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A b s t r a c t : 
S y n t h e s i s of n e w s p i r o c y c l o h e x a n b e n z o p y r a n s d e r i v a t i v e s is d e s c r i b e d by u s i n g intramolecular 

H e c k arylation a n d s t e r e o s p e c i f i c e p o x i d a t i o n . 

Our i n t e r e s t in s p i r o c y c l o h e x a n b e n z o p y r a n s d e r i v a t i v e s ( 1 , 2 ) , p r o m p t e d u s to d e v i s e a s h o r t e r 

s c h e m e i n v o l v i n g a n i n t r a m o l e c u l a r H e c k r e a c t i o n , o n t h e e t h e r ^ a n d l e a d i n g to t h e t w o i s o m e r i c 

h e t e r o c y c l e s 2_and 3 : 

and 

O C H . OCH3 O C H , 

1 .2 3 

T h e c r e a t i o n of a q u a t e r n a r y s p i r o c e n t e r by a H e c k r e a c t i o n (3) is wel l k n o w n a n d e x a m p l e s h a v e 

recent ly b e e n d e s c r i b e d by O v e r m a n (4) a n d Dyker (5) in the c a s e of s p i r o c y c l o h e x e n y l t e t r a h y d r o f u r a n s . 

T h e e t h e r 1_ is p r e p a r e d by r e a c t i o n (6) of o r t h o i o d o g a i a c o l 4 e i t h e r with a l c o h o l b or with the i odo 

der ivat ive 6 : 

OH 

O C H . 

DEAD 
T P P ' 
3 8 % 

+ 4 

K2CO3 

40% 

2 8 9 
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A g e n e r a l s e l e c t i v e m e t h o d of or tho- l i th ia t ion of p h e n o l s (7) d o e s not e x i s t a n d t h e or tho 

i o d o d e r i v a t i v e s a r e o b t a i n e d m i x e d with t h e p a r a - d e r i v a t i v e s or the o r t h o - p a r a - d e r i v a t i v e s . With t h e 

g a i a c o l , w e n o t e m o r e o v e r t w o p o s s i b i l i t i e s of ortho or p a r a s u b s t i t u t i o n a n d w e tried s e v e r a l t e c h n i q u e s 

for improving the yield of 4. 

Fol lowing t h e report of G a m b l e a n d al. (8) ( i od ine with thall ium a c e t a t e ) w e fai led to o b s e r v e t h e 

d e s c r i b e d se l ec t iv i ty a n d r e c o v e r e d t h e u n c h a n g e d g a i a c o l . U s i n g a t e c h n i q u e p r e v i o u s l y d e s c r i b e d for 

veratrol (9), butyllithium a n d iodine , w e o b t a i n e d a mixture of ortho a n d o r t h o - p a r a - s u b s t i t u t e d d e r i v a t i v e s . 

Whi l s t fert.butyllithium with iod ine a n d T M E D A or t er t iobutano l a c c o r d i n g to Morey a n d al ( 1 0 ) g a v e a 

mixture of m o n o a n d d i s u b s t i t u t e d d e r i v a t i v e s . 

W e did not try t h e s e l e c t i v e p a r a d e i o d a t i o n of o r t h o - p a r a s u b s t i t u t e d d e r i v a t i v e s d e s c r i b e d by 

H o m e a n d al ( 1 1 ) , b e c a u s e low y i e lds are o b s e r v e d in this react ion . 

