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x i i i 

SUMMARY 

PART I . THE EVALUATION OF HYDRIDE REAGENTS 

FOR CONJUGATE REDUCTION OF ENONES 

C o n j u g a t e r e d u c t i o n o f s i x e n o n e s b y t h e new r e a g e n t L i A l H ^ - C u I 

h a s b e e n s t u d i e d . T h e o p t i m u m c o n d i t i o n s f o r c o n j u g a t e r e d u c t i o n d e p e n d 

o n t h e r a t i o o f L i A l H ^ : C u I : e n o n e , t e m p e r a t u r e , s o l v e n t , a n d r e a c t i o n 

t i m e i n v o l v i n g c o n t a c t o f L i A l H 4 a n d C u l b e f o r e t h e e n o n e i s a d d e d . 

E n o n e I ( s e e T a b l e 1 ) c a n b e r e d u c e d i n q u a n t i t a t i v e y i e l d a n d 1 0 0 % 

r e g i o s e l e c t i v i t y i n 1 h r o r l e s s when t h e r a t i o o f L i A l H ^ : C u l : e n o n e i s 

1 : 4 : 1 , t h e s o l v e n t i s THF a n d t h e t e m p e r a t u r e i s 0 ° . E n o n e s I I - V I 

( s e e T a b l e 1 ) c a n a l s o b e r e d u c e d i n h i g h y i e l d a n d 1 0 0 % r e g i o s e l e c t i v i t y . 

R e d u c t i o n o f e n o n e s I a n d I I I w i t h L i A l H ^ - T i C l ^ p r o c e e d s w i t h 1 0 0 % 

r e g i o s e l e c t i v i t y , h o w e v e r t h e y i e l d s a r e l o w e r ( 6 6 a n d 3 4 % , r e s p e c t i v e l y ) 

c o m p a r e d w i t h t h e r e s u l t s o b t a i n e d w i t h t h e L i A l H 4 ~ C u I r e a g e n t . T h e 

r e a g e n t L i A l H ^ - F e C l ^ w a s f o u n d t o b e i n e f f e c t i v e f o r c o n j u g a t e r e d u c t i o n . 

T h e new r e a g e n t s , L i A l H ^ - C u I a n d L i A l H ^ - T i C l ^ , s h o w d i f f e r e n t s t e r e o 

s e l e c t i v i t y t h a n L i A l H ^ t o w a r d 4 - t e r t - B u t y l c y c l o h e x a n o n e a n d 3 , 3 , 5 -

t r i m e t h y l c y c l o h e x a n o n e . C o m p a r e d w i t h L i A l H ^ - C u I , r e l a t e d r e a g e n t s 

( L i A l H ^ - C u C l , L i A l H 4 - H g I 2 a n d L i A l H 4 - H g C l 2 ) show l e s s r e g i o s e l e c t i v i t y 

i n e n o n e r e d u c t i o n , h o w e v e r , t h e r e a g e n t A l H ^ - C u I i s a s e f f e c t i v e i n 

c o n j u g a t e r e d u c t i o n a s L i A l H 4 ~ C u I . H 2 A l I h a s b e e n f o u n d t o b e t h e 

r e a c t i v e s p e c i e s o f t h e r e a g e n t s L i A l H 4 ~ C u I a n d A l H ^ - C u I . T h e c o m p o u n d s 

H 2 A 1 X a n d HAlX^ w h e r e X = I , B r a n d C I w e r e s y n t h e s i z e d i n d e p e n d e n t l y 
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a n d w e r e e v a l u a t e d a s c o n j u g a t e r e d u c i n g a g e n t s . 

H A l ( O t - B u ) 2 , H A l ( O i L - P r ) 2 a n d HAl [N ( . i - P r ) 2 ] 2 h a v e a l s o b e e n f o u n d 

t o b e e f f e c t i v e c o n j u g a t e r e d u c i n g a g e n t s . T h e a l a n e , H A l [ N ( i - P r ) 2 ] 2 

i n p a r t i c u l a r p r o d u c e d f r o m t h e e n o n e s s t u d i e s t h e 1 , 4 - r e d u c t i o n p r o d u c t 

i n q u a n t i t a t i v e y i e l d a n d 9 9 . 5 % r e g i o s e l e c t i v i t y . A s i x - c e n t e r t r a n s i 

t i o n s t a t e f o r r e d u c t i o n was p r o p o s e d . 

PART I I . REACTIONS OF NEW ORGANOCUPRATES 

( I I - l ) R e g i o s e l e c t i v e M e t h y l a t i o n o f E n o n e s 

T h e new o r g a n o c u p r a t e s , L i C u 2 ( C H 3 ) 3 , L i 2 C u ( C H 3 ) 3 a n d L i 2 C u 3 ( C H 3 ) 5 

w e r e a l l o w e d t o r e a c t w i t h s i x r e p r e s e n t a t i v e e n o n e s i n e t h e r a n d THF 

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

t o L i C u ( C H ) . I n g e n e r a l , L i C u (CH ) i n THF g a v e 1 0 0 % r e g i o s e l e c -

t i v i t y i n e f f e c t i n g 1 , 4 - a d d i t i o n a l t h o u g h i t s r a t e o f r e a c t i o n w a s 

s l i g h t l y l e s s t h a n t h a t o f L i C u f C H . ^ . On t h e o t h e r h a n d , L i 2 C u ( C H 3 ) 3 

r e a c t e d m o r e r a p i d l y i n e t h e r t h a n d i d L i C u ( C H 3 ) 2 w i t h t h e s a m e e n o n e s ; 

h o w e v e r , when t h e e n o n e s w e r e s t e r i c a l l y h i n d e r e d b y a,3 o r 3/3 s u b 

s t i t u t i o n , a s i g n i f i c a n t a m o u n t o f 1 , 2 - a d d i t i o n p r o d u c t w a s o b s e r v e d . 

I n T H F , L i 2 C u ( C H 3 ) 3 b e h a v e d v e r y much l i k e L i C u ( C H 3 ) 2 e x c e p t t o w a r d 

3,3-disubstituted e n o n e s . I n e t h e r , L i 2 C u 3 ( C H 3 ) 5 g a v e 1 0 0 % 1 , 4 - a d d i t i o n 

i n e a c h c a s e s t u d i e d a n d r e a c t e d m o r e r a p i d l y t h a n L i C u ( C H 3 ) 2 . 

( I I - 2 ) S u b s t i t u t i o n R e a c t i o n s o f A l k y l - , C y c l o a l k y l -
a n d A r y l H a l i d e s 

T h e new c u p r a t e s L i C u ^ C H ^ , L i 2 C u ( C H 3 ) 3 a n d L i 2 C u 3 ( C H 3 ) 5 i n 

E t 0 a n d THF h a v e b e e n c o m p a r e d t o L i C u ( C H ) a n d CH L i i n t h e i r 

s u b s t i t u t i o n r e a c t i o n t o w a r d a l k y l - , c y c l o a l k y l - a n d a r y l h a l i d e s 

( w h e r e h a l o g e n = I , B r , C I , F ) . I n m o s t c a s e s t h e new c u p r a t e 
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L i 2 C u ( C H 3 ) 3 w a s s u p e r i o r t o a l l o t h e r r e a g e n t s a n d i n some c a s e s t h e 

s u p e r i o r i t y w a s s u b s t a n t i a l . 

( I I - 3 ) C o n c e r n i n g t h e R e a c t i o n o f O r g a n o c u p r a t e s w i t h 
4 - t e r t - B u t y l c y c l o h e x a n o n e 

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

o f 4 - t e r t - b u t y l c y c l o h e x a n o n e w i t h C H ^ L i - L i C u ( C H ^ ) 2 i s a t t r i b u t e d t o c o m -

p l e x a t i o n o f t h e k e t o n e b y L i C u ( C H 3 ) 2 f o l l o w e d b y a d d i t i o n o f C H ^ L i t o 

t h e c a r b o n y l g r o u p r a t h e r t h a n b y a d d i t i o n o f a C H ^ L i - L i C u ( C H ^ ) 2 c o m p l e x , 

e . g . L i 2 C u ( C H 3 ) 3 d i r e c t l y t o t h e u n c o m p l e x e d k e t o n e . 

PART I I I . APPLICATION OF COMPLEX METAL HYDRIDES OF 

COPPER IN ORGANIC REACTIONS 

A s e r i e s o f s t a b l e c o m p l e x m e t a l h y d r i d e s o f c o p p e r o f c o m p o s i t i o n 

L i n C u H ^ n + ^ j ( n = l t o 5 ) , p r e p a r e d b y t h e r e a c t i o n o f L i A l H ^ w i t h t h e c o r 

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

r e a c t w i t h s e l e c t e d a l k y l h a l i d e s , e n o n e s , a n d c y c l i c k e t o n e s i n b o t h 

d i e t h y l e t h e r a n d T H F . I t h a s b e e n s hown t h a t t h e d i f f e r e n t h y d r i d e s 

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

r e g i o s e l e c t i v i t i e s t o w a r d s e n o n e s , a n d d i f f e r e n t s t e r e o s e l e c t i v i t i e s 

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

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

s o l u b l e L i ^ C u H ^ h a s b e e n shown t o b e t h e m o s t r e a c t i v e o f t h e c o m p l e x 

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

r e d u c e d 1 - i o d o - , 1 - b r o m o - , a n d 1 - c h l o r o d e c a n e i n 1 0 0 , 1 0 0 a n d 9 9 % 

y i e l d s , r e s p e c t i v e l y . T h e c o m p l e x m e t a l h y d r i d e s o f c o p p e r r e d u c e 

e n o n e s p r e d o m i n a n t l y 1 , 4 ( L i CuH , 9 6 % ) o r 1 , 2 ( L i CuH , 9 5 % ) 
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d e p e n d i n g o n t h e h y d r i d e . I n m o s t c a s e s , t h e c o m p l e x m e t a l h y d r i d e s 

o f c o p p e r r e d u c e 4 - t e r t - b u t y I c y c l o h e x a n o n e p r e d o m i n a n t l y f r o m t h e a x i a l 

s i d e a s i n t h e c a s e o f L i A l H ^ . O t h e r c y c l o h e x a n o n e s a r e r e d u c e d b y t h e 

c o m p l e x m e t a l h y d r i d e s o f c o p p e r s i m i l a r l y t o L i A l H ^ e x c e p t w i t h l e s s 

s e l e c t i v i t y . 

PART I V . FUNCTIONAL GROUP S E L E C T I V I T Y AND S T E R E O S E L E C T I V I T Y 

INVOLVING MAGNESIUM-HYDROGEN COMPOUNDS 

( I V - 1 ) F u n c t i o n a l G r o u p S e l e c t i v i t y 

T h e r e d u c i n g p r o p e r t i e s o f m a g n e s i u m h y d r i d e a n d 2 , 6 - d i i s o p r o -

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

T h e a b o v e h y d r i d e s h a v e b e e n s h o w n t o r e d u c e b e n z a l d e h y d e , 4 - t e r t -

b u t y l c y c l o h e x a n o n e , 1 - i o d o o c t a n e , e t h y l b e n z o a t e , b e n z o y l c h l o r i d e , 

2 , 2 , 6 , 6 - t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e a s w e l l a s o t h e r o r g a n i c m o l e 

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

t o b e i n e r t t o 1 - o c t e n e , p h e n y l e t h y n e , 1 - b r o m o d e c a n e , 1 - c h l o r o d e c a n e 

a n d i o d o b e n z e n e . 

( I V - 2 ) S t e r e o s e l e c t i v e R e d u c t i o n 

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

4 - t e r t - b u t y l c y c l o h e x a n o n e , 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e , 2 - m e t h y l -

c y c l o h e x a n o n e a n d c a m p h o r b y m a g n e s i u m h y d r i d e , a l k o x y l m a g n e s i u m 

h y d r i d e s ( s u c h a s CH^OMgH, . i -PrOMgH, t - B u O M g H , Ph 3 COMgH, ̂ o"^ -OMgH, 

^o"^ -OMgH, ^ 0 ^ - O M g H , a n d - ^ 0 ^ -OMgH) , d i a l k y l a m i n o m a g n e s i u m h y d r i d e s 

( s u c h a s n - P r 2 N M g H , ( i - P r ) (Me)NMgH, i - P ^ N M g H , s - B u NMgH, ^ [^NMgH, 

{ ^MgH a n d ( M e ^ S i ) ( t - B u ) N M g H ) , a n d t r i h y d r i d o m a g n e s i u m d e r i v a t i v e s 
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( s u c h a s H 3 M g 2 0 - ^ 0 ^ , H 3 M g 2 0 ^ 0 ^ , H ^ g ^ - ^ O ^ - , H 3 Mg 2 OMe a n d 

H M g . N P r " ) h a s b e e n d e t e r m i n e d . H i g h s t e r e o s e l e c t i v i t y b y some o f 

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

b e e n d i s c u s s e d . 

PART V . REACTIONS OF LITHIUM ALUMINUM HYDRIDE-TRANSITION 

METAL HALIDES WITH ALKENES, ALKYNES AND ALKYL HALIDES 

A d m i x t u r e s o f L i A l H ^ a n d f i r s t r o w t r a n s i t i o n m e t a l c h l o r i d e s 

w e r e f o u n d t o b e e x c e l l e n t r e a g e n t s f o r t h e r e d u c t i o n o f a l k e n e s , 

a l k y n e s , a n d o r g a n o h a l i d e s . T h e r e a c t i v i t y o f t h e i n d i v i d u a l r e a g e n t s 

v a r i e d d e p e n d i n g o n t h e m e t a l h a l i d e . E i g h t a l k e n e s , f o u r a l k y n e s , 

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

s h o w t h a t L i A l H ^ a d m i x e d w i t h F e C l 2 , C o C l 2 , N i C l 2 , a n d T i C l 3 a r e v e r y 

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

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

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

t u r e a n d t h e r e a c t i o n t i m e . L i A l H ^ - N i C l ^ w a s f o u n d t o b e t h e b e s t 

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

s e l e c t i v e l y . A r e d u c t i o n m e c h a n i s m i n v o l v i n g c i s a d d i t i o n w a s o b s e r v e d . 

PART V I . S E L E C T I V E REDUCTION OF ALKYNES BY M g H ^ C u I 

AND M g H 2 ~ C u O - t - B u 

F i v e t e r m i n a l a n d i n t e r n a l a l k y n e s w e r e a l l o w e d t o r e a c t w i t h 

t h e n e w r e a g e n t s , M g H 2 ~ C u I a n d M g H 2 - C u O - t - B u . T h e c o r r e s p o n d i n g 1 - a l k e n e 

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

t e r m i n a l a l k y n e s o r i n t e r n a l a l k y n e s , r e s p e c t i v e l y . 



1 

P A R T I 

T H E E V A L U A T I O N O F H Y D R I D E R E A G E N T S F O R 

C O N J U G A T E R E D U C T I O N O F E N O N E S 
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CHAPTER I 

INTRODUCTION 

B a c k g r o u n d 

C a t a l y t i c h y d r o g e n a t i o n 1 ( H 2 / P d - C ) a n d d i s s o l v i n g m e t a l r e d u c -

2 

t i o n ( N a - l i q . NH^) a r e t h e m o s t common m e t h o d s f o r e f f e c t i n g c o n j u g a t e 

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

c o n v e n i e n c e a n d i n many c a s e s l o w y i e l d s . R e c e n t l y , L i C u R H ^ a n d 

4 

K B ( s e c - B u ) ^ H h a v e b e e n r e p o r t e d a s e f f e c t i v e r e a g e n t s f o r c o n j u g a t e 

r e d u c t i o n o f e n o n e s . H o w e v e r , i n t h e f o r m e r c a s e t h e r e a g e n t i s q u i t e 

d i f f i c u l t t o p r e p a r e w h e r e a s i n t h e l a t t e r c a s e o n l y 1 , 2 r e d u c t i o n i s 

o b s e r v e d when $ - s u b s t i t u e n t s a r e p r e s e n t i n t h e e n o n e . 

I t i s a l s o w e l l known t h a t L i A l H ^ f a v o r s 1 , 2 r e d u c t i o n o f e n o n e s " * . 

On t h e o t h e r h a n d , t h e r e a c t i v i t y o f L i A l H ^ c a n b e s u b s t a n t i a l l y m o d i 

f i e d b y t h e a d d i t i o n o f m e t a l s a l t s . I n t h i s c o n n e c t i o n L i A l H 4 ~ A l C l 3 

h a s f o u n d u n u s u a l a p p l i c a b i l i t y i n e p o x i d e r e d u c t i o n s ^ , L i A l ( O C H ^ ) ^ H - C u l 
7 

c a n e f f e c t r e d u c t i v e r e m o v a l o f h a l o a n d m e s y l o x y g r o u p s , a n d 
8 

L i A l H ^ - T i C l ^ h a s b e e n f o u n d t o b e a n e x c e l l e n t c o u p l i n g r e a g e n t . 
F u r t h e r m o r e , C u l h a s b e e n u s e d a s a c a t a l y s t t o c a r r y o u t 1 , 4 a l k y l a -

9 

t i o n i n t h e r e a c t i o n o f G r i g n a r d r e a g e n t w i t h e n o n e s . T h e c o m b i n a t i o n 

o f L i A l H 4 - C u I h a s b e e n c h o s e n a s a s t a r t i n g p o i n t f o r t h e s t u d i e s o f 

r e g i o s e l e c t i v e r e d u c t i o n o f e n o n e s . 

P u r p o s e 

T h e a b i l i t y o f L i A l H . i n a d m i x t u r e w i t h c e r t a i n m e t a l h a l i d e s . 
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e . g . C u l , C u B r , C u C l , T i C T ^ H g C l 2 , H g l 2 a n d F e C l ^ t o e f f e c t c o n j u g a t e 

r e d u c t i o n o f e n o n e s i s t h e p u r p o s e o f t h i s p a r t o f t h i s t h e s i s . T h e 

r e a c t i v e i n t e r m e d i a t e s o f L i A l H ^ - m e t a l h a l i d e s , t h e m e c h a n i s m , a n d 

f a c t o r s t o c o n t r o l t h e r e g i o s e l e c t i v i t y o f e n o n e s a r e a l s o t o b e 

i n v e s t i g a t e d . 
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CHAPTER I I 

EXPERIMENTAL 

G e n e r a l C o n s i d e r a t i o n s 

M a n i p u l a t i o n s o f a i r - s e n s i t i v e c o m p o u n d s w e r e p e r f o r m e d u n d e r 

n i t r o g e n i n a g l o v e b o x e q u i p p e d w i t h a r e c i r c u l a t i n g s y s t e m u s i n g 

m a n g a n e o u s o x i d e c o l u m n s t o r e m o v e o x y g e n a n d d r y i c e - a c e t o n e t o r e m o v e 

s o l v e n t v a p o r s " ^ . R e a c t i o n s w e r e p e r f o r m e d u n d e r n i t r o g e n a t t h e b e n c h 

u s i n g S c h l e n k t u b e t e chn iques " ' " " ' " . S y r i n g e s e q u i p p e d w i t h s t a i n l e s s s t e e l 

n e e d l e s w e r e u s e d f o r t r a n s f e r o f r e a g e n t s . 

M a t e r i a l s 

F i s h e r R e a g e n t G r a d e a n h y d r o u s d i e t h y l e t h e r a n d T e t r a h y d r o f u r a n 

(THF) w e r e d i s t i l l e d f r o m L i A l H ^ a n d N a A l H ^ , r e s p e c t i v e l y p r i o r t o u s e . 

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

L i A l H ^ ( A l f a I n o r g a n i c s ) i n THF o r E t 2 0 f o r a t l e a s t 2 4 h o u r s f o l l o w e d 

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

s o l u t i o n w a s s t a n d a r d i z e d f o r a l u m i n u m c o n t e n t b y EDTA. 

C u p r o u s i o d i d e ( F i s h e r ) w a s p u r i f i e d b y d i s s o l v i n g i t i n s a t u r a 

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

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

p u r i f i e d C u l w a s c o l l e c t e d a n d w a s h e d w i t h a b s o l u t e EtOH a n d d r y E t 2 0 

1 2 
i n t h e d r y b o x 

A n h y d r o u s f e r r i c c h l o r i d e ( F i s h e r S u b l i m e d ) a n d t i t a n i u m t r i 

c h l o r i d e ( A l f a ) w e r e o p e n e d o n l y i n t h e d r y b o x a n d u s e d w i t h o u t f u r t h e r 
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p u r i f i c a t i o n . 

M e r c u r i c i o d i d e a n d c h l o r i d e w e r e d r i e d b y h e a t i n g a t 9 0 - 1 0 0 ° 

u n d e r v a c u u m for 4 h o u r s a n d s t a n d a r d T H F s o l u t i o n s o f t h e s e s a l t s w e r e 

p r e p a r e d i n the d r y b o x . 

2 , 2 , 6 , 6 - T e t r a m e t h y l - t r a n s - 4 - h e p t e n e - 3 - o n e , m p 4 3 - 4 3 . 7 ° C , N M R : 

( C C ± 4 ) , 6 6 . 2 - 7 . 0 ( 2 H , q , o l e f i n i c ) , 6 1 . 1 ( 1 8 H , s , t w o t-butyl) a n d i t s c i s 

i s o m e r w e r e o b t a i n e d f r o m c o - w o r k e r s , J . R. B o o n e a n d T. L . W i e s e m a n n . 

A n a u t h e n t i c s a m p l e o f 2 , 2 , 6 , 6 - t e t r a m e t h y l - 3 - h e p t a n o n e w a s 

s y n t h e s i z e d b y r e a c t i o n o f 2 , 2 , 6 , 6 - t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e w i t h 
14 

L i / H M P A ; b p 1 0 8 C / 2 m m H g ; N M R : ( C C 1 4 ) , 6 2 . 3 6 ( 2 H , t , 0 = C - C H 2 ) , 6 1 . 4 0 

( 2 H , t , C H 2 ) , 6 1 . 0 8 ( 9 H , s , t - b u t y l ) a n d 6 0 . 8 7 ( 9 H , s , t - b u t y l ) ; IR: 1 7 1 0 c m " 1 

( C = 0 ) , n o h y d r o x y l a b s o r p t i o n . M a s s s p e c t r u m : M + 1 7 0 . 

2 , 2 , 6 , 6 - T e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o l w a s o b t a i n e d b y r e a c t i o n 

o f 2 , 2 , 6 / 6 - t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e w i t h L i A l H ^ : N M R : ( C C 1 4 ) , 

65.5 ( 2 H , m , o l e f i n i c ) , 6 3 . 5 7 ( l H , d , 0 - C - H ) , 61.5 ( l H , s , 0 H ) , 6 0 . 9 8 ( 9 H , s , 

t-butyl) a n d 6 0 . 7 8 ( 9 H , s , t - b u t y l ) ; I R : 3 6 0 0 - 3 2 0 0 c m " 1 (-0H), 1 4 8 5 a n d 

1 4 7 0 c m 1 ( C = C ) , n o c a r b o n y l a b s o r p t i o n . 

M e s i t y l o x i d e ( E a s t m a n ) , t r a n s - 3 - p e n t e n - 2 - o n e , t r a n s - 3 - p e n t e n -

2 - o n e , c h a l c o n e ( A l d r i c h ) , 4 - t e r t - b u t y 1 c y c 1 o h e x a n o n e (Friton) a n d 3,3, 

5 - t r i m e t h y l c y c l o h e x a n o n e (Chemical S a m p l e s Co.) w e r e p u r i f i e d b y v a c u u m 

d i s t i l l a t i o n o r s u b l i m a t i o n . 

I s o p h o r o n e , 2 - c y c l o h e x e n - 2 - o n e , 2 - c y c l o p e n t e n o n e , a n d m e t h y l 

v i n y l k e t o n e w e r e p u r c h a s e d f r o m A l d r i c h C h e m i c a l C o m p a n y a n d u s e d 

w i t h o u t f u r t h e r p u r i f i c a t i o n . 

I s o - p r o p y l a l c o h o l a n d t e r t - b u t y l a l c o h o l (Fisher) w e r e p u r i f i e d 

b y d i s t i l l a t i o n o v e r C a H 0 . 
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D i - n - b u t y l a m i n e a n d d i - i - p r o p y l a m i n e ( F i s h e r ) w e r e p u r i f i e d 

b y d i s t i l l a t i o n o v e r NaOH. 

A l u m i n u m c h l o r i d e a n d a l u m i n u m i o d i d e ( F i s h e r ) w e r e s u b l i m e d 

u n d e r v a c u u m a n d c o l l e c t e d i n t h e d r y b o x . A l u m i n u m i o d i d e w a s s t o r e d 

i n t h e r e f r i g e r a t o r . 

B o r a n e i n THF w a s p u r c h a s e d f r o m A l f a I n o r g a n i c s . B e f o r e u s i n g , 

t h e r a t i o o f b o r a n e t o h y d r i d e w a s c h e c k e d . 

I n s t r u m e n t a t i o n a n d T e c h n i q u e s 

GLPC a n a l y s e s w e r e p e r f o r m e d o n F a n d M m o d e l s 7 0 0 a n d 7 2 0 g a s 

c h r o m a t o g r a p h s . 

NMR s p e c t r a w e r e o b t a i n e d o n V a r i a n A - 6 0 a n d T - 6 0 s p e c t r o m e t e r s . 

I n f r a r e d a b s o r p t i o n s w e r e r e c o r d e d o n a P e r k i n E l m e r M o d e l 2 3 7 B 

g r a t i n g i n f r a r e d s p e c t r o p h o t o m e t e r . 

M a s s s p e c t r a w e r e o b t a i n e d o n a V a r i a n M o d e l M - 6 6 m a s s s p e c t r o 

m e t e r . 

L i t h i u m w a s d e t e r m i n e d b y f l a m e p h o t o m e t r y ( C o l e m a n m o d e l 2 1 ) . 

H y d r i d e w a s d e t e r m i n e d u s i n g a s t a n d a r d v a c u u m l i n e e q u i p p e d 

w i t h a g a s b u r e t t e , T o e p l e r pump a n d s e p a r a t i o n t r a p s . 

B o r o n a n a l y s i s w a s a c c o m p l i s h e d b y t h e t i t r a t i o n o f b o r i c a c i d -

15 
m a n n i t o l w i t h s t a n d a r d NaoH 

A l u m i n u m w a s d e t e r m i n e d b y EDTA t i t r a t i o n . 

P r e p a r a t i o n o f R e a g e n t s 

A l H ^ w a s p r e p a r e d b y t h e r e a c t i o n o f 1 0 0 % ^ S O ^ w i t h L i A l H ^ i n 

THF a t l o w t e m p e r a t u r e ( d r y i c e t e m p e r a t u r e ) a n d f i l t e r e d i n t h e d r y 

b o x 1 6 . A n a l y s i s : L i : A l : H = 0 . 0 2 : 1 . 0 : 3 . 0 . 

H A l l w a s o b t a i n e d b y a d d i n g I i n THF s o l u t i o n t o AlH i n THF 
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at 0° stoichimetrically. The resulting solid was then filtered and 
washed carefully with dry THF. HA1I 2, H 2AlBr, HAlBr 2, H2A1C1 and HA1C12 were 
prepared by the distribution reactions of AlH^ and ALI^, AlBr^ or 

17 
AlCl^ . These reagents were characterized by analyzing Al and H . 
The ratio for each reagent was within experimental error. 

H 2BI and HBI 2 in THF were synthesized by adding stoichiometric 
amount of I 2 in THF to BH^ in THF at 0°C. Boron and hydride were 
analyzed for each preparation, the ratio agreed with that calculated. 
The IR showed 2460 cm" 1 for HBI 2 in THF; 2370 cm" 1 and 2490 cm" 1 for 
H 2BI in THF. 

H2Al0t-Bu, HAl(Ot-Bu)2, H^lCd-Pr, HAl (Oi-Pr) , H A1N (n-Bu) , 
HAl[N(n-Bu) 2J 2, H 2AlN(i-Pr) 2 and HAl[N(i-Pr) 2] 2 were prepared by simply 
adding the appropriate alcohol or amine to AlH^ in THF in a 1:1 or 2:1 
molar ratio. Hydrogen was evolved during the addition and the reaction 
was complete within 15-20 minutes except in the case of the reaction 
involving i-Pr2NH, in which case 3 hours reaction time was required. 
The HAlX^ compounds studies were identified by their Al-H stretching 18 -1 -1 frequency assignments; HAl(Ot-Bu)2, 1850 cm ; HAl(Oi-Pr) , 1845 cm ; 

HAl[N(n-Bu)2J 2' 1 8 2 0 c m~ 1 ; HAl[N(iPr) 2] 2, 1810 cm" 1. In no case were 
the Al-H bands for AlH^ or H 2A1X observed. 
Reduction Procedures 

Generally, a 10 ml Erlenmeyer flask with a Teflon coated magnetic 
stirring bar was dried in an oven and allowed to cool under nitrogen 
flush. Cul, CuCl, T i C ^ o r F e C 1 3 ^ca* 2™noles) was transferred to the 
flask in the dry box; it was sealed with a rubber septum, removed from 
the dry box and connected by means of a needle to a nitrogen-filled 
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m a n i f o l d e q u i p p e d w i t h a m i n e r a l o i l - f i l l e d b u b b l e r . F o u r m l THF o r 

E t 2 0 s o l v e n t w a s i n t r o d u c e d i n t o t h e r e a c t i o n v e s s e l a n d t e m p e r a t u r e s 

w e r e r e g u l a t e d b y i c e - w a t e r ( 0 ° C ) , d r y i c e - a c e t o n e ( - 7 8 ° C ) o r d r y i c e -

c a r b o n t e t r a c h l o r i d e ( - 2 0 ° C ) . A known a m o u n t o f L i A l H ^ s o l u t i o n w a s 

t h e n a d d e d t o t h e s l u r r y . An a d d i t i o n , a d e e p b l a c k c o l o r , w a s i m m e d i 

a t e l y p r o d u c e d w i t h g a s e v o l u t i o n e x c e p t i n t h e c a s e o f C u l a t - 7 8 ° C . 

A f t e r a n i n d i c a t e d p e r i o d , e n o n e w i t h i n t e r n a l s t a n d a r d , Br^i2^26r w a s 

a d d e d d r o p w i s e . A f t e r t h e d e s i g n a t e d r e a c t i o n t i m e , t h e r e a c t i o n m i x t u r e 

w a s q u e n c h e d w i t h a min imum o f d i s t i l l e d w a t e r a n d t h e r e s u l t i n g s o l u t i o n 

d r i e d o v e r MgSO^. A n a l y s i s o f t h e p r o d u c t a n d y i e l d d a t a w e r e o b t a i n e d 

b y g l c . 

T h e r e a g e n t s , H 2 A l 0 t - B u , H A l ( 0 t - B u ) 2 , H 2 A l O i - P r , H A l ( C a - P r ) 2 , 

H 2 A l N ( n - B u ) 2 a n d HAl [N ( i ^ - P r ) ^ ] 2 , w e r e p r e p a r e d f r e s h f o r e a c h r e a c t i o n . 

H A l [ N ( i - P r ) 2 ] 2 , H 2 A 1 N ( i - P r ) 2 , H 2 B I a n d H B I 2 , w h i c h a r e s t a b l e a t 0 ° C o r 

r o o m t e m p e r a t u r e f o r a c o n s i d e r a b l e p e r i o d o f t i m e , w e r e p r e p a r e d a n d 

s t o r e d i n a r e f r i g e r a t o r . E n o n e r e d u c t i o n s w e r e c a r r i e d o u t b y s y r i n g i n g 

known c o n c e n t r a t i o n s o f r e a g e n t i n t o a 1 0 ml E r l e n m e y e r f l a s k , t h e n 

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

i n t h e a b o v e p a r a g r a p h . I n some c a s e s , t h e c o m p l e t i o n o f t h e r e a c t i o n 

w a s m o n i t o r e d b y r e m o v i n g a l i q u o t s a m p l e s p e r i o d i c a l l y a n d a n a l y z e d b y 

g l c . 

A 1 0 f t . 5% C a r b o w a x 2 0 M o n C h r o m o s o r b W o r a 1 5 f t . 10% C a r b o -

w a x 2 0 M o n c h r o m o s o r b W w a s u s e d t o s e p a r a t e t h e r e d u c t i o n p r o d u c t s o f 

2 , 2 , 6 , 6 - t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e ( I ) ( 1 0 0 ° C ) , 2 , 2 , 6 , 6 - t e t r a -

m e t h y l - c i s - 4 - h e p t e n - 3 - o n e ( I I ) ( 1 0 0 ° C ) , m e s i t y l o x i d e ( I I I ) ( 8 0 ° C ) , 

3 - m e t h y l - 3 - p e n t e n - 3 - o n e (V) ( 8 5 ° C ) , c h a l c o n e (V) ( 2 3 0 ° C ) , 
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2 - c y c l o h e x e n - l - o n e ( V I ) ( 1 1 0 ° C ) , i s o p h o r o n e ( V I I ) ( 1 1 0 ° C ) , 4 - p h e n y l - 3 -

b u t e n - 2 - o n e ( V I I I ) ( 1 8 0 ° C ) , m e t h y l v i n y l k e t o n e ( I X ) ( 4 5 ° C ) a n d 2 -

c y c l o p e n t e n o n e ( X ) ( 8 0 ° C ) . H y d r o c a r b o n s ( n _ ~ c i 2 H 2 6 o r — _ < " 8 H 1 8 ^ w e r e 

u s e d a s i n t e r n a l s t a n d a r d s f o r e a c h e n o n e e x c e p t e n o n e V I I I ( i n t e r n a l 

s t a n d a r d , d o d e c y l a l c o h o l ) . R e t e n t i o n t i m e s o f t h e p r o d u c t s v a r i e d 

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

u s e d . F o r e n o n e s I - X , t h e o r d e r o f e l u t i o n w a s a l w a y s t h e s a m e : t h e 

1 , 4 r e d u c t i o n p r o d u c t f i r s t ; t h e e n o n e s e c o n d ; a n d 1 , 2 r e d u c t i o n p r o d u c t 

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

known m o l a r r a t i o o f a u t h e n t i c s a m p l e w i t h i n t e r n a l s t a n d a r d . T h e 

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

w a s p r e p a r e d b y r e a c t i n g t h e 1 , 4 r e d u c t i o n p r o d u c t w i t h L i A l H ^ . T h e g l c 

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

n o c a s e w a s t h e s a t u r a t e d a l c o h o l s e e n i n t h e e n o n e r e d u c t i o n s . 

R e d u c t i o n o f 4 - t e r t - b u t y l c y c l o h e x a n o n e a n d 3 , 3 , 5 - t r i m e t h y l c y c l o -

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

A 1 0 f t . c o l u m n o f 5% C a r b o w a x 2 0 M o n C h r o m o s o r b W w a s u s e d t o 

s e p a r a t e t h e p r o d u c t s o f 4 - t e r t - b u t y l c y c l o h e x a n o n e ( 1 3 0 ° C , i n t e r n a l 

s t a n d a r d n - C _ _ H 0 . ) . T h e o r d e r o f e l u t i o n w a s k e t o n e , a x i a l a l c o h o l , 
— 1 6 3 4 

e q u a t o r i a l a l c o h o l . 
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RESULTS AND D I S C U S S I O N 
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( 1 , 4 r e d u c t i o n p r o d u c t ) ( 1 , 2 r e d u c t i o n p r o d u c t ) ( 1 ) 

T h e e f f e c t o f L i A l H ^ - C u I o n e n o n e I h a s b e e n s t u d i e d i n d e t a i l 

a n d t h e r e s u l t s a r e shown i n T a b l e 1 . S i n c e L i A l H ^ ( r u n s 1 a n d 2 ) a n d 

L i A l H ^ - C u I ( c a t a l y t i c a m o u n t o f C u l , r u n 3 ) g i v e m o s t l y 1 , 2 r e d u c t i o n , 

t h e 1 , 4 r e d u c t i o n p r o d u c t i s a s s u m e d t o a r i s e f r o m t h e a c t i o n o f a 

s p e c i e s o t h e r t h a n L i A l H " 4 . A w i d e v a r i e t y o f s t o i c h i o m e t r i c r a t i o s o f 

L i A l H 4 : C u l : e n o n e ( r u n s 4 - 1 9 ) w e r e s t u d i e d a n d i t w a s f o u n d t h a t a r a t i o 

o f 1 : 4 : 1 g i v e s t h e b e s t r e s u l t s u n d e r t h e c o n d i t i o n s t h a t L i A l H 4 a n d 

C u l a r e a l l o w e d t o r e a c t 3 m i n u t e s b e f o r e t h e a d d i t i o n o f e n o n e . A t 

t h i s s t o i c h i o m e t r i c r a t i o e n o n e I w a s r e d u c e d i n q u a n t i t a t i v e y i e l d a n d 

1 0 0 % r e g i o s e l e c t i v i t y t o t h e c o n j u g a t e r e d u c t i o n p r o d u c t i n THF a t 0 ° 

when t h e r e a c t i o n w a s a l l o w e d t o p r o c e e d f o r 1 h o u r . S t o i c h i o m e t r y r e 

l a t i n g t h e r e a c t i v e s p e c i e s t o k e t o n e i s i m p o r t a n t ( r u n s 1 4 - 1 6 ) s i n c e 

a s i g n i f i c a n t a m o u n t o f e n o n e i s r e c o v e r e d u n r e a c t e d when t h e L i A l H 4 : 

C u l . - enone r a t i o i s 1 : 4 : 4 o r 1 : 4 : 2 . When t h e L i A l H - C u l i s 1 : 1 o r 1 : 2 , 
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a s i g n i f i c a n t a m o u n t o f 1 , 2 p r o d u c t o r u n r e a c t e d k e t o n e o r b o t h a r e 

o b s e r v e d ( r u n s 4 - 1 1 ) . 

When L i A l H ^ a n d C u l a r e m i x e d a t 0 ° i n T H F , a d e e p b l a c k c o l o r 

i m m e d i a t e l y r e s u l t s w i t h some g a s e v o l u t i o n . I t w a s f o u n d t h a t ~ 3 

m i n u t e s r e a c t i o n t i m e i s r e q u i r e d ( r u n s 1 7 - 1 9 ) f o r a l l o f t h e L i A l H ^ t o 

b e c o n s u m e d s o t h a t n o 1 , 2 r e d u c t i o n p r o d u c t i s o b s e r v e d . R e a c t i o n o f 

t h e a c t i v e r e a g e n t w i t h t h e e n o n e a p p e a r s t o b e o v e r i n 3 0 - 6 0 m i n u t e s . 

T e m p e r a t u r e s t u d i e s c l a r i f y t h e s t a b l i t y o f t h e L i A l H ^ - C u I 

r e a g e n t . No r e a c t i o n b e t w e e n L i A l H ^ a n d C u l o c c u r s a t - 7 8 ° ( r u n 2 6 ) , 

s l o w r e a c t i o n a t - 2 0 ° w i t h s o m e 1 , 2 r e d u c t i o n a n d r e c o v e r e d e n o n e ( r u n 

2 7 ) , a n d p a r t i a l d e c o m p o s i t i o n o f t h e a c t i v e r e a g e n t a t r o o m t e m p e r a t u r e 

( r u n 2 8 ) . When L i A l H ^ a n d C u l w e r e m i x e d a t 0 ° a n d t h e n c o o l e d t o - 7 8 ° , 

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

( r u n 2 6 ) . On t h e o t h e r h a n d , g e n e r a t i o n o f t h e a c t i v e r e a g e n t a t 0 ° 

f o l l o w e d b y c o o l i n g t o - 2 0 ° b e f o r e e n o n e a d d i t i o n ( r u n 2 7 ) r e s u l t e d i n 

84% r e a c t i o n w i t h 1 0 0 % r e g i o s e l e c t i v e f o r m a t i o n o f t h e c o n j u g a t e r e d u c 

t i o n p r o d u c t . S i n c e 10% k e t o n e w a s r e c o v e r e d , i t i s c l e a r t h a t r e d u c 

t i o n o f t h e s u b s t r a t e a t - 2 0 ° h a s n o a d v a n t a g e o v e r r e d u c t i o n a t 0 ° . 

On t h e o t h e r h a n d , when t h e r e a g e n t w a s g e n e r a t e d a t 0 ° a n d a l l o w e d t o 

warm t o r o o m t e m p e r a t u r e , 67% c o n j u g a t e r e d u c t i o n p r o d u c t w a s o b s e r v e d 

w i t h 29% r e c o v e r y o f t h e k e t o n e . A p p a r e n t l y e n o u g h o f t h e r e a g e n t 

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

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

f o r g e n e r a t i o n o f t h e r e a g e n t a n d a d d i t i o n o f t h e s u b s t r a t e i s 0 ° . 

T h e o p t i m u m c o n d i t i o n s ( 1 : 4 : 1 s t o i c h i o m e t r y , 0 ° , THF) h a v e b e e n 

a p p l i e d t o o t h e r e n o n e s ( I I I , I V , V a n d V I ) . T h e y i e l d s a r e g e n e r a l l y 
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h i g h a n d t h e r e g i o s e l e c t i v i t y i s 1 0 0 % . H o w e v e r , t h e s l o w e r r e a c t i o n 

r a t e f o r c i s - e n o n e ( I I ) a n d t h e o b s e r v a t i o n o f n o r e a c t i o n w i t h c y c l o -

h e x e n o n e a n d 3 , 3 , 5 - t r i m e t h y l c y c l o h e x e n o n e s u g g e s t s t o u s e a m e c h a n i s m 

i n v o l v i n g a s i x c e n t e r t r a n s i t i o n s t a t e ( A ) . I t i s m o r e d i f f i c u l t f o r 

t h e r i g i d c y c l o h e x e n o n e s y s t e m s , c i s - e n o n e s a n d t r a n s - e n o n e s p o s s e s s i n g 

d i s u b s t i t u t i o n a t t h e 3 - c a r b o n o f t h e e n o n e t o a c c o m o d a t e s u c h a t r a n s i 

t i o n s t a t e (A) a n d h e n c e t h e s e k i n d s o f c o m p o u n d s s h o u l d r e a c t m o r e 

s l o w l y . 

