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CYCLISATIONS USING M E T H Y L ( B I S M E T H Y L T H I 0 ) S U L P H O N I U M  SALTS. PART 6. '  

SYNTHESIS OF 2-METHYLTHIOMETHYLATED TETRAHYDROFURANS 

G i u s e p p e  C a p o z z i , *  S t e f a n a  M e n i c h e t t i ,  M a r i o  N i c a e t r o ,  a n d  M a u r i z i o  

T a d d e i  

C e n t r o  C . N . R .  " C h i r n i c a  e S t r u t t u r a  d e i  C o m p o s t i  E t e r o c i c i i c i " ,  

D i p a r t i m e n t o  d i  C h i m i c a  Organics, U n i v e r s i t a '  d i  F i r e n z e ,  v i a  G. C a p p o n i  

9, 5 0 1 2 1  F i r e n z e ,  I t a l y  

A b s t r a c t  - The  r e a c t i o n  o f  m e t h y l ( b i s m e t h y 1 t h i o ) s o l p h a n i u m  h e x a c h l o r o -  

a n t i r n o n a t e  ( 1 )  w i t h  6 - h y d r o x y a l k e n e s  ( 2 )  g i v e s  Z - m e t h y l t h i o m e t h y i -  

s u b s t i t u t e d  t e t r a h y d r o f u r a n s  ( 3 ) .  

C y c l i s a t i o n s  u s i n g  s u l p h e n y l a t i n g  a g e n t s  o f  v a r i o u s  n a t u r e  h a v e  r e c e i v e d  much  

a t t e n t i o n  i n  r e c e n t  y e a r s  b o t h  f a r  m e c h a n i s t i c  i n t e r e s t  a n d  f o r  t h e  h i g h  s y n t h e t i c  

p o t e n t i a l  o f  t h e  r i n g  s y s t e m s  ~ b t a i n e d . ~  

some t i m e  a g o  m e t h y L ( b i s m e t h y l t h i o ) s u l p h a n i u m  h e x a c h l o r o a n t i m o n a t e  ( 1 )  h a s  b e e n  

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

a l k y n e ~ . ~ , ~ - ~  I n  p a r t i c u l a r  i t  was  s h o w n  t h a t  l r e a c t s  u i t h  o - a i l y l p h e n a l s  t o  g i v e  

2 - m e t h y l t h i o m e t h y l d i h y d i 0 b e n z 0 f ~ r a n 5  i n  h i g h   yield^.^ 

UP n o w  r e p o r t  t h a t  1 c a n  a l s o  b e  e m p l o y e d  t o  o b t a i n  c y c L o f u n c t i o n a L i 2 a t i o n  o f  

6 - h y d r o x y a l k e n e s  ( 2 )  t o  t h e  t e t r a h y d r o f u r a n s  3 ( e q u a t i o n ) .  O t h e r  e f f i c i e n t  m e t h o d s  

f o r  s i m i l a r  s u l p h e n o e t h e r i f i c a t i o n  o f  a l k e n a l s  h a v e  b e e n  r e c e n t l y  

Equation 

+/SME 
+ Me-S, SbCIf 

SMe 
- a s M e  + MeSSMe 

R 
R 

T h e  a i c a h o l s  ( 2 )  w e r e  p r e p a r e d  b y  u s i n g  s t a n d a r d  p r o c e d u r e s  ( s e e  e x p e r i m e n t a l ) ,  

f r o m  t h e  G r i g n a r d  r e a g e n t  o b t a i n e d  f r o m  L - b r o r n o b u t - l - e n e  a n d  t h e  p r o p e r  a l d e h y d e s  

o r  k e t o n e s .  T h e  r e a c t i o n  o f  1 u i t h  2  w a s  e a s i l y  p e r f o r m e d  b y  d r o p w i s e  a d d i t i o n  o f  



a m e t h y l e n e  c h l o r i d e  s o l u t i o n  o f  1  t o  t h e  s o l u t i o n  o f  2  i n  t h e  s a m e  s o l v e n t  a t  