W e finally u s e d t h e m e t h o x y m e t h y l e t h e r of g a i a c o l . T h i s protec t ive g r o u p is e a s i l y e l i m i n a t e d by 

a c i d a n d led to the iodo der ivat ive 4 with a yield of 6 7 % for the t h r e e s t e p s : 

1) NaH 

OH 2) C I C H 2 O C H 3 

1) BuLi 

O C H , 

2) I , 
O 

6 C H 3 C H 2 

q 

C H , 

8 

W e p r e p a r e d t h e a l c o h o l 5, s tar t ing from t h e 2 - ( c y c l o h e x - l - e n y l ) - a c e t o n i t r i l e 9, a c c o r d i n g to 

L e d n i c e r a n d al. ( 1 2 ) a n d c o n v e r t e d it to t h e iodo der ivat ive 6 by u s e of T P P / I 2 (13) : 

TPP/ I , 
KOH AlLiH, 

80% 

COOH 

10 

OH 

5 

imidazole 

4 9 % 

W e w e r e u n a b l e to p r e p a r e t h e iod ide 6 by d e c o m p o s i t i o n , a c c o r d i n g to Katritzky ( 1 4 ) , of t h e 

i o d i d e of l - [ 2 - ( c y c l o h e x - 1 - e n y l ) - e t h y l ] - 2 , 4 , 6 - t r i p h e n y l p y r i d i n i u m 1_1, w h i c h is e a s i l y p r e p a r e d by reac t ion 

of t h e 2 - ( c y c l o h e x - l - e n y l ) - e t h y l a m i n e , a c h e a p c o m m e r c i a l p r o d u c t , with t h e 2 , 4 , 6 - t r i p h e n y l p y r i l i u m 

iod ide : 

2 9 0 
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O N C) 

11 

O N O 

T h e u s e of i od ide 6 d o e s not i m p r o v e signif icantly the y ie ld of e t h e r J.. 

T h e e t h e r J_ l e a d s to s p i r a n s 2. a n d 3 by i n t r a m o l e c u l a r ary la t ion a c c o r d i n g t o H e c k (15). 

A d d i t i o n of s i l v e r n i trate a n d t r i e t h y l a m i n e a c c o r d i n g to A b e l m a n a n d al. (4) d o e s not p r e v e n t 

i s o m e r i s a t i o n of t h e d o u b l e b o n d a n d h y d r o l y s i s of r e a c t i o n mixture by s o d i u m h y d r o x i d e l e a d s to 

mix ture of 2 ( # 9 0 % ) a n d 3 . ( # 1 0 % ) . Addit ion of m e t a c h l o r o - p e r b e n z o i c a c i d to the mixture of the t w o 

i s o m e r s 2 a n d 3 l e a d s to t h e e p o x i d e s 12 a n d 13, w h i c h w e r e s e p a r a t e d by c h r o m a t o g r a p h y . 

O H 

C o m p o u n d 12 is ident i ca l to the c o m p o u n d p r e v i o u s l y o b t a i n e d (1) by a different r e a c t i o n 

s c h e m e . S o m e typical spec tra l d a t a (1H NMR, N O E S Y ) are g i v e n in figure 1. 

291 
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F i g u r e 1 

D i s t a n c e s (A) a r e t h o s e g i v e n by c o m p u t a t i o n of t h e l o w e s t e n e r g y c o n f o r m e r s a c c o r d i n g to 

d i s t a n c e s tra ins g i v e n by N O E S Y C A R D . 

T h e s t e r e o c h e m i s t r y of c o m p o u n d 1 3 re su l t s from e x a m i n a t i o n of its spec tra l d a t a (NMR, N O E S Y ) 

a n d w a s c o n f i r m e d b y N M R s t u d i e s o n t h e a l c o h o l der iva t ive 1 4 o b t a i n e d after reduct ion of 1_3 by lithium 

a l u m i n u m hydr ide . 

T h e a l c o h o l 1 4 h a s s u c h a c o n f o r m a t i o n that t h e hydroxyl in equator ia l pos i t ion h a s a 1 ,3 diaxial 

in terac t ion with o n e of t h e h y d r o g e n s o n t h e c a r b o n 3 , l e a d i n g to a s h i e l d i n g of th is h y d r o g e n (1 ) . T h e 

a l c o h o l 1 5 h a s a hydroxyl in axial pos i t ion , p r o v e d by t h e c o u p l i n g c o n s t a n t s of the proton H 4 ' : J i = 3 Hz, 

J 2 = 3 H z . T h i s c o n f o r m a t i o n is e x p l a i n e d b y t h e l e s s c r o w d i n g of t h e m o l e c u l e in relat ion to t h e o t h e r s 

c o n f o r m a t i o n a l p o s s i b i l i t i e s . 

