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A NOVEL APPROACH TO QUATERNARY SUBSTITUTED CHIRAL CYCLOBUTANES. 

A FORMAL ENANTIOSELECTIVE TOTAL SYNTHESIS OF 1,3-DIOXOLE PHEROMONE, 

( - )  -FRONTALIN 

H i d e o  Nemoto, T o s h i e  Yamada, H i r o k i  I s h i b a s h i ,  J u n k o  Takazawa, a n d  

K e i i c h i r o  Fukumoto* 

P h a r m a c e u t i c a l  I n s t i t u t e ,  Tohoku U n i v e r s i t y ,  Aobayama, S e n d a i  980,  

J a p a n  

A b s t r a c t - - A  n o v e l  s y n t h e s i s  o f  t h e  q u a t e r n a r y  s u b s t i t u t e d  c h i r a l  

c y c l o b u t a n o n e  ( 9 )  was a c h i e v e d  by t h e  c o n c e r t e d  r i n g  e x p a n s i o n  o f  

t h e  c h i r a l  c y c l o p r o p y l  e p o x i d e  ( 8 )  which  l e a d  t o  a  f o r m a l  t o t a l  

s y n t h e s i s  o f  ( - ) - f r o n t a l i n  (14). 

R e c e n t l y  t h e r e  h a v e  b e e n  g rowing  i n t e r e s t s  i n  t h e  c h e m i s t r y 1  of c y c l o b u t a n e s  

a n d  t h e  f l e x i b i l i t y 2  o f  t h i s  t y p e  o f  compound f o r  t h e  s y n t h e s i s  o f  a wide  

v a r i e t y  o f  d e r i v a t i v e s  s t i m u l a t e d  u s  t o  d e v e l o p  a n  e f f i c i e n t  methodology f o r  

t h e  s y n t h e s i s  o f  c h i r a l  c y l o b ~ t a n e s . ~  H e r e i n ,  we w i s h  t o  r e p o r t  a  n o v e l  

s t r a t e g y  f o r  t h e  s y n t h e s i s  o f  q u a t e r n a r y  s u b s t i t u t e d  c h i r a l  c y c l o b u t a n o n e s  

and 1 , 3 - d i o x o l e  f r a m e ~ o r k . ~  

Our f i r s t  g o a l  i n  t h i s  c o n t e x t  was a  h i g h l y  d i a s t e r e o s e l e c t i v e  G r i g n a r d  

r e a c t i o n  [MeMgI, E t20 ,  -78 'C, 30 minl w i t h  t h e  k e t o n e  (2) ( [ a l ~ ~ ~  -47.97'1, 

wh ich  was d e r i v e d  q u a n t i t a t i v e l y  by t h e  Swern o x i d a t i o n  [DMSO, (COCliz,  

CH2C12, -78 'C, 3 0  m i " ;  Et3N. -78 'C, room t e m p e r a t u r e ]  o f  t h e  i s o m e r i c  

m i x t u r e  o f  t h e  a l c o h o l  (1) , 3  t o  g i v e  t h e  a l c o h o l  ( 3 )  Imp 96-97 ' C ;   I ID^^ - 

29 .24 ' )  ( 9 1 % )  w i t h  n o  d e t e c t a b l e  amount  o f  t h e  i s o m e r i c  a l c o h o l  ( 4 ) ,  

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

d i r e c t  e n a n t i o s p e c i f i c  t r a n s f o r m a t i o n  o f  t h e  t e r t i a r y  a l c o h o l  ( 3 )  i n t o  t h e  

c y c l o b u t a n o n e  ( 5 )  w a s  examined  a n d  was f o u n d  n o t  t o  p r o c e e d  i n  t h i s  c a s e  

u n l i k e  t h e  s e c o n d a r y   alcohol^.^ 
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Scheme 1. Reagents and conditions, i) D M S O ,  (COC1)2, C&Clv 
-78 OC, 30 min; Et3N, -78 'C +room temperature ; ii) MeMgl, 
Et@, -78 'C, 30 min 

The oxathiane (3) was subjected to the oxidative solvolysis [N- 

chlorosuccinimide (NCS), AgNO31 to give the aldehyde (6) which was directly 

reduced (NaBHq) to yield the diol (7) ([al~'~ -12.81°) [ 9 2 %  overall from 

(3)l. Selective mesylation [mesyl chloride (MsCl), Et3Nl of the diol (7) 

followed by base treatment (NaH) afforded the epoxide ( 8 )  which on treatment 

with silica gel furnished the cylobutanone alcohol (9) ( [ C i l ~ ~ ~  -18.50') [99% 

overall from (7)l in high enantiomeric excess (93% e.e.).5 The absolute 

configuration of (9) was determined by the transformation into the triol 

acetonide (13) . Thus, protection [L-butyldimethylsilyl chloride (TBSC1) 1 of 

the alcohol (9) afforded the silyl ether (10) ( -34 .60°) (74%), which 

was then subjected to Baeyer-Villiger oxidation (L-BuOOH, 10% NaOH) to give 

the lactone (11) ([alDZ1 -1.34') (85%). Reduction (LiAlHq) of (11) followed 

by acetonization (2,2-dimethoxypropane, g-TSOH) of the triol (12) furnished 

the triol acetonide (13) ( [CIID'~ -0.80'; lit.,6 -0.5') 1 6 7 %  overall 

from (11) 1. 
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Scheme 2. Reagents andcondirions: i, NCS, A g N q ,  MeCN, 0 T ,  
10 min; ii, NaBH, MeOH, room temperature, 10 rnin; iii, MsCI, Et3N. C&Cl2, 
0 OC, 20 min; iv, NaH, THF, 0 OC, 10 min; v, silica gel, 6 h; vi, TBSCI, 
E t p ,  DMAP, CHf& room temperature, 10 h ; vii, mCPBA, sat. aq. NaHCQ, 
CH2CIz 0 'C, 2 h; viii, L i A M ,  THF, 0 'C, 20 min; ix, Me,C(OMe),, 
p-TsOH, CYClz room temperature, 10 rnin 

S i n c e  t h e  t r i o 1  a c e t o n i d e  ( 1 3 )  t h u s  o b t a i n e d  h a s  b e e n  c o n v e r t e d 6  i n t o  ( - ) -  

f r o n t a l i n  ( 1 4 ) ,  t h i s  work c o n s t i t u t e s  a f o r m a l  t o t a l  s y n t h e s i s  of ( - ) -  

f r o n t a l i n  ( 1 4 ) .  
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