O ' C .  A f t e r  3 0  m i n u t e s  a t  t h i s  t e m p e r a t u r e  a n d  h y d r o l y t i c  w o r k - u p  ( N a H C 0 3  a q u e o u s  

s o l u t i o n ) ,  t h e  o r g a n i c  l a y e r  w a s  s e p a r a t e d  a n d  t h e  p r o d u c t  u a s  i s o l a t e d  i n  g o a d  

y i e l d  b y  c o l u m n  c h r o m a t o g r a p h y  o n  s i l i c a  g e l .  T h e  f i v e - m e r n b e r e d  r i n g  s t r u c t u r e  o f  

t h e  p r o d u c t s  w a s  a s s u m e d  a n  t h e  b a s i s  o f  m a s s  n p e ~ t r a m e t r y ~ ~  a n d  nmr s p e c t r a l  

d a t a .  T h e  y i e l d s  o f  t h e  t e t r a h y d r o f u r a n s  o b t a i n e d  b y  t h i s  r o u t e  a r e  r e p o r t e d  i n  

t h e  T a b l e .  

F o r m a t i o n  o f  t h e  2 - m e t h y ( t h i o m e t h y 1 t e t r a h y d r o f u r a n s  ( 3 )  L i k e l y  a r i s e s  f r o m  

i n t r a r n o l e c u l a r  n u c l e o p h i l i c  a t t a c k  o f  t h e  o x y g e n  a t o m  a t  o n e  c a r b o n  a t o m  o f  t h e  

i n t e r m e d i a t e  t h i i r a n i u m  i o n  ( 4 ) "  ( S c h e m e ) .  

Scheme 

T h e  f i v e - r n e m b e r e d  r i n g  c l o s u r e  o f  4 t o  3 a l u a y s  o c c u r s  r e g i o s p e c i f i c a l l y  i n  a n  E 

m o d e  a s  i t  a l s o  h a p p e n s  i n  m o s t  o f  t h e  s i m i l a r  c y c l i s a t i ~ n s . ~ , ~ , ' - ~  

T h e  c y c l i r a t i o n  o f  Z b ,  Z c ,  2 d ,  a n d  2 e  w a s  p e r f o r m e d  i n  o r d e r  t o  v e r i f y  w h e t h e r  

s t e r i c  h i n d r a n c e  a t  t h e  5 - p o s i t i o n  o f  2 c o u l d  i n d u c e  s o m e  s t e r e o s e l e c t i o n  i n  t h e  

f o r m a t i o n  o f  3 .  I n  a n y  c a r e  a l m o s t  e q u i m o i a r  a m o u n t s  o f  c i s  a n d  t r a n r  

t e t r a h y d r o f u r a n s  ( 3 )  w e r e  o b t a i n e d .  T h e  r a t i o  o f  t h e  s t e r e o i s o m e r s  w a s  d e t e r m i n e d  

b y  nmr o r ,  w h e n  p o s s i b l e ,  b y  g a s  c h r o m a t o g r a p h y .  

T h e  c y c l i s a t i o n  o f  2 b  w a s  c a r r i e d  o u t  a t  s e v e r a l  t e m p e r a t u r e s  f r o m  - 7 8 ' ~  t o  + 4 0 ° c ,  

b u t  d e t e c t a b l e  c h a n g e s  o f  t h e  i s o m e r  r a t i o  o f  t h e  t e t r a h y d r o f u r a n s  ( 3 b )  w e r e  n o t  

o b s e r v e d .  