In c o n c l u s i o n , s t e r e o s p e c i f i c e p o x i d a t i o n s of i s o l a t e d d o u b l e b o n d s a r e s c a r c e a n d not we l l 

u n d e r s t o o d . In t h e c a s e of t h e c o m p o u n d s s t u d i e d , a n e x p l a n a t i o n b a s e d u p o n c o n f o r m a t i o n a l 

a n a l y s i s a n d theore t i ca l d a t a is u n d e r inves t igat ion . 
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29.3 

E x p e r i m e n t a l S e c t i o n . 

Thin layer c h r o m a t o g r a p h y w a s p e r f o r m e d o n K i e s e l g e l 6 0 F Merck or R i e d e l - D e H a e n . F l a s h 

c h r o m a t o g r a p h y w a s d o n e wi th M e r c k 9 3 8 5 4 0 - 6 3 m m or R i e d e l - D e H a e n 3 1 6 0 7 s i l i ca . M a s s 

s p e c t r u m w e r e p e r f o r m e d o n a V.G 7 0 - 7 0 a p p a r a t u s a n d e l e m e n t a r y a n a l y s i s o n a Perkin E l m e r 2 4 0 

a p p a r a t u s , ""H N M R p e c t r a w e r e r e c o r d e d o n a Bruker AC 200 P (200 MHz or 4 0 0 MHz for c o m p o u n d s 

1 2 a n d 13) in d e u t e r a t e d ch loroform a n d t e t r a m e t h y l s i l a n e ( T M S ) u s e d a s internal r e f e r e n c e . C h e m i c a l 

shi f ts w e r e e x p r e s s e d in p p m et c o u p l i n g c o n s t a n t s in Hz . 

3 - l o d o - 2 - m e t h o x y m e t h o x y a n l s o l e 8_ 

A so lu t ion of 10 m m o l ( 1 6 8 g) of 2 - m e t h o x y m e t h o x y a n i s o l e 7 p r e p a r e d a c c o r d i n g to K l u g e a n d 

a / ' ' ^ in 15 ml of a n h y d r o u s THF w a s chi l led to -10 ° C . 11 m m o l ( 7 ml of a 1.6 M so lut ion of butyllithium) 

w a s a d d e d d r o p w i s e ; t h e mixture w a s stirred 2 h o u r s at r o o m t e m p e r a t u r e a n d t h e n chi l led to - 4 0 ° C . A 

s o l u t i o n of 11 m m o l ( 2 . 7 g) of iod ine in 20 ml of a n h y d r o u s T H F w a s a d d e d d r o p w i s e u n d e r ag i ta t i on 

a n d t h e mixture w a s kept o v e r n i g h t at r o o m t e m p e r a t u r e . After addi t ion of 100 ml of diethyl e t h e r , t h e 

o r g a n i c layer w a s w a s h e d with a so lu t ion of N a H S O a until d e c o l o r a t i o n , t h e n n e u t r a l i s e d with a so lu t ion 

of N a H C O a a n d w a s h e d with w a t e r . T h e o r g a n i c l a y e r w a s dr i ed o v e r s o d i u m su l fa te a n d e v a p o r a t e d . 

T h e oily r e s i d u e w a s c h r o m a t o g r a p h i e d o n s i l ica g e l ( h e x a n e / CH2CI2 : 7 0 / 3 0 ) to g i v e 2.35 g (yield = 

8 0 % ) of 8 . 

