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f o r t h e R e a c t i o n ^ ( C H 3 L i ) 4 + - | ( L i C u ( C H 3 ) 2 ) 2 ~ L i 2 C u ( C H 3 ) 3 . . 2 4 4 

7 . C o n c e n t r a t i o n D e p e n d e n c e s o f t h e R e c i p r o c a l M e a n 
1 

E x c h a n g e T i m e s f o r ^ H E x c h a n g e i n t h e C H 3 L i -

L i C u ( C H 3 ) 2 S y s t e m a t - 5 1 ° i n D i e t h y l E t h e r 2 5 7 



X 

L I S T O F T A B L E S ( C o n c l u d e d ) 

T a b l e P a g e 

8 . R e a c t i o n s o f O r g a n o m e t a l l i e 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 ° 2 6 0 



x i 

L I S T O F I L L U S T R A T I O N S 

F i g u r e P a g e 

P A R T I 

1 . D e s c r i p t i o n o f H i g h V a c u u m P o r t i o n o f M e t t l e r 

T h e r m o a n a l y z e r I I 7 

2 . V a c u u m D T A - T G A o f L i 0 Z n H . 3 9 
I 4 

3 . V a c u u m D T A - T G A o f L i Z n H 3 4 3 

4 . V a c u u m D T A - T G A o f K Z n ^ 4 7 

5 . V a c u u m D T A - T G A o f K 0 Z n H . 4 9 

2 4 
6 . D T A - T G A o f K 0 Z n H . u n d e r A r 5 0 

2 4 

7 . V a c u u m D T A - T G A o f K Z n H ^ 5 2 

8 . V a c u u m D T A - T G A o f N a Z n H 3 5 4 

9 . V a c u u m D T A - T G A o f N a Z n ^ 57 

P A R T I I 

1 . I n f r a r e d S p e c t r a o f M i x t u r e s o f L i A l H 4 a n d A 1 H 3 i n 
D i e t h y l E t h e r : ( a ) L i A 1 H 4 ; ( b ) A 1 H 3 ; ( c ) 1 : 1 
L i A l H 4 + A 1 H 3 ; ( d ) 1 : 2 L i A l H 4 + A 1 H 3 ; ( e ) 1 : 3 

L i A l H 4 + A 1 H 3 ; ( f ) 1 : 4 L i A l H 4 + A 1 H 3 7 4 

2 . I n f r a r e d S p e c t r a o f M i x t u r e s o f L i A l H 4 a n d A 1 H 3 i n 
T H F : ( a ) L i A l H 4 ; ( b ) A 1 H 3 ; ( c ) 1 : 1 L i A l H 4 + A 1 H 3 ; 
( d ) 1 : 2 L i A l H 4 + A 1 H 3 ; ( e ) 1 : 3 L i A l H 4 + A 1 H 3 ; 

( f ) 1 : 4 L i A l H 4 + A 1 H 3 7 5 

3 . I n f r a r e d S p e c t r a i n t h e 2 0 0 0 - 1 4 0 0 c m ~ l R e g i o n f o r 

D i e t h y l E t h e r S o l u t i o n s o f ( a ) L i A 1 H 4 ; ( b ) A 1 H 3 ; 

( c ) t h e S u p e r n a t a n t R e m a i n i n g a f t e r t h e R e a c t i o n o f 

L i A l H 4 w i t h B e C l 2 i n 4 : 1 M o l a r R a t i o , " L i A l 2 H 7 " ; 

( d ) t h e S u p e r n a t a n t R e m a i n i n g a f t e r t h e R e a c t i o n o f 

L i A l H 4 w i t h B e C l 2 i n 3 : 1 M o l a r R a t i o , " L i A l - H , " 79 



x i i 

L I S T O F I L L U S T R A T I O N S ( C o n t i n u e d ) 

F i g u r e P a g e 

4 . I n f r a r e d S p e c t r u m o f t h e S o l u t i o n R e s u l t i n g o n 
A d m i x t u r e o f L i H a n d A l H ^ i n 1 : 4 M o l a r R a t i o i n 

D i e t h y l E t h e r 8 0 

5 . V a c u u m D T A - T G A o f P r o p o s e d " L i A l ^ H ^ " 8 1 

6 . V a c u u m D T A - T G A o f L i A l 3 H 1 ( ) 8 2 

7. V a c u u m D T A - T G A o f L i A l , H 1 0 8 3 

4 1 3 
8 . V a c u u m D T A - T G A o f L i A l - H . , , 8 4 

5 16 

9 . V a c u u m D T A - T G A o f L i A l H , 8 5 

4 

10. V a c u u m D T A - T G A o f A1H3 8 6 

11. D T A - T G A o f A1H3 u n d e r S t a t i c A r g o n A t m o s p h e r e 9 0 

12. D T A - T G A o f L i A ^ H ] ^ ( L i A l H 4 + 3 AIH3) u n d e r 

S t a t i c A r g o n A t m o s p h e r e 9 1 

1 3 . D T A - T G A o f L i A l 4 H 1 3 ( L i H + 4 AIH3) u n d e r S t a t i c 

A r g o n A t m o s p h e r e 9 2 

1 4 . D T A - T G A o f M L i A l 2 H 7 " (7 L i A l H 4 + AICI3 -> 
3 L i C l + 4 L i A l 2 H y ) u n d e r S t a t i c A r g o n A t m o s p h e r e 9 4 

P A R T I I I 

1 . I n f r a r e d S p e c t r a o f ( a ) ( C H 3 ) 2 Z n i n T H F , ( b ) AIH3 
i n T H F , ( c ) L i Z n ( C H 3 ) 2 H i n T H F , ( d ) L i Z n ( C H 3 ) 2 A 1 H 4 

i n T H F 128 

2 . I n f r a r e d S p e c t r a o f ( a ) ( C H 3 ) 2 Z n i n T H F , ( b ) AIH3 
i n T H F , ( c ) L i Z n 2 ( C H 3 ) 4 H i n T H F , ( d ) L i Z n 2 ( C H 3 ) 4 -
A1H4 i n T H F 1 3 1 

3 . T h e 1800-1200 c m " 1 R e g i o n o f t h e I n f r a r e d S p e c t r u m 

f o r ( a ) AIH3 i n T H F , ( b ) L i Z n ( C H 3 ) 2 H i n T H F , 

( c ) L i Z n ( C H 3 ) 2 A l H 4 i n T H F , ( d ) L i Z n 2 ( C H 3 ) 4 H i n T H F , 

( e ) L i Z n 2 ( C H 3 ) 4 A l H 4 i n T H F 1 3 2 

4 . 1 H N M R S p e c t r a i n T H F a t 3 5 ° : ( a ) L i Z n ( C H 3 ) 2 A 1 H 4 , 
( b ) L i Z n 2 ( C H 3 ) 4 A l H 4 1 3 5 



x i i i 

L I S T O F I L L U S T R A T I O N S ( C o n t i n u e d ) 

F i g u r e P a g e 

5 . I n f r a r e d S p e c t r a o f S o l u t i o n s O b t a i n e d b y A d d i n g 

L i A l H 4 t o ( C H 3 ) 2 Z n i n T H F : ( a ) ( C H 3 ) 2 Z n ; ( b ) L i A l H 4 ; 

( c ) 1 : 1 L i A l H 4 + ( C H 3 ) 2 Z n ; ( d ) 2 : 3 L i A l H 4 + ( C H 3 ) 2 Z n ; 

( e ) 1 : 2 L i A l H 4 + ( C H 3 ) 2 Z n ; ( f ) L i Z n ( C H 3 ) 2 A 1 H 4 ; 

( g ) L i Z n 2 ( C H 3 ) 4 A l H 4 1 4 1 

6 . I n f r a r e d S p e c t r a o f S o l u t i o n s O b t a i n e d b y A d d i n g 

( C H 3 ) 2 Z n t o L i A l H 4 i n T H F : (a) 1 : 1 ( C H o ) 2 Z n + L i A l H 4 ; 

( b ) 2 : 3 ( C H 3 ) 2 Z n + L i A l H 4 ; ( c ) 1 : 2 ( C H 3 ) 2 Z n + L i A l H 4 

7 . M o l e c u l a r A s s o c i a t i o n V a l u e s f o r L i Z n ( C H 3 ) 2 A 1 H 4 1 4 4 

8 . M o l e c u l a r A s s o c i a t i o n V a l u e s f o r L i Z n 2 ( C H ^ ^ A I H ^ 1 4 5 

9 . 1 H NMR S p e c t r a o f L i Z n ( C H 3 ) 2 A 1 H 4 i n T H F a t V a r i o u s 

C o n c e n t r a t i o n s : ( a ) 0 . 4 8 M , ( b ) 0 . 3 9 M , ( c ) 0 . 1 9 M , 

( d ) 0 . 1 0 M 148 

1 0 . P l o t o f I n K v s l / T f o r t h e R e a c t i o n s : O L i Z n ( C H 3 ) 2 A 1 H 4 « S 

= L i Z n ( C H 3 ) 2 A l H 4 + S Q L i Z n 2 ( C H 3 ) 4 A 1 H 4 • S = L i Z n 2 ( C H 3 ) 4 -

A 1 H 4 + S 1 5 4 

1 1 . I n f r a r e d S p e c t r a o f S u p e r n a t a n t S o l u t i o n s O b t a i n e d b y 

A d d i n g ( C H 3 ) 2 Z n t o L i A l H 4 i n D i e t h y l E t h e r - - R a t i o 

( C H 3 ) 2 Z n : L i A l H 4 ( 1 ) P u r e L i A l H 4 , ( 2 ) 0 . 5 : 1 . 0 , 

( 3 ) 1 . 0 : 1 . 0 , ( 4 ) 1 . 5 : 1 . 0 , ( 5 ) 2 . 0 : 1 . 0 1 6 2 

1 2 . I n f r a r e d S p e c t r a o f S u p e r n a t a n t S o l u t i o n s O b t a i n e d b y 

A d d i n g L i A l H 4 t o ( C T U ) 2 Z n i n D i e t h y l E t h e r - - R a t i o 

L i A l H 4 : ( C H 3 ) 2 Z n ( I ) P u r e ( C H o ) 2 Z n , ( 2 ) 0 . 5 : 1 . 0 , 

( 3 ) 0 . 7 5 : 1 . 0 , ( 4 ) 1 . 0 : 1 . 0 , ( 5 ) 2 . 0 : 1 . 0 - - R e a c t i o n 

T i m e o f F i v e M i n u t e s 1 6 4 

1 3 . I n f r a r e d S p e c t r a o f S u p e r n a t a n t S o l u t i o n O b t a i n e d b y 

A d d i n g L i A l H 4 t o ( C H 3 ) 2 Z n i n D i e t h y l E t h e r - - R a t i o 

L i A l H 4 : ( C H 3 ) 2 Z n ( 1 ) 0 . 5 : 1 . 0 , ( 2 ) 1 . 0 : 1 . 0 , 

( 3 ) 2 . 0 : 1 . 0 - - R e a c t i o n T i m e o f O n e H o u r 167 

1 4 . I n f r a r e d S p e c t r a o f N a Z n ( C H 3 ) 2 H a n d T H F S o l u b l e 

P r o d u c t s f r o m I t s R e a c t i o n w i t h A l H 3 - - ( a ) ( C H 3 ) 2 Z n 

i n T H F , ( b ) N a Z n ( C H 3 ) 2 H i n T H F , ( c ) N a Z n ( C H 3 ) 2 H + A 1 H 3 

i n T H F a f t e r F i v e M i n u t e s , ( d ) N a Z n ( C H 3 ) 2 H + A 1 H 3 i n 

T H F a f t e r 24 H o u r s - - N a A l 2 ( C H 3 ) 4 H 3 1 7 1 

1 5 . I n f r a r e d S p e c t r a o f ( a ) N a Z n 2 ( C H 3 ) 4 H a n d ( b ) N a Z n 2 -

( C H 3 ) 4 A 1 H 4 1 7 2 



L I S T O F I L L U S T R A T I O N S ( C o n t i n u e d ) 

I n f r a r e d S p e c t r a o f S o l u t i o n s O b t a i n e d W h e n ( C H 3 ) 2 Z n 

W a s A d d e d t o N a A l H ^ i n T e t r a h y d r o f u r a n ( a ) N a A l H ^ t o 

( C H 3 ) 2 Z n , 1:1 ( b ) 1 : 2 

I n f r a r e d S p e c t r a o f S o l u t i o n s O b t a i n e d b y A d d i n g 

N a A l H ^ t o ( C H o ) 2 Z n i n T e t r a h y d r o f u r a n - ( a ) 1 : 2 N a A l H ^ 

t o ( C H 3 ) 2 Z n ( b ) 2 : 3 N a A l H 4 t o ( C H 3 ) 2 Z n , ( c ) 1:1 

N a A l H 4 t o ( C H 3 ) 2 Z n 

I n f r a r e d S p e c t r a o f S o l u t i o n s O b t a i n e d b y A d d i n g 

N a A l H 4 t o ( C H 3 ) 2 Z n i n T e t r a h y d r o f u r a n : ( a ) 1:1 N a A l H ^ 

t o ( C H 3 ) 2 Z n a f t e r F i v e M i n u t e s , ( b ) 1:1 N a A l H 4 t o 

( C H 3 ) 2 Z n a f t e r 2 . 5 H o u r s , ( c ) 1:1 N a A l H ^ t o ( C H 3 ) 2 Z n 

a f t e r 28 H o u r s , ( d ) 1:1 NaAlH4 t o ( C H 3 ) 2 Z n a f t e r F o u r 

D a y s , ( e ) 1:1 N a A l H ^ t o ( C H 3 ) 2 Z n a f t e r S e v e n D a y s 

I n f r a r e d S p e c t r a o f K Z n ( C H 3 ) 2 H , t h e P r o d u c t s f r o m I t s 

R e a c t i o n w i t h A1H 3 , a n d t h e P r o d u c t s f r o m t h e R e a c t i o n 

o f KAIH4 w i t h ( C H 3 ) 2 Z n i n T e t r a h y d r o f u r a n : ( a ) K Z n -

( C H 3 ) 2 H i n T H F , ( b ) 1:1 KAIH4 + ( C H 3 ) 2 Z n a f t e r T h r e e 

M i n u t e s , ( c ) 1:1 K Z n ( C H 3 ) 2 H t o A1H 3 a f t e r T h r e e H o u r s , 

( d ) 1:1 KAIH4 + ( C H 3 ) 2 Z n a f t e r T h r e e H o u r s 

I n f r a r e d S p e c t r a o f K Z n 2 ( C H 3 ) 4 H , P r o d u c t s f r o m t h e 
R e a c t i o n o f KAIH4 w i t h ( C H 3 ) 2 Z n i n 1 : 2 R a t i o , a n d P r o d ­
u c t s f r o m t h e R e a c t i o n o f K Z n 2 ( C H 3 ) 4 H w i t h A1H 3 i n T e t r a ­
h y d r o f u r a n : ( a ) 1 : 2 KAIH4 t o ( C H 3 ) 2 Z n a f t e r F i v e M i n u t e s , 
( b ) 1 : 2 KAIH4 t o ( C H 3 ) 2 Z n a f t e r 20 M i n u t e s , ( c ) 1 : 2 KAIH4 
t o ( C H 3 ) 2 Z n a f t e r F o u r H o u r s , ( d ) 2 : 1 K Z n 2 ( C H 3 ) 4 H t o A1H 3 , 

( e ) 1:1 K Z n 2 ( C H 3 ) 4 H t o A1H 3 a f t e r F i v e M i n u t e s , ( f ) 1:1 

K Z n 2 ( C H 3 ) 4 H t o A1H 3 a f t e r F o u r H o u r s , ( g ) 1 : 2 K Z n 2 ( C H 3 ) 4 H 
t o A 1 H 3 ( A 1 ( C H 3 ) 2 H ) , a n d ( h ) K Z n 2 ( C H 3 ) 4 H 

P A R T I V 

6 0 M H z l n NMR a t - 1 3 6 ° i n D i m e t h y l E t h e r f o r S o l u t i o n s o f 

C H 3 L i - C H 3 C u 

P l o t o f I n K v e r s u s l / T f o r t h e R e a c t i o n l / 4 ( C H 3 L i ) 4 + 

l / 2 ( L i C u ( C H 3 ) 2 ) 2 «-> L i 2 C u ( C H 3 ) 3 i n t h e S y s t e m s : 

\ [ C H 3 L i - C H 3 C u i n D i e t h y l E t h e r , QCH3Li-CH3Cu-P(n-Bu)3 

i n D i e t h y l E t h e r 



X V 

L I S T O F I L L U S T R A T I O N S ( C o n c l u d e d ) 

F i g u r e P a g e 

3 . P l o t o f I n K v e r s u s l / T f o r t h e R e a c t i o n l / 4 ( C H 3 L i ) 4 + 

l / 2 ( L i C u ( C H 3 ) 2 ) 2 * • L i 2 C u ( C H 3 ) 3 i n t h e S y s t e m s : 

( ~ \ C H 3 L i - C H 3 C u i n T H F , Q C H 3 L i - C H 3 C u i n D i m e t h y l 

E t f f e r • 2 4 6 

4 . M o l e c u l a r A s s o c i a t i o n D a t a f o r t h e S y s t e m C H 3 L i -
C H 3 C u i n T H F - - R a t i o C H 3 L i / C H 3 C u : [ ~ ] 2 . 8 9 , ( ^ 1 . 0 2 , 

A °- 5 2 • • • • — • • 2 4 7 

5 . M o l e c u l a r A s s o c i a t i o n D a t a f o r t h e S y s t e m C H 3 L i -

C H 3 C u i n D i e t h y l E t h e r - - R a t i o C H 3 L i / C H 3 C u : 

O 2 - 9 1 > O 1 , 0 4 , A 0 * 6 8 2 4 8 

6 . M o l e c u l a r A s s o c i a t i o n D a t a f o r t h e S y s t e m C H 3 L i -

SC u - P ( n - B u ) 3 i n D i e t h y l E t h e r - - R a t i o C ^ L i / C ^ C u : 
2 . 9 3 , Q L . 0 2 , ^ 0 . 5 2 2 4 9 

7 . R e p r e s e n t a t i v e * H S p e c t r a o f t h e C H 3 L i - L i C u ( C H 3 ) 2 

S y s t e m i n D i e t h y l E t h e r 2 5 3 

8 . 1 / T C f o r t h e * H S p e c t r a o f t h e S y s t e m C H 3 L i -
C H 3 C u * P ( n - B u ) 3 i n D i e t h y l E t h e r a t - 5 1 ° a s a F u n c t i o n 

o f [ C H 3 L i ) 4 ] / T ( L i C u ( C H 3 ) 2 ) 2 ] 2 5 6 



x v i 

S U M M A R Y 

P a r t I . T h e S y n t h e s i s a n d C h a r a c t e r i z a t i o n o f C o m p l e x 

M e t a l H y d r i d e s I n v o l v i n g Z i n c a n d t h e A l k a l i 

M e t a l s ( L i , N a , a n d K ) 

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 z i n c w i t h c o m p o s i t i o n 

M Z n H „ , w h e r e M = L i , N a , o r K , h a s b e e n s y n t h e s i z e d b y r e a c t i n g a n 
n m Zxa+n 

a p p r o p r i a t e " a t e " c o m p l e x o f z i n c ( M n Z n m R 2 m + n ) w i t h e i t h e r L i A l H ^ , N a A l H ^ , 

o r A l H ^ . T h e 1 : 1 , 2 : 1 , a n d 3 : 1 c o m p l e x e s o f m e t h y l l i t h i u m a n d d i m e t h y l -

z i n c y i e l d e d L i Z n H - , L i n Z n H , , a n d L i ^ Z n H , . w h e n a l l o w e d t o r e a c t w i t h 

J 3 * 2 4 * 3 5 

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

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

p o t a s s i u m d i m e t h y l h y d r i d o z i n c a t e [ K Z n ( C H 3 ) 2 H ] a n d p o t a s s i u m t e t r a m e t h y l -

h y d r i o d o d i z i n c a t e [ K Z n ^ C H ^ H ] . W h e n e i t h e r K Z n ( C H 3 ) 2 H o r K Z n ^ C H ^ H 

w a s a l l o w e d t o r e a c t w i t h A l H ^ i n t e t r a h y d r o f u r a n , K Z n 2 H ^ r e s u l t e d ; 

w h e r e a s , K Z n H ^ w a s o b t a i n e d f r o m t h e r e a c t i o n o f K Z n ( C H 3 ) 2 H w i t h l i t h i u m 

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

s o d i u m h y d r i d e w i t h d i m e t h y l z i n c g a v e N a Z n H ^ w h e n a l l o w e d t o r e a c t w i t h 

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

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

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

d r i d e s o f a l u m i n u m o r A l H ^ . 

A c o n v e n i e n t a n d e c o n o m i c a l p r e p a r a t i o n o f Z n H 2 i s r e p o r t e d . T h e 

r e a c t i o n o f K H w i t h Z n C l ^ i n 1 : 2 , 1 : 1 , 2 : 1 , a n d 3 : 1 m o l a r r a t i o s h a s b e e n 



x v i i 

i n v e s t i g a t e d . I n t h e s e r e a c t i o n s z i n c h y d r i d e a n d K C 1 a r e i n i t i a l l y 

f o r m e d ; h o w e v e r , t h e K C 1 r e a c t s f u r t h e r w i t h Z n C l 2 t o f o r m K Z n 2 C l , - a n d 

K ^ Z n C l ^ . T h e r e a c t i o n o f N a H w i t h Z n C l ^ i n 1 : 1 m o l a r r a t i o f o r m s o n l y 

Z n H 2 a n d N a C l . L i k e w i s e , t h e r e a c t i o n o f L i H w i t h Z n B r 2 a n d N a H w i t h 

Z n l 2 i n 2 : 1 m o l a r r a t i o p r o d u c e d o n l y Z n H 2 a n d t h e c o r r e s p o n d i n g a l k a l i 

m e t a l h a l i d e . A m o r e t h e r m a l l y s t a b l e f o r m o f Z n H 2 , w h i c h i s a l s o m o r e 

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

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

P a r t I I . A S t u d y C o n c e r n i n g t h e E x i s t e n c e o f C o m p l e x e s 

B e t w e e n L i A l H . a n d A 1 H „ i n E t h e r e a l S o l v e n t s 
4 3 

a n d i n t h e S o l i d S t a t e 

T h e r e a c t i o n b e t w e e n L i A l H , a n d A 1 H „ i n 1 : 1 , 1 : 2 , 1 : 3 , a n d 1 : 4 
4 3 

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

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

w e r e e v a p o r a t e d t o d r y n e s s a n d t h e r e s u l t i n g s o l i d s e x a m i n e d b y D T A - T G A 

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

a r a t i o n o f L i A l 0 H _ . a n d L i A l - H ^ b y t h e r e a c t i o n o f L i A l H , w i t h B e C l 0 a n d 

2 7 3 10 4 2 

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

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

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

w a s a n y e v i d e n c e f o u n 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 A l _ H _ , L i A l „ H i r i , o r 
J 2 7 ' 3 1 0 ' 

a n y c o m p l e x b e t w e e n L i A l H ^ a n d A l H ^ i n e t h e r o r T H F s o l u t i o n o r i n t h e 

s o l i d s t a t e . 



x v i i i 

P a r t I I I . A S t u d y C o n c e r n i n g t h e N a t u r e o f A l k y l - H y d r i d o G r o u p 

E x c h a n g e B e t w e e n Z i n c a n d A l u m i n u m i n t h e R e a c t i o n s o f 

M Z n ( C H 0 ) 0 H w i t h A l a n e a n d M A I H , w i t h 
x 3 2 x 4 

w i t h ( C H 3 ) 2 Z n ( M = L i , N a , o r K ) 

W h e n A l H ^ i s a l l o w e d t o r e a c t w i t h L i Z n ( C H 3 > 2 H a n d L i Z n 2 ( C H 3 ) ^ H i n 

t e t r a h y d r o f u r a n i n 1 : 1 m o l a r r a t i o , L i Z n ( C H 3 ) 2 A 1 H 4 a n d L i Z n 2 ( C H ^ ) ^ A l H ^ 

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

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

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

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

p o u n d s b y t h e r e a c t i o n o f A 1 H 3 w i t h L i Z n ( C H 3 > 2 H a n d L i Z n C C H ^ H i n T H F 

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

W h e n ( C H 3 ) 2 Z n w a s a d d e d t o a T H F s o l u t i o n o f L i A l H ^ i n 2 : 1 , 3 : 2 , 

a n d 1 : 1 m o l a r r a t i o s , L i Z n 2 ( C H 3 ) ^ A 1 H ^ a n d L i Z n ( C H 3 ) 2 A 1 H ^ w e r e f o r m e d a c ­

c o r d i n g t o t h e e q u a t i o n s s h o w n b e l o w . W h e n t h e o r d e r o f a d d i t i o n w a s r e ­

v e r s e d a n d L i A l H ^ w a s a d d e d t o a T H F s o l u t i o n o f ( C H 3 ) 2 Z n i n 1 : 1 , 2 : 3 , 

a n d 1 : 2 m o l a r r a t i o s , L i Z n ( C H 3 ) 2 A 1 H ^ a n d L i Z n 2 ( C H 3 ) 4 A l H 4 w e r e a g a i n f o r m e d 

a c c o r d i n g t o t h e s e e q u a t i o n s : 

2 ( C H 3 ) 2 Z n + L i A l H 4 <-> L i Z n 2 ( C H 3 ) 4 A 1 H 4 

3 ( C H 3 ) 2 Z n + 2 L i A l H 4 <-> L i Z n 2 ( C H ^ A I H ^ + L i Z n ( C H 3 ) 2 A 1 H 4 

( C H 3 ) 2 Z n + L i A l H 4 <-> L i Z n ( C H 3 ) 2 A 1 H 4 

I n f r a r e d a n d "''H NMR s p e c t r o s c o p i c s t u d i e s , a s w e l l a s e b u l l i o s c o p i c 

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

( C H 3 ) 2 A 1 H 4 a s t h e i n t e r m e d i a t e i n v o l v e d i n t h e f o r m a t i o n o f Z n H 2 f r o m t h e 

r e a c t i o n o f L i A l H ^ w i t h ( C H ^ ^ Z n i s d i s c u s s e d i n l i g h t o f t h e s p e c t r o ­

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

T h e r e a c t i o n b e t w e e n l i t h i u m a l u m i n u m h y d r i d e a n d d i m e t h y l z i n c i n 

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

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

t i o n o f t h e r e a c t a n t s . W h e n ( C H ^ ^ Z n w a s a d d e d t o L i A l H ^ , t h e r e a c t i o n 

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

( C H 3 ) 2 Z n + 2 L i A l H 4 -> Z n H 2 + L i A l ( C H 3 ) H 3 

( C H 3 ) 2 Z n + L i A l H 4 - » Z n H 2 + L i A l ( C H 3 ) 2 H 2 

3 ( C H 3 ) 2 Z n + 2 L i A l H 4 - » 3 Z n H 2 + 2 L i A l ( C H 3 ) 3 H 

2 ( C H 0 ) 0 Z n + L i A l H , - » 2 Z n H 0 + L i A l ( C H j , 
3 2 4 2 3 4 

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

t r a l c o m p a r i s o n w i t h t h e p r o d u c t s f o r m e d o n r e d i s t r i b u t i o n o f L i A l H 4 

w i t h L i A l ( C H 3 ) 4 . On t h e o t h e r h a n d , a d d i t i o n o f L i A l H 4 t o ( C H ^ Z n i n 

1 : 2 r a t i o p r o d u c e d t h e s o l u b l e c o m p l e x L i Z n 2 ( C H 3 ) 4 A 1 H 4 . T h e s a m e a d d i t i o n 

i n 1 : 1 r a t i o y i e l d e d a m i x t u r e o f L i Z n H 3 a n d Z n H 2 b y w a y o f t h e i n t e r m e d i ­

a t e L i Z n ( C H 3 ) 2 A 1 H 4 . I n 2 : 1 r a t i o t h e r e a c t i o n g a v e Z n H 2 o n l y . T h e m e ­

c h a n i s m o f t h e r e a c t i o n b e t w e e n L i A l H 4 a n d ( C H 3 ) 2 Z n i s d i s c u s s e d i n l i g h t 

o f t h e s e r e s u l t s . 

W h e n A 1 H 3 w a s a l l o w e d t o r e a c t w i t h N a Z n ( C H 3 > 2 H i n T H F , t h e r e a c ­

t i o n p r o d u c t s w e r e f o u n d t o b e d e p e n d e n t o n t h e i n i t i a l c o n c e n t r a t i o n o f 
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N a Z n C C H ^ ^ H . T h e r e a c t i o n w i t h d i l u t e s o l u t i o n s o f N a Z n C C H ^ ^ H p r o d u c e d 

Z n R ^ ; w h e r e a s N a Z n 2 H , - w a s p r o d u c e d f r o m t h e m o r e c o n c e n t r a t e d s o l u t i o n s . 

T h e r e a c t i o n o f A l H ^ w i t h N a Z n 2 ( C H 3 ) ^ H p r o d u c e d t h e s o l u b l e t r i m e t a l c o m ­

p l e x N a Z n 2 ( C H 3 ) 4 A l H ^ . T h e r e a c t i o n b e t w e e n N a A l H ^ a n d ( C H 3 ) 2 Z n i n 1 :1 

a n d 1 : 2 m o l a r r a t i o s p r o d u c e d N a Z n ( C H 3 ) 2 A 1 H 4 a n d N a Z n 2 ( C H ^ A I H ^ . C o n ­

c e n t r a t e d s o l u t i o n s o f N a Z n ( C H ^ ) 2 A 1 H ^ w e r e f o u n d t o d i s p r o p o r t i o n a t e 

g i v i n g N a Z n 2 I T _ ; w h e r e a s t h e m o r e d i l u t e s o l u t i o n s f o r m e d Z n R ^ . T h e m e ­

c h a n i s m f o r t h e f o r m a t i o n o f K Z n 0 H c o r N a Z n 0 H _ f r o m t h e r e a c t i o n o f A 1 H 0 

Z d z d 5 

w i t h K Z n ( C H 0 ) _ H o r N a Z n ( C H 0 ) 0 H i s d i s c u s s e d i n l i g h t o f t h e r e s u l t s w h i c h 
j> Z o z 

a r e p r e s e n t e d . T h e m e c h a n i s m b y w h i c h K Z n 2 H ^ i s f o r m e d i n t h e r e a c t i o n 

o f K Z n 0 ( C H 0 ) . H w i t h A 1 H 0 i s d i s c u s s e d . 

P a r t I V . T h e C o m p o s i t i o n o f L i t h i u m M e t h y l c u p r a t e s i n 

E t h e r a l S o l v e n t s 

V a r i a b l e t e m p e r a t u r e "'"H NMR o f t h e s y s t e m C H ^ L i - C H ^ C u i n v a r i o u s 

s t o i c h i o m e t r i c r a t i o s h a s b e e n s t u d i e d i n M e 2 0 , E t 2 0 , a n d T H F . I n M e 2 0 

a n d T H F , L i C u ^ C H ^ ) ^ 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 w h e n t h e C H ^ L i i C H ^ C u r a t i o i s 1 : 2 a n d 1 : 1 , r e ­

s p e c t i v e l y . W h e n t h e C H ^ L i ^ H ^ C u r a t i o i s 2 : 1 , L i 2 C u ( C H 3 ) 3 i s f o r m e d i n 

a n e q u i l i b r i u m 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 

i 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 ^ ) ^ , L i C u ( C H 3 ) 2 , a n d 

L i 2 C u ( C H 3 ) 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 . H o w e v e r , 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 . 

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

v a r i a b l e t e m p e r a t u r e NMR a n d m o l e c u l a r a s s o c i a t i o n d a t a . 
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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 ^ ^ 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 C H ^ ^ 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 C H ^ ) ^ c o m p l e x , 

e . g . , L i 9 C u ( C H „ ) „ 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 . 



1 

P A R T I 

T h e S y n t h e s i s a n d C h a r a c t e r i z a t i o n o f C o m p l e x M e t a l H y d r i d e s 

I n v o l v i n g Z i n c a n d t h e A l k a l i M e t a l s ( L i , N a , a n d K ) 



2 

C H A P T E R I 

I N T R O D U C T I O N 

C o m p l e x m e t a l 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 ( e . g . , L i A l H ^ a n d 

N a B H ^ ) h a v e p r o v e n t o b e i n v a l u a b 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 . 

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

1 2 
w i t h a G r o u p I I I A m e t a l d e r i v a t i v e . ' 

4 L i H + A 1 C 1 3 - L i A l H 4 + 3 L i C l ( 1 ) 

4 N a H + ( C H 3 0 ) 3 B - N a B H ^ + 3 N a 0 C H 3 ( 2 ) 

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

o f m a g n e s i u m ( K M g H 3 ) b y t h e h y d r o g e n o l y s i s o f a n " a t e " c o m p l e x o f m a g -

3 
n e s l u m . 

* 2 
K H + ( s - C 4 H 9 ) 2 M g - K M g ( s - C 4 H 9 ) 2 H > K M g H 3 + 2 C 4 H 1 Q ( 3 ) 

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

r e a c t i o n o f K H d i r e c t l y w i t h M g C l ^ ( a n a l o g o u s t o t h e p r e p a r a t i o n o f 

4 

L i A l H 4 ) p r o d u c e s M g H 2 a n d n o t K M g H 3 . T h e p a r t i c u l a r R 2 M g c o m p o u n d u s e d 

[ ( s - B u ^ M g ] i s d i f f i c u l t t o p r e p a r e b u t i t s u s e i s n e c e s s i t a t e d b y t h e 

f a c t t h a t i t i s t h e o n l y k n o w n R 2 M g c o m p o u n d s o l u b l e i n b e n z e n e a n d 



3 

b e n z e n e s o l v e n t i s n e c e s s i t a t e d d u e t o t h e f a c t t h a t M M g l ^ H c o m p o u n d s 

5 6 

( w h e r e M = L i , N a o r K ) c l e a v e e t h e r s o l v e n t s . ' I n a d d i t i o n i t i s 

k n o w n t h a t R - M g c o m p o u n d s c a n b e h y d r o g e n o l y z e d t o H - M g c o m p o u n d s m o s t 

e a s i l y w h e n t h e R g r o u p i s b r a n c h e d i n t h e a p o s i t i o n , s u c h a s i n s - b u t y l -
, 7 

c o m p o u n d s . 
g 

F o r t h i s r e a s o n t h e s y n t h e s i s o f I ^ Z n H ^ a n d N a 2 Z n H ^ , r e p o r t e d 

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

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

4 K H + 3 ( s - C 4 H 9 ) 2 Z n - K £ Z n H 4 + 2 K Z n ( s - C 4 H 9 > 3 ( 4 ) 

i n c l u d 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 z i n c . O u r i n i t i a l p l a n w a 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 o f L i H w i t h d i - s - b u t y l z i n c i n b o t h h y d r o c a r b o n a n d 

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

h y d r i d e s r a n g i n g f r o m lA^LnK^.^ t o L i Z n ^ R ^ H , w h e r e R = s - b u t y l . T h e 

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

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

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

H - Z n b o n d b y h y d r o g e n a t i o n ( s e e E q . 3 ) . 

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

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

r a p i d l y f o r h y d r o g e n a t i o n t o b e a n e f f e c t i v e t o o l f o r R - Z n t o H - Z n c o n ­

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

b e n z e n e . 

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

m e t a l h y d r i d e w i t h t h e G r o u p I I m e t a l h a l i d e ( e . g . , E q . 5 ) . T h i s s c h e m e 

1 2 
i s r e a s o n a b l e s i n c e b o t h N a B H ^ a n d L i A l H ^ c a n b e p r e p a r e d i n t h i s m a n n e r . ' 

3 N a H + Z n C l 2 - N a Z n H 3 + 2 N a C l ( 5 ) 

T h e r e f o r e , a n a t t e m p t w a s m a d e t o p r e p a r e c o m p l e x m e t a l h y d r i d e s o f z i n c 

( e . g . , K Z n H ^ , K ^ n H ^ , K ^ Z n H ^ , e t c . ) b y t h e r e a c t i o n o f a n a l k a l i m e t a l 

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

r e a c t i o n o f K H w i t h M g C l ^ , t h e r e a c t i o n o f K H w i t h Z n C l ^ , N a H w i t h Z n l 2 , 

o r L i H w i t h Z n B r 2 a l l a l l y i e l d Z n H 2 i n s t e a d o f c o m p l e x m e t a l h y d r i d e s 

o f z i n c . 

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

R - Z n t o H - Z n w a s c a r r i e d o u t b y r e a c t i o n o f t h e " a t e " c o m p l e x w i t h L i A l H ^ 

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

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

A t t h e s e t e m p e r a t u r e s M Z n R 2 H a n d M Z n R ^ c o m p o u n d s s h o u l d n o t c l e a v e e t h e r 

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

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

9 
s - b u t y l g r o u p e x c h a n g e . I n a d d i t i o n , S h r i v e r a n d c o - w o r k e r s , i n t h e i r 

L i A l H , 

L i C H 3 + Z n ( C H 3 ) 2 - L i Z n ( C H 3 ) 3 L i Z n H 3 + L i A K C H ^ H ( 6 ) 

N a A l H , 

N a H + Z n ( C H 3 ) 2 - N a Z n ( C H 3 ) £ H =>• N a Z n H 3 + N a A l ( C H 3 ) 2 H 2 ( 7 ) 
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r e p o r t o n t h e p r e p a r a t i o n a n d p r o p e r t i e s o f M Z n l ^ H c o m p o u n d s , s h o w e d t h a t 

L i Z n C C H ^ ^ H a n d N a Z n C C H ^ ^ H a r e b e t t e r d e f i n e d s p e c i e s i n s o l u t i o n t h a n t h e 

h i g h e r a l k y l a n a l o g u e s . 

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

m e t a l h y d r i d e s o f z i n c a r e a s f o l l o w s : ( 1 ) t h e r e a c t i o n s a r e i n s t a n t a n e o u s 

a n d q u a n t i t a t i v e , ( 2 ) n o e t h e r c l e a v a g e p r o d u c t s a r e f o r m e d , ( 3 ) h i g h p r e s ­

s u r e h y d r o g e n a t i o n i s n o t r e q u i r e d , a n d ( 4 ) m e t h y l - m e t a l c o m p o u n d s i n 

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

h y d r o c a r b o n s o l v e n t . 



6 

C H A P T E R I I 

E X P E R I M E N T A L 

A p p a r a t u 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 . F i l t r a t i o n s a n d 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 s e 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 . ^ 

I n f r a r e d s p e c t r a w e r e o b t a i n e d u s i n g a P e r k i n E l m e r 6 2 1 S p e c t r o ­

p h o t o m e t e r . S o l i d s w e r e r u n a s N u j o l m u l l s b e t w e e n C s l p l a t e s . S o l u ­

t i o n s w e r e r u n i n m a t c h e d 0 . 1 0 mm p a t h l e n g t h N a C l c e l l s . X - r a y p o w d e r 

d a t a w e r e o b t a i n e d o n a P h i l i p s - N o r e l c o X - r a y u n i t u s i n g a 1 1 4 . 6 mm c a m e r a 

w i t h n i c k e l f i l t e r e d C u K ^ r a d i a t i o n . S a m p l e s w e r e s e a l e d i n 0 . 5 mm c a p i l ­

l a r i e s a n d e x p o s e d t o x - r a y s f o r s i x h o u r s . D - s p a c i n g s w e r e r e a d o n a 

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

e s t i m a t e d v i s u a l l y . A 3 0 0 m l M a g n e - D r i v e a u t o c l a v e ( A u t o c l a v e E n g i n e e r s , 

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

t h e r m a l g r a v i m e t r i c ( D T A - T G A ) d a t a w e r e o b t a i n e d u n d e r v a c u u m w i t h a m o d i ­

f i e d M e t t l e r T h e r m o a n a l y z e r I I . A d i a g r a m o f t h e v a c u u m l i n e a t t a c h e d t o 

t h e b a l a n c e c h a m b e r i s s h o w n i n F i g u r e 1 . O p e r a t i o n o f t h e D T A - T G A u n d e r 

v a c u u m w i t h t h e U - t r a p b e t w e e n R ^ a n d t h e pump c o o l e d t o l i q u i d n i t r o g e n 

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

c o n d e n s a b l e e v o l v e d g a s e s b y u s e o f t h e g a u g e s J - a n d J 9 . T h e U - s h a p e d 
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t u b e c a n a l s o b e u s e d a s a n a n a l y t i c a l d e v i c e t o s e p a r a t e t h e c o n d e n s e d 

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

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

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

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

c o n s t r u c t e d t o a l l o w t h e u s e o f t h e D T A - T G A u n d e r v a r i o u s c o n d i t i o n s : 

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

t h e c h a m b e r b y V a n d l e a v e s t h r o u g h r ^ o r a n d r ^ ; o p e n , c l o s e d . ' ' " 

A n a l y t i c a l 

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 o e p l e r p u m p . " ^ 

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

c a l i b r a t e d v o l u m e . A l k a l i m e t a l s w e r e 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 . 