S i m p l e  f o r c e  f i e l d  c a l c u l a t i o n s  p e r f o r m e d  b y  t h e  p r o g r a m  s h o w e d  t h a t  t h e  

d i f f e r e n c e  o f  t h e  t o t a l  e n e r g y  o f  t h e  c i s  a n d  t r a n s  3 b - e  w a s  0 . 1 6 ,  0 . 4 5 ,  0 . 5 6 ,  a n d  

3 . 9 8  k c a l l m a l  r e s p e c t i v e l y ,  b e i n g  a l w a y s  t h e  c i s  t h e  m o r e  s t a b l e  i s o m e r .  A l t h o u g h  

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

c y c l i s a t i a n  o f  t h e  a l k e n a l s  ( 2 )  i s  n o t  a t h e r m o d y n a m i c a l l y  c o n t r o l l e d  p r o c e s s .  I n  

f a c t  t h e  s o  h i g h  c a l c u l a t e d  e n e r g y  d i f f e r e n c e  o f  t h e  t w o  i s o m e r i c  p h e n y l  

s u b s t i t u t e d  t e t r a h y d r o f u r a n s  ( 3 e )  w o u l d  h a v e  g i v e n  a s t r o n g l y  u n b a l a n c e d  m i x t u r e  

o f  s t e r e o i s o m e r s .  

T h e  e a s i n e s s  o f  t h e  p r e p a r a t i o n  o f  a n d  o f  t h e  o v e r a l l  p r o c e d u r e  m a k e  t h i s  

s y n t h e s i s  o f  s u b s t i t u t e d  t e t r a h y d r a f u r a n s  a v a l i d  a l t e r n a t i v e  t o  o t h e r  
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s u l p h e n o e t h e r i f i c a t i o n  m e t h o d s  s o  f a r  r e p o r t e d  i n  t h e  r e c e n t  L i t e r a t u r e  7 F 9  s i n c e  

i t  i s  a t  L e a s t  a s  s i m p l e  a s  t h e  o t h e r  m e t h o d s .  M o r e o v e r  t h i s  m e t h o d  m i g h t  b e  o f  

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

Y - a l k e n o l  (5) b e h a v e s  L i k e  2 a n d  g i v e s  2 - m e t h y L t h i o m e t h y L t e t r a h y d r a p y r a n  (61 i n  

h i g h  y i e l d s  ( s e e  T a b l e ) .  

Table 

Synthasir of cyclic athers from olksnols in CYC12 at 0 'C 



D u e  t o  t h e  i m p o r t a n c e  o f  t h e  p r e s e n c e  o f  a t e t r a h y d r o f u r a n  s k e l e t o n  i n  m a n y  

b i o l o g i c a l  a c t i v e  c o m p o u n d s  we a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h e  a p p l i c a t i o n  o f  t h i s  

r e a c t i o n  t o  t h e  s y n t h e s i s  o f  s o m e  p h a r m a c o l o g i c a l l y  a c t i v e  c o m p o u n d s .  I n d e e d  

p r e l i m i n a r y  e x p e r i m e n t s  s h o w  t h a t  3.3, 3c ,  a n d  6 h a v e  s o m e  s p e c i f i c  a n t i -  

t h r o m b o s i s  a c t i v i t y .  

EXPERIMENTAL 

' H  Nrn r  u e r e  r e c o r d e d  o n  a V a r i a n  VXR-300 s p e c t r o m e t e r  a n d  t h e  d a t a  r e p o r t e d  f o r  

CDCL3 s o l u t i o n s ,  TMS a s  i n t e r n a l  s t a n d a r d ,  a n d  c o u p i i n g  c o n s t a n t s  i n  H r .  GC- 

m a s s  s p e c t r a  w e r e  t a k e n  o n  a H P - 5 9 7 0 - 5 7 9 0  s y s t e m  e q u i p p e d  w i t h  a SE-30, 25  m, 

c a p i l l a r y  c o l u m n .  

A l k e n o l e  (2.3) a n d  ( 5 )  w e r e  p u r c h a s e d  f r o m  A l d r i c h .  