Anal . C9H11O3I ( 2 9 4 ) ; C a l c . C : 3 6 . 7 7 ; H : 3 . 7 7 . found C : 3 6 . 9 4 ; H : 3 . 9 1 . 

•"H n m r ( 5 , p p m ) : 7 . 2 5 (dd, 1 H), 6.75 (dd, I H ) , 6 .5 (t, I H ) , 6.1 ( s , 2H), 3 . 8 (2s, 6H). 

2 - M e t h o x y - 6 - i o d o p h e n o l 4_ 

8 m m o l (2,35 g ) of c o m p o u n d 8 w a s re f luxed for o n e h o u r in m e t h a n o l wi th 0 . 5 ml of ION 

hydrochlor ic ac id . T h e s o l v a n t w a s e v a p o r a t e d a n d t h e oily r e s i d u e w a s c h r o m a t o g r a p h i e d o n s i l i c a g e l 

( c y c l o h e x a n e / CH2CI2 : 9 5 / 5 ) to g i v e 2 g (yield = 9 8 % ) of 4_ 

Anal . C7H7O2I ( 2 5 0 ) ; Ca lc . C : 3 3 . 6 3 ; H : 2 . 8 2 . found C : 3 3 . 5 9 ; H : 3.10. 
• 'HNMR(5, p p m ) : 7 . 3 0 (d, 1 H ) , 6 . 8 5 (d, I H ) , 6 . 6 (t,1H), 6,1 ( s , D2O e x c h a n g e d , I H ) , 3 . 8 5 ( s , 3H). 

2 - ( C y c l o h e x - l - e n y l ) - 1 - l o d o e t h a n e 6 

A so lu t ion of 7 . 9 m m o l (1 g) of 5 (12), 10 m m o l ( 2 . 6 2 g ) of t r i p h e n y l p h o s p h i n e , 10 m m o l ( 0 . 6 6 g) 

of i m i d a z o l e a n d 10 m m o l (2.53 g ) of i o d i n e in 100 ml of a n h y d r o u s t o l u e n e w a s w a r m e d u n d e r 

n i t r o g e n for 4 h o u r s b e t w e e n 9 0 a n d 100 ^C. T h e m i x t u r e w a s c o o l e d a n d a s o l u t i o n of s o d i u m 

b i s u l p h i t e w a s a d d e d . Ethyl a c e t a t e w a s a d d e d a n d t h e o r g a n i c l a y e r w a s w a s h e d wi th a 

s a t u r a t e d s o l u t i o n of N a H C O s a n d d r i e d o v e r s o d i u m s u l f a t e a n d e v a p o r a t e d . T h e oi ly r e s i d u e 

w a s c h r o m a t o g r a p h i e d o n s i l i c a g e l ( c y c l o h e x a n e ) to g i v e 0 . 9 8 g ( y i e l d = 4 9 % ) of 6. 

Anal . C8H13I ( 2 3 6 ) ; C a l c . C : 4 0 . 7 1 ; H : 5 . 5 5 . f o u n d C : 4 0 . 6 1 ; H : 5 . 4 6 . 

•"H N M R ( 5 , p p m ) : 5.45 (m, 1H ) ,3 .2( t , 2H1), 2 . 5 (t, 2H2), 2 . 0 5 - 1 . 8 5 (m, 4H), 1.7-1.45 (m, 4H). 

I ^ C NMR : 1 3 6 . 3 (C3), 1 2 3 . 7 (C4), 4 2 , 2 (C2), 2 9 . 6 ( C i ) , 2 7 , 5 (C8), 2 5 . 1 1 (C5), 2 2 . 7 (C7), 2 2 . 2 (C6). 
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C y c l i s a t i o n i n t o s p i r o c y c l o h e x a n b e n z o p y r a n s _ 2 a n d 3. : 

To a s o l u t i o n of 1 m m o l ( 0 . 3 5 g) of 1 in 3 0 ml of a n h y d r o u s acetoni tr i l e w e r e a d d e d 1 e q u i v a l e n t 