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

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

t r a t i n g t h e z i n c w i t h E D T A . Z i n c a l o n e w a s d e t e r m i n e d b y E D T A t i t r a t i o n . 

H a l o g e n s w e r e 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 . 

M a t e r i a l s 

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

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

o f t - b u t y l l i t h i u m a t 4 0 0 0 p s i g f o r 24 h o u r s . S o l u t i o n s o f l i t h i u m a n d 

s o d i u m a l u m i n u m h y d r i d e ( V e n t r o n , M e t a l H y d r i d e D i v i s i o n ) w e r e p r e p a r e d 

i n b o t h 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 i n t h e u s u a l m a n n e r . D i m e t h y l -

1 2 
a n d d i - s - b u t y l z i n c w e r e p r e p a r e d b y t h e p r o c e d u r e o f N o l l e r . M e t h y l 
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a n d s - b u t y l i o d i d e s w e r e o b t a i n e d f r o m F i s h e r S c i e n t i f i c . T h e i o d i d e s 

w e r e d r i e d o v e r a n h y d r o u s M g S O ^ a n d d i s t i l l e d p r i o r t o u s e . Z i n c - c o p p e r 

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

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

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

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

s u r e . M e t h y l l i t h i u m ( m a d e f r o m C H ^ C l ) w a s o b t a i n e d a s a 5 % s o l u t i o n i n 

e t h e r f r o m M a t h e s o n , C o l e m a n , a n d B e l l a n d s t o r e d a t - 2 0 ° u n t i l r e a d y t o 

u s e . T e t r a h y d r o f u r a n a n d b e n z e n e ( 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 e r e 

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 ^ 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 ) 

o v e r l i t h i u m a l u m i n u m h y d r i d e . U l t r a - p u r e h y d r o g e n ( 9 9 . 9 9 9 5 % ) o b t a i n e d 

f r o m t h e M a t h e s o n C o r p o r a t i o n w a s u s e d f o r h y d r o g e n a t i o n e x p e r i m e n t s . 

A l a n e 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 100% H 2 S ° 4 w i t ^ L i A l H

4

 i n T H F . 

I ^ S O ^ 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 a l i t h i u m f r e e s o l u t i o n o f A l H ^ i n 

1 3 

T H F w a s o b t a i n e d . 

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

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

t i m e s w i t h g e n e r o u s p o r t i o n s o f b e n z e n e , t h e n s e v e r a l t i m e s w i t h T H F t o 

r e m o v e s o l u b l e i m p u r i t i e s . T h e r e s u l t i n g s o l i d , w h i l e s t i l l u n d e r T H F , 

w a s t r a n s f e r r e d t o a r o u n d b o t t o m f l a s k a n d m o r e T H F w a s a d d e d . 

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

F i s h e r S c i e n t i f i c . Z i n c c h l o r i d e w a s f u s e d u n d e r v a c u u m i n o r d e r t o m a k e 

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

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

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

s t o r e d i n t h e d a r k . 

P r o c e d u r e 

R e a c t i o n s I n v o l v i n g ( s - C . H r i ) _ Z n 
4 9 2 

R e a c t i o n o f L i H a n d ( s - C ^ H ^ ^ Z n i n B e n z e n e . D i - s - b u t y l z i n c ( 6 6 m -

m o l e s ) i n b e n z e n e w a s a d d e d t o a s l u r r y o f L i H ( 6 6 m m o l e s ) i n b e n z e n e . 

A f t e r s t i r r i n g f o r o n e w e e k , t h e m i x t u r e w a s f i l t e r e d . T h e f i l t r a t e 

s h o w e d a Z n : s - b u t y l r a t i o o f 1 : 1 . 9 8 , b u t n o l i t h i u m o r h y d r i d i c h y d r o g e n 

w a s f o u n d . A n a l y s i s o f t h e s o l i d s h o w e d a L i : Z n : H r a t i o o f 1 0 : 1 : 7 . 

R e a c t i o n o f L i H a n d ( s - C ^ H ^ Z n i n T H F . D i - b u t y l z i n c ( 2 7 . 9 m m o l e s ) 

i n T H F w a s a d d e d t o 2 7 . 9 m m o l e s o f a L i H s l u r r y i n T H F . T h e m i x t u r e w a s 

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

e x h i b i t e d a L i : Z n : s - C ^ H g : H r a t i o o f 1 . 0 0 : 0 . 9 6 : 1 . 8 8 : 0 . 3 2 . G a s c h r o m a t o g ­

r a p h y o f t h e h y d r o l y s a t e s h o w e d a l a r g e b u t a n o l p e a k d u e t o e x t e n s i v e T H F 

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

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

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

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

s i b l e t o r e m o v e a l l t h e T H F a n d d i s s o l v e t h e r e s i d u e i n a n o n - c l e a v i n g 

s o l v e n t , s u c h a s b e n z e n e . 

R e a c t i o n o f L i H a n d ( s - C . H Q ) 0 Z n i n D i e t h y l E t h e r . D i - s - b u t y l z i n c 

4 y c. 

( 2 8 m m o l e s ) i n d i e t h y l e t h e r w a s a d d e d t o a s l u r r y o f 28 m m o l e s o f L i H i n 

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

f i l t r a t e s h o w e d a L i : Z n r a t i o o f 0 . 2 0 : 1 . 0 0 . T h e s o l i d e x h i b i t e d a L i : Z n : H 
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r a t i o o f 1 . 0 0 : 0 . 0 6 : 0 . 9 7 . T h e r e a c t i o n w a s r e p e a t e d u n d e r r e f l u x c o n d i ­

t i o n s f o r t w o w e e k s . S t i l l l i t t l e r e a c t i o n o c c u r r e d . 

R e a c t i o n o f L i Z n ( s - C . H _ ) „ H w i t h L i A l H . i n T H F . P r e p a r a t i o n o f 
4 9 2 4 

L i 2 Z n H ^ . L i t h i u m h y d r i d e s l u r r y ( 5 . 4 9 m m o l e s ) i n T H F w a s a d d e d t o 5 . 4 9 

m m o l e s o f d i - s - b u t y l z i n c i n T H F . T h i s m i x t u r e w a s s t i r r e d u n t i l a l l t h e 

l i t h i u m h y d r i d e d i s s o l v e d ( a b o u t 2 1 h o u r s ) ; t h e 8 . 1 1 m m o l e s o f L i A l H ^ i n 

T H F w a s a d d e d r a p i d l y . A f t e r f i v e m i n u t e s a w h i t e s o l i d b e g a n t o a p p e a r ; 

a f t e r 30 m i n u t e s t h e m i x t u r e h a d a s l i g h t l y g r a y , t h i c k , m i l k y a p p e a r a n c e . 

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

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

t e m p e r a t u r e i n v a c u o . A n a l . C a l c d . f o r L i 2 Z n H 4 : L i , 1 6 . 7 ; Z n , 7 8 . 5 ; H , 

4 . 8 5 . F o u n d : L i , 1 6 . 3 ; Z n , 7 9 . 5 ; H , 4 . 1 1 . T h e m o l a r r a t i o o f L i : Z n : H 

i s 1 . 9 3 : 1 . 0 0 : 3 . 3 6 . T h e f i l t r a t e c o n t a i n e d 8 . 5 0 m m o l e s o f a l u m i n u m , 3 . 4 0 

m m o l e s o f z i n c , a n d 1 0 . 3 1 m m o l e s o f l i t h i u m . T h e a m o u n t o f L i 2 Z n H ^ r e ­

c o v e r e d w a s 2 . 0 9 m m o l e s o f a t h e o r e t i c a l 2 . 7 5 m m o l e s . T h e x - r a y p o w d e r 

d i f f r a c t i o n d a t a a r e g i v e n i n T a b l e 1 . T h e i n f r a r e d s p e c t r u m o f t h e 

- 1 
s o l i d p r o d u c t ( N u j o l m u l l ) s h o w e d t w o s t r o n g b r o a d b a n d s a t 4 0 0 - 1 0 0 0 c m 

- 1 - 1 - 1 
c e n t e r e d a t 6 5 0 c m a n d 1 2 0 0 - 1 6 5 0 cm c e n t e r e d a t 1 4 5 0 cm . T h i s 

g 

s p e c t r u m w a s v e r y s i m i l a r t o t h a t f o u n d f o r K ^ Z n H ^ . 

R e a c t i o n s I n v o l v i n g ( C H ^ ^ Z n a n d L i H 

R e a c t i o n o f L i Z n ( C H 3 ) 2 H w i t h L i A l H ^ i n T H F . A t t e m p t e d P r e p a r a t i o n 

o f L i Z n H ^ . T e n m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 10 m m o l e s o f 

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

m m o l e s o f L i A l H ^ i n T H F w a s a d d e d q u i c k l y . A f t e r o n e m i n u t e t h e s o l u t i o n 

b e c a m e f a i n t l y c l o u d y ; a f t e r 3 0 m i n u t e s a t h i c k w h i t e m i x t u r e w a s p r e s e n t . 
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T a b l e 1 . X - R a y P o w d e r P a t t e r n s f o r C o m p l e x M e t a l Z i n c H y d r i d e s 

o f L i t h i u m 

L i - Z n H , 
2 4 

d , A 

+ Z n 

i / l 
' o 

L i 0 Z n H . 
2 4 

d , A 

+ Z n b 

i / l 
' o 

L i 0 Z n H . 
2 . 4 

d,A 

+ Z n ° 

i / l 
o 

L i 0 Z n H . 
2 4 

0 

d , A 

d 

I / l ' o 

4 . 2 5 m 4 . 2 5 m 4 . 2 2 mw 5 . 0 2 m 

3 . 8 3 m 3 . 8 5 m 3 . 8 5 w 4 . 6 9 w 

3 . 6 7 w 3 . 6 9 mw 3 . 6 9 w 4 . 2 5 s 

3 . 4 4 m 3 . 4 4 m 3 . 4 2 w 3 . 8 4 v s 
2 . 9 5 m 2 . 9 5 m 3 . 2 5 v w 3 . 6 5 m 

2 . 7 0 w 2 . 6 8 mw 2 . 9 5 mw 3 . 4 2 ms 
2 . 4 7 m 2 . 4 6 ms 2 . 7 3 w 2 . 9 5 ms 

2 . 4 3 m 2 . 2 9 m s 2 . 4 6 m s 2 . 7 1 mw 

2 . 2 9 w 2 . 0 9 v s 2 . 2 9 m s 2 . 4 6 s 
2 . 1 2 w 1 . 9 0 v w 2 . 0 9 s 2 . 4 2 s 
2 . 0 8 m 1 . 8 3 v w 1 . 6 8 m 2 . 3 2 m 
1 . 9 5 w 1 . 6 8 m 1 . 3 4 m 2 . 2 6 mw 

1 . 8 4 w 1 . 3 3 m 1 . 3 3 m 2 . 2 4 mw 
1 . 6 8 w 1 . 2 3 w 1 . 2 3 w 2 . 1 2 m 

1 . 6 0 w 1 . 1 7 m 1 . 1 7 m 2 . 0 7 w 

1 . 1 7 w 1 . 1 5 w 1 . 1 5 w 1 . 9 9 m 

0 . 9 0 w 1 . 1 2 m 1 . 1 2 m 1 . 9 1 m 

0 . 8 6 5 w 1 . 0 9 w 1 . 0 9 w 1 . 8 4 m 

1 . 0 4 w 1 . 0 4 w 1 . 7 9 m 

0 . 9 4 1 w 0 . 9 4 1 w 1 . 7 0 w 

0 . 9 0 7 w 0 . 9 0 7 w 1 . 6 7 w 

0 . 9 0 4 w 0 . 9 0 5 w 1 . 6 4 w 

0 . 9 0 3 w 0 . 8 7 0 w 1 . 6 0 m 

0 . 8 7 0 w 0 . 8 5 6 w 1 . 5 7 W 
0 . 8 5 6 w 0 . 8 5 5 w 1 . 5 4 w 

0 . 8 5 4 w 0 . 8 2 1 w 1 . 5 2 W 
0 . 8 2 1 w 0 . 8 1 9 w 1 . 5 0 w 

0 . 8 1 8 w 1 . 4 8 m 

1 . 4 7 M 

1 . 4 5 6 w 

1 . 4 4 w 

1 . 3 9 7 w 

1 . 3 6 w 

1 . 3 4 w 

1 . 3 2 w 

1 . 2 9 w 

1 . 2 1 w 

L i Z n ( s - C 4 H 9 ) 2 H + L i A l H ^ i n T H F . D L i Z n ( C H 3 ) 2 H + L i A l H ^ i n T H F . 

° L i Z n 2 ( C H 3 ) 4 H + L i A l H 4 i n T H F . d L i 2 Z n ( C H 3 ) 4 + L i A l H 4 i n d i e t h y l e t h e r . 

e L i ^ Z n ( C H c l ) c . + L i A l H , i n d i e t h y l e t h e r . 
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T a b l e 1 . C o n t i n u e d 

L i 3 Z n H 5

6 

d , A I / I 
' o 

L i Z n H 3

f 

d , A I / I 
' o 

" L i Z n 2 H 5 

d , A 

" g 

I / I 
' o 

" L i Z n 3 H 7 " + 

d , I 

Z n h 

^ o 

4 . 4 5 w 6 . 2 5 m 6 . 2 4 m 6 . 2 4 m 
2 . 8 4 s 5 . 0 2 w 4 . 4 5 s 4 . 4 5 s 

2 . 7 8 w 4 . 4 5 v s 4 . 3 0 m 3 . 2 4 m 
2 . 6 4 m 4 . 3 0 m 3 . 2 6 s 3 . 1 0 m 

2 . 5 0 m 4 . 1 9 m 3 . 1 0 m 2 . 9 1 mw 

1 . 9 1 w 3 . 8 1 ms 2 . 9 4 m 2 . 8 1 m 

1 . 7 9 w 3 . 6 5 w 2 . 8 1 m 2 . 4 5 m 

1 . 6 3 ms 3 . 4 2 mw 2 . 5 0 m 2 . 3 1 mw 
1 . 5 0 m 3 . 2 4 v s 2 . 4 1 m 2 . 1 6 mw 

1 . 3 8 5 w 3 . 1 0 m 2 . 2 4 w 2 . 0 9 s 

2 . 9 4 s 2 . 1 7 mw 1 . 9 8 w 

2 . 8 1 s 2 . 0 7 w 1 . 9 6 w 

2 . 5 0 mw 1 . 9 8 w 1 . 7 5 w 

2 . 4 5 m 1 . 9 5 w 1 . 6 8 w 

2 . 4 1 m 1 . 7 5 w 1 . 3 3 w 

2 . 3 1 w 1 . 6 0 w 1 . 1 7 w 

2 . 2 4 mw 1 . 4 9 5 w 1 . 1 2 w 

2 . 1 6 mw 1 . 2 5 v w 
2 . 1 2 w 
2 . 0 6 w 
1 . 9 8 mw 
1 . 9 4 mw 
1 . 9 0 mw 

1 . 8 4 w 
1 . 7 5 mw 

1 . 6 4 W 
1 . 6 0 m 

1 . 5 2 w 
1 . 4 9 5 w 
1 . 4 4 w 
1 . 2 4 4 w 

L i Z n ( C H ) 3 + L i A l H ^ i n d i e t h y l e t h e r . S 

e t h e r . L i Z n 3 ( C H 3 > 7 + L i A l H ^ i n d i e t h y l e t h e r . 

L i Z n 2 ( C H 3 ) 5 L i A l H ^ i n d i e t h y l 
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T a b l e 1 . C o n t i n u e d 

Z n " 

d , A i / l 

L i H - Z n H , 

d . A i / l d , A i / l 

4 . 5 1 v w 

4 . 2 3 s 
3 . 8 0 v w 

3 . 4 0 m 

2 . 9 7 v w 

2 . 8 2 8 v w 

2 . 4 7 3 m 2 . 6 0 8 w 

2 . 3 5 7 m 2 . 4 6 8 v w 

2 . 3 0 8 m 2 . 3 8 7 m 

2 . 2 9 0 m 
2 . 0 9 1 s 2 . 2 2 5 m 

2 . 0 4 1 s 2 . 1 3 5 w 

2 . 0 8 5 w 

2 . 0 1 7 v w 

1 . 6 8 7 m 1 . 9 0 5 w 

1 . 7 6 4 w 

1 . 4 4 4 m 1 . 6 8 8 v w 

1 . 3 4 2 m 1 . 6 0 3 v w 

1 . 3 3 2 m 1 . 5 6 2 v w 

1 . 2 3 7 w 1 . 2 3 1 mw 1 . 4 8 6 v w 

1 . 1 7 3 m 1 . 1 7 8 w 1 . 4 6 4 v w 

1 . 1 5 4 w 1 . 4 1 6 v w 

1 . 1 2 4 w 1 . 3 3 6 v w 

1 . 0 9 1 w 1 . 3 0 5 v w 
1 . 0 4 6 w 1 . 2 9 5 v w 

1 . 0 2 0 v w 1 . 2 5 9 v w 

0 . 9 3 7 4 w 1 . 2 1 9 v w 

0 . 9 1 3 0 w 1 . 1 7 2 v w 

0 . 8 3 3 5 w 1 . 1 5 7 v w 

0 . 7 8 5 9 v w 1 . 1 2 3 v w 

^ " A S T M f i l e . J A S T M f i l e . k L i A l H , - ( C 0 H C ) 0 Z n , s e e r e f e r e n c e 5 . 
4 2 5 2 

w , w e a k ; m , m e d i u m ; s , s t r o n g ; v , v e r y 



1 5 

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

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

p o s i t i o n t o z i n c m e t a l , w a s d r i e d a t r o o m t e m p e r a t u r e i n v a c u o . A n a l . 

C a l c d . f o r L i Z n R ^ : L i , 9 . 2 ; Z n , 8 6 . 8 ; H , 4 . 0 . F o u n d : L i , 9 . 4 ; Z n , 8 7 . 2 ; 

H , 3 . 3 5 . T h e m o l a r r a t i o o f L i : Z n : H w a s 1 . 0 0 : 1 . 0 0 : 2 . 5 1 . T h e f i l t r a t e 

c o n t a i n e d 1 0 . 7 8 m m o l e s o f a l u m i n u m , 1 . 4 1 m m o l e s o f z i n c , a n d 1 1 . 2 0 m m o l e s 

o f l i t h i u m . T h e a m o u n t o f s o l i d r e c o v e r e d w a s 8 . 5 9 m m o l e s o f a t h e o r e t i ­

c a l 10 m m o l e s . T h e x - r a y p o w d e r d i f f r a c t i o n d a t a w h i c h a r e g i v e n i n 

T a b l e 1 s h o w e d l i n e s f o r Ll^ZriU^ a n d z i n c m e t a l o n l y . 

R e a c t i o n o f L i H a n d ( C H ^ Z n i n 2 : 1 R a t i o i n T H F . A t t e m p t e d 

P r e p a r a t i o n o f L i 2 Z n ( C H ^ ) 2 ^ 2 " T w e n t y m m o l e s o f l i t h i u m h y d r i d e s l u r r y i n 

T H F w a s a d d e d t o 10 m m o l e s o f d i m e t h y l z i n c i n T H F . T h e r e s u l t i n g m i x t u r e 

w a s s t i r r e d f o r t w o w e e k s a t r o o m t e m p e r a t u r e . A s o l i d w a s a l w a y s p r e s ­

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

i n v a c u o . T h e s o l i d h a d a m o l a r r a t i o o f L i : Z n o f 1 5 . 2 2 : 1 . 0 0 . T h e x - r a y 

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

l i t h i u m h y d r i d e a n d z i n c m e t a l o n l y . T h e L i : Z n r a t i o o f t h e f i l t r a t e w a s 

1 . 2 8 : 1 . 0 0 . 

R e a c t i o n o f L i Z n 2 ( C H 3 ) 4 H w i t h L i A l H ^ i n T H F . A t t e m p t e d P r e p a r a t i o n 

o f L i Z n 2 H ^ . F i v e m m o l e s o f a l i t h i u m h y d r i d e s l u r r y i n T H F w a s a d d e d t o 

10 m m o l e s o f d i m e t h y l z i n c i n T H F . W i t h i n f i v e m i n u t e s a c l e a r s o l u t i o n 

r e s u l t e d . A f t e r a d d i t i o n o f 20 m m o l e s o f L i A l H ^ a n i n f r a r e d s p e c t r u m o f 

t h e s o l u t i o n s h o w e d o n l y b a n d s d u e t o L i A l H ^ . A f t e r 3 0 m i n u t e s s o m e g r a y 

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

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

i n v a c u o . T h e m o l a r r a t i o o f L i : Z n : H i n t h e s o l i d w a s 1 . 0 0 : 2 . 0 6 : 2 . 9 6 . 

T h e f i l t r a t e c o n t a i n e d 2 0 . 2 0 m m o l e s o f a l u m i n u m , 1 . 0 2 m m o l e s o f z i n c , a n d 

1 9 . 6 0 m m o l e s o f l i t h i u m . T h e g a s e v o l v e d o n h y d r o l y s i s o f t h e f i l t r a t e 

w a s f o u n d t o c o n t a i n h y d r o g e n t o m e t h a n e i n t h e m o l a r r a t i o 4 . 2 8 : 1 . 0 0 . 

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

L i A l ( C H ^ ) 2 H 2 a n d L i A l H ^ . X - r a y p o w d e r d i f f r a c t i o n d a t a f o r t h e s o l i d , 

w h i c h a r e g i v e n i n T a b l e 1 , s h o w e d l i n e s f o r L i ^ n H ^ a n d z i n c m e t a l o n l y . 

I n f r a r e d a n a l y s i s ( N u j o l m u l l ) o f t h e s o l i d s h o w e d t h r e e b r o a d b a n d s ( 4 0 0 -

7 0 0 c m " 1 , 9 5 0 - 1 1 5 0 c m " 1 , 1 3 5 0 - 2 0 0 0 c m " 1 ) . 

R e a c t i o n s o f K H w i t h Z n C l 2 i n T H F 

R e a c t i o n o f K H w i t h Z n C l 2 i n 1 : 1 M o l a r R a t i o . P o t a s s i u m h y d r i d e 

s l u r r y ( 5 m m o l e s ) i n T H F w a s a d d e d t o 5 m m o l e s o f Z n C l 2 i n T H F . A s o l i d 

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

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

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

t h a t i t c o n t a i n e d K , Z n , C I , a n d H i n m o l a r r a t i o s o f 1 . 0 1 : 2 . 0 0 : 4 . 9 1 : 0 . 0 0 . 

T h e f i l t r a t e c o n t a i n e d 1 . 7 1 m m o l e s o f t h e s t a r t i n g z i n c . A n a n a l y s i s o f 

t h e s o l i d r e v e a l e d t h a t i t c o n t a i n e d K , Z n , C I , a n d H i n m o l a r r a t i o s o f 

1 . 2 8 : 1 . 0 0 : 1 . 7 1 : 1 . 5 1 . T h e s o l i d c o n t a i n e d 3 . 3 3 m m o l e s o f t h e s t a r t i n g 

z i n c . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e s o l i d i s g i v e n i n 

T a b l e 2 . 

R e a c t i o n o f K H w i t h Z n C l 2 i n 1 : 2 M o l a r R a t i o . P o t a s s i u m h y d r i d e 

s l u r r y ( 5 m m o l e s ) i n T H F w a s a d d e d t o 10 m m o l e s o f Z n C l 2 i n T H F . A s o l i d 

r e m a i n e d d u r i n g t h e e n t i r e r e a c t i o n p e r i o d . A f t e r 2 4 h o u r s s t i r r i n g t h e 



T a b l e 2 . X - R a y P o w d e r P a t t e r n s o f S o l i d s f r o m t h e R e a c t i o n o f 

A l k a l i M e t a l H y d r i d e s w i t h Z n C l 

S o l i d f r o m 1 : 1 S o l i d f r o m 1 : 2 S o l i d f r o m 2 : 1 S o l i d f r o m 3 : 1 

R e a c t i o n o f K H R e a c t i o n o f K H R e a c t i o n o f K H R e a c t i o n o f K H 

w i t h Z n C l 2 w i t h Z n C l 2 w i t h Z n C l 2 w i t h Z n C l 2 

d , A 
I / I f 

o d , A I / I ' o d , A i / l 
' o 

d , . A I / I 
o 

5 . 0 6 m 6 . 1 0 w 3 . 1 2 v s 3 . 2 8 m 

3 . 5 9 m 5 . 0 8 m 2 . 8 2 m 3 . 1 2 s 

3 . 4 5 v w 4 . 4 4 w 2 . 6 0 m 2 . 8 4 m 

3 . 2 8 v w 3 . 5 8 m 2 . 4 6 m 2 . 8 0 m 

3 . 1 2 s 3 . 1 0 v w 2 . 2 0 s 2 . 6 0 m 

2 . 8 0 m s 2 . 8 9 w 2 . 0 8 m 2 . 4 6 m 

2 . 6 5 w 2 . 8 2 m s 1 . 9 0 w 2 . 2 0 s 

2 . 5 9 m s 2 . 6 7 w 1 . 8 0 m 2 . 0 9 m 

2 . 4 4 m s 2 . 6 0 m s 1 . 6 8 w 2 . 0 0 m 

2 . 2 1 s 2 . 5 3 w 1 . 6 2 v w 1 . 9 0 w 

2 . 0 1 w 2 . 4 6 m s 1 . 5 6 mw 1 . 8 0 m 

1 . 9 0 mw 2 . 3 3 w 1 . 4 6 m 1 . 7 1 m 

1 . 8 0 m 2 . 2 9 w 1 . 3 9 5 m 1 . 6 8 w 

1 . 7 1 w 2 . 2 5 w 1 . 3 6 0 w 1 . 6 4 w 

1 . 6 2 mw 2 . 0 8 m s 1 . 3 3 w 1 . 5 6 mw 

1 . 5 6 mw 1 . 9 0 m 1 . 3 2 9 w 1 . 4 8 m 

1 . 4 7 m 1 . 8 6 w 1 . 1 6 9 w 1 . 4 0 m 

1 . 4 0 m 1 . 8 1 v w 1 . 1 1 9 w 1 . 3 0 w 

1 . 3 7 8 v w 1 . 6 8 w 1 . 0 9 w 1 . 2 7 6 m 

1 . 2 8 0 m 1 . 6 2 mw 1 . 1 7 0 w 

1 . 1 0 9 w 1 . 4 7 5 m s 1 . 1 0 9 w 

1 . 0 9 1 v w 1 . 3 7 0 m 1 . 0 4 3 mw 

1 . 0 4 5 w 1 . 3 3 5 w 0 . 9 9 1 mw 

1 . 0 1 1 v w 1 . 3 2 9 w 

0 . 9 4 6 w 1 . 1 6 9 w 
0 . 9 3 9 v w 1 . 1 1 9 w 

0 . 9 0 5 w 1 . 0 9 w 

0 . 8 7 1 w 
0 , 8 4 0 w 
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T a b l e 2 . C o n t i n u e d 

S o l i d f r o m 1 : 1 
R e a c t i o n o f K C 1 

w i t h Z n C l ^ 

S o l i d f r o m R e a c t i o n o f 
K C 1 + Z n C l 2 F i l t r a t e 

w i t h A 1 H 3 

S o l i d f r o m 1 : 1 
R e a c t i o n o f N a H 

w i t h Z n C l 2 

d , A i / l 
' o 

d,A i / l 
o 

d , A i / l 
o 

6 . 1 0 m 3 . 1 2 s 3 . 2 2 w 

5 . 0 8 s 2 . 2 0 s 2 . 8 0 s 

4 . 4 4 m 1 . 8 0 m 2 . 4 5 ms 

3 . 9 3 w 1 . 5 6 mw 2 . 3 1 ms 

3 . 5 7 s 1 . 3 9 5 mw 2 . 0 8 v s 

3 . 4 0 w 1 . 2 7 3 w 1 . 9 8 ms 

3 . 1 0 mw 1 . 1 0 1 v w 1 . 7 2 w 

2 . 9 8 w 1 . 0 4 1 w 1 . 6 8 m 

2 . 8 7 m 0 . 9 8 7 w 1 . 6 2 m 

2 . 6 7 m s 0 . 9 4 2 w 1 . 4 0 1 w 

2 . 5 3 m 0 . 8 6 6 v w 1 . 3 3 3 m 

2 . 4 0 w 0 . 8 3 7 v w 1 . 3 2 1 m 

2 . 3 3 mw 1 . 2 5 6 mw 

2 . 2 5 mw 1 . 2 3 0 w 

2 . 1 4 mw 1 . 1 6 9 m 

2 . 0 7 mw 1 . 1 4 8 mw 

1 . 9 4 w 1 . 1 1 9 m 

1 . 8 7 m 1 . 0 8 6 w 

1 . 8 3 mw 1 . 0 4 0 w 

1 . 7 8 w 0 . 9 4 1 w 

1 . 7 0 w 

1 . 6 5 w 
1 . 5 7 w 

1 . 5 4 w 

1 . 5 0 w 

1 . 4 7 w 

1 . 4 4 v w 
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T a b l e 2 . C o n t i n u e d 

Z n C l 2

a K C l b K H ° Z n ^ N a C l 6 

d , A i / l 
' o 

d , A l / l Q d , A I / I Q d , A I / I 
' o 

d , A i / l 
o 

7 . 6 v s 3 . 1 4 6 s 3 . 3 0 
6 . 8 5 v s 2 . 2 2 4 m s 2 . 8 6 

6 . 3 1 mw 1 . 8 1 6 m 2 . 0 2 
5 . 6 1 w 1 . 5 7 3 w 1 . 7 2 

5 . 1 0 v s 1 . 4 0 7 m 1 . 6 5 
4 . 7 5 v w 1 . 2 8 4 m 1 . 4 3 

4 . 2 0 m 1 . 1 1 2 6 w 1 . 3 1 
4 . 0 4 s 1 . 0 4 9 w 1 . 2 8 

3 . 7 7 mw 0 . 9 9 5 1 w 1 . 1 7 
3 . 6 1 s 0 . 9 4 8 6 w 1 . 1 0 
3 . 3 1 m 0 . 9 0 8 3 v w 1 . 0 1 

3 . 2 2 mw 0 . 8 7 2 7 w 
3 . 1 2 s 0 . 8 4 1 0 w 

2 . 9 9 w 

2 . 9 5 m 

2 . 8 4 w 
2 . 7 6 mw 

2 . 5 8 w 

2 . 5 2 w 

2 . 4 9 w 

2 . 4 5 mw 

2 . 3 6 s 

2 . 2 5 v w 
2 . 1 8 v w 

2 . 0 3 S 

1 . 9 6 w 

1 . 8 8 mw 
1 . 8 2 m s 
1 . 7 7 m s 

1 . 7 3 ms 

S a m p l e o b t a i n e d b y s t r i p p i n g a T H F 

' A S T M f i l e . ° A S T M f i l e . d A S T M f i l e 

w , w e a k ; m , m e d i u m ; s , s t r o n g ; v , v> 

v s 2 . 4 7 3 m 3 . 2 2 w 
s 2 . 3 0 8 m 2 . 8 0 s 

s 2 . 0 9 1 s 1 . 9 8 s 

s 1 . 6 8 7 m 1 . 7 2 w 

m 1 . 3 4 2 m 1 . 6 2 m 

m 1 . 3 3 2 m 1 . 4 0 1 w 

m 1 . 2 3 7 w 1 . 2 5 6 mw 

m 1 . 1 7 3 m 

m 1 . 1 5 4 w 

m 1 . 1 2 4 w 

w 1 . 0 9 1 w 

1 . 0 4 6 w 

l u t i o n o f Z11CI2 t o d r y n e s s . 

6 A S T M f i l e , 

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

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

i t c o n t a i n e d K , Z n , C I , a n d H i n m o l a r r a t i o s o f 0 . 2 9 : 1 . 0 0 : 2 . 2 7 : 0 . 0 0 . 

T h e f i l t r a t e c o n t a i n e d 5 . 8 6 m m o l e s o f t h e s t a r t i n g z i n c . A n a l y s i s o f t h e 

s o l i d r e v e a l e d t h a t i t c o n t a i n e d K , Z n , C I , a n d H i n m o l a r r a t i o s , o f 

0 . 8 2 : 1 . 0 0 : 1 . 6 2 : 1 . 1 9 . T h e s o l i d c o n t a i n e d 4 . 2 0 m m o l e s o f t h e s t a r t i n g 

z i n c . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e s o l i d i s g i v e n i n 

T a b l e 2 . 

R e a c t i o n o f K H w i t h Z n C l 2 i n 2 : 1 M o l a r R a t i o . P o t a s s i u m h y d r i d e 

s l u r r y ( 1 0 m m o l e s ) i n T H F w a s a d d e d t o 5 m m o l e s o f Z n C l 2 i n T H F . A s o l i d 

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

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

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

i t c o n t a i n e d n o n e o f t h e s t a r t i n g z i n c . A n a l y s i s o f t h e s o l i d s h o w e d t h a t 

i t c o n t a i n e d K , Z n , C I , a n d H i n m o l a r r a t i o s o f 3 . 0 8 : 1 . 0 0 : 1 . 9 4 : 2 . 9 7 . 

T h e s o l i d c o n t a i n e d a l l t h e s t a r t i n g z i n c . I t s x - r a y p o w d e r d i f f r a c t i o n 

p a t t e r n i s s h o w n i n T a b l e 2 . 

R e a c t i o n o f K C 1 w i t h Z n C l 2 i n 1 : 1 M o l a r R a t i o i n T H F 

D r y K C 1 ( 1 . 1 2 5 0 gm o r 1 5 . 0 9 m m o l e s ) w a s p l a c e d i n a 2 5 0 m l r o u n d 

b o t t o m f l a s k a n d 8 0 m l o f T H F a d d e d . T h e n Z n C l 2 ( 1 5 . 0 9 m m o l e s ) i n T H F 

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

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

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

A n a n a l y s i s o f t h e f i l t r a t e s h o w e d t h a t i t c o n t a i n e d K , Z n , a n d C I i n 

m o l a r r a t i o s o f 1 . 0 6 : 2 . 0 0 : 4 . 9 4 . T h e f i l t r a t e c o n t a i n e d 1 0 . 0 6 m m o l e s o f 
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t h e s t a r t i n g z i n c . A n a l y s i s o f t h e s o l i d s h o w e d t h a t i t c o n t a i n e d K , Z n , 

a n d C I i n m o l a r r a t i o s o f 1 . 9 6 : 1 . 0 0 : 3 . 9 4 . T h e s o l i d c o n t a i n e d 5 . 0 5 m m o l e s 

o f t h e s t a r t i n g z i n c . T h e x - r a y p o w d e r p a t t e r n o f t h e s o l i d i s s h o w n i n 

T a b l e 2 . 

R e a c t i o n o f A l H ^ w i t h t h e F i l t r a t e f r o m t h e R e a c t i o n o f K C 1 w i t h Z n C l ^ 

i n T H F 

A l a n e i n T H F ( 2 0 m m o l e s ) w a s a d d e d t o t h e f i l t r a t e f r o m t h e r e a c ­

t i o n o f K C 1 w i t h Z n C l 2 ( a n a l y s i s i n d i c a t e d K Z n ^ C l ^ ) . A w h i t e p r e c i p i t a t e 

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

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

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

a n d H i n m o l a r r a t i o s o f 0 . 0 0 : 0 . 0 0 : 1 . 0 0 : 1 . 0 8 : 2 . 0 7 . T h e f i l t r a t e c o n t a i n e d 

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

K , Z n , C I , H , a n d A l i n m o l a r r a t i o s o f 0 . 4 6 : 1 . 0 0 : 0 . 5 2 : 2 . 0 0 : 0 . 0 0 . T h e 

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

t h e s o l i d i s s h o w n i n T a b l e 2 . 

R e a c t i o n o f N a H w i t h Z n C l 2 i n 1 : 1 M o l a r R a t i o i n T H F 

S o d i u m h y d r i d e s l u r r y ( 1 0 m m o l e s ) i n T H F w a s a d d e d t o 10 m m o l e s o f 

Z n C l ^ i n T H F . A s o l i d r e m a i n e d d u r i n g t h e e n t i r e r e a c t i o n p e r i o d . A f t e r 

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

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

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

N a , Z n , C I , a n d H i n m o l a r r a t i o s o f 0 . 0 0 : 1 . 0 0 : 1 . 9 6 : 0 . 0 0 . T h e f i l t r a t e 

c o n t a i n e d 5 . 1 2 m m o l e s o f t h e s t a r t i n g z i n c . A n a l y s i s o f t h e s o l i d s h o w e d 

t h a t i t c o n t a i n e d N a , Z n , C I , a n d H i n m o l a r r a t i o s o f 1 . 9 4 : 1 . 0 0 : 1 . 9 7 : 1 . 2 7 . 
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T h e s o l i d c o n t a i n e d 4 . 9 8 m m o l e s o f t h e s t a r t i n g z i n c . T h e x - r a y p o w d e r 

p a t t e r n o f t h e s o l i d i s s h o w n i n T a b l e 2 . 

R e a c t i o n o f L i H w i t h Z n B r 2 i n 2 : 1 M o l a r R a t i o i n T H F 

L i t h i u m h y d r i d e s l u r r y ( 5 m m o l e s ) i n T H F w a s a d d e d t o 2 . 5 m m o l e s 

o f Z n B r 2 i n T H F . A s o l i d r e m a i n e d d u r i n g t h e e n t i r e r e a c t i o n p e r i o d . 

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

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

o f t h e f i l t r a t e s h o w e d i t t o c o n t a i n L i , Z n , B r , a n d H i n m o l a r r a t i o s o f 

1 . 0 0 : 0 . 0 2 : 0 . 9 8 : 0 . 0 0 . T h e f i l t r a t e c o n t a i n e d 0 . 2 0 m m o l e o f t h e s t a r t i n g 

z i n c . A n a l y s i s o f t h e s o l i d s h o w e d i t t o c o n t a i n L i , Z n , B r , a n d H i n 

m o l a r r a t i o s o f 0 . 0 3 : 1 . 0 0 : 0 . 0 4 : 1 . 8 9 . T h e s o l i d c o n t a i n e d 2 . 4 1 m m o l e s o f 

t h e s t a r t i n g z i n c . A n x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e s o l i d i s 

s h o w n i n T a b l e 3 . 