Compounds  ( Z b ) - ( Z f )  u e r e  p r e p a r e d  b y  r e a c t i o n  o f  t h e  G r i g n a r d  r e a g e n t  o f  t h e  1 -  

b r o m o - b u t - 3 - e n e  a n d  t h e  a p p r o p r i a t e  c a r b o n y l  c o m p o u n d s  a n d  w e r e  c h a r a c t e r i z e d  o n  

t h e  b a s i s  o f  L i t e r a t u r e  d a t a 1 ' .  

T h e  p r e v i o u s l y  u n r e p o r t e d  a l k e n o l s  ( 2 c )  a n d  ( 2 f )  w e r e  p u r i f i e d  b y  c o l u m n  

c h r o m a t o g r a p h y  a n  s i l i c a  g e l  ( e l u a n t :  ( Z c ) ,  l i g h t  p e t r o l e u m  - d i e t h y l  e t h e r  9 5 : 5  

" / V ;  ( Z f ) ,  d i e t h y l  e t h e r ) .  

2 - M e t h y l - 3 - h y d r a x y h e p t - 6 - e n e  ( Z c ) ,  b p  7 7 - 8 1 ° C  a t  5 0  mmHg, 3 9 %  y i e l d .  ' H  N m r ,  
P- 

6 5 . 8 6  ( m ,  1H1, 5 .06 ( m ,  I H ) ,  4,98 (m, I H ) ,  3 .39 ( m ,  I H ) ,  2 .20  ( c o m p l e x  m, 2H), 

1 .66  (m, I H ) ,  1 .53  ( c o m p l e x  m, 2H a n d  OH), 0 .93  (d, 3H, J = 6.91, a n d  0 .92  (d, 

3H, J = 6 . 7 ) .  M a s s  s p e c t r u m ,  m l z  1 2 8  ( M t ) ,  1 1 0  ( M '  - 1 8 1 ,  a n d  4 5  ( b a s e  p e a k ) .  

A n a l .  C a l c d  f o r  C8H160; C, 74 .94 ;  H, 1 2 . 5 8 .  Found;  C, 75 .23 ;  H, 1 2 . 3 7 .  

l - ( 3 - B u t e n y 1 ) c y c l o h e x a n o l  ( 2 f )  w a s  f u r t h e r  p u r i f i e d  b y  b u l b  t o  b u l b  d i s t i l l a t i o n  

a t  5 0  mmHg ( a i l  b a t h  a t  1 ~ 0 ~ ~ ) ;  4 3 %  y i e l d .  ' H  Nrnr, 6 5.87 ( m ,  1H), 5 .05 ( m ,  l H ) ,  

4 .96 (m, I H ) ,  2 . 1 6  (m,  2H a n d  OH), 1 . 5 0  ( m ,  1 2 H ) .  M a s s  s p e c t r u m ,  m / z  1 5 4  ( M + ) ,  1 3 6  

(Mt  - 1 8 ) ,  5 5  ( b a s e  p e a k ) .  A n a l .  C a l c d  f o r  ClOHl80; C, 7 7 . 8 7 ;  H, 1 1 . 7 6 .  Found ;  C, 

78 .10 ;  H, 1 1 . 5 3 .  

C y c l i s a t i o n  R e a c t i o n  5 ( 2 a )  - ( 2 f )  ( 5 )  uith M e t h y l ( b i s m e t h y l t h i o ) s u l p h o n i u m  

H e x a c h l o r o a n t i m a n a t e  ( l ) .  General P r o c e d u r e . - T h e  a p p r o p r i a t e  a l k e n o l  ( 2 )  ( 2  m m o l )  

i n  d r y  d i c h l a r o m e t h a n e  ( 5  m l )  w a s  c o o l e d  a t  O°C a n d  1 ( 2  m m a l )  d i s s o l v e d  i n  t h e  

s a m e  s o l v e n t  ( 1 0  m l )  w a s  a d d e d  d r o p w i s e .  A f t e r  3 0  m i n ,  1 0 %  a q u e o u s  s o l u t i o n  o f  

Na2C03  w a s  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  a l l o w e d  t o  w a r m  t o  r o a m  t e m p e r a t u r e .  