( 0 . 2 6 2 g) of Pcl>3, 1 e q u i v a l e n t ( 0 . 2 2 4 g) of ( A c O ) 2 P d , 1 e q u i v a l e n t ( 0 . 1 6 9 g) of AgNOs ( 0 - 1 6 9 g) a n d 

3 e q u i v a l e n t s ( 0 . 3 0 3 g) of t r i e t h y l a m i n e . T h e m i x t u r e w a s r e f l u x e d for 3 0 h. After filtration, t h e 

prec ip i ta te w a s w a s h e d with acetonitr i le a n d t h e o r g a n i c c o m b i n e d e x t r a c t s w e r e e v a p o r a t e d . T h e oily 

r e s i d u e w a s c h r o m a t h o g r a p h i e d o n si l ica g e l ( c y c l o h e x a n e / CHCI3 : 5 0 / 5 0 ) to g i v e 0 . 0 9 7 g (yield = 

8 4 % ) of a mixture of two i s o m e r s 2 (major product) a n d 3 . 

Anal . C15H18O2 (230.3); Ca lc . C : 7 8 . 2 3 ; H : 7 . 8 3 . f o u n d C : 7 8 . 0 8 ; H : 7 . 9 0 . 

1 H NMR (5, p p m ) : 6 . 9 - 6 . 6 5 (m, 3H) , 5.95-5.6 {m, 2 H , H2' et H3'), 4.5-4.1 (m, 2 H 2 ) , 3 .85 ( s , CH3), 2.2¬ 

1.5 (m, 10H) . 

2 

1 3 C N M R : 147.8 {C8) , 1 4 3 . 0 ( C 8 a ) , 134 .5 {C2') , 130 .3 { C 4 a ) , 1 2 7 . 2 (C3' ) , 1 2 0 . 7 { C 6 ) , 1 1 9 . 1 {C5) , 

1 0 8 . 6 ( C 7 ) , 6 2 . 4 {C2) , 55.6 {CH3), 3 6 . 6 a n d 33 8 {C3 a n d C6') , 3 5 . 1 ( C 4 ) , 2 4 . 6 (C4') , 1 8 . 2 ( C 4 ) . 

3 

1 3 C N M R : 1 4 8 . 1 ( C 8 ) . 143 .3 ( C 8 a ) , 1 3 2 . 2 { C 4 a ) , 1 2 6 . 2 {C3') , 125 .5 {C4') , 1 1 9 . 7 ( C 6 ) , 1 1 8 . 9 {C5) , 

1 0 8 . 6 ( C 7 ) , 6 3 . 1 ( C 2 ) , 55.8 {CH3), 38.3, 3 4 . 2 a n d 3 1 . 1 ( C 3 , C 2 ' a n d C6') , 3 2 . 1 ( C 4 ) , 2 2 . 7 (C5') . 

294 

3 - l o d o - 1 - [ 2 - c y c l o h e x - 2 - e n y l e t h o x y ] a n i s o l e 1 

• s tart ing from c y c i o h i e x e n y l e t f i a n o i 5̂  

To a s o l u t i o n of 5 m m o l ( 0 . 6 3 g) of 5 ( 1 2 ) , 5 m m o l ( 1 . 2 5 g) of 4 a n d 5 m m o l ( 1 . 3 1 g) of 

t r i p h e n y l p h o s p h i n e in 3 0 ml of a n h y d r o u s CH2CI2 u n d e r n i trogen w a s a d d e d d r o p w i s e 5 m m o l ( 0 . 8 7 g) 

of d i e t h y l a z o d i c a r b o x y l a t e a n d t h e so lu t ion w a s st irred o v e r - n i g h t at r o o m t e m p e r a t u r e . T h e s o l v e n t 

w a s e v a p o r a t e d a n d t h e oily r e s i d u e w a s c h r o m a t o g r a p h i e d o n s i l ica g e l ( c y c l o h e x a n e / CHCI3 7 0 : 3 0 ) 