R e d u c t i o n o f e n o n e I a n d I I I ( T a b l e 2 ) w i t h L i A l H ^ T i C l ^ w a s 

f o u n d n o t t o b e a s e f f e c t i v e a s r e d u c t i o n w i t h L i A l H ^ - C u I . As m i g h t 

h a v e b e e n e x p e c t e d , t h e m o s t e f f e c t i v e r a t i o o f L i A l H 4 : T i C l 3 w a s d i f 

f e r e n t f r o m t h a t f o u n d f o r L i A l H 4 ~ C u I . A l s o , o n e m i g h t e x p e c t t h a t t h e 

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

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

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

I t a p p e a r s t h a t o p t i m u m r e s u l t s a r e o b t a i n e d u s i n g a L i A l H 4 r T i C l ^ : e n o n e 

r a t i o o f 1 : 1 : 1 a t r o o m t e m p e r a t u r e f o r 3 0 m i n u t e s ( y i e l d 6 3 % ) . L o w e r 

r e a c t i o n t e m p e r a t u r e s ( 0 ° ) f o r e n o n e I p r o d u c e d a s u b s t a n t i a l a m o u n t o f 

1 , 2 - r e d u c t i o n p r o d u c t a n d a w i d e v a r i a t i o n i n r e a c t a n t s t o i c h i o m e t r y 

a n d r e a c t i o n t i m e s e e m e d t o h a v e e i t h e r l i t t l e o r a d v e r s e e f f e c t o n t h e 

Al""0 

H 
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d e s i r e d r e s u l t s . 

R e d u c t i o n o f e n o n e I I I w i t h L i A l H ^ - T i C T ^ w a s c o r r e s p o n d i n g l y 

l o w e r t h a n t h a t o b s e r v e d f o r L i A l H ^ - C u I . T h e b e s t c o n d i t i o n s o f s t o i -

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

f o r e n o n e I e x c e p t t h a t t h e y i e l d s w e r e l o w e r ( ~ 3 3 % ) . 

L i A l H ^ w a s a l l o w e d t o r e a c t w i t h F e C l 3

 a t - 7 8 ° , 0 ° a n d r o o m 

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

r e a c t . 

Two o t h e r m e t a l s a l t s , H g l 2 a n d H g C l 2 , w e r e a l s o a d m i x e d w i t h 

L i A l H ^ ( T a b l e 3 ) . T h e r e g i o s e l e c t i v i t y w a s d e p e n d e n t o n t h e r a t i o o f 

L i A l H 4 : H g X 2 a n d a l s o o n t h e h a l i d e . When t h e m e t a l h a l i d e w a s c h a n g e d 

f r o m H g l 2 t o H g C l 2 , t h e u n u s u a l r e g i o s e l e c t i v i t y w a s l o s t c o r r e s p o n d i n g 

t o t h e s a m e t r e n d o b s e r v e d when t h e s a l t w a s c h a n g e d f r o m C u l t o C u C l . 

S i n c e L i A l H ^ - C u I a n d L i A l H 4 ~ T i C l 3 p r o d u c e d a s p e c i e s i n s o l u t i o n 

d i f f e r e n t f r o m e i t h e r o f t h e r e a c t a n t s , a n d g a v e 1 0 0 % r e g i o s e l e c t i v i t y , 

i t w a s d e c i d e d t o e v a l u a t e t h e s e r e a g e n t s a s s t e r e o s e l e c t i v e r e d u c i n g 

a g e n t s . B o t h L i A l H ^ - C u I a n d L i A l H ^ - T i C l ^ w e r e a l l o w e d t o r e a c t w i t h 

4 - t e r t - b u t y l c y c l o h e x a n o n e ( V I I ) a n d 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e ( V I I I ) 

i n T H F . T h e r e s u l t s o f T a b l e 4 s h o w b o t h r e a g e n t s g a v e c o n s i d e r a b l y 

m o r e e q u a t o r i a l a t t a c k c o m p a r e d t o L i A l H ^ a n d t h a t t h e L i A l H 4 ~ T i C l 3 

r e a g e n t g a v e c o n s i d e r a b l y m o r e e q u a t o r i a l a t t a c k t h a n d i d L i A l H 4 ~ C u I 

r e a g e n t o n e a c h k e t o n e . 

T h e u n u s u a l e f f e c t i v e n e s s o f t h e r e a g e n t , L i A l H 4 - C u I f o r c o n 

j u g a t e r e d u c t i o n o f t h e e n o n e s , e n c o u r a g e d t h e s t u d y o f t h e n a t u r e o f 

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

1 9 
H 2 A l I a n d n o t CuH o r C u A l H 4 . E q u a t i o n ( 2 ) e x p l a i n s t h e o b s e r v a t i o n o f 
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a b l a c k p r e c i p i t a t e a n d g a s e v o l u t i o n when t h i s r e a c t i o n i s c a r r i e d o u t . 

T h e compound H ^ A l I , w a s s y n t h e s i z e d i n d e p e n d e n t l y a n d w a s f o u n d t o p r o 

d u c e t h e s a m e r e s u l t s a s o b s e r v e d w i t h L i A l H ^ - C u I ( 1 : 4 ) ( r u n 7 5 ) . 

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

L i A l H 4 + 2 C u I > H

2

A 1 1 + L i I + 2 C u ° + H 2 ( 2 ) 

1 : 4 r a t i o o f L i A l H ^ - C u I i s n o t n e c e s s a r y . When t h e m i x i n g p e r i o d f o r 

L i A l H ^ a n d C u l w a s c h a n g e d f r o m 3 t o 2 0 m i n u t e s ( r u n s 1 1 a n d 7 3 ) , i t 

w a s f o u n d t h a t t h e e n o n e w a s r e d u c e d i n 98% a n d 1 0 0 % r e g i o s e l e c t i v i t y . 

S i n c e H ^ A I I w a s f o u n d t o r e a c t j u s t a s t h e r e a g e n t L i A l H ^ - C u I , 

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

p r e p a r e d t h e c o m p o u n d s H 2 A 1 I , H A l I 2 , H 2 A l B r , H A l B r 2 a n d H 2 A 1 C 1 a n d 

H A 1 C 1 2 , a n d i t w a s e x p e c t e d t h a t f o r s t e r i c r e a s o n s t h e H A 1 X 2 c o m p o u n d s 

w o u l d b e m o r e r e g i o s e l e c t i v e t h a n t h e H 2 A 1 X c o m p o u n d s a n d t h e r e g i o 

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

o f t h e h a l o g e n d e c r e a s e s ( I > B r > C l ) . I t i s c l e a r f r o m T a b l e 5 t h a t , 

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

c o m p o u n d s a n d t h e H A l I 2 i s a l s o h i g h l y r e g i o s e l e c t i v e . H o w e v e r , d u e t o 

t h e s t e r i c r e q u i r e m e n t o f H A 1 I 2 , t h e r e a c t i o n w i t h e n o n e I i s much 

s l o w e r c o m p a r e d t o H 2 A 1 I a n d , h e n c e , i s n o t a s a t t r a c t i v e a r e a g e n t . 

B e c a u s e H A 1 I 2 r e a c t s s o s l o w l y t h e r e g i o s e l e c t i v i t y s u f f e r s s l i g h t l y 

p r o b a b l y d u e t o t h e s m a l l e q u i l i b r i u m a m o u n t o f A l H ^ e x p e c t e d i n THF 

s o l u t i o n s o f H A 1 I 2 > 

S y s t e m a t i c s t u d i e s o f t h e h a l o a l a n e s , H A1X_ ( w h e r e n = l o r 2 
n 3 - n 

a n d X = I , B r , C l ) r e v e a l t h a t t h e s t e r i c e f f e c t o f t h e X - g r o u p i s t h e m o s t 
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i m p o r t a n t f a c t o r i n d e t e r m i n i n g r e g i o s e l e c t i v i t y , i . e . H 2 A l I > H 2 A l B r > 

H 2 A 1 C T , a n d a l s o s u g g e s t s t h a t o t h e r a l a n e d e r i v a t i v e s c o n t a i n i n g b u l k y 

" X M g r o u p s , e . g . , H A l ( i - B u ) 2 , HAl [ N ( n - B u ) 2 ] , H A l [ N ( i - P r ) 2 ] 2 , 

HAl ( O i - P r ) 2 , H A l ( O t - B u ) 2 . B o r o n d e r i v a t i v e s c o n t a i n i n g a s m a l l e r c e n t r a l 

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

A l H 3 , H 2 A l 0 t - B u , H A l ( O t - B u ) 2 , H 2 A l 0 i - P r , HAl ( O i - P r ) 2 , H 2 A l N ( n - B u ) 2 

H A l [ N ( n - B u ) ] , H A l N ( i - P r ) , H A l [ N ( i - P r ) ] , H B I a n d H B I w e r e f r e s h l y 

p r e p a r e d f o r e a c h r e a c t i o n a n d a l l o w e d t o r e a c t w i t h e n o n e I . T h e r e 

s u l t s a r e s h o w n i n T a b l e 6 . E n o n e ( I ) w a s r e d u c e d b y A l H ^ w i t h o u t 

s p e c i f i c s e l e c t i v i t y ( 5 0 : 4 8 ) a t H : e n o n e = 3 a n d w i t h i m p r o v e d r e g i o s e 

l e c t i v i t y ( 7 6 : 1 6 ) a t H : e n o n e = l ( r u n s 8 5 a n d 8 6 ) . C l e a r l y g r e a t e r 

r e g i o s e l e c t i v i t y a t H : e n o n e = l i s e x p e c t e d s i n c e t h e s t e r i c r e q u i r e m e n t 

o f t h e r e a g e n t i n c r e a s e s f r o m A l H 3 t o H 2 A 1 0 R t o H A l ( O R ) d u r i n g t h e 

c o u r s e o f t h e r e a c t i o n . 

T h e u s e o f H A l ( i - B u ) 2 ( r u n 8 7 ) r e s u l t s i n g r e a t e r r e g i o s e l e c t i v i t y 

( 9 0 : 6 ) c o m p a r e d t o A l H ^ , b u t s t i l l n o t a s g o o d a s h o p e d f o r . E x p e r i m e n t s 

8 8 - 9 1 s h o w H A l ( 0 t - B u ) 2 i s m o r e s e l e c t i v e t h a n H 2 A l O t - B u a n d t h a t s i g n i 

f i c a n t l y g r e a t e r s e l e c t i v i t y i s e x p e r i e n c e d a t 0 ° c o m p a r e d t o r o o m 

t e m p e r a t u r e . E x c e l l e n t r e g i o s e l e c t i v i t y ( 9 8 : 1 ) i s o b s e r v e d f o r 

H A l ( O t - B u ) 2 a t 0 ° , h o w e v e r , t h e t i m e r e q u i r e d f o r c o m p l e t e r e a c t i o n i s 

l o n g ( 1 2 h o u r s ) . On t h e o t h e r h a n d , when H A l ( O i - P r ) 2 w a s a l l o w e d t o 

r e a c t w i t h I a t 0 ° f o r 3 h o u r s ( r u n 9 3 ) , 1 0 0 % y i e l d a n d 1 0 0 % r e g i o s e l e c 

t i v i t y w a s o b s e r v e d . A l t h o u g h H A l [ N ( n - B u ) ] w a s r e a s o n a b l y s e l e c t i v e 

t o w a r d s I ( 9 0 : 4 ) , H A l [ N ( i - P r ) ^ \ 2 r e d u c e d I a t 0 ° i n 1 5 m i n u t e s i n 1 0 0 % 

y i e l d a n d 1 0 0 % r e g i o s e l e c t i v i t y ( r u n 9 7 ) . F u r t h e r m o r e , e n o n e I w a s 

r e d u c e d b y H B I w i t h 1 0 0 % r e g i o s e l e c t i v i t y a n d q u a n t i t a t i v e y i e l d a t 
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r o o m t e m p e r a t u r e , 9 h o u r s ( r u n 1 0 1 ) . 

T a b l e 7 s h o w s t h e r e s u l t s o f t h e r e a c t i o n s o f t h e s e new r e a g e n t s 

w i t h a s e r i e s o f k e t o n e s . T h e t h r e e a l a n e s H A l ( 0 t - B u ) 2 , H A l ( C d - P r ) 2 

a n d HAl [ N ( i - P r ) 2 ] 2 r e a c t e d t o g i v e 94% r e g i o s e l e c t i v i t y w i t h e n o n e s I , 

I V , V a n d V I . S i n c e HAl [N ( i _ - P r ) 2 ] 2 a n d H B I 2 g a v e 1 0 0 % r e g i o s e l e c t i v i t y 

when a l l o w e d t o r e a c t w i t h t h e s a m e e n o n e s , f u r t h e r s t u d i e s w e r e c a r r i e d 

o u t j u s t w i t h t h e s e t w o r e a g e n t s . I n t h e r e a c t i o n o f H B I 2 w i t h e n o n e s , 

q u a n t i t a t i v e y i e l d s o f c o n j u g a t e r e d u c t i o n p r o d u c t w e r e o b s e r v e d e x c e p t 

i n t h e c a s e s o f t h e c y c l i c k e t o n e s . On t h e o t h e r h a n d , H A l [ N ( i - P r ) 2 ] 

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

a d d i t i o n t o t h e c y c l o h e x e n o n e s V I I a n d V I I I . H o w e v e r , H A l [ N ( i - P r ) 2 ] 

g a v e e x c e l l e n t r e s u l t s w i t h c y c l o p e n t e n o n e ( X I ) w h e r e a s H B I 2 w a s 

i n e f f e c t i v e w i t h t h i s c o m p o u n d . 
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CHAPTER I V 

CONCLUSION 

R e a g e n t s , L i A l H ^ - C u I a n d A l H 3 " - C u I , w e r e f o u n d t o b e e f f e c t i v e f o r 

c o n j u g a t e r e d u c t i o n o f e n o n e s i n h i g h y i e l d a n d 100% r e g i o s e l e c t i v i t y . 

T h e i r r e a c t i n g s p e c i e s , H

2

A H a n ( ^ - * - t s d e r i v a t i v e s H 2 A l X a n d H A l X 2 

( X = I , B r a n d C I ) w e r e s y n t h e s i z e d i n d e p e n d e n t l y a n d e v a l u a t e d a s c o n j u 

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

o r d e r o f I > B r > C l . A l s o , t h e b u l k y a l u m i n u m h y d r i d e d e r i v a t i v e s , f o r 

e x a m p l e , HAl ( O t - B u ) , HAl ( O i ^ - P r ) a n d HAl [N U - P r ) 2 ] 2 , w e r e s y n t h e s i z e d 

a n d shown t h a t h i g h l y e f f e c t i v e c o n j u g a t e r e d u c t i o n d e p e n d e d o n t h e 

s t e r i c r e q u i r e m e n t o f t h e r e a g e n t s . A s i x c e n t e r t r a n s i t i o n s t a t e f o r 

t h e c o n j u g a t e e n o n e r e d u c t i o n w a s c o n c l u d e d t o b e o p e r a t i v e . 



T a b l e 1 . R e d u c t i o n o f E n o n e s w i t h L i A l H . - C u l i n THF 

M o l a r R a t i o 

C u l 
( % ) a

n 

1 , 2 E x p . E n o n e 
1 
L i A l H 4 

M o l a r R a t i o 

C u l 
1 

b 
E n o n e 

Temp ( ° C ) 
E n o n e ( % ) 
R e c o v e r e d 

i— P r o d u c t s 
1 , 4 

( % ) a

n 

1 , 2 

1 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 0 4 . 0 0 1 2 3 8 3 

2 

0 
" t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 0 1 . 0 0 0 0 9 9 

3 

0 

t - B u C H ^ H C - B u 1 1 

t r a n s ( I ) 
0 . 4 2 0 . 0 1 1 . 0 0 0 7 9 2 

4 

0 

t - B u C H ^ H C - B u 1 

t r a n s ( I ) 
1 . 0 1 . 0 2 . 0 ° 0 0 4 0 5 0 

5 

0 
" t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 1 . 0 1 . 0 0 0 6 4 2 7 

6 

0 
" t 

t - B u C H = C H C - B u 1 . 0 1 . 0 0 . 5 0 0 4 9 - 4 4 
t r a n s ( I ) 



T a b l e 1 . ( C o n t i n u e d ) 

E x p . E n o n e 

j M o l a r R a t i o 1 

L i A l H A C u l E n o n e b 

4 
Temp ( ° C ) 

E n o n e (%) 
R e c o v e r e d 

, - P r o d u c t s ( % ) a - i 
1 , 4 1 , 2 ! 

1 0 

1 1 

1 2 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

0 

t - B u C H = C H C - B u t 

t r a n s ( I ) 

0 

t - B u C H = C H C - B u t 

t r a n s ( I ) 

0 

t - B u C H = C H C - B u t 

t r a n s ( I ) 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 2 . 0 4 . 0 

1 . 0 2 . 0 2 . 0 

1 . 0 2 . 0 2 . 0 c , d 

1 . 0 2 . 0 2 . 0 

1 . 0 2 . 0 1 . 0 

1 . 0 2 . 0 0 . 5 

RT 

5 4 4 6 

8 1 

5 8 3 4 

6 2 3 8 

0 9 5 

0 8 2 

< 1 

~ 1 



T a b l e 1 . ( C o n t i n u e d ) 

E x p . E n o n e 

M o l a r R a t i o 

L i A l H , C u l E n o n e 
E n o n e (%) 

Temp ( ° C ) R e c o v e r e d 
P r o d u c t s (%) n 
1 , 4 1 , 2 

1 3 

1 4 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 3 . 0 1 . 0 

1 . 0 4 . 0 4 . 0 

0 8 7 

6 9 2 6 

15 
0 

1 
t - B u C H = C H C - B u 

t r a n s ( I ) 

1 . 0 4 . 0 4 . 0 2 0 2 1 5 9 

16 

1 7 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

0 
t 

t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 4 . 0 2 . 0 

1 . 0 4 . 0 1 . 0 

2 1 6 9 

0 8 2 

1 8 

0 

t - B u C H = C H C - B u 1 

t r a n s ( I ) 
1 . 0 4 . 0 1 . 0 " 6 9 1 6 



T a b l e 1 . ( C o n t i n u e d ) 

i M o l a r R a t i o - "1 E n o n e (%) r- P r o d u c t s , v a i M o l a r R a t i o -
E n o n e (%) r- P r o d u c t s (%) -| 

E x p . E n o n e L i A l H 4 C u l E n o n e Temp ( ° C ) R e c o v e r e d ' 1 , 4 1 , 2 

0 
t 

1 9 t - B u C H = C H C - B u 1 . 0 4 . 0 1 . 0 0 0 9 9 0 
t r a n s ( I ) 

0 
t d 

2 0 t - B u C H = C H C - B u 1 . 0 4 . 0 1 . 0 0 0 7 8 2 0 
t r a n s ( I ) 

0 

2 1 
I I 

t - B u C H = C H C - B u 1 . 0 4 . 0 i . o c RT 0 6 3 2 4 
t r a n s ( I ) 

0 

2 2 
t 

t - B u C H = C H C - B u 1 . 0 4 . 0 1 . 0 RT 4 7 34 < 1 
t r a n s ( I ) 

0 

2 3 t - B u C H = C H C - B u t 1 . 0 4 . 0 4 . 0 - 3 0 4 7 3 8 7 

t r a n s ( I ) 

0 

2 4 
" t 

t - B u C H = C H C - B u 1 . 0 4 . 0 1 . 0 - 2 0 0 8 8 1 1 
t r a n s ( I ) 



T a b l e 1 . ( C o n t i n u e d ) 

E x p . E n o n e 

M o l a r R a t i o -
b I E n o n e (%) P r o d u c t s (%) 

L i A l H 4 C u l E n o n e Temp ( ° C ) R e c o v e r e d 1 , 4 1 , 2 

0 

2 5 t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 4 . 0 1 . 0 - 7 8 0 9 3 

0 

2 6 t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 4 . 0 1 . 0 0 - * - 7 8 ^ 1 0 1 0 

0 

2 7 t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 4 . 0 1 . 0 0 - * - 2 0 1 0 8 4 

0 

2 8 t - B u C H = C H C - B u 
t r a n s ( I ) 

1 . 0 4 . 0 1 . 0 0 - > RT 2 9 6 7 

2 9 

0 
t 

t - B u C H = C H C - B u 
c i s ( I I ) 

1 . 0 4 . 0 1 . 0 3 3 4 0 

3 0 ( C H 3 ) 2 C = C H C - C H . 

( I l l ) 

1 . 0 4 . 0 1 . 0 6 6 



T a b l e 1 . ( C o n t i n u e d ) 

E x p . E n o n e 

1 M o l a r R a t i o " 

L i A l H A C u l 
4 

1 
E n o n e ^ Temp ( ° C ) 

E n o n e (%) 
R e c o v e r e d 

f— P r o d u c t s 
1 , 4 

( % ) * - ) 
1 , 2 

3 1 

0 
u 

( C H 3 ) 2 C = C H C - C H 3 

1 . 0 4 . 0 0 . 5 0 8 7 0 0 

( I I I ) 

0 

3 2 C H 3 C H = C ( C H 3 ) C - C H 3 1 . 0 4 . 0 1 . 0 0 0 9 7 0 

( I V ) 

0 
II 

3 3 CH 3 CH=CHC-CH 3 1 . 0 4 . 0 1 . 0 0 0 7 8 0 

(V) 

0 
II 

3 4 PhCH=CHC-Ph 1 . 0 4 . 0 1 . 0 0 0 1 0 1 0 
( V I ) 

a . P r o d u c t i s b a s e d on k e t o n e u s e d . R e a c t i o n t i m e f o r a l l r e a c t i o n s i s 3 0 - 6 0 m i n . , c o u n t e d f r o m k e t o n e 
a d d i t i o n . 

b . A l l r e a c t i o n m i x t u r e s w e r e s t i r r e d f o r 3 m i n . b e t w e e n L i A l H 4 a d d i t i o n a n d k e t o n e a d d i t i o n , e x c e p t when 
n o t e d . 

c . L i A l H ^ w a s a d d e d r a p i d l y , s t i r r e d 1 m i n . , t h e n t h e k e t o n e a d d e d d r o p w i s e . 



T a b l e 1 . ( C o n t i n u e d ) 

d . E t 2 0 w a s u s e d i n s t e a d o f T H F . 
e . L i A l H ^ w a s a d d e d t o t h e k e t o n e - C u l m i x t u r e . 
f . Same a s ( c ) , b u t i n t e r v a l was 10 s e c . 
g . L i A l H ^ w a s a d d e d a t 0 ° , k e t o n e was a d d e d a t - 7 8 ° o r - 2 0 ° . 
h . S t i r r e d a t RT f o r 1 0 m i n . b e f o r e k e t o n e a d d i t i o n . 



T a b l e 2 . R e d u c t i o n o f E n o n e s w i t h L i A l H . - T i C l . , i n THF 

M o l a r R a t i o 

j a u J.UI i _ _i_ <_» | 

E x p . E n o n e L i A l H T i C l E n o n e Temp ( ° C ) 

R e a c t i o n 
T i m e 

E n o n e r— P r o d u c t s 
R e c o v e r e d 1 , 4 1 , 2 

3 5 

3 6 

37 

3 8 

3 9 

4 0 

4 1 

4 2 

4 3 

4 4 

4 5 

4 6 

4 7 

4 8 

2 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

2 . 0 

2 . 0 

2 . 0 

4 . 0 

1 . 0 

1 . 0 

1 . 0 

2 . 0 

3 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

2 . 0 

1 . 0 

1 . 0 

4 . 0 

2 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

0 

0 

0 

0 

RT 

RT 

RT 

RT 

RT 

RT 

RT 

r e f l u x 

RT 

RT 

1 h r 

1 h r 

1 h r 

1 h r 

1 0 m i n 

3 0 m i n 

1 h r 

1 . 5 h r 

1 2 h r 

1 h r 

1 h r 

1 h r 

8 h r 

1 h r 

1 2 

1 3 

4 6 

2 9 

5 3 

6 3 

5 8 

5 5 

5 3 

6 6 

6 3 

6 0 

4 6 

2 9 

7 0 

5 3 

2 4 

3 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

~ 1 



T a b l e 2 . ( C o n t i n u e d ) 

I - M o l a r R a t i o - 1 R e a c t i o n E n o n e f-Products 
E x p . E n o n e L i A l H 

4 T 1 C 1 3 
E n o n e Temp ( ° C ) T i m e R e c o v e r e d 1 , 4 1 , 2 

4 9 I 1 . 0 2 . 0 1 . 0 RT 8 h r 0 3 5 0 

5 0 I 1 . 0 2 . 0 1 . 0 R T - > 0 g 1 h r 0 3 5 ~ 1 

5 1 I 3 . 0 4 . 0 1 . 0 RT 1 h r 0 1 8 2 5 

5 2 I 1 . 0 3 . 0 1 . 0 RT 1 h r 0 1 4 0 

5 3 I 3 . 0 1 . 0 1 . 0 RT 1 h r 0 2 8 4 1 

5 4 I 2 . 0 2 . 0 i . O F RT 1 0 m i n 0 6 3 1 

5 5 I I I 1 . 0 1 . 0 1 . 0 R T - > 0 g 1 h r ~ 1 3 4 0 

5 6 I I I 1 . 0 2 . 0 1 . 0 R T - > 0 g 1 h r ~ 2 1 8 0 

5 7 I I I 2 . 0 2 . 0 1 . 0 1 RT 1 h r 0 3 3 0 

5 8 
f 

5 8 I I I 2 . 0 2 . 0 1 . 0 RT 1 h r 9 0 2 5 

i . Same a s ( f ) i n T a b l e 1 b u t 6 0 m i n . 



T a b l e 3 . R e d u c t i o n o f E n o n e I w i t h L i A l H - H g l , L i A l H - H g C l o r L i A l H - C u C l i n THF 

M o l a r R a t i o T e m p . E n o n e P r o d u c t s 
E x p . L i A l H 

4 H ^ 2 E n o n e ( ° C ) R e c o v e r e d (%) 1 , 4 1 , 2 

5 9 1 . 0 1 . 0 1 . 0 0 0 6 5 2 2 

6 0 1 . 0 1 . 5 1 . 0 0 0 8 6 8 

6 1 1 . 0 2 . 0 1 . 0 0 0 9 3 5 

6 2 1 . 0 4 . 0 1 . 0 0 7 5 8 0 

( H g C l 2 ) 

6 3 1 . 0 1 . 0 1 . 0 0 0 4 6 5 6 

6 4 1 . 0 1 . 5 1 . 0 0 4 2 32 1 7 

( C u C l ) 

6 5 1 4 1 0 5 5 32 4 



T a b l e 4 . S t e r e o s e l e c t i v e R e d u c t i o n o f 4 - t e r t - B u t y l c y c l o h e x a n o n e ( V I I ) o r 3 , 3 , 5 - T r i m e t h y l c y c l o h e x a n o n e 
( V I I I ) w i t h L i A l H - C u l and 

4 
L i A l H - T i C l 

4 3 i n 
THF 

K e t o n e R e l a t i v e 

1 M o l a r R a t i o R e c o v e r e d , Y i e l d ( % ) — , M a s s 
E x p . K e t o n e ' L i A l H . : C u l ( o r T i C l 

4 3 ) : K e t o n e C o n d i t i o n s (%) ax-OH eq -OH B a l a n c e 

6 7 V I I 1 . 5 0 1 . 0 0 ° , 2 h r 0 8 9 2 - 1 0 0 

6 8 V I I 1 . 0 4 . 0 ( C u l ) 1 . 0 0 ° , 1 h r 0 2 9 7 1 - 1 0 0 

6 9 V I I 1 . 0 1 . 0 ( T i C l 3 ) 1 . 0 R T , 1 h r 0 7 0 3 0 8 1 

7 0 V I I I 1 . 5 0 1 . 0 0 ° , 2 h r 0 8 0 2 0 - 1 0 0 

7 1 V I I I 1 . 0 4 . 0 ( C u l ) 1 . 0 o ° , 1 h r 0 8 5 1 5 - 1 0 0 

7 2 V I I I 1 . 0 1 . 0 ( T i C l 3 ) 1 . 0 R T , 1 h r 0 9 7 3 7 4 



T a b l e 5 . R e d u c t i o n o f E n o n e I w i t h t h e R e a g e n t s : L i A l H 4 ~ C u I , A l H 4 ~ C u I , 
H 2 A I I , H A I I 2 , H 2 A 1 C 1 a n d H A l C l 2 i n THF 

E x p . • M o l a r R a t i o • C o n d i t i o n s R e c o v e r e d 
r— P r o d u c t s (%)—1 
1 1 , 4 1 , 2 ' 

7 3 

7 4 

7 5 

7 6 

7 7 

7 8 

7 9 

8 0 

8 1 

L i A l H ^ 

1 

A1H 

H A l l 

1 

1 

1 

H A 1 I 2 

1 

2 

H 2 A l B r 

C u l 

2 

C u l 

3 

C u l 

0 

0 

- 1 0 

E n o n e " 

1 

E n o n e -

1 

E n o n e " 

1 

i a 

1 

E n o n e 

1 

1 

1 
E n o n e 

0 , 1 5 m i n 

0 , 1 5 m i n 

0 , 1 h r 

0 , 1 h r 

0 , 1 h r 

0 , 1 h r 

R T , 4 h r 

R T , 1 h r 

0 , 1 h r 

0 

0 

7 7 

8 4 

3 3 

1 6 

9 8 

9 9 

9 8 

7 0 

1 1 

0 . 5 

5 9 

8 0 

8 6 

< 1 

< 0 . 5 

1 2 

0 

0 

5 

2 

1 2 



T a b l e 5 . ( C o n t i n u e d ) 

E n o n e (%) j — P r o d u c t s (%)—j 
E x p . M o l a r R a t i o 1 C o n d i t i o n s R e c o v e r e d 1 , 4 1 , 2 

8 2 

8 3 

H A l B r , 

H 2 A 1 C 1 

1 

HA1C1. 

E n o n e 

1 

1 

E n o n e 

0 ° , 1 h r 

0 ° , 1 0 m i n 

9 2 

8 6 1 5 

8 4 0 ° , 1 h r 8 6 

j . T h e m i x i n g p e r i o d o f L i A l H ^ - C u I o r A l H ^ - C u I w a s 2 0 m i n b e f o r e e n o n e a d d i t i o n . 

d . E t 2 0 s o l v e n t . 



T a b l e 6 . R e d u c t i o n o f 2 , 2 , 6 , 6 - T e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e ( I ) w i t h HAlX o r HBI Compound 

E x p . A l a n e o r B o r a n e 
M o l e R a t i o 

A l a n e o r B o r a n e / E n o n e 
R e a c t i o n 

C o n d i t i o n s 
E n o n e 

R e c o v e r e d 
% P r o d u c t s 3 

1 , 4 1 , 2 

8 5 A 1 H 3 1 : 1 0 ° , 1 h r 0 5 0 4 8 

8 6 A 1 H 3 1 : 3 0 ° , 1 h r 8 7 6 1 6 

8 7 H A l ( i - B u ) 2 1 : 1 0 ° , 1 h r 0 9 0 6 

8 8 H 2 A l 0 t - B u 1 : 1 R T , 0 . 5 h r b 0 8 8 1 1 

8 9 H 2 A l 0 t - B u 1 : 1 0 ° , 0 . 5 h r b 0 9 5 6 

9 0 H A l ( O t - B u ) 2 2 : 1 R T , b 
4 h r 

1 9 0 5 

9 1 H A l ( O t - B u ) 2 4 : 1 0 ° , 1 2 h r b 0 9 8 1 

9 2 H 2 A 1 0 i - P r 1 : 1 0 ° , 3 h r C 0 6 2 4 0 

9 3 H A l ( O i - P r ) 2 : 1 0 ° , 3 h r ° 0 1 0 0 0 

9 4 H 2 A l N ( n - B u ) 2 1 : 1 0 ° , 3 h r C 0 8 1 1 9 

9 5 HAl [ N ( n - B u ) 2 l 2 4 : 1 0 ° , 
c 

6 h r 1 9 0 4 

9 6 H 2 A l N ( i - P r ) 2 1 : 1 0 ° , 
. d 

1 5 m i n 0 9 4 5 

9 7 HAl [ N ( i - P r ) 2 l 2 2 : 1 0 ° , d 
1 5 m i n 

0 1 0 0 0 



T a b l e 6 . ( C o n t i n u e d ) 

E x p . A l a n e o r B o r a n e 
M o l e R a t i o 

A l a n e o r B o r a n e / E n o n e 
R e a c t i o n 

C o n d i t i o n s 
E n o n e 

R e c o v e r e d 

a 
% P r o d u c t s 

1 , 4 1 , 2 

9 8 B H 3 1 : 1 0 ° , 0 . 5 h r 0 7 8 1 1 

9 9 B H 3 1 : 3 0 ° , 2 h r 0 9 4 7 

1 0 0 H 2 B l e 1 : 1 0 ° , 2 h r 2 9 2 6 

1 0 1 H E ! / 4 : 1 R T , 9 h r 0 1 0 0 0 

a . Y i e l d s a r e a b s o l u t e b a s e d on i n i t i a l k e t o n e u s i n g a n i n t e r n a l s t a n d a r d . A l l r e a c t i o n s w e r e p e r 
f o r m e d o n 1 mmole s c a l e . 

b . t - B u O H w a s a d d e d t o A l H ^ d r o p w i s e a n d k e p t s t i r r i n g 1 5 m i n . b e f o r e u s e . 

c . Same p r o c e d u r e a s ( b ) b u t 6 0 m i n . 

d . Same p r o c e d u r e a s ( b ) b u t 3 h r . 

e . I / T H F w a s a d d e d t o BH a n d k e p t s t i r r i n g f o r 1 h r . a t 0 ° C . 



T a b l e 7 . R e d u c t i o n o f E n o n e s I I I - X I w i t h H A 1 X 2 R e a g e n t s a t 0 ° a n d H B I 2 a t Room T e m p e r a t u r e i n THF 

R a t i o o f 1 , 4 t o 1 , 2 R e d u c t i o n 
H A l ( i - B u ) H A l ( O t - B u ) H A l ( O i - P r ) 2 H A l [ N ( i - P r ) ] H B I 2 

0 
II 

C H 3 C H = C H - C - C H 3 (V) 8 : 9 0 9 4 : 5 9 5 : 2 1 0 0 : 0 9 5 : 0 

0 

C H 3 C H = C ( C H 3 ) C - C H 3 ( I V ) 1 8 : 8 1 9 0 : 6 9 6 : 4 1 0 0 : 0 . 5 9 6 : 0 

0 
II 

PhCH=CHCPh ( V I ) 6 3 : 3 5 9 8 : 0 9 7 : 2 1 0 0 : 0 . 5 9 5 : 0 

0 

( C H 3 ) 2 C = C H C C H 3 ( I I I ) — — — 6 : 0 9 8 : 0 

0 

() < V I I » 
— — — 2 3 : 7 2 5 : 0 

0 jl 
i A ( v i i i > — — — 0 : 0 1 5 : 0 

0 

PhCh=CHCCH 3 ( I X ) — — — 9 6 : 0 9 8 : 0 



T a b l e 7 . ( C o n t i n u e d ) 

H A l ( i - B u ) 
R a t i o 

H A l ( O t - B u ) 
o f 1 , 4 t o 

H A l ( O i -
1 , 2 R e d u c t i o n 

• P r ) 2 HAl [N ( i - P r ) 2 1 2 

b 
H B I 2 

0 
II 

C H 2 = C H C C H 3 (X) 4 1 : 4 5 9 5 : 0 

0 

( X I ) — — — 9 4 : 1 1 1 : 0 

a . H A l ( O t - B u ) 2 : e n o n e = 6 , HAl ( O i - P r ) 2 : e n o n e = 6 , HAl [ N ( i - P r ) ] : e n o n e = 4 , H A l ( i - B u ) 2 : e n o n e = 2 . 

b . H B I ^ : e n o n e = 8 , 2 0 h o u r s , r o o m t e m p e r a t u r e . 
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PART I I 

REACTIONS OF NEW ORGANOCUPRATES 

( I I - l ) R E G I O S E L E C T I V E METHYLATION OF ENONES 
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CHAPTER I 

INTRODUCTION 

B a c k g r o u n d 

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

r e a g e n t s i n o r g a n i c s y n t h e s i s . 1 S e v e r a l r e c e n t r e p o r t s h a v e b e e n c o n 

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

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

p o u n d s . F o r e x a m p l e , t h e r e a g e n t h a v i n g t h e s t o i c h i o m e t r y L i C u P h ^ - P h L i 

a p p e a r s t o b e m o r e r e a c t i v e t h a n L i C u P h 2 i n m e t a l - h a l o g e n e x c h a n g e r e -

2 

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

f o u n d t h a t a 3 : 2 m i x t u r e o f L i C u ( C H 3 ) 2

 a n < 3 C H ^ L i i s m o r e s t e r e o s e l e c -
3 

t i v e t o w a r d 4 - t e r t - b u t y l c y c l o h e x a n o n e t h a n e i t h e r L i C u ( C H 3 ) 2 o r C H ^ L i . 

I n a d d i t i o n , m i x t u r e s o f L i C u ( C H 3 > 2 a n d C H ^ L i h a v e b e e n f o u n d t o r e a c t 

w i t h d i a r y l k e t o n e s a s i f a r e d u c i n g a g e n t m o r e p o w e r f u l t h a n e i t h e r 
4 

L i C u ( C H 3 ) 2 o r C H

3

L i i s P r e s ^ n t . T h e s e r e p o r t s s u g g e s t t h a t l i t h i u m 

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

f o r m c o m p l e x e s o f t h e t y p e L i 2 C u ( C H 3 ) 3 a n d L i ^ C u f C H ^ ) ^ . R e c e n t l y , 

e v i d e n c e f o r t h e e x i s t e n c e o f new o r g a n o c u p r a t e s p e c i e s , L i C u ^ C H ^ ) ^ 

a n d L i 2 C u ( C H 3 ) 3 i n THF a n d L i 2 C u ( C H 3 ) 3 a n d L i 2 C u 3 ( C H 3 > 5 i n E t 2 0 w a s 
5 

o b t a i n e d b y a c o - w o r k e r , J . J . W a t k i n s . I n T H F , L i C u 2 ( C H 3 ) 3 a n d 

L i C u ( C H 3 ) 2 h a v e b e e n f o u n d t o e x i s t a s p u r e s t o i c h i o m e t r i c c o m p o u n d s 

when t h e C H 3 L i : C H 3 C u r a t i o w a s 1 : 2 a n d 1 : 1 , r e s p e c t i v e l y . When t h e 

C H 3 L i : C H 3 C u r a t i o w a s 2 : 1 , L i 2 C u ( C H 3 > 3 w a s f o r m e d a s a n e q u i l i b r i u m 
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m i x t u r e c o n t a i n i n g L i C u ( C H 3 ) 2 a n d C H ^ L i . I n E t 2 0 , e v i d e n c e w a s p r e s e n t e d 

t o i n d i c a t e t h e e x i s t e n c e o f L i 2 C u 3 ( C H 3 ) ^ , L i C u ( C H 3 ) 2 a n d L i 2 C u ( C H ^ ) 3 . 

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

l a t t e r c o m p o u n d i s p a r t o f a n e q u i l i b r i u m m i x t u r e . 

P u r p o s e 

Owing t o t h e c u r r e n t i n t e r e s t i n o r g a n o c o p p e r r e a g e n t s , i t i s 

p r o p o s e d t o e v a l u a t e t h e s e new c u p r a t e s a s c o n j u g a t e m e t h y l a t i n g a g e n t s 

t o w a r d a , 3 - u n s a t u r a t e d k e t o n e s . A s t u d y o f t h e s u b s t i t u t i o n r e a c t i o n s 

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

d e s i r e d . F u r t h e r , t h e p r e v i o u s l y r e p o r t e d u n u s u a l s t e r e o c h e m i s t r y i n 

3 

t h e r e a c t i o n o f 4 - t e r t - b u t y l c y c l o h e x a n o n e w i t h C H ^ L i - L i C u ( C H ^ ) s e e m s 

i m p o r t a n t a n d n e c e s s a r y t o b e r e v i e w e d s i n c e t h e e v i d e n c e f o r t h e 

e x i s t e n c e o f L i _ C u ( C H - ) _ h a s b e e n o b t a i n e d . 



CHAPTER I I 

EXPERIMENTAL 

N o t e : T h e c u p r a t e r e a g e n t s u s e d f o r t h e r e a c t i o n s o f t h e e n o n e s w e r e 

p r e p a r e d b y J . J . W a t k i n s o f t h i s l a b o r a t o r y . 

I n s t r u m e n t a t i o n a n d T e c h n i q u e s 

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

S c h l e n k t u b e t e c h n i q u e s . O t h e r m a n i p u l a t i o n s w e r e c a r r i e d o u t i n a 

g l o v e b o x e q u i p p e d w i t h a r e c i r c u l a t i n g s y s t e m u s i n g m a n g a n e o u s o x i d e 

c o l u m n s t o r e m o v e o x y g e n a n d d r y i c e - a c e t o n e t o r e m o v e s o l v e n t s v a p o r s . 

P r o t o n NMR s p e c t r a w e r e o b t a i n e d a t 6 0 MHz u s i n g a V a r i a n A - 6 0 NMR 

s p e c t r o m e t e r . GLPC a n a l y s e s w e r e p e r f o r m e d o n t h e F a n d M m o d e l 7 0 0 o r 

1 3 

7 2 0 g a s c h r o m a t o g r a p h s . T h e C NMR s p e c t r a w e r e o b t a i n e d a t 1 0 0 MHz 

w i t h a J E O L F o u r i e r t r a n s f o r m s p e c t r o m e t e r . M o d e l P F T - 1 0 0 . 

A n a l y s e s 

Active CH^ g r o u p analysis was c a r r i e d o u t b y h y d r o l y z i n g s a m p l e s 

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

e v o l v e d m e t h a n e w i t h a T o e p l e r pump. L i t h i u m w a s d e t e r m i n e d b y f l a m e 

p h o t o m e t r y . I o d i e w a s d e t e r m i n e d b y t h e V o l h a r d p r o c e d u r e . C o p p e r 

w a s d e t e r m i n e d b y e l e c t r o l y t i c d e p o s i t i o n o n a p l a t i n u m e l e c t r o d e . 