R e a c t i o n o f N a H w i t h Z n l 2 i n 2 : 1 M o l a r R a t i o i n T H F 

S o d i u m h y d r i d e s l u r r y ( 2 0 m m o l e s ) i n T H F w a s a d d e d t o 10 m m o l e s o f 

Z n l 2 i n T H F . A s o l i d r e m a i n e d d u r i n g t h e e n t i r e r e a c t i o n p e r i o d . A f t e r 

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

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

t h e f i l t r a t e s h o w e d i t t o c o n t a i n N a , Z n , I , a n d H i n m o l a r r a t i o s o f 

1 . 0 6 : 0 . 0 1 : 1 . 0 0 : 0 . 0 0 . T h e f i l t r a t e c o n t a i n e d 0 . 2 1 m m o l e o f t h e s t a r t i n g 

z i n c . A n a l y s i s o f t h e s o l i d s h o w e d i t t o c o n t a i n N a , Z n , I , a n d H i n 

m o l a r r a t i o s o f 0 . 0 6 : 1 . 0 0 : 0 . 0 5 : 1 . 9 7 . T h e s o l i d c o n t a i n e d 9 . 8 9 m m o l e s o f 

t h e s t a r t i n g z i n c . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e s o l i d i s 

s h o w n i n T a b l e 3 . 
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T a b l e 3 . X - R a y P o w d e r P a t t e r n s o f S o l i d s f r o m t h e R e a c t i o n o f 
A l k a l i M e t a l H y d r i d e s w i t h Z n B r 2 a n d Z n l 2 

Z n H 2 f r o m 2 : 1 

R e a c t i o n o f L i H 

w i t h Z n B r 0 

Z n H 2 f r o m 2 : 1 

R e a c t i o n o f N a H 

w i t h Z n l „ 

Z n H , f r o m R e a c t i o n 

o f L i A l H 4 w i t h 

( C 2 H ^ ) 2 Z n i n 

Z n H 2 f r o m R e a c t i o n 

o f L i A l H ^ w i t h 

( C H 3 ) 2 Z n i n D i e t h y l 

E t h e r 

d , A d , A d , A d , A 

4 . 9 0 w 4 . 9 0 w 4 . 5 1 v w 6 . 2 7 w 

3 . 7 9 w 3 . 7 9 w 4 . 2 3 s 4 . 5 0 m 
2 . 8 2 s 2 . 8 2 s 3 . 8 0 v w 4 . 1 6 m 

2 . 6 0 s 2 . 6 0 s 3 . 4 0 m 3 . 7 9 m 

2 . 4 6 s 2 . 4 6 s 2 . 9 7 v w 3 . 2 7 w 

2 . 2 9 m 2 . 2 9 m 2 . 8 2 8 v w 3 . 1 2 m 

2 . 0 8 s 2 . 0 8 s 2 . 6 0 8 w 2 . 9 4 w 

1 . 9 0 ms 1 . 9 0 ms 2 . 4 6 8 v w 2 . 8 3 w 

1 . 6 8 m 1 . 6 8 m 2 . 3 8 7 m 2 . 6 1 v w 

1 . 6 2 ms 1 . 6 2 ms 2 . 2 9 0 m 2 . 5 0 w 

1 . 4 7 5 s 1 . 4 7 5 s 2 . 2 2 5 m 2 . 4 0 w 

1 . 3 7 0 ms 1 . 3 7 0 ms 2 . 1 3 5 w 2 . 2 9 w 

1 . 3 3 5 m 1 . 3 3 5 m 2 . 0 8 5 w 2 . 2 3 m 

1 . 3 2 9 m 1 . 3 2 9 m 2 . 0 1 7 v w 2 . 1 8 m 

1 . 3 0 0 w 1 . 3 0 0 w 1 . 9 0 5 w 2 . 1 4 W W 

1 . 2 3 4 w 1 . 2 3 4 w 1 . 7 6 4 w 2 . 0 8 m 

1 . 1 6 9 m 1 . 1 6 9 m 1 . 6 8 8 v w 2 . 0 2 v w 

1 . 1 5 0 w 1 . 1 5 0 w 1 . 6 3 0 v w 1 . 9 8 v w 

1 . 1 1 9 m 1 . 1 1 9 m 1 . 5 6 2 v w 1 . 9 0 v w 

1 . 0 9 m 1 . 0 9 m 1 . 4 8 6 v w 1 . 7 7 w 
1 . 0 4 mw 1 . 0 4 mw 1 . 4 6 4 v w 1 . 6 3 v v w 

1 . 0 1 3 mw 1 . 0 1 3 mw 1 . 4 1 6 v w 1 . 6 1 W W 

0 . 9 7 4 mw 0 . 9 7 4 mw 1 . 3 3 6 v w 1 . 5 7 v v w 

1 . 3 0 5 v w 1 . 5 1 w 

1 . 2 9 5 v w 1 . 4 2 v w 

1 . 2 5 9 v w 1 . 3 5 w 

1 . 2 1 9 v w 
1 . 1 7 2 v w 

1 . 1 5 7 v w 

1 . 1 2 3 v w 

a S e e r e f e r e n c e 5 . b S e e r e f e r e n c e I ] . ° w , w e a k ; m , m e d i u m ; s , s t r o n g , v , 
v e r y ; d , d i f f u s e d 
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R e a c t i o n s I n v o l v i n g (CH^)^ZN w i t h C H ^ L i 

R e a c t i o n o f L i A l H ^ w i t h L i Z n C C H ^ ) ^ i n D i e t h y l E t h e r . P r e p a r a t i o n 

o f L i Z n H ^ . F i v e m m o l e s o f m e t h y l l i t h i u m i n d i e t h y l e t h e r w a s a d d e d t o 5 

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

s t i r r e d a t r o o m t e m p e r a t u r e f o r o n e h o u r , t h e n 7 . 5 m m o l e s o f L i A l H ^ i n 

d i e t h y l e t h e r w a s a d d e d . A w h i t e p r e c i p i t a t e a p p e a r e d i m m e d i a t e l y . T h i s 

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

T h e w h i t e s o l i d w a s d r i e d a t r o o m t e m p e r a t u r e I n v a c u o a n d a n a l y z e d . A n a l . 

C a l c d . f o r L i Z n H 3 : L i , 9 . 2 ; Z n , 8 6 . 8 ; H , 4 . 0 . F o u n d : L i , 9 . 2 ; Z n , 8 6 . 5 ; 

H , 4 . 3 0 . T h e m o l a r r a t i o o f L i : Z n : H w a s 1 . 0 0 : 1 . 0 0 : 3 . 2 1 . T h e f i l t r a t e 

c o n t a i n e d 7 . 5 3 m m o l e s o f a l u m i n u m , n o z i n c , a n d 7 . 3 4 m m o l e s o f l i t h i u m . 

T h e a m o u n t o f L i Z n H ^ r e c o v e r e d w a s 5 m m o l e s o f a t h e o r e t i c a l 5 m m o l e s . 

T h e x - r a y p o w d e r d i f f r a c t i o n d a t a a r e g i v e n i n T a b l e 1 . 

R e a c t i o n o f L i A l H ^ w i t h L i 2 Z n ( C H 3 ) 4 i n D i e t h y l E t h e r . P r e p a r a t i o n 

o f L i 2 Z n H 4 . T e n m m o l e s o f d i m e t h y l z i n c i n d i e t h y l e t h e r w a s a d d e d t o 20 

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

s t i r r e d f o r o n e h o u r a t 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 20 m m o l e s 

o f L i A l H ^ i n d i e t h y l e t h e r . W h i t e s o l i d s a p p e a r e d i m m e d i a t e l y ; h o w e v e r , 

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

v a c u o . A n a l . C a l c d . f o r L ^ Z n H ^ : L i , 1 6 . 7 ; Z n , 7 8 . 5 ; H , 4 . 8 5 . F o u n d : 

L i , 1 4 . 8 ; Z n , 8 0 . 4 ; H , 4 . 8 5 . T h e m o l a r r a t i o o f L i : Z n : H w a s 1 . 7 3 ; 1 . 0 0 ; 

3 . 9 4 . T h e f i l t r a t e c o n t a i n e d 1 9 . 3 0 m m o l e s o f a l u m i n u m , n o z i n c , a n d 2 0 . 0 1 

m m o l e s o f l i t h i u m . T h e a m o u n t o f L i 0 Z n H . r e c o v e r e d w a s 10 m m o l e s o f a 

I 4 

t h e o r e t i c a l 10 m m o l e s . T h e x - r a y p o w d e r d i f f r a c t i o n d a t a a r e g i v e n i n 

T a b l e 1 . I n f r a r e d a n a l y s i s ( N u j o l m u l l ) s h o w e d t h r e e b r o a d b a n d s ( 4 0 0 -



2 5 

9 0 0 c m " 1 , 1 2 0 0 - 1 4 0 0 c m " 1 c e n t e r e d a t 1 2 9 0 c m " 1 , a n d 1 4 0 0 - 1 9 0 0 c m " 1 c e n ­

t e r e d a t 1 5 8 0 cm 1 ) . I n f r a r e d a n a l y s i s o f t h e f i l t r a t e ( K B r c e l l , 0 . 1 0 mm 

p a t h l e n g t h ) s h o w e d a s t r o n g p e a k i n t h e A l - H s t r e t c h i n g r e g i o n c e n t e r e d 

a t 1 7 0 0 cm 1 a n d a m o d e r a t e p e a k i n t h e A l - H d e f o r m a t i o n r e g i o n c e n t e r e d 

a t 7 6 0 cm 1 . T h i s s p e c t r u m i s c h a r a c t e r i s t i c o f t h e s p e c i e s L i A l ( C H ^ ) 2 ^ 2 * 

R e a c t i o n o f L i A l H ^ w i t h L i ^ Z n C C H ^ ) , . i n D i e t h y l E t h e r . P r e p a r a t i o n 

o f L i ^ Z n H ^ . F i f t e e n m m o l e s o f m e t h y l l i t h i u m i n d i e t h y l e t h e r w a s a d d e d 

t o 5 m m o l e s o f d i m e t h y l z i n c i n d i e t h y l e t h e r . T h e r e s u l t i n g s o l u t i o n w a s 

s t i r r e d f o r o n e h o u r a t 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 1 2 . 5 

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

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

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

t u r e i n v a c u o a n d a n a l y z e d . A n a l . C a l c d . f o r L i ^ Z n H , . : L i , 4 . 8 6 ; Z n , 9 1 . 6 ; 

H , 3 . 5 4 . F o u n d : L i , 5 . 0 8 ; Z n , 9 1 . 6 ; H , 3 . 4 5 . T h e m o l a r r a t i o o f L i : Z n : H 

w a s 1 . 0 0 : 1 . 9 2 : 4 . 6 6 . T h e f i l t r a t e c o n t a i n e d 1 2 . 5 5 m m o l e s o f a l u m i n u m , 0 . 0 4 

m m o l e o f z i n c , a n d 1 2 . 5 9 m m o l e s o f l i t h i u m . T h e a m o u n t o f s o l i d r e c o v e r e d 

w a s 5 m m o l e s o f a t h e o r e t i c a l 5 m m o l e s . T h e x - r a y p o w d e r d i f f r a c t i o n 

d a t a a r e g i v e n i n T a b l e 1 . 

R e a c t i o n o f L i A l H ^ w i t h L i Z n ^ C C H ^ ^ i n D i e t h y l E t h e r . A t t e m p t e d 

P r e p a r a t i o n o f L i Z n ^ H ^ . F i f t e e n m m o l e s o f d i m e t h y l z i n c i n d i e t h y l e t h e r 

w a s a d d e d t o 5 m m o l e s o f m e t h y l l i t h i u m i n d i e t h y l e t h e r . T h e r e s u l t i n g 

s o l u t i o n w a s s t i r r e d f o r o n e h o u r a t 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 1 7 . 5 m m o l e s o f L i A l H ^ i n d i e t h y l e t h e r . A w h i t e p r e c i p i t a t e a p p e a r e d 

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

s o l i d , w h i c h h a d t u r n e d s l i g h t l y g r a y , w a s d r i e d u n d e r v a c u u m a t r o o m 
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t e m p e r a t u r e . A n a l . C a l c d . f o r L i Z n ^ H ^ : L i , 3 . 3 0 ; Z n , 9 3 . 4 ; H , 3 . 3 6 . 

F o u n d : L i , 3 . 1 1 ; Z n , 9 3 . 6 ; H , 3 . 3 4 . T h e m o l a r r a t i o o f L i : Z n : H w a s 

1 . 0 0 : 3 . 2 0 : 7 . 3 7 . T h e f i l t r a t e c o n t a i n e d 1 8 . 0 2 m m o l e s o f a l u m i n u m , n o z i n c , 

a n d 1 8 . 2 0 m m o l e s o f l i t h i u m . T h e y i e l d o f s o l i d w a s 1 0 0 % . T h e x - r a y p o w ­

d e r d i f f r a c t i o n d a t a a r e g i v e n i n T a b l e 1 . 

R e a c t i o n s I n v o l v i n g ( C H ^ ^ Z n w i t h K H 

R e a c t i o n o f K H ( e x c e s s ) a n d ( C H ^ ^ Z n i n D i e t h y l E t h e r . D i m e t h y l ­

z i n c ( 2 6 . 7 3 m m o l e s ) i n d i e t h y l e t h e r w a s a d d e d t o a s l u r r y o f 6 0 . 4 m m o l e s 

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

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

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

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

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

f i l t r a t e s h o w e d a m o l a r r a t i o o f K : Z n o f 0 . 9 2 : 1 . 0 0 , b u t i t c o n t a i n e d o n l y 

0 . 5 9 m m o l e o f z i n c ; i . e . , o n l y 2 . 2 2 % o f t h e s t a r t i n g z i n c w a s f o u n d i n t h e 

f i l t r a t e . T h e s o l i d w a s s l u r r i e d f o r t h r e e h o u r s i n T H F , t h e n f i l t e r e d . 

T h e r e s i d u a l s o l i d w a s s h o w n t o b e K H b y x - r a y p o w d e r d i f f r a c t i o n a n d t h e 

f i l t r a t e h a d a m o l a r r a t i o o f K : Z n : C H 3 : H o f 0 . 9 8 : 1 . 0 0 : 2 . 1 4 : 0 . 3 9 . T h e 

K Z n ( C H 3 ) 2 H f o r m e d c l e a v e d T H F a t r o o m t e m p e r a t u r e p r o d u c i n g a s o l u b l e 

p r o d u c t . 

R e a c t i o n o f A l H ^ w i t h K Z n ( C H 3 ) 2 H i n T H F . P r e p a r a t i o n o f K Z n ^ . 

T e n m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 10 m m o l e s o f a s l u r r y o f 

K H i n T H F a t r o o m t e m p e r a t u r e . T h e m i x t u r e w a s c l e a r w i t h i n o n e m i n u t e . 

T h e m i x t u r e w a s q u i c k l y c o o l e d t o - 8 0 ° t o p r e v e n t e t h e r c l e a v a g e , a n d 

s t i r r e d f o r t w o a d d i t i o n a l h o u r s . N e x t , 10 m m o l e s o f A 1 H _ i n T H F w a s 
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T a b l e 4 . X - R a y P o w d e r P a t t e r n s f o r C o m p l e x M e t a l Z i n c H y d r i d e s 

o f P o t a s s i u m 

K Z n ( C H 3 ) 2 H + K H a K H b K ^ n H ^ Z n H ^ K Z n ^ 6 

d , A I / l ~dji I / I ~d7k I / l d ^ A I / l d , A I / l 
' o o o o o 

6 . 1 0 mw 5 . 1 0 w 4 . 5 1 v w 6 . 0 3 s 

5 . 3 0 mw 4 . 2 6 m 4 . 2 3 s 4 . 1 0 mw 

4 . 0 5 mw , d 3 . 8 9 w 3 . 8 0 v w 3 . 7 2 mw 

3 . 8 9 m w , d 3 . 6 2 v w 3 . 4 0 m 3 . 3 6 v s 

3 . 5 9 m s , d 3 . 4 7 m 2 . 9 7 v w 3 . 0 1 m 

3 . 4 0 m s , d 3 . 2 4 w 2 . 8 2 8 v w 2 . 6 7 v w 

3 . 2 7 s 3 . 3 0 v s 3 . 0 9 s 2 . 6 0 8 w 2 . 5 9 v w 

2 . 8 3 s 2 . 8 6 s 2 . 9 4 0 s 2 . 4 6 8 v w 2 . 4 2 s 

2 . 7 5 w 2 . 7 4 4 w 2 . 3 8 7 m 2 . 3 5 s 

2 . 4 5 m 2 . 5 6 8 v v w 2 . 2 9 0 m 2 . 1 8 m 

2 . 1 0 w 2 . 3 5 4 w 2 . 2 2 5 m 2 . 1 4 v w 

2 . 0 0 m s 2 . 0 2 s 2 . 1 2 8 w 2 . 1 3 5 w 2 . 0 0 v w 

1 . 7 1 ms 1 . 7 2 s 1 . 9 4 6 w 2 . 0 8 5 w 1 . 9 3 m s 

1 . 6 4 w 1 . 6 5 m 1 . 8 1 4 w 2 . 0 1 7 v w 1 . 8 5 m 

1 . 5 7 v w 1 . 7 3 4 w 1 . 9 0 5 w 1 . 8 0 m 

1 . 4 3 w 1 . 4 3 m 1 . 6 4 8 v w 1 . 7 6 4 w 1 . 6 8 m 
1 . 3 0 w 1 . 3 1 m 1 . 6 2 4 v w 1 . 6 8 8 v w 1 . 5 4 w 

1 . 2 7 w 1 . 2 8 m 1 . 5 7 1 w 1 . 6 3 0 v w 1 . 4 9 m 

1 . 1 6 w 1 . 1 7 m 1 . 4 8 8 w 1 . 5 6 2 v w 1 . 4 3 1 w 

1 . 0 9 w 1 . 1 0 m 1 . 4 7 0 w 1 . 4 8 6 v w 1 . 4 1 4 w 

0 . 9 6 w 1 . 0 1 w 1 . 3 8 4 v w 1 . 4 6 4 v w 1 . 3 7 1 mw 

1 . 2 1 3 w 1 . 4 1 6 v w 1 . 3 5 5 mw 

1 . 3 3 6 v w 1 . 3 2 8 w 
1 . 3 0 5 v w 1 . 2 6 9 v w 

1 . 2 9 5 v w 1 . 2 3 8 v w 

1 . 2 1 9 v w 1 . 2 2 2 w 
1 . 1 7 2 v w 1 . 1 7 6 w 
1 . 1 5 7 v w 1 . 1 5 1 v w 

1 . 1 2 3 v w 1 . 1 1 1 w 
1 . 0 4 2 v w 1 . 0 7 6 v w 

1 . 0 6 0 v w 

1 . 0 0 5 v w 
0 . 9 8 3 v w 
0 . 9 2 2 v w 

0 . 8 8 8 v w 

H E x c e s s K H + ( C H „ ) 0 Z n i n d i e t h y l e t h e r . b A S T M f i l e s . ° K H + ( s - C . H Q ) „ Z n 

i n b e n z e n e , s e e r e f . 5 . L i A l H , + ( C 0 H e ) 0 Z n , s e e r e f . 
4 2 5 ' 2 

6 K Z n ( C H 3 ) 2 H + A 1 H 3 i n t e t r a h y d r o f u r a n . K Z n ^ C H ^ H + A 1 H 3 i n t e t r a h y d r o ­

f u r a n . 
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T a b l e 4 . C o n t i n u e d 

K Z n 2 H 5 " K Z n 3 H 7 " S K Z n H ^ 

d~7A I / l dTI I / l d , A I / I 
' ' o ' o ' o 

6 . 0 3 s 6 . 0 2 m s 6 . 2 5 m s 

4 . 0 8 m w 4 . 0 6 m w 5 . 6 0 v w 

3 . 7 2 w 3 . 7 2 w 5 . 1 0 s 

3 . 3 6 v s 3 . 3 6 v w 4 . 4 0 v w 

3 . 0 2 m w 3 . 0 2 m w 3 . 7 1 v w 

2 . 6 9 w 2 . 7 9 v w 3 . 5 9 m 

2 . 6 1 w 2 . 6 9 v w 3 . 4 3 v s 

2 . 4 3 s 2 . 6 0 v w 3 . 3 1 m 

2 . 3 4 s 2 . 4 3 s 3 . 1 1 m s 

2 . 1 8 m 2 . 3 5 s 2 . 8 0 s 

2 . 0 2 w 2 . 2 8 v w 2 . 7 1 v s 

1 . 9 3 m s 2 . 1 9 m 2 . 5 8 s 

1 . 8 5 m 2 . 0 9 m 2 . 3 3 s 

1 . 6 8 m 2 . 0 1 v w 2 . 1 8 w 

1 . 5 3 w 1 . 9 3 m s 2 . 1 5 v w 

1 . 4 9 0 m 1 . 8 6 m 2 . 1 2 v w 

1 . 4 3 2 w 1 . 8 1 m 2 . 0 7 m 

1 . 4 1 5 w 1 . 6 9 m 2 . 0 3 w 

1 . 3 7 1 w 1 . 6 5 v w 1 . 9 4 v w 

1 . 3 5 1 w 1 . 5 3 v w 1 . 9 0 m s 

1 . 3 2 2 w 1 . 4 9 m 1 . 8 6 w 

1 . 2 7 0 w 1 . 4 3 5 m w 1 . 8 5 v w 

1 . 2 3 4 v w 1 . 4 1 9 w 1 . 7 9 m 

1 . 2 2 2 w 1 . 3 6 1 m w 1 . 7 7 m 

1 . 1 9 1 v w 1 . 3 5 5 m w 1 . 7 3 m 

1 . 1 7 5 w 1 . 3 2 1 vw 1 . 7 2 W 

1 . 1 5 4 v w 1 . 3 0 0 v w 1 . 6 9 m 

1 . 1 1 1 w 1 . 2 7 1 v v w 1 . 6 6 w 

1 . 0 7 8 w 1 . 2 3 9 v v w 1 . 6 4 w 

1 . 0 5 7 w 1 . 2 2 3 w 1 . 5 9 5 m 

1 . 0 0 3 V W 1 . 2 2 1 v w 1 . 5 7 W 

0 . 9 8 6 v w 1 . 1 7 5 v w 1 . 5 5 w 

0 . 0 2 2 v w 1 . 1 5 2 v w 1 . 4 5 5 m w 

0 . 9 0 6 v w 1 . 1 1 1 w 1 . 3 7 0 m w 

1 . 0 7 9 w 1 . 3 2 5 m w 

1 . 0 5 9 w 

K Z n ( C H . ) . + A 1 H . , i n t e t r a h y d r o f u r a n . K Z n ( C H ) 9 H + L i A l H , i n t e t r a h y ­

d r o f u r a n . 
w , w e a k ; m , m e d i u m ; s , s t r o n g ; v , v e r y ; d , d i f f u s e d . 
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a d d e d a t - 8 0 . T h e b a t h w a s r e m o v e d a n d t h e r e a c t i o n m i x t u r e a l l o w e d t o 

w a r m t o r o o m t e m p e r a t u r e . A f t e r 15 m i n u t e s a w h i t e p r e c i p i t a t e b e g a n t o 

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

w a s d r i e d u n d e r v a c u u m a t r o o m t e m p e r a t u r e . A n a l . C a l c d . f o r K Z n 2 H , - : K , 

2 2 . 4 ; Z n , 7 4 . 8 ; H , 2 . 8 8 . F o u n d : K , 2 3 . 2 ; Z n , 7 4 . 0 ; H , 2 . 7 9 . T h e m o l a r 

r a t i o o f K : Z n : C H 3 : H w a s 1 . 0 5 : 2 . 0 0 : 0 . 0 0 : 4 . 9 2 . T h e f i l t r a t e c o n t a i n e d 1 0 . 2 1 

m m o l e s o f a l u m i n u m , n o z i n c , a n d 5 . 2 6 m m o l e s o f p o t a s s i u m . T h e m o l a r 

r a t i o o f K : A 1 i n t h e f i l t r a t e w a s 1 . 0 3 : 2 . 0 0 . T h e x - r a y p o w d e r d i f f r a c t i o n 

p a t t e r n o f t h e s o l i d i s g i v e n i n T a b l e 4 . 

R e a c t i o n o f L i A l H ^ w i t h K Z n ( C H 3 > 2 H i n T H F . P r e p a r a t i o n o f K Z n H 3 « 

T e n m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 10 m m o l e s o f K H s l u r r i e d 

i n T H F . T h e c l e a r s o l u t i o n w h i c h r e s u l t e d w a s c o o l e d t o - 8 0 ° a n d s t i r r e d 

f o r o n e h o u r . N e x t 1 0 m m o l e s o f l i t h i u m a l u m i n u m h y d r i d e i n T H F w a s a d ­

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

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

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

p e r a t u r e . A n a l . C a l c d . f o r K Z n ^ : K , 3 6 . 4 ; Z n , 6 0 . 8 ; H , 2 . 8 1 . F o u n d : 

K , 3 6 . 6 ; Z n , 6 0 . 5 ; H , 2 . 8 6 . T h e m o l a r r a t i o o f L i : K : Z n : H w a s 0 . 0 0 : 1 . 0 1 : 

1 . 0 0 : 2 . 9 6 . T h e f i l t r a t e c o n t a i n e d 9 . 6 4 m m o l e s o f a l u m i n u m , n o z i n c , n o 

p o t a s s i u m , a n d 9 . 7 5 m m o l e s o f l i t h i u m . T h e m o l a r r a t i o o f K : L i : A l i n t h e 

f i l t r a t e w a s 0 . 0 0 : 1 . 0 1 : 1 . 0 0 . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e 

s o l i d i s g i v e n i n T a b l e 4 . 

R e a c t i o n o f A 1 H 3 w i t h K Z n ^ C H ^ H i n T H F . P r e p a r a t i o n o f K Z n ^ . 

T w e n t y m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 10 m m o l e s o f K H s l u r r i e d 

i n T H F . A c l e a r s o l u t i o n r e s u l t e d e v e n b e f o r e a l l t h e d i m e t h y l z i n c c o u l d 
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b e i n t r o d u c e d . T h e s o l u t i o n w a s q u i c k l y c o o l e d t o - 8 0 ° a n d s t i r r e d f o r 

a n a d d i t i o n a l h o u r a t t h i s t e m p e r a t u r e . N e x t , 1 4 . 8 2 m m o l e s o f A l H ^ i n 

T H F w a s a d d e d t o t h e s o l u t i o n , a t - 8 0 ° . A f a i n t w h i t e p r e c i p i t a t e a p ­

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

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

A n a l . C a l c d . f o r K Z n ^ : K , 2 2 . 4 ; Z n , 7 4 . 8 ; H , 2 . 8 8 . F o u n d : K , 2 1 . 5 ; 

Z n , 7 5 . 8 ; H , 2 . 7 9 . T h e m o l a r r a t i o o f K : Z n : H w a s 1 . 0 0 : 2 . 1 0 : 5 . 0 4 . T h e 

f i l t r a t e c o n t a i n e d 1 6 . 9 6 m m o l e s o f a l u m i n u m , n o z i n c , a n d 0 . 8 3 m m o l e o f 

p o t a s s i u m . T h e m o l a r r a t i o o f K : A 1 i n t h e f i l t r a t e w a s 0 . 0 9 8 : 2 . 0 0 . T h e 

x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e s o l i d i s g i v e n i n T a b l e 4 . 

R e a c t i o n o f A l H ^ w i t h K Z n 3 ( C H y 6 H i n T H F . A t t e m p t e d P r e p a r a t i o n o f 

K Z n ^ H . , . F i f t e e n m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 5 m m o l e s o f K H 

s l u r r i e d i n T H F . T h e c l e a r s o l u t i o n w h i c h r e s u l t e d w a s c o o l e d t o - 8 0 ° 

a n d s t i r r e d f o r o n e h o u r . N e x t , 1 5 m m o l e s o f A l H ^ i n T H F w a s a d d e d t o t h e 

s o l u t i o n , a t - 8 0 ° . T h e m i x t u r e w a s a l l o w e d t o w a r m t o r o o m t e m p e r a t u r e 

( a w h i t e p r e c i p i t a t e f o r m e d i n t h e p r o c e s s ) , s t i r r e d f o r o n e h o u r , t h e n 

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

C a l c d . f o r K Z n 3 H : K , 1 6 . 1 ; Z n , 8 0 . 9 ; H , 2 . 9 2 . F o u n d : K , 1 5 . 0 ; Z n , 

8 2 . 1 ; H , 2 . 9 2 . T h e m o l a r r a t i o o f K : Z n : H w a s 1 . 0 0 : 3 . 2 9 : 7 . 5 6 . T h e f i l ­

t r a t e c o n t a i n e d 1 6 . 0 9 m m o l e s o f a l u m i n u m , n o z i n c , a n d 0 . 4 4 m m o l e o f p o ­

t a s s i u m . T h e m o l a r r a t i o o f K : A 1 i n t h e f i l t r a t e w a s 0 . 0 5 5 : 2 . 0 0 . T h e 

x - r a y d i f f r a c t i o n p a t t e r n o f t h e s o l i d , w h i c h i s g i v e n i n T a b l e 4 , s h o w e d 

l i n e s d u e t o K Z n 2 H ( - o n l y . 

R e a c t i o n s I n v o l v i n g ( C H ^ ) 2 Z n w i t h N a H 

R e a c t i o n o f N a A l H ^ w i t h N a Z n ( C H 3 ) 2 H i n T H F . P r e p a r a t i o n o f N a Z n H ^ . 
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T e n m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 10 m m o l e s o f N a H s l u r r i e d 

i n T H F . T h e m i x t u r e w a s q u i c k l y c o o l e d t o - 8 0 ° a n d s t i r r e d a t t h a t t e m ­

p e r a t u r e u n t i l t h e N a : Z n r a t i o i n t h e s u p e r n a t a n t w a s 1 : 1 . A t t h i s p o i n t , 

5 m m o l e s o f t h e s u p e r n a t a n t [ N a Z n ( C H 3 ) 2 H s o l u t i o n ] w a s a l l o w e d t o r e a c t 

w i t h 5 m m o l e s o f s o d i u m a l u m i n u m h y d r i d e i n T H F . A w h i t e p r e c i p i t a t e a p ­

p e a r e d w i t h i n m i n u t e s . T h e m i x t u r e w a s s t i r r e d 20 m i n u t e s a n d f i l t e r e d . 

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

A n a l . C a l c d . f o r N a Z n H ^ N a , 2 5 . 2 ; Z n , 7 1 . 5 ; H , 3 . 3 0 . F o u n d : N a , 2 5 . 2 ; 

Z n , 7 1 . 6 ; H , 3 . 2 4 . T h e m o l a r r a t i o o f N a : Z n : H w a s 1 . 0 0 : 1 . 0 0 : 2 . 9 4 . T h e 

x - r a y p o w d e r d i f f r a c t i o n p a t t e r n i s g i v e n i n T a b l e 5 . T h e f i l t r a t e c o n ­

t a i n e d 4 . 6 2 m m o l e s o f a l u m i n u m , 0 . 4 7 m m o l e o f z i n c , a n d 5 . 0 6 m m o l e s o f 

s o d i u m . 

R e a c t i o n o f A l H ^ a n d N a Z n ( C H 3 ) 2 H i n T H F . P r e p a r a t i o n o f N a Z n ^ . 

F i v e m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 5 m m o l e s o f a s l u r r y o f 

N a H i n T H F a t r o o m t e m p e r a t u r e . Q u i c k l y , 5 m m o l e s o f A l H ^ i n T H F w a s 

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

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

u n d e r v a c u u m a t r o o m t e m p e r a t u r e . A n a l . C a l c d . f o r N a Z n 2 H ^ - : N a , 1 4 . 5 ; Z n , 

8 2 . 4 ; H , 3 . 1 5 . F o u n d : N a , 1 5 . 2 ; Z n , 8 1 . 7 ; H , 3 . 0 1 . T h e m o l a r r a t i o o f 

N a : Z n : H w a s 1 . 0 6 : 2 . 0 0 : 4 . 8 3 . T h e m o l a r r a t i o o f N a : A l : Z n i n t h e f i l t r a t e 

w a s 1 . 0 3 : 2 . 0 0 : 0 . 0 6 1 . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e s o l i d i s 

g i v e n i n T a b l e 5 . 
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T a b l e 5 . X - R a y P o w d e r P a t t e r n s f o r C o m p l e x M e t a l Z i n c H y d r i d e s o f 

S o d i u m 

N a Z n H 3 N a Z n H 
b 

3 
N a Z n H 

c 

3 
N a H d N a Z n 2 H 5

e 

d , A I / l ' o d , A d , A d , A I / I Q d , A i / l ' o 

8 . 7 0 v w 8 . 7 0 v w 

5 . 9 9 w 5 . 9 9 w 5 . 8 7 v w 5 . 8 4 m 

4 . 9 0 v w 4 . 9 0 v s 4 . 9 0 s 4 . 8 9 s 

4 . 3 9 w 4 . 4 0 w 
3 . 9 8 w 3 . 9 1 w 

3 . 3 0 m 3 . 5 2 w 

3 . 1 1 v s 3 . 2 7 m s 3 . 2 6 m 3 . 2 9 v s 

2 . 9 1 m 3 . 1 1 v s 3 . 1 1 v s 3 . 0 9 m 

2 . 8 1 w 2 . 9 2 m 

2 . 6 3 mw 2 . 8 1 m 2 . 8 4 w 2 . 8 3 s 2 . 8 3 s 

2 . 5 6 m 2 . 6 2 w 2 . 5 0 w 

2 . 4 9 ms 2 . 5 6 ms 
2 . 4 3 m 2 . 4 9 s 2 . 5 1 m 2 . 4 4 ms 2 . 4 4 m 

2 . 3 8 v w 2 . 4 4 m 2 . 4 5 w 
2 . 2 6 w 2 . 2 5 w 2 . 3 8 v w 2 . 3 6 m 
2 . 2 2 w 2 . 2 0 w 2 . 2 8 v w 2 . 2 6 m 

2 . 1 5 w 2 . 1 5 v w 2 . 2 3 v w 2 . 1 5 w 

2 . 0 7 w 2 . 0 7 w 2 . 1 6 v v w 2 . 0 9 w 

1 . 9 6 mw 2 . 0 2 v w 2 . 0 9 v w 2 . 0 9 w 

1 . 8 3 mw 1 . 9 7 mw 2 . 0 2 v v w 2 . 0 1 mw 

1 . 7 8 w 1 . 8 4 w 1 . 9 8 w 
1 . 7 2 v w 1 . 7 8 w 1 . 7 9 v v w 1 . 7 3 m s 1 . 7 0 m 

1 . 6 6 mw 1 . 7 0 w 1 . 7 0 v v w 1 . 4 7 ms 1 . 6 2 w 
1 . 6 1 mw 1 . 6 6 w 1 . 6 7 v w 1 . 4 1 m 1 . 5 5 w 

1 . 5 8 v w 1 . 6 1 mw 1 . 6 2 w 1 . 2 2 mw 1 . 5 0 w 

1 . 5 3 mw 1 . 5 8 w 1 . 5 5 w 1 . 1 2 m 1 . 4 6 5 w 

1 . 4 9 VW 1 . 5 3 mw 1 . 4 7 v v w 1 . 0 9 m 
1 . 3 8 v w 1 . 4 9 v w 1 . 3 5 v w 0 . 9 9 6 m 1 . 3 7 5 w 

1 . 3 4 w 1 . 4 7 v w 0 . 9 3 9 m 1 . 3 5 1 w 

1 . 2 2 v w 1 . 3 7 v w 0 . 8 6 3 mw 1 . 3 0 1 v w 
1 . 0 6 v w 1 . 3 4 v w 0 . 8 2 5 m 

1 . 0 0 v w 1 . 2 2 
1 . 0 0 

v w 
v v w 

0 . 8 1 3 m 

a N a Z n ( C H 3 ) 2 H + N a A l H ^ i n t e t r a h y d r o f u r a n . N a Z n C C H ^ H + N a A l H ^ i n t e t r a -

h y d r o f u r a n . S e e r e f . 1 1 , m a d e b y t h e r m a l l y d e c o m p o s i n g N a Z n 2 ( C H ^ ) 2 ^ 3 ' 
d e 

A S T M f i l e . N a Z n ( C H 3 > 2 H + A 1 H 3 i n t e t r a h y d r o f u r a n . w , w e a k ; m , m e d i u m ; 

s , s t r o n g ; v , v e r y . 
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R e a c t i o n o f N a Z n ( C H 3 ) 2 H w i t h L i A l H ^ i n T H F . P r e p a r a t i o n o f N a Z n H ^ 

S i x m m o l e s o f N a Z n ( C H 3 ) 2 H i n T H F a t - 8 0 ° w a s a d d e d t o 6 m m o l e s o f L i A l H ^ 

i n T H F . T h i s m i x t u r e w a s a l l o w e d t o w a r m t o r o o m t e m p e r a t u r e d u r i n g w h i c h 

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

a n d 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 v a c u u m . T h e m o l a r r a t i o o f N a : Z n : H 

i n t h e s o l i d w a s 1 . 0 0 : 1 . 0 0 : 2 . 7 5 . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n , 

g i v e n i n T a b l e 5 , w a s i d e n t i c a l t o t h a t o f N a Z n H ^ . T h e f i l t r a t e c o n t a i n e d 

5 . 8 2 m m o l e s o f a l u m i n u m a n d 3 . 0 4 m m o l e s o f z i n c . 

R e a c t i o n o f N a A l H ^ w i t h N a Z n ^ C H ^ H i n T H F . A t t e m p t e d P r e p a r a -

1 0 r a t i o n o f N a Z n 2 H ^ . T w e n t y m m o l e s o f d i m e t h y l z i n c i n T H F w a s a d d e d t o 

m m o l e s o f N a H s l u r r i e d i n T H F . T h e m i x t u r e w a s q u i c k l y c o o l e d t o - 8 0 ° 

a n d s t i r r e d u n t i l t h e N a : Z n r a t i o i n t h e s u p e r n a t a n t w a s 0 . 5 0 : 1 . 0 0 . A t 

t h i s p o i n t , 5 m m o l e s o f t h e s u p e r n a t a n t [ N a Z n 2 ( C H ^ ) ^ H s o l u t i o n ] w a s a l ­

l o w e d t o r e a c t w i t h 1 0 m m o l e s o f s o d i u m a l u m i n u m h y d r i d e i n T H F . A w h i t e 

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

a n d f i l t e r e d . T h e r e s u l t i n g w h i t e s o l i d w a s 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 v a c u u m . T h e m o l a r r a t i o o f N a ; Z n : H i n t h e s o l i d w a s 1 . 0 0 : 1 . 0 0 : 2 . 9 0 . 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n , g i v e n i n T a b l e 5 , w a s i d e n t i c a l t o 

t h a t f o r N a Z n H y T h e f i l t r a t e c o n t a i n e d 1 0 . 0 0 m m o l e s o f a l u m i n u m , 3 . 0 6 

m m o l e s o f z i n c , a n d 9 . 1 > 0 m m o l e s o f s o d i u m . 