T h e  o r g a n i c  l a y e r  w a s  s e p a r a t e d  a n d  w a s h e d  w i t h  w a t e r  t o  n e u t r a l i t y .  T h e  

d i c h l a m e t h a n e  s o l u t i o n  w a s  d r i e d  ( C a C L 2 ) ,  t h e  s o l v e n t  was  r e m o v e d  u n d e r  vacuum,  

a n d  t h e  r e s i d u e  war c h r a m a t o g r a p h e d  on s i l i c a  g e l  c o l u m n  ( e l u a n t :  ( 3 a ) ,  L i g h t  

p e t r o l e u m  - d i e t h y l  e t h e r  4 : l ;  ( 3 b ) ,  ( 3 d ) ,  a n d  ( 3 f ) .  L i g h t  p e t r o l e u m  - e t h y l  
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a c e t a t e  3 : l ;  ( 3 c )  a n d  ( 3 e ) ,  L i g h t  p e t r o l e u m  - e t h y l  a c e t a t e  9 : 1 ;  ( 6 1 ,  L i g h t  

p e t r o l e u m  - d i e t h y l  e t h e r  9 : l  "1"). T h e  c y c l i c  e t h e r s  ( 3 )  a n d  ( 6 )  w e r e  f u r t e r  

p u r i f i e d  b y  vacuum d i s t i l l a t i o n .  2 - ( M e t h y l t h i a m e t h y 1 ) t e t r a h y d r o f u r a n  ( 3 3 ) ;  b p  3 6 -  

3 7 ' ~  a t  0 . 3  mrnHg. ' H  N m r  6 4 . 0 4 7  (q,  l H ,  J  = 6.4, H -? ) ,  3 . 8 9  (m, l H ,  H A - 5 ) ,  3 . 7 6  

( m ,  l H ,  H E - S ) ,  2 . 6 7  ( A  p a r t  o f  a n  ABX s y s t e m ,  l H ,  J A B  = 1 3 . 2 4 ,  J A X  = 6 . 0 7 ,  

CHASMe) ,  2 .59  ( B  P a r t  o f  a n  ABX s y s t e m ,  l H ,  J B X  = 6 .24 ,  CHBSMe), 2 . 1 6  ( S ,  3H, 

SCH3) ,  2 . 1 5  - 1 . 8 2  a n d  1 . 7 0  - 1 . 5 8  ( c o m p l e x  m, 4H, H3 a n d  H 4 )  M a s s  s p e c t r u m ,  m l z  

1 3 2  (M t ) ,  7 1  (Mi - CH2SMe, b a s e  p e a k ) .  A n a l .  C a l c d  f o r  C6H120S ;  C, 54 .50 ;  H, 

9 . 1 5 .  F o u n d ;  C, 5 4 . 2 2 ;  H, 9 . 3 1 .  

2 - ( M e t h y l t h i o m e t h y l l - 5 - m e t h y i t e t r a h y d r a f  ( 3 b )  was  p u r i f i e d  b y  b u l b  t o  b u l b  

d i s t i l l a t i o n  a t  3 5  mmHg, o i l  b a t h ,  90 °C .  ' H  Nmr 6 4 . 1 2  (m, IH, H - 2  o r  H-51,  4 . 0 1  

( m ,  l H ,  H-5  o r  H - ? ) ,  2 . 5 7  (m, 2H, CH2SMe) ,  2 . 1 5  a n d  2 . 1 4  ( t w o  S ,  3H, SCH31, 2 . 1 0 -  

1 . 9 0  a n d  1 . 7 0  - 1 . 4 0  ( c o m p l e x  m, 4H, H - 3  a n d  H -4 ) ,  1 . 2 3  a n d  1 . 9 9  ( t w o  d, 3H, J  = 

8 . 1  a n d  8.1, CH3) .  M a s s  s p e c t r u m ,  m l z  1 4 6  ( M ' ) ,  8 5  (M t  - CH2SMe, b a s e  p e a k ) .  A n a i .  