M a t e r i a l s 

T e t r a h y d r o f u r a n ( F i s h e r C e r t i f i e d R e a g e n t G r a d e ) w a s d i s t i l l e d 

u n d e r n i t r o g e n f r o m NaAlH^ a n d d i e t h y l e t h e r ( F i s h e r R e a g e n t ) f r o m 

L i A l H . p r i o r t o u s e . M e t h y l l i t h i u m i n THF o r E t 0 w a s p r e p a r e d b y t h e 
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r e a c t i o n o f (CH^J^Hg w i t h e x c e s s l i t h i u m m e t a l . B o t h s o l u t i o n s w e r e 

s t o r e d a t - 7 8 ° u n t i l r e a d y t o u s e . C u p r o u s i o d i d e w a s p u r i f i e d b y p r e -

g 

c i p i t a t i o n f r o m a n a q u e o u s K I - C u I s o l u t i o n . T h e p r e c i p i t a t e d s o l i d 

w a s w a s h e d w i t h w a t e r , e t h a n o l , a n d d i e t h y l e t h e r a n d t h e n d r i e d a t 

r o o m t e m p e r a t u r e u n d e r r e d u c e d p r e s s u r e . T h e e n o n e s : 2 , 2 , 6 , 6 - t e t r a -

m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e , t r a n s - 3 - m e t h y l - 3 - p e n t e n - 2 - o n e , m e s i t y l 

o x i d e , 2 - c y c l o h e x e n - l - o n e a n d i s o p h o r o n e w e r e o b t a i n e d f r o m t h e same 

s o u r c e d e s c r i b e d i n P a r t I . 

T h e o r g a n o h a l i d e s , 1 - i o d o d e c a n e , 1 - b r o m o d e c a n e , 1 - c h l o r o d e c a n e , 

1 - f l u o r o d e c a n e , 6 - b r o m o - l - h e x e n e , 6 - c h l o r o - l - h e x e n e , i o d o c y c l o h e x a n e , 

b r o m o c y c l o h e x a n e , c h l o r o c y c l o h e x a n e , i o d o b e n z e n e , b r o m o b e n z e n e , 

c h l o r o b e n z e n e , f l u o r o b e n z e n e , p _ - c h l o r o a n i s o l e , p - f l u o r o a n i s o l e , 1 -

c h l o r o c y c l o h e x e n e a n d 3 - c h l o r o c y c l o h e x e n e w e r e p u r c h a s e d f r o m E a s t m a n , 

F i s h e r , A l d r i c h o r F r i n t o n c o m p a n i e s a n d u s e d w i t h o u t f u r t h e r p u r i f i c a 

t i o n . L i t h i u m s a l t s : l i t h i u m p e r c h l o r a t e , l i t h i u m i o d i d e , a n d l i t h i u m 

b r o m i d e w e r e p u r c h a s e d f r o m A l f a I n o r g a n i c s a n d d r i e d u n d e r v a c u u m a t 

1 0 0 ° C o v e r n i g h t . S o l u t i o n s o f t h e s e s a l t s i n T H F o r E t ^ O w e r e p r e p a r e d 

i n a d r y b o x . 4 - t e r t - B u t y l c y c l o h e x a n o n e a n d 2 - m e t h y l c y c l o h e x a n o n e w e r e 

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

t h e v a c u u m . 

P r e p a r a t i o n o f R e a g e n t s i n THF 

L i C ^ C C H ^ ) ^ . C u p r o u s i o d i d e ( 1 . 5 3 g r a m s , 8 . 0 5 m m o l e s ) w a s w e i g h e d 

i n t o a 5 0 m l r o u n d b o t t o m f l a s k i n t h e d r y b o x , t h e n t h e f l a s k f i t t e d 

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

b y m e a n s o f a n e e d l e t o a n i t r o g e n b u b b l e r , a n d 1 5 ml o f THF a d d e d i n 

o r d e r t o s l u r r y t h e s o l i d . T h e s l u r r y w a s c o o l e d t o - 7 8 ° a n d 1 5 . 1 ml 
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of a 0.802 M solution of CH^Li (12.1 mmoles) in THF was added to the 

flask. Within 5 minutes all of the solid had dissolved and a clear, 

brown solution was present. H 1 NMR at -96° showed only one signal for 

protons suggesting LiCu^CH^)^. Analysis of the solution showed Li, 

Cu, C H 3 and I to be present in the ratio 1.49:1.00:1.50:1.02. 

LiCu(CH 3) 2. Cuprous iodide (1.26 grams, 6.62 mmoles) was al

lowed to react with 16.5 ml of 0.802 M CH Li (13.2 mmoles) in THF 

using the same procedure as was used to prepare L i C u ^ C H ^ ) ^ (see above). 

All the solid dissolved within one minute to yield a clear, light brown 

solution. H^ NMR -96° showed only one signal at-1.57 6, which corres

ponds to LiCu(CH 3) 2. An analysis of the solution showed Li, Cu, CH^ 

and I to be present in the ratio 2.00:1.00:2.12:0.98. 

L i 2 C u ( C H 3 ) 3 . Cuprous iodide (0.80 grams, 4.32 mmoles) was al

lowed to react with 19.0 ml of 0.802 (16.9 mmoles) in THF using the 

above procedure for making LiCu^CH^)^. All the solid dissolved within 

one minute to yield a clear, colorless solution. H 1 NMR at -96° showed 

the presence of L i 2 C u ( C H 3 ) 3 in equilibrium with LiCufCH^)--,, and CH^Li 

(four signals at -1.40, -1.57, -1.73 and -2.08 6 are observed; signals 

at -1.57 and -2.08 are due to LiCu(CH 3) 2 and CH^Li, respectively, while 

those at -1.40 and -1.73 are due to L i 2
C u ( C H ^ ) ). An analysis of the 

solution showed Li, Cu, CH^ and I to be present in the ratio 3.82:1.00: 

3:62:0.94. 

Preparation of Reagents in Et 20 

LiCu(CH 3) 2. Cuprous iodide (0.53 grams, 2.79 mmoles) was weighed 

into a 50 ml round bottom flask in the dry box, then the flask fitted 

with a rubber septum. The flask was removed from the dry box, connected 
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B Y means of a needle to a nitrogen bubbler, and 5 ml of Et,?0 added in 

order to slurry the solid. The slurry was cooled to -78° and 4.4 ml 

of 1.27 M solution of CH-Li (5.58 mmoles) in Et 0) was added to the flask. 

All the solid dissolved immediately and a clear colorless solution 

formed. H*NMR at -96° showed only LiCu(CH^) 2 to be present. An 

analysis of the solution showed Li, Cu, CH^ and I to be present in the 

ratio 1.97:1.00:1.96:0.95. 

Li^Cu»(CH ),_. Cuprous iodide (0,380 grams, 2.0 mmoles) was al-

lowed to react with 3.5 ml of 0.95 M solution of CH^Li (3.3 mmoles) in 

Et^O using the same procedure as was used to prepare LiCu(CH^) 7 (see 

above). Most of the solid dissolved immediately to give a clear, light: 

pink solution, but a small amount of yellow solid (methylcopper) re

mained. An analysis of the solution showed Li, Cu, CH^ and I to be pre

sent in the ratio 5.21:3.00:5.09:3.03. If all of the iodide is assumed 

to be present as Lil, then the organocopper species would have a Li:Cu:CK. 

ratio of 2.18:3.00:5.09. This indicates the presence of the complex 

Li.^Cu^(C}\7)^, This compound was indeed shown to be present by N M R 
5 

s p e c t r o s c o p y . 

Li^CuCCK^)^ Cuprous iodide (0.57 grams, 2.97 mmoles) was al

lowed to react with 9.56 ml of 1.27 M solution of CH Li (11.9 mmoles) 

in Et,,0 using the same procedure as was used to prepare LiCu(CH„) 0 (see 

above). All the solid dissolved immediately and a clear, colorless 

solution remained. H^MMR at -96° showed Li ?CufCH 7) , LiCu(CH. ) and 

CHjLi to be present. An analysis of the solution showed Li, Cu, CH^ 

and I tc be present in the ratio 3.82:1.00:3.88:1,02. 
L.iCu(CH^) 2~halide free. The preparation of halide free LiCu 

£CI-L)„ was similar to that used for Li Cu CCIL)». excout that CH-Li was 
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added to Cul in two steps. After the first equivalent mole of CH^Li 

was added to the slurry Cul in THF or Et 20 to produce methylcopper as 

a yellow solid slurry, Lil was removed by centrifuging, decanting and 

washing with several portions of dry solvent. The second equivalent 

mole of CH^Li was then allowed to react with the slurry of methylcopper 

to produce LiCu(CH^)^-halide free. 

General Reactions of Enones 

A 10 ml Erlenmeyer flask with a Teflon coated magnetic stirring 

bar was dried in an oven and allowed to cool under nitrogen flush, then 

sealed with a rubber septum and connected by means of a needle to a 

nitrogen-filled manifold equipped with a mineral oil filled bubbler. 

The cuprate reagent (ca. 0.1-0.5 mmole) was syringed into the flask, 

then the calculated amount of enone (in THF or Et 20 solvent with internal 

standard, n.~ ci2 H26 o r —~ C14 H30^ w a s a^ded t o t n e stirred reagent. After 

the designated reaction time, the reaction was quenched with H 2 0 slowly 

and dried over MgS0 4. A 10 ft. 5% Carbowax 20 M on Chromosorb W column 

was used to separate the 1,4 and 1,2 methylation products of enone I 

(120°C), enone II (90°C), enone III (100°C), enone IV (100°C), enone V 

(100°C) and enone VI (100°C). Authentic samples of 1,2-addition pro

ducts were prepared by reaction of the enone with CH^Li. The yield 

percent for each reaction with LiCu(CH 3) 2 was normalized by 100% yield = 

enone recovery % + 1,2 product % + 1,4 product %. The yield % for other 

reactions was based on the amount of Li C u ( C H 3 ) 2 used in the reaction. 

Retention times of products varied slightly depending on glc conditions. 

However, for enones I-V, the order of elution was always the same: 

enone first; 1,4 methylation product second; and 1,2 methylation product 
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l a s t . T h e 1,2 m e t h y l a t i o n p r o d u c t o f e n o n e V h a d a s h o r t e r e l u t i o n 

t i m e t h a n the 1,4 m e t h y l a t i o n p r o d u c t . 

G e n e r a l R e a c t i o n s o f H a l i d e s 

T h e e x p e r i m e n t a l p r o c e d u r e s a r e s i m i l a r to t h o s e d e s c r i b e d i n 

the r e a c t i o n s o f e n o n e s . T w o g l c c o l u m n s w e r e u s e d to s e p a r a t e the 

p r o d u c t s : c o l u m n A (10 f t . 5% C a r b o w a x 20 M o n C h r o m o s o r b W) a n d c o l u m n 

B (6 f t . 1 0 % A p i e z o n L 6 0 - 8 0 S ) . T h e f o l l o w i n g g l c c o n d i t i o n s (column, 

c o l u m n t e m p e r a t u r e , i n t e r n a l s t a n d a r d ) a r e d e s c r i b e d : n - d e c y l h a l i d e s 

(column A , 1 1 0 ° C , n-C.. „ H _ ) ; 6 - b r o m o - l - h e x e n e , 6 - c h l o r o - l - h e x e n e , 
— 1 2 2 6 

c y c l o h e x y l h a l i d e s , 1 - c h l o r o c y c l o h e x e n e a n d 3 - c h l o r o c y c l o h e x e n e (all 

c o l u m n B , 5 5 ° C , n - C g H ^ g ) ; p h e n y l h a l i d e s , p - c h l o r o a n d p - f l u o r o a n i s o l e 

(all c o l u m n B , 1 0 5 ° C , p - x y l e n e ) . U s i n g c o l u m n B , (at 5 5 ° C , H e l i u m f l o w 

r a t e 60 m l / m i n . ) the f o l l o w i n g p r o d u c t s c a n b e s e p a r a t e d . T h e e l u t i o n 

is i n the o r d e r o f c y c l o h e x a n e , c y c l o h e x e n e , m e t h y l c y c l o h e x a n e , 1-

m e t h y l - l - c y c l o h e x e n e a n d n - o c t a n e . O n the sam e c o l u m n a t 1 0 5 ° C , e l u t i o n 

is i n t he o r d e r : t o l u e n e , p - x y l e n e , a n i s o l e a n d p - m e t h y l a n i s o l e . T h e 

R E T E N T I O N t i m e a n d R E S P O N S E R A T I O o f T H E I N T E R N A L s t a n d a r d s w e r e 

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

G e n e r a l R e a c t i o n s o f 4 - t e r t - B u t y l c y c l o h e x a n o n e a n d 2 - M e t h y l c y c l o h e x a n o n e 

A 10 m l E r l e n m e y e r f l a s k w i t h a T e f l o n c o a t e d m a g n e t i c s t i r r i n g 

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

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

f i l l e d m a n i f o l d e q u i p p e d w i t h a m i n e r a l o i l f i l l e d b u b b l e r . M e t h y l 

l i t h i u m (ca. 0.1-1.0 mmole) w a s s y r i n g e d i n t o t h e f l a s k a n d the a d d i t i o n 

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

d r y - i c e a c e t o n e b a t h , t h e n t h e c a l c u l a t e d a m o u n t o f 
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4 - t e r t - b u t y l c y c l o h e x a n o n e o r 2 - m e t h y l c y c l o h e x a n o n e ( i n THF o r E t ^ O 

s o l v e n t w i t h i n t e r n a l s t a n d a r d , H ~ C i 4 H 3 0 ^ w a s a d d e d t o t n e s t i r r e d 

r e a g e n t . A f t e r t h e d e s i g n a t e d r e a c t i o n t i m e , t h e r e a c t i o n w a s q u e n c h e d 

w i t h m e t h a n o l s l o w l y a n d d r i e d o v e r MgSC> 4 . A 1 2 f t . 10% FFAP o n 

D i a t o p o r t c o l u m n ( c o l u m n t e m p e r a t u r e : 1 5 0 ° C , h e l i u m f l o w r a t e : 6 0 m l / 

m i n ) w a s u s e d t o s e p a r a t e t h e p r o d u c t s o f 4 - t e r t - b u t y l c y c l o h e x a n o n e . 

T h e r e t e n t i o n t i m e w a s 1 3 . 4 m i n . f o r n - C n „ H ™ , 3 2 . 8 m i n . f o r c i s - 1 -
— 1 4 3 0 

m e t h y l - 4 - t e r t - b u t y l c y c l o h e x a n o l , 3 8 . 0 m i n . f o r 4 - t e r t - b u t y l c y c l o h e x a n o n e 

a n d 4 1 . 6 m i n . f o r t r a n s - 1 - m e t h y 1 - 4 - t e r t - b u t y l c y c l o h e x a n o 1 . T h e r e s 

p o n s e r a t i o w a s 0 . 5 2 f o r b o t h a l c o h o l s b y m e a s u r i n g t h e p e a k a r e a r a t i o 

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

10% d i g l y c e r o l o n D i a t o p o r t S c o l u m n a t 8 0 ° C w a s u s e d t o s e p a r a t e t h e 

p r o d u c t s o f 2 - m e t h y l c y c l o h e x a n o n e . T h e r e t e n t i o n t i m e w a s 4 . 4 m i n . f o r 

t h e k e t o n e , 5 . 2 m i n . f o r t h e c i s - a l c o h o l , 9 . 5 m i n . f o r t h e t r a n s - a l c o h o l 

a n d 1 6 . 1 m i n . f o r H ~ C i 4 H 3 o " T ^ e r e s P o n s e r a t i o w a s 0 . 5 4 f o r b o t h 

a l c o h o l s . 
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CHAPTER I I I 

RESULTS AND D I S C U S S I O N 

( I I I - l ) R e g i o s e l e c t i v e M e t h y l a t i o n o f E n o n e s 

S i x e n o n e s ( I - V I ) w e r e c h o s e n t o r e a c t w i t h L i C u t C H ^ ) ^ , L i C u ^ 

( C H J _ a n d L i _ C u ( C H J i n THF a n d L i C u ( C H j 0 , L i . C u . ( C H , ) _ a n d L i . C u 
3 3 Z 3 3 3 Z Z 3 3 b Z 

( C H ^ ) ^ i n E t ^ O s o l v e n t . T h e r e s u l t s o f t h e s e r e a c t i o n s a r e shown i n 

T a b l e s 8 a n d 9 . I n THF s o l v e n t ( T a b l e 8 ) , L i C u 2 ( C H 3 ) 3 r e a c t e d w i t h 

e n o n e s i n t h e s a m e f a s h i o n a s L i C u ( C H 3 ) 2 t o g i v e 1 0 0 % 1 , 4 - r e g i o s e l e c t i v e 

m e t h y l a t i o n , b u t a t a s l o w e r r a t e ( e x p s . 2 , 5 , a n d 1 1 ) . When t h e e n o n e 

w a s s u b s t i t u t e d i n t h e a p o s i t i o n ( e n o n e I I I ) , L i C u 2 ( C H 3 ) 3 d i d n o t r e 

a c t u n d e r t h e c o n d i t i o n s t h a t L i C u ( C H 3 ) 2 g a v e a 56% y i e l d . On t h e o t h e r 

h a n d , L i 2 C u ( C H 3 ) 3 h a s a r e a c t i o n r a t e s i m i l a r t o t h a t o f L i C u ( C H 3 ) 2 i n 

t h e r e a c t i o n s o f 3 - m o n o s u b s t i t u t e d e n o n e s ( I , I I , I I I a n d V) b u t g i v e s 

m o s t l y 1 , 2 m e t h y l a t i o n f o r 3 - d i s u b s t i t u t e d e n o n e s s u c h a s I V ( e x p . 1 2 ) . 

A l t h o u g h a l l t h r e e c u p r a t e r e a g e n t s g a v e q u a n t i t a t i v e c o n j u g a t e a l k y l a -

t i o n w i t h c y c l o h e x e n o n e (V) n o n e o f t h e t h r e e r e a g e n t s r e a c t e d w i t h 

i s o p h o r o n e ( V I ) . 

I n E t 2 0 s o l v e n t ( T a b l e 9 ) , t h e r e a c t i o n s a r e much f a s t e r t h a n i n 

THF s o l v e n t . L i Cu(CH ) i s m o r e r e a c t i v e t h a n L i C u ( C H ) . a n d a l s o 
2 3 5 3 Z 

p r o v i d e s 1 0 0 % 1 , 4 r e g i o s e l e c t i v i t y i n e a c h c a s e s t u d i e d a s d o e s 

L i C u ( C H 3 ) 2 . L i 2 C u ( C H 3 ) 3 g i v e s 1 0 0 % c o n j u g a t e a l k y l a t i o n f o r c y c l o 

h e x e n o n e (V) w h e r e a s L i C u ( C H 3 ) 2 u n d e r t h e s a m e c o n d i t i o n s r e s u l t s i n 

some r e c o v e r e d r e a c t a n t . H o w e v e r , i n d i e t h y l e t h e r , L i 2 C u ( C H 3 ) 3 i s i n 
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g e n e r a l l e s s r e g i o s e l e c t i v e t h a n L i C u ( C H 3 ) 2 . C l e a r l y i n t h e c a s e o f 

L i ^ C u t C H ^ ) ^ , C H ^ L i i s r e a c t i n g i n d i e t h y l e t h e r t o f o r m 1 , 2 - a d d i t i o n 

p r o d u c t . 

I t a p p e a r s t h a t t h e r e l a t i v e r a t e s o f L i C u ( C H 3 ) 2 , L i C u ^ C H ^ ) ^ , 

I d ^ C u ^ (CH^) j . a n d L i 2 C u ( C H 3 ) ^ r e a c t i o n w i t h e n o n e s d e p e n d s o n t h e s t e r i c 

r e q u i r e m e n t o f t h e p a r t i c u l a r e n o n e . When t h e e n o n e i s d i s u b s t i t u t e d 

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

e n o n e . F o r e x a m p l e , L i C u ^ C H ^ ) ^ d o e s n o t r e a c t w i t h I I I ( a n a ,3-

d i s u b s t i t u t e d e n o n e ) i n THF w h e r e a s L i C u ( C H 3 ) 2 e f f e c t s c o n j u g a t e a d d i 

t i o n i n 56% y i e l d . On t h e o t h e r h a n d , L i C u 2 ( C H ^ ) ^ a n d L i C u f C H ^ ^ r e a c t 

w i t h I I ( 3 - m o n o s u b s t i t u t e d e n o n e ) i n THF a t a b o u t t h e same r a t e ( e x p t s . 

4 a n d 5 ) . C l e a r l y , a l l o f t h e c u p r a t e s r e a c t w i t h c y c l o h e x e n o n e (V) a t 

a r a p i d r a t e c o m p a r e d t o t h e o t h e r e n o n e s w h e r e a s i s o p h o r o n e ( V I ) ( a 

3 , 3 - d i s u b s t i t u t e d e n o n e ) d o e s n o t r e a c t w i t h a n y o f t h e c u p r a t e s . 

When L i 2 C u ( C H 3 ) 3 w a s a l l o w e d t o r e a c t w i t h I V ( a 3 , 3 - d i s u b s t i t u t e d 

e n o n e ) i n T H F , t h e r e a c t i o n i n v o l v i n g c o n j u g a t e a d d i t i o n i s a p p a r e n t l y 

s l o w e d down s o much t h a t 1 , 2 a d d i t i o n b y t h e e q u i l i b r i u m c o n c e n t r a t i o n 

o f C H ^ L i b e c o m e s t h e m a j o r r e a c t i o n . T h e s a m e p h e n o m e n o n i s o b s e r v e d 

i n d i e t h y l e t h e r ( T a b l e 9 ) . I d ^ C u f C H ^ ) ^ i s a f f e c t e d much m o r e t h a n 

L i C u ( C H 3 ) 2 b y d i s u b s t i t u t i o n i n t h e e n o n e . F o r e x a m p l e , w i t h t h e l e a s t 

s u b s t i t u t e d e n o n e s ( I I a n d V ) , L i 2 C u ( C H 3 ) 3 g i v e s c o n j u g a t e a d d i t i o n i n 

h i g h y i e l d , w h e r e a s w i t h t h e m o r e s t e r i c a l l y h i n d e r e d e n o n e s ( I , I I I , 

I V a n d V I ) , s u b s t a n t i a l 1 , 2 - a d d i t i o n t a k e s p l a c e . 

( I I I - 2 ) S u b s t i t u t i o n R e a c t i o n s o f A l k y l - , C y c l o a l k y l - a n d A r y l H a l i d e s 

S e v e r a l o r g a n i c h a l i d e s w e r e a l l o w e d t o r e a c t w i t h t h e new 
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o r g a n o c u p r a t e s a n d L i C u ( C H ) i n THF a n d E t 0 i n o r d e r t o c o m p a r e t h e 

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

S i n c e L i 2 C u ( C H 3 ) 3 i s i n e q u i l i b r i u m w i t h L i C u ( C H 3 ) 2 a n d C H 3 L i , t h e 

r e a c t i o n o f C H 3 L i i n e a c h c a s e i s a l s o c o m p a r e d . E a c h r e a c t i o n w a s 

c a r r i e d o u t u s i n g e x c e s s r e a g e n t ( 1 0 : 1 m o l a r r a t i o o f a c t i v e m e t h y l : 

h a l i d e ) , r o o m t e m p e r a t u r e a n d t w o s o l v e n t s (THF a n d Et-pO) • S i n c e 

L i C u 2 ( C H 3 ) 3 i s i n s o l u b l e i n E t 2 0 a n d L i 2 C u 3 ( C H 3 ) 5 i s i n s o l u b l e i n T H F , 

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

s o l v e n t s . T h e r e s u l t s o f t h e s e r e a c t i o n s a r e shown i n T a b l e 1 0 . 

I n t h e r e a c t i o n s o f 1 - i o d o d e c a n e ( e x p t s . 1 - 7 ) , e a c h o r g a n o -

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

n - u n d e c a n e , u s u a l l y i n h i g h y i e l d . T h e s h o r t e r r e a c t i o n t i m e ( 1 0 m i n . ) 

i n d i c a t e d t h a t L i 2 C u ( C H 3 ) 3 i n THF r e a c t e d m o r e r a p i d l y t h a n a n y o f t h e 

o t h e r r e a g e n t s . T h e m e t a l - h a l o g e n e x c h a n g e t o f o r m 50% n - d e c a n e i n 

t h e r e a c t i o n o f C H

3

L i w i t h 1 - i o d o d e c a n e s u g g e s t s t h a t i n r e a c t i o n s i n 

v o l v i n g L i Cu(CH ) , t h e r e a c t i o n s p e c i e s i s L i Cu(CH ) a n d n o t o n e 

o f i t s e q u i l i b r i u m c o m p o n e n t s ( e . g . C H 3 L i ) . Our p r e v i o u s s t u d i e s ^ 

h a v e shown t h a t L i 2 C u ( C H 3 ) 3 f o r m s an e q u i l i b r i u m m i x t u r e i n THF a n d 

E t 2 0 a s d e s c r i b e d b y E q u a t i o n ( 1 ) . 

L i 2 C u ( C H 3 ) 3 ± = ; C H 3 L i + L i C u ( C H 3 ) 2 ( 1 ) 

M e t h y l l i t h i u m a s w e l l a s t h e c u p r a t e s a l s o r e a c t e d w i t h 1 -

b r o m o d e c a n e t o f o r m u n d e c a n e . T h e y i e l d s i n t h e THF w e r e q u a n t i t a t i v e 

a f t e r j u s t o n e h o u r r e a c t i o n t i m e ( T a b l e 1 0 , e x p t s . 8 - 1 4 ) , b u t i n E t 2 0 

s o l v e n t ( e x p t s . 1 1 - 1 4 ) t h e y i e l d s w e r e c o n s i d e r a b l y l o w e r ( 4 2 - 6 1 % ) . 
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T h e r e a c t i o n s o f 1 - c h l o r o d e c a n e ( e x p t s . 1 5 - 2 1 ) i l l u s t r a t e t h e s u p e r i o r i t y 

o f L i 2 C u ( C H 3 ) 3 o v e r L i C u ( C H 3 ) 3 i n THF o r E t 2 0 i n t h e s u b s t i t u t i o n o f 

m e t h y l f o r c h l o r i n e . I n T H F , a q u a n t i t a t i v e y i e l d w a s o b t a i n e d w i t h 

L i 2 C u ( C H 3 ) 3 » w h e r e a s w i t h L i C u ( C H 3 ) 2 o n l y 22% y i e l d w a s o b s e r v e d a n d i n 

t h e c a s e o f C H 3 L i i n T H F , p r a c t i c a l l y n o r e a c t i o n a t a l l w a s o b s e r v e d 

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

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

3

L i w i t h 1 -

f l u o r o d e c a n e , a q u a n t i t a t i v e y i e l d o f n _ - u n d e c a n e w a s o b s e r v e d when 

L i 2 C u ( C H 3 ) 3 i n e t h e r w a s t h e r e a g e n t . I t i s i n t e r e s t i n g t o n o t e t h a t 

w h e r a s L i 2 C u ( C H 3 ) 3 i n THF i s a s u p e r i o r r e a g e n t f o r c h l o r i n e d i s p l a c e 

m e n t , t h e s a m e r e a g e n t i n E t 2 0 i s s u p e r i o r f o r f l u o r i n e d i s p l a c e m e n t 

( e x p t s . 2 2 - 2 8 ) . 

T h e r e a c t i o n s o f 6 - b r o m o - l - h e x e n e a n d 6 - c h l o r o - l - h e x e n e b e h a v e d 

s i m i l a r l y t o 1 - b r o m o d e c a n e a n d 1 - c h l o r o d e c a n e ( e x p t s . 2 9 - 4 0 ) . I n 

g e n e r a l , THF s o l v e n t i s m o r e s u i t a b l e t h a n E t 2 0 f o r o r g a n o c u p r a t e s u b 

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

r e l a t i v e r e a c t i v i t i e s o f t h e c u p r a t e s a r e L i 2 C u ( C H 3 ) 3 > L i C u ( C H 3 ) 2 , 

L i C u 2 ( C H 3 ) 3 a n d L i 2 C u 3 ( C H ^ ) ^ ; a l t h o u g h L i 2 C u ( C H 3 ) 3 i n E t 2 0 w a s s u p e r i o r 

t o THF i n i t s r e a c t i o n w i t h 1 - f l u o r o d e c a n e ( e x p t . 2 6 , 9 6 % ) . I n s p i t e 

o f t h e f a c t t h a t C H ^ L i p r o d u c e d g o o d y i e l d s o f s u b s t i t u t i o n p r o d u c t s 

w i t h t h e i o d i d e s a n d b r o m i d e s , n o r e a c t i o n t o o k p l a c e b e t w e e n C H

3

L i a n d 

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

p r o d u c t s i s b e t t e r u s i n g t h e new c u p r a t e L i 2 C u ( C H 3 ) 3 t h a n L i C u ( C H 3 ) 2 

a n d i n many c a s e s t h e d i f f e r e n c e i n y i e l d i s s u b s t a n t i a l . 

T h e r e a c t i o n s o f i o d o c y c l o h e x a n e ( e x p t s . 4 1 - 4 7 ) a r e much s l o w e r 

t h a n t h e r e a c t i o n s o b s e r v e d e a r l i e r w i t h t h e p r i m a r y a l k y l i o d i d e s a n d 
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in addition considerable metal-halogen interchange is observed. Once 
again the best substitution reaction was achieved in the reaction of 
iodocyclohexane with L^CuCCH^)^ in THF (93% yield with 5% cyclohexane 
by-product). Reaction of iodocyclohexane with other cuprates and C H

3 L i 
produced substantial amounts of the metal-halogen interchange product, 
cyclohexane. Under the best conditions, bromocyclohexane (expts. 48-
53) gave only 12% yield in its reaction with Ld^Cu^H^)^ whereas 
chlorocyclohexane (expts. 54-58) showed no reaction with any of the 
reagents after 48 hours. The halogen reactivity decreased in the 
order I>Br>Cl which is the same trend observed for primary halides. 

Experiments 59-82 describe the results of the reaction of vari
ous cuprates with the halogenobenzenes in ether and THF. The substi
tution reactions of iodobenzene can be effected in good yields by each 
organocuprate studied or methyllithium itself. In the case of bromo-
benzene, both CH^Li in ether and Li 2Cu(CH 3) 3 in THF caused quantitative 
substitution whereas the other cuprates were much less effective. The 
results involving chlorobenzene and fluorobenzene show moderate yields 
when LiCu(CH 3) 2, Li 2Cu(CH 3) 3 in THF and Li 2Cu(CH 3) 3 in E^O are allowed 
to react. In each case, C H

3
L i gives significantly lower yields. Al

though it was not possible to determine the relative rate of reaction 
between Li 2Cu(CH 3) 3 and LiCu(CH 3) 2 in order to see if CH 3Li affects 
the substitution reactions as well as LiCu(CH 3) 2, the reactions of 
fluorobenzene, p_-chloroanisole and p-fluoroanisole (expts. 83-94) show 
that Li Cu(CH ) is more reactive than LiCu(CH ) in THF or Et 0 in 
these aryl halide substitution reactions. It is interesting in the 
case of £-chloroanisole only Li Cu(CH ) and CH Li in ether produced 
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a n y p r o d u c t a t a l l a n d t h a t i n v e r y m o d e s t y i e l d , w h e r e a s p - f l u o r o a n i s o l e , 

when a l l o w e d t o r e a c t w i t h I d ^ C u f C H ^ ) ^ i n e t h e r , f o r m e d p _ - m e t h y l a n i s o l e 

i n q u a n t i t i t a t i v e y i e l d . 

I t i s i m p o r t a n t t o n o t e t h a t L ^ C u f C H ^ ) ^ i n Et^O r e a c t e d w i t h 1 -

c h l o r o c y c l o h e x e n e t o y i e l d 7 1 % 1 - m e t h y l c y c l o h e x e n e w h e r e a s a l l o t h e r 

r e a g e n t s h a d n o e f f e c t on t h i s a l k e n y l h a l i d e ( e x p t s . 9 5 - 1 0 0 ) . When t h e 

c h l o r i n e a t o m w a s p l a c e d i n t h e a l l y l i c p o s i t i o n ( 3 - c h l o r o c y c l o h e x e n e ) , 

L i 2 C u ( C H 3 ) 3 i n THF h a d a s i g n i f i c a n t l y h i g h e r r e a c t i v i t y t h a n t h e o t h e r 

c u p r a t e s ( e x p t s . 1 0 1 - 1 0 6 ) . 

( I I I - 3 ) C o n c e r n i n g t h e R e a c t i o n o f O r g a n o c u p r a t e s w i t h 

4 - t e r t - B u t y l c y c l o h e x a n o n e 

R e c e n t l y , i t w a s r e p o r t e d t h a t a m i x t u r e o f C H ^ L i a n d L i C u ( C H 3 ) 2 

p r o v i d e s u n u s u a l l y h i g h s t e r e o s e l e c t i v i t y ( 9 4 % e q u a t o r i a l a t t a c k ) i n 

t h e m e t h y l a t i o n o f 4 - t e r t - b u t y l c y c l o h e x a n o n e c o m p a r e d t o r e a c t i o n o f 

CH L i o r L i C u ( C H ) a l o n e . ^ I t w a s s u g g e s t e d t h a t " a b u l k y , h i g h l y 

r e a c t i v e c u p r a t e h a v i n g t h e s t o i c h i o m e t r y L i ^ u t C H ^ ) ^ o r L i ^ C u (CH^) 4 " 

w a s f o r m e d when C H ^ L i a n d L i C u ( C H 3 ) 2 a r e a l l o w e d t o r e a c t ; a n d , r e 

a c t i o n o f t h e s e c u p r a t e s w i t h t h e k e t o n e w o u l d e x p l a i n t h e o b s e r v e d 

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

L i 2 C u ( C H 3 ) 3 i s m o n o m e r i c i n d i e t h y l e t h e r a n d T H F , w h e r e a s C H ^ L i i s 

t e t r a m e r i c a n d L i C u ( C H 3 ) 2 i s d i m e r i c . As a m o n o m e r , L i 2 C u ( C H 3 ) 3 

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

a s CH L i . R e a c t i o n s o f L i Cu(CH ) , L i C u ( C H ) a n d L i C u (CH ) i n 

b o t h d i e t h y l e t h e r a n d THF w i t h s e l e c t e d e n o n e s i n d i c a t e s t h a t 

L i 2 C u ( C H 3 ) 3 i s o n l y s l i g h t l y m o r e r e a c t i v e t h a n L i C u ( C H 3 ) 2 t o w a r d 
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c o n j u g a t e a d d i t i o n . T h e r e f o r e , t h e h y p o t h e s i s t h a t I d ^ C u t C H ^ ) ^ , when 

p r e s e n t i n a m i x t u r e o f C H ^ L i a n d L i C u C C H ^ ) ^ i n d i e t h y l e t h e r , i s a 

" b u l k y , h i g h l y r e a c t i v e c u p r a t e " i s q u e s t i o n a b l e . 

T h e C H ^ L i - L i C u ( C H 3 ) 2 m i x t u r e u s e d t o m e t h y l a t e 4 - t e r t - b u t y l 

c y c l o h e x a n o n e was p r e p a r e d b y r e a c t i n g C H ^ L i w i t h C u l i n a 8 : 3 m o l a r 

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

s p e c i e s a r e p r e s e n t : L i C u C C H ^ ^ , C H 3 L i a n ^ L H * T n e r e a c t i o n o f a n y 

o n e o f t h e s e c o m p o u n d s w i t h 4 - t e r t - b u t y l c y c l o h e x a n o n e f a i l s t o p r o d u c e 

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

p o s s i b l e e x p l a n a t i o n s f o r t h i s s t e r e o s e l e c t i v i t y : ( 1 ) C H ^ L i r e a c t s 

3 
w i t h L i C u C C H ^ ) ^ t o f o r m a c o m p l e x w h i c h t h e n r e a c t s w i t h t h e k e t o n e ; 

( 2 ) C H ^ L i r e a c t s w i t h L i l t o f o r m a c o m p l e x ( a r e a c t i o n known t o p r o -

9 

d u c e L i ^ ( C H ^ ) ^ 1 ) w h i c h t h e n r e a c t s w i t h t h e k e t o n e ; ( 3 ) L i C u ( C H 3 ) 2 a n d 

L i l r e a c t t o f o r m a c o m p l e x w h i c h t h e n r e a c t s w i t h t h e k e t o n e ; ( 4 ) o n e 

o f t h e s p e c i e s i n s o l u t i o n r e a c t s w i t h t h e k e t o n e t o f o r m a c o m p l e x 

f o l l o w e d b y r e a c t i o n o f t h e c o m p l e x e d c a r b o n y l c o m p o u n d w i t h C H ^ L i . 

R e c e n t l y , l o w t e m p e r a t u r e N M R e v i d e n c e w a s r e p o r t e d f o r t h e 

e x i s t e n c e o f L ^ C u C C H ^ ) ^ i n a m i x t u r e o f C H ^ L i a n d L i C u f C H ^ ) , ^ i n d i 

m e t h y l e t h e r , t e t r a h y d r o f u r a n a n d d i e t h y l e t h e r s o l v e n t s . No e v i d e n c e 

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

C H ^ L i + L i C u ( C H 3 ) 2 £ z = ^ ; L i 2 C u ( C H 3 ) 3 

a s L i 3 C u ( C H 3 > 4 . T h e r e a c t i o n C H 3 L i - L i C u (CH^) w i t h 4 - t e r t - b u t y l 

c y c l o h e x a n o n e i n THF d i d n o t y i e l d a n y i n c r e a s e d s t e r e o s e l e c t i v i t y when 

c o m p a r e d t o C H 3 L i a l o n e ( T a b l e 1 1 ) . S i n c e we h a v e d e t e r m i n e d t h a t 
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L i 2 C u ( C H 3 ) 3 e x i s t s i n b o t h e t h e r a n d THF a n d i s m o n o m e r i c i n b o t h s o l 

v e n t s , i t i s d o u b t f u l t h a t L i 2 C u ( C H 3 ) 3 w o u l d r e a c t w i t h 4 - t e r t - b u t y l 

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

THF n o t r a c e o f u n u s u a l s t e r e o s e l e c t i v i t y i s o b s e r v e d . T h e r e f o r e , o n e 

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

i s d u e t o t h e r e a c t i o n o f L i 2 C u ( C H 3 ) 3 w i t h t h e k e t o n e . 

T h e s t e r e o c h e m i c a l i m p r o v e m e n t i n t h e CH L i - L i C u ( C H ) r e a g e n t 

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

C H 3 L i a n d L i l ( f o r m e d i n t h e r e a c t i o n o f C H ^ L i w i t h C u l ) i s r e a c t i n g 

w i t h t h e k e t o n e . A m i x t u r e o f C H ^ L i a n d L i l o r L i B r ( T a b l e 1 1 ) w h i l e 

g i v i n g some i m p r o v e m e n t i n s t e r e o s e l e c t i v i t y , d o e s n o t g i v e t h e s e l e c 

t i v i t y o b s e r v e d w i t h t h e CH L i - L i C u ( C H ) m i x t u r e . A l s o , a m i x t u r e o f 

C H ^ L i a n d L i l o r L i B r i n THF g i v e s n o i m p r o v e m e n t i n s t e r e o s e l e c t i v i t y 

o v e r C H ^ L i a l o n e . I t i s known t h a t C H ^ L i f o r m s c o m p l e x e s w i t h b o t h 

1 0 1 1 

L i l a n d L i B r i n T H F . L i k e w i s e , t h e s t e r e o c h e m i c a l i m p r o v e m e n t 

c a n n o t b e e x p l a i n e d b y a s s u m i n g t h a t a c o m p l e x b e t w e e n e i t h e r L i C u ( C H 3 ) 2 

o r L i 2 C u ( C H ^ ) ^ a n d L i l i s r e a c t i n g w i t h t h e k e t o n e , s i n c e a h a l i d e f r e e 

m i x t u r e o f C H ^ L i a n d L i C u ( C H 3 ) 2 ( T a b l e 1 1 ) g i v e s t h e s a m e h i g h 

s t e r e o s e l e c t i v i t y . 

T h e o n l y p o s s i b i l i t y r e m a i n i n g i s t h a t C H ^ L i r e a c t s w i t h a c o m 

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

w o u l d e x p l a i n t h e r e s u l t s i n T H F , s i n c e t h e k e t o n e w o u l d n o t b e e x p e c t e d 

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

s i t e s . T h i s s u g g e s t i o n a l s o e x p l a i n s t h e u n u s u a l r a t e e n h a n c e m e n t i n 

d i e t h y l e t h e r s i n c e t h e c o n c e n t r a t i o n o f k e t o n e c o m p l e x e d t o L i C u ( C H ^ ) 2 , 

L i l , e t c . w o u l d b e c o n s i d e r a b l y h i g h e r t h a n i n THF a n d c e r t a i n l y t h e 
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c o m p l e x e d c a r b o n y l c o m p o u n d w o u l d b e much m o r e r e a c t i v e t h a n u n c o m p l e x e d 

c a r b o n y l . 