R e a c t i o n o f N a H w i t h ( s - B u ) 2 Z n i n T H F . A t t e m p t e d P r e p a r a t i o n o f 

N a 2 Z n ( C H ^ ) 2 H 2 a n d N a ^ n H ^ . T e n m m o l e s o f N a H s l u r r i e d i n T H F w a s a d d e d 

t o 5 m m o l e s o f ( s - B u ) 2 Z n i n T H F . T h e m i x t u r e w a s s t i r r e d a t r o o m t e m p e r a ­

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

t e r e d . T h e s o l i d w a s d r i e d u n d e r v a c u u m a t r o o m t e m p e r a t u r e . T h e m o l a r 
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r a t i o o f N a : H : Z n i n t h e s o l i d w a s f o u n d t o b e 1 . 0 0 : 1 . 0 3 : 0 . 0 7 0 . T h e x - r a y 

p o w d e r d i f f r a c t i o n p a t t e r n a n d v a c u u m D T A - T G A s h o w e d t h a t t h e s o l i d w a s 

m o s t l y N a H . T h e f i l t r a t e , w h i c h c o n t a i n e d s o d i u m a n d z i n c i n a m o l a r 

r a t i o o f 1 . 1 1 : 1 . 0 0 , w h e n a l l o w e d t o r e a c t w i t h N a A l H ^ , y i e l d e d N a Z n H ^ 

o n l y . 
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C H A P T E R I I I 

R E S U L T S A N D D I S C U S S I O N 

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

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

14 

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

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

t h a t t h e " a t e " c o m p l e x e s o f z i n c ( i . e . , L i Z n ( s - C . H Q ) „ H ) a r e c l e a v e d b y 

4 7 £ 

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

( 7 5 - 1 5 0 ° ) t o t h e c o r r e s p o n d i n g h y d r i d e , i t w a s n e c e s s a r y t o d e v e l o p a n o t h e r 

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

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

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

T h e " a t e " c o m p l e x lA^LniQfo^)^, l i t h i u m t e t r a m e t h y l z i n c a t e , f i r s t 

1 5 16 
p r e p a r e d b y H u r d i n 1 9 4 8 , h a s b e e n c h a r a c t e r i z e d b o t h b y N M R , a n d x -

W h e n L i 0 Z n ( C H 0 ) . a n d L i A l H . w e r e a l l o w e d t o r e a c t , L i n Z n H . w a s 
2 3 4 4 2 4 

o b t a i n e d i n 1007o y i e l d a c c o r d i n g t o E q . 8 . T h e x - r a y p o w d e r d i f f r a c t i o n 

L i n Z n H 
L4 

r a y c r y s t a l l o g r a p h y . 
17 

I t s s t r u c t u r e i s s h o w n b e l o w . 
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p a t t e r n o f L i 2 Z n H 4 ( T a b l e 1 ) c o n t a i n s n o l i n e s d u e t o L i H o r Z n H 2 ; t h e r e ­

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

L i 2 Z n ( C H 3 ) 4 + 2 L i A l H ^ -» L i 2 Z n H 4 + 2 L i A l ( C H 3 ) 2 H 2 ( 8 ) 

On t h e o t h e r h a n d , b o t h t h e p o w d e r d i f f r a c t i o n p a t t e r n a n d i n f r a r e d s p e c ­

t r u m o f L i 2 Z n H 4 w e r e s i m i l a r t o t h a t f o u n d f o r K 2 Z n H 4 ( T a b l e 4 ) . T h e i n ­

f r a r e d s p e c t r u m o f t h e s o l u t i o n t h a t r e m a i n e d a f t e r f i l t r a t i o n o f L i 2 Z n H 4 

s h o w e d t h a t t h e a l u m i n u m c o n t a i n i n g s p e c i e s w a s L i A l ( C H 3 ) 2 H 2 . T h e r e f o r e , 

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

T h e s t r u c t u r e o f L i 2 Z n H 4 m i g h t b e s i m i l a r t o t h a t o f L i 2 Z n ( C H 3 ) 4 , h o w e v e r , 

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

n o t a v a i l a b l e t o e s t a b l i s h t h i s p o i n t . 

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

o r L i Z n 2 ( C H 3 ) 4 H w i t h L i A l H 4 i n t e t r a h y d r o f u r a n a l s o y i e l d s L i 2 Z n H 4 » T h e 

x - r a y p o w d e r d i f f r a c t i o n p a t t e r n s o f L i ^ Z n H 4 f r o m e a c h o f t h e s e r e a c t i o n s 

( T a b l e 1 ) s h o w w e a k t o m o d e r a t e l i n e s f o r L i 2 Z n H 4 a n d s t r o n g l i n e s f o r 

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

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

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

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

a s q u i c k l y a s p o s s i b l e . L i t h i u m t e t r a h y d r i d o z i n c a t e p r e p a r e d f r o m Li^Zn-

( C H „ ) , s h o w e d n o z i n c m e t a l l i n e s w h e n i t w a s s t i r r e d i n t h e r e a c t i o n m i x -
3 4 

t u r e f o r o n l y o n e h o u r b e f o r e f i l t r a t i o n . 

T h e r o u t e b y w h i c h L i 2 Z n H 4 i s f o r m e d f r o m L i Z n ( s - C ^ g ) 2 H 
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L i Z n C C H ^ ^ H a n d L i Z n 2 ( C H 3 ) 4 H i s n o t c l e a r , e s p e c i a l l y i n t h e c a s e o f 

L i Z n 2 ( C H 3 ) 4 H . A r e a s o n a b l e e x p l a n a t i o n f o r t h e f o r m a t i o n o f I / i ^ Z n H ^ 

f r o m L i Z n ( s - C ^ H ^ ) 2 H o r L i Z n ( C H 3 ) 2 H i s t h a t L i A l H ^ u n d e r g o e s h y d r o g e n -

a l k y 1 g r o u p e x c h a n g e w i t h t h e L i Z n l ^ H c o m p o u n d i n a s t e p w i s e f a s h i o n . 

A f t e r t h e f i r s t a l k y l e x c h a n g e s t e p , i t i s s u g g e s t e d t h a t L i Z n R E ^ ( w h e r e 

R = C H ^ o r s - C ^ H ^ ) f o r m s w h i c h c o u l d t h e n d i s p r o p o r t i o n a t e t o L i 2 Z n H ^ 

a n d Z n R 2 f a s t e r t h a n i t r e a c t s w i t h L i A l R H ^ ( E q . 9 ) . 

2 L i Z n ( C H 3 ) 2 H 2 - L i 2 Z n H 4 + ( C H ^ Z n ( 9 ) 

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

m i x t u r e s f r o m r e d u c t i o n o f L i Z n ( s - C . H „ ) 0 H a n d L i Z n ( C H _ ) 0 H w i t h L i A l H . . 
4 9 2 3 2 4 

T h e s o l i d p r o d u c t f r o m t h e r e a c t i o n o f L i Z n ( s - C ^ H ^ ) 2 H w i t h L i A l H ^ h a d a 

m o l a r r a t i o o f L i : Z n : H o f 2 : 1 : 4 . T h e f i l t r a t e c o n t a i n e d o n e - h a l f o f t h e 

i n i t i a l a m o u n t o f z i n c . T h u s , t h e s o l i d ( L i 2 Z n H 4 ) c o n t a i n e d t h e o t h e r 

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

c o m p l e x t o e q u i m o l a r a m o u n t s o f d i - s - b u t y l z i n c a n d L ^ Z n H ^ . E v i d e n t l y , 

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

n u m h y d r i d e s p e c i e s , L i A l ( s - C ^ H ^ ) ^ H . T h e s o l i d f r o m t h e r e a c t i o n o f 

L i Z n ( C H 3 ) 2 H w i t h L i A l H h a d a m o l a r r a t i o o f L i : Z n : H o f 1 : 1 : 3 . T h e f i l ­

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

p o w d e r d i f f r a c t i o n p a t t e r n s h o w e d o n l y l i n e s f o r L i 2 Z n H 4 a n d z i n c m e t a l . 

T h u s , t h e s o l i d p r o d u c t m u s t b e a m i x t u r e o f L i 2 Z n H 4 a n d Z n H 2 , w h e r e t h e 

ZnH2 c o m e s f r o m r e d u c t i o n o f ( C H 3 ) 2 Z n w i t h L i A l ( C H 3 ) 3 H . A s i t u a t i o n 

18 
s i m i l a r t o t h i s w a s e n c o u n t e r e d b y C o a t e s i n t h e p r e p a r a t i o n o f L i B e H 3 . 
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T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f t h e c o m p o u n d c o n t a i n e d l i n e s d u e 

t o I / i ^ B e H ^ o n l y , b u t t h e a n a l y s i s s h o w e d a m o l a r r a t i o o f L i : B e : H o f 1 : 1 : 3 . 

C o a t e s c o n c l u d e d t h a t t h e p r o d u c t w a s a n e q u i m o l a r m i x t u r e o f I ^ B e H ^ a n d 

B e H 2 . 

T h e m e c h a n i s m o f f o r m a t i o n o f I ^ Z n H ^ b y r e a c t i o n o f L i Z n 2 ( C H ^ ^ H 

w i t h L i A l H , i s n o t a s w e l l u n d e r s t o o d . E v e n l e s s u n d e r s t a n d a b l e i s t h e 

r e a s o n w h y L i Z n ^ C H ^ ^ H r e a c t s s o s l o w l y w i t h L i A l H ^ . I t t o o k f i v e d a y s 

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

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

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

c o n t a i n L i : Z n i n a r a t i o o f 1 : 2 , b u t t h e a c t i v e h y d r o g e n w a s v e r y l o w 

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

r e d u c t i o n p r o d u c t w a s L i Z n 2 H ^ , w h i c h d e c o m p o s e d t o L ^ Z n H ^ a n d Z n H 2 » A 

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

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

w h i c h c o u l d t h e n d i s p r o p o r t i o n a t e t o L ^ Z n H ^ a n d ( C H 3 ) 2 Z n a c c o r d i n g t o 

E q . 1 0 . 

L i Z n 2 ( C H 3 ) 4 H + L i A l H 4 -» L i Z n 2 ( C H 3 ) 3 H 2 - \ L i 2 Z n H 4 + | ( C H 3 ) 2 Z n ( 1 0 ) 

T h e ( C H 3 ) 2 Z n w o u l d t h e n p r e s u m a b l y b e r e d u c e d r a p i d l y i n t h e p r e s e n c e o f 

L i A l H 4 t o Z n H 2 « T h e m a j o r p a r t o f t h e d e c o m p o s i t i o n i s p r o b a b l y d u e t o 

d e c o m p o s i t i o n o f Z n H 2 . 

T h e v a c u u m D T A - T G A o f L i 2 Z n H 4 , a s s h o w n i n F i g u r e 2 , d e c o m p o s e s 

e v o l v i n g n o n c o n d e n s a b l e g a s e s a t 1 3 6 ° a n d 3 1 0 ° . T h e t h e r m a l e f f e c t 
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f o r t h e f i r s t g a s e v o l u t i o n c o n t a i n s a s h a r p e x o t h e r m s u p e r i m p o s e d o n a 

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

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

1 : 1 . T h e f i r s t g a s e v o l u t i o n i s a t t r i b u t e d t o d e c o m p o s i t i o n o f L ^ Z n H ^ 

t o L i H a n d Z n H 2 w i t h s i m u l t a n e o u s d e c o m p o s i t i o n o f Z n H 2 » T h e l a s t e n d o ­

t h e r m i s d u e t o t h e d e c o m p o s i t i o n o f L i H . A n x - r a y p o w d e r d i f f r a c t i o n 

p a t t e r n t a k e n a f t e r t h e f i r s t s t e p s h o w e d t h e p r e s e n c e o f L i H a n d Z n m e t a l , 

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

S t e p 1 : L i 2 Z n H 4 - 2 L i H + Z n + H 2 

S t e p 2 : 2 L i H - 2 L i + H 0 

L i 3 Z n H 5 

I n t h e i r l o w t e m p e r a t u r e NMR w o r k o n t h e s y s t e m C H ^ L i - ( C H ^ ) 2 Z n , 

S e i t z a n d B r o w n " ^ r e p o r t e d t h e e x i s t e n c e o f t w o c o m p l e x e s , L i 2 Z n ( C H 3 ) 4 a n d 

L i 3 Z n ( C H 3 ) 5 . S i n c e r e d u c t i o n o f L i 2 Z n ( C H 3 > 4 w i t h L i A l H ^ y i e l d s L i ^ n H ^ , 

r e d u c t i o n o f L i 3 Z n ( C H 3 ) < - w i t h L i A l H ^ s h o u l d p r o v i d e a c o n v e n i e n t r o u t e t o 

L i 3 Z n H 5 ( E q . 1 1 ) . 

L i 3 Z n ( C H 3 ) 5 + | L i A l H 4 - L i 3 Z n H 5 + | L i A l ( C H 3 ) 2 H 2 ( 1 1 ) 

T h e r e a c t i o n o f L i 3 Z n ( C H 3 ) , _ w i t h L i A l H ^ i n d i e t h y l e t h e r a t r o o m 

t e m p e r a t u r e g a v e L i 3 Z n H ^ , i n 100% y i e l d . T h e p r o d u c t c o n t a i n e d a s m a l l 

a m o u n t o f L i A l H ^ w h i c h p r e c i p i t a t e d w i t h t h e p r o d u c t . T h e x - r a y p o w d e r 

d i f f r a c t i o n p a t t e r n ( T a b l e 1 ) d i d n o t c o n t a i n a n y l i n e s d u e t o L i ^ n H ^ , 
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Z n H 2 o r L i H ; t h e r e f o r e , t h e p r o d u c t o f t h e r e a c t i o n i s n o t a p h y s i c a l 

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

- 1 - 1 
b a n d s . T h e t w o s t r o n g b a n d s a r e c e n t e r e d a t 6 8 0 cm a n d 1 5 5 0 c m . T h e 

t w o m o d e r a t e b a n d s a r e c e n t e r e d a t 9 9 0 cm 1 a n d 1 2 8 0 c m ^ . A l t h o u g h t h e 

16 

s t r u c t u r e o f L i n Z n H , . m i g h t b e s i m i l a r t o t h a t p r o p o s e d b y B r o w n f o r 

L i ^ Z n C C H - j ) c j , b e c a u s e o f t h e i n s o l u b i l i t y o f t h e h y d r i d e ; m o l e c u l a r a s s o c i ­

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

T h e v a c u u m D T A - T G A o f t h i s c o m p o u n d , r u n s e v e r a l m o n t h s a f t e r i t 

w a s o r i g i n a l l y p r e p a r e d , w a s s i m i l a r t o t h a t o b s e r v e d f o r L i ^ n H ^ . A t t h i s 

p o i n t i t w a s t h o u g h t t h a t L i ^ Z n H ^ d e c o m p o s e d s l o w l y o v e r a p e r i o d o f m o n t h s 

t o L ^ Z n H ^ a n d L i H ; h o w e v e r , s u b s e q u e n t a t t e m p t s t o r e p r e p a r e L i ^ Z n H ^ h a v e 

f a i l e d . I n e a c h c a s e t h e p r o d u c t w a s a m i x t u r e o f L ^ Z n H ^ a n d L i H . T h i s 

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

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

d a t a i n d i c a t e d t h e u n e q u i v o c a l f o r m a t i o n o f L i - Z n H j . . 

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

l i t h i u m u n i t i n t h e m e t h y l l i t h i u m t e t r a m e r ( E q . 1 2 ) . 

T r i l i t h i u m p e n t a m e t h y l z i n c a t e h a s b e e n r e p o r t e d 
16 

t o b e f o r m e d i n 

Z n 

CH3 
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L i t h i u m t r i m e t h y l z i n c a t e c o u l d t h e n b e f o r m e d b y s u b s t i t u t i o n o f t w o 

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

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

a n e x c e l l e n t p r e c u r s o r t o L i Z n H ^ . 

T h e r e a c t i o n o f a 1 : 1 m i x t u r e o f m e t h y l l i t h i u m a n d d i m e t h y l z i n c 

w i t h L i A l H ^ i n d i e t h y l e t h e r d i d p r o d u c e L i Z n H ^ ( E q . 1 3 a n d 1 4 ) . 

^ ( L i C H 3 ) 4 + 2 Z n ( C H 3 ) 2 - 2 L i Z n ( C H 3 ) 3 ( 1 3 ) 

L i Z n ( C H 3 ) 3 + | L i A l H 4 -» L i Z n H 3 + | L i A l ( C H 3 ) 2 H 2 ( 1 4 ) 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f L i Z n H 3 ( T a b l e 1 ) w a s v e r y d i f f e r ­

e n t f r o m t h a t o f L i 2 Z n H 4 o r L i 3 Z n H ^ a n d d i d n o t c o n t a i n a n y l i n e s i n c o m ­

m o n w i t h L i H o r Z n H 2 . L i t t l e i n f o r m a t i o n c o n c e r n i n g t h e s t r u c t u r e o f 

L i Z n H 3 i s a v a i l a b l e s i n c e t h e c o m p o u n d i s n o t s o l u b l e e n o u g h t o o b t a i n 

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

T h e v a c u u m D T A - T G A o f L i Z n H 3 i s s h o w n i n F i g u r e 3 . I t c o n t a i n e d 

n o n c o n d e n s a b l e g a s e v o l u t i o n s a t 9 7 ° , 1 3 6 ° , a n d 2 9 0 ° . T h e g a s e v o l u t i o n 

a t 9 7 ° w a s a c c o m p a n i e d b y a s t r o n g e x o t h e r m a l e f f e c t a n d i s p r o b a b l y d u e 

t o d i s p r o p o r t a t i o n o f L i Z n H 3 t o L i 2 Z n H 4 a n d Z n H 2 , w i t h s i m u l t a n e o u s d e ­

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

9 0 ° a n d 1 0 0 ° . T h e f a c t t h a t t h e n e x t t w o g a s e v o l u t i o n s c o r r e s p o n d t o 

t h o s e a c c o m p a n y i n g d e c o m p o s i t i o n o f L i 2 Z n H 4 s u p p o r t s t h i s p r o p o s a l . 

T h e t h e r m a l d e c o m p o s i t i o n o f L i Z n H 3 i s b e l i e v e d t o o c c u r i n e s s e n ­

t i a l l y t h r e e s t e p s , a s f o l l o w s . 
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S t e p 1 : 2 L i Z n H 0 - L i 0 Z n H , + Z n H 0 

3 2 4 2 

Z n H 2 - Z n + H 2 

S t e p 2 : L i 0 Z n H , - 2 L i H + Z n + 2 H 0 

2 4 2 

S t e p 3 : 2 L i H - 2 L i + H £ 

T h e f i r s t s t e p i s s l o w c o m p a r e d t o t h e s e c o n d w h i c h h a s Z n H 2 d e c o m p o s i n g 

v e r y r a p i d l y o n c e f o r m e d . T h e d e c o m p o s i t i o n o f L i 2 Z n H 4 o c c u r s a t h i g h e r 

t e m p e r a t u r e s . 

L i Z n H 5 a n d L i Z n ^ 

M i x t u r e s o f m e t h y l l i t h i u m a n d d i m e t h y l z i n c i n r a t i o s o f 1 : 2 a n d 

1 : 3 , r e s p e c t i v e l y , w e r e a l l o w e d t o r e a c t w i t h L i A l H ^ i n d i e t h y l e t h e r . 

T h e s o l i d c o m p o u n d s o b t a i n e d h a d L i : Z n : H r a t i o s o f 1 : 2 : 5 a n d 1 : 3 : 7 . H o w ­

e v e r , t h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n s o f t h e s o l i d s ( T a b l e 1 ) c o n ­

t a i n e d l i n e s d u e o n l y t o L i Z n H ^ . T h u s , t h e s o l i d c o m p o u n d s a r e 1 : 1 a n d 

1 : 2 m i x t u r e s o f L i Z n H ^ a n d Z n ^ . 

K Z n ( C H 3 ) 2 H a n d K Z n 2 ( C H 3 > 4 H 

I n c o n t r a s t t o t h e r e a c t i o n o f d i - s - b u t y l z i n c w i t h K H w h i c h y i e l d s 

^ Z n H ^ d i r e c t l y , K H a n d d i m e t h y l z i n c r e a c t i n 1 : 1 r a t i o i n e i t h e r d i e t h y l 

e t h e r o r t e t r a h y d r o f u r a n t o f o r m K Z n ( C H 3 ) 2 H i n q u a n t i t a t i v e y i e l d . T h i s 

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

f o u n d t o b e a n a l o g o u s t o t h o s e o f L i Z n ( C H 3 ) 2 H a n d N a Z n ( C H 3 ) 2 H w h i c h h a d 

9 

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

K Z n ( C H 3 ) 2 H w a 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 o l u b l e i n t e t r a h y d r o f u r a n , 
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a n d w a s f o u n d t o r e a c t w i t h a n o t h e r m o l e c u l e o f ( C H ^ ^ Z n . T h i s g a v e 

K Z n 2 ( C H 3 ) 4 H , w h i c h l i k e t h e l i t h i u m a n d s o d i u m c o m p l e x e s d e c o m p o s e d t o 

K Z n C C H ^ ^ H a n d ( C H ^ ) 2 Z n w h e n a n a t t e m p t w a s m a d e t o i s o l a t e i t a s a s o l i d . 

K Z n 2 H 5 

T h e r e a c t i o n o f K Z n ( C H 3 ) 2 H w i t h A l H ^ i n t e t r a h y d r o f u r a n ( A l H ^ w a s 

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

c h a n g e i f L i A l H ^ w e r e u s e d ) w a s s e l e c t e d a s a c o n v e n i e n t r o u t e t o K Z n H ^ . 

H o w e v e r , t h e r e a c t i o n r e a d i l y p r o c e e d s t o g i v e K Z n 2 H ^ ( E q . 1 5 ) i n q u a n t i ­

t a t i v e y i e l d . 

2 K Z n ( C H 3 ) 2 H + 2 A 1 H 3 - K Z n ^ + K A 1 ( C H 3 ) 2 H 2 • A l ( C H 3 ) 2 H ( 1 5 ) 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n f o r K Z n 2 H ^ ( T a b l e 4 ) c o n t a i n s n o 

l i n e s d u e t o K H , Z n H 2 > o r ^ Z h H ^ . T h e i n f r a r e d s p e c t r u m o f t h e f i l t r a t e 

c o n t a i n i n g t h e K A 1 ( C H 3 ) 2 H 2 • A l ( C H 3 ) 2 H s h o w e d a b r o a d b a n d i n t h e A l - H 

s t r e t c h i n g r e g i o n c e n t e r e d a t 1 6 1 8 c m " 1 . D i m e t h y l a l a n e a b s o r b s a t 1 7 5 0 

c m " 1 i n T H F , t h u s t h e s p e c i e s i s n o t a m i x t u r e o f A 1 ( C H 3 ) 2 H a n d K A 1 -

( C H 3 ) 2 H 2 i n s o l u t i o n . 

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

K Z n 2 ( C H 3 ) 4 H w i t h A 1 H 3 i n t e t r a h y d r o f u r a n ( E q . 1 6 ) . 

K Z n 2 ( C H 3 ) 4 H + 2 A 1 H 3 -» K Z n ^ + 2 A 1 ( C H 3 ) 2 H ( 1 6 ) 

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

x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f K Z n 2 H , _ o b t a i n e d f r o m t h i s r e a c t i o n i s 
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s h o w n i n T a b l e 4 . 

T h e v a c u u m D T A - T G A o f K Z n 2 H , _ i s s h o w n i n F i g u r e 4 . L a r g e n o n c o n -

d e n s a b l e g a s e v o l u t i o n s o c c u r r e d a t 1 2 5 ° , 2 2 3 ° , a n d 2 6 7 ° . T h e r a t i o o f 

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

w a s 3 : 1 . T h e t h e r m a l e f f e c t f o r t h e f i r s t g a s e v o l u t i o n s h o w e d a s h a r p 

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

b e d u e t o d e c o m p o s i t i o n o f K Z r ^ H , . t o K Z n H ^ a n d Z n H 2 w i t h s i m u l t a n e o u s d e ­

c o m p o s i t i o n o f Z n H 2 t o Z n a n d H 2 > T h e e n d o t h e r m i s b e l i e v e d t o b e d u e t o 

d i s p r o p o r t i o n a t i o n o f K Z n H ^ t o K ^ n H ^ a n d Z n H 2 w i t h s i m u l t a n e o u s d e c o m p o s i ­

t i o n o f t h e Z n H 2 > T h e t h e r m a l e f f e c t s f o r t h e s e c o n d a n d t h i r d g a s e v o ­

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

p o s i t i o n o f ^ Z n H ^ t o K H a n d Z n H 2 w i t h s i m u l t a n e o u s d e c o m p o s i t i o n o f Z n H 2 > 

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

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

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

t i o n . T h e x - r a y p o w d e r p a t t e r n t a k e n a f t e r t h e f i r s t s t e p s h o w e d l i n e s 

f o r K 2 Z n H ^ a n d Z n m e t a l o n l y . T h e x - r a y p o w d e r p a t t e r n t a k e n a f t e r t h e 

s e c o n d s t e p s h o w e d l i n e s f o r K H a n d Z n m e t a l . M o r e e v i d e n c e i s p r o v i d e d 

b y t h e f a c t t h a t t h e r a t i o o f t h e w e i g h t l o s s i n S t e p 1 t o t h a t i n S t e p 2 

s h o u l d b e 3 , w h i c h i s w h a t w a s f o u n d . 

S t e p 1 : K Z n 2 H 5 - K Z n H ^ + Z n + H 2 

2 K Z n H 0 - K _ Z n H . + Z n + H 0 

3 2 4 2 

S t e p 2 : K 2 Z n H 4 - 2 K H + Z n + H 2 

S t e p 3 : K H -» K + - | H 2 



F i g u r e 4 . V a c u u m D T A - T G A o f K Z n 0 H 
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I n o r d e r t o s u b s t a n t i a t e t h a t S t e p s 2 a n d 3 a r e t h e o n l y s t e p s 

i n v o l v e d i n t h e d e c o m p o s i t i o n o f K ^ Z n H ^ , t h e D T A - T G A o f K ^ n H ^ w a s i n v e s ­

t i g a t e d . T h e v a c u u m D T A - T G A s h o w n i n F i g u r e 5 c o n t a i n e d o n e v e r y b r o a d 

n o n c o n d e n s a b l e g a s e v o l u t i o n w h i c h p e a k e d a t 2 8 5 ° a n d h a d s h o u l d e r s a t 

2 0 0 ° a n d 2 3 7 ° . F u r t h e r i n f o r m a t i o n c o n c e r n i n g t h e d e c o m p o s i t i o n o f K ^ n H ^ 

b y o b s e r v i n g t h e D T A - T G A u n d e r a r g o n f l u s h i s s h o w n i n F i g u r e 6 . T h e D T A -

T G A c o n t a i n e d t h r e e w e l l s e p a r a t e d w e i g h t l o s s e s w i t h c o r r e s p o n d i n g e n d o -

t h e r m s a t 1 5 0 ° , 2 6 6 ° , a n d 3 5 5 ° . T h i s d i f f e r s s o m e w h a t w i t h t h e D T A - T G A 

g 

f o r I ^ Z n H ^ o b t a i n e d , u n d e r a r g o n , i n o u r e a r l i e r r e p o r t . I n t h e e a r l i e r 

w o r k , K ^ Z n H ^ w a s r e p o r t e d t o h a v e l o s t a l l s o l v e n t b e f o r e 8 0 ° a n d t o h a v e 

e n d o t h e r m a l d e c o m p o s i t i o n s t e p s a t 2 4 2 ° , 2 9 2 ° , a n d 3 3 6 ° . N o a t t e m p t w a s 

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

I n t h e p r e s e n t w o r k , t h e e n d o t h e r m a l w e i g h t l o s s a t 1 5 0 ° w a s f o u n d t o b e 

d u e t o l o s s o f s o l v e n t , s i n c e a n x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f a 

s a m p l e h e a t e d t o 2 0 0 ° c o n t a i n e d l i n e s d u e o n l y t o K ^ n H ^ . T h e e n d o t h e r m a l 

w e i g h t l o s s a t 2 6 6 ° c a n b e r e p r e s e n t e d b y t h e f o l l o w i n g r e a c t i o n ( E q . 1 7 ) 

K 2 Z n H ^ - 2 K H + Z n + H 2 ( 1 7 ) 

s i n c e a n x - r a y p o w d e r p a t t e r n o f a s a m p l e h e a t e d t o 3 0 0 ° s h o w e d l i n e s d u e 

o n l y t o K H a n d z i n c m e t a l . T h u s , t h e l a s t e n d o t h e r m c a n b e r e p r e s e n t e d 

b y t h e r e a c t i o n ( E q . 1 8 ) 

2 K H - 2 K + H 2 ( 1 8 ) 
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K Z n 3 H y 

R e a c t i o n o f a 1 : 3 m i x t u r e o f K H a n d ( C H ^ ^ Z n w i t h A l H ^ i n t e t r a h y ­

d r o f u r a n g a v e a w h i t e s o l i d w i t h K : Z n : H r a t i o o f 1 : 3 : 7 ; h o w e v e r , t h e x - r a y 

p o w d e r d i f f r a c t i o n p a t t e r n s h o w e d o n l y l i n e s f o r K Z n ^ H ^ . T h u s , t h e c o m ­

p o u n d m u s t b e a 1 : 1 m i x t u r e o f KZn^K^ a n d Z n ^ . 

K Z n H 3 

T h e r e a c t i o n o f K Z n ( C H 3 ) 2 H w i t h L i A l H ^ i n t e t r a h y d r o f u r a n g a v e 

K Z n H 3 ( n o a l k a l i m e t a l e x c h a n g e ) i n q u a n t i t a t i v e y i e l d ( E q . 1 9 ) . 

K Z n ( C H 3 ) 2 H + L i A l H 4 - K Z n H 3 + L i A l ( C H 3 ) 2 H 2 ( 1 9 ) 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f K Z n H 3 ( T a b l e 4 ) d i d n o t c o n t a i n 

a n y l i n e s d u e t o K Z n 2 H ^ , K ^ n H ^ , Z n H 2 , o r K H . 

T h e v a c u u m D T A - T G A o f K Z n H 3 i s s h o w n i n F i g u r e 7 . T h r e e s t a g e s o f 

n o n c o n d e n s a b l e g a s e v o l u t i o n w e r e o b s e r v e d a t 1 2 5 , 2 1 3 , a n d 2 8 0 . T h e 

t h e r m a l e f f e c t o f t h e f i r s t g a s e v o l u t i o n w a s e x o t h e r m a l , w h i l e t h a t o f 

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

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

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

l i n e s f o r K 2 Z n H 4 a n d Z n o n l y . T h e x - r a y p o w d e r p a t t e r n o f t h e s o l i d l e f t 

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

l e a d t o t h e f o l l o w i n g s u g g e s t e d d e c o m p o s i t i o n p a t t e r n o f K Z n H 3 « 

S t e p 1 : K Z n H 3 - K 2 Z n H 4 + Z n + H 2 

S t e p 2 : K 2 Z n H 4 - 2 K H + Z n + H £ 

S t e p 3 : K H K + | H 2 



F i g u r e 7. Vacuum DTA-TGA of KZnH 
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T h e w e i g h t l o s s e s d u r i n g S t e p s 1 a n d 2 s h o u l d b e e q u i v a l e n t . T h i s i s 

w h a t w a s o b s e r v e d . 

N a Z n H 3 

T h e r e a c t i o n o f N a Z n C C H ^ ^ H w i t h N a A l H ^ i n t e t r a h y d r o f u r a n g a v e 

N a Z n H 3 ( E q . 2 0 ) . 

N a Z n ( C H 3 ) 2 H + N a A l H ^ -» N a Z n H 3 + N a A l ( C H 3 ) 2 H 2 ( 2 0 ) 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n ( T a b l e 5 ) w a s i d e n t i c a l t o t h a t r e ­

p o r t e d b y S h r i v e r 1 ^ i n h i s p r e p a r a t i o n o f N a Z n H y [ S h r i v e r ' s p r e p a r a t i o n 

i n v o l v e d t h e r m a l d e c o m p o s i t i o n o f N a Z n 2 ( C H 3 ) 2 H 3 u n d e r v a c u u m t o g i v e 

N a Z n H 3 a n d ( C H 3 ) 2 Z n . ] V a c u u m D T A - T G A a n a l y s i s o f N a Z n H 3 , s h o w n i n F i g u r e 

8 , s h o w e d a s t r o n g e x o t h e r m a t 7 2 ° a n d m o d e r a t e e n d o t h e r m s a t 1 0 4 ° , 1 8 3 ° , 

a n d 2 5 0 ° . T h e s i m u l t a n e o u s w e i g h t l o s s c u r v e s h o w e d i n f l e c t i o n s t h a t 

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

w e i g h t l o s s a t t h e e x o t h e r m . T h e f i r s t e n d o t h e r m ( 1 0 4 ° ) c o r r e s p o n d s t o 

t h e t h e r m a l d e c o m p o s i t i o n o f Z n R " 2 ; t h e r e f o r e , t h e e x o t h e r m a t 7 2 ° c a n b e 

a t t r i b u t e d t o d i s p r o p o r t i o n a t i o n o f N a Z n H 3 t o N a ^ n H ^ a n d Z n H 2 « T h i s o b ­

s e r v a t i o n e x p l a i n s w h y N a Z n H 3 t u r n s b l a c k o n s t a n d i n g a t r o o m t e m p e r a t u r e 

9 

( a p h e n o m e n o n r e p o r t e d b y S h r i v e r a n d o b s e r v e d b y t h e a u t h o r ) . T h e e n ­

d o t h e r m a t 1 8 3 ° c o r r e s p o n d s t o t h e d e c o m p o s i t i o n o f N a ^ Z n H ^ a n d t h e e n d o ­

t h e r m a t 2 5 0 ° c o r r e s p o n d s t o t h e d e c o m p o s i t i o n o f N a H . T h e D T A - T G A r e ­

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

t h e d i f f e r e n c e i s p r o b a b l y d u e t o t h e f a c t t h a t t h e e a r l i e r D T A - T G A w a s 

r u n u n d e r a r g o n a t o n e a t m o s p h e r e p r e s s u r e w h e r e a s t h e D T A - T G A r e p o r t e d 
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h e r e w a s c a r r i e d o u t u n d e r v a c u u m . T h e r m a l d e c o m p o s i t i o n o f N a Z n H ^ i s 

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

S t e p 1 : 2 N a Z n H 3 -» N a ^ n H ^ + Z n H 2 

S t e p 2 : Z n H 2 - Z n + H 2 

S t e p 3 : N a 2 Z n H 4 - 2 N a H + Z n + H 2 

S t e p 4 : 2 N a H - 2 N a + H 2 

T h e r e a c t i o n o f N a Z n 2 ( C H 3 ) 4 H w i t h N a A l H ^ a l s o y i e l d e d N a Z n H y 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n o f N a Z n H ^ p r e p a r e d b y t h i s r o u t e i s 

g i v e n i n T a b l e 5 . T h e m e c h a n i s m b y w h i c h N a Z n H ^ w a s f o r m e d i n t h i s r e a c ­

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

N a Z n 2 H 5 

I n a m a n n e r s i m i l a r t o t h e r e a c t i o n o f K Z n ( C H 3 ) 2 H w i t h A l H ^ w h i c h 

f o r m e d K Z n 2 H ^ , A l H ^ w a s a l s o f o u n d t o r e a c t w i t h N a Z n ( C H 3 ) 2 H t o f o r m 

N a Z n 2 H 5 ( E q . 2 1 ) . 

2 N a Z n ( C H 3 ) 2 H + 2 A 1 H 3 - N a Z n ^ + N a A l 2 ( C H 3 ) 4 H 3 ( 2 1 ) 

T h e x - r a y p o w d e r p a t t e r n o f N a Z n 2 H , - ( T a b l e 5 ) c o n t a i n e d n o l i n e s d u e t o 

N a H , Z n H 2 , N a ^ n H ^ , o r N a Z n H 3 . T h e i n f r a r e d s p e c t r u m o f t h e f i l t r a t e r e ­

m a i n i n g a f t e r f i l t r a t i o n o f t h e s o l i d N a Z n 2 H ^ s h o w e d a v e r y b r o a d b a n d i n 

t h e A l - H s t r e t c h i n g r e g i o n c e n t e r e d a t 1 6 1 0 c m 1 . I n v i e w o f t h i s s p e c ­

t r u m a n d e l e m e n t a l a n a l y s i s o f t h e f i l t r a t e , t h e p r o d u c t i n s o l u t i o n i s 
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b e l i e v e d t o b e a c o m p l e x b e t w e e n M e 2 A l H a n d N a A l M e 2 H 2 » 

T h e v a c u u m D T A - T G A o f N a Z n 2 H , _ i s s h o w n i n F i g u r e 9 . L a r g e n o n c o n -

d e n s a b l e g a s e v o l u t i o n s o c c u r r e d a t 1 2 3 ° , 2 1 0 ° , a n d 3 1 5 ° . T h e r a t i o o f 

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

a n d t h i r d o n e s w a s 3 : 1 : 1 . T h e t h e r m a l e f f e c t f o r t h e f i r s t g a s e v o l u t i o n 

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

o f N a Z n 2 H ^ t o N a 2 Z n H ^ a n d Z n ^ w i t h s i m u l t a n e o u s d e c o m p o s i t i o n o f t h e Z n ^ 

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

d o t h e r m a l . T h e s e c o n d g a s e v o l u t i o n i s d u e t o d e c o m p o s i t i o n o f N a 2 Z n H ^ 

t o N a H a n d Z n ^ w i t h s i m u l t a n e o u s d e c o m p o s i t i o n o f Z n ^ . T h e t h i r d g a s 

e v o l u t i o n i s d u e t o d e c o m p o s i t i o n o f N a H . T h e m e c h a n i s m o f d e c o m p o s i t i o n , 

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

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

p a t t e r n t a k e n a f t e r t h e f i r s t s t e p s h o w e d l i n e s f o r N a 2 Z n H ^ a n d Z n m e t a l 

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

f o r N a H a n d Z n m e t a l . M o r e e v i d e n c e i s p r o v i d e d b y t h e f a c t t h a t t h e 

r a t i o o f t h e w e i g h t l o s s e s i n t h e t h r e e s t e p s s h o u l d b e 3 : 1 : 1 , w h i c h i s 

w h a t w a s o b s e r v e d . 

1 3 3 
S t e p 1 : N a Z n 2 H 5 - N a 2 Z n H 4

 + 2 Z n + 2 H 2 

S t e p 2 : - | N a 2 Z n H 4 - N a H + - | Z n + - | H 2 

S t e p 3 : N a H - N a + j H £ 

R e a c t i o n o f A l k a l i M e t a l H y d r i d e s w i t h Z i n c H a l i d e s i n T e t r a h y d r o f u r a n 

T h e r e a c t i o n o f L i H w i t h Z n l t a ^ a n d N a H w i t h Z n ^ i n 2 : 1 m o l a r r a t i o 
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i n T H F p r o c e e d s a c c o r d i n g t o E q . 2 2 a n d 2 3 . I n b o t h c a s e s t h e a l k a l i 

m e t a l h a l i d e r e m a i n s i n s o l u t i o n w h i l e t h e Z n H 2 p r e c i p i t a t e s . 

2 L i H + Z n B r 2 - 2 L i B r + Z n H 2 ( 2 2 ) 

2 N a H + Z n l 2 - 2 N a l + Z n H 2 ( 2 3 ) 

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

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

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

s h o w n i n T a b l e 2 . A l s o g i v e n i n T a b l e 2 a r e t h e x - r a y p o w d e r p a t t e r n s o f 

8 19 

Z n H 2 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 ( C 2 H ^ ) 2 Z n a n d ( C H ^ ^ Z n . 

T h e l a t t e r t w o p a t t e r n s d i f f e r f r o m o n e a n o t h e r , a s w e l l a s f r o m t h e p a t ­

t e r n o f Z n H 2 p r e p a r e d i n t h i s s t u d y . H o w e v e r , t h e x - r a y p o w d e r p a t t e r n s 

o f Z n H 2 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 H w i t h Z n B r 2 a n d N a H w i t h Z n l 2 a r e 

i d e n t i c a l . I t h a s b e e n o u r e x p e r i e n c e t h a t Z n H 2 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 a d i a l k y l z i n c c o m p o u n d i s u s u a l l y a m o r p h o u s , y i e l d i n g a n 

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

o f a b o u t 4 . 0 a n d t h e o t h e r a t 2 . 5 . I n d e e d , t w o r e p o r t s i n t h e r e c e n t 

8 19 

l i t e r a t u r e ' c l a i m d i f f e r e n t x - r a y p o w d e r p a t t e r n s f o r Z n H 2 p r e p a r e d b y 

t h e l a t t e r m e t h o d . I n a d d i t i o n , Z n H 2 p r e p a r e d b y t h e S c h l e s i n g e r m e t h o d 

( L i A l H ^ + R 2 Z n ) t u r n s b l a c k a f t e r a f e w d a y s a t r o o m t e m p e r a t u r e a n d h y ­

d r o l y z e s s l o w l y w i t h w a t e r . T h e Z n H 2 p r e p a r e d i n t h e p r e s e n t s t u d y r e ­

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

t e m p e r a t u r e , i n a d d i t i o n t o g i v i n g a d i s t i n c t , r e p r o d u c i b l e p o w d e r p a t t e r n . 
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H o w e v e r , i t d o e s d e c o m p o s e t h e r m a l l y a t 9 0 t o p r o d u c e z i n c m e t a l a n d 

h y d r o g e n . 

T h e r e a c t i o n s o f K H w i t h Z n C l i n 1 : 2 , 1 : 1 , 2 : 1 , a n d 3 : 1 m o l a r 

r a t i o s p r o c e e d a c c o r d i n g t o E q . 2 3 - 2 6 . 

