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SYNTHESIS OF THREE STEREOISOMERIC FORMS OF 

Z , B - D I M E T H Y L - ~ , ~ - D I O X A S P I R O ~ ~ . ~ ~ U N D E C A N E ,  THE MAIN COMPONENT OF 

T H E  C E P H A L I C  SECRETION O F  A N D R E N A  M I L K E L L A +  

* 
K e n j i  M o r i  and  K a i c h i  T a n i d a  

D e p a r t m e n t  o f  A g r i c u l t u r a l  C h e m i s t r y ,  The U n i v e r s i t y  o f  T o k y o ,  

Y a y o i  1 - 1 - 1 ,  B u n k y o - k u ,  Tokyo 113 ,  J a p a n  

A b s t r a c t  - T h r e e  s t e r e o i s o m e r s  o f  2,8-dimethyl-l,7-dioxaspiro[5.5] 

undecane  w i t h  d e f i n e d  s t e r e o c h e m i s t r y  a t  C-2 and  C-8 w e r e  s y n t h e -  

s i z e d  u t i l i z i n g  y e a s t  r e d u c t i o n  and d i a n i o n  a l k y l a t i o n  o f  e t h y l  

a c e t o a c e t a t e .  

The m a n d i b u l a r  g l a n d  s e c r e t i o n  o f  And rena  bees  p l a y s  a n  i m p o r t a n t  r o l e  i n  

t h e  c o m m u n i c a t i o n  be tween  t h e  s e x e s .  V e r y  r e c e n t l y  F r a n c k e  dl. i d e n t i f i e d  2 ,8 -  

d i m e t h y l - 1 , 7 - d i o x a s p i r o [ 5 . 5 ] u n d e c a n e ~ a s  t h e  m a i n  component  i n  And rena  w i l k e l l a  

c a u g h t  i n  O land ,  Sweden, b y  mass s p e c t r a l  c o m p a r i s o n  w i t h  a  r a c e m i c  r e f e r e n c e  

compound. '  I n  c o n t i n u a t i o n  o f  o u r  w o r k  on  t h e  s y n t h e s i s  o f  c h i r a l  s p i r o k e t a l  

pheromones, '  we h e r e  r e p o r t  a  s y n t h e s i s  o f  l - i n  t h r e e  s t e r e o i s o m e r i c  f o rms ,  ( 2 5 ,  

68, 8 9 ,  (2R, 65, 8R) and  (2R ,  6&, 8 I ) b i s o m e r s .  

The c h i r a l  s t a r t i n g  m a t e r i a l  i n  o u r  s y n t h e s i s  was e t h y l  ( 2 ) - 3 - h y d r o x y - b u t a n o -  

a t e 2 ,  [ a ] i 4  + 37 .6 "  (c.1.57, CHC13), w h i c h  was r e a d i l y  o b t a i n a b l e  i n  92% o p t i c a l  

p u r i t y  b y  t h e  r e d u c t i o n  o f  e t h y l  a c e t o a c e t a t e  w i t h  b a k e r ' s  y e a s t . 3  C o n v e r s i o n  o f  

2  i n t o  ( 5 ) - 2  was c a r r i e d  o u t  as d e s c r i b e d  p r e v i o u ~ l y . ~  The k e y  i o d i d e  ( 5 ) L  was - 
o b t a i n e d  i n  80.4% y i e l d  b y  t r e a t i n g  (S)-% w i t h  N a l  i n  a c e t o n e  i n  t h e  p r e s e n c e  o f  

a  s m a l l  amount  o f  NaHC03. 

The a n t i p o d a l  i o d i d e  (!)-A was o b t a i n e d  i n  t h e  f o l l o w i n g  manner .  The a l c o h o l  

t ~ h i s  p a p e r  i s  d e d i c a t e d  t o  P r o f e s s o r  T e t s u j i  Kametan i  on t h e  o c c a s i o n  o f  h i s  

r e t i r e m e n t  f r o m  Tohoku  U n i v e r s i t y .  
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( z ) - z  was c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  b e n z y l  e t h e r  ( 5 ) - 2 ( 9 0 . 5 %  y i e l d )  b y  

t r e a t m e n t  w i t h  PhCH2CI-NaH/THF. Removal o f  t h e  t e t r a h y d r o p y r a n y l  ( T H P ) p r o t e c t i v e  

g r o u p  w i t h  d i l  HC1-MeOH y i e l d e d  (5)-%, b p  9 8 - 1 0 Z O / l  .5mm; n i 4  1 .5025;  [di4 -2.12' 

( c = 1 . 1 3 ,  CHC13), i n  88% y i e l d .  Then t h e  c o n f i g u r a t i o n  o f  t h e  OH g r o u p  o f  ( I ) - s  

was i n v e r t e d  by  M i t s u n o b u ' s  m e t h o d ? ' 5  Thus ( L ) - s  was t r e a t e d  w i t h  PhC02H-Ph3P- 