I n o r d e r t o t e s t t h i s p o s s i b i l i t y , a s y s t e m w h i c h w o u l d b e c o m 

p o s e d o f C H ^ L i a n d a l i t h i u m s a l t , w a s c h o s e n w h e r e t h e r e w o u l d b e l i t t l e 

c h a n c e f o r c o m p l e x f o r m a t i o n b e t w e e n C H ^ L i a n d t h e l i t h i u m s a l t b u t a 

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

t o n e . S u c h a s y s t e m w o u l d b e CH^Li a n d L i C l O ^ , s i n c e L i C l O ^ i s known 

t o c o m p l e x t h e c a r b o n y l g r o u p o f k e t o n e s . Low t e m p e r a t u r e "*"H a n d 

1 3 

C NMR o f C H ^ L i - L i C l O ^ m i x t u r e s s h o w o n l y s i g n a l s f o r p u r e C H ^ L i i n 

d i c a t i n g t h e a b s e n c e o f a n y c o m p l e x f o r m a t i o n . " ^ C NMR o f 4 - t e r t -

b u t y l c y c l o h e x a n o n e m i x t u r e s w i t h L i B r , L i l a n d L i C l O ^ i n d i e t h y l e t h e r 

s h o w a d o w n f i e l d s h i f t f o r t h e c a r b o n y l c a r b o n o f a b o u t 1 0 ppm, i n d i 

c a t i n g t h e p r e s e n c e o f a c o m p l e x ( T a b l e 1 2 ) . I n T H F , o n l y a s m a l l 

d o w n f i e l d s h i f t w a s o b s e r v e d w i t h L i C l O ^ i n d i c a t i n g t h e p r e s e n c e o f 

v e r y l i t t l e c o m p l e x e d k e t o n e . T h e r e a c t i o n o f t h e C H ^ L i - L i C l O ^ m i x t u r e 

w i t h 4 - t e r t - b u t y l c y c l o h e x a n o n e i n d i e t h y l e t h e r ( T a b l e 1 1 ) s h o w s t h e 

same s t e r e o c h e m i c a l i m p r o v e m e n t a s w a s o b t a i n e d w i t h C H ^ L i - L i C u ( C H ^ ) ^ • 

I n T H F , t h i s r e a c t i o n ( T a b l e 1 1 ) s h o w e d n o i m p r o v e m e n t i n s t e r e o s e l e c 

t i v i t y o v e r t h a t o b t a i n e d w i t h C H ^ L i a l o n e . 

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

l i t h i u m s a l t s , f o r e x a m p l e , L i B r , L i l , L i C 1 0 4 a n d L i C u ( C H 3 ) 2 , a r e shown 

i n T a b l e 1 3 . G e n e r a l l y , t h e s t e r e o s e l e c t i v i t y i s n o t o n l y d e p e n d e n t o n 

t h e i n d i v i d u a l l i t h i u m s a l t b u t a l s o o n t h e r e a c t i o n t e m p e r a t u r e . F o r 

e x a m p l e , L i C u ( C H 3 ) 2 i n c o n j u n c t i o n w i t h L i C l O ^ i n c r e a s e s t h e e q u a t o r i a l 

a t t a c k m o r e t h a n L i l a n d L i B r , w h i c h r o u g h l y h a d t h e s ame e f f e c t o n 

1 3 C NMR c h e m i c a l s h i f t ( T a b l e 1 2 ) . More e q u a t o r i a l a t t a c k w a s o b s e r v e d 
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a t - 7 8 ° C t h a n a t h i g h e r r e a c t i o n t e m p e r a t u r e s . I t s e e m s t h a t t h e m o l a r 

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

s t e r e o s e l e c t i v e m e t h y l a t i o n e x c e p t i n t h e c a s e o f L i B r . K i n e t i c 

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

r e a c t i o n r a t e b y 1 0 0 0 . I n t h i s c a s e , t h e l i t h i u m s a l t e f f e c t i s o n l y 

a c a t a l y t i c e f f e c t . 



CHAPTER I V 

CONCLUSIONS 

( I V - 1 ) 

T h e new o r g a n o c u p r a t e s , L i C u ^ C C H ^ ) ^ a n d L i 2 C u ( C H 3 ) 3 i n THF a n d 

L i 2 C u ( C H 3 ) 3 a n d L i 2 C u ^ ( C H ^ ) ^ i n E t 2 0 , r e a c t w i t h e n o n e s i n a s i m i l a r 

m a n n e r c o m p a r e d t o L i C u t C H ^ ^ - E x c e p t i n t h e c a s e s o f d i s u b s t i t u t e d 

e n o n e s , L i 2 C u ( C H 3 ) 3 g i v e s q u a n t i t a t i v e c o n j u g a t e m e t h y l a t i o n o f t h e 

e n o n e s s t u d i e d a t a c o m p a r a b l e o r g r e a t e r r a t e t h a n L i C u ( C H 3 ) 2 p r o 

v i d e d t h e r e a c t i o n i s c a r r i e d o u t i n T H F . On t h e o t h e r h a n d , p o o r 

r e g i o s e l e c t i v i t y w a s o b s e r v e d i n d i e t h y l e t h e r . L i C ^ C C H ^ ) ^ g a v e 

q u a n t i t a t i v e r e g i o s e l e c t i v i t y i n THF a n d r e a c t e d i n g e n e r a l m o r e 

s l o w l y t h a n L i C u t C H ^ ) ^ - S i n c e L i C ^ ( C H 3 ) 3 i s i n s o l u b l e i n d i e t h y l 

e t h e r , s t u d i e s w e r e n o t c a r r i e d o u t i n t h i s s o l v e n t . L i _ C u ~ ( C H _ ) c i n 

e t h e r g a v e e x c e l l e n t r e s u l t s w i t h a l l t h e e n o n e s a n d a p p e a r e d t o r e a c t 

s o m e w h a t m o r e r a p i d l y compared t o L i C u ( C H 3 ) 2 . 

( I V - 2 ) 

I n g e n e r a l , L i 2 C u ( C H 3 ) 3 e x h i b i t s a h i g h e r r e a c t i v i t y t h a n o t h e r 

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

a l k y l - a n d a r y l h a l i d e s . A l s o , i n m o s t c a s e s , L i C u 2 ( C H 3 ) 3 i n THF a n d 

L i 2 C u 3 ( C H 3 ) (. i n E ^ O w e r e c o n s i d e r a b l y l e s s e f f e c t i v e t h a n L i C u ( C H 3 ) 2 

o r L i 2 C u ( C H 3 ) 3 i n t h e s a m e r e a c t i o n s . M o s t o f t e n THF w a s t h e s u p e r i o r 

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

p e r i o r i t y o f L i 2 C u ( C H 3 ) 3 o v e r L i C u ( C H 3 ) 3 a n d t h e o t h e r c u p r a t e s i n 
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m o s t c a s e s r e p o r t e d h e r e i n d i c a t e s a p o t e n t i a l f o r t h i s r e a g e n t i n o t h e r 

r e a c t i o n s n o t h e r e t o f o r e e x p l o r e d . 

( I V - 3 ) 

T h e r e s u l t s shown i n T a b l e 1 3 i n d i c a t e t h a t C H ^ L i - L i B r , C H ^ L i -

L i l , CH L i - L i C 1 0 a n d CH L i - L i C u ( C H ) m i x t u r e s r e a c t w i t h 4 - t e r t -

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

i n t h e p r o d u c t m e t h y l c a r b i o n l s t h a n w e r e o b t a i n e d w i t h CH^Li a l o n e . 

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

a t t a c k o f CH^Li o n a k e t o n e c o m p l e x . I n t h e p a r t i c u l a r c a s e w h e r e a 

C H ^ L i - L i C u ( C H ^ ) 2 m i x t u r e i s a l l o w e d t o r e a c t w i t h 4 - t e r t - b u t y l c y c l o 

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

CH L i a t t a c k o n a c o m p l e x b e t w e e n L i C u ( C H ) a n d t h e k e t o n e . 



T a b l e : 8 . M e t h y l a t i o n o f E n o n e s w i t h L i C u ( C H 3 ) 
2 ' 

L i C u 2 (CH ) 3 , a n d L i 2 C u ( C H 3 ) 3

a i n THF a t Room T e m p e r a t u r e 

E x p . 
C u p r a t e 
R e a g e n t E n o n e 

M o l a r R a t i o 
o f R e a g e n t 
t o E n o n e 

R e a c t i o n 
T i m e 

E n o n e 
R e c o v e r e d 

o, 
*o 

1 P r o d u c t % j 
1 , 4 - 1 , 2 -

M e t h y l a t i o n M e t h y l a t i o n 

1 L i C u ( C H 3 ) 2 

0 
" t 

t -BuCH=CHCBu ( t r a n s ) ( I ) 3 : 1 3 h r 5 9 5 0 

2 L i C u 2 ( C H 3 ) 3 ( I ) 3 : 1 3 h r 2 0 8 2 0 

3 L i 2 C u ( C H 3 ) 3 ( I ) 

0 

2 : 1 3 h r 0 1 0 8 0 

4 L i C u ( C H 3 ) 2 CH 3 CH=CHCCH 3 ( I I ) 3 : 1 3 h r 7 9 3 0 

5 L i C u 2 ( C H 3 ) ( I D 3 : 1 3 h r 1 1 9 0 0 

6 L i 2 C u ( C H 3 ) 3 ( I D 2 : 1 3 h r 1 1 9 3 0 

7 L i C u ( C H 3 ) 2 

CH^ 0 
1 3 -

CH 3 CH=C - CCH 3 ( I I I ) 3 : 1 3 h r 4 4 5 6 0 

8 L i C u 2 ( C H 3 ) 3 ( I I I ) 3 : 1 3 h r 9 5 0 0 

9 L i 2 C u ( C H 3 ) 3 ( I I I ) 

0 

2 : 1 3 h r 4 8 5 2 0 

1 0 L i C u ( C H 3 ) 2 

II 

(CH ) 2 C = C H C C H 3 ( I V ) 3 : 1 3 h r 4 9 5 1 0 



T a b l e 8 . ( C o n t i n u e d ) 

M o l a r R a t i o E n o n e | 

1 P r o d u c t % 1 
C u p r a t e o f R e a g e n t R e a c t i o n R e c o v e r e d 1 , 4 - 1 , 2 -

E x p . R e a g e n t E n o n e t o E n o n e T i m e % M e t h y l a t i o n M e t h y l a t i o n 

1 1 L i C u 2 ( C H 3 ) 3 ( I V ) 3 : 1 3 h r 6 6 3 0 0 

1 2 L i 2 C u ( C H 3 ) 3 ( I V ) 2 : 1 5 h r 3 0 8 5 9 

0 

1 3 L i C u ( C H 3 ) 2 0 (v) 
3 : 1 3 h r 0 1 0 0 0 

1 4 L i C u 2 ( C H 3 ) 3 (V) 3 : 1 3 h r 0 1 0 3 0 

1 5 L i 2 C u ( C H 3 ) 3 (V) 2 : 1 3 h r 0 9 5 0 

0 

ij 1 6 L i C u ( C H 3 ) 2 iX (v) 3 : 1 5 h r 1 0 0 0 0 

1 7 L i C u 2 ( C H 3 ) 3 ( V I ) 3 : 1 5 h r 1 0 0 0 0 



T a b l e 8 . ( C o n t i n u e d ) 

E x p . 
C u p r a t e 
R e a g e n t E n o n e 

M o l a r R a t i o 
o f R e a g e n t 
t o E n o n e 

R e a c t i o n 
T i m e 

1 
R e c o v e r e d 

% 

P r o d u c t % 1 
1 , 4 - 1 , 2 -

M e t h y l a t i o n M e t h y l a t i o n 

1 8 L i 2 C u ( C H 3 ) 3 ( V I ) 2 : 1 5 h r 1 0 0 0 0 

a . L i CU(CH- ) i s i n e q u i l i b r i u m w i t h L i C u ( C H ) a n d CH L i . 



T a b l e 9 . M e t h y l a t i o n o f E n o n e s w i t h L i C u ( C H ) and L i Cu(CH ) i n E t 0 a t Room T e m p e r a t u r e 

E x p . 
C u p r a t e 
R e a g e n t E n o n e 

M o l a r R a t i o o f 
R e a g e n t : E n o n e 

R e a c t i o n 
T i m e 

E n o n e 
R e c o v e r e d 

% 
P r o d u c t , % 
1 , 4 M e t h y l a t i o n 1 , 2 M e t h y l a t i o n 

1 9 L i C u ( C H 3 ) 2 I 1 : 1 1 0 min 3 7 6 3 0 

2 0 L i C u ( C H 3 ) 2 I 3 : 1 1 0 m i n 0 1 0 0 0 

2 1 L i 2 C u 3 ( C H 3 ) 5 I 1 : 1 1 0 m i n 0 1 0 5 0 

2 2 L i 2 C u ( C H 3 ) 3 I 2 : 3 1 0 m i n 0 5 3 4 7 

2 3 L i C u ( C H 3 ) 2 I I 3 : 1 1 0 m i n 3 9 7 0 

2 4 L i 2 C u ( C H 3 ) 5 I I 1 : 1 1 0 m i n 0 1 0 8 0 

2 5 L i 2 C u ( C H 3 ) 3 I I 2 : 1 1 0 m i n 0 9 6 3 

2 6 L i C u ( C H 3 ) 2 I I I 3 : 1 1 0 m i n 6 9 4 0 

2 7 L i 2 C u 3 ( C H 3 ) 5 I I I 1 : 1 1 0 m i n 0 9 5 0 

2 8 L i 2 C u ( C H 3 ) 3 I I I 2 : 1 1 0 m i n 0 . 5 1 4 8 6 

2 9 L i C u ( C H 3 ) 2 I V 3 : 1 1 0 m i n 1 7 8 2 1 

3 0 L i 2 C u 3 ( C H 3 ) 5 I V 1 : 1 1 0 m i n 6 9 6 0 

3 1 L i 2 C u ( C H 3 ) 3 I V 2 : 1 1 0 m i n 2 1 9 7 9 



T a b l e 9 . ( C o n t i n u e d ) 

E x p . 
C u p r a t e 
R e a g e n t E n o n e 

M o l a r R a t i o o f 
R e a g e n t : E n o n e 

R e a c t i o n 
T i m e 

E n o n e 
R e c o v e r e d 

% 
P r o d u c t , % 
1 , 4 M e t h y l a t i o n 1 , 2 M e t h y l a t i o n 

3 2 L i C u ( C H 3 ) 2 V 1 : 1 1 m i n 9 9 1 0 

3 3 L i 2 C u 3 ( C H 3 ) 5 V 1 : 1 1 0 m i n 0 9 5 0 

3 4 L i 2 C u ( C H 3 ) 3 V 2 : 3 1 m i n 0 1 0 0 0 

3 5 L i C u ( C H 3 ) 2 V I 3 : 1 1 0 m i n 0 1 0 0 0 

3 6 L i 2 C u 3 ( C H 3 ) 5 V I 1 : 1 1 0 m i n 0 9 4 0 

37 L i 2 C u ( C H 3 ) 3 V I 2 : 1 1 0 min 0 3 9 3 



T a b l e 1 0 . S u b s t i t u t i o n R e a c t i o n s o f H a l i d e s w i t h L i C u ( C H ? ) o , L i C u „ ( C H J , L i ^ C u (CH J , L i _ C u _ ( C H ) 
. . . J , i 2 3 2 3 3 2 3 3 

a n d CH L i a t Room T e m p e r a t u r e 

C u p r a t e 
E x p . R e a g e n t 

H a l i d e 
S u b s t r a t e 

R e a c t i o n T i m e 
a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

1 L i C u ( C H 3 ) 2 1 - I o d o d e c a n e 1 0 
1 

min 
h r . 

, THF 
THF 

n - U n d e c a n e 
n - U n d e c a n e 

( 5 7 ) 
( 1 0 0 ) 

2 L i C u 2 ( C H 3 ) 3 1 - I o d o d e c a n e 1 0 
1 

min 
h r . 

, THF 
THF 

n - U n d e c a n e 
n - U n d e c a n e 

( 6 5 ) 
( 1 0 4 ) 

3 L i 2 C u ( C H 3 ) 3 1 - I o d o d e c a n e 1 0 
1 

m i n , THF 
h r , THF 

n - U n d e c a n e 
n - U n d e c a n e 

( 9 2 ) 
( 9 8 ) 

4 L i C u ( C H 3 ) 1 - I o d o d e c a n e 1 h r . E t 2 0 n - U n d e c a n e ( 1 0 6 ) 

5 L i 2 C u ( C H 3 ) 3 
1 - I o d o d e c a n e 1 

3 
h r , 
h r . 

E t 0 
E t 2 0 

n - U n d e c a n e 
n - U n d e c a n e 

( 7 6 ) 
( 1 0 1 ) 

6 L i 2 C u 3 ( C H 3 ) 5 1 - I o d o d e c a n e 1 h r . E t 2 0 n - U n d e c a n e ( 5 9 ) 

7 C H 3 L i 1 - I o d o d e c a n e 1 h r . E t 2 0 n - U n d e c a n e ( 3 0 ) 
n - D e c a n e ( 5 0 ) 

8 L i C u ( C H 3 ) 2 1 - B r o m o d e c a n e 1 h r . THF n - U n d e c a n e ( 9 8 ) 

9 L i C u 2 ( C H 3 ) 3 1 - B r o m o d e c a n e 1 h r . THF n - U n d e c a n e ( 9 6 ) 

1 0 L i 2 C u ( C H 3 ) 3 1 - B r o m o d e c a n e 1 h r . THF n - U n d e c a n e ( 9 6 ) 

1 1 L i C u ( C H 3 ) 2 1 - • B r o m o d e c a n e 1 h r . E t 2 0 n - U n d e c a n e ( 4 2 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e H a l i d e R e a c t i o n T i m e 
E x p . R e a g e n t S u b s t r a t e a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

1 2 L i 2 C u ( C H 3 ) 3 1 - B r o m o d e c a n e 1 h r . 
E t 2 ° n - U n d e c a n e ( 4 4 ) 

1 3 L i 2 C u 3 ( C H 3 > 5 1 - B r o m o d e c a n e 1 h r . 
E t 2 ° n - U n d e c a n e ( 6 1 ) 

1 4 C H 3 L i 1 - B r o m o d e c a n e 1 h r . E t 2 ° n - U n d e c a n e ( 9 5 ) 

1 5 L i C u ( C H 3 ) 2 1 - C h l o r o d e c a n e 1 2 h r . THF n - U n d e c a n e ( 2 2 ) 

1 6 L i C u 2 ( C H 3 ) 3 1 - C h l o r o d e c a n e 1 2 h r . THF n - U n d e c a n e ( 6 0 ) 

1 7 L i 2 C u ( C H 3 ) 3 1 - C h l o r o d e c a n e 1 2 h r , THF n - U n d e c a n e ( 1 0 2 ) 

1 8 L i C u ( C H 3 ) 2 1 - C h l o r o d e c a n e 1 2 h r , 
E t 2 ° n - U n d e c a n e ( 1 4 ) 

1 9 L i 2 C u ( C H 3 ) 3 1 - C h l o r o d e c a n e 1 2 h r . 
E t 2 ° n - U n d e c a n e ( 3 7 ) 

2 0 L i 2 C u 3 ( C H 3 ) 5 1 - C h l o r o d e c a n e 1 2 h r . E t 2 0 n - U n d e c a n e ( 3 0 ) 

2 1 C H 3 L i 1 - C h l o r o d e c a n e 1 2 h r , E t 2 ° n - U n d e c a n e ( 0 ) 

2 2 L i C u ( C H 3 ) 2 1 - F l u o r o d e c a n e 4 8 h r . THF n - U n d e c a n e ( 2 ) 

2 3 L i C u 2 ( C H 3 ) 3 1 - F l u o r o d e c a n e 4 8 h r . THF n - U n d e c a n e ( 2 ) 

2 4 L i 2 C u ( C H 3 ) 3 1 - F l u o r o d e c a n e 4 8 h r . THF n - U n d e c a n e ( 8 ) 

2 5 L i C u ( C H 3 ) 2 1 - F l u o r o d e c a n e 2 4 h r , 
E t 2 ° n - U n d e c a n e ( 2 4 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e H a l i d e R e a c t i o n T i m e 
E x p . R e a g e n t S u b s t r a t e a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

2 6 L i 2 C u ( C H 3 ) 3 1 - F l u o r o d e c a n e 2 4 h r , E t 2 0 n - U n d e c a n e ( 9 6 ) 

2 7 L i 2 C u 3 ( C H 3 ) 5 1 - F l u o r o d e c a n e 2 4 h r , E t 2 0 n - U n d e c a n e ( 1 3 ) 

2 8 C H 3 L i 1 - F l u o r o d e c a n e 2 4 h r , E t 2 0 n - U n d e c a n e ( 0 ) 

2 9 L i C u ( C H 3 ) 2 6 - B r o m o - 1 - h e x e n e 1 h r , THF 1 - h e p t e n e ( 9 5 ) 

3 0 L i C u 2 ( C H 3 ) 3 6 - B r o m o - 1 - h e x e n e 1 h r , THF 1 - h e p t e n e ( 1 0 5 ) 

3 1 L i 2 C u ( C H 3 ) 3 6 - B r o m o - 1 - h e x e n e 1 h r , THF 1 - h e p t e n e ( 1 0 8 ) 

3 2 L i C u ( C H 3 ) 2 6 - B r o m o - 1 - h e x e n e 3 h r , E t 2 0 1 - h e p t e n e ( 8 8 ) 

3 3 L i 2 C u ( C H 3 ) 3 6 - B r o m o - 1 - h e x e n e 3 h r , E t 2 0 1 - h e p t e n e ( 8 6 ) 

3 4 C H 3 L i 
6 - B r o m o - 1 - h e x e n e 1 h r , THF 1 - h e p t e n e ( 9 3 ) 

35 L i C u ( C H 3 ) 2 6 - C h l o r o - 1 - h e x e n e 2 4 h r , THF 1 - h e p t e n e ( 8 4 ) 

3 6 L i C u 2 ( C H 3 ) 3 6 - C h l o r o - 1 - h e x e n e 2 4 h r , THF 1 - h e p t e n e ( 7 5 ) 

37 L i 2 C u ( C H 3 ) 3 6 - C h l o r o - 1 - h e x e n e 2 4 h r , THF 1 - h e p t e n e ( 9 5 ) 

3 8 L i C u ( C H 3 ) 2 6 - C h l o r o - 1 - h e x e n e 2 4 h r , E t 2 0 1 - h e p t e n e ( 6 8 ) 

3 9 L i 2 C u ( C H 3 ) 3 6 - C h l o r o - 1 - h e x e n e 2 4 h r , E t 2 0 1 - h e p t e n e ( 9 2 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e 
E x p . R e a g e n t 

H a l i d e 
S u b s t r a t e 

R e a c t i o n T i m e 
a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

4 0 C H 3 L i 6 - C h l o r o - l - h e x e n e 2 4 h r . E t 2 0 1 - h e p t e n e ( 0 ) 

4 1 L i C u ( C H 3 ) 2 I o d o c y c l o h e x a n e 4 8 h r . THF M e t h y l c y c l o h e x a n e ( 2 1 ) C y c l o h e x a n e ( 1 4 ) 

4 2 L i C u 2 ( C H 3 ) 3 I o d o c y c l o h e x a n e 4 8 h r . THF Me t h y 1 c y c l o h e x a n e ( 5 ) C y c l o h e x a n e ( 1 5 ) 

4 3 L i 2 C u ( C H 3 ) 3 I o d o c y c l o h e x a n e 4 8 h r , THF M e t h y l c y c l o h e x a n e ( 9 3 ) C y c l o h e x a n e ( 5 ) 

4 4 L i C u ( C H 3 ) 2 I o d o c y c l o h e x a n e 4 8 h r . E t 2 0 Me t h y 1 c y c l o h e x a n e ( 6 8 ) C y c l o h e x a n e ( 2 0 ) 

4 5 L i 2 C u ( C H 3 ) 3 I o d o c y c l o h e x a n e 4 8 h r . E t 2 0 M e t h y l c y c l o h e x a n e ( 5 3 ) C y c l o h e x a n e ( 3 2 ) 

4 6 C H 3 L i I o d o c y c l o h e x a n e 5 h r . E t 2 0 M e t h y l c y c l o h e x a n e ( 0 ) C y c l o h e x a n e ( 9 7 ) 

4 7 C H 3 L i I o d o c y c l o h e x a n e 4 8 h r , THF Me t h y l e y e l o h e x a n e ( 2 6 ) C y c l o h e x a n e ( 1 0 ) 

4 8 L i C u ( C H 3 ) 2 B r o m o c y c l o h e x a n e 4 8 h r , THF Me t h y l c y c l o h e x a n e ( 0 ) C y c l o h e x a n e ( 0 ) 

4 9 L i C u 2 ( C H 3 ) 3 B r o m o c y c l o h e x a n e 4 8 h r . THF M e t h y l c y c l o h e x a n e ( 3 ) C y c l o h e x a n e ( 0 ) 

5 0 L i 2 C u ( C H 3 ) 3 B r o m o c y c l o h e x a n e 4 8 h r . THF M e t h y l c y c l o h e x a n e ( 3 ) C y c l o h e x a n e ( 0 ) 

5 1 L i C u ( C H ) B r o m o c y c l o h e x a n e 4 8 h r . E t 2 0 Me t h y 1 c y c l o h e x a n e ( 1 2 ) C y c l o h e x a n e ( 0 ) 

5 2 L i 2 C u ( C H 3 ) 3 B r o m o c y c l o h e x a n e 4 8 h r . E t 2 0 Me t h y I c y c l o h e x a n e ( 1 2 ) C y c l o h e x a n e ( 4 ) 

5 3 C H 3 L i B r o m o c y c l o h e x a n e 4 8 h r . E t 2 0 Me t h y 1 e y e l o h e x a n e ( 0 ) C y c l o h e x a n e ( 2 7 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e 
E x p . R e a g e n t 

H a l i d e 
S u b s t r a t e 

R e a c t i o n T i m e 
a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

5 4 L i C u ( C H 3 ) 2 C h l o r o c y c l o h e x a n e 4 8 h r . THF M e t h y l c y c l o h e x a n e ( 0 ) C y c l o h e x a n e ( 0 ) 

5 5 L i C u 2 ( C H 3 ) 3 C h l o r o c y c l o h e x a n e 4 8 h r . THF M e t h y l c y c l o h e x a n e ( 0 ) C y c l o h e x a n e ( 0 ) 

5 6 L i 2 C u ( C H 3 ) 3 C h l o r o c y c l o h e x a n e 4 8 h r . THF M e t h y l c y c l o h e x a n e ( 0 ) C y c l o h e x a n e ( 0 ) 

5 7 L i C u ( C H 3 ) C h l o r o c y c l o h e x a n e 4 8 h r . E t 2 0 Me t h y 1 c y c 1 o h e x a n e ( 0 ) C y c l o h e x a n e ( 0 ) 

5 8 L i 2 C u ( C H 3 ) 3 C h l o r o c y c l o h e x a n e 4 8 h r . E t 2 0 Me t h y l c y c l o h e x a n e ( 0 ) C y c l o h e x a n e ( 0 ) 

5 9 L i C u ( C H 3 ) 2 I o d o b e n z e n e 1 4 h r . THF T o l u e n e ( 9 1 ) 

6 0 L i C u 2 ( C H 3 ) 3 I o d o b e n z e n e 1 4 h r . THF T o l u e n e ( 9 1 ) 

6 1 L i 2 C u ( C H 3 ) I o d o b e n z e n e 1 4 h r . THF T o l u e n e ( 9 6 ) 

6 2 L i C u ( C H 3 ) 2 I o d o b e n z e n e 1 4 h r . E t 2 0 T o l u e n e ( 8 2 ) 

6 3 L i 2 C u ( C H 3 ) 3 I o d o b e n z e n e 1 4 h r . E t 2 0 T o l u e n e ( 9 2 ) 

6 4 C H 3 L i I o d o b e n z e n e 1 4 h r . E t 2 0 T o l u e n e ( 9 5 ) 

6 5 L i C u ( C H 3 ) 2 B r o m o b e n z e n e 2 4 h r . THF T o l u e n e ( 4 5 ) 

6 6 L i C u 2 ( C H 3 ) 3 B r o m o b e n z e n e 2 4 h r . THF T o l u e n e ( 0 ) 

6 7 L i 2 C u ( C H 3 ) B r o m o b e n z e n e 2 4 h r . THF T o l u e n e ( 1 0 2 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e H a l i d e R e a c t i o n T i m e 
E x p . R e a g e n t S u b s t r a t e a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

6 8 L i C u ( C H 3 ) 2 B r o m o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 5 9 ) 

6 9 L i 2 C u ( C H 3 ) 3 B r o m o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 6 1 ) 

7 0 C H 3 L i B r o m o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 1 1 5 ) 

7 1 L i C u ( C H 3 ) 2 C h l o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 6 5 ) 

7 2 L i C u 2 ( C H 3 ) 3 C h l o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 0 ) 

7 3 L i 2 C u ( C H 3 ) 3 C h l o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 4 2 ) 

7 4 L i C u ( C H 3 ) 2 C h l o r o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 0 ) 

7 5 L i 2 C u ( C H 3 ) 3 C h l o r o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 4 7 ) 

7 6 C H 3 L i C h l o r o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 3 3 ) 

7 7 L i C u ( C H 3 ) 2 F l u o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 2 4 ) 

7 8 L i C u 2 ( C H 3 ) 3 F l u o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 0 ) 

7 9 L i 2 C u ( C H 3 ) F l u o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 4 9 ) 

8 0 L i C u ( C H 3 ) F l u o r o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 0 ) 

8 1 L i 2 C u ( C H 3 ) F l u o r o b e n z e n e 2 4 h r . E t 2 0 T o l u e n e ( 5 0 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e 
E x p . R e a g e n t 

H a l i d e 
S u b s t r a t e 

R e a c t i o n T i m e 
a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

8 2 C H 3 L i F l u o r o b e n z e n e 2 4 h r . THF T o l u e n e ( 2 1 ) 

8 3 L i C u ( C H 3 ) 2 p - C h l o r o a n i s o l e 4 8 h r . THF p - M e t h y l a n i s o l e ( 0 ) 

8 4 L i C u 2 ( C H 3 ) 3 p - C h l o r o a n i s o l e 4 8 h r . THF p - M e t h y l a n i s o l e ( 0 ) 

8 5 L i 2 C u ( C H 3 ) 3 p - C h l o r o a n i s o l e 4 8 h r . THF p - M e t h y l a n i s o l e ( 0 ) 

8 6 L i C u ( C H 3 ) 2 p - C h l o r o a n i s o l e 4 8 h r . E t 2 0 p - M e t h y l a n i s o l e ( 0 ) 

8 7 L i 2 C u ( C H 3 ) 3 p - C h l o r o a n i s o l e 4 8 h r . E t 2 ° p - M e t h y l a n i s o l e ( 2 1 ) 

8 8 C H 3 L i p - C h l o r o a n i s o l e 4 8 h r . E t 2 ° p - M e t h y l a n i s o l e 
A n i s o l e ( 8 ) 

( 1 1 ) 

8 9 L i C u ( C H 3 ) 2 p - F l u o r o a n i s o l e 4 8 h r . THF p - M e t h y l a n i s o l e ( 0 ) 

9 0 L i C u 2 ( C H 3 ) 3 p - F l u o r o a n i s o l e 4 8 h r . THF p - M e t h y l a n i s o l e ( 0 ) 

9 1 L i 2 C u ( C H 3 ) 3 p - F l u o r o a n i s o l e 4 8 h r . THF p - M e t h y l a n i s o l e ( 8 3 ) 

9 2 L i C u ( C H 3 ) 2 p - F l u o r o a n i s o l e 4 8 h r . E t 2 ° 
p - M e t h y l a n i s o l e ( 3 ) 

9 3 L i 2 C u ( C H 3 ) 3 p - F l u o r o a n i s o l e 4 8 h r . E t 2 ° 
p - M e t h y l a n i s o l e ( 1 0 1 ) 

9 4 C H 3 L i p - F l u o r o a n i s o l e 4 8 h r . E t 2 0 p - M e t h y l a n i s o l e ( 8 2 ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

C u p r a t e 
E x p . R e a g e n t 

H a l i d e 
S u b s t r a t e 

R e a c t i o n T i m e 
a n d S o l v e n t P r o d u c t ( s ) a n d Y i e l d ( s ) (%) 

9 5 L i C u ( C H 3 ) 2 1-- C h l o r o c y c l o h e x e n e 4 8 h r , THF 1 - m e t h y l e y e l o h e x e n e ( 0 ) 

9 6 L i C u 2 ( C H 3 ) 3 1-- C h l o r o c y c l o h e x e n e 4 8 h r , THF 1 - m e t h y l e y e l o h e x e n e ( 0 ) 

9 7 L i 2 C u ( C H 3 ) 3 1-- C h l o r o c y c l o h e x e n e 4 8 h r . THF 1 - m e t h y l c y c l o h e x e n e ( 0 ) 

9 8 L i C u ( C H 3 ) 2 1-- C h l o r o c y c l o h e x e n e 4 8 h r , E T 2 0 1 - m e t h y l c y c l o h e x e n e ( 0 ) 

9 9 L i 2 C u ( C H 3 ) 3 1-- C h l o r o c y c l o h e x e n e 4 8 h r . E T 2 0 1 - m e t h y l c y c l o h e x e n e ( 7 1 ) 

1 0 0 C H 3 L i 1-- C h l o r o c y c l o h e x e n e 4 8 h r . E T 2 0 1 - m e t h y l c y c l o h e x e n e ( 0 ) 

1 0 1 L i C u ( C H 3 ) 2 3-- C h l o r o c y c l o h e x e n e 4 8 h r . THF 3 - M e t h y l c y c l o h e x e n e ( 5 7 ) 

1 0 2 L i C u 2 ( C H 3 ) 3 3-- C h l o r o c y c l o h e x e n e 4 8 h r , THF 3 ~ M e t h y l c y c l o h e x e n e ( 3 3 ) 

1 0 3 L i 2 C u ( C H 3 ) 3-- C h l o r o c y c l o h e x e n e 4 8 h r . THF 3 - M e t h y l c y c l o h e x e n e ( 8 3 ) 

1 0 4 L i C u ( C H 3 ) 2 
3-- Ch 1 o r o c y c l o h e x e n e 4 8 h r . E T 2 0 3 - M e t h y l c y c l o h e x e n e ( 5 8 ) 

1 0 5 L i 2 C u ( C H 3 ) 3 - C h l o r o c y c l o h e x e n e 4 8 h r . E T 2 0 3 - M e t h y l c y c l o h e x e n e ( 6 2 ) 

1 0 6 C H 3 L i 3 - C h l o r o c y c l o h e x e n e 4 8 h r . E T 2 0 3 - M e t h y l c y c l o h e x e n e ( 8 ) 



1 1 . R e a c t i o n s o f O r g a n o m e t a l l i c R e a g e n t s w i t h 4 - t e r t -
B u t y l c y c l o h e x a n o n e i n E t h e r S o l v e n t s a t - 7 8 ° 

Y i e l d o f A x i a l A l c o h o l 
R e a g e n t E t h e r THF 

C H 3 L i 6 9 6 5 

2 C H 3 L i + L i C u ( C H 3 ) 2 9 2 6 5 

2 C H 3 L i + L i C u ( C H 3 ) 2 9 3 6 5 

( h a l i d e f r e e ) 

C H 3 L i + L i B r 8 7 6 5 

C H 3 L i + L i l 8 7 6 5 

C H „ L i + L i C l O , 9 2 6 7 



T a b l e 1 2 . C NMR C h e m i c a l S h i f t ( f r o m TMS) o f C a r b o n y l C a r b o n o f 
4 - t e r t - B u t y l c y c l o h e x a n o n e w i t h L i t h i u m S a l t s 

ppm Appm lithium salt (solvent) 

2 0 6 . . 9 0 n o n e ( E t 2 0 ) 

2 0 9 . . 4 2 . 5 1 m o l e e q u i v a l e n t o f L i B r ( E t 2 0 ) 

2 0 9 . 9 3 . 0 2 m o l e e q u i v a l e n t o f L i B r ( E t 2 0 ) 

2 1 7 . , 3 1 0 . 4 1 m o l e e q u i v a l e n t o f L i l ( E t 2 0 ) 

2 1 7 . 6 1 1 . 7 2 m o l e e q u i v a l e n t o f L i l ( E t 2 0 ) 

2 1 7 . 0 1 0 . 1 1 m o l e e q u i v a l e n t o f L i C l 0 4 ( E t 2 0 ) 

2 1 8 . 3 1 1 . 4 2 m o l e e q u i v a l e n t o f L i C 1 0 4 ( E t 2 0 ) 

2 1 8 . 4 1 1 . 5 1 m o l e e q u i v a l e n t o f L i C u ( C H 3 ) 2 -

h a l i d e f r e e ( E t 2 0 ) 

2 0 7 . 9 0 n o n e (THF) 

2 0 9 . 3 2 . 4 1 m o l e e q u i v a l e n t o f L i C 1 0 4 ( T H F ) 



T a b l e 1 3 . R e a c t i o n s o f C ^ L i - L i t h i u m S a l t s w i t h 4 - t e r t - B u t y l c y c l o h e x a n o n e 
a n d 2 - M e t h y c y c l o h e x a n o n e i n E t 0 S o l v e n t f o r 1 Hour 

E x p . C H 3 L i L i l L i B r 

0 

C o n d i t i o n 
Ke t o n e 
R e c o v e r e d Ax-OH Eq-OH 

1 2 0 0 1 d r y i c e 
t e m p . 

0 7 0 3 0 

2 3 1 0 1 . 5 d r y i c e 
t e m p . 

0 8 1 1 9 

ro 3 0 1 1 . 5 d r y i c e 
t e m p . 

0 7 6 2 4 

4 2 0 1 1 d r y i c e 
t e m p . 

0 7 8 . 5 2 1 . 5 

5 2 0 0 1 - 7 8 ° C 0 6 9 3 1 

6 3 1 0 1 . 5 - 7 8 ° C 0 8 7 1 3 

7 3 2 0 1 . 5 - 7 8 ° C 0 8 7 1 3 

8 1 3 0 0 . 5 - 7 8 ° C 0 8 7 1 3 

9 2 3 0 1 - 7 8 ° C 0 8 6 1 4 

1 0 3 2 3 1 . 5 - 7 8 ° C 0 8 6 1 4 

1 1 3 0 1 1 . 5 - 7 8 ° C 0 8 0 2 0 



T a b l e 1 3 . ( C o n t i n u e d ) 

0 
A K e t o n e 

E x p . C H 3 L i L i l L i B r C o n d i t i o n R e c o v e r e d Ax-OH Eq-OH 

1 2 3 0 2 1 . 5 - 7 8 ° C 0 8 2 1 8 

1 3 3 0 3 1 . 5 - 7 8 ° C 0 8 7 1 3 

1 4 3 0 

L i C 1 0 4 

9 1 . 5 - 7 8 ° C 0 8 6 1 4 

1 5 1 1 0 . 5 - 7 8 ° C 0 9 2 8 

1 6 1 2 

C u l L i B r 

0 . 5 - 7 8 ° C 0 9 1 9 

1 7 6 3 0 1 - 7 8 °C 1 0 0 0 0 

1 8 6 3 6 1 - 7 8 ° C 1 0 0 0 0 

1 9 8 3 0 1 - 7 8 ° C 0 9 3 7 

2 0 8 3 8 1 - 7 8 ° C 0 9 3 7 

2 1 9 3 0 1 - 7 8 ° C 0 9 3 7 

2 2 4 1 0 1 - 7 8 ° C 0 9 4 6 



T a b l e 1 3 . ( C o n t i n u e d ) 

0 
K e t o n e 

E x p . C H 3 L i C o n d i t i o n R e c o v e r e d Ax-OH Eq-OH 

L i C u ( C H 3 ) 2 ( L i I f r e e ) 

2 3 2 1 1 - 7 8 ° C 1 ( 0 ) 8 9 ( 9 0 ) 1 1 ( 1 0 ) 

2 4 3 1 1 . 5 - 7 8 ° C 0 9 3 7 

2 5 1 3 0 . 5 - 7 8 ° C 0 9 2 8 

3 0 1 1 

L i l 

0 . 5 

0 

& 

- 7 8 ° C 0 9 2 8 

2 6 1 1 

L i C l O . 
4 

0 . 5 - 7 8 ° C 0 9 7 . 5 2 . 5 

2 7 1 1 

L i B r 

0 . 5 - 7 8 ° C 0 9 8 2 

2 8 1 1 0 . 5 - 7 8 ° C 0 9 7 3 

2 9 1 0 . 5 - 7 8 ° C 0 9 4 6 



T a b l e 1 3 . ( C o n t i n u e d ) 

0 0 
K e t o n e 

E x p . CH L i L i l C o n d i t i o n R e c o v e r e d Ax-OH Eq-OH 

3 0 

3 1 

0 . 3 3 

L i C u ( C H 3 ) 2 

( L i l f r e e ) 

1 0 . 3 3 

• 7 8 ° 1 0 s e c 
6 0 s e c 

- 7 8 ° 1 0 s e c 
6 0 s e c 
3 0 m i n 

8 8 
8 8 

9 2 
9 2 
9 3 

1 2 
1 2 

1 0 . 3 3 - 7 8 ° 1 m i n 5 6 7 0 3 0 
3 m i n 4 5 7 0 3 0 
5 m i n 36 7 0 3 0 

1 5 m i n 1 5 7 0 3 0 
3 0 m i n 6 7 0 3 0 
6 0 m i n 0 7 0 3 0 
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CHAPTER I 

INTRODUCTION 

B a c k g r o u n d 

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

h a s b e e n a t o p i c o f g r e a t i n t e r e s t i n t h e p a s t t e n y e a r s . R e c e n t l y , 

L iCuHR c o m p o u n d s ( w h e r e R = l - p e n t y n e , O - t - B u , a n d S P h ) h a v e b e e n p r e p a r e d 

a n d u s e d a s s e l e c t i v e r e d u c i n g r e a g e n t s i n o r d e r t o e f f e c t c o n j u g a t e 

r e d u c t i o n o f a , 3 - u n s a t u r a t e d c a r b o n y l c o m p o u n d s . 1 A l m o s t a t t h e s a m e 

t i m e , L iCuHR c o m p o u n d s ( w h e r e R = a l k y l a n d a l k y n y l ) w e r e e v a l u a t e d a s 

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

2 

c o m p o u n d s a s w e l l a s f o r t h e r e d u c t i o n o f a , 3 - u n s a t u r a t e d k e t o n e s . M o r e 

r e c e n t l y , t h e m i x t u r e o b t a i n e d b y t h e c o m b i n a t i o n o f 2 L i A l H ( O C H ^ ) 3 w i t h 

C u B r o r o f NaAlH^(OCH^CH^OCH^) w i t h C u B r h a s b e e n d e m o n s t r a t e d t o p o s 

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

p o n d i n g s a t u r a t e d d e r i v a t i v e s . T h e i n t e r m e d i a t e s i n t h e s e r e a g e n t s w e r e 

s p e c u l a t e d t o b e " c o m p l e x c o p p e r h y d r i d e s , " a l t h o u g h n o e v i d e n c e w a s 
3 4 

p r e s e n t e d t o e s t a b l i s h t h i s p o i n t . D i l t s a n d S h r i v e r h a v e p r e p a r e d a 

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

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

5 

w i t h P P h ^ h a v e a l s o b e e n p r e p a r e d b y C h u r c h i l l a n d c o - w o r k e r s . U n c o m -

p l e x e d CuH i s known t o b e q u i t e u n s t a b l e e v e n a t t e m p e r a t u r e s a s l o w a s 

- 8 0 ° C . M o n n i e r h a s c l a i m e d t h e p r e p a r a t i o n o f C u A l H ^ ; h o w e v e r , i t i s 

r e p o r t e d t o b e u n s t a b l e a b o v e - 8 0 ° C a n d d e c o m p o s e s t o C u , CuH, A l a n d 
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6 

P u r p o s e 

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

t h e new c o m p l e x m e t a l h y d r i d e s o f c o p p e r w i t h a l k y l h a l i d e s , e n o n e s , 

a n d c y c l i c k e t o n e s i n o r d e r t o e x p l o r e t h e i r r e a c t i v i t y , r e g i o s e l e c 

t i v i t y , a n d s t e r e o s e l e c t i v i t y . 