K H + 2 Z n C l 2 <-» ^ K Z n 2 C l 4 + | Z n C l 2 + - | K ^ n C l ^ + - | Z n H ^ ( 2 3 ) 

K H + Z n C l 2 | - K Z n 2 C l 5 + | K 2 Z n C l 4 i + j K C H + - | Z n H ^ ( 2 4 ) 

2 K H + Z n C l 2 - 2 K C H + Z n H ^ ( 2 5 ) 

3 K H + Z n C l , K H I + 2 K C U + Z n H ^ ( 2 6 ) 

I n t h e r e a c t i o n o f K H w i t h Z n C l 2 i n a 1 : 2 m o l a r r a t i o , K Z n 2 C l ^ r e m a i n s i n 

s o l u t i o n , w h i l e K 2 Z n C l 4 a n d Z n H 2 p r e c i p i t a t e f r o m s o l u t i o n . T h i s s t a t e m e n t 

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

t a i n e d K : Z n : C l : H i n m o l a r r a t i o s o f 0 . 2 9 : 1 . 0 0 : 2 . 2 7 : 0 . 0 0 a n d 5 8 . 6 % o f t h e 

s t a r t i n g z i n c . A m i x t u r e o f l / 3 K Z n ^ l ^ . + l / 2 Z n C l 2 w i l l h a v e K : Z n : C l i n 

m o l a r r a t i o s o f 0 . 2 8 2 : 1 . 0 0 : 2 . 2 8 a n d c o n t a i n ( ( 3 / 2 + l / 2 ) / 2 ) 1 0 0 = 5 8 . 5 % o f 

t h e s t a r t i n g z i n c . T h e s o l i d f r o m t h e r e a c t i o n m i x t u r e c o n t a i n e d K : Z n : C l : H 

i n m o l a r r a t i o s o f 0 . 8 2 : 1 . 0 0 : 1 . 6 2 : 1 . 1 9 . A m i x t u r e o f l / 3 K 2 Z n C l 4 + l / 2 Z n H , 

w i l l h a v e K : Z n : C l : H i n m o l a r r a t i o s o f 0 . 8 0 : 1 . 0 0 : 1 . 6 0 : 1 . 2 1 . T h e x - r a y 

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

a m i x t u r e o f K ^ n C l ^ a n d Z n H 2 » T h e p a t t e r n f o r Z n H 2 i n t h e m i x t u r e i s t h e 

s a m e a s t h a t f o r Z n H ? p r o d u c e d b y t h e r e a c t i o n s o f L i H w i t h Z n B r 9 a n d N a H 
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w i t h Z n l ^ . 

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

K Z n ^ C l , . f o u n d i n t h e f i l t r a t e a n d t h e K ^ Z n C l , f o u n d i n t h e p r e c i p i t a t e . 
2 5 2 4 r 

T h e r e a c t i o n b e t w e e n K C 1 a n d Z n C l 2 i n a 1 : 1 m o l a r r a t i o i s s h o w n i n E q . 

2 7 . 

K C 1 + Z n C l 2 - - | K Z n 2 C l 5 + - | K 2 Z n C l 4 ( 2 7 ) 

T h e f i l t r a t e f r o m t h i s r e a c t i o n m i x t u r e c o n t a i n s K : Z n : C l i n m o l a r r a t i o s 

o f 0 . 0 6 : 2 . 0 0 : 4 . 9 4 a n d 2 / 3 o f t h e s t a r t i n g z i n c . T h e s o l i d c o n t a i n s K : Z n : C l 

i n m o l a r r a t i o s o f 1 . 9 6 : 1 . 0 0 : 3 . 9 4 a n d l / 3 o f t h e s t a r t i n g z i n c . T h e a n a ­

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

s o l i d p r o d u c t i s n o t a p h y s i c a l m i x t u r e o f K C 1 a n d Z n C l 2 i n 2 : 1 r a t i o 

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

u c t c o n t a i n s n o l i n e s common t o e i t h e r K C 1 o r Z n C l 2 . T h u s , t h e s o l i d 

p r o d u c t i s p r e s u m e d t o b e a t r u e c o o r d i n a t i o n c o m p o u n d ( K ^ Z n C l ^ ) . T h e 

c o m p o u n d i n t h e f i l t r a t e i s r e p r e s e n t e d a s K Z n ^ l ^ . f o r t w o r e a s o n s . 

F i r s t , K C 1 i s n o t s o l u b l e i n T H F ; t h e r e f o r e , i f i t i s i n s o l u t i o n , i t 

s h o u l d b e p r e s e n t a s a c o m p l e x . S e c o n d , i f t h e r e m a i n i n g K C 1 i s n o t c o m -

p l e x e d t o Z n C l 2 a s K Z n 2 C l , _ , o n e w o u l d e x p e c t t o s e e a l l o f t h e K C 1 r e a c t 

w i t h o n e h a l f o f t h e Z n C l 2 t o g i v e o n e h a l f a n e q u i v a l e n t o f K ^ Z n C l ^ , 

i n s t e a d o f o n e t h i r d . I n t h e l a t t e r c a s e , o n e w o u l d e x p e c t t o f i n d h a l f 

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

i s o b s e r v e d a n d t h e r e f o r e K Z n 2 C l ^ m u s t b e a t r u e c o o r d i n a t i o n c o m p l e x . 
_ 

I t h a s b e e n s u g g e s t e d t h a t K 2 Z n C l 4 a n d K Z n ^ l ^ m i g h t b e c o -

c r y s t a l l a t e s o f K C 1 a n d Z n C l 2 . I n o r d e r t o b e a b l e t o e s t a b l i s h t h e a u ­

t h e n t i c i t y o f Z n 2 C l ^ " a n d Z n C l 4 " a n i o n s , o n e w o u l d n e e d t h e c o r r e s p o n d i n g 
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A n o p p o r t u n i t y w a s g i v e n f o r K Z n 2 C l , _ t o r e a c t w i t h A l H ^ t o f o r m 

K Z n 2 R \ - . T h e r e a c t i o n o f K Z n 2 C l ^ w i t h A l H ^ y i e l d e d a w h i t e s o l i d c o n t a i n ­

i n g K : Z n : C l : H i n m o l a r r a t i o s o f 0 . 4 6 : 1 . 0 0 : 0 . 5 2 : 2 . 0 0 . T h e x - r a y p o w d e r 

p a t t e r n o f t h e s o l i d ( s h o w n i n T a b l e 2 ) c o n t a i n s l i n e s f o r K C 1 , a n d t h e r e ­

f o r e i t m u s t b e a m i x t u r e o f K C 1 a n d Z n H 2 « T h e Z n H 2 f o r m e d i n t h i s r e a c ­

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

i s t h e Z n H 2 t h a t s o m e t i m e s i s p r o d u c e d f r o m t h e r e a c t i o n o f L i A l H ^ w i t h a 

d i a l k y l z i n c c o m p o u n d . T h e c o m p l e x K Z n 2 C l ^ e v i d e n t l y i s n o t c o m p l e t e l y 

r e d u c e d t o K Z n 2 H ^ , b u t i n s t e a d K C 1 a n d Z n H 2 a r e f o r m e d . 

W i t h t h i s i n f o r m a t i o n , o n e c a n w r i t e a r e a s o n a b l e s e q u e n c e f o r t h e 

r e a c t i o n o f K H w i t h Z n C l 2 i n 1 : 2 m o l a r r a t i o . T h e s e q u e n c e i s s h o w n b e l o w . 

K H + 2 Z n C l 2 - K C 1 + | Z n H 2 + | Z n C l 2 ( 2 8 ) 

K C 1 + Z n C l _ ^ K Z n 0 C l c + ^ K 0 Z n C l . ( 2 9 ) 
2 3 2 5 3 2 4 

F i r s t , K H r e a c t s w i t h t w o e q u i v a l e n t s o f Z n C l 2 t o g i v e o n e e q u i v a l e n t o f 

K C 1 , o n e h a l f e q u i v a l e n t o f Z n H 2 , a n d t h r e e h a l v e s e q u i v a l e n t o f ZnCl^* 

A f t e r t h i s , t h e K C 1 r e a c t s w i t h a n e q u i v a l e n t o f Z n C l 2 t o g i v e o n e t h i r d 

e q u i v a l e n t e a c h o f K Z n 2 C l ^ a n d K ^ n C l ^ . 

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

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

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

a b o v e c o m p o u n d s a r e n o t s i m p l e , p h y s i c a l m i x t u r e s o f K C 1 a n d Z n C ^ . T h u s , 

i f t h e s e c o m p o u n d s a r e c o - c r y s t a l l a t e s o f K C 1 a n d Z n C ^ , i t d o e s s e e m m o r e 

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

F o r K Z n 2 C l 5 , t h e m o l a r r a t i o s o f K : Z n : C l w e r e 1 . 0 6 : 2 . 0 0 : 4 . 9 4 . F o r ^ Z n C l ^ , 

t h e m o l a r r a t i o s o f K : Z n : C l w e r e 1 . 9 6 : 1 . 0 0 : 3 . 9 4 . 
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T h e r e a c t i o n s o f K H w i t h Z n C l 2 * - n 2 : 1 , a n d 3 : 1 m o l a r r a t i o s 

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

c o n v e r s i o n o f K H i n t o K C 1 w i t h t h e s i m u l t a n e o u s f o r m a t i o n o f Z n H ^ . T h e n , 

i f a n y Z n C l 2 r e m a i n s , K C 1 r e a c t s w i t h i t t o g i v e K Z n 2 C l ^ - a n d K ^ n C l ^ . 

T h e t o t a l r e a c t i o n s a s w r i t t e n i n E q . 2 4 - 2 6 a r e s u p p o r t e d b y a n a l y t i c a l 

a n d x - r a y p o w d e r d i f f r a c t i o n d a t a ( T a b l e 2 ) . I t i s i m p o r t a n t t o n o t e 

t h a t t h e Z n H 2 f o r m e d i n a l l t h e s e r e a c t i o n s o f K H w i t h Z n C l 2 g i v e s t h e 

s a m e p o w d e r p a t t e r n a s t h e Z n H 2 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 H w i t h Z n B r ^ 

a n d N a H w i t h Z n l 2 . 

T h e r e a c t i o n o f N a H w i t h Z n C l ^ i n 1 : 1 m o l a r r a t i o p r o c e e d s a c c o r d ­

i n g t o E q . 3 0 . T h e f i l t r a t e f r o m t h i s r e a c t i o n c o n t a i n e d N a : Z n : C l : H i n 

m o l a r r a t i o s o f 0 . 0 0 : 1 . 0 0 : 1 . 9 6 : 0 . 0 0 a n d o n e h a l f t h e s t a r t i n g z i n c . 

N a H + Z n C l 2 - j Z n C l 2 + N a C l + ^ Z n H 2 ( 3 0 ) 

T h e s o l i d c o n t a i n e d N a : Z n : C l : H i n m o l a r r a t i o s o f 1 . 9 4 : 1 . 0 0 : 1 . 9 7 : 1 . 2 7 . 

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

p a t t e r n o f t h e s o l i d ( T a b l e 3 ) c o n t a i n e d l i n e s o n l y f o r N a C l a n d z i n c 

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

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

a n d z i n c h a l i d e w h e r e t h e Z n H 2 p r o d u c e d t u r n e d b l a c k a f t e r j u s t a f e w 

d a y s . W h y t h e Z n H 2 f r o m t h i s r e a c t i o n b e h a v e d t h u s i s u n k n o w n a t p r e s e n t . 

S e v e r a l s a l i e n t p o i n t s a b o u t Z n H 2 a r e w o r t h n o t i n g a t t h i s p o i n t . 

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

b e l o w r o o m t e m p e r a t u r e . S e c o n d , Z n H 2 i s t h e m o s t t h e r m a l l y s t a b l e o f t h e 
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G r o u p I I B h y d r i d e s . C a d m i u m h y d r i d e ' a n d m e r c u r y h y d r i d e d e c o m ­

p o s e r a p i d l y e v e n b e l o w 0 ° . T h i r d , Z n R ^ e x h i b i t s r e a d y r e a c t i v i t y i n 

s i t u a t i o n s w h e r e t h e p r o d u c e i s s o l u b l e . T h e Z n R ^ p r e p a r e d i n t h i s s t u d y 

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

S c h l e s i n g e r m e t h o d . 
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L I T E R A T U R E C I T E D 

1 . A . E . F i n h o l t , A . C . B o n d , a n d H . F . S c h l e s i n g e r , J . A m e r . C h e m . 

S o c . , 6 9 , 1 1 9 9 ( 1 9 4 7 ) . 

2 . H . I . S c h l e s i n g e r , H . C . B r o w n , H . R . H o e k s t r a , a n d L . R . R a p p , 

J . A m e r . C h e m . S o c . , 7 5 , 1 9 9 ( 1 9 5 3 ) . 

3 . E . C . A s h b y , R . K o v a r , a n d R . A r n o t t , J . A m e r . C h e m . S o c . , 9 2 , 
2 1 8 2 ( 1 9 7 0 ) . 

4 . E . C . A s h b y a n d R . D . S c h w a r t z , I n o r g . C h e m . , 1 0 , 3 5 5 ( 1 9 7 1 ) . 

5 . E . C . A s h b y , R . K o v a r , a n d R . A r n o t t , J . A m e r . C h e m . S o c . , 9 2 

( 1 9 7 0 ) . 

6 . G . E . C o a t e s a n d J . A . H e s l o p , J . C h e m . S o c . ( A ) , 5 1 4 ( 1 9 6 8 ) . 

7 . W . E . B e c k e r a n d E . C . A s h b y , J . O r g . C h e m . , 2 0 , 9 5 4 ( 1 9 6 4 ) . 

8 . E . C . A s h b y a n d R . G . B e a c h , I n o r g . C h e m . , 1 0 , 2 4 8 6 ( 1 9 7 1 ) . 

9 . G . J . K u b a s a n d D . F . S h r i v e r , J . A m e r . C h e m . S o c , 9 2 , 1 9 4 9 ( 1 9 7 0 ) . 

1 0 . D . F . S h r i v e r , " T h e 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 , " 

M c G r a w H i l l , N e w Y o r k , N , Y , , 1 9 6 9 . 

1 1 . E . C . A s h b y , P . C l a u d y a n d B o u s q u e t , J . C h e m . E d . ( i n p r e s s ) . 

1 2 . C . R . N o l l e r , O r g . S y n . , 1 2 , 8 6 ( 1 9 3 2 ) . 

1 3 . H . C . B r o w n a n d H . M . Y o o n , J . A m e r . C h e m . S o c , 8 8 , 1 4 6 4 ( 1 9 6 6 ) . 

1 4 . G . D . B a r b a r a s , C . D i l l a r d , A . E . F i n h o l t , T . W a r t i c k , K . E . W i l z -
b a c h , a n d H . I . S c h l e s i n g e r , J . A m e r . C h e m . S o c , 7 3 , 4 5 8 5 ( 1 9 5 1 ) . 

1 5 . D . J . H u r d , J . O r g . C h e m . , J . 3 , 7 1 1 ( 1 9 4 8 ) . 

1 6 . L . M . S e i t z a n d T . L . B r o w n , J . A m e r . C h e m . S o c , 8 8 , . 4 1 4 0 ( 1 9 6 6 ) . 

1 7 . E . W e i s s a n d R . W o l f r u m , C h e m . B e r . , 1 0 1 , 3 5 ( 1 9 6 8 ) . 

J o u r n a l t i t l e a b b r e v i a t i o n s u s e d a r e l i s t e d i n " L i s t o f P e r i o d i ­

c a l s , " C h e m i c a l A b s t r a c t s ( 1 9 6 1 ) . 
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1 8 . N . A . B e l l a n d G . E . C o a t e s , J . C h e m . S o c , A , 6 2 8 ( 1 9 6 8 ) . 

1 9 . D . J , S h r i v e r , G . J . K u b a s , a n d J . A . M a r s h a l l , J . A m e r . C h e m . 

S o c . , 9 3 , 5 0 6 7 ( 1 9 7 1 ) . 

2 0 . E . W i b e r g a n d W . H e n l e , Z . N a t u r f . , 6 b , 4 6 1 ( 1 9 5 1 ) . 
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P A R T I I 

A S t u d y C o n c e r n i n g t h e E x i s t e n c e o f C o m p l e x e s B e t w e e n 

L i A l H . a n d A 1 H 0 i n E t h e r S o l v e n t s a n d i n t h e 
4 3 

S o l i d S t a t e 
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C H A P T E R I 

I N T R O D U C T I O N 

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

1 2 3 

c a n b e p r e p a r e d b y a n u m b e r o f d i f f e r e n t m e t h o d s . ' ' T h i s f i n d i n g 

a 1 l o w s a 

E t 0 

2 L i A l H 4 + B e C l 2 > L i 2 B e H 2 C l 2 + 2 A l H 3 ( 1 ) 

E t 0 

2 L i A l H 4 + H 2 S 0 4 > H 2 + L i 2 S 0 4 + 2 A l H 3 ( 2 ) 

E t 0 

2 L i A l H 4 + Z n C l 2 — 2 L i C l + Z n H 2 + 2 A l H 3 ( 3 ) 

c o n v e n i e n t s t u d y o f t h e i n t e r a c t i o n b e t w e e n L i A l H 4 a n d A l H 3 i n d i e t h y l 

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

e n o u g h s o a s t o p r o d u c e s t a b l e c o m p l e x e s ( L i A l H 4 • n A l H 3 , w h e r e n = 1 , 2 , 

3 , a n d 4 ) . A l t h o u g h a l u m i n u m h y d r i d e c a n b e p r e p a r e d i n t e t r a h y d r o f u r a n , 

c o m p l e x e s b e t w e e n L i A l H 4 a n d A l H 3 w o u l d n o t b e e x p e c t e d t o b e s t a b l e d u e 

4 

t o t h e s t r o n g a l u m i n u m - o x y g e n b o n d i n H 3 A l - 0 C 4 H g . R e c e n t R u s s i a n w o r k 

c l a i m s t h e p r e p a r a t i o n o f L i A ^ H ^ ( L i A l H 4 - A l H ^ a n d L i A l - ^ H ^ Q 

( L i A l H 4 • 2 A l H 3 ) i n d i e t h y l e t h e r ; h o w e v e r , t h e c o m p o u n d s w e r e r e p o r t e d 

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

r e c e n t s t u d y c o n c e r n i n g t h e s t r u c t u r e a n d p r o p e r t i e s o f L i A l 2 H y h a s 

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

6 

I n a d d i t i o n , o t h e r F r e n c h w o r k e r s h a v e r e p o r t e d t h e p r e p a r a t i o n o f t h e 

c o m p o u n d L i A l ^ H ^ ( L i A l H ^ • 3 A l H 3 ) b y t h e r e a c t i o n o f L i H w i t h A l H ^ i n 

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

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

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

f o r m a t i o n o f c o m p l e x e s o f t h e t y p e L i A l H ^ ' n A l H ^ i n e t h e r s o l v e n t . I t 

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

a n d A l H ^ i n d i e t h y l e t h e r i n d i c a t e s t h e f o r m a t i o n o f a l t e r n a t e i o n s t o 

7 8 
t h o s e a r i s i n g f r o m L i A l H ^ a n d A l H ^ s e p a r a t e l y . ' B e c a u s e o f t h e s e 

9 

r e p o r t s a n d b e c a u s e o f t h e a n a l o g y t o t h e M A l H ^ ' n A l R ^ s y s t e m s , f u r t h e r 

c l a i m s f o r t h e e x i s t e n c e o f M A l H ^ - n A l R ^ c o m p l e x e s h a v e b e e n m a d e ; i n 

p a r t i c u l a r , L i A ^ H y . 1 ^ 

W e h a v e b e e n e v a l u a t i n g n e w h y d r i d e 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 a n d f e l t t h a t L i A l H ^ ' A l H ^ c o m p o u n d s w o u l d b e h a v e d i f f e r e n t l y t h a n 

e i t h e r L i A l H ^ o r A l H ^ . R e d u c t i o n s t u d i e s i n t h i s l a b o r a t o r y h a v e s h o w n 

t h a t a m i x t u r e o f L i A l H ^ a n d A l H ^ i n e t h e r s o l v e n t g i v e t h e s a m 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 4 - _ 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 a s w o u l d b e e x p e c t e d f o r a s i m p l e p h y s i c a l m i x t u r e o f 

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

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

s p e c t r o s c o p y a n d i n t h e s o l i d s t a t e b y D T A - T G A a n d p o w d e r d i f f r a c t i o n . 
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C H A P T E R I I 

E X P E R I M E N T A L 

A p p a r a t u 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 

1 1 

t u b e t e c h n i q u e s . F i l t r a t i o n s a n d 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 s e 

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 r a p s t o r e m o v e 
i . 1 2 

s o l v e n t v a p o r s . 

I n f r a r e d s p e c t r a w e r e o b t a i n e d u s i n g a P e r k i n - E l m e r 6 2 1 s p e c t r o ­

p h o t o m e t e r . S o l i d s w e r e r u n a s n u j o l m u l l s b e t w e e n C s l p l a t e s . S o l u ­

t i o n s w e r e r u n i n m a t c h e d 0 . 1 0 mm p a t h l e n g t h N a C l c e l l s . X - r a y p o w d e r 

d a t a w e r e o b t a i n e d o n a P h i l i p s - N o r e l c o x - r a y u n i t u s i n g a 1 1 4 . 6 mm 

c a m e r a w i t h n i c k e l f i l t e r e d C u K r a d i a t i o n . S a m p l e s w e r e s e a l e d i n 

0 . 5 mm c a p i l l a r i e s a n d e x p o s e d t o x - r a y s f o r s i x h o u r s . d - S p a c i n g s w e r e 

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

t i e s w e r e e s t i m a t e d v i s u a l l y . D T A - T G A d a t a w e r e o b t a i n e d u n d e r v a c u u m 

w i t h a m o d i f i e d M e t t l e r t h e r m o a n a l y z e r I I . A m o r e d e t a i l e d d e s c r i p t i o n 

o f t h i s a p p a r a t u s h a s b e e n g i v e n e l s e w h e r e . ^ ' ^ 

A n a l y t i c a l 

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 o e p l e r 

p u m p . 1 1 A l k a l i m e t a l s w e r e 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 . A l u m i n u m 
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w a s d e t e r m i n e d b y E D T A t i t r a t i o n . 

M a t e r i a l s 

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

f r o m V e n t r o n , M e t a l H y d r i d e s D i v i s i o n , S o l u t i o n s o f L i A l H ^ i n d i e t h y l 

e t h e r a n d T H F w e r e p r e p a r e d b y s t i r r i n g t h e s o l i d h y d r i d e f o r 2 4 h o u r s 

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

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

J t - b u t y l l i t h i u m a t r o o m t e m p e r a t u r e a t 3 0 0 0 p s i f o r 24 h o u r s . A s l u r r y 

o f L i H i n d i e t h y l e t h e r w a s u s e d . A l u m i n u m h y d r i d e i n d i e t h y l e t h e r w a s 

1 2 

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 B e C l ^ i n a 2 : 1 m o l a r r a t i o . ' 

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

c l e a r s o l u t i o n o f a l u m i n u m h y d r i d e . T h e m o l a r r a t i o s o f A l , H , a n d L i i n 

t h i s s o l u t i o n w e r e 1 . 0 0 : 3 . 1 3 : 0 . 0 4 3 . A l u m i n u m h y d r i d e i n T H F 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 100% ^ S O ^ w i t h L i A l H ^ i n T H F a c c o r d i n g t o t h e p r o -

3 

c e d u r e o f B r o w n . T h e L i 2 S 0 ^ 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 a n e a r l y 

l i t h i u m f r e e s o l u t i o n o f A l H ^ i n T H F w a s o b t a i n e d . T h e m o l a r r a t i o s o f 

A l , H , a n d L i i n t h i s s o l u t i o n w e r e 1 . 0 0 : 3 . 0 6 : 0 . 0 1 6 . T h e s e r e a c t a n t s o ­

l u t i o n s w e r e s t a n d a r d i z e d b y a l u m i n u m a n a l y s i s a n d t r a n s f e r r e d v o l u m e t ' -

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

( d i e t h y l e t h e r ) o r N a A l H ^ ( T H F ) i m m e d i a t e l y b e f o r e u s e . 

P r o c e d u r e 

R e a c t i o n o f L i A l H ^ a n d A l H ^ i n 1 : 1 , 1 : 2 , 1 : 3 , a n d 1 : 4 M o l a r R a t i o i n 

D i e t h y l E t h e r 

I n f o u r s e p a r a t e e x p e r i m e n t s , 2 . 5 m m o l e s o f L i A l H ^ i n d i e t h y l 
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e t h e r w a s a d d e d t o 2 . 5 , 5 . 0 , 7 . 5 , a n d 10 m m o l e s o f A l H ^ i n d i e t h y l e t h e r . 

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

s p e c t r a r e c o r d e d ( F i g u r e 1 ) . T h e s o l v e n t w a s t h e n r e m o v e d f r o m t h e 

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

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

d i f f r a c t i o n p a t t e r n s a r e r e c o r d e d i n T a b l e 2 a n d t h e v a c u u m D T A - T G A o f 

t h e r e s u l t i n g s o l i d s a r e r e c o r d e d i n F i g u r e s 5 , 6 , 7 , a n d 8 . I n a l l 

c a s e s t h e i n f r a r e d s p e c t r u m o f t h e s o l i d s ( N u j o l m u l l s ) y i e l d e d b r o a d , 

n o n - d i s t i n c t b a n d s . 

R e a c t i o n o f L i A l H ^ a n d A l H 3 i n 1 : 1 , 1 : 2 , 1 : 3 , a n d 1 : 4 M o l a r R a t i o i n T H F 

F i v e m m o l e s o f L i A l H ^ i n T H F w e r e a d d e d t o e a c h o f t h e f o l l o w i n g 

q u a n t i t i e s o f A l H ^ i n T H F : ( 1 ) 5 m m o l e s , ( 2 ) 10 m m o l e s , ( 3 ) 15 m m o l e s , 

a n d ( 4 ) 2 0 m m o l e s . I n e a c h c a s e t h e r e s u l t i n g s o l u t i o n s w e r e s t i r r e d 

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

f o r t h e s e s o l u t i o n s a r e s h o w n i n F i g u r e 2 . 

R e a c t i o n o f L i H a n d A l H ^ i n 1 : 4 M o l a r R a t i o i n D i e t h y l E t h e r 

A s l u r r y o f 5 m m o l e s o f L i H i n e t h e r w a s a d d e d t o 2 0 m m o l e s o f 

A l H ^ i n e t h e r . T h e r e s u l t i n g c l e a r s o l u t i o n w a s s t i r r e d f o r o n e h o u r a n d 

t h e i n f r a r e d s p e c t r u m r e c o r d e d ( F i g u r e 4 ) . T h e s o l v e n t w a s t h e n r e m o v e d 

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

a n a l y s i s o f t h e s o l i d s h o w e d L i , A l , H , a n d e t h e r i n m o l a r r a t i o o f 

1 . 0 0 : 4 . 0 2 : 1 3 . 2 2 : 1 . 1 6 . T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n s a r e r e c o r d e d 

i n T a b l e 2 a n d t h e D T A - T G A o f t h e r e s u l t i n g s o l i d u n d e r a r g o n a t m o s p h e r e 

a r e r e c o r d e d i n F i g u r e 1 2 . 
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R e a c t i o n o f L i A l H ^ w i t h B e C l 2 i n 4 : 1 M o l a r R a t i o i n D i e t h y l E t h e r . 

F o r m a t i o n o f " L i A l ^ H ^ " 

T w e n t y m m o l e s o f L i A l H ^ i n d i e t h y l e t h e r w a s a d d e d t o 5 m m o l e s 

o f B e C l 2 i n d i e t h y l e t h e r . A w h i t e p r e c i p i t a t e a p p e a r e d i m m e d i a t e l y . 

A f t e r 3 0 m i n u t e s s t i r r i n g t h e p r e c i p i t a t e w a s a l l o w e d t o s e t t l e . A n 

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

s h o w n i n F i g u r e 3 . 

R e a c t i o n o f L i A l H ^ w i t h B e C l 2 i n 2 : 1 M o l a r R a t i o i n D i e t h y l E t h e r 

T e n m m o l e s o f B e C l 2 i n d i e t h y l e t h e r w a s a d d e d s l o w l y w i t h s t i r ­

r i n g t o 20 m m o l e s o f L i A l H ^ i n d i e t h y l e t h e r c o o l e d a t - 5 ° . A w h i t e p r e ­

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

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

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

R e a c t i o n o f L i A l H , w i t h B e C l „ i n 3 : 1 M o l a r R a t i o . F o r m a t i o n o f " L i A l ^ H - . 
4 2 3 10 

F i f t e e n m m o l e s o f L i A l H ^ i n d i e t h y l e t h e r w a s a d d e d t o 5 m m o l e s 

o f B e C l 2 i n d i e t h y l e t h e r . A w h i t e p r e c i p i t a t e a p p e a r e d i m m e d i a t e l y . 

A f t e r 3 0 m i n u t e s s t i r r i n g , t h e p r e c i p i t a t e w a s a l l o w e d t o s e t t l e . A n 

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

s h o w n i n F i g u r e 3 . 
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C H A P T E R I I I 

R E S U L T S A N D D I S C U S S I O N S 

T h e i n f r a r e d s p e c t r a o f L i A l H ^ a n d A l H ^ i n 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 a s w e l l a s m i x t u r e s o f t h e s e c o m p o u n d s i n 1 : 1 , 1 : 2 , 1 : 3 , 

a n d 1 : 4 r a t i o a r e s h o w n i n F i g u r e s 1 a n d 2 . I n e a c h c a s e t h e i n f r a r e d 

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

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

4 3 

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

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

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

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

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

s u c h a b o n d i n d i e t h y l e t h e r o r t e t r a h y d r o f u r a n w o u l d b e e x p e c t e d t o 
-1 9 

o c c u r b e t w e e n 1 6 0 0 a n d 1 4 0 0 c m . N o s u c h b a n d w a s o b s e r v e d f o r a n y o f 

t h e m i x t u r e s m e n t i o n e d a b o v e ; t h e r e f o r e , i n d i e t h y l e t h e r o r T H F s o l u ­

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

t y p e L i A l H ^ • n ( A l H 3 ) w h e r e n = 1 , 2 , 3 , o r 4 . 

4 - 6 

O t h e r w o r k e r s h a v e r e p o r t e d t h a t c o m p l e x e s o f t h e t y p e 

L i A l H ^ ' n C A l H ^ ) a r e n o t s t a b l e i n d i e t h y l e t h e r o r t e t r a h y d r o f u r a n , b u t 

a r e s t a b l e i n t h e s o l i d s t a t e . I n o r d e r t o i n v e s t i g a t e t h i s p o s s i b i l i t y , 

t h e s a m e 1 : 1 , 1 : 2 , 1 : 3 , a n d 1 : 4 m i x t u r e s o f L i A l H ^ a n d A l H ^ i n d i e t h y l 

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

n e s s . A n a l y s i s o f t h e r e s u l t i n g w h i t e s o l i d s i n d i c a t e d t h e a p p r o p r i a t e 
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F i g u r e 1 . I n f r a r e d S p e c t r a o f M i x t u r e s o f L i A l H , a n d A 1 H 3 i n D i e t h y l 

E t h e r : (a) L i A l H , ; ( b ) A 1 H 3 ; ( c ) 1 : 1 L i A l H 4 + A 1 H 3 ; 

( d ) 1 : 2 L i A l H , + A 1 H 3 ; ( e ) 1 : 3 L i A l H , + A 1 H 3 ; 

( f ) 1 : 4 L i A l H 4 + A 1 H 3 



Figure 2. Infrared Spectra of Mixtures of LiAlH, and A1H~ in THF: 
(a) L iA lH 4 ; (b) A1H 3; (c) 1:1 L iA lH 4 + A1H 3; (d) 1:2 
LiAlH, + A1H 3; (e) 1:3 LiAlH, + A1H-; ( f) 1:4 LiAlH^ 
+ AIH3 
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e m p i r i c a l f o r m u l a ( T a b l e 1 ) ( L i A ^ H ^ , L i A l ^ H ^ Q , L i A l ^ H ^ , a n d L i A l ^ H ^ g ) 

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

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

s u b j e c t e d t o D T A - T G A a n d x - r a y p o w d e r d i f f r a c t i o n a n a l y s i s . 

T h e x - r a y p o w d e r d i f f r a c t i o n p a t t e r n f o r " L i A ^ H y " i s s h o w n i n 

T a b l e 2 . I t i s r e a d i l y s e e n t h a t t h e s o c a l l e d c o m p l e x c o r r e s p o n d s t o 

a m i x t u r e o f L i A l H , a n d A 1 H 0 . T h e v a c u u m D T A - T G A o f " L i A l 0 H " i s s h o w n 

4 3 2 7 
i n F i g u r e 5 . T h e t h e r m o g r a m s h o w s g a s e v o l u t i o n a t 1 1 0 , 1 6 3 , 2 2 1 , a n d 

o 

3 5 5 w i t h s i m u l t a n e o u s w e i g h t l o s s e s o f 1 4 . 7 5 , 1 . 0 0 , 0 . 5 0 , a n d 0 . 5 0 m g . 

T h e v a c u u m D T A - T G A o f s e p a r a t e s a m p l e s o f L i A l H ^ a n d A l H ^ a r e s h o w n 

i n F i g u r e s 9 a n d 1 0 . A l u m i n u m h y d r i d e ( F i g u r e 1 0 ) i s s e e n t o d e c o m p o s e 
o 

a t 1 1 0 w i t h a l m o s t s i m u l t a n e o u s l o s s o f b o t h s o l v e n t a n d h y d r o g e n . T h e 

o 

f i r s t g a s e v o l u t i o n i n F i g u r e 5 f o r " L i A ^ H y " a l s o o c c u r s a t 1 1 0 a n d 

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

s o l v e n t a n d h y d r o g e n . D u e t o l a r g e a m o u n t s o f s o l v e n t l o s s , o n l y t h e 

l o w e r p o r t i o n o f t h e T G A 

A 1 H 3 - A l + | H 2 ( 4 ) 

i s s h o w n i n F i g u r e s 5 - 8 s o t h a t t h e w e i g h t l o s s e s f o r t h e l a s t t h r e e g a s 

e v o l u t i o n s c o u l d b e s e e n m o r e e a s i l y . L i A l H ^ ( F i g u r e 9 ) i s s e e n t o d e -

o 

c o m p o s e w i t h g a s e v o l u t i o n a t 1 6 5 , 2 2 4 , a n d 4 1 0 w i t h s i m u l t a n e o u s w e i g h t 

l o s s i n t h e r a t i o o f 2 : 1 : 1 . T h e l a s t t h r e e g a s e v o l u t i o n s i n F i g u r e 5 

c o r r e s p o n d 
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T a b l e 1 . E l e m e n t a l A n a l y s i s o f M i x t u r e s o f L i A l H , a n d A l H , i n 1 : 1 , 
1 : 2 , 1 : 3 , a n d 1 : 4 R a t i o i n D i e t h y l E t h e r 

R a t i o E l e m e n t a l A n a l y s i s M o l e R a t i o 

L i A l H 4 : A l H 3 L i A l H E t 2 0 L i : A l : H : E t 2 0 

1 : 1 7 4 5 5 6 . 79 7 4 5 2 8 3 1 1 . 0 2 : 2 0 0 : 7 0 8 : 0 3 5 

1 : 2 4 9 1 5 5 . 5 8 6 97 3 2 . 5 4 1 0 3 : 3 0 0 : 1 0 1 3 : 0 6 4 

1 : 3 3 58 5 3 . 2 0 6 5 2 3 6 70 1 0 5 : 4 0 0 : 1 3 2 2 : 1 0 1 

1 : 4 2 6 5 5 1 . 0 8 6 17 4 0 . 10 1 0 1 : 5 0 0 : 1 6 3 1 : 1 4 3 



T a b l e 2 . X - R a y P o w d e r D i f f r a c t i o n P a t t e r n s o f t h e S o l i d P r o d u c t s O b t a i n e d i n t h e R e a c t i o n s 

o f L i A l H . w i t h A 1 H « i n D i e t h y l E t h e r 

" L i A l 2 H 7

, , a " L i A L j x j l i b 
H 1 0 " L i A i 4 H 1 3 " L i A l 5 H 1 6 L i A l H 4

6 A 1 H 3 

f 
L i A l 2 H ?

h L i A l ^ H ^ 1 L i A l 4 H 1 3

J 

d , A I / I G 
d , A d , A d , A d , A I / I Q d , . i d , 1 I / I Q d , A I / I Q d , A I / I Q 

1 1 . 4 m 1 1 . 6 m 1 1 . 6 s 1 1 . 6 s 5 . 3 6 w 11 6 v s 4 . 4 3 ms 9 . 4 5 0 ms 1 1 . 6 s 
5 . 3 1 w 5 . 3 0 w 5 . 3 3 w 4 . 6 1 ms 4 . 4 8 m 4 59 s 4 . 2 0 w 5 . 5 8 6 w 6 . 7 w 
4 . 6 1 mw 4 . 6 5 m 4 . 6 2 m 4 . 4 7 vw 4 . 0 0 vw 3 24 ms 3 . 8 9 s 5 . 2 6 5 vw 4 . 5 5 s 
4 . 4 5 m 4 . 4 1 m 4 . 4 4 w 3 . 8 7 ms 3 . 8 9 s 2 8 9 ms 3 . 68 vw 4 . 5 4 8 s 4 . 3 0 s 
3 . 8 5 s 3 . 8 5 s 3 . 8 5 s 3 . 6 5 vw 3 . 6 8 m 3 . 55 mw 4 . 4 3 9 v s 3 . 8 5 s 
3 . 6 7 m 3 . 6 3 m 3 . 66 w 3 . 3 1 w 3 . 5 3 vw 3 . 3 0 mw 3 . 0 4 5 ms 3 . 6 6 m 
3 . 4 1 m 3 . 4 7 m 3 . 4 5 w 3 . 2 5 s 3 . 4 3 w 2 . 9 0 vww 3 . 8 8 8 s 3 . 4 5 m 
3 . 3 1 m 3 . 3 0 m 3 . 3 3 m 3 . 0 0 vw 3 . 3 2 m 2 . 6 5 mw 3 . 6 6 6 v s 3 . 3 3 w 
3 . 2 2 mw 3 . 2 4 m 3 . 2 4 s 2 . 8 7 ms 3 . 2 4 m 2 . 5 8 8 w 3 . 527 w 3 . 0 2 w 
3 . 0 0 w 3 . 0 1 w 3 . 0 1 w 2 . 6 6 vw 3 . 0 3 m 2 . 5 0 4 m 3 . 4 5 6 m 2 . 9 5 m 
2 . 9 2 w 2 . 9 6 w 2 . 9 5 w 2 . 4 0 vw 3 . 0 0 w 2 . 3 7 6 w 3 . 3 2 4 w 2 . 8 5 s 
2 . 8 5 mw 2 . 8 5 m 2 . 8 5 m 2 . 9 5 m 2 . 3 3 7 vw 3 . 2 2 9 v s 2 . 6 5 vw 
2 . 6 7 w 2 . 6 5 w 2 . 6 5 w 2 . 6 8 m 2 . 2 9 5 vw 3 . 0 3 5 ms 2 . 5 4 m 
2 . 4 5 w 2 . 4 5 vw 2 4 5 vw 2 . 5 4 vw 2 . 0 9 3 mw 2 . 9 5 2 vw 2 . 3 9 w 
2 . 1 6 w 2 . 4 0 w 2 . 3 9 vw 2 . 4 5 w 9 9 2 mw 2 . 8 8 2 v s 2 . 2 9 ia 
2 . 0 1 V 2 . 0 2 vw 2 1 2 vw 2 . 4 2 m 9 4 9 mw 2 799 vw 2 . 2 5 w 
1 . 7 8 w 2 . 2 4 w 9 2 9 vvw 2 6 8 0 w 2 . 0 7 5 w 

2 . 1 5 w 8 8 3 vvw 2 566 vw 1 . 9 8 w w 
2 . 0 5 w 7 8 2 w w 2 5 0 6 vvw 1 . 8 0 w 
2 . 0 1 vw 7 6 5 w 2 4 2 4 w 1 . 6 9 vw 
1 . 9 8 w 6 5 5 w 2 4 0 5 w 1 . 6 5 w w 
1 . 9 2 vw 604 w w 2 3 4 2 s 1 . 5 4 vw 
1 .89 vw 572 vw 2 3 1 6 s 1 . 5 2 vw 
1 . 8 0 vw 5 5 8 w w 2 2 7 1 ms 1 . 3 4 w w 
1 . 7 8 w 5 1 7 w 2 2 2 0 ms 
1 . 7 6 w 4 8 0 w 2 0 3 8 ms 
1 . 7 4 v 3 7 5 w w 1 5 3 0 ms 

. 3 5 2 w w 1 . 4 7 3 w 
. 3 0 1 w w 1 . 4 4 2 w 
. 2 8 1 w w 1 . 4 1 5 w 
. 1 9 4 w w 1 . 3 4 4 w 

a b 
S o l i d f r o m L i A l H , + A l H , i a 1 : 1 m o l a r r a t i o ; S o l i d f r o m L i A l H , + A l H 0 i n 1 :2 m o l a r r a t i o ; 

4 3 4 3 
C S o l i d f rom L i A l H ^ + A l H 3 i n 1 :3 m o l a r r a t i o ; d S o l i d f r o m L i A l H ^ + AllLj i n 1 :4 m o l a r r a t i o ; e S o l i d 

f 
f r o m e v a p o r a t i n g e t h e r a l L i A l H ^ ; S o l i d f r o m e v a p o r a t i n g e t h e r a l A l H ^ ' A l H ^ p r e p a r e d f r o m 2 : 1 

R h i 
B e C l _ + L i A l H , ; s , s t r o n g ; m, m o d e r a t e ; w , w e a k ; v , v e r y ; S e e r e f e r e n c e 5 ; S e e r e f e r e n c e 6 ; 
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2000 1900 1800 1700 1600 1500 1400 

F i g u r e 3 . I n f r a r e d S p e c t r a i n t h e 2 0 0 0 - 1 4 0 0 cm R e g i o n f o r D i e t h y l 
E t h e r S o l u t i o n s o f ( a ) L i A l H ^ ; ( b ) AIH3; ( c ) t h e S u p e r n a ­
t a n t R e m a i n i n g a f t e r t h e R e a c t i o n o f L i A l H ^ w i t h B e C l 2 i n 
4 : 1 M o l a r R a t i o , " L i A L ^ H y " ; ( d ) t h e S u p e r n a t a n t R e m a i n i n g 
a f t e r t h e R e a c t i o n o f L i A l H ^ w i t h B e C ^ i n 3 : 1 M o l a r R a t i o , 
" L i A l 3 H 1 0 " 
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F i g u r e 5 . V a c u u m D T A - T G A o f P r o p o s e d " L i A l H. 



