
HETEROCYCLES, Yo1 3 1. No 7, 1990 
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5- (1-DECENYL) DIHYDRO-2 (3Hl -FURANONE 
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Abstract - An e n a n t i o s e l e c t i v e  s y n t h e s i s  of  I + )  - iS ,Z l -5 -  ( 1 - d e c e n y l l -  

d i h y d r o - 2  i3B) - f u r a n o n e  (251 a n d  ( - 1 -  (R .2 ) -5 -  ( 1 - d e c e n y l l d i h y d r o - Z  (3x1-  

f u r a n o n e  (261 was a c h i e v e d  s t a r t i n g  w i t h  e i t h e r  ( 1 0 )  o r  (111 p r e p a r e d  by 

r e d u c t i o n  o f  t h e  c h i r a l  c y c l o b u t a n o n e  ( 8 )  w h i c h  was d e r i v e d  

s t e r e o s p e c i f i c a l l y  f rom t h e  c y c l o p r o p y l  c a r b i n o l  ( 6 )  by r i n g  expans ion  

r e a c t i o n .  

There  have been i n t e n s e  i n t e r e s t s  i n  t h e  chemis t ry1  of  c y c l o b u t a n e  and cyc lobu tanone  

d e r i v a t i v e s  main ly  because  o f  i t s  occurrence as t h e  b a s i c  s t r u c t u r e  of  some n a t u r a l  

p r o d u c t s Z  and i t s  f l e x i b i l i t y  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  of d e r i ~ a t i v e s . ~  

But t h e r e  a re  few r e p o r t s 1 r 4  on t h e  s y n t h e s i s  of o p t i c a l l y  a c t i v e  c y c l o b u t a n e  or  

c y c l o b u t a n o n e  d e r i v a t i v e s .  H e r e i n ,  we wish t o  r e p o r t  a f a c i l e  and e n a n t i o s e l e c t i v e  

s y n t h e s i s 5  of  c y c l o b u t a n a n e s  which  l e a d  t o  a t o t a l  s y n t h e s i s  o f  ( t ) - ( S , Z I - 5 - 1 1 -  

d e c e n y l )  d i h y d r o - 2  (3H) - f u r a n o n e  (251  a n d  ( - 1  - ( R ,  21 -5- ( 1 - d e c e n y l l  d i h y d r o - 2  (3Hl-  

fu ranone  ( 2 6 )  ( t h e  pheromone of t h e  Japanese  b e e t l e ) .  

The s y n t h e s i s  of  t h e  key compounds ( 8  and 9) (Scheme I )  f o r  f u r t h e r  t r a n s f o r m a t i o n  

was i n i t i a t e d  b y  p r o t e c t i o n  [t-butyldimethylchlorosilane (TBSCII ,  i m i d a z o l e ,  

d i m e t h y l a m i n o p y r i d i n e  ( D M A P l l o f  r e a d i l y  a v a i l a b l e  m e t h y l  1- 

h y d r ~ x y c y c l o p r ~ p a n e c a r b o x y l a t e  ( 1 1 6  t o  g i v e  ( 2 )  189 8 )  which  on  r e d u c t i o n  

I d i i s o b u t y l a l u m i n i u r n  h y d r i d e  (DIBALII y i e l d e d  t h e  a l c o h o l  (31 (78 % I .  O x i d a t i o n  

(Swern c o n d i t i o n s )  o f  ( 3 )  f o l l o w e d  by a c o n d e n s a t i o n  of t h e  r e s u l t e d  a l d e h y d e  ( 4 1  

with  t h e  a n i o n  of  t h e  o x a t h i a n e 7  (51  t o  g i v e  t h e  t h r e o  and e r y t h r o  compounds ( 6  and 

I ; 1:l) ( 7 3  % o v e r a l l  f r o m  (31  1 a s  a r e a d i l y  s e p a r a b l e  m i x t u r e .  The 

s t e r e o s p e c i f i c  r i n g  expans ion  of  a cyc lopropane  was e f f e c t e d  by a r e a c t i o n  o f  16) 



and (7) with mesyl chloride IMsCl )  followed by acid treatment (10 % HC1) to give (8) 

and I91 in 88 % and 92 % yields respectively. Base [diazabicyclaundecene (DBU)I 

treatment of (9)  yielding the mixture of I81 and (9) (3:l) in favoring (8) (mp 105- 

106 'C) revealed that I81 was the thermodynamically favored product. Thus, the 

cyclobutanone (81 could be prepared selectively by subjecting the mixture of (6) and 