H,.. A s h b y h a s r e c e n t l y r e p o r t e d t h e f o r m a t i o n o f C u A l H . a n d Cu^AlH^ a s 

2. 4 j b 
7 

i n t e r m e d i a t e s i n t h e r e a c t i o n o f L i A l H ^ a n d C u l a t l o w t e m p e r a t u r e . 

A l s o r e c e n t l y , A s h b y p r e p a r e d t h e f i r s t s t a b l e c o m p l e x m e t a l h y d r i d e o f 

c o p p e r , L i C u H 2 , b y t h e r e a c t i o n o f L i A l H ^ w i t h l i t h i u m d i m e t h y l c u p r a t e 
g 

a n d f o u n d t h e p r o d u c t t o b e s t a b l e t o 7 0 ° C . 
M o r e r e c e n t l y , t h e e x i s t e n c e o f some new o r g a n o c u p r a t e s h a s 

b e e n e s t a b l i s h e d b y v a r i a b l e t e m p e r a t u r e NMR, n a m e l y L i C u 2 ( C H 3 ) 3 a n d 

9 

L i 2 C u ( C H 3 ) 3 a n d i t h a s b e e n shown t h a t t h e s e new c u p r a t e s b e h a v e d i f 

f e r e n t l y f r o m L i C u ( C H 3 ) 2 t o w a r d s e n o n e s 1 0 a n d o r g a n o h a l i d e s . 1 1 I n 

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

we h a v e r e c e n t l y b e e n a b l e t o p r e p a r e a s e r i e s o f c o m p l e x m e t a l h y d r i d e s 
o f c o p p e r , L i Cu H. . ( w h e r e n = l - 5 a n d m = l - 2 ) w h i c h a r e n o t o n l y 

n m (n+m) 
s t a b l e a t r o o m t e m p e r a t u r e ( e x c e p t f o r L i C u 2 H 3 ) , b u t a l s o some o f w h i c h 
a r e s o l u b l e i n THF ( L i C u H 2 a n d L i ^ C u H , . ) . T h e s e h y d r i d e s a r e p u r e c o m -

1 2 

p o u n d s a n d n o t m i x t u r e s , a c c o r d i n g t o x - r a y a n d DTA-TGA d a t a a s w e l l 

a s e v i d e n c e t h a t a p p e a r s i n t h i s s t u d y . 
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CHAPTER I I 

EXPERIMENTAL 

N o t e : P r e p a r a t i o n o f t h e c o m p l e x m e t a l h y d r i d e s o f c o p p e r u s e d i n t h e s e 

1 2 
s t u d i e s w a s c a r r i e d o u t b y c o - w o r k e r . D r . A . B . G o e l . 

G e n e r a l C o n s i d e r a t i o n s 

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

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

s e c t i o n s o f P a r t I a n d P a r t I I . 

M a t e r i a l s 

T h e s o u r c e s a n d m e t h o d s f o r t h e p u r i f i c a t i o n s o f t e t r a h y d r o f u r a n , 

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

s o l u t i o n , 2 , 2 , 6 , 6 - t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e , 4 - t e r t - b u t y l c y c l o 

h e x a n o n e , 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e , a n d 2 - m e t h y l c y c l o h e x a n o n e h a v e 

b e e n d e s c r i b e d i n P a r t s I a n d I I . 

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

c o m m e r c i a l l y a n d u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n : i o d o - , b r o m o - , 

c h l o r o - a n d f l u o r o d e c a n e ( E a s t m a n O r g a n i c C h e m i c a l s ) , c y c l o h e x y l c h l o r i d e 

( A l d r i c h C h e m i c a l C o m p a n y ) , 1 - c h l o r o c y c l o h e x e n e a n d 3 - c h l o r o c y c l o h e x e n e 

( F r i t o n L a b o r a t o r i e s ) . 

n - O c t y l t o s y l a t e w a s p r e p a r e d b y r e a c t i o n o f n - o c t a n o l ( 7 g , c a . 

0 . 0 5 M) i n p y r i d i n e ( 1 6 g ) w i t h p - t o l u e n e s u l f o n y l c h l o r i d e ( 1 0 . 5 g , c a . 

0 . 0 5 5 M) a t 2 0 ° C o v e r n i g h t . T h e w o r k - u p w a s b y H C l - i c e w a t e r h y d r o l y s i s 

f o l l o w e d b y b e n z e n e e x t r a c t i o n . T h e p u r e p r o d u c t w a s o b t a i n e d b y 
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distillation, b.p. 155-6°C/2mm/Hg, NMR (CDC1 ) 67.66 (2H,d) 7.25 (2H,d), 
3.94 (2H,t, CH 2-0), 2.40 (3H, s, benzyl CH 3), 2.0-0.8 (15H, m, alkyl). 
Preparation of Li CuH. by the Reaction of Li Cu(CH_) _ with (——) n (n+1) J n 3 n+1 2 
LiAlH in Diethyl Ether 

To a well-stirred slurry of cuprous iodide in diethyl ether at 
-78°C was added dropwise CH^Li in diethyl ether in various ratios 
(CH^LirCuI = 2:1, 3:1, 4:1, 5:1 or 6:1). A clear solution resulted in 
every case within a few minutes. These reaction mixtures were stirred 
at -78°C for 1/2 hour. To these solutions was then added LiAlH^ drop-

n~i~l wise with stirring [Li Cu(CH ) -.LiAlH = (n+1) : (—r—-) ] . No precipita-n O n~r_L 4 2. 

tion was observed at -78°; however, a white crystalline solid formed in 
every case when the reaction mixture was allowed to warm to room 
temperature. These reaction mixtures were stirred at room temperature 
for 1 hour and the solids were centrifuged, separated, washed with 
fresh diethyl ether and a slurry made in ether as well as in THF 
(LiCuH2 and Li^CuH^ dissolved in THF immediately). The products were 
analyzed before reacting with organic substrates. The supernatant 
solutions in all cases showed yAl-H stretching at 1710 cm 1[characteristic 
of LiAlH2(CH ) 2]. 
Reactions of Alkyl Halides, n-Octyl Tosylate, Enone I and Cyclic Ketones 

with Li CuH ,, n n+1 

A 10 ml Erlenmeyer flask with a Teflon coated magnetic stirring 
bar was dried in an oven and allowed to cool under nitrogen flush, then 
sealed with a rubber septum and connected by means of a needle to a 
nitrogen-filled manifold equipped with a mineral oil bubbler. One ml 
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T H F or Et^O solvent was introduced into the reaction vessel; then re

actant, e.g., halide substrate (0.5 ml, 0.25 M in T H F or Et 20) with 

internal standard, was syringed into the vessel. Finally, the calcula

ted amount of the hydride, Li CuH n , in T H F or Et^O was added. After 
1 n n+1 2 

the designated reaction time, the reaction mixture was quenched with a 

minimum of distilled water and the resulting solution dried over MgSO^. 

A 20 ft. 8% Apiezon L on Chromosorb W was used to separate the products 

of decyl halides (120°C, internal standard H~^i2 H26^ n_~oc*~Y^-

tosylate (95°C, internal standard n _ ~ c
1 o H 2 2 ^ * 

A 10 ft. 5% Carbowax 20M was used to separate the products of 

2,2,6,6-tetrametyl-trans-4-hepten-3-one (as described in Part I ) , 4-

tert-butylcyclohexanone (135°C, retention time: 5.6 min. for internal 

standard, n-C^^H^; 14.9 min. for ketone, 17.8 min. for axial-alcohol, 

and 21.3 min. for equatorial alcohol), 3,3,5-trimethylcyclohexanone 

(150°C, retention time: 5.8 min. for ketone, 7.6 min. for axial-

alcohol, 8.7 min. for equatorial-alcohol and 12.5 min. for internal 

standard, n - C ^ H ^ ) . A 15 ft. 10% Diglycerol on Diatoport S was used 

to separate the product of 2-methylcyclohexanone (90°C, retention time: 

3.4 min. for ketone, 5.1 min. for axial-alcohol, 6.1 min. for equa

torial alcohol, and 11.7 min. for internal standard n-C,.H ). 
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CHAPTER I I I 

I n t e r e s t i n g l y , L i C u H 2 a n d L i ^ C u H ^ w e r e f o u n d t o b e s o l u b l e i n 

THF a n d L i ^ C u H ^ w a s f o u n d t o b e s t a b l e i n THF a t r o o m t e m p e r a t u r e . A l l 

o f t h e c o m p l e x m e t a l h y d r i d e s o f c o p p e r , e x c e p t L i C u 2 H w e r e f o u n d t o 

b e s t a b l e a t r o o m t e m p e r a t u r e i n t h e s o l i d s t a t e o r a s a s l u r r y i n 

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

o r d e r : L i c C u H . > L i . C u H r > L i - C u H „ > L i n C u H ^ > L i C u H ^ > L i C u ^ H ^ . 

RESULTS AND D I S C U S S I O N 

When C H ^ L i i n d i e t h y l e t h e r w a s a d d e d d r o p w i s e t o a w e l l - s t i r r e d 

s l u r r y o f C u l i n d i e t h y l e t h e r a t - 7 8 ° C , a c l e a r a n d c o l o r l e s s s o l u t i o n 

r e s u l t e d when t h e C H ^ L i r C u I r a t i o w a s 2 : 1 . When L i A l H ^ i n E t 2 0 w a s 

a d d e d t o t h i s s o l u t i o n , n o p r e c i p i t a t e w a s o b s e r v e d a t - 7 8 ° C ; h o w e v e r , 

when t h e r e a c t i o n m i x t u r e was a l l o w e d t o warm t o r o o m t e m p e r a t u r e , a 

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

d r i e d , a n d c h a r a c t e r i z e d b y e l e m e n t a l a n a l y s i s a n d f o u n d t o b e a c o m p l e x 

m e t a l h y d r i d e o f c o p p e r . I n t h i s w a y , a s e r i e s o f c o m p l e x m e t a l h y d r i d e s 

o f c o p p e r o f c o m p o s i t i o n L i ^ C u H ^ n + ^ ( w h e r e n = l t o 5 ) w e r e p r e p a r e d b y 

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

[ E q u a t i o n s ( 1 ) a n d ( 2 ) ] . 

E t 0 
( n + l ) C H L i + C u l _ Q O > L i C u ( C H , ) _ + L i l ( 1 ) 

3 - 7 8 ° n 3 n + 1 

n + 1 E t 2 ° . n + 1 
L i n C u ( C H 3 ) n + 1 + ( — ) L 1 A 1 H 4 _ ? 8 . > L l n C u H ( n + 1 ) + ( — ) L i A l H 2 ( C H 3 ) 2 ( 2 ) 
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T h e h y d r i d e , L i ^ C u H ^ , i s s t a b l e t o 1 4 0 ° C u n d e r v a c u u m a n d i s s t a b l e a t 

r o o m t e m p e r a t u r e f o r o v e r a m o n t h . E l e m e n t a l a n a l y s i s , s o l u b i l i t y , a n d 

t h e r m a l s t a b i l i t i e s o f t h e s e c o m p l e x e s a r e g i v e n i n T a b l e 1 4 . 

I n o r d e r t o s t u d y t h e r e a c t i o n s o f t h e s e h y d r i d e s w i t h v a r i o u s 

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

t h e h y d r i d e s o f known c o n c e n t r a t i o n w e r e p r e p a r e d a n d a d d e d t o t h e 

o r g a n i c s u b s t r a t e s i n e i t h e r d i e t h y l e t h e r o r T H F . 

R e a c t i o n s o f O r g a n o h a l i d e s a n d T o s y l a t e s 

D e c y l h a l i d e s ( X = I , B r , C I a n d F ) a n d n - o c t y l t o s y l a t e w e r e a l 

l o w e d t o r e a c t w i t h e a c h o f t h e s t a b l e c o m p l e x m e t a l h y d r i d e s o f c o p p e r 

( i . e . , L i C u H 2 , L i 2 C u H 3 , L i 3 C u H 4 , L i 4 C u H , - a n d L i ^ C u H ^ ) . I n p r e l i m i n a r y 

e x p e r i m e n t s , b o t h THF a n d d i e t h y l e t h e r w e r e e v a l u a t e d a s s o l v e n t s 

w i t h t h e r e s u l t s i n d i c a t i n g t h a t THF i s t h e b e t t e r s o l v e n t . F o r e x a m 

p l e , t h e r e a c t i o n o f L i 2 C u H 3 w i t h 1 - i o d o d e c a n e p r o d u c e d 1 0 0 % n - d e c a n e 

i n THF w i t h i n o n e h o u r r e a c t i o n t i m e a t r o o m t e m p e r a t u r e , b u t o n l y 72% 

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

o v e r t h e s ame p e r i o d o f t i m e . A f u r t h e r d i f f e r e n c e i n t h e t w o s o l v e n t s 

w a s i n d i c a t e d i n c l o s e o b s e r v a t i o n s o f t h e r e a c t i o n s o f 1 - i o d o d e c a n e 

w i t h L i 2 C u H 3 > I n T H F , p r e c i p i t a t i o n o f a b l a c k s o l i d ( C u ° ) t o o k p l a c e 

i m m e d i a t e l y when t h e r e a g e n t a n d s u b s t r a t e w e r e m i x e d a t 2 2 ° C , w h e r e a s 

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

t h e s e s t u d i e s a r e s u m m a r i z e d i n T a b l e 1 5 . E a c h o f t h e f i v e c o m p l e x 

m e t a l h y d r i d e s o f c o p p e r r e a c t w i t h 1 - i o d o d e c a n e t o g i v e 1 0 0 % n - d e c a n e . 

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

c r e a s e i n t h e o r d e r o f I > B r > O T s > C l > F . F o r e x a m p l e , r e a c t i o n s o f L i C u H 2 

i n THF w i t h 1 - i o d o d e c a n e , 1 - b r o m o d e c a n e , n - o c t y l t o s y l a t e , 1 - c h l o r o d e c a n e , 
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a n d 1 - f l u o r o d e c a n e p r o d u c e d p r o d u c t s i n 1 0 0 , 8 5 , 6 4 , 37 a n d 0% y i e l d , 

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

r e a g e n t s , e x c e p t f o r a s m a l l d e v i a t i o n i n v o l v i n g L i ^ C u H g . L i ^ C u H ^ w a s 

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

b i l i t y i n T H F . T h i s h y d r i d e r e a c t e d w i t h 1 - i o d o d e c a n e , 1 - b r o m o d e c a n e , 

1 - c h l o r o d e c a n e , a n d n - o c t y l t o s y l a t e t o g i v e q u a n t i t a t i v e y i e l d s o f 

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

o b s e r v e d b e t w e e n L i . C u H a n d 1 - f l u o r o d e c a n e a f t e r 2 4 h o u r s a t r o o m 

4 b 

t e m p e r a t u r e ( w i t h t h e r e a g e n t s t i l l a c t i v e a f t e r t h e 2 4 - h o u r r e a c t i o n 

p e r i o d ) ; h o w e v e r , t h e o t h e r h y d r i d e s d i d n o t r e a c t a l a l l w i t h 1 -

f l u o r o d e c a n e . R e a c t i o n s i n v o l v i n g L i ^ C u H ^ a n d L i^CuH, . w e r e a l s o c a r r i e d 

o u t w i t h o t h e r c h l o r i d e s , n a m e l y , c y c l o h e x y l c h l o r i d e , 1 - c h l o r o c y c l o -

h e x e n e , 3 - c h l o r o c y c l o h e x e n e , a n d c h l o r o b e n z e n e ; o n l y i n t h e c a s e o f t h e 
r e a c t i o n o f L i . C u H w i t h 3 - c h l o r o c y c l o h e x e n e w a s a n y r e a c t i o n o b s e r v e d 4 b 
( 1 0 % ) . 

R e a c t i o n s o f 2 , 2 , 6 , 6 - T e f r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e ( E n o n e I ) 

Enone I was chosen as a representative enone for this study. It 
h a s b e e n r e p o r t e d t h a t E n o n e I c a n b e r e d u c e d q u a n t i t a t i v e l y t o t h e 1 , 2 -

r e d u c t i o n p r o d u c t ( I I I ) b y L i A l H ^ o r t o t h e 1 , 4 - r e d u c t i o n p r o d u c t ( I I ) 

b y ^ A l l . I t h a s a l s o b e e n shown t h a t r e a c t i o n i n THF r e s u l t s i n b e t t e r 

1 3 
r e g i o s e l e c t i v i t y t h a n i n E t 2 0 s o l v e n t . R e a c t i o n s o f e a c h h y d r i d e , 

L i CuH . , w e r e c a r r i e d o u t i n THF a n d E t ^ O s o l v e n t a t r o o m t e m p e r a t u r e 
n n + 1 2 

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

a r e shown i n T a b l e 1 6 . 



8 8 

t - B u H 
0 \ / 

, C = C + L i CuH , > t - B u - C H CH C - t - B u 
J \ n n + 1 2 2 

H C - t - B u 
II 

0 

( 1 , 4 - r e d u c t i o n p r o d u c t ) 

( I ) ( I D 

t - B u H 

+ \ = / ( 3 ) / \ 
H C H - t - B u 

OH 

( 1 , 2 - r e d u c t i o n p r o d u c t ) 

( I I I ) 

A c o m p a r i s o n o f h y d r i d e r e a c t i v i t i e s ( i . e . , % e n o n e r e c o v e r e d ) 

a n d r e g i o s e l e c t i v i t y ( i . e . , t h e d i s t r i b u t i o n o f 1 , 4 : 1 , 2 - r e d u c t i o n p r o 

d u c t s ) d e m o n s t r a t e s t h e c h a r a c t e r i s t i c d i f f e r e n c e s o f t h e d i f f e r e n t 

h y d r i d e s . L i ^ u H ^ a n d L i ^ C u H ^ b o t h h a v e h i g h r e a c t i v i t i e s , b u t e x h i b i t 

e n t i r e l y d i f f e r e n t r e g i o s e l e c t i v i t i e s . L i ^ C u H ^ b e h a v e s v e r y much l i k e 

L i A l H ^ , w h e r e a s L i 2 C u H 3 p r o d u c e s t h e e x a c t o p p o s i t e r e g i o s e l e c t i v i t y 

b e h a v i n g a s a g o o d c o n j u g a t e r e d u c i n g a g e n t . L i ^ C u H ^ a n d L i ^ C u H ^ 

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

t i v i t y , w h e r e a s L i C u H 2 b e h a v e s v e r y s t r a n g e l y , p r o d u c i n g p r e d o m i n a n t 

1 , 4 - r e d u c t i o n i n e t h e r ( 6 0 : 2 0 ) a n d p r e d o m i n a n t 1 , 2 - r e d u c t i o n i n THF 
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(11:85). These data also provide more evidence that these complex 

metal hydrides of copper are not physical mixtures of each other or 

combinations of LiCuH 2 and LiH since each stoichiometric compound 

behaves so differently. 

Reactions of 4-tert-Butylcyclohexanone, 3,3,5-Trimethylcyclohexanone 
and 2-Methylcyclohexanone 

The stereoselective reduction of cyclohexanones by metal hydrides 

has been studied intensively in recent years. LiAlH^ is considered to 

be the least sterically hindered hydride since it produces 90, 76, and 

20% axial attack on 4-tert-butylcyclohexanone, 2-methylcyclohexanone, 

and 3,3,5-trimethylcyclohexanone, respectively. The more sterically 

bulky hydrides are subject to "steric approach control" in their approach 

to any particular eyelohexanone; therefore, the amount of equatorial 

attack can be considered an indication of the effective bulk of the 

hydride. Results of the hydride reactions with the cyclohexanones are 

given in Table 17. Reactions of 4-tert-butylcyclohexanone were carried 

out in both THF and Et 20 solvents. It appears that the hydrides in THF 

produce more equatorial attack than in Et 20 except in the case of 

Li 2CuH 3. The hydride, LiCuH 2, in THF provided 78% equatorial attack, 

which is very unusual compared to LiAlH^ (10% equatorial attack), but 

gave only 18% equatorial attack in ether solvent. This result suggests 

a higher effective bulk for LiCuH 2 in THF as compared to ether. The 

results show that the amount of axial alcohol increased in the order: 

LiCuH > Li CuH > Li^CuH, > Li,CuH, > Li CuH . 
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( e q u a t o r i a l a l c o h o l ) ( a x i a l a l c o h o l ) 

R e a c t i o n s o f 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e a n d 2 - m e t h y l c y c l o 

h e x a n o n e w i t h L i C u H 2 i n THF a n d E t 2 0 a n d L i 4 C u H 5 a n d L i 5 C u H 6 i n o n l y THF 

h a v e a l s o b e e n c a r r i e d o u t . I n b o t h c a s e s i n v o l v i n g L i C u H 2 , t h e s o l v e n t 

a f f e c t s t h e s e l e c t i v i t y i n t h e s a m e way a s s e e n i n 4 - t e r t - b u t y l c y c l o 

h e x a n o n e , i . e . , 9 8 : 8 6 % ( T H F : E t 2 0 ) e q u a t o r i a l a t t a c k i n t h e r e d u c t i o n o f 

3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e a n d 5 0 : 4 2 % ( T H F : E t 2 0 ) e q u a t o r i a l a t t a c k i n 

t h e r e d u c t i o n o f 2 - m e t h y l c y c l o h e x a n o n e . L i C u H 2 a p p e a r s t o b e m o r e 

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

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

We h a v e made a c o m p a r i s o n o f t h e r e a c t i v i t y o f L i ^ C u H ^ t o t h a t 

o f t h e w e l l - k n o w n L i A l H ^ i n o r d e r t o o b t a i n some i d e a o f t h e s t r e n g t h 

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

w o u l d a p p e a r f r o m t h e r e s u l t s i n T a b l e s 1 6 - 1 7 t h a t t h e c o m p l e x m e t a l 

h y d r i d e s o f c o p p e r i n g e n e r a l , a n d s p e c i f i c a l l y L i ^ C u H ^ , a r e w e a k e r 

r e d u c i n g a g e n t s t h a n L i A l H 4 . H o w e v e r , when L i 4 C u H ^ w a s p r e p a r e d f o r 

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

T h e e t h e r w a s t h e n r e m o v e d u n d e r v a c u u m a n d THF a d d e d t o make a s l u r r y . 

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

m u s h y , w e t s o l i d a n d THF a d d e d t o t h i s m i x t u r e , a l l o f t h e s o l i d i m 

m e d i a t e l y d i s s o l v e d . T a b l e 1 8 s h o w s t h e r e s u l t s o b t a i n e d i n a c o m p a r i s o n 

o f d i s s o l v e d L i . C u H w i t h L i A l H i n T H F . As c a n b e s e e n f r o m t h e d a t a . 
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particularly a comparison of reductions of decyl chloride, Li^CuH^ 
is a more powerful reducing agent than LiAlH^. It is also noteworthy 
that the stereochemistry of reduction of 4-tert-butylcyclohexanone by 
LiCuH_ as a slurry (Table 17, expt. 50; 15:85, axial-OH:eq.-OH) 4 b 
compared to Li^CuH,. in solution (Table 18, 45:55, axial-OH:eq.-OH) is 
quite different. 
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CHAPTER I V 

CONCLUSIONS 

R e s u l t s o f r e a c t i o n s o f new c o m p l e x m e t a l h y d r i d e s o f c o p p e r 

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

u n i q u e p r o p e r t i e s a s r e d u c i n g a g e n t s . I n t h e c a s e o f a l k y l h a l i d e s , 

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

t i o n t o a l k a n e s . L i / 1 C u H c , w h i c h i s s o l u b l e i n T H F , a p p e a r s t o b e 

p a r t i c u l a r l y u s e f u l . I n t h e c a s e o f e n o n e s , i t a p p e a r s t h a t e i t h e r 

p r e d o m i n a n t 1,2 o r 1 , 4 - r e d u c t i o n c a n b e o b t a i n e d d e p e n d i n g o n t h e 

s p e c i f i c h y d r i d e u s e d , w h e r e a s t h e new h y d r i d e s a p p e a r t o r e d u c e c y c l o -

h e x a n o n e s s i m i l a r l y t o L i A l H ^ e x c e p t i n some c a s e s w h e r e t h e r e d u c t i o n 

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

t h e c o m p l e x m e t a l h y d r i d e s o f c o p p e r ( L i ^ C u H ^ ) t o L i A l H ^ i n THF s h o w s 

t h a t L i^CuHj- i s t h e m o r e p o w e r f u l r e d u c i n g a g e n t t h a n L i A l H ^ t o w a r d 

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

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

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

g r e a t e r when t h e h y d r i d e i s s o l u b l e i n t h e r e a c t i o n m e d i u m . 



T a b l e 1 4 . A n a l y s e s a n d P r o p e r t i e s o f C o m p l e x M e t a l H y d r i d e s 
o f C o p p e r , L i CuH, 

n ( n + 1 ) 

Compound 
A n a l y s i s ( R a t i o ) 

L i : C u : H 
S o l u b i l i t y i n 

THF 
T h e r m a l De c o m p . 

( 0 ° C ) 

L i C u H 2 1 . 0 7 : 1 . 0 0 : 2 . 0 1 s o l u b l e 7 0 , 3 0 0 , 4 0 0 

L i 2 C u H 3 2 . 0 7 : 1 . 0 0 : 2 . 9 5 i n s o l u b l e 9 0 , 
2 9 0 , 

1 1 0 , 1 2 0 , 1 4 5 , 
4 4 0 

L i 3 C u H 4 3 . 0 5 : 1 . 0 0 : 3 . 9 7 i n s o l u b l e 1 1 0 , 
4 1 0 , 

1 2 0 , 1 4 0 , 3 0 8 , 
4 5 0 

U 4 C U H 5 3 . 9 5 : 1 . 0 0 : 4 . 9 6 s o l u b l e 1 2 0 , 
4 3 0 , 

1 4 5 , 3 0 0 , 3 6 5 , 
4 8 0 - a b o v e 5 0 0 

L i 5 C u H 6 5 . 0 9 : 1 . 0 0 : 5 . 9 5 i n s o l u b l e 1 4 0 , 3 0 5 , 4 4 0 , 4 0 0 -
a b o v e 5 0 0 



T a b l e 1 5 . R e a c t i o n s o f C o m p l e x M e t a l H y d r i d e s o f C o p p e r w i t h O r g a n o h a l i d e s 
a n d T o s y l a t e s i n THF a t Room T e m p e r a t u r e f o r 2 4 H o u r s 

E x p . H y d r i d e R e a g e n t a H a l i d e S u b s t r a t e P r o d u c t ( s ) & Y i e l d ( s ) (%) 

1 L i C u H 2 1 - i o d o d e c a n e n - d e c a n e ( 1 0 0 ) 

2 L i C u H 2 1 - b r o m o d e c a n e n - d e c a n e ( 8 5 ) 

3 L i C u H 2 1 - c h l o r o d e c a n e n - d e c a n e ( 3 7 ) 

4 L i C u H 2 1 - f l u o r o d e c a n e n - d e c a n e ( 0 ) 

5 L i C u H 2 n - o c t y l t o s y l a t e n - o c t a n e ( 6 4 ) 

6 Li 2 C u H 3 1 - i o d o d e c a n e n - d e c a n e ( 1 0 0 ) 

7 L i 2 C u H 3 1 - b r o m o d e c a n e n - d e c a n e ( 1 0 0 ) 

8 L i 2 C u H 3 1 - c h l o r o d e c a n e n - d e c a n e ( 3 5 ) 

9 L i 2 C u H 3 1 - f l u o r o d e c a n e n - d e c a n e ( 0 ) 

1 0 L i 2 C u H 3 n - o c t y l t o s y l a t e n - o c t a n e ( 8 0 ) 

1 1 L i 2 C u H 3 c y c l o h e x y l c h l o r i d e c y c l o h e x a n e ( 0 ) 

1 2 L i 2 C u H 3 1 - c h l o r o c y c l o h e x e n e c y c l o h e x e n e ( 0 ) 

1 3 L i 2 C u H 3 3 - c h l o r o c y c l o h e x e n e c y c l o h e x e n e ( 0 ) 

1 4 L i 2 C u H 3 c h l o r o b e n z e n e b e n z e n e ( 0 ) 



T a b l e 1 5 . ( C o n t i n u e d ) 

E x p . H y d r i d e R e a g e n t a H a l i d e S u b s t r a t e P r o d u c t ( s ) & Y i e l d ( s ) (%) 

1 5 L i 3 C u H 4 1 - i o d o d e c a n e n - d e c a n e ( 1 0 0 ) 

1 6 L i 3 C u H 4 1 - b r o m o d e c a n e n - d e c a n e ( 9 0 ) 

1 7 L i 3 C u H 4 1 - c h l o r o d e c a n e n - d e c a n e ( 3 4 ) 

1 8 L i 3 C u H 4 1 - f l u o r o d e c a n e n - d e c a n e ( 0 ) 

1 9 L i 3 C u H 4 n - o c t y l t o s y l a t e n - o c t a n e ( 3 9 ) 

2 0 L i 4 C u H 5 1 - i o d o d e c a n e n - d e c a n e ( 1 0 0 ) 

2 1 L i 4 C u H 5 1 - b r o m o d e c a n e n - d e c a n e ( 1 0 0 ) 

2 2 L i 4 C u H 5 1 - c h l o r o d e c a n e n - d e c a n e ( 9 9 ) 

2 3 L i 4 C u H 5 1 - f l u o r o d e c a n e n - d e c a n e ( 1 0 ) 

2 4 L i 4 C u H 5 n - o c t y l t o s y l a t e n - d e c a n e ( 9 9 ) 

2 5 L i 4 C u H 5 c y c l o h e x y l c h l o r i d e c y c l o h e x a n e ( 0 ) 

2 6 L i 4 C u H 5 1 - c h l o r o c y c l o h e x e n e c y c l o h e x e n e ( 0 ) 

2 7 L i 4 C u H 5 3 - c h l o r o c y c l o h e x e n e e y e l o h e x e n e ( 1 0 ) 

2 8 L i^CuH, . c h l o r o b e n z e n e b e n z e n e ( 0 ) 



T a b l e 1 5 . ( C o n t i n u e d ) 

E x p . H y d r i d e R e a g e n t a H a l i d e S u b s t r a t e P r o d u c t ( s ) & Y i e l d ( s ) (%) 

2 9 L i 5 C u H 6 1 - i o d o d e c a n e n - d e c a n e ( 1 0 0 ) 

3 0 L i c C u H 1 - b r o m o d e c a n e n - d e c a n e ( 1 0 0 ) 
5 6 

( 1 0 0 ) 

3 1 L i _ C u H . 1 - c h l o r o d e c a n e n - d e c a n e ( 8 0 ) 
5 6 

( 8 0 ) 

32 L i c C u H ^ 1 - f l u o r o d e c a n e n - d e c a n e ( 0 ) 
5 6 

( 0 ) 

3 3 L i c C u H ^ 
5 6 

n - o c t y l t o s y l a t e n - d e c a n e ( 6 9 ) 

a . T h e m o l a r r a t i o o f h y d r i d e r e a g e n t t o s u b s t r a t e i s 1 : 1 , e x c e p t L iCuH ( 2 : 1 ) r a t i o 



Table 16. Reactions of Complex Metal Hydrides of Copper with 
2,2,6,6-Tetramethyl-trans-4-hepten-3-one at Room 
Temperature 

Hydride Reaction Enone Products, % 
Exp. Reagent Condition Recovered (%) 1,4 1,2 

34 LiCuH 2 Et 20, 24 h 20 60 20 

35 LiCuH 2 THF, 24 h 0 11 85 

36 L i 2 C u H 3 Et 20, 48 h 0 93 6 

37 L i 2 C u H 3 THF, 48 h 0 88 12 

38 Li 3CuH 4 Et 20, 48 h 70 5 25 

39 Li 3CuH 4 THF, 48 h 50 5 45 

40 L i 4 C u H 5 Et 20, 24 h 0 5 90 

41 Li„CuH 4 5 THF, 24 h 0 5 95 

42 Li cCuH. b 6 Et 20, 48 h 58 4 33 

43 Li c CuH,. b 6 THF, 48 h 25 4 71 



T a b l e 1 7 . R e a c t i o n s o f C o m p l e x M e t a l H y d r i d e s o f C o p p e r w i t h 4 - t e r t - B u t y l c y c l o 
h e x a n o n e , 3 , 3 , 5 - T r i m e t h y l c y c l o h e x a n o n e a n d 2 - M e t h y l c y c l o h e x a n o n e a t 
Room T e m p e r a t u r e 

E x p . 
H y d r i d e 
R e a g e n t K e t o n e 

R e a c t i o n 
C o n d i t i o n 

K e t o n e 
R e c o v e r e d 

R e l a t i v e 
ax -OH 

Y i e l d % 
eq -OH 

4 4 L i C u H 2 4 - t e r t - b u t v l -
c y c l o h e x a n o n e 

E t 2 0 , 4 8 h 0 1 8 8 2 

4 5 L i C u H 2 4 - t e r t - b u t y l 
c y c l o h e x a n o n e 

T H F , 4 8 h 0 7 8 2 2 

4 6 L 1 2 C U H 3 4 - t e r t - b u t y l 
c y c l o h e x a n o n e 

E t 2 0 , 4 8 h 1 7 4 3 5 7 

4 7 L i 2 C u H 3 4 - t e r t - b u t y l -
c y c 1 o h e x a n o n e 

T H F , 4 8 h 2 0 2 2 7 8 

4 8 L i 3 C u H 4 4 - t e r t - b u t y l -
c y c l o h e x a n o n e 

T H F , 7 2 h 0 3 1 6 9 

4 9 L i 4 C u H 5 4 - t e r t - b u t v l -
c y c l o h e x a n o n e 

E t 2 0 , 7 2 h 1 6 1 1 8 9 

5 0 L i 4 C u H 5 4 - t e r t - b u t y l 
c y c l o h e x a n o n e 

T H F , 7 2 h 4 0 1 5 8 5 

5 1 L i c C u H ^ 
5 6 

4 - t e r t - b u t y l 
c y c l o h e x a n o n e 

E t 2 0 , 7 2 h 5 0 9 9 1 

5 2 L i 5 C u H 6 4 - t e r t - b u t y l -
c y c l o h e x a n o n e 

T H F , 7 2 h 5 5 1 4 8 6 



T a b l e 1 7 . ( C o n t i n u e d ) 

E x p . 
H y d r i d e 
R e a g e n t K e t o n e 

R e a c t i o n 
C o n d i t i o n 

K e t o n e 
R e c o v e r e d 

R e l a t i v e 
a x - O H 

Y i e l d % 
e q - O H 

5 3 L i C u H 2 3 , 3 , 5 - t r i m e t h y l -
c y c l o h e x a n o n e 

E t 2 0 , 2 4 h 0 8 6 1 4 

5 4 L i C u H 2 3 , 3 , 5 - t r i m e t h y l -
c y c l o h e x a n o n e 

T H F , 2 4 h 0 9 8 2 

5 5 L i „ C u H 
4 5 

3 , 3 , 5 - t r i m e t h y l -
c y c l o h e x a n o n e 

T H F , 2 4 h 1 8 2 1 8 

5 6 L i c C u H ^ 
b 6 

3 , 3 , 5 - t r i m e t h y l -
c y c l o h e x a n o n e 

T H F , 2 4 h 0 9 1 9 

5 7 L i C u H 2 2 - m e t h y l -
c y c l o h e x a n o n e 

E t 2 0 , 2 4 h 0 4 2 5 8 

5 8 L i C u H 2 2 - m e t h y l -
c y c l o h e x a n o n e 

T H F , 2 4 h 0 5 0 5 0 

5 9 L i 4 C u H 5 2 - m e t h y 1 -
c y c l o h e x a n o n e 

T H F , 2 4 h 0 35 6 5 

6 0 L i ^ C u H ^ 
5 6 

2 - m e t h y l -
c y c l o h e x a n o n e 

T H F , 2 4 h 0 3 3 6 7 
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T a b l e 1 8 . C o m p a r i s o n o f R e a c t i v i t i e s o f L i A l H ^ a n d L i 4 C u H 5 i n 
E q u a l M o l a r R a t i o i n THF a t Room T e m p e r a t u r e 

H y d r i d e S u b s t r a t e 
R e a c t i o n 
T i m e 

C _ _ H „ _ 
1 0 2 2 

L i A l H 4 1 5 m i n 9 8 

c i o " B r 1 5 m i n 8 5 

1 h 9 5 

c i o " c l 1 5 m i n 0 

1 h 0 

2 4 h 6 8 

L i 4 C u H 5 1 5 m i n 1 0 0 

c i o - B r 1 5 m i n 9 9 

C - C I 
1 0 

1 5 m i n 0 

1 h 3 

2 4 h 9 9 

e n o n e 
r e c . 1 . 4 1 . 2 c=o 

L i A l H / \ 1 5 m i n 0 0 1 0 0 
H H , 

+ 
L i 4 C u H 5 J XH 

1 5 m i n 0 5 9 5 

o 
L i A l H , 

L i 4 C u H 5 

O 

1 5 m i n 

1 5 m i n 

k e t o n e 
r e c . 

0 

a x - O H 

4 5 

e q - O H 

9 2 

5 5 
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CHAPTER I 

INTRODUCTION 

B a c k g r o u n d 

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

o r g a n i c c h e m i s t r y h a s a t t r a c t e d c o n s i d e r a b l e a t t e n t i o n . 1 S o d i u m b o r o -

h y d r i d e a n d l i t h i u m a l u m i n u m h y d r i d e h a v e b e e n known f o r o v e r t w e n t y 

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

2 

t i o n a l g r o u p s . H o w e v e r , L i A l H ^ h a s b e e n f o u n d t o b e e x t r e m e l y r e a c t i v e 

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

c e r t a i n d e f i c i e n c i e s s u f f e r e d b y m o s t o f t h e common c o m p l e x m e t a l 

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

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

i n o r g a n i c c h e m i s t r y . 

T h e s t e r e o s e l e c t i v e r e d u c t i o n o f c y c l i c k e t o n e s u s i n g h y d r i d e s 

o f a l u m i n u m a n d b o r o n h a s b e e n t h o r o u g h l y s t u d i e d . 1 ' 3 " S t e r i c a p p r o a c h 

c o n t r o l " h a s b e e n c o n s i d e r e d a s o n e o f t h e m o s t i m p o r t a n t f a c t o r s i n 

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

t i o n o f 4 - t e r t - b u t y l c y c l o h e x a n o n e , t h e h y d r i d e w i t h g r e a t e s t s t e r i c 

b u l k , L i A l H ( O C H ^ ) ^ , y i e l d e d t h e g r e a t e s t a m o u n t o f i n c r e a s e o f e q u a -
4 

t o r i a l a t t a c k c o m p a r e d t o L i A l H ^ . R e c e n t l y , l i t h i u m t r i a l k y l b o r o -

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

t h e r e d u c t i o n o f c y c l i c a n d b i c y c l i c k e t o n e s . 3 

A l t h o u g h n u m e r o u s r e p o r t s h a v e a p p e a r e d i n t h e l i t e r a t u r e c o n 

c e r n i n g t h e r e d u c t i o n o f o r g a n i c s u b s t r a t e s b y h y d r i d e s o f b o r o n a n d 
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aluminum, nothing is known about the reductive ability of MgH 2, pre-
4 

sumably because of its insolubility in all solvents studied. Recently, 

Ashby and Goel reported the first examples of soluble magnesium-

hydrogen compounds in the form of HMgCl, HMgBr^ and RMgH. 6 Also, for 

the first time, alkoxy- and dialkylaminomagnesium hydrides were pre

pared by the reacton of Mg(0R) 2 or M g ( N R 2 ) 2 with an active form of MgH 2 

in the appropriate stoichiometric ratio in THF at room temperature. 

The alkoxy- and dialkylaminomagnesium hydrides can be considered as 

potential reducing agents to effect functional group selectivity and 

stereoselectivity since most of these compounds exhibit solubility in 

THF and contain a sterically bulky alkoxy or dialkylamino group. 

Purpose 

The purpose of these studies is to investigate the reducing 

ability of MgH 2 and its alkoxy derivative toward some representative 

organic functional groups. Also, it is important to study the stereo

chemistry of reduction of cyclic and bicyclic ketones of these new 

classes of magnesium hydride derivatives, HMgOR, HMgNR 2 and H 3Mg 2OR, 

which are considered to be very bulky hydride reagents. 
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CHAPTER I I 

EXPERIMENTAL 

N o t e : P r e p a r a t i o n o f m a g n e s i u m h y d r i d e d e r i v a t i v e s u s e d i n t h e s e 

7 
s t u d i e s w a s c a r r i e d o u t b y c o - w o r k e r . D r . A . B . G o e l . 

G e n e r a l C o n s i d e r a t i o n s 

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

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

e x p e r i m e n t a l s e c t i o n s o f P a r t I a n d P a r t I I . 

A n a l y s e s 

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

c h l o r i c a c i d o n a s t a n d a r d v a c u u m l i n e e q u i p p e d w i t h a T e o p l e pump. 