to g i v e 0 . 5 g (yield = 3 8 % ) of 1_-

- s tart ing from c y c l o h e x e n y l i o d o e t h a n e 6 

A s u s p e n s i o n of 4 m m o l ( I g ) of i o d o g a i a g o l , 4 m m o l ( 0 . 9 4 g) of 6, 4 m m o l ( 0 . 5 6 g) of p o t a s s i u m 

c a r b o n a t e in 3 0 ml of a c e t o n e w a s ret luxed for 2 4 h. T h e s o l v e n t w a s e v a p o r a t e d , t h e r e s i d u e w a s h e d 

with w a t e r a n d e x t r a c t e d with e t h e r . T h e o r g a n i c l a y e r w a s dried o v e r s o d i u m su l fa te a n d e v a p o r a t e d . 

T h e oily r e s i d u e w a s c h r o m a t o g r a p h i e d o n s i l ica g e l ( c y c l o h e x a n e / CHCI3 : 7 0 / 3 0 ) to g i v e 0 . 5 7 g 

(yie ld = 4 0 % ) of 1. 

Ana l . C15H19O2I ( 3 5 8 . 2 ) ; Ca lc . C : 5 0 . 3 2 ; H : 5 . 3 5 . f o u n d C : 5 0 . 4 9 ; H : 5 . 4 8 . 

•"H NMR (5, p p m ) : 7 . 3 5 (dd, 1 H), 6 . 8 5 (dd, IH) , 6 . 7 5 (t, I H ) , 5 . 5 5 (m, I H ) , 4 . 0 5 (t, 2H) , 3 . 8 5 ( s , 3 H ) , 2 . 5 

(t, 2 H ) , 2 . 1 0 - 1 . 9 0 (m, 4 H ) , 1 . 8 0 - 1 . 5 (m, 4 H ) . 

1 3 C N M R : 1 5 2 . 9 ( C V ) , 1 4 8 . 4 { C 2 ' ) , 1 3 4 . 2 { C 3 ) , 1 3 0 . 6 (C5' ) , 1 2 5 . 6 (C4' ) , 1 2 3 . 0 ( C 4 ) , 1 1 2 . 8 ( 0 3 ' ) , 

9 3 . 0 5 (C6') , 7 1 . 7 ( C l ) . 5 5 . 9 (CH3), 3 8 . 6 {C2) , 2 8 . 6 ( C 8 ) , 2 5 . 3 ( C 5 ) , 2 2 . 9 ( C 7 ) , 2 2 . 4 ( C 6 ) . 
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E p o x i d a t i o n o f t h e m i x t u r e o f s p l r o c y c i o h e x a n b e n z o p y r a n s 2 a n d 3 : 

To a s o l u t i o n of 3 m m o l ( 0 . 7 g) of the mixture of 2 a n d 3 in 1 0 0 ml of a n h y d r o u s CH2CI2 w a s 

a d d e d d r o p w i s e a s o l u t i o n of 7 . 5 m m o l ( 1 . 3 g) of m e t a c h l o r o p e r b e n z o i c a c i d in 20 ml of CH2CI2. T h e 

mixture w a s stirred for four h o u r s at r o o m t e m p e r a t u r e a n d after s t a n d i n g o n e night , t h e e x c e s s of 

p e r a c i d w a s d e s t r o y e d b y add i t i on of a 1 0 % of s o d i u m s u l p h i t e so lu t ion ; t h e m e t a c h l o r o p e r b e n z o i c 

a c i d w a s e x t r a c t e d with a 5 % of s o d i u m h y d r o g e n c a r b o n a t e s o l u t i o n a n d t h e o r g a n i c l a y e r w a s h e d 

with w a t e r . T h e o r g a n i c layer w a s dr ied o v e r s o d i u m s u l f a t e a n d e v a p o r a t e d . T h e oily r e s i d u e w a s 

c h r o m a t o g r a p h i e d o n s i l ica gel ( c y c l o h e x a n e / e t h y l a c e t a t e ; 9 0 / 1 0 ) to g i v e 0 . 3 8 3 g (yie ld = 5 2 % ) of 

1 2 a n d ( c y c l o h e x a n e / e t h y l a c e t a t e : 7 0 / 3 0 ) to g i v e 0 . 2 7 3 g (yie ld = 37%) of 1 3 . 

