e  and d r i e d  (Na2S04). Removal o f  so lvent  i n  

vacuum a f f o r d e d  t h e  d i lac tone 5 (1.1 g, 84%). C r y s t a l l i s a t i o n  

f r o m  Et20-CH CI  gave an a n a l y t i c a l l y  p u r e  sample, mp 188 C; 

IR 1780 ern-': NMR (60 MHz) : 6 (CDC13J 1.26-2.80 (8H. m), 

3.16 (2H, m) and 4.63 (2H, m ) .  Anal. Ca lcd  f o r  C12H1204 : C, 

65.44; H, 5.49. Found : C, 65.05; H, 5.41. 

General p r o c e d u r e  for r e a c t i o n  of the b is - lac tones  w i t h  

a l k y l  l i th iums.  Synthes is  o f  the oxa-cage compounds. To a w e l l  

s t i r r e d  i c e - c o l d  so lu t ion  o f  t h e  b is - lac tone ( 2  mmol) i n  e t h e r  

(lOm1) was a d d e d  t h e  a l k y l  l i t h i u m  (2.5 e q u i v a l e n t )  under  N2 

atomosphere. S t i r r i n g  was cont inued f o r  6-7h a t  t h i s  tempera ture  

when a w h i t e  p r e c i p i t a t e  appeared.  The reac t ion  m i x t u r e  was 

t h e n  quenched w i t h  d r o p w i s e  a d d i t i o n  o f  s a t u r a t e d  NH4CI 

so lut ion.  The organic  l a y e r  was separa ted  and d r i e d  (Na2S04). 

Removal o f  so lvent  f o l l o w e d  by column chromatography  t h r o u g h  

s i l i c a  gel (60-120 mesh) a f f o r d e d  t h e  oxa-cage compounds. 
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NOVEL OXA-CAGE COMPOUNDS 3727 

Compound 9 Y i e l d  85%; 

(CCI4) 1.21-2.18 i8H,  m), 1.28 (6H. s ) ,  2.38 (2H. br s)  a n d  

4.05 (2H, t, J=3 Hz) .  Anal. Ca lcd  f o r  C14H1803 : C, 71.77; H, 
7.74; Found : C, 71.46; H, 7.82. 

Compound 11 : Y i e l d  76%; mp 109OC; 'H NMR (60  MHz) :6  

( X I 4 )  1.03 (18H, s), 1.13-1.76 (8H, m) ,  2.36 (2H. br s )  and 

4.15 (2H, t, J=S Hz) .  Anal. C a l c d  f o r  C20H3003 : C, 75.43; H, 

9.49. Found : C, 75.1; H, 9.25. 

Compound 13 : Y i e l d  88%; mp 121OC; 'H  NMR(60MHz):6 

(CCI4)  0.96 (18H. s), 1.25 (2H, m), 1.71 (2H. b r  s ) ,  2.55 (2H. 

b r  s )  and 4.15 (2H, t, J=3 Hz ) .  Anal. Ca lcd  f o r  C17H2603 : C, 

73.34; H, 9.41. Found : C, 72.78; H, 9.09. 
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