M a g n e s i u m w a s d e t e r m i n e d b y EDTA t i t r a t i o n . GLPC w a s p e r f o r m e d on F&M 

M o d e l 7 2 0 a n d 7 0 0 g a s c h r o m o g r a p h s . 

M a t e r i a l s 

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

u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n : 1 - i o d o d e c a n e ( E a s t m a n ) , 1 - b r o m o d e c a n e 

( E a s t m a n ) , 1 - c h l o r o d e c a n e ( E a s t m a n ) , 1 - i o d o b e n z e n e ( E a s t m a n ) , b e n z a l d e -

h y d e ( E a s t m a n ) , e t h y l b e n z o a t e ( E a s t m a n ) , n i t r o b e n z e n e ( F i s h e r ) , b e n z o y l 

c h l o r i d e ( J . T . B a k e r ) , 1 - o c t e n e ( C h e m i c a l S a m p l e C o m p a n y ) , b e n z y l 

a l c o h o l ( F i s h e r ) , a n d c a m p h o r ( E a s t m a n ) . T h e s o u r c e s o f c o m p o u n d s , 2 , 2 , 

6 , 6 - t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e , 4 - t e r t - b u t y l c y c l o h e x a n o n e , 3 , 3 , 5 -

t r i m e t h y l c y c l o h e x a n o n e a n d 2 - m e t h y l c y c l o h e x a n o n e a r e t h e same a s 
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p r e v i o u s l y d e s c r i b e d i n t h e e x p e r i m e n t a l s e c t i o n s o f P a r t I a n d P a r t I I . 

M e t h a n o l ( F i s h e r ) w a s d i s t i l l e d a f t e r t r e a t i n g w i t h m a g n e s i u m 

m e t a l . I s o p r o p a n o l ( F i s h e r ) w a s d i s t i l l e d o v e r A l ( 0 - i - P r ) 3 a n d t e r t -

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

2 , 6 - D i m e t h y l p h e n o l ( A l d r i c h ) a n d 2 , 6 - d i i s o p r o p y l p h e n o l ( E t h y l ) w e r e d i s 

t i l l e d b e f o r e u s e . T r i p h e n y l c a r b i n o l ( E a s t m a n ) a n d 2 , 6 - d i - t e r t - b u t y l 

c r e s o l ( E a s t m a n ) w e r e u s e d a s o b t a i n e d . 

T h e c o m m e r c i a l d i a l k y l a m i n e s , d i - n - p r o p y l a m i n e ( A l d r i c h ) , i s o -

p r o p y l m e t h y l a m i n e , d i - i s o - p r o p y l a m i n e ( E a s t m a n ) , d i - s - b u t y l a m i n e 

( P f a l t z & B a u e r ) , p i p e r i d i n e ( F i s h e r ) a n d 2 , 6 - d i m e t h y l p i p e r i d i n e ( A l d r i c h ) 

w e r e d r i e d o v e r m o l e c u l a r s i e v e 4A a n d d i s t i l l e d p r i o r t o u s e . 

D i e t h y l e t h e r a n d t e t r a h y d r o f u r a n w e r e d i s t i l l e d o v e r L i A l H ^ a n d 

9 

H A I H ^ , r e s p e c t i v e l y . D i e t h y l m a g n e s i u m w a s p r e p a r e d b y t h e r e a c t i o n o f 

d i e t h y l m e r c u r y w i t h m a g n e s i u m m e t a l a t 6 0 - 8 0 ° C a n d a s t a n d a r d s o l u t i o n 

i n d i e t h y l e t h e r w a s made b y m a g n e s i u m a n a l y s i s . 

P r e p a r a t i o n o f N - ( T r i m e t h y l s i l y l ) - t e r t - B u t y l a m i n e 

T o a w e l l s t i r r e d s o l u t i o n o f t e r t - b u t y l a m i n e ( 5 0 m m o l e s ) i n 

d i e t h y l e t h e r i n p r e s e n c e o f t r i e t h y l a m i n e , t r i m e t h y l c h l o r o s i l a n e ( 5 0 

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

w a s c o o l e d down b y i c e - w a t e r b a t h . An i n s o l u b l e w h i t e s o l i d o f 

E t ^ N . H C l f o r m e d w a s r e m o v e d b y f i l t r a t i o n a n d t h e f i l t r a t e w a s c o n c e n 

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

a t 1 1 7 - 1 2 5 ° C . 

P r e p a r a t i o n o f MgH^ S l u r r y i n T H F 1 0 

L i t h i u m a l u m i n u m h y d r i d e ( 2 0 . 0 m m o l e s ) i n d i e t h y l e t h e r ( 3 2 m l ) 

w a s a l l o w e d t o r e a c t w i t h a d i e t h y l e t h e r ( 5 0 m l ) s o l u t i o n o f E t Mg 
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(20.0 mmoles) at room temperature under constant stirring for 1 hour. 

The resulting suspension of MgH^ was centrifuged, the supernatant 

liquid was removed via syringe and the precipitate washed with fresh 

diethylether. This process was repeated and the washed MgH^ was finally 

slurried in THF. Anal: calcd. for MgH^; Mg:H 1.00:2.00. Found; 1.00: 

2.02. 

Preparation of Alkoxy-Magnesium Hydrides 

A known amount of magnesium alkoxide in THF was made by mixing 

(CH 3) 2Mg in diethylether, with two mole equivalents of the appropriate 

alcohol followed by heating the mixture at reflux overnight. The di

ethylether was removed under vacuum and fresh THF added. This magnesium 

alkoxide was allowed to react with MgH 2 slurried in THF at room tempera

ture with constant stirring for a few hours and analyzed (Table 20). 

Another method of preparation was by the direct reaction of the 

appropriate alcohol with MgH 2 in THF in 1:1 molar ratio, which is exem

plified by the following procedure. To a well stirred slurry of MgH 2 

(4.0 mmoles) in THF (30 ml) at -78°C, a THF (10 ml) solution of 2,6-

diisopropylphenol (4.0 mmoles) was added dropwise. This reaction 

mixture was allowed to warm to room temperature and stirred for 1 hour 

to give a clear solution. Anal, calcd. for HMgO^Tf^ , Mg:H 

1.00:1.00:1.00. Found: 1.00:0.97:1.04. 

Preparation of ROMg 2H 3 and R 2N Mg^H^ Compounds 

The preparation of H^Mg^R compounds is similar to that described 

for the preparation of HMgOR, i.e., the reaction of Mg(0R) 2 or M g ( N R 2 ) 2 

with an active form of MgH 2 in 1:3 molar ratio. 
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Preparation of Dialkylaminomagnesium Hydrides 

The procedure for this preparation were the same as those des

cribed for the alkoxymagnesium hydrides except that the appropriate 

dialkylamine was used instead of the alcohol. The analysis for each 

compound was satisfactory (Table 29). 

General Reactions of Magnesium Hydride Reagents with Model Compounds 

The magnesium hydride reagent was added via syringe to a 10 ml. 

Erlenmeyer flask which had been oven dried, equipped with a magnetic 

stirrer, cooled under nitrogen and sealed with a rubber septum. The 

temperature of the flask was then adjusted by either a dry-ice/acetone 

or ice/water bath. Next, the organic substrate and internal standard 

were added while stirring vigorously. After the designated reaction 

time, the reaction solution was quenched slowly with distilled water 

and dried over MgSO^. 

A 10 ft. 5% Carbowax 20 M on Chromosorb w (column A) was used to 

separate some of the products. The elution time for products (column 

temperature, 130°C) was in the order of n-tetradecane (internal standard), 

benzaldehyde, benzonitrile,ethyl benzoate, benzyl alcohol. Products 

of phenylacetylene and 2 ,2,6,6-tetramethyl-trans-4-hepten-3-one (see 

previous parts) were separated by the same column (A). Another column 

of 6 ft. 10% Apiezon L 60-80S was used to separate 1-iododecane, 1-

bromodecane, 1-chlorodecane, iodobenzene, 1-octene and their products. 

Products were identified by comparing the glc retention time of authentic 

samples and percentage yields were calculated by suitable hydrocarbon 

internal standards. 

Column A (150°C column temperature) was also used to separate 
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t h e p r o d u c t s o f 4 - t e r t - b u t y l c y c l o h e x a n o n e , 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e , 

a n d c a m p h o r . A 1 5 f t . 10% D i g l y c e r o l o n C h r o m o s o r b W c o l u m n ( 8 0 ° C 

c o l u m n t e m p e r a t u r e ) w a s u s e d t o s e p a r a t e t h e p r o d u c t s o f 2 - m e t h y l c y c l o -

h e x a n o n e . T h e o r d e r o f e l u t i o n f o r e a c h k e t o n e i s t h e s a m e : t h e k e t o n e 

f i r s t , t h e a x i a l o r e x o a l c o h o l s e c o n d , a n d e q u a t o r i a l o r e n d o a l c o h o l 

l a s t . 
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CHAPTER I I I 

RESULTS AND D I S C U S S I O N 

F u n c t i o n a l G r o u p S e l e c t i v i t y 

M a g n e s i u m h y d r i d e a n d ] , 6 - d i i s o p r o p y l p h e n o x y m a g n e s i u m h y d r i d e 

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

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

s u m m a r i z e d i n T a b l e 1 9 . B o t h m a g n e s i u m h y d r i d e a n d a l k o x y m a g n e s i u m 

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

2 4 h o u r s r e a c t i o n t i m e a t r o o m t e m p e r a t u r e . 1 - B r o m o d e c a n e , 1 -

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

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

a l k y l i o d i d e s t o h y d r o c a r b o n s s i n c e m o s t known h y d r i d e r e a g e n t s n o t 

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

t h e s e c o n d i t i o n s . F o r e x a m p l e , L i A l H ^ r e d u c e s 1 - i o d o d e c a n e , 1 - b r o m o 

d e c a n e a n d 1 - c h l o r o d e c a n e u n d e r s i m i l a r c o n d i t i o n s ( 2 4 h , R T ) t o g i v e 

n - d e c a n e i n y i e l d s 1 0 0 , 1 0 0 a n d 6 8 % , r e s p e c t i v e l y . 

T o d e t e r m i n e t h e r e a c t i v i t y w i t h e n o n e s , m a g n e s i u m h y d r i d e a n d 

a l k o x y m a g n e s i u m h y d r i d e w e r e a l s o a l l o w e d t o r e a c t w i t h 2 , 2 , 6 , 6 -

t e t r a m e t h y l - t r a n s - 4 - h e p t e n - 3 - o n e ( p r e d o m i n a n t l y 1 , 2 r e d u c t i o n ( 8 0 - 9 2 % ) ) . 

T o d e t e r m i n e t h e s t e r i c r e q u i r e m e n t s o f t h e c y c l i c k e t o n e r e d u c 

t i o n s , 4 - t e r t - b u t y l c y c l o h e x a n o n e w a s r e d u c e d q u a n t i t a t i v e l y t o 4 - t e r t -

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

d i f f e r e n t i n b o t h c a s e s , e . g . , 2 4 / 7 6 r a t i o f o r m a g n e s i u m h y d r i d e a n d 
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8 3 / 1 7 f o r 2 , 6 - d i i s o p r o p y l p h e n o x y m a g n e s i u m h y d r i d e . F o r m a t i o n o f c i s 

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

s t e r i c g r o u n d s . 

O t h e r c a r b o n y l c o m p o u n d s , b e n z a l d e h y d e , e t h y l b e n z o a t e a n d 

b e n z o y l c h l o r i d e w e r e r e d u c e d t o p r o d u c e b e n z y l a l c o h o l i n 8 0 - 1 0 0 % 

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

h i g h e r r e a c t i v i t y t h a n a l k o x y m a g n e s i u m h y d r i d e s . 2 , 6 - D i i s o p r o p y l p h e n o x y -

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

b e n z y l a l c o h o l i n 1 0 0 % y i e l d a t - 4 0 ° C w i t h i n 1 h o u r . U n d e r t h e same 

c o n d i t i o n , e t h y l b e n z o a t e a n d b e n z o y l c h l o r i d e a r e r e d u c e d t o b e n z y l 

a l c o h o l i n o n l y 8% a n d 16% y i e l d , r e s p e c t i v e l y . U n d e r m o r e s t r i n g e n t 

c o n d i t i o n s ( 0 ° f o r 1 h o u r a n d r o o m t e m p e r a t u r e f o r 2 4 h o u r s ) i t a p p e a r s 

t h a t b o t h c o m p o u n d s a r e r e d u c e d a t a p p r o x i m a t e l y t h e same r a t e a l t h o u g h 

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

t h a t a l d e h y d e s c a n b e r e d u c e d s e l e c t i v e l y i n t h e p r e s e n c e o f C I , B r , 

II II 

C - C l a n d C-OR g r o u p s a s w e l l a s C = C , C=C a n d N 0 2 ( t o b e d i s c u s s e d l a t e r ) . 

A s f o r t h e r e a c t i o n s o f b e n z o n i t r i l e a n d n i t r o b e n z e n e , t h e e x 

p e c t e d r e d u c t i o n p r o d u c t s w e r e n o t i s o l a t e d . I n s t e a d u n i d e n t i f i e d p r o 

d u c t s w e r e f o r m e d p r e s u m a b l y a s a r e s u l t o f f r e e r a d i c a l p o l y m e r i z a t i o n . 

l - O c t e n e a n d p h e n y l a c e t y l e n e w e r e f o u n d t o b e u n r e a c t i v e t o w a r d MgH 2 

a n d 2 , 6 - d i i s o p r o p y l p h e n o x y m a g n e s i u m h y d r i d e w h i c h i s a c t u a l l y a n 

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

S t e r e o s e l e c t i v e R e d u c t i o n b y HMgOR 

I n o r d e r t o d e t e r m i n e t h e s t e r o c h e m i s t r y o f r e d u c t i o n , t h e r e 

a c t i o n s o f HMgOR w i t h f o u r r e p r e s e n t a t i v e k e t o n e s , 4 - t e r t - b u t y l c y c l o 

h e x a n o n e , 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e , 2 - m e t h y I c y c l o h e x a n o n e a n d 
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camphor, were examined. MgH 2 and HMgOR (where R = methyl, iso-propyl, 

tert-butyl, triphenylmethyl, phenyl, 2,6-dimethylphenyl, 2,6-diiso-

propylphenyl and 2,6-di-;t-butyl-4-methylphenyl) were allowed to react 

with the above four ketones in THF solvent at room temperature. The 

results are summarized in Tables 21-24. LiAlH A is considered to be 
4 

the least sterically hindered hydride. It reduces 4-tert-butylcyclo

hexanone (I), 3,3,5-trimethylcyclohexanone (II), 2-methyl-cyclohexanone 

(III) and camphor (IV) by 10, 80, 24 and 9% equatorial (or exo) attack 

respectively of the reagent on the ketone. On the other hand, MgH 2 

reduced ketones I, II, III and IV in 24, 85, 35 and 8% equatorial (or 

exo) attack respectively. These results can be explained by consideration 

of the steric requirement of the reagent; the bulkier reagent (highly 

polymeric M g H 2 ) . MgH 2 should have a higher steric requirement than 

LiAlH^ in solution. We have also found that the isomer distribution 

from the reduction of 4-tert-butylcyclohexanone with MgH 2 is dependent 

upon the ratio of hydride to substrate. For example, the amount of 

equatorial attack increased from 24% to 61% when the ratio of MgH 2 to 

ketone was changed from 4:1 to 1:2. Obviously, the alkoxymagnesium 

hydride which was formed during the reaction process is a bulkier re

ducing species than MgH itself. The stereoselectivity towards the 

reaction of cyclic ketones is dependent on the steric requirement of 

the alkoxy groups and on the aggregation of the hydride reagents. 

According to the steric bulkiness of the alkoxy group, the degree of 

stereoselectivity should follow in the order: t-BuOMgH^Ph^COMgH > 

i-PrOMgH > CH^OMgH. However, it has been observed that the stereo

selectivity is in the order of CH OMgH > t-BuOMgH > Ph COMgH > 
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i - P r O M g H f o r 4 - t e r t - b u t y l c y c l o h e x a n o n e ( 7 6 , 6 9 , 7 1 a n d 15% e q u a t o r i a l 

a t t a c k , r e s p e c t i v e l y ) , f o r 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e ( 9 9 , 9 9 , 9 9 a n d 

6 5 % e q u a t o r i a l a t t a c k , r e s p e c t i v e l y ) , f o r 2 - m e t h y l c y c l o h e x a n o n e ( 9 8 , 9 8 , 

7 3 a n d 6 8 % e q u a t o r i a l a t t a c k , r e s p e c t i v e l y ) a n d f o r c a m p h o r ( 9 5 , 9 2 , 9 5 , 

a n d 92% e n d o a t t a c k , r e s p e c t i v e l y ) . T h e s e r e s u l t s a r e r e v e r s e d f r o m 

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

o f t h e h y d r i d e r e a g e n t . S i m i l a r l y , p h e n o x y m a g n e s i u m h y d r i d e h a s a 

h i g h e r d e g r e e o f m o l e c u l a r a s s o c i a t i o n t h a n 2 , 6 , - d i m e t h y l p h e n o x y m a g n e -

s i u m h y d r i d e , w h i c h c a u s e s t h e s t e r i c r e q u i r e m e n t o f t h e s e h y d r i d e 

r e a g e n t s t o b e i n t h e o r d e r : - ^ 0 ^ - O M g H > ^cT^OMgH > ^ 0 ^ - OMgH > ^ Q ^ » OMgH 

f o r 4 - t e r t - b u t y l c y c l o h e x a n o n e ( 8 2 , 8 3 , 7 6 a n d 67% e q u a t o r i a l a t t a c k ) , 

f o r 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e ( 9 9 . 5 , 9 9 . 5 , 9 9 . 5 a n d 94% e q u a t o r i a l 

a t t a c k ) , f o r 2 - m e t h y l c y c l o h e x a n o n e ( 9 9 , 9 9 , 9 9 a n d 80% e q u a t o r i a l a t t a c k ) 

a n d f o r c a m p h o r ( 9 8 , 9 8 , 9 9 a n d 99% e n d o a t t a c k , r e s p e c t i v e l y ) . When 

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

MgH 2 a n d 2 , 6 - d i - t e r t - b u t y l - 4 - m e t h y l p h e n o x y m a g n e s i u m h y d r i d e t h e r e a p 

p e a r s t o b e a n e q u i l i b r i u m b e t w e e n t h e a l k o x y m a g n e s i u m i n t e r m e d i a t e 

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

f o r t h e M e e r w e i n - P o n n d o r f - V e r l e y r e a c t i o n , w h i c h c a u s e s t h e i s o m e r 

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

0 

MgOR 
( T " \ H 

L_H ••«-•'/( OMgOR ^ 0 
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S t e r e o s e l e c t i v e R e d u c t i o n b y H Mg OR a n d H Mg (NR ) 

T h e new m a g n e s i u m h y d r i d e r e a g e n t s , H 3 M g 2 0 - ^ C T ) ' / H 3 M g 2 0 - ^ 0 

H 3 Mg 2 OMe a n d H 3 M g 2 N ( n - P r ) 2 , w e r e a l l o w e d t o r e a c t w i t h 4 - t e r t - b u t y c y c l o -

h e x a n o n e ( I ) , 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e ( I I ) , 2 - m e t h y l c y c l o h e x a n o n e 

( I I I ) a n d c a m p h o r ( I V ) i n o r d e r t o s t u d y t h e s t e r e o s e l e c t i v i t y o f t h e s e 

new h y d r i d e s . T h e r e s u l t s a r e s u m m a r i z e d i n T a b l e s 2 5 - 2 8 . I t c a n b e 

s e e n t h a t a l l o f t h e H ^ M g ^ R a n d H 3 M g 2 N R 2 c o m p o u n d s r e a c t w i t h a l l f o u r 

k e t o n e s w i t h h i g h s t e r e o s e l e c t i v i t y e s p e c i a l l y i n t h o s e c a s e s w h e r e some 

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

d r a n c e . F o r e x a m p l e , H ^ M g ^ R ( w h e r e R = - ^ 0 ^ ' ^ J ^ a n d C H 3 ^ r e d u c e t n e 

t h r e e s u c h k e t o n e s i n t h i s s t u d y i n n e a r l y 1 0 0 % y i e l d a n d 1 0 0 % s e l e c t i v i 

t y a s a r e s u l t o f e q u a t o r i a l a t t a c k . T h e s e h y d r i d e s r e d u c e d 4 - t e r t -

b u t y l c y c l o h e x a n o n e w i t h much m o r e e q u a t o r i a l a t t a c k ( 6 9 - 9 1 % ) t h a n MgH 2 

( 2 4 % ) o r L i A l H 4 ( 1 0 % ) d i d . E s p e c i a l l y , t h e c o m p o u n d H 3 M g 2 0 ^ 0 ^ , i s o n e 

o f t h e m o s t s t e r e o s e l e c t i v e r e a g e n t s f o u n d , w h i c h g a v e 9 1 % e q u a t o r i a l 

a t t a c k t o w a r d s 4 - t e r t - b u t y l c y c l o h e x a n o n e . 

S t e r e o s e l e c t i v e R e d u c t i o n b y HMgNR 2 

S i m i l a r l y , i t w a s d e s i r e a b l e t o d e t e r m i n e t h e s t e r i c r e q u i r e m e n t s 

t o w a r d s r e d u c t i o n b y t h e n e w l y d i s c o v e r e d d i a l k y l a m i n o m a g n e s i u m h y d r i d e s . 

T o make t h e s e d e t e r m i n a t i o n s , MgH" 2, n - P r 2 N M g H , ( . i - P r ) (Me)NMgH, i - P r 2 N M g H , 

QsfMgH, ^ N M g H a n d ( M e 3 S i ) ( B u )NMgH w e r e p r e p a r e d a n d a l l o w e d t o r e a c t 

w i t h f o u r r e p r e s e n t a t i v e k e t o n e s . T h e r e s u l t s a r e s u m m a r i z e d i n T a b l e s 

3 0 - 3 3 . 

As b e f o r e , t h e s t e r e o s e l e c t i v i t y d e p e n d s o n t h e e f f e c t i v e s t e r i c 

b u l k o f t h e r e d u c i n g a g e n t . T h e e f f e c t i v e s t e r i c b u l k i s i n t u r n d e t e r 

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

among t h o s e s t u d i e d i s t r i m e t h y l s i l y l - t e r t - b u t y l a m i n o m a g n e s i u m h y d r i d e , 

w h i c h r e d u c e d k e t o n e s I , I I , I I I a n d I V t o g i v e t h e t h e r m o d y n a m i c a l l y 

l e s s s t a b l e a l c o h o l i n 7 3 , 9 9 , 9 8 a n d 95% y i e l d s , r e s p e c t i v e l y . 
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CHAPTER I V 

CONCLUSIONS 

MgH^ a n d 2 , 6 - d i i s o p r o p y l p h e n o x y m a g n e s i u m h y d r i d e w e r e f o u n d t o 

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

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

r e d u c t i o n w a s f o u n d t o f o l l o w t h e o r d e r o f b e n z a l d e h y d e > 4 - t e r t - b u t y l 

c y c l o h e x a n o n e > 2,2,6,6-tetra-methyi-trans-4-hepten-3-one> b e n z o y l 

c h l o r i d e > e t h y l b e n z o a t e > 1 - i o d o d e c a n e . I n c o n t r a s t , t h e s e h y d r i d e s 

w e r e f o u n d t o b e i n e r t t o 1 - b r o m o d e c a n e , 1 - c h l o r o d e c a n e , i o d o b e n z e n e , 

1 - o c t e n e a n d p h e n y l e t h y n e . 

T h r e e c l a s s e s o f new m a g n e s i u m h y d r i d e s , HMgOR, H^Mg^OR a n d 

HMgNR^, w e r e a l l o w e d t o r e a c t w i t h t h e r e p r e s e n t a t i v e c y c l i c a n d b i c y -

c l i c k e t o n e s i n o r d e r t o d e t e r m i n e t h e i r s t e r i c r e q u i r e m e n t s a s r e d u c i n g 

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

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

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

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



T a b l e 1 9 . R e a c t i o n s o f M a g n e s i u m H y d r i d e ( I ) a n d 2 , 6 - D i i s o p r o p y l p h e n o x y M a g n e s i u m 
H y d r i d e ( I I ) w i t h Some R e p r e s e n t a t i v e F u n c t i o n a l G r o u p s 

H y d r i d e 
Re a g e n t a 

O r g a n i c 
S u b s t r a t e a 

R e a c t i o n 
C o n d i t i o n P r o d u c t ( s ) a n d Y i e l d ( s ) 

I 1 - I o d o d e c a n e - 4 0 ° C , l h 
0 ° C , l h 
R T , 2 4 h 

n - D e c a n e 
n - D e c a n e 
n - D e c a n e 

( 1 0 ) 
( 4 0 ) 
( 1 0 0 ) 

I I 1 - I o d o d e c a n e - 4 0 ° C , l h 
0 ° C , l h 
R T , 2 4 h 

n - D e c a n e 
n - D e c a n e 
n - D e c a n e 

( 5 ) 
( 2 0 ) 
( 1 0 0 ) 

I 1 - B r o m o d e c a n e R T , 2 4 h n - D e c a n e ( 5 ) 

I I 1 - B r o m o d e c a n e R T , 2 4 h n - D e c a n e ( 5 ) 

I 1 - C h l o r o d e c a n e R T , 2 4 h n - D e c a n e ( 0 ) 

I I 1 - C h l o r o d e c a n e R T , 2 4 h n - D e c a n e ( 0 ) 

I I o d o b e n z e n e R T , 2 4 h B e n z e n e ( 0 ) 

I I I o d o b e n z e n e R T , 2 4 h B e n z e n e ( 0 ) 

I B e n z a l d e h y d e - 4 0 ° C , l h B e n z y l A l c o h o l ( 1 0 0 ) 

I I B e n z a l d e h y d e - 4 0 ° C , l h B e n z y l A l c o h o l ( 1 0 0 ) 

I E t h y l B e n z o a t e - 4 0 ° C , l h B e n z y l A l c o h o l ( 2 5 ) 



T a b l e 1 9 . ( C o n t i n u e d ) 

H y d r i d e 
R e a g e n t a 

O r g a n i c 
S u b s t r a t e a 

R e a c t i o n 
C o n d i t i o n P r o d u c t ( s ) a n d Y i e l d ( s ) 

I I 

I I 

E t h y l B e n z o a t e 

E t h y l B e n z o a t e 

0 ° C , l h B e n z y l A l c o h o l ( 3 2 ) 
R T , 2 4 h B e n z y l A l c o h o l ( 7 9 ) 

- 4 0 ° C , l h B e n z y l A l c o h o l ( 8 ) 
0 ° C , l h B e n z y l A l c o h o l ( 2 6 ) 
R T , 2 4 h B e n z y l A l c o h o l ( 8 2 ) 

I B e n z o n i t r i l e - 4 0 ' °C, l h B e n z o n i t r i l e ( 5 ) B e n z a l d e h y d e ( 1 0 ) B e n z y l A l c o h o l ( 0 ) 
0 ° C , l h B e n z o n i t r i l e ( 3 5 ) B e n z a l d e h y d e ( 1 5 ) B e n z y l A l c o h o l ( 5 ) 
R T , 2 4 h B e n z o n i t r i l e ( 0 ) B e n z a l d e h y d e ( 3 ) B e n z y l A l c o h o l ( 3 2 ) 

I I B e n z o n i t r i l e - 4 0 °C , l h B e n z o n i t r i l e ( 6 0 ) B e n z a l d e h y d e ( 7 ) B e n z y l A l c o h o l ( 0 ) 
0 ° C , l h B e n z o n i t r i l e ( 4 0 ) B e n z a l d e h y d e ( 3 2 ) B e n z y l A l c o h o l ( 2 ) 
R T , 2 4 h B e n z o n i t r i l e ( 0 ) B e n z a l d e h y d e ( S ) B e n z y l A l c o h o l ( 0 ) 

I N i t r o b e n z e n e R T , 2 4 h N i t r o b e n z e n e ( 2 5 ) 

I I N i t r o b e n z e n e R T , 24h N i t r o b e n z e n e ( 2 0 ) 

B e n z o y l C h l o r i d e 

B e n z o y l C h l o r i d e 

- 4 0 ° C , l h B e n z y l A l c o h o l ( 2 0 ) 
0 ° C , l h B e n z y l A l c o h o l ( 4 5 ) 
R T , 24h B e n z y l A l c o h o l ( 8 5 ) 

- 4 0 ° C , l h B e n z y l A l c o h o l ( 1 6 ) 
0 ° C , l h B e n z y l A l c o h o l ( 4 0 ) 
R T , 24h B e n z y l A l c o h o l ( 8 5 ) 



T a b l e 1 9 . ( C o n t i n u e d ) 

H y d r i d e 
R e a g e n t 3 

O r g a n i c 
S u b s t r a t e 3 

R e a c t i o n 
C o n d i t i o n P r o d u c t ( s ) a n d Y i e l d ( s ) 

I 2 , 2 , 6 , 6 - t e t r a -
m e t h y l t r a n s - 4 -
h e p t e n - 3 - o n e 

R T , 2 4 h 1 , 4 P r o d u c t ( 4 ) 1 , 2 , P r o d u c t ( 9 2 ) 

I I 2 , 2 , 6 , 6 - t e t r a -
m e t h y l - t r a n s - 4 -
h e p t e n - 3 - o n e 

R T , 2 4 h 1 , 4 P r o d u c t ( 7 ) 1 , 2 P r o d u c t ( 8 0 ) 

I 1 - O c t e n e R T , 2 4 h No R e a c t i o n 

I P h e n y l a c e t y l e n e R T , 2 4 h No r e a c t i o n 

I 4 - t e r t - b u t y l c y c l o 
h e x a n o n e * 3 

R T , l h 4 - t e r t - b u t y l c y c l o h e x a n o l ( 1 0 0 ) 

I I 4 - t e r t - b u t y l c y c l o 
h e x a n o n e * 3 

R T , l h 4 - t e r t - b u t y l c y c l o h e x a n o l ( 1 0 0 ) 

a . M o l a r r a t i o o f h y d r i d e r e a g e n t t o s u b s t r a t e i s 1 : 1 f o r R e g e n t I ; 2 : 1 f o r R e g e n t I I . 

b . M o l a r r a t i o o f h y d r i d e r e a g e n t t o k e t o n e i s 4 : 1 . 

c . C i s / t r a n s a l c o h o l = 2 4 / 7 6 . 

d . C i s / t r a n s a l c o h o l = 8 3 / 1 7 . 



T a b l e 2 0 . P r e p a r a t i o n o f A l k o x y - M a g n e s i u m H y d r i d e s 

E x p . 
R e a c t a n t s ( m m o l e s ) 
MgH 2 M g ( 0 R ) 2 

R e a c t i o n 
T i m e 

S o l u b i l i t y 
i n THF 

A n a l y s i s ( R a t i o ) 
Mg:H:ROH P r o d u c t 

5 . 5 

5 . 4 

5 . 1 

5 . 0 

4 . 5 

4 . 0 

4 . 2 

4 . 5 

M g ( O C H 3 ) 2 

( 5 . 5 ) 

M g ( O P r 1 ) 2 

( 5 . 3 5 ) 

Mg ( O B U S 2 

( 5 . 0 ) 

M g ( - 0 < V > ) 

M g ( - 0 (OJ ) 
Mg ( - 0 ^ 0 ~ \ ) 
Mg( 

M g ( - O C P h 3 ) 2 

4 0 h 

2 4 h 

2 4 h 

4 8 h 

2 h 

3 h 

2 h 

2 h 

I n s o l u b l e S o l i d 1 . 0 0 : 0 . 9 4 : -

I n s o l u b l e S o l i d 1 . 0 0 : 0 . 9 5 : -

MgH, 

S p a r i n g l y S o l u b l e 
C r y s t a l l i z e d f r o m 
THF 

H i g h l y S o l u b l e 

H i g h l y S o l u b l e 

H i g h l y S o l u b l e 

H i g h l y S o l u b l e 

I n s o l u b l e 

1 . 0 0 : 0 . 9 8 : 1 . 0 3 

1 . 0 0 : 0 . 9 7 : 1 . 0 2 

1 . 0 0 : 0 . 9 8 : 1 . 0 3 

1 . 0 0 : 0 . 9 7 : 1 . 0 4 

1 . 0 0 : 2 . 0 2 : -

HMgOCH. 

HMgOPr 

I n s o l u b l e , G e l a - 1 . 0 0 : 0 . 9 5 : 1 . 0 5 HMgOBu 
t i n u o u s P r e c i p i t a t e 

1 . 0 0 : 0 . 9 6 : 1 . 0 3 HMgO- ^ 0 ^ 

HMgO 

H M g 0 - ^ 0 

H M g o - ^®y~ 

H M g ( 0 - C P h 3 ) ( d i m e r ) 

h i g h l y a s s o i c a t e d 

( d i m e r ) 

( d i m e r ) 

( d i m e r ) 



T a b l e 2 1 . R e a c t i o n s o f 4 - t e r t - B u t y l c y c l o h e x a n o n e w i t h A l k o x y m a g n e s i u m 
H y d r i d e s a t Room T e m p e r a t u r e i n THF S o l v e n t 

M o l a r R a t i o R e a c t i o n R e l a t i v e Y i e l d 
E x p . H y d r i d e s R e a g e n t : K e t o n e T i m e A x i a l - O H E q u a t o r i a l - O H Y i e l d 

1 MgH 2 4 : 1 2 4 h 2 4 7 6 1 0 0 

2 MgH 2 : 1 l h 5 3 4 7 1 0 0 
z 2 4 h 5 3 4 7 1 0 0 

3 MgH 1 : 1 l h 5 6 4 4 9 0 
2 4 h 5 7 4 3 9 2 

4 MgH 1 : 2 l h 6 1 3 9 75 
5h 6 2 3 8 7 7 

2 4 h 4 5 5 5 7 7 

5 CH^OMgH 4 : 1 2 4 h 7 6 2 4 1 0 0 

6 i -P rOMgH 2 : 1 2 4 h 9 9 1 4 5 
4 : 1 2 4 h 1 5 8 5 5 5 

7 t -BuOMgH 4 : 1 2 4 h 6 9 3 1 9 0 

00
 

• Ph 3 C0MgH 4 : 1 2 4 h 7 1 2 9 1 0 0 

9 

(5) -OMgH 

4 : 1 2 4 h 7 6 2 4 1 0 0 

1 0 

(o£ -OMgH 

4 : 1 2 4 h 6 8 3 2 1 0 0 

(o£ -OMgH 

1 : 1 2 4 h 6 0 4 0 9 2 
0 . 5 : 1 2 4 h 1 2 . 5 8 7 . 5 5 5 



T a b l e 21. ( C o n t i n u e d ) 

M o l a r R a t i o R e a c t i o n R e l a t i v e 
i Y i e l d E x p . H y d r i d e s Re a g e n t : K e t o n e T i m e A x i a l - O H E q u a t o r i a l - O H Y i e l d 

11 (o£ -OMgH 4:1 24h 83 17 100 
12 -(o£ -OMgH 4:1 24h 82 18 100 -(o£ -OMgH 

1:1 24 h 80 20 100 
0.5:1 24h 56 44 55 



T a b l e 2 2 . R e a c t i o n s o f 3 , 3 , 5 - T r i m e t h y l c y c l o h e x a n o n e w i t h 
A l k o x y m a g n e s i u m H y d r i d e s a t Room T e m p e r a t u r e 
i n THF S o l v e n t a n d 4:1 M o l a r R a t i o o f R e a g e n t : 
K e t o n e 

R e l a t i v e Y i e l d 
E x p . H y d r i d e A x i a l - O H E q u a t o r i a l - O H Y i e l d 

13 MgH 2 85 15 92 

14 CH^OMgH 99 1 70 

15 i - P r O M g H 65 35 40 

16 t -BuOMgH 99 1 65 

17 P h 3 C 0 M g H 99 1 98 

18 (o) -OMgH < 9 9 . 5 <0.5 100 

19 

(5̂  -OMgH 

94 6 52 

20 < £ ^ -OMgH 9 9 . 5 0.5 100 

21 -(o£ -OMgH < 9 9 . 5 <0.5 100 



1 2 4 

T a b l e 2 3 . R e a c t i o n s o f 2 - M e t h y l c y c l o h e x a n o n e w i t h A l k o x y 
m a g n e s i u m H y d r i d e s a t Room T e m p e r a t u r e i n THF 
S o l v e n t a n d 4 : 1 M o l a r R a t i o o f R e a g e n t : K e t o n e 

R e l a t i v e Y i e l d 
E x p . H y d r i d e A x i a l - O H E q u a t o r i a l - O H Y i e l d 

2 2 MgH 2 3 5 6 5 1 0 0 

2 3 CH^OMgH 9 8 2 9 7 

2 4 i - P r O M g H 6 8 32 3 0 

2 5 t -BuOMgH 9 8 2 9 6 

2 6 Ph 3 COMgH 7 3 2 7 1 0 0 

2 7 ( O ) -OMgH 9 9 1 1 0 0 

2 8 (O£ -OMgH 8 0 2 0 1 0 0 

2 9 ( 0 ^ -OMgH 9 9 1 1 0 0 

3 0 - ( 0 ^ -OMgH 9 9 1 1 0 0 



1 2 5 

T a b l e 2 4 . R e a c t i o n s o f C a m p h o r w i t h A l k o x y m a g n e s i u m H y d r i d e s 
a t Room T e m p e r a t u r e i n THF S o l v e n t a n d 4 : 1 M o l a r 
R a t i o o f R e a g e n t : K e t o n e 

E x p . H y d r i d e 
R e l a t i v e 

Endo-OH 
Y i e l d 

E x o - O H Y i e l d 

3 1 MgH 2 CD
 

9 2 1 0 0 

3 2 CH^OMgH 5 9 5 4 0 

3 3 i - P r O M g H CD
 

9 2 1 5 

3 4 t -BuOMgH 8 9 2 2 0 

3 5 Ph 3 COMgH 5 9 5 1 0 0 

3 6 

(5) -OMgH 

1 9 9 1 0 0 

3 7 ( C ^ -OMgH 1 9 9 1 0 0 

3 8 

(ô  -OMgH 

2 9 8 1 0 0 

3 9 

-{o£ -OMgH 

2 9 8 1 0 0 



T a b l e 2 5 . R e a c t i o n s o f 4 - t e r t - B u t y l c y c l o h e x a n o n e w i t h H 3 M g 2 O R a n d H 3 M g 2 N R 2 i n THF 
1 : 1 M o l a r R a t i o o f R e a g e n t : K e t o n e 

E x p . H y d r i d e 
R e a c t i o n 
C o n d i t i o n 

R e l a t i v e Y i e l d 
A x i a l - O H E q u a t o r i a l - O H Y i e l d 

4 0 H 3 M g 2 0 RT 2 4 h 7 2 2 8 1 0 0 

4 1 H 3 M g 2 0 RT 2 4 h 7 8 2 2 1 0 0 

4 2 H 3 M g 2 0 0 ° C 2 4 h 9 1 9 8 5 

4 3 H 3 M g 2 ° RT 2 4 h 6 9 3 1 1 0 0 

4 4 H 3Mg 2 0 0 ° C 2 4 h 7 4 2 6 1 0 0 

4 5 H 3Mg 20 RT 2 4 h 7 0 3 0 9 8 - 9 9 

4 6 H 3 Mg 2 OMe RT 2 4 h 7 1 2 9 9 5 

4 7 H 3 M g 2 N P r 2

n RT 5 h 
RT 2 4 h 

7 5 
7 5 

2 5 
2 5 

7 0 
7 2 



T a b l e 2 6 . R e a c t i o n s o f 3 , 3 , 5 - T r i m e t h y l c y c l o h e x a n o n e w i t h H3Mg 2 OR a n d 
H 3 M g 2 N R 2 i n T H F , 1 : 1 M o l a r R a t i o o f R e a g e n t : K e t o n e 

R e a c t i o n R e l a t i v e Y i e l d 
E x p . H y d r i d e C o n d i t i o n A x i a l - O H E q u a t o r i a l - O H Y i e l d 

4 8 H 3 M g 2 0 -\6) RT 2 4 h 9 9 . 5 0 . 5 1 0 0 

4 9 H 3 M g 2 0 H^o) RT 2 4 h 1 0 0 0 1 0 0 

5 0 H 3 M 9 2 ° R T 2 4 h 1 0 0 0 1 0 0 

5 1 H 3 M 9 2 ° ° ° C 2 4 h 1 0 0 0 1 0 0 

5 2 H 3 Mg 2 OMe RT 2 4 h 9 9 . 5 0 . 5 9 9 

5 3 H Mg N P r RT 2 4 h 9 9 . 5 0 . 5 8 5 



T a b l e 2 7 . R e a c t i o n o f 2 - M e t h y c y c l o h e x a n o n e w i t h H 3 M g 2 O R a n d H 3 M g 2 N R 2 i n 
T H F , 1 : 1 M o l a r R a t i o o f R e a g e n t : K e t o n e 

E x p . H y d r i d e 
R e a c t i o n 
C o n d i t i o n 

R e l a t i v e Y i e l d 
A x i a l - O H E q u a t o r i a l - O H Y i e l d 

54 

H 3 M g 2 0 -£(5> 

RT 24h 99 1 100 

55 

H 3 M g 2 ° ~̂2) 

RT 24h 99 1 100 

56 H 3 M g 2 0 njo)- RT 24h 100 0 100 

57 H 3 M g 2 0 -^0>- 0°C 24h 100 0 100 

58 

59 

H 3 Mg 2 OMe 

H 3 M g 2 N P r 2 

RT 24h 

RT 24h 

99.5 

99 

0.5 

1 

96 

80 



1 2 9 

T a b l e 2 8 . R e a c t i o n s o f C a m p h o r w i t h H 3 M g 2 O R a n d H 3 M g 2 N R i n 
T H F , 1 : 1 M o l a r R a t i o o f R e a g e n t : K e t o n e 

R e a c t i o n R e l a t i v e Y i e l d 
E x p . H y d r i d e C o n d i t i o n e x o - O H e n d o - O H Y i e l d 

6 0 H 3 M 9 2 ° R T 2 4 h 9 9 1 1 0 0 

6 1 H 3 M 9 2 ° R T 2 4 h 9 9 , 5 ° " 5 1 0 0 

6 2 H 3 M ^ 2 ° R T 2 4 h 9 9 , 5 0 , 5 1 0 0 

6 3 H 3 M g 2 0 -^o)- 0 ° C 2 4 h 9 9 . 5 0 . 5 1 0 0 

6 4 H Mg^OMe RT 2 4 h 9 9 . 5 0 . 5 1 0 0 

6 5 H Mg N P r " RT 2 4 h 9 8 2 6 5 



T a b l e 2 9 . P r e p a r a t i o n o f D i a l k y l a m i n o m a g n e s i u m H y d r i d e s i n THF 

E x p . 
R e a c t a n t s ( m m o l e s ) 
MgH 2 M g ( N R 2 ) 2 

R e a c t i o n 
Time (h ) 

A n a l y s i s ( R a t i o ) 
Mg: H 

P r o b a b l e 
Compound 

S o l u b i l i t y i n THF 

6 . 0 

5 . 8 5 

M g ( N P r 2 ) 2 

( 6 . 0 0 ) 

M g ( N P r 2 ) 2 

( 5 . 9 0 ) 

l h 

l h 

1 . 0 0 : 0 . 9 7 

1 . 0 0 : 0 . 9 6 

HMgNPr, 

HMgNPr, 

H i g h l y s o l u b l e 

H i g h l y s o l u b l e 

5 . 9 0 M g ( N < f A

r ) 
Me 2 

( 5 . 9 0 ) 

3h 1 . 0 0 : 0 . 9 6 HMgN 
^ M e 

N r 1 

L e s s s o l u b l e , c y r s t a l l 
z e d o u t f r o m THF 

6 . 0 0 

6 . 0 0 

5 . 5 0 

M g ( N B u 2 ) 2 

( 5 . 9 5 ) 

M g ( * Q > 2 

( 5 . 9 6 ) 

M g ( N ^ ) ) 2 

( 5 . 5 0 ) 

2h 

3h 

2h 

1 . 0 0 : 0 . 9 7 

1 . 0 0 : 0 . 9 5 

1 . 0 0 : 0 . 9 6 

HMgNBu; 

HMgN^) 

HMgN 

F a i r l y s o l u b l e , c o u l d 
b e c r y s t a l l i z e d f r o m 
THF 

L e s s s o l u b l e , c r y s t a l l 
z e d f r o m THF 

L e s s s o l u b l e , c r y s t a l l 
z e d f r o m THF 



T a b l e 2 9 . ( C o n t i n u e d ) 

E x p . 
R e a c t a n t s ( m m o l e s ) 
MgH 2 M g ( N R 2 ) 2 

R e a c t i o n 
T i m e ( h ) 

A n a l y s i s ( R a t i o ) 
Mg: H 

P r o b a b l e 
Compound 

S o l u b i l i t y i n THF 

t t 

6 . 0 5 M g ( N ' ) 1 . 5 h 1 . 0 0 : 0 . 9 7 HMgN. H i g h l y s o l u b l e i n THF 
S i M e 3

 N S i M e 3 

A l l t h e r e a c t i o n s h a v e b e e n c a r r i e d o u t a t r o o m t e m p e r a t u r e i n THF ( 5 0 - 6 0 m l ) . 