F i g u r e 6. V a c u u m D T A - T G A o f L i A l _ H . 
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F i g u r e 7 . Vacuum DTA-TGA of L i A l . H 



F i g u r e 8 . Vacuum DTA-TGA of L iAl H. 



85 



86 

A P 



87 

3 L i A l H 4 -» L i 3 A l H 6 + 2 Al + 3 H £ ( 165° ) (5) 

(6) 

( 7 ) 

e x a c t l y w i t h t h e gas e v o l u t i o n s i n F i g u r e 9 , e x c e p t f o r t h e l a s t o n e ; 

h o w e v e r , t h e r a t i o of t h e w e i g h t l o s s f o r t h e l a s t t h r e e gas e v o l u t i o n s 

i n F i g u r e 5 i s 2 : 1 : 1 , t h e same a s f o r LiAlH^. When "LiA^Hy" was h e a t e d 

t o 130° u n d e r vacuum and s t o p p e d , t h e x - r a y powder p a t t e r n of t h e r e s u l t ­

i n g s o l i d showed o n l y l i n e s f o r LiAlH^ and A l . The DTA-TGA f o r " L i A l 2 H 7

u 

shown i n F i g u r e 5 , i s r e a d i l y i n t e r p r e t e d t o be due t o a 1:1 m i x t u r e of 

LiAlH^ and AlH^. T h u s , t h e p r o d u c t of s o l u t i o n of LiAlH^ and AlH^ i s 

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

The d a t a i n d i c a t i n g t h e c o m p o s i t i o n of "LiA^Hy" a s a p h y s i c a l 

m i x t u r e of AlH^ and LiAlH^ c o u l d be e x p l a i n e d by a s s u m i n g t h e e x i s t e n c e 

of t h e complex LiAl^Hy w h i c h t h e n d i s s o c i a t e s a t 110° t o LiAlH^ and AlH^. 

However, t h e powder d i f f r a c t i o n d a t a w e r e o b t a i n e d a t room t e m p e r a t u r e 

which shows t h e p r o d u c t "LiA^Hy" t o be a c t u a l l y a p h y s i c a l m i x t u r e of 

LiAlH^ and AlH^. A l t h o u g h t h e p r e p a r a t i o n of L i A ^ H ^ and LiAl^H^Q have 
4 

been r e p o r t e d by t h e r e a c t i o n of LiAlH^ and B e C l 2 , t h e i n f r a r e d s p e c t r a 

( F i g u r e 3) of t h e s o l u t i o n s o b t a i n e d by r e a c t i n g LiAlH^ and B e C l 2 i n 

d i e t h y l e t h e r i n 4 : 1 and 3 : 1 mole r a t i o s c l e a r l y shows t h e p r e s e n c e of 
LiAlH. and AlH 0 i n t h e s o l u t i o n . The i n f r a r e d s p e c t r u m of t h e s o l u t i o n 4 3 

o b t a i n e d by t h e r e a c t i o n of LiAlH. and B e C l . i n d i e t h y l e t h e r a t - 5 ° 
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in 2 : 1 mole r a t i o i n d i c a t e s t h e p r e s e n c e of o n l y AlH^ i n s o l u t i o n . 

2 L i A l H 4 + B e C l 2 - BeH 2 + 2 L iCl + 2 A l H 3 (8 ) 

3 L i A l H 4 + B e C l 2 -» BeH 2 + 2 L i C l + 2 A l H 3 + L i A l H 4 (9 ) 

4 L i A l H 4 + B e C l 2 - BeH 2 + 2 L iCl + 2 A l H 3 + 2 L i A l H 4 (10) 

The x - r a y powder d i f f r a c t i o n p a t t e r n s f o r t h e p r o p o s e d compounds: 

" L i A l 3 H 1 0 " , " L i A l 4 H 1 3 " , and "LiAl^H^^ 1 1 a r e shown i n T a b l e 2 . The DTA-TGA 

thermograms f o r t h e s e compounds a r e shown i n F i g u r e s 6 - 8 . Analogous t o 

t h e r e a s o n i n g u s e d f o r M L i A l 2 H y ! ' , t h e s e compounds a r e a l s o shown t o be 

m i x t u r e s of LiAlH. and A l H 0 . 
4 3 

We have r e p e a t e d t h e work of Bosquet and c o - w o r k e r s i n an a t t e m p t 

t o p r e p a r e L i A l 4 H ^ 3 by t h e method u s e d i n t h e i r l a b o r a t o r y . The i n f r a r e d 

s p e c t r u m of t h e s o l u t i o n o b t a i n e d by r e a c t i o n of an e t h e r s o l u t i o n of 

L i A l H 4 w i t h an e t h e r s o l u t i o n of A1H 3 i s shown i n F i g u r e 4 . The i n f r a r e d 

Et 0 
LiH + A l H 3 — L i A l 4 H 1 3 (11) 

s p e c t r u m of t h e s o l u t i o n c l e a r l y shows t h e p r e s e n c e of L i A l H 4 and A l H 3 

i n t h e s o l u t i o n . The x - r a y powder p a t t e r n of t h e s o l i d o b t a i n e d on 

c o m p l e t e r e m o v a l of s o l v e n t i s shown i n T a b l e 2 . I t i s r e a d i l y s e e n 

t h a t t h e p r o p o s e d complex c l o s e l y c o r r e s p o n d s t o a m i x t u r e of L i A l H 4 

and AlH 3 « The DTA-TGA thermograms f o r t h e s o l i d s o b t a i n e d by e i t h e r 
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e v a p o r a t i o n of t h e s o l u t i o n s formed on m i x i n g LiAlH^ and AlH^ in d i e t h y l 

e t h e r i n 1:3 mole r a t i o and by t h e r e a c t i o n shown above (Eq. 11) a r e 

shown i n F i g u r e s 12 and 13 . The DTA-TGA of b o t h s o l i d s a r e i d e n t i c a l . 

A l s o t h e r e i s a s t r i k i n g s i m i l a r i t y be tween t h e s e thermograms and t h e 

DTA-TGA of a p h y s i c a l m i x t u r e of one mole of LiAlH^ and t h r e e moles of 

L i A l H 4 . 

The r e a c t i o n of LiAlH^ and AlCl^ i n 7 : 1 m o l a r r a t i o i n d i e t h y l 

e t h e r a t 0° (Eq. 12) y i e l d s a w h i t e p r e c i p i t a t e of l i t h i u m c h l o r i d e and 

a c l e a r s o l u t i o n c o n t a i n i n g LiAlH^ and AlH^ i n e q u a l m o l a r p o r t i o n s . The 

p r e s e n c e of LiAlH^ and AlH^ i n s o l u t i o n i s c o n f i r m e d by t h e o c c u r r e n c e 

Et 0 
7 LiAlH, + A1C1 0 — 4 LiAl.H-, + 3 L iCl (12) 4 3 2 7 

of c h a r a c t e r i s t i c s t r o n g bands a t 1785 cm 1 (Al-H s t . v i b r a t i o n i n AlH^) 

and 1760 cm 1 (Al-H s t . v i b r a t i o n i n L iAlH^) . The e l e m e n t a l a n a l y s i s 

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

showed a L i :Al :H r a t i o of 0 . 5 7 1 : 1 . 0 0 : 3 . 3 3 . A n a l . C a l c d . f o r " L i A l ^ " • 

0 . 2 9 E t 2 0 : L i , 7 . 7 5 ; A l , 6 0 . 3 2 ; H, 7 . 8 8 . Found: L i , 7 . 9 0 ; A l , 6 0 . 3 2 ; 

H, 7 . 4 2 . The x - r a y powder d i f f r a c t i o n p a t t e r n f o r " L i A l 2 H 7

M i s shown 

i n T a b l e 3 . I t i s r e a d i l y s e e n t h a t t h e s o - c a l l e d complex c o r r e s p o n d s 

t o a m i x t u r e of LiAlH^ and AlH^. However, t h e weak l i n e a t 1 1 . 6 A i s 

n o t a s w e l l d e f i n e d a s i n t h e p h y s i c a l m i x t u r e of LiAlH^ and AlH^ ( 1 : 1 

m o l a r r a t i o ) . The DTA-TGA of "LiA^H^" u n d e r s t a t i c a r g o n a t m o s p h e r e 

i s shown i n F i g u r e 14. The thermogram shows gas e v o l u t i o n a t 95 and 170° 









T a b l e 3 . X-Ray Powder D i f f r a c t i o n P a t t e r n s of " L i A l 2 H 7 " and "LiAl . H, " 4 13 

" L i A l 2 H 7

, , a " L i A l 2 H 7 " b " L i A l 2 H 7

, , C ' ^ i A l 4 H 1 3

, , d " L i A l 4 H 1 3 " e L i A l H . 
4 

A 1 H 3 " L i A l 3 H 1 0

, , f 

d , i l / I 0 
d , A I / I Q d , A I / I Q d , A I / I Q d , A I / I Q d , A I / I 0 

d , A I / I d , A I / I o o 

11.6 mw 11.6 raw 11.6 vs 11.5 s 
6.8 w w 

11. ,4 m 5.15 m 6.70 W W 11. .6 s 11. 6 s 5. 36 w 5 .4 W W 

5. .31 w 4.45 ms 5.15 mw 5.33 w 6.6 vw 4 .48 m 4 .59 s 4 .6 s 
4, .61 utvi 3.85 s 4.45 ms 4. .62 m 5.58 w 4. .00 vw 
4. .45 m 3.65 ms 3.85 s 4. .44 w 4 . 6 ms 3. .89 s 3 .85 s 
3. .85 s 3 .32 s 3.65 ms 3. .85 s 3. 85 s 3. ,68 m 3 .65 m 
3, .67 ID 3.25 s 3.32 s 3. .66 w 3. 65 m 3, .53 vw 3 .52 m 
3. .41 m 2.98 m 3.25 s 3. .45 w 3. 50 ms 3. .43 w 
3. .31 m 2 .92 m 2.98 ms 3, .33 m 3. 24 s 3, .32 m 
3. .22 mw 2.67 m 2.92 m 3. .24 s 2 . 85 w 3. .24 m 3.24 m 3 .25 s 
3, .00 w 2.57 w 2.67 m 3, .01 w 2. 78 w 3. .03 m 
2. .92 w 2.45 mw 2.58 w 2. .95 w 2. 65 W W 3. ,00 w 
2, .85 mw 2.325mw 2.45 mw 2. .85 m 2. 55 W W 2, .95 m 2 .96 s 
2, .67 w 2.18 m 2.30 w 2. .65 w 2. 30 W 2.89 ms 
2 .45 w 2 .10 w 2.18 w 2, .45 vw 2. 12 W W 2, .68 m 2 .65 w 
2 .16 w 2.05 mw 2.10 w 2. .39 vw 1. 96 vw 2, .54 vw 2 .56 w 
2, .01 w 1.970ww 2.08 mw 2, .12 vw 2, .45 w 
1. .78 w 1.78 vw 1.97 W W 2.42 m 2 .35 W W 

1.62 w 1.78 vw 2, .24 w 
1.52 w 1.64 w 2, .15 w 2 .15 w 
1.48 w w 2, ,05 w 2 .08 w 

2. .01 vw 2 .025 w 
1, .98 w 
1, .92 vw 
1 .89 vw 
1 .80 vw 
1, .78 w 
1, .76 w 
1 .74 w 

S o l i d from L i A l H , + A l H - tn 1:1 molar r a t i o ; S o l i d from L i A l H . + A l C l - i n 7:1 molar r a t i o ; 
4 3 4 3 

C S o l i d from L i H + A l C l , i n 7:2 molar r a t i o ; d S o l i d from L i A l H . + A l H - i n 1:3 molar r a t i o ; e S o l i d 
3 4 3 

from L i A l H . + A l C l - i n 13:3 molar r a t i o ; f S o l i d from L i A l H . + A l C l , i n 5:1 molar r a t i o . 4 3 4 3 



I I I I I 
0 100 200 300 400 T 

F i g u r e 14 . DTA-TGA of " L i A l 2 H 7 " (7 L i A l H 4 + AICI3 - 3 L iCl + 4 L i A l 2 H 7 ) u n d e r S t a t i c 
Argon Atmosphere 
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w i t h s i m u l t a n e o u s w e i g h t l o s s e s of 1 1 . 0 mg (13.2%) and 3 . 7 mg (4.4%) 

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

l o s s and i s u n d o u b t e d l y due t o l o s s of b o t h s o l v e n t and d e c o m p o s i t i o n 

of AlH^• The second gas e v o l u t i o n i s p r o b a b l y due t o d e c o m p o s i t i o n of 

LiAlH^. I t i s i m p o r t a n t t o n o t e t h a t t h e thermogram ( F i g u r e 14) i s 

q u i t e s i m i l a r t o t h e thermogram of t h e s o l i d o b t a i n e d a f t e r m i x i n g e t h e r 

s o l u t i o n s of AlH-j and LiAlH^ i n 1:1 m o l a r r a t i o f o l l o w e d by r e m o v a l of 

s o l v e n t u n d e r vacuum ( F i g u r e 8 ) . 

As we n o t e d e a r l i e r , t h e s o l i d o b t a i n e d by t h i s method i s i n d e e d 

a p h y s i c a l m i x t u r e of LiAlH^ and AlH^ and n o t t h e complex "LiAl^Hy". We 

have a l s o shown t h a t t h e thermogram ( F i g u r e 14) i s a l m o s t i d e n t i c a l t o 

t h e thermogram o b t a i n e d f o r a p h y s i c a l m i x t u r e of s o l i d LiAlH^ and s o l i d 

AlH-j mixed i n 1:1 r a t i o . T h u s , t h e r e a c t i o n of LiAlH^ and AlCl^ i n 7 :1 

m o l a r r a t i o in d i e t h y l e t h e r y i e l d s a m i x t u r e of LiAlH^ and AlH^. 

The x - r a y powder p a t t e r n f o r "LiAl^Hy" r e p o r t e d by Mayet and 

co-workers"* i s shown i n T a b l e 2 . T h i s powder p a t t e r n r e s e m b l e s t h a t of 

LiAlH^, a l t h o u g h no l i n e s f o r AlH^ can be d e t e c t e d . The "LiAl^H^" was 

p r e p a r e d by t h e r e a c t i o n shown i n E q u a t i o n 1 3 . U n f o r t u n a t e l y , t h e s e 

7 LiH + 2 A1C1 3 -» L L A 1 2 H ? + 6 L iCl (13) 

w o r k e r s d i d n o t r e p o r t any DTA-TGA o r i n f r a r e d s p e c t r a in t h e i r s t u d i e s . 

We h a v e now s t u d i e d t h e r e a c t i o n of LiH w i t h AlCl^ i n d e t a i l . The r e -

o 

a c t i o n of LiH and AlCl^ i n 7:2 m o l a r r a t i o i n d i e t h y l e t h e r a t 0 a l s o 

y i e l d s a m i x t u r e of LiAlH^ and AlH^ i n s o l u t i o n a s d e t e r m i n e d by 
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i n f r a r e d s p e c t r o s c o p y . The x - r a y powder d i f f r a c t i o n d a t a ( T a b l e 3) of 

t h e s o l i d o b t a i n e d a f t e r c o m p l e t e remova l of s o l v e n t shows i t t o be a 

p h y s i c a l m i x t u r e of LiAlH^ and AlH^. The DTA-TGA of t h e s o l i d i s s i m i l a r 

t o t h e thermogram ( F i g u r e 14) of t h e s o l i d o b t a i n e d by t h e r e a c t i o n of 

LiAlH, and A l C l 0 i n 7 : 1 m o l a r r a t i o . 
4 3 

We d e c i d e d t o a t t e m p t t o p r e p a r e L i A l ^ H ^ by t h e r e a c t i o n of 

LiAlH^ and AlCl^ i n 13:3 mole r a t i o i n an a t t e m p t t o d e t e r m i n e i f AlCl^ 

p l a y s any r o l e i n t h e f o r m a t i o n of t h e s o - c a l l e d complexes of LiAlH^ 
and A l H 0 . ^ The r e a c t i o n of LiAlH, and A l C l 0 i n 13:3 m o l a r r a t i o i n J 4 3 

d i e t h y l e t h e r a t 0° y i e l d s a m i x t u r e of LiAlH^ and AlH^ i n s o l u t i o n c o n ­

f i r m e d by i n f r a r e d s p e c t r o s c o p y . The e l e m e n t a l a n a l y s i s of t h e w h i t e 

s o l i d o b t a i n e d a f t e r c o m p l e t e r e m o v a l of s o l v e n t c o r r e s p o n d s t o an 

e m p i r i c a l f o r m u l a L i A l ^ H ^ ' 0 . 9 6 E t ^ O . The x - r a y powder d i f f r a c t i o n d a t a 

a r e g i v e n i n T a b l e 3 . The DTA-TGA of t h e s o l i d i s s i m i l a r t o t h a t shown 

i n F i g u r e 14. 

The x - r a y powder d i f f r a c t i o n d a t a as w e l l a s DTA-TGA of t h e s o l i d 

shows i t t o be a p h y s i c a l m i x t u r e of LiAlH^ and AlH^ r a t h e r t h a n a complex 

S i m i l a r l y , in an a t t e m p t t o p r e p a r e LiAl^H^Q by t h e r e a c t i o n of 

LiAlH^ and AlCl^ i n 5 : 1 m o l a r r a t i o i n d i e t h y l e t h e r a t 0 ° , no e v i d e n c e 

was found t o i n d i c a t e t h e p r e s e n c e of LiAl^H^Q complex . The i n f r a r e d 

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

LiAlH^ and AlCl^ showed t h e p r e s e n c e of LiAlH^ and AlH^ i n s o l u t i o n . 

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

of t h e s o l v e n t c o r r e s p o n d s t o an e m p i r i c a l f o r m u l a LiAl^H^Q-O.Sl Et^O. 



The x - r a y powder d i f f r a c t i o n d a t a ( T a b l e 3) a s w e l l a s t h e DTA-TGA of 

t h e s o l i d u n d e r s t a t i c a r g o n a t m o s p h e r e ( F i g u r e 14) i n d i c a t e t h a t 

a c t u a l l y i t i s a p h y s i c a l m i x t u r e of LiAlH, and AlH- and n o t a complex 



CHAPTER IV 

CONCLUSIONS 

I n t h i s s t u d y , e v i d e n c e h a s been p r e s e n t e d t o show t h a t LiAlH^ 

and AlH^ do 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 s t u d i e d , t o form complexes 

of t h e t y p e LiAlH^'n(AlH^) i n e i t h e r d i e t h y l e t h e r o r THF s o l u t i o n . Als 

e v i d e n c e h a s been p r e s e n t e d showing t h a t t h e s o l i d s l e f t a f t e r e v a p o r a ­

t i o n of t h e s o l v e n t from 1 : 1 , 1 :2 , 1 : 3 , and 1:4 m i x t u r e s of LiAlH^ and 

AlH^ i n d i e t h y l e t h e r f a i l e d t o p r o d u c e complexes of t h e t y p e LiAlH^ and 

LiAlH^•n(AlH^) . The e q u i v a l e n c e of s o l u t i o n s formed by (1) a d d i t i o n of 

LiAlH^ and AlH^ i n d i e t h y l e t h e r , (2) r e a c t i o n of LiAlH^ and B e C ^ i n 

d i e t h y l e t h e r , and (3) r e a c t i o n of LiH and AlH^ h a s been d e m o n s t r a t e d 

and t h e s o l i d s r e s u l t i n g from t h e s e s o l u t i o n s h a v e been shown by x - r a y 

powder d i f f r a c t i o n and DTA-TGA t o be p h y s i c a l m i x t u r e s of LiAlH^ and A1H 

4 - 1 0 

We have r e p e a t e d t h e work of p r e v i o u s w o r k e r s i n e x a c t l y t h e 

same manner d e s c r i b e d in t h e l i t e r a t u r e . However, we do n o t f i n d c o n ­

v i n c i n g e v i d e n c e t o i n d i c a t e t h e e x i s t e n c e of L i A ^ H ^ , LiAl^H^Q, and 

L i A l ^ H ^ . The d i f f e r e n c e i n x - r a y powder d i f f r a c t i o n d a t a and DTA-TGA 

of t h e s o - c a l l e d "LiAlH^-AlH^" complexes r e p o r t e d by p r e v i o u s w o r k e r s 

may be due t o t h e i s o l a t i o n of s o l i d s w i t h d i f f e r e n t d e g r e e s of s o l v a ­

t i o n t h a n t h e LiAlH^ and AlH^ t o w h i c h i t was compared . I n a d d i t i o n we 

now know t h a t e t h e r c l e a v a g e of AlH^-Et^O o c c u r s d u r i n g t h e DTA-TGA 

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



9 9 

These a l k o x i d e s decompose a t t e m p e r a t u r e s d i f f e r e n t from LiAlH^ and A1H, 

p o s s i b l y g i v i n g m i s l e a d i n g i n f o r m a t i o n t h a t complexes a r e p r e s e n t . 
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CHAPTER I 

INTRODUCTION 

R e c e n t l y Ashby and c o - w o r k e r s r e p o r t e d t h e s y n t h e s i s of s e v e r a l 

1-3 
complex m e t a l h y d r i d e s of z i n c : Li^ZnH^, L ^ Z n H ^ , LiZnH^, N a ^ n H ^ , 

4 
NaZnH 0 , N a Z n 0 H c , K 0ZnH. , KZnH_, and KZn 0 H_. A l l b u t two of t h e s e com-3 2 5 2 4 3 2 5 

p l e x m e t a l h y d r i d e s were p r e p a r e d by a l k y l - h y d r i d o exchange r e a c t i o n s 

between e i t h e r LiAlH^, NaAlH^, o r AlH^ and an a t e complex of z i n c . 

Li^ZnH^, La^ZnH^, and LiZnH^ were p r e p a r e d by r e a c t i n g t h e a t e c o m p l e x e s : 

L i 3 Z n ( C H 3 ) 5 , L i 2 Z n ( C H 3 ) 4 , and L i Z n ( C H 3 > 3 w i t h LiAlH^ i n d i e t h y l e t h e r . 

NaZnH 3 was o b t a i n e d by t h e r e a c t i o n of NaZn(CH 3 ) 2 H w i t h NaAlH^ in THF, 

and KZnH 3 was p r e p a r e d by t h e a n a l o g o u s r e a c t i o n of K Z n ( C H 3 ) w i t h 

L i A l H 4 . The r e a c t i o n s of A1H 3 w i t h NaZn(CH 3 ) 2 H and KZn(CH 3 ) 2 H i n THF 

p r o d u c e d NaZn 2H^ and KZn 2 H,.. 

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

of main g r o u p complex m e t a l h y d r i d e s , t h i s l a b o r a t o r y h a s been v e r y i n t e r ­

e s t e d in t h e n a t u r e of exchange r e a c t i o n s between Al-H s p e c i e s and main 

g r o u p a l k y l - m e t a l s p e c i e s . The r e a c t i o n of L i Z n ( C H 3 ) 2 H w i t h A1H 3 , w h i l e 

i t would have been e x p e c t e d t o g i v e L i Z n H 3 i n a manner s i m i l a r t o t h e 

above r e a c t i o n s , r e s u l t e d i n s t e a d i n t h e f o r m a t i o n of t h e THF s o l u b l e com­

p l e x LiZn(CH 3 ) 2 A1H 4 « The s i m i l a r complex L i Z n 2 ( C H 3 ) ^ A l H ^ was t h e n p r e ­

p a r e d by r e a c t i n g L i Z n 2 ( C H 3 ) 4 H w i t h A1H 3 i n THF. These compounds a r e 

b e l i e v e d t o h a v e t h e s t r u c t u r e s r e p r e s e n t e d by I and I I , shown on t h e 

n e x t p a g e . 
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Li + 

H 

H 

Al ^ Zn 

CH, 

CH, 

Li + 

CH- H. H% CH_ 
/ X 0 y x / 3 

Zn Al Z n ^ 

C H ^ CH3 

I I 

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

d r i d e s , an i n d e p t h s t u d y of t h e f o r m a t i o n of t h e s e complexes c o u l d p r o ­

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

compounds and a t e complexes of z i n c . 

The compounds LiZn (CH^) 2 A ^ H

q

 a n c * L i Z n 2 (CH^^AIH^ c a n a ^ s o ^ e f ° r m e d 

by t h e r e a c t i o n of (CH^)^Zn w i t h LiAlH^ i n THF u n d e r a v a r i e t y of c o n d i ­

t i o n s . The f a c t t h a t t h e t r i p l e m e t a l c o m p l e x , LiZnCCH^)2^1^ q> c a n ^ e 

p r e p a r e d by a l l o w i n g LiAlH^ t o r e a c t w i t h (CH^^Zn o f f e r s t h e f i r s t i n d i ­

c a t i o n of what c o u l d be t h e i n t e r m e d i a t e i n v o l v e d i n t h e f o r m a t i o n of 

ZnH2 from t h e s e two r e a g e n t s i n d i e t h y l e t h e r . ^ An i n f r a r e d s p e c t r a l 

s t u d y of t h e r e a c t i o n between (CH^^Zn and LiAlH^ i n THF and d i e t h y l e t h e r 

d o e s i n d e e d p r o v i d e e v i d e n c e t h a t LiZn(CH^)2A1H^ i s i n v o l v e d . 

The s o l u b l e complex LiZnCCH^)2 A ^ H 4 w a s f ° u n d t o decompose s l o w l y 

a t room t e m p e r a t u r e t o g i v e a b l a c k s o l i d w i t h c o n t a i n e d Li and Zn i n a 

m o l a r r a t i o of 1 : 2 . The b l a c k s o l i d was i d e n t i f i e d a s a m i x t u r e of LiZnH^ 

and p a r t i a l l y decomposed Z n ^ . T h i s i n f o r m a t i o n would l e a d one t o p r o p o s e 

t h a t t h e complex LiZn(CH^)2A1H^ was n o t a c t u a l l y d e c o m p o s i n g , b u t u n d e r ­

g o i n g a d i s p r o p o r t i o n a t i o n r e a c t i o n t o y i e l d LiZn2H^, which t h e n decom­

posed t o LiZnH^ and Z n ^ . I f t h i s w e r e t h e c a s e , t h e LiZn(CH^)2A1H^ would 

be t h e p r i m a r y i n t e r m e d i a t e i n t h e r e a c t i o n of LiZnCCH^^H w i t h AlH^ t o 
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g i v e L i Z n ^ . A l s o , t h e n , t h e r e a c t i o n s of NaZn(CH 3 ) 2 H and KZn(CH 3 > 2 H 

w i t h AlH^, which y i e l d NaZn 2H^ and KZn 2 H^, s h o u l d p r o c e e d v i a an i n t e r ­

m e d i a t e s i m i l a r t o L i Z n ( C H 3 > 2 A l H 4 , e . g . , N a Z n ( C H 3 > 2

A 1 H 4 a n d K Z n ( C H

3 ) 2

A 1 H 4 

I n t h i s c o n n e c t i o n , an i n f r a r e d s p e c t r a l s t u d y of t h e s e two r e a c t i o n s h a s 

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

t e n c e of t h e s e i n t e r m e d i a t e s . 
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CHAPTER I I 

EXPERIMENTAL 

A p p a r a t u s 

R e a c t i o n s were p e r f o r m e d u n d e r n i t r o g e n 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 . F i l t r a t i o n s and o t h e r m a n i p u l a t i o n s were c a r r i e d o u t i n a 

g l o v e box 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 . 

I n f r a r e d s p e c t r a w e r e o b t a i n e d u s i n g a P e r k i n Elmer 621 S p e c t r o ­

p h o t o m e t e r . S o l u t i o n s w e r e s t u d i e d i n m a t c h e d 0 . 1 0 mm p a t h l e n g t h NaCl 

o r KBr c e l l s . X - r a y powder d a t a w e r e o b t a i n e d on a P h i l l i p s - N o r e l c o 

x - r a y u n i t w i t h a 114 .6 mm camera w i t h n i c k e l f i l t e r e d CuK r a d i a t i o n . 

Samples w e r e s e a l e d i n 0 . 5 mm c a p i l l a r i e s and e x p o s e d t o x - r a y s f o r s i x 

h o u r s . d - S p a c i n g s w e r e r e a d on a p r e c a l i b r a t e d s c a l e e q u i p p e d w i t h v i e w ­

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

r e s o n a n c e s p e c t r a were o b t a i n e d on a V a r i a n A-60 s p e c t r o m e t e r e q u i p p e d 

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

c i a t i o n s t u d i e s were c a r r i e d o u t i n THF u n d e r vacuum (240 mm Hg a b s ) 

u s i n g t h e t e c h n i q u e d e v e l o p e d by Walker and Ashby .^ 

A n a l y t i c a l 

Gas a n a l y s e s w e r e c a r r i e d o u t by 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 on a s t a n d a r d vacuum l i n e e q u i p p e d w i t h a T o e p l e r pump."* 

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

s c r i b e d t e n s i m e t e r A l k a l i m e t a l s were d e t e r m i n e d by f lame p h o t o m e t r y . 
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Aluminum was d e t e r m i n e d by EDTA t i t r a t i o n . Zinc i n t h e p r e s e n c e of 

aluminum was d e t e r m i n e d by m a s k i n g t h e aluminum w i t h t r i e t h a n o l a m i n e and 

t i t r a t i n g t h e z i n c w i t h EDTA. Z inc i n t h e a b s e n c e of o t h e r m e t a l s was 

d e t e r m i n e d by EDTA t i t r a t i o n . 

M a t e r i a l s 

L i t h i u m h y d r i d e was p r e p a r e d by h y d r o g e n o l y s i s of j t - b u t y l l i t h i u m 

a t 4000 p s i f o r 24 h o u r s . D i m e t h y l z i n c was p r e p a r e d by t h e p r o c e d u r e of 
g 

N o l l e r . M e t h y l i o d i d e was o b t a i n e d from F i s h e r S c i e n t i f i c . The i o d i d e 

was d r i e d o v e r a n h y d r o u s MgSO^ and d i s t i l l e d p r i o r t o u s e . Z i n c - c o p p e r 

c o u p l e was o b t a i n e d from A l f a I n o r g a n i c s . The r e a c t i o n of z i n c - c o p p e r 

w i t h m e t h y l i o d i d e was a l l o w e d t o p r o c e e d o v e r n i g h t . The d i m e t h y l z i n c was 

d i s t i l l e d from t h e r e a c t i o n m i x t u r e u n d e r n i t r o g e n . 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 Reagent Grade) was 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 NaAlH^. 

U l t r a - p u r e h y d r o g e n (99.9995%) o b t a i n e d from t h e Matheson C o r p o r a t i o n was 

u s e d f o r h y d r o g e n a t i o n e x p e r i m e n t s . Aluminum h y d r i d e was p r e p a r e d by t h e 

r e a c t i o n of 100% ^ S O ^ w i t h LiAlH^ i n THF. L i ^ O ^ was removed by f i l t r a -
9 

t i o n r e s u l t i n g i n a c l e a r and c o l o r l e s s s o l u t i o n of AlH^ i n THF. 

P o t a s s i u m and sodium h y d r i d e w e r e o b t a i n e d from A l f a I n o r g a n i c s a s 

a s l u r r y i n m i n e r a l o i l . S o l u t i o n s of l i t h i u m and sodium aluminum h y ­

d r i d e ( V e n t r o n , M e t a l H y d r i d e D i v i s i o n ) w e r e p r e p a r e d i n THF and d i e t h y l 

e t h e r i n t h e f o l l o w i n g m a n n e r . 

LiAlH^ was o b t a i n e d a s g r a y , lumpy s o l i d s from V e n t r o n , M e t a l Hy­

d r i d e s D i v i s i o n . S o l u t i o n s of LiAlH^ i n d i e t h y l e t h e r were p r e p a r e d by 

s t i r r i n g t h e s o l i d h y d r i d e f o r 24 h o u r s w i t h f r e s h l y d i s t i l l e d s o l v e n t , 

f o l l o w e d by f i l t r a t i o n , t o y i e l d a c l e a r , c o l o r l e s s s o l u t i o n . The s o l u t i o n 
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of LiAlH^ i n d i e t h y l e t h e r was s t a n d a r d i z e d by aluminum a n a l y s i s and 

t r a n s f e r r e d v o l u m e t r i c a l l y . D i e t h y l e t h e r was 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 L i A l H . . 
4 

L i t h i u m t e t r a m e t h y l a l u m i n a t e ( L i A l ( C H 3 ) 4 ) was p r e p a r e d by t h e 

r e a c t i o n of CH^Li w i t h ( C H ^ ^ A l . T r i m e t h y l a l u m i n u m was o b t a i n e d from 

Texas A l k y l s , I n c . and d i s t i l l e d t h r o u g h a 12 i n c h g l a s s h e l i x packed 

column a t r e d u c e d p r e s s u r e . M e t h y l l i t h i u m was p r e p a r e d by t h e r e a c t i o n 

of e x c e s s l i t h i u m m e t a l w i t h (CH^)^Rg i n d i e t h y l e t h e r a t - 2 0 ° . D i m e t h y l -

m e r c u r y was o b t a i n e d from Org-Met and u s e d w i t h o u t any 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 m e t a l was o b t a i n e d a s a 30% d i s p e r s i o n i n p e t r o l a t u m from 

A l f a - V e n t r o n . The d i e t h y l e t h e r s o l u t i o n of L i A l ( C H 3 ) 4 was s t a n d a r d i z e d 

by aluminum a n a l y s i s . 

P r o c e d u r e 

R e a c t i o n of AlH^ w i t h LiZnCCH^^H i n T e t r a h y d r o f u r a n 

F i v e mmoles of d i m e t h y l z i n c i n THF was added t o 5 mmoles of l i t h i u m 

h y d r i d e s l u r r y i n THF. T h i s m i x t u r e was s t i r r e d u n t i l a l l t h e l i t h i u m 

h y d r i d e d i s s o l v e d , t h e n 5 mmoles of AlH^ i n THF was a d d e d . A f t e r one h o u r 

of s t i r r i n g , an i n f r a r e d s p e c t r u m , NMR s p e c t r u m and e b u l l i o s c o p i c m o l e c u l a r 

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

shown in F i g u r e 1 (d) i n a d d i t i o n t o t h e s p e c t r u m of ( C H ^ ^ Z n , AlH^, and 

LiZnCCH^^H i n THF. The i n f r a r e d s p e c t r u m of t h e s o l u t i o n does n o t c o r ­

r e s p o n d t o a m i x t u r e of AlH^ and LiZnCCH^^H. The NMR s p e c t r u m in t h e 

r e g i o n u p f i e l d from TMS i s shown i n F i g u r e 4 . The m o l e c u l a r w e i g h t mea­

s u r e m e n t gave an i - v a l u e of one i n t h e c o n c e n t r a t i o n r a n g e 0 . 0 6 - 0 . 1 8 M 

when b a s e d on aluminum c o n c e n t r a t i o n . 
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I n f r a r e d s p e c t r a w e r e run on a 0 . 1 8 M s o l u t i o n o b t a i n e d from t h e 

r e a c t i o n of LiZnCCH^^H w i t h AlH^ a t t i m e p e r i o d s of 1 h o u r , 5 h o u r s , 24 

h o u r s , 2 d a y s , 4 d a y s , 7 d a y s , 2 w e e k s , and 3 weeks a f t e r t h e i n i t i a l 

m i x i n g of t h e r e a c t a n t s . In e v e r y c a s e t h e i n f r a r e d s p e c t r u m of t h e s u p e r ­

n a t a n t s o l u t i o n was t h e same a s t h a t shown i n F i g u r e 1 ( d ) , e x c e p t t h e 

s p e c t r a became l e s s i n t e n s e w i t h t i m e . A f t e r t h e f i r s t f o u r h o u r s a b l a c k 

s o l i d began t o p r e c i p i t a t e and c o n t i n u e d t o do so d u r i n g t h e r e m a i n d e r of 

t h e t h r e e week p e r i o d . At t h e end of t h i s t i m e p e r i o d , t h e s u p e r n a t a n t 

s o l u t i o n c o n t a i n e d a l i t t l e l e s s t h a n one h a l f of t h e s t a r t i n g z i n c ( 2 . 4 7 

mmoles of t h e s t a r t i n g 5 mmoles of z i n c ) . The b l a c k s o l i d was s e p a r a t e d 

by f i l t r a t i o n , washed w i t h THF, and d r i e d u n d e r vacuum o v e r n i g h t a t room 

t e m p e r a t u r e . A n a l y s i s r e v e a l e d t h a t i t c o n t a i n e d L i , Zn, H, and Al in 

t h e m o l a r r a t i o of 1 . 0 6 : 2 . 0 0 : 1 . 9 3 : 0 . 0 7 . An x - r a y powder d i f f r a c t i o n p a t ­

t e r n of t h e s o l i d c o n t a i n e d l i n e s due t o LiZnH^ and Zn m e t a l o n l y . 

I n a s e p a r a t e e x p e r i m e n t , L i Z n ^ H ^ ^ H and AlH^ w e r e a l l o w e d t o 

r e a c t a t room t e m p e r a t u r e f o r one week and a t a c o n c e n t r a t i o n of 0 . 1 8 M. 