EtO CN=NCO E t  i n  THF t o  g i v e  c r u d e  ( R ) - s .  T h i s  was h y d r o l y z e d  w i t h  KOH-MeOH-H20 
2  2  

t o  g i v e  t h e  d e s i r e d  d i o l  monobenzy l  e t h e r  (!)-2 ( 7 2 . 7 %  y i e l d  f r o m  , bp99-  

102"/1.5mm; n i 4  1 .5027 ;  [di4 + 2 . 0 8 ~ ( c = l . l l ,  CHCl,). A f t e r  p r o t e c t i n g  t h e  OH 

g r o u p  as  a  THP e t h e r  ( E l - 2 ,  t h e  b e n z y l  g r o u p  was removed b y  h y d r o g e n o l y s i s  ( H z /  

Pd-C/EtOH) t o  g i v e  ( R ) - 2 ,  bp83-88" /1 .5mm; n i 4 1 . 4 5 1 3 ;  [ a ] t 4 - 2 4 . 5 '  ( ~ ~ 1 . 3 2 ,  CHC13), 

i n  82% y i e l d  f r om (!)-Ad. T h i s  gave  (!)-A ~ (!)-3b. 
C o n n e c t i o n  o f  t h e  c h i r a l  i o d i d e k w i t h  -CH2COCH2- u n i t  was c a r r i e d  o u t  i n  two  

s t e p s .  F i r s t l y  a  d i a n i o n  d e r i v e d  f rom e t h y l  a c e t o a c e t a t e  ( N a H ,  n - ~ u ~ i / ~ ~ ~ ) 6  was 

a l k y l a t e d  w i t h  1  e q  o f  e i t h e r  (?)-A o r  ( R ) - L .  By e m p l o y i n g  (?)-A, a new 8 - k e t o  

e s t e r  ( ? ) - A w a s  o b t a i n e d  i n  75% y i e l d .  T h i s  was f u r t h e r  a l k y l a t e d  w i t h  ( ? ) - k i n  

t h e  p r e s e n c e  o f  K2CO3/THF-DMF t o  g i v e  ( 2 5 , 1 0 2 ) - A ,  I n  t h e  same manner  ,(2P_, 1 0 R ) - A  

was o b t a i n e d  by  e m p l o y i n g  (&)-A f o r  a l k y l a t i o n .  F o r  t h e  s y n t h e s i s  o f  ( 2 5 ,  I O R ) - L  

t h e  f i r s t  a l k y l a t i o n  was c a r r i e d  o u t  w i t h  ( : ) -Land t h e  second  was done  with(!)-4. 

F i n a l l y ,  t h e  k e t o  e s t e r d w a s  c o n v e r t e d  t o  2,8-dimethyl-1,7-dioxaspiro[5.51 

undecane  A b y  h y d r o l y s i s  and d e c a r b o x y l a t i o n  (KOHIM~OH-H20)  f o l l o w e d  b y  d e p r o t e c -  

t i o n  and  k e t a l i z a t i o n  (d i lHC1 IMeOH) .  S t a r t i n g  f r o m  ( 2 5 , 1 0 5 ) - 2 ,  we o b t a i n e d  ( 2 5 ,  

2  3  
8 5 ) ; l w i t h  unknown s t e r e o c h e m i s t r y  a t  C-6 (2OOmg f r o m  1 .89  o f k ) ,  b p  150-160 ' ;  n o  

1 .4465 ;  [ a ] 2 3  -51.6 '  ( c - 1 . 2 7 ,  5 - p e n t a n e )  .' We f i r s t  t h o u g h t  t h i s  t o  be  a m i x t u r e  
D  

o f  (2:,62,8:)-Land (22,6R,EL)-J, b o t h  o f  w h i c h  p o s s e s s e s  a  C 2 - a x i s  o f  s y m m e t r y .  

(We assumed two  Me g r o u p s  o f l t o  p r e f e r  t h e  e q u a t o r i a l  p o s i t i o n  w h i c h  s h o u l d  be 

e n e r g e t i c a l l y  more  f a v o r a b l e . )  Howeve r ,  t h e  g l c  and  nmr d a t a  o f  o u r  ( 2 5 , E z ) - A i n -  

d i c a t e d  i t  t o  b e  homogeneous:  g l c  ( c o l u m n ,  CF-96-CR19, 40mx0.28mm a t  70-220 '  (3"/ 