1 3 2 

T a b l e 3 0 . R e a c t i o n s o f 4 - t e r t - B u t y l c y c l o h e x a n o n e w i t h 
D i a l k y l a m i n o m a g n e s i u m H y d r i d e s i n THF a t 
Room T e m p e r a t u r e , 2 4 h , 4 : 1 M o l a r R a t i o a t 
R e a g e n t : K e t o n e 

E x p . H y d r i d e 
R e l a t i v e 
A x i a l - O H 

Y i e l d 
E q u a t o r i a l - O H Y i e l d 

6 6 MgH 2 2 4 7 6 1 0 0 

6 7 n - P r 2 N M g H 6 0 4 0 6 5 

6 8 U - P r ) (Me)NMgH 3 8 6 2 5 0 

6 9 i - P r 2 N M g H 5 7 4 3 6 0 

7 0 s_-Bu 2NMgH 5 9 4 1 5 5 

7 1 ( j M g H 6 3 3 7 3 9 

7 2 <QN-MgH 4 5 5 5 7 0 

Me S i y 

7 3 ^ NMgH 7 3 2 7 7 5 
B u ^ 
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Table 31. Reactions of 3,3,5-Trimethylcyclohexanone with 
Dialkylaminomagnesium Hydrides in THF at Room 
Temperature, 24h, 4:1 Molar Ratio of Reagent: 
Ketone 

Exp. Hydride 
Relative 
Axial-OH 

Yield 
Equatorial-OH Yield 

74 MgH 2 85 15 92 

75 n-Pr 2NMgH 98 2 46 

76 (i-Pr)(Me)NMgH 95 5 29 

77 i-Pr 2NMgH 95 1 75 

78 s-Bu NMgH 99.5 0.5 70 

79 < ^ N M g H 98 2 35 

80 <^N-MgH 94 6 52 

81 
Me 3 8 1 ^ 

^^-NMgH 
Bu 

99 1 82 



1 3 4 

T a b l e 3 2 . R e a c t i o n s o f 2 - M e t h y l c y c l o h e x a n o n e w i t h 
D i a l k y l a m i n o m a g n e s i u m H y d r i d e s i n THF a t 
Room T e m p e r a t u r e , 2 4 h , 4 : 1 M o l a r R a t i o o f 
R e a g e n t : K e t o n e 

E x p . H y d r i d e 
R e l a t i v e 
A x i a l - O H 

Y i e l d 
E q u a t o r i a l - O H Y i e l d 

8 2 MgH 2 3 5 6 5 1 0 0 

8 3 n - P r 2 N M g H 9 0 1 0 2 8 

8 4 ( i - P r ) ( M e ) N M g H 8 0 2 0 4 0 

8 5 i - P r 2 N M g H 9 8 . 5 1 . 5 8 5 

8 6 s_-Bu 2NMgH 9 8 2 6 2 

8 7 9 2 CO
 

4 0 

8 8 ^ ^ - M g H 8 2 1 8 5 8 

8 9 
M e 3 S i x 

NMgH 9 8 2 9 5 
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T a b l e 33. R e a c t i o n s o f C a m p h o r w i t h D i a l k y l a m i n o m a g n e s i u m 
H y d r i d e s i n T H F a t R o o m T e m p e r a t u r e , 2 4 h , 4:1 
M o l a r R a t i o o f R e a g e n t : K e t o n e 

E x p . H y d r i d e 
R e l a t i v e 
E n d o - O H 

Y i e l d 
E x o - O H Y i e l d 

90 M g H 2 8 92 100 

91 n - P r 2 N M g H 13 87 92 

92 U - P r ) (Me)MgH 10 90 15 

93 i_-Pr 2NMgH 7 93 45 

94 s_-Bu 2NMgH 6 94 55 

95 ^JI-MgH 12 88 10 

96 ^ N - M g H 7 93 42 

M e 3 S i x 

97 ^ N M g H 5 95 100 
Bu ^ 
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CHAPTER I 

INTRODUCTION 

B a c k g r o u n d 

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

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

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

b o n d s h a s b e e n known f o r some y e a r s , 1 t h e s y n t h e t i c u t i l i t y o f t h i s 

r e a c t i o n i s s t i l l u n d e r d e v e l o p m e n t . 

R e c e n t l y , h y d r o z i r c o n a t i o n o f a l k e n e s a n d a l k y n e s h a s b e e n shown 

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

3 
B e s i d e s t h e z i r c o n i u m h y d r i d e ( C p 2 Z r H C l ) , L i A l H ^ - c a t a l y t i c Z r C l ^ h a s 

b e e n r e p o r t e d t o r e d u c e t e r m i n a l a l k e n e s a n d L i A l H ^ - s t o i c h i o m e t r i c 

4 

T i C l ^ w a s f o u n d t o b e u s e f u l f o r t h e r e d u c t i o n o f a l k y n e s a n d m o n o -

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

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

M e a n w h i l e , i t i s a l s o i n t e r e s t i n g t o i n v e s t i g a t e o t h e r t r a n s i t i o n 

m e t a l h a l i d e s w h i c h c o u l d b e m o r e r e a c t i v e o r m o r e u s e f u l t h a n t h o s e 

o f z i r c o n i u m a n d t i t a n i u m . 

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

o r g a n i c h a l i d e s t o c o r r e s p o n d i n g h y d r o c a r b o n s . R e c e n t l y , L i A l H ( O C H ^ ) -

5 6 
C u l a n d L iCuHR c o m p o u n d s ( w h e r e R = a l k y l a n d a l k y n y l ) w e r e e v a l u a t e d 
a s r e a g e n t s f o r r e m o v a l o f h a l o a n d m e s y l o x y l g r o u p s . T h e r e a g e n t s , 

7 8 
T i C l 3 ~ M g a n d ( i r -Cp) 2 T i C l 2 ~ M g w e r e u s e d f o r t h e s a m e p u r p o s e a t a l m o s t 

t h e s a m e t i m e b y d i f f e r e n t r e s e a r c h g r o u p s . M o r e r e c e n t l y i n t h i s 
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r e s e a r c h g r o u p , a s e r i e s o f c o m p l e x c o p p e r h y d r i d e s ^ L : " - n

C u H

n + ] _ ) w e r e 

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

9 

g r o u p . H o w e v e r , t h e a b o v e r e a g e n t s w e r e e i t h e r d i f f i c u l t t o p r e p a r e 

o r h a d l o w r e a c t i v i t y t o w a r d h a l i d e r e d u c t i o n . I t w o u l d b e i m p o r t a n t 

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

a n d e c o n o m i c a l l y . 

P u r p o s e 

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

L i A l H ^ t o w a r d t h e r e d u c t i o n o f a l k e n e s , a l k y n e s a n d a l k y l h a l i d e s i s 

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

a n d t h e i n t e r m e d i a t e s o f h y d r o m e t a l a t i o n r e a c t i o n s i s d e s i r e d . 
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CHAPTER I I 

EXPERIMENTAL 

G e n e r a l C o n s i d e r a t i o n s 

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

i n s t r u m e n t s u s e d a r e t h e same a s p r e v i o u s l y d e s c r i b e d i n t h e e x p e r i m e n t a l 

s e c t i o n s o f P a r t I a n d P a r t I I . 

M a t e r i a l s 

T e t r a h y d r o f u r a n ( F i s h e r C e r t i f i e d R e a g e n t G r a d e ) w a s d i s t i l l e d 

u n d e r n i t r o g e n o v e r N a A l H ^ . L i t h i u m a l u m i n u m h y d r i d e s o l u t i o n s w e r e p r e 

p a r e d b y r e f l u x i n g L i A l H ^ ( A l f a I n o r g a n i c s ) i n THF o v e r n i g h t f o l l o w e d b y 

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

t i o n was d e t e r m i n e d b y A l a n a l y s i s . T r a n s i t i o n m e t a l h a l i d e s , T i C l ^ , 

C r C l 3 , M n C l 2 , Z n B r 2 ( F i s h e r ) , V C 1 3 , F e C l 3 , F e C l 2 , C o C l 2 a n d N i C l 2 

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

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

w i t h o u t f u r t h e r p u r i f i c a t i o n . 1 - O c t e n e , 1 - m e t h y l - l - c y c l o h e x e n e , 

s t y r e n e , c i s - 2 - h e x e n e , t r a n s - 2 - h e x e n e , 2 - e t h y l - l - h e x e n e , c y c l o h e x e n e , 

p h e n y l e t h y n e , d i p h e n y l e t h y n e , 1 - o c t y n e a n d 2 - h e x y n e w e r e o b t a i n e d f r o m 

C h e m i c a l S a m p l e Company o r A l d r i c h C h e m i c a l C o m p a n y . H a l i d e s u b s t r a t e s 

w e r e p u r c h a s e d f r o m t h e f o l l o w i n g c o m p a n i e s : i o d o - , b r o m o - , c h l o r o -

a n d f l u o r o d e c a n e , 1 - b r o m o a d a m a n t a n e , i o d o - , b r o m o - , a n d c h l o r o b e n z e n e 

( E a s t m a n ) , c h l o r o - a n d b r o m o c y c l o h e x e n e ( A l d r i c h ) , 3 - b r o m o o c t a n e 

( C o l u m b i a O r g a n i c C h e m i c a l C o m p a n y ) . n - O c t y l t o s y l a t e w a s p r e p a r e d b y 
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the same procedures as described in Part III. 
General Reactions of Alkene, Alkyne and Halide 

A 10 ml Erlenmeyer flask with a teflon coated magnetic stirring 
bar was dried in an oven and allowed to cool under nitrogen flush. 
Transition metal halide (ca. 3 mmole scale for stoichiometric reaction 
and c_a. 1 mmole for catalytic reaction) was transferred to the flask in 
the dry box. The flask was sealed with a rubber septum, removed from 
the box and connected by means of a needle to a nitrogen-filled manifold 
equipped with a mineral oil-filled bubbler. One or two ml THF was in
troduced into the reaction vessel and then the olefin or alkyne added. 
The resulting solution was cooled by means of a dry ice-acetone bath 
before adding the desired amount of LiAlH^. After 10 minutes, the re
action was warmed to the desired temperature (-40°C, -20°C or RT). 
The reaction was quenched by water and worked up by the regular method; 
extracted with THF and dired over MgSO^. Most products were separated 
by glc using a 6 ft. 10% Apiezon L 60-80 S column: 1-octene (110°C, 
oven temperature), 1-methyl-l-cyclohexene (50°C), 2-ethyl-l-hexene 
(50°C), cyclohexene (50°C); a 20 ft. 10% TCEP column for 1-hexene, cis-
2-hexene, trans-2-hexene and 2-hexyne (50°C); a 10 ft. 5% Carbowax 20 M 
column for phenylethyne (90°C) and diphenylethyne (200°C). The yield 
was calculated by using a suitable hydrocarbon internal standard for 
each case and the products were identified by comparing the retention 
times of authentic samples. Yields of cis-stilbene (66.60, vinyl H), 
trans-stilbene (67.10, vinyl H) and 1,2-diphenylethane (62.92 benzyl 
H) were determined by NMR integration and based on total phenyl pro
tons. However, the ratio of cis-stilbene to trans-stilbene was also 
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c h e c k e d b y g l c . T h e y i e l d o f a d a m a n t a n e ( 6 1 . 8 8 a n d 1 . 7 7 ) w a s d e t e r 

m i n e d b y NMR a n d g l c ( A p i e z o n c o l u m n ) . T h e c o m p o u n d , a d a m a n t a n e , w a s 

i s o l a t e d a n d c h a r a c t e r i z e d b y m e l t i n g p o i n t , mp 2 0 6 - 2 1 0 ° C ( l i t . 2 0 5 -

2 1 0 ° C ) a n d m a s s s p e c t r u m , M + 1 3 6 . 5 ( e x p e c t e d 1 3 6 . 2 ) . T h e d e t e r m i n a t i o n 

o f % y i e l d f o r h a l i d e r e a c t i o n s h a s b e e n a l r e a d y d e s c r i b e d i n P a r t 

I I I . 



1 4 3 

CHAPTER I I I 

h a v e n o e m p t y d - o r b i t a l s t o o v e r l a p w i t h t h e o l e f i n a n d Mn (d ) w i t h 

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

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

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

r ow t r a n s i t i o n m e t a l h a l i d e s , a 1 . 0 : 0 . 1 0 : 1 . 0 r a t i o o f L i A l H 4 : m e t a l 

h a l i d e : 1 - o c t e n e w a s u s e d i n r e a c t i o n s 1 1 - 1 8 i n T a b l e 3 5 . T h e r e s u l t s 

show c l e a r l y t h a t 1 - o c t e n e c a n b e r e d u c e d t o n - o c t a n e b y t h e c o m b i n a t i o n 

RESULTS AND D I S C U S S I O N 

R e a c t i o n s o f 1 - O c t e n e 

T h e m o n o s u b s t i t u t e d o l e f i n , 1 - o c t e n e , w a s c h o s e n f o r t h i s 

i n i t i a l s t u d y . T h e r e s u l t s a r e shown i n T a b l e 3 4 . H i g h y i e l d s o f 

o c t a n e a r e o b t a i n e d u s i n g T i C l 3 , C r C l 3 , F e C l 2 , F e C l 3 , C o C l 2 o r N i C l 2 

a n d l i t h i u m a l u m i n u m h y d r i d e . L i A l H ^ - V C l . ^ a n d L i A l H ^ - M n C ^ b o t h h a d 

l o w e r a c t i v i t i e s a n d L i A l H ^ - C u I a n d L i A l H ^ - Z n B r , , h a d n o a c t i v i t y t o w a r d 

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

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

b e d u e t o d - o r b i t a l o v e r l a p b e t w e e n t h e m e t a l a t o m a n d t h e u n s a t u r a t e d 

c a r b o n - c a r b o n b o n d . U n d e r t h i s a s s u m p t i o n , C u I ( d 1 ( ^ ) a n d Z n 1 1 ^ 1 ^ ) 

= + " M - H " > H - M > H M 

d - o r b i t a l 
o v e r l a p 
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o f L i A l H ^ w i t h a c a t a l y t i c a m o u n t o f C o C l 2 , N i C l 2 o r T i C l 3 - T h e same 

r e a c t i o n w a s w e a k l y c a t a l y z e d b y V C l ^ o r C r C l ^ , b u t n o c a t a l y t i c b e 

h a v i o r w a s o b s e r v e d w i t h MnCl , F e C l o r F e C l . 

I n T a b l e 3 6 , t h e r e s u l t s o f r e a c t i o n s w i t h a 1 . 0 : 1 . 0 r a t i o o f 

h y d r i d e : 1 - o c t e n e a r e s h o w n . T h e r e c o v e r y o f 1 - o c t e n e w a s c o n s i d e r e d t o 

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

d u r i n g t h e r e a c t i o n . I n t h e c a s e s o f F e C l 2 a n d T i C l ^ , t h e h y d r o m e t a l a -

t i o n r e a c t i o n s w e r e c o m p l e t e b e f o r e t h e h y d r i d e d e c o m p o s e d . On t h e 

o t h e r h a n d , t h e s e r e s u l t s h a v e d e m o n s t r a t e d t h a t a l l f o u r h y d r o g e n 

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

R e a c t i o n s o f 1 - M e t h y l - l - C y c l o h e x e n e 

T h e t r i s u b s t i t u t e d o l e f i n , 1 - m e t h y l - l - c y c l o h e x e n e w a s a l l o w e d t o 

r e a c t w i t h L i A l H ^ - t r a n s i t i o n m e t a l h a l i d e . T h i s o l e f i n , w h i c h i s s o m e -

2 

w h a t s t e r i c a l l y h i n d e r e d , w a s n o t a f f e c t e d b y h y d r o z i r c o n a t i o n . T a b l e 

3 7 s h o w s t h a t t h i s o l e f i n c a n b e t r a n s f o r m e d t o t h e s a t u r a t e d h y d r o c a r 

b o n b y L i A l H 4 - F e C l 2 i n 2 7 - 3 0 % y i e l d a n d a l s o c a n b e r e d u c e d b y e i t h e r 

L i A l H 4 - C o C l 2 ( 1 : 1 ) o r L i A l H 4 - N i C l 2 ( 1 : 1 ) i n h i g h y i e l d s ( 9 1 - 9 6 % ) . T h e 

s u c c e s s o f r e d u c i n g 1 - m e t h y l c y c l o h e x e n e h a s r e v e a l e d t h a t c o b a l t ( I I ) 

a n d n i c k e l ( I I ) s a l t s p o s s e s s h i g h e r a b i l i t y t h a n i r o n ( I I ) o r o t h e r 

f i r s t r o w t r a n s i t i o n m e t a l h a l i d e s t o w a r d h y d r o m e t a l a t i o n . I t i s a l s o 

i m p o r t a n t t o n o t e t h i s s ame r e a c t i o n c a n n o t b e c a r r i e d o u t c a t a l y t i c a l l y 

u s i n g C o C l 2 , N i C l 2 n o r T i C l 3 -

R e a c t i o n s o f S t y r e n e , 1 - H e x e n e , 2 - E t h y l - l - H e x e n e , C i s - 2 - H e x e n e , 

T r a n s - 2 - H e x e n e a n d C y c l o h e x e n e 

M o n o s u b s t i t u t e d o l e f i n s , s t y r e n e a n d 1 - h e x e n e , w e r e r e d u c e d t o 



1 4 5 

e t h y l b e n z e n e a n d n - h e x a n e i n h i g h y i e l d s b y L i A l H ^ - e q u i v a l e n t m o l a r r a t i o 

o f F e C l 2 o r c a t a l y t i c C o C ^ , N i C ^ o r T i C l ^ a t r o o m t e m p e r a t u r e 2 4 h 

( T a b l e 3 8 ) . D i s u b s t i t u t e d o l e f i n s , s u c h a s 2 - e t h y l - T - h e x e n e , c i s - a n d 

t r a n s - 2 - h e x e n e a n d c y c l o h e x e n e , w e r e a l s o r e d u c e d b y L i A l H ^ - F e C ^ ( 1 : 1 

r a t i o ) . T h e c a t a l y t i c a m o u n t s o f C o C l ^ , N i C l ^ o r T i C l ^ a f f e c t e d t h e 

r e d u c t i o n o f t h e s e d i s u b s t i t u t e d o l e f i n s a t a much s l o w e r r a t e t h a n t h a t 

o f m o n o s u b s t i t u t e d o l e f i n s . H o w e v e r , when t h e s t o i c h i m e t r i c a m o u n t s o f 

C o C l ^ , N i C l ^ o r T i C l ^ w e r e u s e d , t h e r a t e o f t h e r e a c t i o n a c c e l e r a t e d 

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

R e a c t i o n s o f P h e n y l e t h y n e 

T h e t e r m i n a l a l k y n e , p h e n y l e t h y n e , w a s a l l o w e d t o r e a c t w i t h 

L i A l H ^ - t r a n s i t i o n m e t a l h a l i d e s . When t h e t r a n s i t i o n m e t a l w a s V C T ^ , 

C r C T ^ o r M n C l ^ / p h e n y l e t h y n e w a s r e d u c e d t o y i e l d s t y r e n e a n d e t h y l -

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

o f t h e r e a c t i o n ( e x p t s . 7 0 , 7 2 a n d 7 4 ) , s h o w i n g t h e c o m p e t i t i v e r e a c 

t i o n b e t w e e n t h e a l k y n e a n d t h e a l k e n e r e d u c t i o n s . I n a d d i t i o n , t h e 

r a t i o o f L i A l H ^ : m e t a l h a l i d e : s u b s t r a t e s e e m s t o b e i m p o r t a n t i n s u p 

p r e s s i n g s i d e r e a c t i o n s . F o r e x a m p l e , t h e r a t i o o f 1 : 1 : 2 h a d i m p r o v e d 

m a s s b a l a n c e c o m p a r e d t o t h e r a t i o o f 1 : 1 : 3 . 5 . T h e r e a c t i o n o f L i A l H ^ -

F e C l ^ w i t h p h e n y l e t h y n e w a s s t u d i e d c a r e f u l l y , ( e x p t s . 7 5 , 7 6 , 7 7 a n d 

7 8 ) . T h e m a s s b a l a n c e w a s i n c r e a s e d b y d e c r e a s i n g s u b s t r a t e t o r e a g e n t 

r a t i o a s o b s e r v e d i n o t h e r m e t a l h a l i d e c a s e s . When t h e r a t i o i s 1 : 1 : 2 , 

L i A l H ^ : m e t a l h a l i d e : s u b s t r a t e , t h e d e s i r e d p r o d u c t , s t y r e n e o r e t h y l -

b e n z e n e , c a n b e o b t a i n e d b y e a r l y q u e n c h i n g b e f o r e 1 0 m i n u t e r e a c t i o n 

t i m e a t - 4 0 ° C ( 9 2 % s t y r e n e , 0% e t h y l b e n z e n e ) o r l a t e q u e n c h i n g a f t e r 

2 4 h o u r s a t r o o m t e m p e r a t u r e ( 8 5 % e t h y l b e n z e n e , 1% s t y r e n e ) . H o w e v e r , 
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94% e t h y l b e n z e n e c a n a l s o b e r e a c h e d a t t h e r a t i o o f 1 : 1 : a t 2 4 h RT 

r e a c t i o n c o n d i t i o n s . 

F e r r i c c h l o r i d e b e h a v e d i n a s i m i l a r f a s h i o n a s F e C l 2 b u t w i t h a 

l o w e r m a s s b a l a n c e ( e x p t s . 7 9 - 8 0 ) . I t i s a l s o i m p o r t a n t t o n o t e t h a t 

t h e c a t a l y t i c a m o u n t o f N i C l 2 p r o d u c e d t h e s ame r e s u l t s a s a s t o i c h i o 

m e t r i c a m o u n t o f F e C l 2 , s e l e c t i v e l y p r o d u c i n g 94% y i e l d o f s t y r e n e 

u n d e r t h e r e a c t i o n c o n d i t i o n s o f e x p . 8 5 o r 9 9 % y i e l d o f e t h y l b e n z e n e 

i n e x p . 8 6 . 

/ ~ ^ L i A l H 4 - F e C l 2 ( l : l ) 

< ^ > C E C H - 4 0 ° C 1 0 m i n . ( ^ > C = C H 2 ( 9 2 % ) 

L i A l H - F e C l ( 1 : 1 ) / — ^ 

° > C E C H R ^ T T : \ ^ > C H 2 C H 3 ( 9 4 % ) 

L i A l H - N i C l ( 1 : 0 . 1 ) , . 

0 > C i C H - 4 0 ° C 6 0 m i n . ( ^ / C H = C H 2 < 9 4 % ' 

/—i L i A l H - N i C I „ (1:0.1) 
C H C H R T 24 h . — ( ^ / C H 2 C H 3 ( " % ) 

T h e r e a c t i o n o f c a t a l y t i c TiCl^ w a s c o m p a r a b l y s l o w e r a n d r e a c t i o n s o f 

b o t h T i c l 3 a n d C o C l 2 h a d i n f e r i o r s e l e c t i v i t i e s t h a n t h a t o f N i C l 2 . 

R e a c t i o n s o f D i p h e n y l e t h y n e 

T h r e e p r o d u c t s w e r e o b s e r v e d i n r e a c t i o n s w i t h d i p h e n y l e t h y n e ; 

i . e . , c i s - s t i l b e n e , t r a n s - s t i l b e n e a n d 1 , 2 - d i p h e n y l e t h a n e . R e a c t i o n s 

o f L i A l H ^ - V C l ^ , C r C l ^ o r M n C l 2 w i t h d i p h e n y l e t h y n e w e r e s i m i l a r t o t h e 

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

w a s s e e n . H o w e v e r , c i s - s t i l b e n e ( 1 0 0 % s t e r e o s e l e c t i v i t y a n d 86% y i e l d ) 

was o b t a i n e d b y t h e r e a c t i o n o f L i A l H ^ - F e C l , ^ . 
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LiAlH -FeCl (1:1) < ^ V 2 / , H 

( ^ > C 5 C ( ^ Y -40°C lh., RT 3h. , C = C S + P S 
H H H < ^ 0 

( 8 6 % ) (0%) 

< 3 C H 2 C H 2 < V > 

(5%) 

B o t h C o C l ^ a n d N i C l ^ w e r e a l s o s t u d i e d b y v a r y i n g t h e r a t i o o f 

r e a g e n t : s u b s t r a t e , t h e r e a c t i o n t e m p e r a t u r e a n d t h e c a t a l y t i c a b i l i t i e s . 

I n g e n e r a l , c i s - r e d u c t i o n w a s o b s e r v e d when l o w e r r e a c t i o n t e m p e r a t u r e s 

( - 2 0 ° C o r - 4 0 ° C ) a n d s h o r t e r r e a c t i o n t i m e s w e r e e m p l o y e d . S l i g h t 

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

r e a c t i o n t i m e s a t r o o m t e m p e r a t u r e . H o w e v e r , t h e c a t a l y t i c r e a c t i o n 

w i t h N i C ^ P r ° d u c e d 75% c i s - s t i l b e n e , 1 5 % 1 , 2 - d i p h e n y l e t h a n e w i t h 1 0 0 % 

s t e r e o s e l e c t i v i t y f o r t h e c i s r e a c t i o n a f t e r 2 4 h . r e a c t i o n t i m e a t 

r o o m t e m p e r a t u r e . T h e r e a c t i o n o f T i C l ^ a t - 4 0 ° C w a s much s l o w e r t h a n 

e i t h e r N i C l 2 o r C o C l 2 . 

R e a c t i o n s o f 1 - Q c t y n e a n d 2 - H e x y n e 

F o r t h e r e d u c t i o n o f a l i p h a t i c a l k y n e s , L i A l H 4 ~ F e C l 2 ( 1 : 1 ) 

r e a c t e d w i t h 1 - o c t y n e a n d 2 - h e x y n e t o p r o d u c e 1 - o c t e n e , o c t a n e a n d 

c i s - , t r a n s - 2 - h e x e n e a n d h e x a n e , r e s p e c t i v e l y ( T a b l e 4 1 ) . T h i s , t h e n , 

s h o w s l i t t l e s e l e c t i v i t y . R e a c t i o n i n v o l v i n g L i A l H ^ - C o C l , ^ ( 1 : 0 . 1 ) h a d 

s i m i l a r r e s u l t s . H o w e v e r , e x c e l l e n t s e l e c t i v i t y i n r e d u c t i o n o b t a i n e d 

b y t h e r e a g e n t L i A l H 4 ~ N i C l 2 ( 1 : 0 . 1 ) w h i c h r e d u c e d 1 - o c t y n e t o 1 - o c t e n e 

i n 9 9 % y i e l d w i t h o n l y 0 - 1 % o c t a n e f o r m e d a n d r e d u c e d 2 - h e x y n e t o 
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c i s - 2 - h e x e n e i n 9 1 % y i e l d w i t h 0% t r a n s - 2 - h e x e n e a n d 4% h e x a n e . 

R e a c t i o n s o f O r g a n o h a l i d e s 

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

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

p r i m a r y h a l i d e s a n d t o s y l a t e s . F o r e x a m p l e , L i A l H ^ r e d u c e s 1 - i o d o d e 

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

c a r b o n i n 9 2 - 9 8 % y i e l d s , b u t r e d u c e s 1 - c h l o r o d e c a n e i n o n l y 6 8 % y i e l d 

i n a much l o n g e r t i m e a n d e x h i b i t s n o e f f e c t a t a l l i n t h e r e d u c t i o n 

o f b r o m o c y c l o h e x a n e a n d b r o m o b e n z e n e u n d e r t h e same r e a c t i o n c o n d i t i o n s 

( r o o m t e m p e r a t u r e , 2 4 h , s t o i c h i o m e t r i c 1 : 1 m o l a r r a t i o o f L i A l H ^ : 

9 

h a l i d e s u b s t r a t e ) . T h e a d m i x t u r e o f L i A l H ^ - t r a n s i t i o n m e t a l c h l o r i d e 

( V C 1 3 , C r C l 3 , M n C l 2 , F e C l 2 , F e C l 3 , C o C l 2 , N i C l 2 a n d T i C l 3 ) i n s t o i c h i o 

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

h a l i d e i n o r d e r t o c o m p a r e t h e r e a c t i v i t y o f t h e s e m i x e d r e a g e n t s w i t h 
L i A l H . i t s e l f . T h e r e s u l t s a r e shown i n T a b l e 4 2 . 

4 

I n t h e r e a c t i o n s o f 1 - c h l o r o d e c a n e a n d 1 - b r o m o d e c a n e , F e C l 2 , 

C o C l 2 , N i C l 2 a n d T i C l 3 ( s t o i c h i o m e t r i c o r c a t a l y t i c ) show s u p e r i o r 

r e d u c i n g a b i l i t y c o m p a r e d t o t h e o t h e r c a t a l y s t s e v a l u a t e d , i . e . , V C 1 3 , 

C r C l 3 , M n C l 3 a n d F e C l 3 . T h e a d m i x t u r e o f L i A l H 4 - s t o i c h i o m e t r i c V C 1 3 , 

C r C l 3 a n d M n C l 2 r e d u c e d 1 - c h l o r o a n d 1 - b r o m o d e c a n e t o n - d e c a n e i n o n l y 

l o w y i e l d s c o m p a r e d t o t h e r e a c t i o n s i n v o l v i n g F e C l 2 , C o C l 2 , N i C l 2 a n d 

T i C l 3 u n d e r t h e s a m e r e a c t i o n c o n d i t i o n s . F u r t h e r m o r e , L i A l H ^ w i t h 

1 0 m o l e % F e C l 2 , C o C l 2 , N i C l 2 a n d T i C l 3 r e d u c e d 1 - c h l o r o d e c a n e i n 8 5 , 

1 0 0 , 1 0 0 a n d 1 0 0 % y i e l d s , r e s p e c t i v e l y . T h e s e r e s u l t s r e v e a l t h e 

r e l a t i v e c a t a l y t i c a b i l i t y o f t r a n s i t i o n m e t a l c h l o r i d e s , i . e . C o C l 2 , 

N i C l 2 a n d T i C l 3 a r e m o r e e f f e c t i v e c a t a l y s t s t h a n F e C l 2 -
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Since FeCl^ CoCl 2, NiCl 2 and TiCl 3 admixed with LiAlH^ were 
found to be the most effective catalysts for reduction of 1-chloro- and 
1-bromodecane, only these catalysts were used in further studies of 
other halides. Decyliodide was reduced to n-decane in nearly quanti
tative yield by the above transition metal halides, however, fluoro
decane was reduced in only 7-16% yield. n_-Octyl tosylate was reduced 
to n-octane in 98-100% yield by LiAlH^ and a catalytic amount (10 mole 
%) of NiCl 2

 a n d CoCl 2 but in significantly lower yields by FeCl 2 and 
TiCl^. The secondary halide, 3-bromodecane, was also reduced in high 
yield (88-98%) when the transition metal halides were used in stoichio
metric amount. Bromocyclohexane and chlorocyclohexane, which are inert 
to LiAlH^, can be reduced by LiAlH^ with stoichiometric amounts of 
FeCl 2, CoCl 2, NiCl 2 or a catalytic amount (10 mole %) of TiCl 3 to pro
duce cyclohexane in excellent yield (92-100%). However, a catalytic 
amount (10 mole %) of CoCl or NiCl was not effective in the reduction 
of bromocyclohexane. Also, 1-bromoadamantane was reduced to adamantane 
i n q u a n t i t a t i v e yield by all four catalysts. 

Phenyl halides (X = I, Br and CI) were also allowed to react with 
these new reagents. The substrates were reduced in the order l>Br>Cl 
and the superior reagent for the reduction of aromatic halides was found 
to be LiAlH 4:NiCl 2 (1:1) which reduced iodo-, bromo- and chlorobenzene 
to benzene in 100% yield. 

Deuterium Incorporation 
In order to determine the nature of the reaction intermediate of 

alkene reduction by LiAlH^ with transition metal halides, deuterium 
incorporation experiments were carried out by quenching the reaction 
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m i x t u r e s w i t h d e u t e r i u m o x i d e . T h e p r o d u c t s w e r e c o l l e c t e d b y p r e p a r a 

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

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

s p e c t r u m . T h e r e s u l t s a r e s u m m a r i z e d i n T a b l e 4 3 . I n t h e r e a c t i o n i n 

v o l v i n g s t o i c h i o m e t r i c a m o u n t s o f F e C l 2 o r c a t a l y t i c a m o u n t s o f C 0 C I 2 

a n d N i C l 2 , t h e c o n t e n t o f d - o c t a n e w a s o n l y 1 2 - 2 6 % b a s e d on t h e t o t a l 

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

i n c o r p o r a t i o n w a s t h e r e a c t i o n w i t h T i C l ^ ( 9 4 % d - i n c o r p o r a t i o n ) . T h e s e 

r e s u l t s i m p l y t h a t t h e h y d r o m e t a l a t i o n i n t e r m e d i a t e i s n o t s t a b l e u n d e r 

t h e c o n d i t i o n s s t u d i e d e x c e p t i n t h e c a s e o f T i C l ^ . I n o t h e r w o r d s , 

t h e t r a n s m e t a l a t i o n r e a c t i o n f r o m a l k y l t r a n s i t i o n m e t a l t o a l k y l 

a l u m i n u m i n t e r m e d i a t e p r o c e e d e d o n l y i n t h e c a s e o f T i C l ^ . 

• m - . L i A l H 
T i H 1 " " 4 

= 1 H > ~ \ - — > — V + 1 T i H 1 

T i A l H ^ L i 

S e v e r a l e x p e r i m e n t s w e r e a t t e m p t e d t o s t a b i l i z e t h e c a r b o n -

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

m e t a l . I t i s e x p e c t e d t h a t t h e l i g a n d s a r e c a p a b l e o f s t a b i l i z i n g t h e 

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

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

p h o s p h i n e w a s a d d e d t o N i C l 2 , w h i c h r e s u l t e d i n h i g h e r d e u t e r i u m i n c o r 

p o r a t i o n ( 3 7 - 4 2 % ) a n d l o w e r r a t e s o f r e d u c t i o n . O t h e r n i c k e l h a l i d e s , 

c y c l o p e n t a d i e n y l n i c k e l c h l o r i d e ( C p N i C l ) a n d b i s - c y c l o o c t a d i e n y l 

n i c k e l ( ( C O D j ^ N i ) i n t h e p r e s e n c e o f t w o e q u i v a l e n t s o f t r i p h e n y l -

p h o s p h i n e , g a v e 2 7 a n d 47% d e u t e r i u m i n c o r p o r a t i o n , r e s p e c t i v e l y . 
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A l t h o u g h t h e maximum d e u t e r i u m i n c o r p o r a t i o n h a s o n l y r e a c h e d 4 7 % , t h e 

s i g n i f i c a n t i m p r o v e m e n t c o m p a r e d t o N i C ^ s h o w s t h e s t a b i l i t y o f t h e 

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

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

CONCLUSIONS 

R e a c t i o n s o f L i A l H ^ - f i r s t r o w t r a n s i t i o n m e t a l h a l i d e s ( T i C l ^ , 

V C 1 3 , C r C l 3 , M n C l 2 , F e C l 2 , F e C l 3 , C o C l 2 , N i C l 2 , C u l a n d Z n B r 2 ) w i t h t h e 

m o n o s u b s t i t u t e d a l k e n e s ( 1 - o c t e n e , 1 - h e x e n e a n d s t y r e n e ) , d i s u b s t i t u t e d 

a l k e n e s ( 2 - e t h y l - l - h e x e n e , c i s - 2 - h e x e n e , t r a n s - 2 - h e x e n e a n d c y c l o h e x e n e ) , 

a n d t r i s u b s t i t u t e d a l k e n e s ( 1 - m e t h y l - l - c y c l o h e x e n e ) a s w e l l a s t e r m i n a l 

a l k y n e s ( p h e n y l e t h y n e a n d 1 - o c t y n e ) a n d i n t e r n a l a l k y n e s ( d i p h e n y l e t h y n e 

a n d 2 - h e x y n e ) h a v e b e e n s t u d i e d . T h e a b i l i t y o f a l k e n e s t o b e r e d u c e d 

b y L i A l H ^ - t r a n s i t i o n m e t a l h a l i d e w a s f o u n d t o b e i n t h e o r d e r : C o ( I I ) > 

N i ( I I ) > F e ( I I ) » F e ( I I I ) > T i ( I I I ) > C r ( I I I ) > V ( I I I ) > M n ( I I ) > C u ( I ) 

~ Z n ( I I ) . A d m i x t u r e s o f L i A l H ^ - C u I a n d L i A l H ^ - Z n B r , ^ w e r e n o t e f f e c t i v e 

i n a l k e n e r e d u c t i o n . C o C l 2 , N i C l 2 a n d T i C l 3 c a n c a t a l y z e t h e L i A l H ^ 

r e d u c t i o n o f m o n o s u b s t i t u t e d a l k e n e s . v c l 3

 a n d C r C 1 3 n a v e p a r t i a l 

c a t a l y t i c a b i l i t y a n d n o c a t a l y t i c a c t i v i t y w a s o b s e r v e d f o r M n C l 2 , 

F e C l 2 a n d F e C l 3 - C a t a l y s i s i s s l o w e r f o r d i s u b s t i t u t e d a n d t r i s u b s t i -

t u e d a l k e n e s c o m p a r e d t o t h e c o r r e s p o n d i n g m o n o s u b s t i t u t e d c o m p o u n d s . 