1_2 
Anal . C15H18O3 ( 2 4 6 . 3 ) ; C a l c . C ; 73.14; H ; 7 . 3 6 . f o u n d C ; 73.24; H : 7 . 5 5 . 

"•H N M R (5, p p m ) : 6 . 8 - 6 . 7 (m, 3H, Ar, H5 c e n t e r e d at 7.75). 4.35 (dt, I H , H2, J = 1 1 ; 4 ) , 4 . 1 5 (dt, I H , 

H2, J = 11 ; 2 ; 4 ) , 3 . 8 0 (S, CH3), 3.35 (m, I H , H3'), 2.95 (d, I H , H2', J = 3 ;2 ) , 2 . 2 -2 .1 (ddd, I H , H 3 a x , J = 

4 . 1 ; 11 .8; 1 4 . 3 ) , 2 . 1 - 2 . 0 5 (m, I H , H4'eq), 1 . 9 -1 . 8 (m , 2H, H4'ax, H 3 e q ) , 1 . 6 5 - 1 . 5 5 (m, I H , H6'ax), 1.5¬ 

1 . 2 5 (m, 3H, H6'eq, HS'ax, HS'eq) . 

•"^C N M R : 1 4 8 . 4 (C8), 1 4 3 . 5 (C8a), 1 2 9 . 2 (C4a), 1 2 0 . 2 (C6), 1 1 9 . 9 (C5), 1 0 9 . 4 (C7), 6 2 . 8 (C2), 6 0 . 0 
(C2'), 5 6 . 0 (CH3), 53.9 (C3'), 35.1 (C3 or C6'), 3 3 . 5 (C4), 3 0 . 8 (C3 or C6'), 2 4 . 8 (C4'), 15 .1 (C5'). 
1_3 

Anal . C15H18O3, 1/2 H2O ( 2 5 5 . 3 ) ; C a l c . C : 7 0 . 6 3 ; H : 7 . 5 1 . f o u n d C :70.43; H : 7 . 5 2 

1 H N M R (5, p p m ) : 6 . 8 5 - 6 . 7 (d, H5, H7; t, H6), 4 . 4 - 4 . 3 (dt, I H , H 2 e q , J = 1 2 ; 4 ) , 4 . 1 5 - 4 . 0 5 ( d d d , I H , 

H 2 a x , J = 12; 9 ; 4 . 3 ) , 3 . 8 5 ( s , 3H. CH3), 3 . 2 5 (m, I H , H4', J = 3 ) , 3 . 1 5 (t, I H , H3', J = 4 . 8 ) . 2 . 3 - 1 . 8 (m, 

6H), 1 .2 (m, 2H, H6"). 

•>3C N M R : 1 4 8 . 2 (C8), 1 4 3 . 6 (C8a), 1 3 1 . 3 (C4a), 120.0 (C6), 1 1 9 . 0 (C5), 1 0 8 . 6 (C7), 6 2 . 7 (C2), 5 5 . 7 
(CH3), 5 1 . 2 (C3'), 5 0 . 0 (C4'), 3 6 . 9 (C2'), 32 .1 (C3), 3 0 . 6 (C4), 3 0 . 3 (C6'), 21.0 (C5'). 