2  
m i n ) ,  c a r r i e r  g a s ,  N2, l . 0 k g l c m  ) :  R t  26.22 m i n  ( 9 8 %  p u r i t y ) ;  l ~ - n m r :  6(60MHz, 

cDC13) 1  . l o  ( 6H ,d , J=6Hz) ,  1 . 2 - 2 . 0  ( 1 2 H , b r ) ,  - 3 . 4 - - 3 . 9  (2H,m); 13c -nmr  (25 .05  MHz, 

cocl,) 19 .7 ,  22 .6 ,  33 .7 ,  36 .0 ,  6 6 . 0  ( C - C - 0 ) , , 9 7 . 1  ( 0 - C - 0 ) .  The s i x - l i n e  I 3 c - n m r  

s p e c t r u m  was i n  a c c o r d  w i t h  t h e  s t r u c t u r e s  w i t h  a  C 2 - a x i s  o f  symmet ry .  I n  connec -  

t i o n  w i t h  t h e i r  s y n t h e t i c  w o r k s  on  t h e  a n t i b i o t i c  A23187, Evans fl g.' and C r e s p  

e t  a1.' s y n t h e s i z e d  c r y s t a l l i n e  2,8-dialkyl-1,7-dioxaspir0[5.5]undecanes and  f o u n d  -- 
them t o  p o s s e s s  s t r u c t u r e s  s i m i l a r  t o  (2:,6R,E?)-Lby X - r a y  c r y s t a l l o g r a p h i c  a n a l -  

y s e s .  We t h e r e f o r e  t e n t a t i v e l y  a s s i g n  ! - c o n f i g u r a t i o n  t o  C-6  o f  o u r  ( 2 5 , 8 5 ) -  



1 .  The oxygen  a n o m e r i c  e f f e c t  seems t o  b e  o p e r a t i n g  t o  make ( 2 5 , 6 5 , 8 5 ) - L  l e s s  - 
24 s t a b l e  t h a n  (25,6!,85)-J. I n  t h e  same manner (2& ,10R) -2  y i e l d e d  (2R,62,8&);1, n o  

1 .4463;  [di4 + 5 l  .7 '  ( c = 1 . 7 2 ,  w p e n t a n e ) .  I t s  c h r o m a t o g r a p h i c  and  s p e c t r a l  d a t a  

c o i n c i d e d  w i t h  t h o s e  of (25,6&,85);?. 

The t h i r d  s t e r e o i s o m e r  was p r e p a r e d  f r o m  (25,10&)-6-. I n  t h i s  c a s e  we o b t a i n -  

24 e d  a  r a c e m i c  m i x t u r e  of (25,65,8R);? and ( 2 & , 6 R , 8 5 ) 2 ,  n i 4  1 .4555 ;  [ a l o  f 0 . 0 0 "  

( c - 1  . 8 7 ,  n - p e n t a n e ) ;  'H -nmr :  6(60MHz, COC13) 1 . 0 8  (3H ,d , J=6Hz) ,  1  .O9 ( 3 H , d , J = 6 H z ) ,  

1 .3 -2 .0  ( l Z H , b r ) ,  - 3 . 3 - - 3 . 8  ( l H , m ) ,  - 3 . 8 - - 4 . 3  ( lH,m);  I 3 c - n m r :  S (25 .05  M H z ,  CDC13) 

18 .9 ,  2 0 . 2 ,  22 .3 ,  2 2 . 6 ,  2 9 . 7 ,  3 3 . i ,  3 4 . 0 ,  3 6 . 9 ,  66 .9  (C-C-01,  69.4 (C-C_-0). 98 .3  

(O-C-0 ) ;  g l c  ( c o l u m n ,  CF96-CR19, 40mx0.28mm a t  70-220 '  ( 3 ' I m i n ) ;  c a r r i e r  gas ,  N2, 

l . 0 k g / c m 2 ) : ~ t  2 9 . 6 6 m i n  ( 1 0 0 %  p u r i t y ) . ' '  The l a c k  o f  a  C 2 - a x i s  o f  symmetry  i n  t h i s  

i s o m e r  was c l e a r l y  shown b y  i t s  e l e v e n - l i n e  13C-nmr s p e c t r u m ,  

I n  c o n c l u s i o n  a l l  t h e  e n e r g e t i c a l l y  p o s s i b l e  s t e r e o i s o m e r s  o f  2 , 8 - d i m e t h y l - 1 ,  

7-dioxaspiro[5.5lundecane were  s y n t h e s i z e d .  The o p t i c a l  r e s o l u t i o n  o f  t h e  r a c e m i c  

m i x t u r e  o f  ( 2 2 , 6 5 , 8 R ) - L  and  (2!,6R,85)-L r e m a i n s  t o  b e  a c h i e v e d . C f ' 1 2 ~ h e  b i o l o g i -  

c a l  a c t i v i t y  o f  t h e s e  s p i r o k e t a l  s t e r e o i s o m e r s  w i l l  b e  t e s t e d  l a t e r  b y  o u r  E u r o p e -  

an c o l l e a g u e s .  
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