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

a l k e n e s a n d a l k a n e s d e p e n d i n g o n t h e t r a n s i t i o n m e t a l h a l i d e u s e d a s a 

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

T h e b e s t r e a g e n t i s L i A l H ^ - N i C ^ f r o m t h e p o i n t o f v i e w o f p r o d u c t 

s e l e c t i v i t y . A c i s r e d u c t i o n m e c h a n i s m w a s i n d i c a t e d f r o m c i s - o l e f i n 

p r o d u c t i s o l a t i o n . . 
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A l k y l h a l i d e s ( 1 ° , 2 ° a n d 3 ° ) a n d a r y l h a l i d e s c a n b e r e d u c e d t o 

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

w i t h L i A l H ^ c o n t a i n i n g a c a t a l y t i c o r s t o i c h i o m e t r i c a m o u n t o f a f i r s t 

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



1 5 4 

T a b l e 3 4 . R e a c t i o n s o f 1 - O c t e n e w i t h L i A l H . - T r a n s i t i o n M e t a l 
H a l i d e s i n 1 . 0 : 1 . 0 : 0 . 5 M o l a r R a t i o o f K L A I H 4 : M e t a l 
H a l i d e : 1 - O c t e n e a t RT 

M e t a l R e a c t i o n 1 - O c t e n e 
E x p . H a l i d e s T i m e a R e c o v e r y (%) O c t a n e (%) 

( 1 ) T i C l 3 1 h 0 9 8 

( 2 ) V C 1 . 1 h 1 0 0 0 
8 h 0 9 3 

( 3 ) C r C l 3 1 h 0 1 0 0 

( 4 ) MnCl 1 h 7 1 2 5 
8 h 5 3 4 0 

( 5 ) F e C l 2 1 h 0 9 8 

( 6 ) F e C l 3 1 h 0 9 8 

( 7 ) C o C l 2 1 h 0 1 0 0 

( 8 ) N i C l 2 1 h 0 1 0 0 

( 9 ) C u l 8 h 9 5 ~ 5 

(10) Z n B r 2 8 h 1 0 0 0 

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



T a b l e 35. R e a c t i o n s o f 1 - O c t e n e w i t h L i A l H 4 ~ T r a n s i t i o n M e t a l 
H a l i d e s i n 1 . 0 : 0 . 1 0 : 1 . 0 M o l a r R a t i o o f L 1 A I H 4 : M e t a l 
H a l i d e : 1 - O c t e n e a t RT 

M e t a l R e a c t i o n 1 - O c t e n e 
E x p . H a l i d e s T i m e R e c o v e r y O c t a n e (%) 

(11) V C I 3 1 8 h 64 42 

(12) C r C l 3 1 8 h 80 19 

(13) M n C l 2 18 h 100 0 

(14) F e C l 2 18 h 95 5 

(15) F e C l 3 18 h 95 5 

(16) C o C l 2 1 8 h 0 98 

(17) N i C l 2 18 h ~ 5 94 

(18) T i C l 3 1 8 h ~ o 95 



T a b l e 36. R e a c t i o n s o f 1 - O c t e n e w i t h L i A l H ^ - T r a n s i t i o n M e t a l 
H a l i d e i n 1 . 0 : 1 . 0 : 4 . 0 M o l a r R a t i o o f L1AIH4 - . M e t a l 
H a l i d e : 1 - O c t e n e a t RT 

E x p . 
M e t a l 
H a l i d e 

R e a c t i o n 
T i m e 

1 - O c t e n e 
R e c o v e r y 1 O c t a n e (%) 

(19) V C 1 3 1 8 h 8 90 

(20) C r C 1 3 18 h 6 9 1 

(21) F e C l 2 18 h ~ o 96 

(22) F e C l 3 18 h 18 80 

(23) C o C l 2 18 h 17 80 

(24) N i C l 2 18 h 17 82 

(25) T i C l 3 1 8 h 0 96 



T a b l e 37. R e a c t i o n s o f 1 - M e t h y l - l - C y c l o h e x e n e w i t h L i A l H . - T r a n s i t i o n M e t a l H a l i d e s a t RT 

E x p . 
M e t a l 
H a l i d e 

M o l a r R a t i o 
L i A l H 4 : M e t a l H a l i d e : S u b s t r a t e 

1 - M e t h y l - C y c l o h e x e n e 
R e c o v e r y (%) 

M e t h y l c y c l o h e x a n e 
(%) 

(26) vci 3 1:1:2 100 0 
(27) C r C l 3 1:1:2 100 0 
(28) M n C l 2 1:1:2 100 0 
(29) F e C l 2 1:1:2 67 27 
(30) F e C l 2 1:1:0.5 70 30 
(31) C o C l 2 1:0.1:2 98 2 
(32) C o C l 2 1:1:0.5 0 96 
(33) C o C l 2 1:1:1 0 91 
(34) N i C l 2 1:0.1:2 100 0 
(35) N i C l 2 1:1:1 0 94 
(36) T i C l 3 1:0.1:2 100 0 
(37) T i C l 3 1:1:1 94 2 



T a b l e 3 8 . R e a c t i o n s o f O t h e r A l k e n e s w i t h L i A l H - T r a n s i t i o n M e t a l H a l i d e s a t RT 

E x p . 
M e t a l 
H a l i d e 

A l k e n e 
S u b s t r a t e 

R e a c t i o n 
C o n d i t i o n 

S u b s t r a t e 
R e c o v e r y (%) 

A l k a n e 
Y i e l d (%) 

( 3 8 ) 
a 

F e C l 2 
S t y r e n e 2 4 h 0 E t h y l b e n z e n e ( 9 5 ) 

( 3 9 ) b 
C o C l 2 

S t y r e n e 2 4 h 5 E t h y l b e n z e n e ( 9 2 ) 

( 4 0 ) b 
N i C l 2 

S t y r e n e 2 4 h 0 E t h y l b e n z e n e ( 9 2 ) 

( 4 1 ) 
T i C 1 3 S t y r e n e 2 4 h 0 E t h y l b e n z e n e ( 9 4 ) 

( 4 2 ) F e C l * 1 - H e x e n e 2 4 h 2 H e x a n e ( 9 7 ) 

( 4 3 ) 
C o C l 2 

1 - H e x e n e 2 4 h 0 H e x a n e ( 9 7 ) 

( 4 4 ) N i C l 2 1 - H e x e n e 2 4 h 0 He x a n e ( 9 7 ) 

( 4 5 ) 
T i C 1 3 

1 - H e x e n e 2 4 h 0 H e x a n e ( 9 6 ) 

( 4 6 ) F e C l * c i s - 2 - H e x e n e 2 4 h 0 H e x a n e ( 9 8 ) 

( 4 7 ) C o C l 2 c i s - 2 - H e x e n e 2 4 h 7 0 H e x a n e ( 3 2 ) 

( 4 8 ) 
C o C 1 2 

c i s - 2 - H e x e n e 2 4 h 0 H e x a n e ( 9 8 ) 

( 4 9 ) N i C 1 2 c i s - 2 - H e x e n e 2 4 h 7 0 H e x a n e ( 2 8 ) 

( 5 0 ) NiCl* c i s - 2 - H e x e n e 2 4 h 3 H e x a n e ( 9 5 ) 

cn CO 



T a b l e 3 8 . ( C o n t i n u e d ) 

E x p . 
M e t a l 
H a l i d e 

A l k e n e 
S u b s t r a t e 

R e a c t i o n 
C o n d i t i o n 

S u b s t r a t e 
R e c o v e r y (%) 

A l k a n e 
Y i e l d (%) 

( 5 1 ) T i C l * c i s - 2 - H e x e n e 2 4 h 8 0 H e x a n e ( 1 8 ) 

( 5 2 ) F e C i a t r a n s - 2 - H e x e n e 2 4 h 0 H e x a n e ( 9 9 ) 

( 5 3 ) C o C i a t r a n s - 2 - H e x e n e 2 4 h 0 H e x a n e ( 9 6 ) 

( 5 4 ) N i C i a t r a n s - 2 - H e x e n e 2 4 h 0 H e x a n e ( 9 5 ) 

( 5 5 ) T i C l a t r a n s - 2 - H e x e n e 2 4 h 1 0 H e x a n e ( 9 0 ) 

( 5 6 ) F e C l a 2 - E t h y l - l - h e x e n e 2 4 h 2 0 3 - M e t h y l h e p t a n e ( 8 0 ) 
4 8 h 0 3 - M e t h y l h e p t a n e ( 9 5 ) 

( 5 7 ) COC12 2 - E t h y l - l - h e x e n e 4 8 h — 3 - M e t h y l h e p t a n e ( 3 5 ) 

( 5 8 ) C o C i a 2 - E t h y l - l - h e x e n e 2 4 h 0 3 - M e t h y l h e p t a n e ( 9 8 ) 

( 5 9 ) N i C l ^ 2 - E t h y l - l - h e x e n e 4 8 h — 3 - M e t h y l h e p t a n e ( 1 5 ) 

( 6 0 ) N i C i a 2 - E t h y l - l - h e x e n e 2 4 h 1 8 3 - M e t h y l h e p t a n e ( 8 2 ) 
z 4 8 h 0 3 - M e t h y l h e p t a n e ( 9 5 ) 

( 6 1 ) T i C l 3 
2 - E t h y l - l - h e x e n e 4 8 h — 3 - M e t h y l h e p t a n e ( 1 0 ) 

( 6 2 ) T i C l ? 2 - E t h y l - l - h e x e n e 2 4 h 1 0 3 - M e t h y l h e p t a n e ( 8 8 ) 
4 8 h 2 3 - M e t h y l h e p t a n e ( 9 4 ) 



T a b l e 3 8 . ( C o n t i n u e d ) 

M e t a l A l k e n e R e a c t i o n S u b s t r a t e A l k a n e 
E x p . H a l i d e S u b s t r a t e C o n d i t i o n R e c o v e r y (%) Y i e l d (%) 

( 6 3 ) F e C l * C y c l o h e x e n e 2 4 h 0 C y c l o h e x a n e ( 9 6 ) 

( 6 4 ) CoC±2 C y c l o h e x e n e 4 8 h 4 5 C y c l o h e x a n e ( 5 5 ) 

( 6 5 ) C o d * C y c l o h e x e n e 2 4 h 0 C y c l o h e x a n e ( 9 6 ) 

( 6 6 ) N i C 1 2 C y c l o h e x e n e 4 8 h 6 0 C y c l o h e x a n e ( 4 0 ) 

( 6 7 ) N i C i * C y c l o h e x e n e 2 4 h 2 C y c l o h e x a n e ( 9 4 ) 

( 6 8 ) T i C l 3 C y c l o h e x e n e 4 8 h 9 5 C y c l o h e x a n e ( 0 ) 

( 6 9 ) T i C l * C y c l o h e x e n e 2 4 h 6 0 C y c l o h e x a n e ( 4 5 ) 
4 8 h 0 C y c l o h e x a n e ( 9 5 ) 

a . T h e m o l a r r a t i o o f L i A l H ^ : m e t a l h a l i d e • . a l k e n e i s 1 . 0 : 1 . , 0 : 2 . 0 . 

b . T h e m o l a r r a t i o o f L i A l H ^ : m e t a l h a l i d e : a l k e n e i s 1 . 0 : 0 . . 1 : 2 . 0 . 



T a b l e 39. R e a c t i o n s o f P h e n y l e t h y n e w i t h L i A l H - T r a n s i t i o n M e t a l H a l i d e s 

M e t a l M o l a r R a t i o R e a c t i o n P h e n y l e t h y n e S t y r e n e E t h y l b e n z e n e 
E x p . H a l i d e L i A l H ^ : M e t a l H a l i d e : S u b s t r a t e C o n d i t i o n R e c o v e r y (%) (%) (%) 

(70) V C 1 , 1:1:3.5 0.5 h 92 5 2 
3 h 50 21 1 3 

24 h 7 40 20 

(71) V C 1 , 1:1:2 1 h 8 8 11 5 
24 h 0 71 32 

(72) C r C l 3 1:1:3.5 0.5 h 19 33 27 

(73) C r C l 0 1:1:2 1 h 0 25 6 2 
24 h 0 7 74 

(74) M n C l _ 1:1:3.5 3 h 5 3 38 8 
z 24 h 0 21 53 

(75) F e C l 2 1:1:3.5 0.5 h 0 37 35 

(76) F e C l 0 1:1:2 1 h 0 14 6 8 
z 24 h 0 ~ 1 85 

(77) F e C l 2 1:1:2 - 4 0 ° C , 1 0 m i n . ~0 92 ~O 

(78) F e C l _ 1:1:1 10 m i n . 0 10 86 
z 24 h 0 0 94 

(79) F e C l 3 1:1:3.5 0.5 h 0 37 51 



T a b l e 3 9 . ( C o n t i n u e d ) 

M e t a l M o l a r R a t i o R e a c t i o n P h e n y l e t h y n e S t y r e n e E t h y l b e n z e n e 
E x p . H a l i d e L i A l H . . - M e t a l H a l i d e : S u b s t r a t e 

4 
C o n d i t i o n R e c o v e r y (%) (%) (%) 

( 8 0 ) F e C l . 1 : 1 : 2 1 h 0 1 0 5 6 
3 2 4 h 0 ~ 1 7 2 

( 8 1 ) C o C l 2 1 : 0 . 1 : 3 . 5 2 4 h 1 0 6 3 1 3 

( 8 2 ) C o C l 1 : 0 . 1 : 2 . 0 - 4 0 ° C , 1 0 m i n . 5 5 3 5 8 
RT 2 4 h 1 5 6 0 2 1 

( 8 3 ) N i C l n 1 : 0 . 1 : 3 . 5 0 . 5 h 0 8 6 ~ 5 
z. 3 h 0 7 7 1 6 

2 4 h 0 6 2 2 6 

( 8 4 ) N i C l 2 1 : 0 . 1 : 2 1 h 0 5 5 4 5 

( 8 5 ) N i C l . 1 : 0 . 1 : 2 - 4 0 ° C / 1 0 m i n . 32 6 2 0 
z. - 4 0 ° C / 3 0 m i n . 1 0 8 8 0 

- 4 0 ° C , 6 0 m i n . ~o 9 4 0 
RT 2 4 h 0 35 6 5 

( 8 6 ) N i C l . 1 : 0 . 1 : 1 1 0 m i n . 0 4 5 5 2 
z. 2 4 h 0 0 9 9 

( 8 7 ) T i C l 3 1 : 0 . 1 : 2 2 4 h 4 2 3 4 5 



T a b l e 40. R e a c t i o n s of D i p h e n y l e t h y n e w i t h L i A l H . - T r a n s i t i o n M e t a l H a l i d e s 

E x p . 
M e t a l 
H a l i d e 

M o l a r R a t i o 
L i A l H 4 : M e t a l H a l i d e : S u b s t r a t e 

R e a c t i o n 
C o n d i t i o n 

S t i l b e n e 
c i s t r a n s 1 , 2 - d i p h e n y l e t h a n e 

(88) vci 3 1:1:1 24 h 26 33 1 3 

(89) C r C l 3 1:1:1 24 h 10 47 37 

(90) M n C l 2 1:1:1 24 h 15 6 2 

(91) F e C l 3 1:1:1 24 h 17 0 81 

(92) F e C l 2 1:1:1 24 h 8 8 79 

(93) F e C l 2 1:1:1 - 4 0 ° C , 1 h 42 0 6 

(94) F e C l 2 1:1:4 - 4 0 ° C , 1 h 
R T , 3 h 

12 
86 

0 
0 

0 
5 

(95) C o C l 2 1:0.1:1 24 h 14 14 7 

(96) C o C l 2 1:0.1:1 - 2 0 ° C , 4 h 
R T , 2 4 h 

24 
1 8 

0 
10 

0 
~o 

(97) C o C l 2 1:1:1 - 4 0 ° C , 1 h 50 t r a c e 35 

(98) C o C l 2 1:1:4 - 2 0 ° C , 1 h 
R T , 1 2 h 

52 
72 

4 
12 

0 
5 

(99) N i C l 2 1:0.1:1 24 h 13 16 5 



T a b l e 4 0 . ( C o n t i n u e d ) 

M e t a l M o l a r R a t i o R e a c t i o n S t i l b e n e 
E x p . H a l i d e L i A l H 4 : M e t a l H a l i d e : S u b s t r a t e C o n d i t i o n c i s t r a n s 1 , 2 - d i p h e n y l e t h a n e 

( 1 0 0 ) N i C l _ 1 : 0 . 1 : 1 - 2 0 ° C / 4 h 8 0 0 
R T , 2 4 h 7 5 0 1 5 

( 1 0 1 ) N i C l 2 1 : 1 : 1 - 4 0 ° C , 1 h 2 3 0 5 2 

( 1 0 2 ) N i C l 0 1 : 1 : 4 - 2 0 ° C , 1 h 4 0 0 0 
R T , 1 2 h 7 5 4 5 

( 1 0 3 ) T i C l 3 1 : 0 . 1 : 1 2 4 h 2 5 9 1 8 

( 1 0 4 ) T i C l 3 1 : 1 : 1 - 4 0 ° C , 1 h 0 0 0 



T a b l e 4 1 . R e a c t i o n s o f O t h e r A l k y n e s w i t h L i A l H - T r a n s i t i o n M e t a l H a l i d e s 

M e t a l A l k y n e R e a c t i o n 
E x p . H a l i d e S u b s t r a t e C o n d i t i o n P r o d u c t s (%> 

( 1 0 5 ) F e C l a 1 - O c t y n e - 4 0 ° C , 1 0 m i n . 1 - O c t e n e ( 8 0 ) , O c t a n e ( 1 6 ) 
2 - 4 0 ° C , 1 h 1 - O c t e n e ( 6 0 ) , O c t a n e ( 3 7 ) 

R T , 4 8 h 1 - O c t e n e ( 0 ) , O c t a n e ( 9 8 ) 

( 1 0 6 ) 
b 

C o C l 9 

1 - O c t y n e - 4 0 ° C , 1 h 1 - O c t e n e ( 7 0 ) , O c t a n e ( 1 7 ) 
R T , 4 8 h 1 - O c t e n e ( 7 3 ) , O c t a n e ( 2 3 ) 

( 1 0 7 ) 
b 

N i C l 0 

1 - O c t y n e - 4 0 ° C , 1 h 1 - O c t e n e ( 9 6 ) , O c t a n e ( 1 ) 
2 R T , 4 8 h 1 - O c t e n e ( 9 9 ) , O c t a n e ( 1 ) 

2 - H e x e n e H e x a n e 
C i s T r a n s 

( 1 0 8 ) F e C l a 2 - H e x y n e - 4 0 ° C , 1 h ( 5 5 ) ( I D ( 4 ) 
2 R T , 2 h ( 1 6 ) ( 1 4 ) ( 6 3 ) 

( 1 0 9 ) C o d ! ? 2 - H e x y n e R T , 2 h ( 4 0 ) ( 5 ) ( 4 ) 
2 R T , 4 8 h ( 8 2 ) ( 4 ) ( 6 ) 

( 1 1 0 ) 
a 

C o C l 0 

2 - H e x y n e - 4 0 ° C , 1 h ( 3 2 ) ( 6 2 ) ( 0 ) 
R T , 2 4 h ( 1 2 ) ( 1 8 ) ( 6 2 ) 

( 1 1 1 ) N i C l ^ 2 - H e x y n e R T , 2 h ( 4 0 ) ( 0 ) ( 6 ) 
2 R T , 2 4 h ( 9 1 ) ( 0 ) ( 4 ) 

( 1 1 2 ) N i C i a 2 - H e x y n e - 4 0 ° C , 1 h ( 8 5 ) ( 0 ) ( 3 ) 
2 - 4 0 ° C , 2 h ( 9 2 ) ( 0 ) ( 5 ) 

R T , 2 4 h ( 1 8 ) ( 2 0 ) ( 5 8 ) 

a , b : S e e n o t e s i n T a b l e 3 8 . 



T a b l e 42. R e d u c t i o n o f H a l i d e s b y L i A l H ^ - T r a n s i t i o n M e t a l 
C h l o r i d e s a t Room T e m p e r a t u r e , i n THF S o l v e n t 

H a l i d e ( 4 ) T r a n s i t i o n M e t a l R e a c t i o n 
E x p . S u b s t r a t e C h l o r i d e (2) T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

(113) 1 - C h l o r o d e c a n e ^ n o n e 24 h n - D e c a n e (68) 
(114) 1 - C h l o r o d e c a n e V C 1 3 24 h n - D e c a n e (75) 
(115) 1 - C h l o r o d e c a n e ^ C r C 1 3 24 h n - D e c a n e (90) 
(116) 1 - C h l o r o d e c a n e ^ M n C l 2 24 h n - D e c a n e (19) 
(117) 1 - C h l o r o d e c a n e ^ F e C l 3 24 h n - D e c a n e (100) 
(118) 1 - C h l o r o d e c a n e ^ F e C l 2 24 h n - D e c a n e (95) 
(119) 1 - C h l o r o d e c a n e ^ P e C l 2

( 3 ) 24 h n - D e c a n e (85) 
(120) 1 - C h l o r o d e c a n e ^ c o c i 2

( 3 ) 24 h n - D e c a n e (100) 
(121) 1 - C h l o r o d e c a n e ^ N i C l 2

( 3 ) 24 h n - D e c a n e (100) 
(122) 1 - C h l o r o d e c a n e ^ TiCl 2< 3 ) 24 h n - D e c a n e (100) 
(123) 1 - B r o m o d e c a n e ^ n o n e 1 h n - D e c a n e (92) 
(124) 1 - B r o m o d e c a n e ^ V C 1 3 1 h n - D e c a n e (40) 



T a b l e 4 2 . ( C o n t i n u e d ) 

Exp. 
H a l i d e ( 4 ) 

S u b s t r a t e 
T r a n s i t i o n M e t a l 
C h l o r i d e ( 2 ) 

R e a c t i o n 
T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

( 1 2 5 ) 1 - B r o m o d e c a n e ^ CrCl 3 1 h n - D e c a n e ( 6 5 ) 

( 1 2 6 ) 1 - B r o m o d e c a n e MnCl 1 h n - D e c a n e ( 4 3 ) 

( 1 2 7 ) 1 - B r o m o d e c a n e ^ Feci 1 h n - D e c a n e ( 5 0 ) 

( 1 2 8 ) 1 - B r o m o d e c a n e ^ FeCl 2 1 h n - D e c a n e ( 1 0 0 ) 

( 1 2 9 ) 1 - B r o m o d e c a n e ^ FeCl ( 3 ) 

2 
1 h n - D e c a n e ( 9 0 ) 

( 1 3 0 ) 1 - B r o m o d e c a n e ^ coci 2 1 h n - D e c a n e ( 9 8 ) 

( 1 3 1 ) 1 - B r o m o d e c a n e ^ C O C I , ^ 1 h n - D e c a n e ( 9 8 ) 

( 1 3 2 ) 1 - B r o m o d e c a n e ^ NiCl 2 1 h n - D e c a n e ( 1 0 0 ) 

( 1 3 3 ) 1 - B r o m o d e c a n e ^ ^ ^ N i C l 2 < 3 ' 1 h n - D e c a n e ( 1 0 0 ) 

( 1 3 4 ) 1 - B r o m o d e c a n e ^ TiCl 3 1 h n - D e c a n e ( 9 6 ) 

( 1 3 5 ) 1 - B r o m o d e c a n e T i c i 3 < 3 » 1 h n - D e c a n e ( 9 8 ) 

( 1 3 6 ) 1 - I o d o d e c a n e n o n e 1 h n - D e c a n e ( 9 8 ) 

( 1 3 7 ) 1 - I o d o d e c a n e FeCl 2 1 h n - D e c a n e ( 9 8 ) 



T a b l e 4 2 . ( C o n t i n u e d ) 

E x p . 

( 4 ) 
H a l i d e 
S u b s t r a t e 

T r a n s i t i o n M e t a l 
C h l o r i d e ( 2 ) 

R e a c t i o n 
T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

( 1 3 8 ) 1 - I o d o d e c a n e 

( 1 3 9 ) 1 - I o d o d e c a n e 

( 1 4 0 ) 1 - I o d o d e c a n e 

( 1 4 1 ) 1 - F l u o r o d e c a n e 

( 1 4 2 ) 1 - F l u o r o d e c a n e 

( 1 4 3 ) 1 - F l u o r o d e c a n e 

( 1 4 4 ) 1 - F l u o r o d e c a n e 

( 1 4 5 ) 1 - F l u o r o d e c a n e 

( 1 4 6 ) n - O c t y l t o s y l a t e 

( 1 4 7 ) n - O c t y l t o s y l a t e 

( 1 4 8 ) n - O c t y l t o s y l a t e 

( 1 4 9 ) n - O c t y l t o s y l a t e 

( 1 5 0 ) n - O c t y l t o s y l a t e 

C o C l . 

N i C l . 

T i C l . 

n o n e 

F e C l . 

C o C l , 

N i C l . 

T i C l . 

n o n e 

F e C l . 

C o C l . 

N i C l . 

T i C l . 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

1 h 

1 h 

1 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

n - D e c a n e 

n - D e c a n e 

n - D e c a n e 

n - D e c a n e 

n - D e c a n e 

n - D e c a n e 

n - D e c a n e 

n - D e c a n e 

n - O c t a n e 

n - O c t a n e 

n - O c t a n e 

n - O c t a n e 

n - O c t a n e 

( 9 8 ) 

( 9 8 ) 

( 1 0 0 ) 

( 0 ) 

( 1 6 ) 

( 1 0 ) 

( 7 ) 

( 9 ) 

( 9 2 ) 

( 2 5 ) 

( 1 0 0 ) 

( 9 8 ) 

( 5 4 ) 



T a b l e 4 2 . ( C o n t i n u e d ) 

E x p . 
H a l i d e ( 4 ) 

S u b s t r a t e 
T r a n s i t i o n M e t a l 
C h l o r i d e ( 2 ) 

R e a c t i o n 
T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

( 1 5 1 ) 3 - B r o m o o c t a n e 

( 1 5 2 ) 3 - B r o m o o c t a n e 

( 1 5 3 ) 3 - B r o m o o c t a n e 

( 1 5 4 ) 3 - B r o m o o c t a n e 

( 1 5 5 ) 3 - B r o m o o c t a n e 

( 1 5 6 ) B r o m o c y c l o h e x a n e 

( 1 5 7 ) B r o m o c y c l o h e x a n e 

( 1 5 8 ) B r o m o c y c l o h e x a n e 

( 1 5 9 ) B r o m o c y c l o h e x a n e 

( 1 6 0 ) B r o m o c y c l o h e x a n e 

( 1 6 1 ) C h l o r o c y c l o h e x a n e 

( 1 6 2 ) C h l o r o c y c l o h e x a n e 

( 1 6 3 ) C h l o r o c y c l o h e x a n e 

n o n e 

F e C l . 

C o C 1 „ 

N i C l „ 

T i C l . 

n o n e 

F e C l , 

C o C l , 

N i C l , 

T i C l . 

n o n e 

F e C l . 

C o C l . 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

n - O c t a n e ( 7 5 ) 

n - O c t a n e ( 9 0 ) 

n - O c t a n e ( 9 8 ) 

n - O c t a n e ( 9 2 ) 

n - O c t a n e ( 8 8 ) 

C y c l o h e x a n e ( 0 ) 

C y c l o h e x a n e ( 9 7 ) 

C y c l o h e x a n e ( 9 9 ) 

C y c l o h e x a n e ( 9 9 ) 

C y c l o h e x a n e ( 1 0 0 ) 

C y c l o h e x a n e ( 0 ) 

C y c l o h e x a n e ( 9 8 ) 

C y c l o h e x a n e ( 9 2 ) 



T a b l e 4 2 . ( C o n t i n u e d ) 

E x p . 
H a l i d e ( 4 ) 

S u b s t r a t e 
T r a n s i t i o n M e t a l 
C h l o r i d e ( 2 ) 

R e a c t i o n 
T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

( 1 6 4 ) C h l o r o c y c l o h e x a n e 

( 1 6 5 ) C h l o r o c y c l o h e x a n e 

( 1 6 6 ) C h l o r o c y c l o h e x a n e 

( 1 6 7 ) C h l o r o c y c l o h e x a n e 

( 1 6 8 ) C h l o r o c y c l o h e x a n e 

( 1 6 9 ) 1 - B r o m o a d a m a n t a n e 

( 1 7 0 ) 1 - B r o m o a d a m a n t a n e 

( 1 7 1 ) 1 - B r o m o a d a m a n t a n e 

( 1 7 2 ) 1 - B r o m o a d a m a n t a n e 

( 1 7 3 ) 1 - B r o m o a d a m a n t a n e 

( 1 7 4 ) C h l o r o b e n z e n e 

( 1 7 5 ) C h l o r o b e n z e n e 

( 1 7 6 ) C h l o r o b e n z e n e 

C o C l . 

N i C l . 

N i C l , 

T i C l . 

T i C l , 

n o n e 

F e C l , 

C o C l . 

N i C l . 

T i C l . 

n o n e 

F e C l , 

C o C l , 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

C y c l o h e x a n e ( 3 ) 

C y c l o h e x a n e ( 9 5 ) 

C y c l o h e x a n e ( 5 ) 

C y c l o h e x a n e ( 9 5 ) 

C y c l o h e x a n e ( 9 5 ) 

A d a m a n t a n e ( 7 0 ) 

A d a m a n t a n e ( 1 0 0 ) 

A d a m a n t a n e ( 1 0 0 ) 

A d a m a n t a n e ( 1 0 0 ) 

A d a m a n t a n e ( 1 0 0 ) 

B e n z e n e ( 0 ) 

B e n z e n e ( 7 2 ) 

B e n z e n e ( 2 5 ) 



T a b l e 4 2 . ( C o n t i n u e d ) 

Exp. 
( 4 ) 

H a l i d e 
S u b s t r a t e 

T r a n s i t i o n M e t a l 
C h l o r i d e ( 2 ) 

R e a c t i o n 
T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

( 1 7 7 ) C h l o r o b e n z e n e 

( 1 7 8 ) C h l o r o b e n z e n e 

( 1 7 9 ) C h l o r o b e n z e n e 

( 1 8 0 ) C h l o r o b e n z e n e 

( 1 8 1 ) B r o m o b e n z e n e 

( 1 8 2 ) B r o m o b e n z e n e 

( 1 8 3 ) B r o m o b e n z e n e 

( 1 8 4 ) B r o m o b e n z e n e 

( 1 8 5 ) B r o m o b e n z e n e 

( 1 8 6 ) B r o m o b e n z e n e 

( 1 8 7 ) B r o m o b e n z e n e 

( 1 8 8 ) I o d o b e n z e n e 

( 1 8 9 ) I o d o b e n z e n e 

C o C l 2 

N i C l 2 

N i C l 2 

T i C l , 

n o n e 

F e C l , 

C o C l , 

C o C l , 

N i C l , 

N i C l , 

T i C l . 

n o n e 

F e C l . 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

3 ) 

( 3 ) 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

2 4 h 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

B e n z e n e 

( 0 ) 

( 1 0 0 ) 

( 0 ) 

( 4 5 ) 

( 0 ) 

( 8 0 ) 

( 7 4 ) 

( 2 3 ) 

( 1 0 0 ) 

( 8 7 ) 

( 9 1 ) 

( 3 8 ) 

( 9 8 ) 



T a b l e 4 2 . ( C o n t i n u e d ) 

( 4 ) 
H a l i d e T r a n s i t i o n M e t a l R e a c t i o n 

E x p . S u b s t r a t e C h l o r i d e ( 2 ) T i m e P r o d u c t ( s ) & Y i e l d ( s ) 

( 1 9 0 ) I o d o b e n z e n e 

( 1 9 1 ) I o d o b e n z e n e 

( 1 9 2 ) I o d o b e n z e n e 

C o C l 2 2 4 h 

N i C l 2 2 4 h 

( 3 ) 
T i c O 2 4 h 

B e n z e n e ( 9 8 ) 

B e n z e n e ( 1 0 0 ) 

B e n z e n e ( 9 2 ) 

( 1 ) A l l r e a c t i o n s a r e c a r r i e d o u t a t - 7 8 ° C f o r 1 0 m i n u t e s , t h e n w a r m e d t o r o o m t e m p e r a 
t u r e by r e m o v i n g t h e c o o l i n g b a t h . T h e r e a c t i o n t i m e w a s c o u n t e d b e g i n n i n g w i t h 
t h e p e r i o d a t - 7 8 ° C . Y i e l d s w e r e d e t e r m i n e d b y g l c u s i n g s u i t a b l e i n t e r n a l s t a n d a r d . 

( 2 ) M o l a r r a t i o o f L i A l H ^ t o t r a n s i t i o n m e t a l c h l o r i d e i s 1 : 1 , e x c e p t when n o t e d . 

( 3 ) 10% m o l a r e q u i v a l e n t 

( 4 ) H a l i d e s u b s t r a t e w a s u s e d i n e q u i v a l e n t m o l a r a m o u n t t o L i A l H ^ e x c e p t when n o t e d . 

( 5 ) H a l i d e s u b s t r a t e w a s i n h a l f e q u i v a l e n t t o L i A l H . 



T a b l e 4 3 . D e u t e r i u m E x p e r i m e n t s i n R e a c t i o n s o f 1 - O c t e n e w i t h L i A l H ^ -
T r a n s i t i o n M e t a l H a l i d e 

T r a n s i t i o n D e u t e r i u m 
M e t a l M o l a r R a t i o o f R e a c t i o n O c t a n e I n c o r p o r a t i o n 
H a l i d e L i A l H 4 : M e t a l H a l i d e C o n d i t i o n Y i e l d (%) (%) 

F e C l . 1 . 0 : 1 . 0 0 ° C , 1 h 1 0 0 2 6 
2. R T , 2 4 h 1 0 0 2 5 

C o C 1 2 
1 . 0 : 0 . 1 0 R T , 2 4 h 1 0 0 1 2 

N i C l 2 1 . 0 : 0 . 1 0 R T , 2 4 h 1 0 0 1 4 

N i C l 2 1 . 0 : 1 . 0 R T , 2 4 h 1 0 0 1 3 

T i C 1 3 
1 . 0 : 0 . 1 0 R T , 2 4 h 1 0 0 9 4 

N i C l 2 ( P h 3 P ) 2 1 . 0 : 0 . 1 0 R T , 2 4 h 4 5 3 7 

N i C l 2 ( P h 3 P ) 2 1 . 0 : 0 . 2 0 R T , 2 4 h 8 0 4 2 

C p N i C l ( P h 3 P ) 2 1 . 0 : 0 . 1 0 R T , 2 4 h 8 5 2 7 

( C O D ) 2 N i ( P h 3 P ) 2 1 . 0 : 0 . 1 0 R T , 2 4 h 9 5 4 7 
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PART V I 

S E L E C T I V E REDUCTION OF ALKYNES BY MgH - C u l AND MgH - C u O - t - B u 
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CHAPTER I 

INTRODUCTION 

B a c k g r o u n d 

O r g a n o c o p p e r r e a g e n t s s u c h a s t h e N o r m a n t r e a g e n t a d d t o u n a c t i -

1 2 

v a t e d p r i m a r y t e r m i n a l a c e t y l e n e s ' ( r e a c t i o n 1 ) . R e c e n t l y , C r a n d a l l 

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

„ C u B r ^ „ _ RCECH w R \ ^ ^ C u « M g B r n . 
RMgBr > R C u ^ M g B r ^ > R ^C=C^ ^ ( 1 ) 

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

3 

f r o m C u l a n d 2 e q u i v a l e n t s o f a p r i m a r y G r i g n a r d r e a g e n t . T h e s e r e a c 

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

2 R M g X - C u l ^ R s / R 1 R \ ^ R ' 
R C = C R ' a > H / C = CC H + H ^ , c = C < R l l ( 2 ) 

1 2 

4 - 9 

v e r s a t i l i t y i n o r g a n i c s y n t h e s i s . H o w e v e r , t h e m a i n r e d u c t i o n p r o 

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

t o r i e s , a v e r y a c t i v e f o r m o f HgH^ h a s b e e n m a d e . T h e c o m b i n a t i o n o f 

MgH^ a n d C u l m i g h t s o l v e t h e r e p o r t e d p r o b l e m o f s i d e p r o d u c t r e a c t i o n . 

P u r p o s e 

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

M g ^ - C u l w i t h a l k y n e s i s t h e p u r p o s e o f t h i s s t u d y . 
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CHAPTER I I 

EXPERIMENTAL 

G e n e r a l C o n s i d e r a t i o n s 

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

i n s t r u m e n t s a r e t h e s ame a s p r e v i o u s l y d e s c r i b e d i n t h e e x p e r i m e n t a l 

s e c t i o n s o f P a r t I a n d P a r t I I . 

M a t e r i a l s 

D i p h e n y l e t h y n e , p h e n y l e t h y n e , 2 - h e x y n e , 1 - o c t y n e , 1 - o c t e n e 

( C h e m i c a l S a m p l e Company) a n d 1 - h e x y n e ( B e a c o n C h e m i c a l I n d u s t r i e s , I n c . ) 

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

T h e s o u r c e s o f C u l a n d MgH 2 a r e t h e s a m e a s d e s c r i b e d i n P a r t I 

a n d P a r t I V , r e s p e c t i v e l y . 

P r e p a r a t i o n o f C u p r o u s t e r t - B u t o x i d e 1 0 

5 0 m m o l e s o f B u L i i n n - h e x a n e a d d e d d r o p w i s e t o a s o l u t i o n o f 

t e r t - b u t a n o l ( 5 0 m m o l e s ) i n THF a n d w a s s t i r r e d f o r 1 h o u r . T h i s s o l u 

t i o n ( c o n t a i n i n g 5 0 m m o l e s o f L i O t - B u ) was a d d e d t o a s l u r r y o f c u p r o u s 

c h l o r i d e ( 4 . 9 5 g ; 5 0 m m o l e s ) i n THF a n d s t i r r e d f o r a n o t h e r 1 h o u r a f t e r 

w h i c h t h e s o l v e n t s w e r e r e m o v e d u n d e r v a c u u m . T h e r e s i d u e w a s s u b l i m e d 

i n v a c u o a t 1 6 0 ° C / 0 . 1 mm t o g i v e y e l l o w i s h c r y s t a l s ( y i e l d , 7 0 % ) . 

A n a l . F o u n d C u : t - B u O H = 1 . 0 0 : 1 . 0 3 . 

G e n e r a l R e a c t i o n s o f M g H 2 ~ C u I w i t h A l k y n e s 

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

P a r t I . A s l u r r y o f MgH„ i n THF w a s s y r i n g e d i n t o t h e m i x t u r e o f 
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alkyne and Cul (or CuO-t-Bu) at -78°C. Then, the temperature was al

lowed to increase to room temperature by removing the cooling bath; a 

deep black color and slight gas evolution were observed at RT. After 

an indicated period (24 or 48 h) the reaction mixture was quenched 

with distilled water, dried over MgSO^, and extracted by several 

portions of THF. Product analyses were carried out by either NMR in

tegration or glc with an internal standard, which have been described 

in Part V. 
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CHAPTER I I I 

R - C = C - H > R - CH=CH 2 ( t h e o n l y p r o d u c t ) 

8 0 - 9 8 % 

( w h e r e R = n - C „ H . n - C H., _ o r P h ) 

t h e o n l y p r o d u c t ( n o t r a n s - a l k e n e o r a l k a n e w a s d e t e c t e d ) i n 8 0 - 9 5 % 

y i e l d . T h e a l k e n e , 1 - o c t e n e , w a s n o t a f f e c t e d b y b o t h r e a g e n t s . 

R - C E C - R ' » R ^ C = C ^ R ' ( t h e o n l y p r o d u c t ) 
H H 

8 0 - 9 5 % 

( w h e r e R = n - C 4 H g , R " = C H 3 o r R = R ' = C 6 H 5 ) 

T h e h i g h s t e r e o s p e c i f i c i t y o f t h e r e a c t i o n o f M g ^ - C u l ( o r C u O - t - B u ) 

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

A c c o r d i n g t o t h e N o r m a n t r e a g e n t ( R C u ^ M g X ^ ) , t h e i n t e r m e d i a t e o f MgH 2 ~ 

C u l ( o r O - t - B u ) m i g h t b e some k i n d o f m a g n e s i u m c o p p e r h y d r i d e , p r e s u m 

a b l y HCu'MgHX ( X = I o r O - t - B u ) . H o w e v e r , t h e d i r e c t e v i d e n c e f o r t h i s 

i n t e r m e d i a t e i s s t i l l a b s e n t . 

RESULTS AND D I S C U S S I O N 

R e s u l t s o f a l k y n e r e d u c t i o n b y t h e r e a g e n t s M g H ^ - C u I o r MgH^-

C u O - t - B u a r e s u m m a r i z e d i n T a b l e 4 4 . T h e t e r m i n a l a l k y n e s , 1 - h e x y n e , 

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

w i t h 1 0 0 % s e l e c t i v i t y (0% a l k e n e ) i n 8 0 - 9 8 % y i e l d . T h e i n t e r n a l 

a l k y n e s , 2 - h e x y n e a n d d i p h e n y l e t h y n e , w e r e c o n v e r t e d t o c i s - a l k e n e a s 
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CHAPTER I V 

CONCLUSIONS 

MgH^-CuI ( o r C u O ^ t - B u ) i s an e x c e l l e n t r e a g e n t f o r s e l e c t i v e 

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

t o t h e c o r r e s p o n d i n g a l k e n e s a n d c i s - a l k e n e s , r e s p e c t i v e l y i n h i g h 

y i e l d . T h e r e a c t i o n i n t e r m e d i a t e i n v o l v e d i n t h i s r e a c t i o n a s w e l l 

a s t h e d e p e n d e n t o f t h e s c o p e o f t h i s r e a c t i o n i s i n p r o g r e s s . 



T a b l e 4 4 . R e d u c t i o n o f A l k y n e s b y MgH - C u l o r MgH - C u O - t - B u i n THF , a t RT 

A l k y n e 
H y d r i d e 
R e a g e n t 

R e a c t i o n 
T i m e 

A l k y n e % 
R e c o v e r e d 

P r o d u c t s (%) 

1 - h e x y n e M g H 2 ~ C u I 4 8 h 0 1 - h e x a n e ( 8 0 ) , h e x a n e ( 0 ) 

1 - h e x y n e MgH 2 ~CuO-- t - •Bu 4 8 h 5 1 - h e x a n e ( 7 8 ) , h e x a n e ( 0 ) 

2 - h e x y n e M g H 2 - C u I 4 8 h 0 c i s - 2 - h e x a n e ( 8 0 ) , t r a n s - 2 - h e x a n e 
( 0 ) , h e x a n e ( 0 ) 

2 - h e x y n e MgH -CuO-- t - •Bu 4 8 h 7 c i s - 2 - h e x a n e ( 8 1 ) , t r a n s - 2 - h e x a n e 
( 0 ) , h e x a n e ( 0 ) 

1 - o c t y n e M g H 2 ~ C u I 4 8 h 5 1 - o c t e n e ( 8 4 ) , o c t a n e ( 0 ) 

1 - o c t y n e MgH -CuO-- t - •Bu 4 8 h 0 1 - o c t e n e ( 9 2 ) , o c t a n e ( 0 ) 

p h e n y l e t h y n e M g H 2 - C u I 2 4 h 0 s t y r e n e ( 9 8 ) , p h e n y l e t h a n e ( 0 ) 

d i p h e n y l -
e t h y n e 

M g H 2 - C u I 2 4 h 0 c i s - s t i b e n e ( 9 5 ) , t r a n s - s t i l b e n e 
( 0 ) , 1 , 2 - d i p h e n y l e t h a n e ( 0 ) 

a . T h e m o l a r r a t i o o f MgH : C u I ( o r C u O - t - B u ) : A l k y n e = 1 . 0 = 1 . 0 : 0 . 2 5 . 
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