At t h e end of t h i s t i m e , a b l a c k s o l i d had formed and was s e p a r a t e d by 

f i l t r a t i o n , washed w i t h THF, and d r i e d u n d e r vacuum. A n a l y s i s of t h e 

b l a c k s o l i d i n d i c a t e d a L i : Z n : H : A l m o l a r r a t i o of 1 . 0 4 : 2 . 0 0 : 3 . 2 8 : 0 . 0 4 . 

An x - r a y powder d i f f r a c t i o n p a t t e r n of t h e s o l i d c o n t a i n e d l i n e s due t o 

LiZnH^ and Zn m e t a l o n l y . 

I n a n o t h e r e x p e r i m e n t , LiZnO^H^^H and AlH^ w e r e a l l o w e d t o r e a c t 

a t a c o n c e n t r a t i o n of 0 . 0 2 M. T h i s r e a c t i o n p r o d u c e d i n s t e a d of a c l e a r 

s o l u t i o n a w h i t e s o l i d . The s o l i d was s e p a r a t e d by f i l t r a t i o n , washed 

w i t h THF, and d r i e d u n d e r vacuum. A n a l y s i s of t h e s o l i d i n d i c a t e d L i : Z n : 

H:A1 m o l a r r a t i o s of 0 . 0 1 : 1 . 0 0 : 1 . 9 8 : 0 . 0 3 . An x - r a y powder d i f f r a c t i o n 
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p a t t e r n showed t h e s o l i d t o be ZriR^* 

A t t e m p t s were made t o o b t a i n t h e compound formed by r e a c t i n g 

LiZnCCH^^H w i t h AlH^ a s a s o l i d by s t r i p p i n g o f f t h e THF s o l v e n t a t room 

t e m p e r a t u r e b e c a u s e of o u r i n t e r e s t in o b t a i n i n g x - r a y powder d i f f r a c t i o n 

and DTA-TGA a n a l y s i s on t h i s m a t e r i a l . However, t h e s e a t t e m p t s a l w a y s 

gave a b l a c k , gummy m a t e r i a l which was u n s u i t a b l e f o r u s e . An a t t e m p t 

was made t o s e p a r a t e t h e compound a s a s o l i d by c r y s t a l l i z a t i o n a t r e d u c e d 

t e m p e r a t u r e b u t no c r y s t a l s formed . The s o l u t i o n of t h i s compound i n THF 

s t a y e d c l e a r and d i d n o t p r e c i p i t a t e any b l a c k s o l i d f o r i n d e f i n i t e p e r i ­

ods of t i m e when c o o l e d t o Dry I c e - a c e t o n e t e m p e r a t u r e . An a t t e m p t t o 

o b t a i n t h e s o l i d compound by s t r i p p i n g THF from s o l u t i o n a t r e d u c e d tem­

p e r a t u r e s r e s u l t e d i n a gum which t u r n e d b l a c k on warming t o room t e m p e r ­

a t u r e . 

R e a c t i o n of A1H 0 w i t h L i Z n 0 ( C H 0 ) , H i n THF 3 2 v 3 4 

D i m e t h y l z i n c i n THF ( 8 . 3 5 mmoles) was added t o 4 . 1 7 mmoles of LiH 

s l u r r i e d i n THF. A c l e a r s o l u t i o n r e s u l t e d t o which was added 4 . 1 7 mmoles 

of AlH^ i n THF. The m i x t u r e r e m a i n e d c l e a r even a f t e r one h o u r s t i r r i n g . 

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

w e r e o b t a i n e d on t h e s o l u t i o n . The i n f r a r e d s p e c t r u m i s shown i n F i g u r e 

2 ( d ) a l o n g w i t h t h e i n f r a r e d s p e c t r u m of ( C H ^ Z n , AlH^, and L i Z n ^ C H ^ H 

i n THF. The i n f r a r e d s p e c t r u m of t h e s o l u t i o n does n o t c o r r e s p o n d t o a 

m i x t u r e of AlH^ and L i Z n 2 (CH^^H. The NMR s p e c t r u m i s shown i n F i g u r e 4 . 

The m o l e c u l a r w e i g h t measurement gave an i - v a l u e of one i n t h e c o n c e n t r a ­

t i o n r a n g e 0 . 0 4 - 0 . 1 2 M when b a s e d on aluminum c o n c e n t r a t i o n . 

The s o l u t i o n o b t a i n e d from t h e r e a c t i o n of LiZn2(CH.j) 4 H w i t h AlH^ 

s t o o d o v e r n i g h t b e f o r e any b l a c k s o l i d was o b s e r v e d . A t t e m p t s t o o b t a i n 
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a s o l i d sample of s o l u b l e p r o d u c t from t h i s r e a c t i o n f a i l e d . 

R e a c t i o n of AlH n w i t h LiZn (CH n) 0A1H, i n THF 3 3 2 4 

D i m e t h y l z i n c i n THF (5 mmoles) was added t o 5 mmoles o f LiH 

s l u r r i e d i n THF. A c l e a r s o l u t i o n r e s u l t e d t o which was added 5 mmoles 

of A1H 3 i n THF. The r e s u l t i n g s o l u t i o n , which was 0 . 1 8 M i n L iZn(CH 3 ) 2 » 

AlH^, was s t i r r e d f o r one h o u r , t h e n 5 mmoles more of A1H 3 was a d d e d . A 

w h i t e p r e c i p i t a t e a p p e a r e d i m m e d i a t e l y . The s o l i d was s l u r r i e d f o r one 

h o u r t h e n s e p a r a t e d by f i l t r a t i o n , washed w i t h THF, and d r i e d u n d e r vacuum. 

A n a l y s i s of t h e s o l i d i n d i c a t e d L i : Z n : H : A l m o l a r r a t i o s of 0 . 0 3 : 1 . 0 0 : 2 . 0 4 : 

0 . 0 0 . An x - r a y powder d i f f r a c t i o n p a t t e r n and vacuum DTA-TGA showed t h e 

s o l i d t o be Z n H 2 . The f i l t r a t e c o n t a i n e d 4% of t h e s t a r t i n g z i n c and L i , 

A l , Zn, C H 3 , and H i n t h e m o l a r r a t i o of 1 . 0 0 : 1 . 9 1 : 0 . 0 3 : 1 . 9 6 : 4 . 8 9 . An 

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

r e g i o n a t 1745 and 1693 cm ^) i n d i c a t e d t h e p r e s e n c e of (CH 3 ) 2 A1H and 

L i A l H 4 . 

R e a c t i o n of A1H_ w i t h L iZn 0 (CH_) ,A1H. i n THF 3 2 N 3 4 4 

D i m e t h y l z i n c i n THF ( 8 . 3 5 mmoles) was added t o 4 . 1 8 mmoles of LiH 

s l u r r i e d i n THF. A c l e a r s o l u t i o n r e s u l t e d t o which was added 4 . 1 7 mmoles 

of A1H 3 i n THF. The r e s u l t i n g s o l u t i o n which was 0 . 1 2 M i n L i Z n 2 ( C H 3 ) 4 -

AlH^, was s t i r r e d f o r one h o u r , t h e n 4 . 1 7 mmoles more of A1H 3 was a d d e d . 

A w h i t e p r e c i p i t a t e a p p e a r e d i m m e d i a t e l y . The s o l i d was s l u r r i e d f o r one 

h o u r , t h e n s e p a r a t e d by f i l t r a t i o n , washed w i t h THF, and d r i e d u n d e r v a ­

cuum. A n a l y s i s of t h e s o l i d i n d i c a t e d a L i : Z n : H : A l m o l a r r a t i o of 0 . 0 2 : 

1 . 0 0 : 2 . 0 8 : 0 . 0 6 . An x - r a y powder d i f f r a c t i o n p a t t e r n showed t h e s o l i d t o 

be Z n H 9 . The f i l t r a t e c o n t a i n e d 5% of t h e s t a r t i n g z i n c and L i , A l , Zn, 
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C H 3 , and H i n t h e m o l a r r a t i o of 1 . 0 0 : 1 . 9 3 : 0 . 1 0 : 3 . 9 3 : 1 . 9 9 . An i n f r a r e d 

s p e c t r u m of t h e f i l t r a t e (bands i n t h e t e r m i n a l Al-H s t r e t c h i n g r e g i o n a t 

1747 and 1660 cm" 1 ) i n d i c a t e d t h e p r e s e n c e of ( C H ^ A I H and LiAl (CHg) . 

R e a c t i o n of LiAlH^ w i t h L i Z n ( C H 3 ) 2

A 1 H

4

 i n T H F 

D i m e t h y l z i n c i n THF (5 mmoles) was added t o 5 mmoles of LiH 

s l u r r i e d i n THF. A c l e a r s o l u t i o n r e s u l t e d t o which was added 5 mmoles 

of AlH^ i n THF. The r e s u l t i n g s o l u t i o n was s t i r r e d f o r one h o u r , t h e n 5 

mmoles of LiAlH, i n THF was a d d e d . The s o l u t i o n s t i l l r e m a i n e d c l e a r . 4 

I t was s t i r r e d f o r two h o u r s and an i n f r a r e d s p e c t r u m r u n on t h e s o l u t i o n . 

The s p e c t r u m c o r r e s p o n d e d t o a m i x t u r e of LiAlH^ and LiZn(CH^)^AlH^. 

R e a c t i o n s of LiAlH^ w i t h L i Z n 2 ( C H ^ A I H ^ i n THF 

A s o l u t i o n of L i Z n 2 (CH^^AIH^ ( 2 . 5 mmoles) was p r e p a r e d a s d e s c r i b e d 

a b o v e , t h e n 5 mmoles of LiAlH^ i n THF was a d d e d . The s o l u t i o n w h i c h r e ­

mained c l e a r , was s t i r r e d f o r two h o u r s and t h e i n f r a r e d s p e c t r u m r e c o r d e d . 

The s p e c t r u m c o r r e s p o n d e d t o a m i x t u r e of LiAlH^ and L i Z n ^ C I L p ^ A l H ^ . 

R e a c t i o n s of LiAlH^ w i t h ( C H 3 ) 2 Z n i n THF a t Molar R a t i o s of 1 : 1 , 2 : 3 , 

and 1:2 

I n t h r e e s e p a r a t e r e a c t i o n s , 10 mmoles , 7 . 5 mmoles , and 5 mmoles 

of a 0 . 3 8 6 M s o l u t i o n of LiAlH, i n THF w e r e added t o 10 mmoles of a 0 . 8 2 0 
4 

M s o l u t i o n of ( C H 3 ) 2 Z n in THF. I n each c a s e , t h e r e s u l t i n g c l e a r s o l u t i o n 

was s t i r r e d f o r a b o u t 15 m i n u t e s , t h e n a s m a l l sample was s u b j e c t e d t o 

i n f r a r e d a n a l y s i s . The r e s u l t i n g i n f r a r e d s p e c t r a , i n a d d i t i o n t o t h e 

s p e c t r a of ( C H ^ Z n , LiAlH^, LiZn (CH 3 ) 2 A 1 H 4 , and L i Z n 2 ( C H ^ A I H ^ , a r e 

shown i n F i g u r e 5 . T a b l e 3 c o n t a i n s a l i s t i n g of t h e i n f r a r e d b a n d s o b ­

s e r v e d f o r t h e s p e c t r a g i v e n i n t h i s f i g u r e . NMR s p e c t r a and e b u l l i o -
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s c o p i c m o l e c u l a r a s s o c i a t i o n s t u d i e s were run on t h e 1:1 and 1:2 m i x t u r e s 

of LiAlH^ and (CH^^Zn. A n a l y s i s of t h e s e s o l u t i o n s i n d i c a t e d t h e p r e s ­

e n c e of L i , A l , C H 3 , H, and Zn i n 1 . 0 3 : 1 . 0 0 : 1 . 9 1 : 3 . 9 6 : 0 . 9 8 r a t i o f o r t h e 

1:1 m i x t u r e and 0 . 9 8 : 1 . 0 0 : 4 . 0 2 : 3 . 9 1 : 2 . 0 2 r a t i o f o r t h e 1:2 m i x t u r e . 

In a s e p a r a t e e x p e r i m e n t , 10 mmoles of 0 . 3 8 6 M LiAlH^ i n THF was 

added t o 10 mmoles of 0 . 8 2 0 M Z n ( C H 3 ) 2 i n THF. The r e s u l t i n g c l e a r s o l u ­

t i o n was d i v i d e d i n t o two p o r t i o n s . One was s e t a s i d e t o s t a n d f o r one 

week a t room t e m p e r a t u r e . The o t h e r was d i l u t e d t w e n t y f o l d i m m e d i a t e l y 

w i t h THF. W i t h i n f i v e m i n u t e s a w h i t e p r e c i p i t a t e began t o form i n t h e 

d i l u t e d s o l u t i o n ( c a . 0 . 0 1 M). The i n i t i a l c o n c e n t r a t e d s o l u t i o n s r e ­

mained c l e a r f o r a l m o s t t h r e e h o u r s b e f o r e any b l a c k s o l i d began t o p r e ­

c i p i t a t e . I n f r a r e d s p e c t r a of b o t h t h e c o n c e n t r a t e d and d i l u t e d s o l u t i o n s 

( o r s u p e r n a t a n t s i f a s o l i d i s p r e s e n t ) w e r e r e c o r d e d a f t e r 15 m i n u t e s , 

30 m i n u t e s , 2 h o u r s , 4 h o u r s , 1 d a y , 3 d a y s , and 1 week. I n e a c h c a s e 

t h e i n f r a r e d s p e c t r a c o r r e s p o n d e d t o t h e s p e c t r u m of L i Z n ( C H 3 ) 2 A 1 H ^ . The 

w h i t e s o l i d t h a t formed a f t e r t h e 0 . 2 5 3 M s o l u t i o n of L i Z n ( C H 3 ) 2

A 1 H 4 n a d 

been d i l u t e d was found t o be ZnH 2 . The s o l i d s i n b o t h t h e c o n c e n t r a t e d 

and d i l u t e s a m p l e s had t u r n e d b l a c k a f t e r s i t t i n g a week a t room t e m p e r a ­

t u r e u n d e r THF. I n e a c h c a s e t h e s o l i d s were s e p a r a t e d by f i l t r a t i o n , 

washed w i t h THF, and d r i e d u n d e r vacuum a t room t e m p e r a t u r e . The s o l i d 

from t h e more c o n c e n t r a t e d s o l u t i o n of L iZn(CH 3 ) 2 A1H^ e x h i b i t e d L i : Z n : H : 

Al i n m o l a r r a t i o s of 1 . 0 6 : 2 . 0 0 : 3 . 2 0 : 0 . 0 5 and c o n t a i n e d 22.4% of t h e 

s t a r t i n g z i n c . (The r e m a i n d e r of t h e z i n c was i n t h e s u p e r n a t a n t . ) An 

x - r a y powder p a t t e r n of t h i s s o l i d r e v e a l e d t h a t i t c o n t a i n e d L i Z n H 3 and 

Zn m e t a l o n l y . The s o l i d from t h e more d i l u t e s o l u t i o n of L i Z n ( C H 3 ) 2 A 1 H 4 

was found t o e x h i b i t L i : Z n : H : A l i n m o l a r r a t i o s of 0 . 0 4 : 1 . 0 0 : 1 . 4 2 : 0 . 0 5 
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and c o n t a i n e d 48.2% of t h e s t a r t i n g z i n c . An x - r a y powder p a t t e r n of 

t h i s s o l i d r e v e a l e d t h a t i t c o n t a i n e d ZnlL^ and Zn m e t a l . 

In a n o t h e r , s e p a r a t e e x p e r i m e n t , 10 mmoles of 0 . 8 2 0 M (CH^^Zn i n 

THF was added t o 724 ml of f r e s h l y d i s t i l l e d THF, t h e n 10 mmoles of 

0 . 3 8 6 M LiAlH^ i n THF was a d d e d . The m i x t u r e was s t i r r e d f o r 30 s e c o n d s , 

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

c l e a r . T h i s i n f r a r e d s p e c t r u m was t h e same a s t h a t of LiZn (CH^) ^A-W^-

W i t h i n f i v e m i n u t e s a f t e r t h e LiAlH^ had been added t o t h e ( C H ^ ^ Z n , a 

w h i t e s o l i d began t o form. T h i s w h i t e s o l i d was found t o be Z n ^ . 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 s t a n d a t room t e m p e r a t u r e f o r one 

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

n a t a n t r e m a i n i n g a t t h i s p o i n t showed t h a t L iZn(CH^) 2 A1H 4 was s t i l l p r e s ­

e n t . An a n a l y s i s of t h e b l a c k s o l i d r e v e a l e d t h a t i t c o n t a i n e d L i : Z n : H : 

Al i n m o l a r r a t i o s of 0 . 0 6 : 1 . 0 0 : 1 . 3 1 : 0 . 0 5 . A l i t t l e l e s s t h a n h a l f of 

t h e i n i t i a l z i n c a d d e d (46.4%) was found i n t h e b l a c k s o l i d . An x - r a y 

powder p a t t e r n of t h e s o l i d r e v e a l e d t h a t i t c o n t a i n e d ZtiR^
 a n < ^ Zn m e t a l . 

R e a c t i o n s of ( C H ^ Z n w i t h LiAlH^ i n THF a t Molar R a t i o s of 1 : 1 , 3 : 2 , 

and 2 : 1 

I n t h r e e s e p a r a t e r e a c t i o n s , 10 mmoles , 15 mmoles , and 20 mmoles 

of 0 . 8 2 0 M s o l u t i o n of ( C H ^ Z n i n THF w e r e added t o 10 mmoles of a 0 . 3 8 6 

M s o l u t i o n of LiAlH^ i n THF. I n e a c h c a s e , t h e r e s u l t i n g c l e a r s o l u t i o n 

was s t i r r e d f o r a b o u t 15 m i n u t e s , f o l l o w e d by i n f r a r e d a n a l y s i s ( F i g u r e 6 ) . 

T a b l e 3 c o n t a i n s a l i s t i n g of t h e i n f r a r e d b a n d s o b s e r v e d f o r t h e s p e c t r a 

g i v e n i n t h i s f i g u r e . On s t a n d i n g i n THF a t room t e m p e r a t u r e and on d i l u ­

t i o n w i t h THF, t h e m i x t u r e o b t a i n e d on a d d i n g (CH ) 0 Z n t o LiAlH. i n 1:1 
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r a t i o behaved i n t h e same way a s d e s c r i b e d e a r l i e r f o r t h e m i x t u r e o b ­

t a i n e d on a d d i n g LiAlH^ t o (CH^^Zn. 

I n f r a r e d S p e c t r a l S tudy of t h e R e a c t i o n of LiAlH^ w i t h ( C H ^ Z n i n 

D i e t h y l E t h e r 

A 1.16 M s o l u t i o n of LiAlH^ i n d i e t h y l e t h e r was p l a c e d i n a t w o -

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

I n c r e m e n t s of 0 . 8 3 M s o l u t i o n of (CH^^Zn i n d i e t h y l e t h e r w e r e added v i a 

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

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

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

s e t t l e . I n f r a r e d s p e c t r a w e r e o b t a i n e d by w i t h d r a w i n g s a m p l e s of t h e 

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

t i n u e d u n t i l t h e r a t i o of (CH^^Zn t o t h e o r i g i n a l LiAlH^ was 2 : 1 . The 

i n f r a r e d s p e c t r a o b t a i n e d i n t h i s way a r e shown i n F i g u r e 1 1 . 

I n a s i m i l a r manner a 1.16 M s o l u t i o n of LiAlH^ i n d i e t h y l e t h e r 

was added i n i n c r e m e n t s t o a 0 . 8 3 M s o l u t i o n of (CH^^Zn. The i n f r a r e d 

s p e c t r a o b t a i n e d from t h i s s t u d y a r e shown i n F i g u r e 12 . 

R e d i s t r i b u t i o n of LiAlH^ and LiAlCCH^)^ 

R e a c t i o n s between LiAlH^ and LiAlCCH^)^ w e r e p e r f o r m e d by m i x i n g 

s t a n d a r d s o l u t i o n s of t h e r e a g e n t s in r a t i o s a p p r o p r i a t e t o p r o d u c e 

L i A l ( C H 3 ) 3 H , L i A l ( C H 3 ) 2 H 2 , and L i A l ( C H 3 ) H 3 . A f t e r s t i r r i n g f o r one h o u r 

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

s o l u t i o n . 

R e a c t i o n s where ( C H 3 ) 2 Z n I s Added t o LiAlH^ i n D i e t h y l E t h e r 

2 . 0 LiAlH^ - 1.0 ( C H 3 ) 2 Z n . A d i e t h y l e t h e r s o l u t i o n of ( C H ^ Z n 
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( 0 . 8 3 M) was added d r o p w i s e by s y r i n g e ( u n d e r n i t r o g e n f l u s h ) t o a mag­

n e t i c a l l y s t i r r e d 1.16 M s o l u t i o n of LiAlH^ in d i e t h y l e t h e r u n t i l t h e . 

r a t i o of r e a c t a n t s was 1 . 0 : 2 . 0 ( ( C H 3 ) 2 Z n : L i A l H 4 ) . A w h i t e p r e c i p i t a t e 

formed i m m e d i a t e l y . A f t e r s t i r r i n g f o r one h o u r a t room t e m p e r a t u r e , t h e 

m i x t u r e was f i l t e r e d . The r e s u l t i n g s o l i d was washed w i t h d i e t h y l e t h e r 

and d r i e d u n d e r vacuum a t room t e m p e r a t u r e . A n a l y s i s of t h e s o l i d showed 

i t t o c o n t a i n L i , Zn, H, and Al i n m o l a r r a t i o s of 0 . 0 2 : 1 . 0 0 : 2 . 0 4 : 0 . 0 3 

and a l l t h e s t a r t i n g z i n c . An x - r a y powder d i f f r a c t i o n p a t t e r n of t h e 

s o l i d showed i t t o be z i n c h y d r i d e . A n a l y s i s of t h e f i l t r a t e showed i t 

t o c o n t a i n L i , A l , CH^, H, and Zn i n m o l a r r a t i o s of 1 . 0 4 : 1 . 0 0 : 0 . 9 8 : 

3 . 1 1 : 0 . 0 0 . 

1.0 LiAlH^ - 1.0 (CtLj^Zn . T h i s r e a c t i o n was p e r f o r m e d i n a manner 

i d e n t i c a l w i t h t h a t a b o v e . The p r e c i p i t a t e , a f t e r i s o l a t i n g and d r y i n g , 

was found t o c o n t a i n L i , Zn, H, and Al i n m o l a r r a t i o s of 0 . 0 4 : 1 . 0 0 : 

2 . 0 3 : 0 . 0 3 and 98.2% of t h e s t a r t i n g z i n c . An x - r a y powder d i f f r a c t i o n 

p a t t e r n showed t h e s o l i d t o be Z n l ^ . The f i l t r a t e c o n t a i n e d L i , A l , 

C H 3 , H, and Zn i n m o l a r r a t i o s of 1 . 0 1 : 1 . 0 0 : 2 . 0 1 : 1 . 9 9 : 0 . 0 2 . 

0 . 6 7 LiAlH^ - 1.0 (CH ) Zn. In t h i s r e a c t i o n 95.7% of t h e s t a r t ­

i n g z i n c was r e c o v e r e d i n t h e p r e c i p i t a t e which c o n t a i n e d L i , Zn, H, and 

Al i n m o l a r r a t i o s of 0 . 0 1 : 1 . 0 0 : 2 . 0 8 : 0 . 0 2 . An x - r a y powder d i f f r a c t i o n 

p a t t e r n showed t h e s o l i d t o be ZnH2« The f i l t r a t e c o n t a i n e d L i , A l , CH^, 

H, and Zn i n m o l a r r a t i o s of 1 . 0 3 : 1 . 0 0 : 2 . 9 7 : 0 . 9 6 : 0 . 0 4 . 

0 . 5 0 LiAlH^ - 1.0 ( C H 3 ) 2 Z n . In t h i s r e a c t i o n 97.4% of t h e s t a r t ­

i n g z i n c was r e c o v e r e d i n t h e p r e c i p i t a t e which c o n t a i n e d L i , Zn, H, and 

Al i n m o l a r r a t i o s of 0 . 0 3 : 1 . 0 0 : 2 . 0 5 : 0 . 0 2 . An x - r a y powder d i f f r a c t i o n 

p a t t e r n showed t h e s o l i d t o be ZnH~. The f i l t r a t e c o n t a i n e d L i , A l , CH~, 
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H, and Zn i n m o l a r r a t i o s of 1 . 0 4 : 1 . 0 0 : 3 . 9 8 : 0 . 0 0 : 0 . 0 3 . 

R e a c t i o n s w h e r e LiAlH^ I s Added t o ( C H 3 ) 2 Z n i n D i e t h y l E t h e r 

0 . 5 0 LiAlH^ - 1.0 ( C H 3 ) 2 Z n . A d i e t h y l e t h e r s o l u t i o n of LiAlH^ 

( 1 . 1 6 M) was added d r o p w i s e by s y r i n g e ( u n d e r n i t r o g e n f l u s h ) t o a mag­

n e t i c a l l y s t i r r e d s o l u t i o n of 0 . 8 3 M (CH^^Zn i n d i e t h y l e t h e r u n t i l t h e 

r a t i o of r e a c t a n t s was 1 . 0 : 2 . 0 ( L i A l H ^ : ( C H ^ ) 2 Z n ) . The c l e a r s o l u t i o n was 

s t i r r e d f o r one h o u r , b u t s t i l l no p r e c i p i t a t e was v i s i b l e . An a n a l y s i s 

of t h e s o l u t i o n showed i t t o c o n t a i n L i , Zn, A l , CH^, and H i n m o l a r 

r a t i o s of 1 . 0 2 : 2 . 0 0 : 0 . 9 9 : 3 . 9 8 : 4 . 0 2 . The i n f r a r e d s p e c t r u m of t h e s o l u ­

t i o n ( F i g u r e 1 3 - 1 was t h e same a s t h a t shown in F i g u r e 12-2 t a k e n a f t e r 

f i v e m i n u t e s s t i r r i n g ) . 

1.0 LiAlH^ - 1.0 ( C H 3 ) 2 Z n . T h i s r e a c t i o n was p e r f o r m e d i n a manner 

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

s t i r r i n g f o r one h o u r a t room t e m p e r a t u r e , t h e m i x t u r e was f i l t e r e d . The 

r e s u l t i n g s o l i d was washed w i t h d i e t h y l e t h e r and d r i e d u n d e r vacuum a t 

room t e m p e r a t u r e . An a n a l y s i s of t h e s o l i d showed i t t o c o n t a i n L i , Zn, 

H, and Al in m o l a r r a t i o s of 0 . 6 2 : 2 . 0 0 : 4 . 6 3 : 0 . 0 0 and 97.1% of t h e s t a r t i n g 

z i n c . An x - r a y powder d i f f r a c t i o n p a t t e r n of t h e s o l i d showed i t t o be a 

m i x t u r e of L iZnH 0 and ZnH n . An a n a l y s i s of t h e f i l t r a t e showed i t t o c o n -3 2 J 

t a i n L i , A l , C H 3 , H, and Zn i n m o l a r r a t i o s of 0 . 6 9 : 1 . 0 0 : 1 . 9 8 : 1 . 7 0 : 0 . 0 3 . 

The i n f r a r e d s p e c t r u m of t h i s s o l u t i o n i s shown i n F i g u r e 1 3 - 2 . 

2 . 0 LiAlH^ - 1 .0 ( C H 3 ) 2 Z n . I n t h i s r e a c t i o n a l l of t h e s t a r t i n g 

z i n c was r e c o v e r e d i n t h e p r e c i p i t a t e which c o n t a i n e d L i , Zn, H, and Al 

i n m o l a r r a t i o s of 0 . 0 1 : 1 . 0 0 : 2 . 0 2 : 0 . 0 0 . An x - r a y powder d i f f r a c t i o n p a t ­

t e r n showed t h e s o l i d t o be ZnH 2 . An a n a l y s i s of t h e f i l t r a t e showed i t 

t o c o n t a i n L i , A l , CH H, and Zn i n m o l a r r a t i o s of 1 . 0 1 : 1 . 0 0 : 1 . 0 3 : 3 . 0 4 : 
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0 . 0 0 . The i n f r a r e d s p e c t r u m of t h i s s o l u t i o n i s shown in F i g u r e 1 3 - 3 . 

R e a c t i o n of LiZn (CH^) 2

A l ^ w i t h LiAlH^ i n D i e t h y l E t h e r 

A 1 .16 M s o l u t i o n of LiAlH^ (10 mmoles) was added w i t h s t i r r i n g t o 

a 0 . 8 3 M s o l u t i o n of (CH^^Zn (10 mmoles) in d i e t h y l e t h e r . A c l e a r s o l u ­

t i o n r e s u l t e d , b u t a f t e r 30 s e c o n d s of s t i r r i n g a w h i t e p r e c i p i t a t e began 

t o form. The m i x t u r e was s t i r r e d f o r f i v e m i n u t e s , t h e n t h e s t i r r i n g was 

s t o p p e d , and t h e s m a l l amount of s o l i d t h a t was p r e s e n t was a l l o w e d t o 

s e t t l e f o r one m i n u t e . A sample of t h e s u p e r n a t a n t s o l u t i o n gave an i n ­

f r a r e d s p e c t r u m s i m i l a r t o t h a t shown in F i g u r e 1 2 - 4 . A n a l y s i s of t h i s 

sample showed t h a t Zn and Al were p r e s e n t in a 0 . 9 1 : 1 . 0 0 r a t i o . 

As soon a s t h e sample had been t a k e n , 10 mmoles of 1.16 M LiAlH^ 

was added t o t h e m i x t u r e w i t h s t i r r i n g . T h e r e was an i m m e d i a t e f o r m a t i o n 

of more s o l i d . A f t e r s t i r r i n g f o r f i v e m i n u t e s a t room t e m p e r a t u r e , t h e 

m i x t u r e was f i l t e r e d . The r e s u l t i n g s o l i d was washed w i t h d i e t h y l e t h e r 

and d r i e d u n d e r vacuum a t room t e m p e r a t u r e . An a n a l y s i s of t h e s o l i d 

s h o w e d t h a t i t c o n t a i n e d L i , Z n , H, a n d Al i n m o l a r r a t i o s of 0 . 0 3 : 1 . 0 0 : 

2 . 0 1 : 0 . 0 0 and a l l of t h e s t a r t i n g z i n c . An x - r a y powder d i f f r a c t i o n p a t ­

t e r n of t h e s o l i d showed i t t o be e s s e n t i a l l y Z n l ^ . The f i l t r a t e c o n ­

t a i n e d L i , A l , C H 3 , H, and Zn i n m o l a r r a t i o s of 1 . 0 2 : 1 . 0 0 : 1 . 0 3 : 3 . 0 5 : 

0 . 0 0 . The i n f r a r e d s p e c t r u m showed L i A l ( C H 3 ) H 3 t o be p r e s e n t . 

R e a c t i o n where LiAlH^ I s Added t o a D i l u t e S o l u t i o n of (CH^^Zn i n 

1:1 R a t i o 

A 0 . 8 3 M s o l u t i o n of (CH^^Zn (5 mmoles) in d i e t h y l e t h e r was 

added t o 100 ml of d i e t h y l e t h e r . A 1.16 M s o l u t i o n of LiAlH^ (5 mmoles) 

was added d r o p w i s e by s y r i n g e ( u n d e r n i t r o g e n f l u s h ) t o t h e above s o l u t i o n 
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w h i l e s t i r r i n g . A w h i t e p r e c i p i t a t e formed . A f t e r s t i r r i n g f o r one h o u r 

a t room t e m p e r a t u r e , t h e m i x t u r e was f i l t e r e d . The r e s u l t i n g s o l i d was 

washed w i t h d i e t h y l e t h e r and d r i e d u n d e r vacuum a t room t e m p e r a t u r e . An 

a n a l y s i s of t h e s o l i d showed t h a t i t c o n t a i n e d L I , Zn, H, and Al i n m o l a r 

r a t i o s of 0 . 0 3 : 1 . 0 0 : 2 . 0 3 : 0 . 0 0 and 98.3% of t h e s t a r t i n g z i n c . An x - r a y 

powder d i f f r a c t i o n p a t t e r n showed t h e s o l i d t o be ZnE^. An a n a l y s i s of 

t h e f i l t r a t e showed i t t o c o n t a i n L i , A l , CH^, H, and Zn i n m o l a r r a t i o s 

of 1 . 0 1 : 1 . 0 0 : 1 . 9 3 : 2 . 0 1 : 0 . 0 2 . An i n f r a r e d s p e c t r u m of t h e c o n c e n t r a t e d 

s o l u t i o n showed L i A l ( C H 3 ) 2 H 2 t o be p r e s e n t . 

R e a c t i o n of NaZn(CH 3 ) 2 H w i t h A1H 3 i n THF 

A1H 3 Added t o 0 . 4 5 M NaZn(CH 3 > 2 H. F i v e mmoles of 0 . 8 2 0 M s o l u t i o n 

of ( C H 3 ) 2 Z n i n THF was added t o 5 mmoles of a 1.00 M s l u r r y of NaH i n THF. 

A c l e a r s o l u t i o n of NaZn(CH 3 ) 2 H formed . Next 5 mmoles of a 0 .332 M s o l u ­

t i o n of A1H 3 was a d d e d . An o f f w h i t e p r e c i p i t a t e a p p e a r e d i m m e d i a t e l y . 

I n f r a r e d s p e c t r a were o b t a i n e d on t h e ( C H 3 ) 2 Z n s o l u t i o n , t h e NaZn(CH 3 ) 2 H 

s o l u t i o n , and t h e s u p e r n a t a n t l e f t a f t e r f i v e m i n u t e s and 24 h o u r s . The 

i n f r a r e d s p e c t r a a r e shown i n F i g u r e 14 . A f t e r s i t t i n g one day t h e p r e ­

c i p i t a t e was f i l t e r e d , washed w i t h THF, and d r i e d a t room t e m p e r a t u r e 

u n d e r vacuum. The r a t i o of Na:Zn:H i n t h e s o l i d was 1 . 0 2 : 2 . 0 0 : 4 . 8 6 and 

i t c o n t a i n e d a l l t h e s t a r t i n g z i n c . An x - r a y powder d i f f r a c t i o n p a t t e r n 

showed t h e s o l i d t o be NaZn2H<-. The f i l t r a t e c o n t a i n e d Na, A l , C H 3 > H, 

and Zn i n m o l a r r a t i o s of 1 . 0 3 : 2 . 0 0 : 3 . 8 9 : 3 . 0 8 : 0 . 0 6 1 . An i n f r a r e d s p e c t r u m 

of t h e f i l t r a t e showed a b r o a d band i n t h e Al-H s t r e t c h i n g r e g i o n c e n ­

t e r e d a t 1625 c m " 1 . D i m e t h y l a l a n e a b s o r b s a t 1720 c m - 1 i n THF; t h u s t h e 

f i l t r a t e was n o t a m i x t u r e of NaAl (CHO 9 H 9 and (CH„) 9A1H. 
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AlH^ Added t o 0 . 0 1 M NaZnCCH^^H. The r e a c t i o n was p e r f o r m e d i n a 

manner i d e n t i c a l w i t h t h a t above e x c e p t t h e N a Z n ^ H ^ ^ H s o l u t i o n was d i ­

l u t e d t o 0 . 0 1 M b e f o r e t h e a d d i t i o n of AlH^. A f t e r t h i s a d d i t i o n t h e 

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

began t o f o r m . The m i x t u r e was s t i r r e d o v e r n i g h t , t h e n t h e p r e c i p i t a t e 

was f i l t e r e d , w a s h e d , and d r i e d . The s o l i d which was g r a y a t t h i s p o i n t 

c o n t a i n e d Na, Zn, H, and Al i n m o l a r r a t i o s of 0 . 0 2 : 1 . 0 0 : 1 . 8 6 : 0 . 0 1 and 

51.8% of t h e s t a r t i n g z i n c . ( R e p e a t i n g t h e r e a c t i o n f o r l o n g e r p e r i o d s 

of t i m e d i d n o t p r o d u c e any more s o l i d . ) An x - r a y powder d i f f r a c t i o n 

p a t t e r n of t h e s o l i d showed i t t o be e s s e n t i a l l y Z n ^ . 

R e a c t i o n of NaZn2(CH 3 ) 4 H w i t h AlH^ i n T e t r a h y d r o f u r a n 

Ten mmoles of a 0 .820 M s o l u t i o n of ( C H ^ Z n i n THF was added t o 5 

mmoles of NaH s l u r r i e d in THF, f o l l o w e d by 5 mmoles of a 0 . 5 5 7 M s o l u t i o n 

of AlH^ i n THF. A c l e a r s o l u t i o n r e s u l t e d which was b e l i e v e d t o be NaZn 2 

(CH^^AIH^. An a n a l y s i s of t h e s o l u t i o n i n d i c a t e d t h a t Na, A l , CH^, H, 

and Zn were p r e s e n t i n r a t i o s of 1 . 0 0 : 1 . 0 0 : 3 . 8 4 : 3 . 9 1 : 0 . 9 8 . I n f r a r e d s p e c 

t r a were o b t a i n e d on t h e N a Z n 2 ( C H 3 ) 4 H s o l u t i o n and t h e a d d u c t between 

N a Z n 2 ( C H 3 ) 4 H and AlH^. These s p e c t r a a r e shown in F i g u r e 15 . F i v e mmole 

of A1H 0 was t h e n added t o t h e NaZn 0(CH„),A1H. s o l u t i o n . A w h i t e p r e c i p i -3 2 3 4 4 

t a t e formed i m m e d i a t e l y . T h i s m i x t u r e was s t i r r e d a b o u t one h o u r , t h e n 

f i l t e r e d , and t h e p r e c i p i t a t e washed and d r i e d . The s o l i d c o n t a i n e d Na, 

Zn, H, and Al in a r a t i o of 0 . 0 0 : 1 . 0 0 : 2 . 0 1 : 0 . 0 0 and a l l t h e s t a r t i n g z i n c 

An x - r a y powder d i f f r a c t i o n p a t t e r n of t h e s o l i d showed i t t o be Z n ^ . 

The f i l t r a t e c o r r e s p o n d e d t o NaAl 2 (CH^^H^ by i n f r a r e d s p e c t r a and a n a l y ­

s i s ( r a t i o Na:Al :CH 3 :H:Zn was 1 . 0 1 : 2 . 0 0 : 3 . 8 8 : 3 . 1 1 : 0 . 0 0 ) . 
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I n f r a r e d Study of t h e R e a c t i o n of NaAlH^ w i t h ( C H ^ Z n i n THF 

A 0 . 8 2 M s o l u t i o n of (CE^) ^Zn i n THF was p l a c e d in a r o u n d - b o t t o m 

f l a s k f i t t e d w i t h a t h r e e - w a y s t o p c o c k . A 0 . 8 1 3 M s o l u t i o n of NaAlH^ was 

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

s t i r r e d (CH^^Zn s o l u t i o n . A f t e r e a c h a d d i t i o n , t h e s o l u t i o n was s t i r r e d 

f o r 15 m i n u t e s a t room t e m p e r a t u r e ; t h e i n f r a r e d s p e c t r u m was o b t a i n e d 

on t h e r e s u l t i n g s o l u t i o n . The a d d i t i o n of NaAlH^ was made i n t h r e e i n ­

c r e m e n t s s u c h t h a t a f t e r e a c h a d d i t i o n t h e r a t i o of t o t a l z i n c t o aluminum 

was 2 : 1 , 4 : 3 , and 1 : 1 . The r e s u l t i n g i n f r a r e d s p e c t r a a r e shown i n F i g u r e 

16. C l e a r s o l u t i o n s w e r e p r e s e n t a f t e r t h e f i r s t two a d d i t i o n s , b u t t h e 

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

I n l i k e m a n n e r , a 0 . 8 2 M s o l u t i o n of (CH^^Zn i n THF was added i n 

two i n c r e m e n t s t o a s o l u t i o n of 0 . 8 1 3 M NaAlH^. The r e s u l t i n g i n f r a r e d 

s p e c t r a a r e shown i n F i g u r e 17. The two i n c r e m e n t s w e r e made such t h a t 

t h e r a t i o of t o t a l z i n c t o aluminum would be 1:1 and 2 : 1 . A f t e r t h e 

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

e n t i r e p r e c i p i t a t e r e d i s s o l v e d and a c l e a r s o l u t i o n r e s u l t e d . 