C a l c d  f o r  C 7 H q 4 0 S ;  C ,  5 7 . 4 8 ;  H,  9 . 6 5 .  F o u n d ;  C ,  5 6 . 9 4 ;  H, 9 . 5 4 .  Z: 
( M e t h y l t h i o m e t h y l l - 5 - i s o ~ r ~ ~ ~ l t e t r a h ~ d r o f r a n  ( 3 ~ 1  w a s  p u r i f i e d  b y  b u l b  t o  b u l b  

d i s t i l l a t i o n  a t  2 0  mmHg, o i l  b a t h ,  1 3 0 ° C .  ' H  N m r  6 4 . 1 3  a n d  4 . 0 4  ( t w o  m, 1H, H-21,  

3 . 6 6  a n d  3 . 5 6  ( t w o  m, ? H ,  H - 5 ) ,  2 . 5 1  - 2 . 7 3  ( t w o  m, 2H, C H 2 S M e ) ,  2 . 1 6  ( S ,  3H, 

SCH3) ,  2 . 1 2  - 1 . 8 2  a n d  1 . 7 3  - 1 . 5 0  ( t w o  c o m p l e x  m, 5 ~ ,  H-3, H - 4  a n d  C H M ~ ~ ) ,  0 . 9 5  

a n d  0 . 8 6  ( t w o  d, 3H, J  = 6 .5  a n d  6 .7 ,  i s o p r o p y l - C H 3 ) ,  0 . 9 4  a n d  0 . 8 5  ( t w o  d, 

3H, J = 6.5 a n d  6.7, i s a p r o p y l - C H 3 ) .  A n a l .  C a l c d  f o r  C9H180S; C, 6 2 . 0 2 ;  H, 1 0 . 4 1 .  

F o u n d ;  C, 62 .41 ;  H, 1 0 . 6 3 .  2 - ( M e t h y l t i o m e t h y 1 ) - 5 - t e r t - b u t y i t e t r a h y d f  ( 3d1 ,  

b p  1 1 5 - 1 1 8 " ~  a t  3  mmHg. ' H  N m r  6 4 . 0 9  a n d  4 . 0 2  ( t w o  m, ?H, H -21 ,  3 . 6 6  a n d  3 . 5 6  

( t w o  m, ? H ,  H - 5 1 ,  2 . 7 2  - 2 . 4 7  ( t w o  m, 2H,  C H 2 S M e ) ,  2 . 1 8  a n d  2 . 1 7  ( t w o  S ,  3H, 

SCH3) ,  2 . 1 0  - 1 . 9 0  a n d  1 . 8 5  - 1 . 5 7  ( t w o  c o m p l e x  m, 4H, H-3  a n d  H - 4 ) ,  0 . 8 9  a n d  0 . 8 8  

( t w o  S, 9H, C ( C H 3 ) 3 1 .  M a s s  s p e c t r u m ,  m l r  1 8 8  ( M + ) ,  1 2 7  ( M +  - CH2SMe, l ,  1 0 9  

( b a s e  p e a k ) .  A n a l .  C a l c d .  f o r  C10H200S; C, 6 3 . 7 8 ;  H, 1 0 . 7 0 .  F o u n d ;  C, 6 4 . 1 0 ;  H, 

1 0 . 4 8 .  2 - ( M e t h y L t h i o m e t h y O - 5 - p h e n y l t e t r a h y d r a f u r a n  ( 3 e )  w a s  p u r i f i e d  b y  b u l b  t o  

b u l b  d i s t i l l a t i o n  a t  0 . 2  mmHg, o i l  b a t h  a t  1 7 0 ' ~ .  ' H  N m r  6 7 . 3 8  - 7 . 2 3  (m, 5H, 