17) directly to the ring expansion reaction followed by base treatment of the crude 

product. 
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Scheme 1 

Reagenrsandm~ir/ons: i, TBSCI, imldazole, DMAP, DMF, 25'C. 24 h; ii, DIBAL. THF, -40 OC, 1 h; 

iii. DMSO. (COCI)z,THF, -78% 30 mi"; Et3N. 20 'C, 10 min: iv, 5,  nmuLi. THF, -78 OC.15 min: then 4; 

v. MsCl. EtsN, CHzCI2, 0 "C, 1 h: 10 % HCI. 6 n 

Then, the compound la), keeping the chirality on cyclobutanone in tact, was 

effectively converted into It) - l S , Z )  -5- (1-decenylldihydro-2 (3H)kfuranone and ( - )  - 

I R ,  21-5- (1-decenyll dihydro-2 l3H) -furanon as follows (Scheme 11) . Reduction lNaBH4) 
of I81 gave the readily separable mixture of 110) and (11) (7:3) in 100 % yield. 

Protection (TBSC1) of I101 afforded I121 (99 % ) ,  which was then subjected to the 

oxidative solvolysis [N-chlorosuccinimide (NCS), AgN031 to give the aldehyde (14). 

Conversion (CBrq, Ph3P18 of the aldehyde (14) into (16) was then carried out by 

Wittig reaction 164 % from 112)). Base In-BuLi) treatment of (16) and alkylation of 

in situ generated lithium acetylide gave I181 I85 % ) .  Semihydrogenation (H2, Lindlar 

catalyst) of 118) followed by deprotection In-BuqNFI of I201 afforded the alcohol 

I221 (69 % overall from l1811, which on Swern oxidation yielded (24). Baeyer- 
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V i l l i g e r  o x i d a t i o n  It-BuOOH, 1 0  % NaOH) of  1 2 4 )  f u r n i s h e d  I + ) - l S , Z ) - 5 - 1 1 -  

decenylldihydro-2(3H)-furanone ( 2 5 )  (30 8 o v e r a l l  f rom ( 2 2 ) ) .  By f o l l o w i n g  t h e  same 

c h e m i c a l  t r e a t m e n t s  d e s c r i b e d  a b o v e  ( 2 5 )  was a l s o  p r e p a r e d  s t a r t i n g  w i t h  (11) 

t h r o u g h  ( 1 3 ) ,  ( 1 5 ) ,  ( 1 7 ) ,  ( 1 9 ) ,  (211 ,  ( 2 3 )  and ( 2 4 )  . I n v e r s i o n  of  c h i r a l i t y y  was 

e f f e c t i v e l y  a c h i e v e d  b y  s u c c e s s i v e  t r e a t m e n t  IKOH ; t h e n  P h ) P ,  d i e t h y l  

a z o d i c a r b o x y l a t e  (DEAD) I o f  ( 2 5 )  t o  y i e l d  ( - 1  - ( R , Z ) - 5 -  ( 1 - d e c e n y 1 ) d i h y d r o - 2  (3Hl- 

f u r a n o n e  ( 2 6 )  (76  81, which was i d e n t i c a l  w i t h  a n  a u t h e n t i c  sample i n  a l l  a s p e c t s  

i n c l u d i n g  nmr (500 MHz, CDC13), i r  (NaC1) and o p t i c a l  r o t a t i o n  ([LIID -10.82'1, 

( lit  . lo  -70.4', l i t .  11,12 -70 . O O ,  l i t .  l3 -69.93', l i t .  l4 -69.7'1 . 

Scheme 2 

Reaaenfs andmoddions: i. NaBH4, MeOH. 0 %  30 min: ii, TBSCI, imidzole. DMAP, DMF; iii. NCS. 

&!NO3, MeCN, 0 %  7 min; iv. C%. PhsP, EkN. -78'C. 1 h; v, n-BuLi, n-CsHI7Br. Hexamethylphas~ 

phoramide, THF, -78OC. 1 h; vi. Hz, Lindlar catalyst, AcOEt, 20°C, 30 min: uii, n-Bu4NF, M F ,  2ODC. 

2h: viii, DMSO, (COCil2, lHF,-78°C, 30 min: EkN, 0 "C, 10 min; ix, I-BuOOH, 10 % NaOH, THF. 0 %  

30 min: x. KOH, MeOH, €OoC, 3 h; Ph3P, DEAD, M F ,  20°C, 13 h 

We b e l i e v e  t h a t  a f a c i l e  s y n t h e s i s  of c h i r a l  c y c l o b u t a n o n e s  d e s c r i b e d  above could 

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

cyc lobu tanones  and t h e  compounds r e a d i l y  d e r i v e d  from t h e s e  compounds. 
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