R e d u c t i o n o f t h e e p o x i d e s 1_2 a n d 1 3 : 

To a so lut ion of 6 0 m m o l ( 2 . 2 8 g ) of LiAIH4 in 1 0 0 ml of a n h y d r o u s T H F at 0 °C w e r e p o r t i o n w i s e 

a d d e d 20 m m o l ( 2 . 6 6 g) of AICI3; the mixture w a s stirred for 10 m n a n d a so lut ion of 10 m m o l ( 2 . 4 g) of 

e p o x i d e 12 or 1 3 in 3 0 m l of a n h y d r o u s THF w a s a d d e d . T h e mixture w a s st irred 4 h at r o o m 

t e m p e r a t u r e a n d h y d r o l y s e d . After filtration of t h e prec ip i ta te , the s o l v e n t w a s dried a n d e v a p o r a t e d . 

T h e oily r e s i d u e w a s c h r o m a t o g r a p h i e d o n s i l ica gel ( c y c l o h e x a n e / e t h y l a c e t a t e : 7 0 / 3 0 ) to g i v e 2 g 

(yie ld = 8 3 % ) of 1_4 a n d 1.45 g (yield = 6 0 % ) of 1 5 . 

"Li 
Anal . C15H20O3 ( 2 4 8 . 3 2 ) ; C a l c . C : 7 2 . 5 5 ; H : 8 . 1 2 . f o u n d C : 7 2 . 2 7 ; H : 8.49. 
•"H N M R (8, p p m ) : 6 . 9 (m, 2H), 6 . 7 (d, IH) , 4.45 (dt, I H , H2), 4 . 2 - 4 . 0 (m, 2H, H2 a n d H2'), 3 . 8 5 (s , CH3), 

2.35 (m, 1H. H3), 1.9-1.75 (m, 3H), 1 . 7 - 1 . 4 (m, 7H). 

•"SC NMR : 1 4 8 . 6 (C8), 1 4 6 . 0 (C8a), 1 2 8 . 6 (C4a), 1 2 0 . 3 (C6), 1 1 7 . 6 (C5), 1 0 9 . 0 (C7), 75.7 (C2'), 6 3 . 6 
(C2), 5 5 . 7 (CH3), 4 0 . 2 (C4), 3 8 . 0 (C3'), 2 8 . 6 (C6'), 2 4 . 7 (C4'), 2 3 . 7 (C3), 20.5 (C5'). 
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1 J 

Anal . C 1 5 H 2 0 O 3 ( 2 4 8 . 3 2 ) ; Ca lc . C : 7 2 . 5 5 ; H : 8 . 1 2 . f o u n d C : 7 2 . 4 0 ; H : 8 . 6 3 . 

1 H N M R {5, p p m ) : 7 . 0 5 (dd, I H , H5) , 6 . 8 5 (t, I H , H6) , 6 . 7 (dd , I H , H7) , 4 . 2 (dd, 2 H , 2 H 2 ) , 4 .1 (t, I H , 

H4', J = 3 H z ) , 3 . 8 5 ( s , C H 3 ) , 2 . 3 5 - 2 . 1 (dt, 2H, H2' a n d H6') , 2 . 1 - 1 . 8 5 (m, 2 H , H3) , 1 . 8 - 1 . 6 (m, 5 H , 2 H 3 ' , 

2 H 5 ' a n d O H ) , 1 . 5 - 1 . 3 (m, 2 H , H2' a n d H6'). 

1 3 C N M R : 1 4 8 . 1 ( C 8 ) , 1 4 3 . 6 ( C 8 a ) , 1 3 2 . 6 ( C 4 a ) , 1 1 9 . 6 ( C 6 ) , 1 1 8 . 9 (C5) , 1 0 8 . 5 ( C 7 ) , 6 4 . 9 (C4') , 6 3 . 0 

( C 2 ) , 5 5 . 7 ( C H 3 ) , 3 3 . 5 ( C 4 ) , 3 1 . 4 (C2' a n d C6') , 2 9 . 8 ( C 3 ) , 2 8 . 3 (C3' a n d C5') . 
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