P h ) ,  5 . 0 6  a n d  4 . 9 0  ( t w o  t, l H ,  J = 1 . 6  a n d  7.1, H-51,  4 . 4 4  a n d  4 . 2 6  ( t w o  m, ?H, H -  

21, 2 . 8 9  - 2 . 6 5  ( m ,  ?H, CH2SMe) ,  2 . 5 0  - 2 . 1 0  ( c o m p l e x  m, 2H, H -4 ) ,  2 . 2 2  a n d  2 .21  

( t w o  S ,  3H, S C H 3 ) ,  1 . 8 5  ( m ,  2H, H - 3 1 .  M a s s  s p e c t r u m ,  m 1 2  2 0 8  ( M ' ) ,  1 4 7  (Mi - 
CH2SMe, b a s e  p e a k ) .  A n a l .  C a l c d  f o r  C12H160S; C, 6 9 . 1 8 ;  H, 7 . 7 4 .  F o u n d ;  C, 6 9 . 5 4 ;  

H, 7 . 6 2 .  2 - M e t h ~ l t h i o m e t h y l - l - ~ x a ~ p i r 0 ~ 4 . 5 ~ d e c a n e  ( 3 f )  w a s  p u r i f i e d  b y  b u l b  t o  

b u l b  d i s t i l l a t i o n  a t  0 . 2  mmHg, o i l  b a t h  a t  1 5 0 ' ~ .  ' H  N m r 6  4 . 1 1  (m,  I H ,  H -2 ) ,  2 .67 

( A  p a r t  o f  a n  ABX s y s t e m ,  lH ,  J A B  = 13.3 ,  J A X  = 5.3, CHASMe), 2 . 5 3  ( B  p a r t  o f  a n  

ABX s y s t e m ,  l H ,  J B X  = 6 .7 ,  CHBSMe), 2 . 1 4  ( S ,  3H, SCH31, 1 . 8 0  - 1 . 2 0  ( c o m p l e x  m, 



14H, H-3, H-4, a n d  c y c l a h e x y l  p r o t o n s l .  M a s s  s p e c t r u m ,  m 1 2  2 0 0  ( M + ) ,  1 3 9  (M+  - 

CH2SMe,  7 0 x 1 ,  1 2 1  ( b a s e  p e a k ) .  A n a l .  C a l c d  f a r  CllH200S; C,  6 5 . 9 5 ;  H, 1 0 . 0 6 .  

F o u n d ;  C, 6 6 . 3 3 ;  H, 9 . 9 4 .  2 - ( M e t h y l t h i a m e t h y L ) - t e t r a h y d r o p y r a n  ( 6 1 ;  b p  4 5  - 4 6  'C 

a t  0 . 3  mrnHg. ' H  Nmr 6 4 . 0 1  ( m ,  l H ,  H -21 ,  3 . 4 4  (m,  2H, H -51 ,  2 . 6 2  ( A  p a r t  o f  a n  ABX 

s y s t e m ,  ?H, J A B  = 13.2 ,  J A X  = 6.0, C H A S M e l ,  2 . 5 1  ( B  p a r t  o f  a n  A8X s y s t e m ,  lH ,  J B X  

= 4.8, CHBSMe), 2 . 1 5  ( S ,  3H, SCH3)  1 . 9 0  - 1 . 2 0  ( c o m p l e x  m, 6H, H-2, H-3, a n d  H - 4 1 .  

M a s s  s p e c t r u m ,  m 1 2  1 4 6  ( M + ) ,  8 5  ( M +  - CH2SMe, b a s e  p e a k ] .  A n a l .  C a l c d  f o r  C7H140S;  

C, 57 .49 ;  H, 9 . 6 5 .  F o u n d ;  C, 5 7 . 5 8 ;  H, 9 . 7 6 .  
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