R e a c t i o n of NaAlH^ w i t h (CH^^Zn i n a 1:1 Molar R a t i o 

Ten mmoles of a 0 . 9 2 1 M s o l u t i o n of ( C H ^ Z n i n THF was added t o 

10 mmoles of a 0 . 8 1 3 M s o l u t i o n of NaAlH^ i n THF. I n i t i a l l y a w h i t e p r e ­

c i p i t a t e a p p e a r e d , b u t i t q u i c k l y d i s a p p e a r e d and an o f f - w h i t e p r e c i p i ­

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

5 m i n u t e s , 2 . 5 h o u r s , 28 h o u r s , 4 d a y s , and 7 d a y s a f t e r t h e i n i t i a l a d ­

d i t i o n . The i n f r a r e d s p e c t r a a r e shown i n F i g u r e 18 . 

I n a s e p a r a t e e x p e r i m e n t , 10 mmoles of (CH^^Zn was added t o 10 

mmoles of NaAlH, i n THF. The r e s u l t i n g s o l u t i o n was s t i r r e d f o r a b o u t 
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t h r e e h o u r s and f i l t e r e d . The s o l i d c o n t a i n e d Na, Zn, and H i n a m o l a r 

r a t i o of 1 . 0 0 : 2 . 0 0 : 4 . 8 7 and a b o u t 31.0% of t h e s t a r t i n g z i n c . An x - r a y 

powder d i f f r a c t i o n p a t t e r n showesd t h e s o l i d t o be NaZn 2 H,. . The m o l a r 

r a t i o of Na:Al:Zn i n t h e f i l t r a t e was 1 . 7 5 : 2 . 0 0 : 1 . 3 8 . 

I n a n o t h e r s e p a r a t e e x p e r i m e n t , (CH^^Zn and NaAlH^ were a l l o w e d 

t o r e a c t i n a 1:1 m o l a r r a t i o . A f t e r s t i r r i n g f o r n i n e d a y s , t h e m i x t u r e 

was f i l t e r e d . An x - r a y powder d i f f r a c t i o n p a t t e r n of t h e r e s u l t i n g s o l i d 

showed NaZn 2H^ and z i n c m e t a l t o be p r e s e n t . An a n a l y s i s of t h e f i l t r a t e 

showed t h e p r e s e n c e of Na, A l , CH^, H, and Zn i n r a t i o s of 1 . 0 1 : 2 . 0 0 : 3 . 9 9 : 

2 . 8 2 : 0 . 0 0 . An i n f r a r e d s p e c t r u m showed bands c o r r e s p o n d i n g t o NaAl 2 ~ 

< C H 3 ) 4 H 3 . 

R e a c t i o n of A1H 3 w i t h ( C H ^ Z n i n THF 

F i v e mmoles of a 0 .820 M s o l u t i o n of ( C H ^ Z n i n THF was added t o 

5 mmoles of a 0 . 5 5 5 M s o l u t i o n of AlH^ i n THF. A w h i t e p r e c i p i t a t e formed 

i m m e d i a t e l y . The m i x t u r e was s t i r r e d a b o u t one h o u r and f i l t e r e d . The 

r a t i o of Zn:H i n t h e s o l i d was 1 . 0 0 : 2 . 0 3 and an x - r a y powder p a t t e r n 

showed i t t o be ZnH 2 . No z i n c r e m a i n e d i n t h e f i l t r a t e . An i n f r a r e d 

s p e c t r u m of t h e f i l t r a t e showed i t t o be A 1 ( C H 3 ) 2 H . 

R e a c t i o n of ZnH 2 w i t h N a A l ( C H 3 ) 2 H 2 in THF 

Zinc h y d r i d e ( 2 . 5 mmoles) s l u r r i e d i n THF was a d d e d t o 2 . 5 mmoles 

of N a A l ( C H 3 ) 2 H 2 i n THF. A l l t h e ZnH 2 d i s s o l v e d i n l e s s t h a n a m i n u t e and 

a c l e a r s o l u t i o n formed . An i n f r a r e d s p e c t r u m was o b t a i n e d on t h i s c l e a r 

s o l u t i o n and i t c o r r e s p o n d e d t o NaZn(CH^) 2A1H^. A f t e r a b o u t 20 m i n u t e s 

an o f f - w h i t e p r e c i p i t a t e began t o a p p e a r . T h i s m i x t u r e was s t i r r e d f o r a 

day and f i l t e r e d . The s o l i d c o n t a i n e d Na:Zn:H i n a m o l a r r a t i o of 1 . 0 6 : 

2 . 0 0 : 4 . 8 1 and an x - r a y powder p a t t e r n showed i t t o be NaZn 2 H^. The f i l -
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t r a t e was a l l o w e d t o s t a n d a n o t h e r week. A f t e r t h i s t i m e more s o l i d 

a p p e a r e d . The m i x t u r e was r e f i l t e r e d . The m o l a r r a t i o of Na:Zn i n t h e 

s o l i d was 1 . 0 5 : 2 . 0 0 . The m o l a r r a t i o of Na:Al:Zn i n t h e f i l t r a t e was now 

1 . 0 3 : 2 . 0 0 : 0 . 1 7 . An i n f r a r e d s p e c t r u m of t h e f i l t r a t e c o r r e s p o n d e d t o 

N a A l 2 ( C H 3 ) 4 H 3 . 

P r e p a r a t i o n of KAIH^ 

Ten mmoles of KH s l u r r i e d i n THF w e r e added t o 10 mmoles of a 

0 . 1 0 2 5 M s o l u t i o n of A1H 3 i n THF. The m i x t u r e was s t i r r e d f o r a few d a y s , 

t h e n a sample of t h e s o l i d i s o l a t e d and a n a l y z e d . The m o l a r r a t i o of 

K:A1:H i n t h e s o l i d was 1 . 0 3 : 1 . 0 0 : 3 . 9 1 . The KA1H. was s t o r e d u n d e r THF 
4 

and u s e d a s a s l u r r y . 

R e a c t i o n of KZn(CH 3 > 2 H w i t h A1H 3 i n THF 

F i v e mmoles of KH s l u r r i e d i n THF was added t o 5 mmoles of (CH 3 )^Zn 

i n THF. An i n f r a r e d s p e c t r u m was o b t a i n e d on t h e s o l u t i o n formed . Next 

5 mmoles of a 0 , 1 0 2 5 M s o l u t i o n of A1H 3 i n THF was added t o t h e s o l u t i o n 

of K Z n ( C H 3 ) 2 H . As q u i c k l y a s p o s s i b l e an i n f r a r e d s p e c t r u m was o b t a i n e d 

on t h e s u p e r n a t a n t h o p i n g t o see t h e s p e c t r u m of t h e i n t e r m e d i a t e which 

l e a d s t o t h e p r o d u c t s KZn 2H^ and K A 1 2 ( C H 3 ) 4 H 3 . The s p e c t r a a r e shown in 

F i g u r e 19 . 

R e a c t i o n of KAIH^ w i t h ( C H ^ Z n i n THF i n 1:1 Molar R a t i o 

A 0 . 9 2 1 M s o l u t i o n of ( C H ^ Z n ( 2 . 5 mmoles) i n THF was added t o 

2 . 5 mmoles of KA1H, s l u r r i e d i n THF. The m i x t u r e was s t i r r e d f o r 30 
4 

m i n u t e s d u r i n g which t i m e a s o l i d r e m a i n e d t h r o u g h o u t . A f t e r t h i s p e r i o d 

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

The s p e c t r u m i s shown i n F i g u r e 19 . A f t e r two a d d i t i o n a l h o u r s t h e m i x ­

t u r e was f i l t e r e d and t h e s o l i d was found t o c o n t a i n K:Zn:H i n a m o l a r 
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r a t i o of 0 . 9 9 : 2 . 0 0 : 4 . 9 2 . The x - r a y powder d i f f r a c t i o n p a t t e r n of t h e 

s o l i d showed i t t o be KZn2H^_. The r a t i o of K:Al:Zn i n t h e f i l t r a t e was 

1 . 0 1 : 2 . 0 0 : 0 . 0 0 . 

R e a c t i o n of KAIH^ w i t h ( C H ^ Z n i n THF i n a 1:2 Molar R a t i o 

F i v e mmoles of a 0 . 9 2 1 M s o l u t i o n of ( C H ^ Z n i n THF was added t o 

2 . 5 mmoles of KA1H, s l u r r i e d i n THF. A c l e a r s o l u t i o n formed w i t h i n 4 

s e c o n d s . As q u i c k l y a s p o s s i b l e an i n f r a r e d s p e c t r u m was o b t a i n e d on t h i s 

s o l u t i o n . A f t e r 10 m i n u t e s a w h i t e s o l i d began t o a p p e a r . The m i x t u r e 

was s t i r r e d f o r f o u r h o u r s and t h e n f i l t e r e d . The s o l i d c o n t a i n e d K:Zn:H 

i n a m o l a r r a t i o of 1 . 0 2 : 2 . 0 0 : 4 . 8 7 . An x - r a y powder d i f f r a c t i o n p a t t e r n 

of t h e s o l i d showed i t t o be KZn 2H,-. The m o l a r r a t i o of K:Zn:Al i n t h e 

f i l t r a t e was 1 . 0 1 : 2 . 0 0 : 5 . 0 9 . An i n f r a r e d s p e c t r u m o b t a i n e d on t h e f i l ­

t r a t e i s shown i n F i g u r e 20 . 

R e a c t i o n of K Z n ^ C H ^ H w i t h A1H 3 i n THF a t Molar R a t i o s of 2 : 1 , 1 : 1 , 

and 1:2 

P o t a s s i u m h y d r i d e ( 2 . 5 mmoles) s l u r r i e d i n THF was added t o 5 

mmoles of a 0 . 9 2 1 M s o l u t i o n of ( C H 3 ) 2 Z n i n THF. A f t e r t h e s o l u t i o n 

t u r n e d c l e a r , m a r k i n g t h e f o r m a t i o n of K Z n ^ C H ^ ^ H , 1 .25 mmoles of 0 . 1 0 2 5 

M s o l u t i o n of A1H 3 i n THF was a d d e d . The r e s u l t i n g c l e a r s o l u t i o n was 

s t i r r e d 15 m i n u t e s t h e n an i n f r a r e d s p e c t r u m was o b t a i n e d . A n o t h e r 1 .25 

mmoles of 0 . 1 0 2 5 M s o l u t i o n of A1H 3 i n THF was t h e n added t o t h i s s o l u ­

t i o n which s t i l l was c l e a r . A w h i t e p r e c i p i t a t e began f o r m i n g i m m e d i a t e l y . 

An i n f r a r e d s p e c t r u m was o b t a i n e d on t h e s u p e r n a t a n t s o l u t i o n . N e x t , 

a n o t h e r 2 . 5 mmoles of A1H 3 was a d d e d . The m i x t u r e was s t i r r e d 15 m i n u t e s , 

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

t e r e d . The s o l i d c o n t a i n e d K:Zn:H i n a m o l a r r a t i o of 1 . 0 2 : 2 . 0 0 : 4 . 8 5 , and 
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an x - r a y powder d i f f r a c t i o n p a t t e r n showed i t t o be KZn 2 H,.. The i n f r a r e d 

s p e c t r u m showed t h e f i l t r a t e t o be (CH^^AIH. A l l s p e c t r a a r e shown i n 

F i g u r e 20 . 

I n a s e p a r a t e e x p e r i m e n t , 2 , 5 mmoles of AlH^ i n THF was added t o 

2 . 5 mmoles of K Z n ^ C H ^ ^ H *"n T H ^ * T ^ e r e s u l t : i - n 8 s l u r r y was s t i r r e d f o r 

f o u r h o u r s then f i l t e r e d . The s o l i d c o n t a i n e d K:Zn:H i n a m o l a r r a t i o 

of 1 . 0 6 : 2 . 0 0 : 4 . 9 1 . An x - r a y powder d i f f r a c t i o n p a t t e r n showed t h e s o l i d 

t o be K Z n 2 H 5 . The m o l a r r a t i o of K:Zn:Al i n t h e f i l t r a t e was 1 . 0 2 : 2 . 0 0 : 

5 . 0 5 . 
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CHAPTER I I I 

RESULTS AND DISCUSSION 

When A1H 3 was a l l o w e d t o r e a c t w i t h NaZnCCH^H and KZn(CH 3 > 2 H i n 

THF, t h e i n s o l u b l e complex m e t a l h y d r i d e s , NaZn 2H^ and KZn 2 H^, were formed 

a c c o r d i n g t o Eq. 1 and 2. On t h e o t h e r h a n d , t h e r e a c t i o n of AlH^ w i t h 

2 NaZn(CH 3 ) 2 H + 2 A1H 3 -» N a Z n ^ + N a A l 2 ( C H 3 > 4 H 3 (1) 

2 KZn(CH 3 ) 2 H + 2 A1H 3 -* K Z n ^ + K A 1 2 ( C H 3 > 4 H 3 (2) 

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

b e h a v i o r i n d i c a t e s t h a t LiZn 2 H^was n o t formed s i n c e t h i s compound would 

be e x p e c t e d t o be i n s o l u b l e i n THF. (The compounds KZn 2H^ and NaZn 2H^ a s 

1 3 w e l l a s L i 0 Z n H . and LiZnH„ were a l l found t o be i n s o l u b l e i n THF. ' ) 2 4 3 

I n f o r m a t i o n c o n c e r n i n g t h e n a t u r e of t h e s p e c i e s p r e s e n t i n s o l u t i o n can 

be o b t a i n e d by e x a m i n i n g t h e i n f r a r e d s p e c t r u m , NMR s p e c t r u m , and c o l l i g a -

t i v e p r o p e r t i e s of t h e r e a c t i o n s o l u t i o n . 

E b u l l i o s c o p i c 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 on t h e s o l u t i o n from 

t h e r e a c t i o n of L i Z n ( C H 3 ) 2 H w i t h A1H 3 o v e r a c o n c e n t r a t i o n r a n g e of 0 . 0 6 -

0 . 1 8 M ( b a s e d on aluminum) y i e l d e d i - v a l u e s r a n g i n g from 1 . 0 1 - 1 . 0 8 . Glpc 

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

e x p e r i m e n t showed t h e a b s e n c e of any THF c l e a v a g e p r o d u c t s . An a n a l y s i s 

of t h e r e a c t i o n m i x t u r e showed L i , Zn, A l , C H 3 > and H t o be p r e s e n t i n 
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1 . 0 5 : 1 . 0 0 : 0 . 9 8 : 2 . 1 1 : 3 . 9 9 m o l a r r a t i o s . S i n c e t h e i - v a l u e i s b a s e d on t h e 

c o n c e n t r a t i o n of aluminum i n t h e s o l u t i o n , a s i n g u l a r compound of t h e 

s t o i c h i o m e t r y LiZn (CH^) 2 A ^ 4 i s i n d i c a t e d . 

L i Z n ( C H 3 ) 2 H + A1H 3 -» L i Z n ( C H 3 ) 2 A 1 H 4 (3) 

The i n f r a r e d s p e c t r u m of t h e r e a c t i o n m i x t u r e ( T a b l e 1 and F i g u r e 

1 ( d ) ) c o n t a i n s two s t r o n g b r o a d b a n d s i n t h e m e t a l h y d r o g e n s t r e t c h i n g 

r e g i o n , one a t 1660 cm 1 and t h e o t h e r a t 1400 cm 1 . The f a c t t h a t t h e s e 

b a n d s a r e s h i f t e d t o 1180 cm 1 and 1015 cm 1 in t h e i n f r a r e d s p e c t r u m of 

L i Z n ( C H 3 ) 2 A l D 4 ( p r e p a r e d from L i Z n ( C H 3 ) 2 D and A1D 3) shows t h a t t h e y a c t u ­

a l l y a r e due t o m e t a l h y d r o g e n s t r e c t h i n g modes . 

S h r i v e r and c o - w o r k e r s 1 ^ h a v e s u g g e s t e d s t r u c t u r e s I I I and IV f o r 

Li Zn 

H ^ ^ CH 
Li 

C H 3 . " \ ^ C H 3 
" Zn Z n ' 

CH ^ S S C H 3 

L i Z n ( C H 3 ) 2 H L i Z n 2 ( C H 3 ) 4 H 

I I I IV 

L i Z n ( C H 3 ) 2 H and L i Z n ^ C H ^ ^ H . R e f e r r i n g t o t h e d a t a g e n e r a t e d i n t h i s 

s t u d y ( T a b l e 1 ) , one can s e e t h a t t h e Zn-H s t r e c t h i n g f r e q u e n c y f o r L i Z n 2 ~ 

( C H 3 ) 4 H (1290 cm" 1 ) i s lower t h a n t h a t f o r L i Z n ( C H 3 ) 2 H (1450 c m " 1 ) . These 

d a t a a r e c o n s i s t e n t w i t h t h e s u g g e s t e d s t r u c t u r e s s i n c e one would e x p e c t 



T a b l e 1 . I n f r a r e d S p e c t r a l Bands f o r ( C H ^ Z n , A1H 3 , L i Z n ( C H 3 ) 2 H , L i Z n 2 ( C H 3 ) 4 H , 

L i Z n ( C H 3 ) 2 A l H 4 , and L i Z n 2 ( C H 3 > 4 A l H 4 i n THF a 

( C H 3 ) 2 Z n A1H 3 L i Z n ( C H 3 ) 2 H L i Z n ^ C H ^ H L i Z n ( C H 3 ) 2 A l H 4

d L i Z n 2 ( C H 3 > ^ A l H ^ Approx imate Ass ignment 

550 s 498 s 521 s 475 s 479 s Zn-C s t r e t c h 

674 v s 680 vs 668 v s 690 v s 700 v s CH 3 r o c k 

728 v s 720 s h , s 
755 w 775 s Al-H 

d e f o r m a t i o n 
795 s 

840 m 795 w S o l v e n t 0-C s t r e t c h 

1 , 1 5 3 m 1,118 m 1,120 m 1,118 m 1,140 m CH„ d e f o r m a t i o n 
1 ,162 m 1,170 w 3 

1,450 b r , ° s 1,290 b r , ° s Zn-H s t r e t c h 

c 
.H. 

1 ,400 b r , s 1 ,400 b r , s ZrT ^ Z n s t r e t c h 
^ H ^ 

1,740 vs 1 ,660 b r , ° v s T e r m i n a l Al-H s t r e t c h 

a - 1 A l l s p e c t r a w e r e r u n w i t h THF a s r e f e r e n c e . T y p i c a l e r r o r s i n t h e m e a s u r e m e n t s were ± 5 cm 
b c A p p r e v i a t i o n s : w, weak; m, medium; s , s t r o n g ; s h , s h o u l d e r ; v , v e r y ; b r , b r o a d . These b a n d s w e r e 
b r o a d . The f r e q u e n c y g i v e n i s a p p r o x i m a t e l y t h e c e n t e r of t h e b a n d . ^ C o n c e n t r a t i o n = 0 . 1 5 M. 

C o n c e n t r a t i o n = 0 . 1 0 M. 



128 

2000 1800 1600 1400 1200 1000 800 625 

H 1 1 1 1 1 \ I 1 1 1 1 1 • — 

2000 1800 1600 1400 1200 1000 800 625 

F i g u r e 1 . I n f r a r e d S p e c t r a of (a) ( C H ^ Z n i n THF, (b) A1H 3 i n THF, 

(c ) L i Z n ( C H 3 ) 2 H i n THF, (d) L i Z n ( C H 3 ) 2 A 1 H 4 in THF 
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t h e b r i d g i n g Zn-H-Zn band i n t h e L i Z n ^ C H ^ ^ H t o h a v e a lower s t r e t c h i n g 
* 

f r e q u e n c y t h a n t h e n o n b r i d g i n g Zn-H i n LiZnCCH^^H. The i n f r a r e d s p e c t r a 

of t h e d e u t e r a t e d compounds, L i Z n ^ H ^ ^ D and L i Z n 2 ( C H ^ ^ D , show t h a t t h e 

bands a t 1450 and 1290 cm 1 f o r t h e h y d r i d e complexes a r e s h i f t e d t o 1041 

and 896 cm \ e s t a b l i s h i n g t h a t t h e s e bands a r e i n d e e d due t o m e t a l -

h y d r o g e n b o n d s . 

The band a t 1400 cm" 1 f o r L i Z n ( C H ^ ) 2

A 1 H

q

 i s c l ° s e t o t h e t e r m i n a l 

Zn-H s t r e t c h i n g band f o r L i Z n ( C H 3 ) 2 H , b u t a t a lower f r e q u e n c y . The d a t a 

i n T a b l e 1 s u g g e s t t h a t s t r e t c h i n g bands due t o Al-H a b s o r b a t somewhat 

h i g h e r f r e q u e n c i e s t h a n t h o s e due t o Zn-H. T h e r e f o r e , t h e s t r u c t u r a l u n i t 

Al-H-Zn s h o u l d h a v e a s t r e t c h i n g band a t h i g h e r f r e q u e n c y t h a n t h e band 

due t o Zn-H-Zn i n L i Z n ^ C H ^ ^ H a l t h o u g h i t m i g h t be e x p e c t e d t o be r o u g h l y 

e q u i v a l e n t t o t h e t e r m i n a l Zn-H band f o r L i Z n ( C H 3 ) 2 H . With t h i s i n m i n d , 

t h e band a t 1400 cm 1 i n LiZn(CH^) 2 A1H 4 c o u l d be a s s i g n e d t o t h e d o u b l e 

h y d r o g e n b r i d g e s t r u c t u r e V. These c o n c l u s i o n s , t o g e t h e r w i t h t h e f a c t 

^ A r " ^ ^ ^ Z n ^ ^ 

V 

t h a t t h e band a t 1660 cm 1 c o r r e s p o n d s t o a t e r m i n a l Al-H s t r e t c h i n g 

v i b r a t i o n , l e a d t o t h e c o n c l u s i o n t h a t LiZn(CH^) 2 A1H^ h a s t h e s t r u c t u r e I , 

w h e r e t h e z i n c and aluminum atoms a r e t e t r a h e d r a l l y c o o r d i n a t e d . The p o -
-

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 t h e Zn-H s t r e t c h i n g band r e p o r t e d 
by S h r i v e r and c o - w o r k e r s f o r d e s o l v a t e d LiZnCC^H^^H i n N u j o l m u l l o c ­
c u r r e d a s a b r o a d p e a k e x t e n d i n g from 1250-1650 cm ~ . The band r e p o r t e d 
i n t h i s work f o r t h e Zn-H s t r e t c h i n g modes of L i Z n ( C H 3 ) 2 H i n THF ( F i g u r e 
1) a l s o e x t e n d s from 1250-1650 cm""-'- w i t h t h e c e n t e r a t 1450 cm~l . 
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s i t i o n of t h e CH^ g r o u p s i n t h i s s t r u c t u r e i s c o n s i s t e n t w i t h t h e i n f r a r e d 

s p e c t r u m i n t h e m e t a l - c a r b o n s t r e t c h i n g r e g i o n . T h e r e a r e no b a n d s i n t h e 

Al-C s t r e t c h i n g r e g i o n , 700-550 cm 1 . 1 1 The o b s e r v e d band a t 475 cm 1 i s 

c o n s i s t e n t w i t h t e r m i n a l Zn-C s t r e t c h i n g modes . For (CH^^Zn i n THF, t h i s 

band i s a t 547 cm \ b u t i t s h i f t s t o lower f r e q u e n c y (500-400 cm ^) upon 

i 1 0 , 1 2 complex f o r m a t i o n . 

The r e a c t i o n of LiZn2(CH^^H w i t h AlH^, l i k e t h e r e a c t i o n of L i Z n -

(CH^^H w i t h AlH^, y i e l d e d a c l e a r s o l u t i o n . E b u l l i o s c o p i c 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 on t h e r e a c t i o n m i x t u r e o v e r a c o n c e n t r a t i o n r a n g e of 

0 . 0 4 - 0 . 1 2 M ( b a s e d on aluminum) y i e l d e d i - v a l u e s r a n g i n g from 0 . 9 8 - 1 . 0 7 . 

A g a i n , g l p c a n a l y s i s of h y d r o l y z e d s a m p l e s b o t h b e f o r e and a f t e r t h e mo­

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

An a n a l y s i s of t h e r e a c t i o n m i x t u r e showed L i , Zn, A l , Me, and H t o be 

p r e s e n t i n t h e m o l a r r a t i o 0 . 9 7 : 2 . 0 0 : 1 . 0 2 : 3 . 9 7 : 3 . 9 9 . S i n c e t h e i - v a l u e 

i s b a s e d on t h e aluminum c o n c e n t r a t i o n , t h e s e d a t a i n d i c a t e t h e p r e s e n c e 

of a compound of s t o i c h i o m e t r y L i Z n 2 ( C H 3 ) 4 A l H 4 . The i n f r a r e d s p e c t r u m of 

t h e r e a c t i o n m i x t u r e ( F i g u r e 2d) d i d n o t c o n t a i n any b a n d s i n t h e t e r m i n a l 

Al-H s t r e t c h i n g r e g i o n (1900-1600 c m " 1 ) , b u t o n l y a b r o a d peak c e n t e r e d a t 

1400 cm 1 . Also t h e r e i s no t e r m i n a l Al-H d e f o r m a t i o n band i n i t s c h a r ­

a c t e r i s t i c r e g i o n (800-700 cm 1 ) ; b u t t h e r e i s a Zn-CH^ s t r e t c h i n g band 

a t 479 cm 1 . With t h e e x c e p t i o n of t h e band a t 1660 cm 1 and t h e bands 

i n t h e t e r m i n a l Al-H d e f o r m a t i o n r e g i o n , t h e s p e c t r u m of L i Z n 2 ( C H ^ ^ A I H ^ 

e x a c t l y matched t h e s p e c t r u m of LiZn(CH^)2A1H^. Based on t h e a r g u m e n t s 

used above f o r L iZn(CH 0 ) 0 A1H . , L iZn 0 (CH_) .A1H. would be e x p e c t e d t o have 
3 L 4 Z 3 4 4 

s t r u c t u r e I I , where t h e z i n c and aluminum atoms a r e t e t r a h e d r a l l y c o o r d i ­

n a t e d . In v i ew of t h e f a c t t h a t t h e r e a r e no t e r m i n a l aluminum h y d r o g e n 
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1800 1600 1400 1200 

•i 1 1 1 1 \ r— 

H 1 -* 1 —I 1 «-
1800 1600 1400 1200 

F i g u r e 3 . The 1800-1200 cm Region of t h e I n f r a r e d S p e c t r u m f o r 
(a) A1H 3 i n THF, (b) L i Z n ( C H 3 ) 2 H i n THF, (c) L i Z n ( C H 3 ) 2 -
A1H, i n THF, (d) L i Z n 2 ( C H 3 ) 4 H i n THF, (e) L iZn 2 (CH 3 )4AIH4 
i n THF 
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b a n d s in t h e i n f r a r e d s p e c t r u m of t h e complex , and t h a t t h e 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 e p r e s e n c e of a s i n g l e s p e c i e s , t h e above 

s t r u c t u r e seems t o be t h e o n l y r e a s o n a b l e one which can be d r a w n . T h u s , 

t h e a s s i g n m e n t of t h e band a t 1400 cm 1 i n t h e i n f r a r e d s p e c t r u m of 

LiZn (CH-j) 2 ^ 1 ^ t o t n e u n i t (V) a p p e a r s t o be j u s t i f i e d . 

The NMR r e s o n a n c e s f o r t h e o r g a n o z i n c m e t h y l g r o u p s i n L iZn-

( C H 3 ) 2 A 1 H 4 and L i Z n 2 ( C H 3 ) 4 A l H 4 a r e g i v e n i n T a b l e 2 and F i g u r e 4 . The 

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

from ( C H 3 ) 2 Z n t o L i Z n 2 ( C H 3 ) 4 H t o L i Z n C C H ^ H . T h i s b e h a v i o r i s c o n s i s t e n t 

w i t h t h e a s s i g n m e n t of s t r u c t u r e s I I I and IV s u g g e s t e d f o r t h e s e com­

p o u n d s . One would h a v e e x p e c t e d t h e m e t h y l r e s o n a n c e t o s h i f t u p f i e l d 

from (CTL^^Zn upon f o r m a t i o n of t h e a n i o n i c h y d r i d e complex LiZnCCTLj^H. 

A s i m i l a r s h i f t u p f i e l d would a l s o be e x p e c t e d f o r L i Z n 2 ( C H 3 ) 4 H ; h o w e v e r , 

t h e s h i f t would n o t be e x p e c t e d t o be a s g r e a t a s t h a t o b s e r v e d f o r L iZn-

(CH 3 )2H. The m e t h y l r e s o n a n c e s f o r LiZn2(CH^^AIH^ a r e u p f i e l d from 

^ ^ 3 ^ 2 ^ n i n d i c a t i n g t n e f o r m a t i o n of an a n i o n i c h y d r i d e complex o r com­

p l e x e s . These two s i g n a l s a r e b e l i e v e d t o be due t o t h e m e t h y l g r o u p s on 

I I and VI which a r e i n e q u i l i b r i u m a s shown i n Eq. 4 . The S i n Eq. 4 

r e p r e s e n t s s o l v e n t and w i l l be u s e d t h i s way t h r o u g h o u t t h e r e m a i n d e r of 

t h i s d i s c u s s i o n . 

r 

Li + 
CH 

CH 3 

L i 

3 3 

I I VI 



T a b l e 2 . Chemica l S h i f t s f o r Methyl Groups i n ( C H ^ Z n , LiZn (CH 3) 2 H , L i Z n ^ C H ^ H , 

LiZn (CH 3) 2 A 1 H 4 , and L i Z n 2 ( C H 3 ) 4 A l H 4 i n THF a 

Sample C o n c e n t r a t i o n Chemica l S h i f t s * 3 Sample 
( M ) ( T ) 

( C H 3 ) 2 Z n 10 .79 

L i Z n 2 ( C H 3 ) 4 H 10 .90 

L i Z n ( C H 3 ) 2 H 10 .97 

L i Z n ( C H 3 ) 2 A 1 H 4 0 . 1 0 1 0 . 9 5 ( 1 0 . 7 ) , 10 .98 ( 1 . 0 ) , 11 .02 ( 2 . 3 ) 

( L i Z n ( C H 3 ) 2 H + A1H 3) 0 . 1 8 10 .96 ( 6 . 5 ) , 10 .98 ( 2 . 4 ) , 1 1 . 0 2 ( 1 . 0 ) 

LiZn (CH ) A1H 0 . 1 2 10 .96 ( 3 . 1 ) , 11 .02 ( 1 . 0 ) 

( L i Z n 2 ( C H 3 ) 4 H + A1H 3) 

S p e c t r a were r e c o r d e d a t p r o b e t e m p e r a t u r e of 35 C. R e l a t i v e i n t e g r a t i o n i s g i v e n 
i n p a r e n t h e s e s . T y p i c a l e r r o r l i m i t s in t h e c h e m i c a l s h i f t m e a s u r e m e n t s w e r e ± 1 Hz o r 
± 0 . 0 2 T . 
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i 1 1 1 1 1 1 r 1 1 1 1 1 1 1 r 
10.80 10.90 11.00 11.10 10.80 10.90 11.00 11.10 

T T 

F i g u r e 4 . H NMR S p e c t r a in THF a t 3 5 ° : (a) L i Z n ( C H o ) o A l H / , 
(b) L i Z n 2 ( C H 3 ) 4 A l H 4

 3 2 4 > 
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The low f i e l d r e s o n a n c e s a r e a s s i g n e d t o t h e m e t h y l g r o u p s i n t h e s t r u c ­

t u r a l u n i t V I I w h e r e a s t h e h i g h f i e l d r e s o n a n c e would be due t o t h e m e t h y l 

g r o u p s i n V I I I . 

ru H H CH_ 

^ Z n Al M Zn 

CH 3 . H s H C H 3 

VII V I I I 

One can r e a d i l y s e e t h a t I I and VI would g i v e r i s e t o j u s t two NMR s i g ­

n a l s and f i t t h e o b s e r v e d i n f r a r e d and m o l e c u l a r a s s o c i a t i o n d a t a . A l s o , 

b a s e d on t h e p o s i t i o n of t h e m e t h y l r e s o n a n c e s f o r ( CH^ ^ Zn, L i Z n 2 ( C H ^ ^ H . 

and LiZn (CH n ) _H, t h e two s i g n a l s f o r LiZn_(CH„).A1H. a r e a b o u t where one 3 2 2 3 4 4 

would p r e d i c t f o r s t r u c t u r e s l i k e I I and V I . For e x a m p l e , on f o r m a t i o n 

of t h e s t r u c t u r a l u n i t IX from (CH^ ^ Zn, t h e m e t h y l r e s o n a n c e s h i f t e d 

0 . 1 1 ppm u p f i e l d . T h u s , one would e x p e c t a s i m i l a r u p f i e l d s h i f t on t h e 

CH H 

Zn Zn 

CH 3 

IX 

f o r m a t i o n of t h e s t r u c t u r a l u n i t X from (CH^^Zn. However, on f o r m a t i o n 

CH. H 
3 \ / \ / 

C H 3 

Zn Al 

X 
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of t h e d o u b l e h y d r o g e n b r i d g e s t r u c t u r e XI from t h e above u n i t , one would 

CH, 

H 

\ / ^ / 
Zn Al 

H 

XI 

n o t e x p e c t t o s e e a n o t h e r f u l l 0 . 1 1 ppm u p f i e l d s h i f t . The u p f i e l d s h i f t 

13 

s h o u l d o n l y be a b o u t 607o of t h i s amount . So t h e p o s i t i o n of t h e m e t h y l 

r e s o n a n c e f o r t h e d o u b l e h y d r o g e n b r i d g e u n i t s h o u l d be a b o u t 0 .17 ppm 

u p f i e l d from (CH^^Zn. T h i s i s what one o b s e r v e s . S i m i l a r l y , t h e p o s i ­

t i o n of t h e m e t h y l r e s o n a n c e f o r t h e s t r u c t u r a l u n i t V I I I s h o u l d be a b o u t 

0 . 2 2 ppm u p f i e l d from (CH^^Zn. Again t h i s i s what one o b s e r v e s . 

T h r e e m e t h y l r e s o n a n c e s a r e o b s e r v e d f o r L iZn(CH^) 2 A1H 4 . The low 

f i e l d and h i g h f i e l d r e s o n a n c e s a r e t h e same a s t h o s e o b s e r v e d f o r L i Z n 2 -
14 

(CH^^AIH^ and can be a s s i g n e d , u s i n g t h e l o c a l e n v i r o n m e n t h y p o t h e s i s , 

t o t h e m e t h y l g r o u p s in s t r u c t u r e s I and X I I , which a r e in e q u i l i b r i u m a s 

shown i n Eq. 5 . The m i d d l e r e s o n a n c e which i s 0 . 1 9 ppm u p f i e l d from 

( C H ^ ^ Z n , i s due t o t h e d imer form of L iZn(CH^) 2 A1H 4 . 

Li 

H H CH 
\ / \ / 3 

Al Zn 
y \ / \ 

+s 
Li 

H H CH, 
\ / ^ / 

Al Zn 
(5) 

XII 
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T h i s a s s i g n m e n t i s c o n s i s t e n t w i t h t h e f a c t t h a t t h e r e l a t i v e i n t e n s i t y 

of t h e c e n t e r r e s o n a n c e i n c r e a s e s a s t h e s o l u t i o n becomes more c o n c e n ­

t r a t e d . At lower t e m p e r a t u r e s ( t o -83°C) t h e same s i g n a l s a r e o b s e r v e d 

f o r LiZn(CH^) 2 A1H 4 and L i Z n 2 ( C H 3 ) 4 A l H 4 . T h u s , a t room t e m p e r a t u r e , t h e 

m e t h y l g r o u p e x c h a n g e between s t r u c t u r e s l i k e I and XII i s s low on t h e 

NMR t i m e s c a l e . 

I t was f e l t t h a t t h e t r i p l e m e t a l a t e complexes L i Z n ( C H 3 ) 2 A 1 H 4 

and LiZn 2 (CH^)^AlH^ c o u l d be used a s p r e c u r s o r s in t h e s y n t h e s i s of t h e 

t r i p l e m e t a l h y d r i d e complexes LiZnAlH^ and L i Z n 2 A l H g . Along t h i s l i n e , 

t h e two a t e complexes were r e a c t e d w i t h b o t h AlH^ and LiAlH^. The r e a c ­

t i o n s of L i Z n ( C H 3 ) 2 A l H 4 and L i Z n ^ C H ^ A l H ^ w i t h A1H 3 p r o d u c e d ZnH 2 a c ­

c o r d i n g t o Eq. 6 and 7 , w h i l e t h e a d d i t i o n of LiAlH^ t o e a c h of t h e s e 

r e s u l t e d i n no r e a c t i o n . 

L i Z n ( C H 3 ) 2 A l H 4 + A1H 3 ->ZnH 2 + HA1(CH 3 ) 2 + LiAlH^ (6) 

L i Z n 2 ( C H 3 ) 4 A l H 4 + A1H 3 -»2 ZnH 2 + H A 1 ( C H 3 ) £ + L i A l ( C H 3 ) 2 H 2 (7) 

The a d d i t i o n of e i t h e r L i A l H 4 t o ( C H ^ Z n o r ( C H ^ Z n t o L i A l H 4 

i n a 1:1 m o l a r r a t i o i n THF y i e l d s a c l e a r s o l u t i o n whose i n f r a r e d s p e c ­

t r u m c o r r e s p o n d s c l o s e l y t o t h a t of L i Z n ( C H 3 ) 2 A 1 H 4 p r e p a r e d from L i Z n -

( C H 3 ) 2 H and A1H 3 # The o n l y d i f f e r e n c e b e i n g t h e p r e s e n c e of a band a t 

1500 cm 1 i n t h e i n f r a r e d s p e c t r u m of t h e 1:1 L i A l H 4 and ( C H 3 ) 2 Z n m i x t u r e 

L i k e w i s e , t h e a d d i t i o n of e i t h e r L i A l H 4 t o (CH 3 > 2 Zn i n 1:2 r a t i o o r 

( C H 3 ) 2 Z n t o L i A l H 4 i n 2 : 1 r a t i o i n THF y i e l d s a c l e a r s o l u t i o n whose i n ­

f r a r e d s p e c t r u m c o r r e s p o n d s c l o s e l y t o t h a t of L i Z n 2 ( C H 3 ) 4 A l H 4 , a g a i n t h e 
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- 1 d i f f e r e n c e b e i n g t h e o c c u r r e n c e of a band a t 1500 cm . Also t h e a d d i t i o n 

of LiAlH. t o (CH_) 0 Zn i n 2 : 3 r a t i o o r ( C H . ) 0 Z n t o LiAlH. i n 3:2 r a t i o in 4 3 2 3 2 4 

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

t u r e of LiZn(CH 3 ) 2A1H^ and L i Z n ^ C H ^ A l H ^ e x c e p t f o r t h e band a t 1500 

cm ^. The i n f r a r e d s p e c t r a of t h e LiAlH^-(CH^)^Zn m i x t u r e s a r e r e c o r d e d 

i n F i g u r e s 5 and 6 . The o b s e r v e d i n f r a r e d b a n d s a r e t a b u l a t e d in T a b l e 3 

f o r a more c o n v e n i e n t c o m p a r i s o n w i t h t h e r e p o r t e d b a n d s f o r L i Z n ( C H 3 ) 2 ~ 

AlH^ and L i Z n ^ C H ^ ^ A l H ^ . As r e p o r t e d p r e v i o u s l y , t h e t e r m i n a l Zn-H 

s t r e t c h i n g band i n L i Z n ( C H 3 ) 2 H o c c u r s a t 1450 cm \ w h e r e a s t h e b r i d g i n g 

Zn-H-Zn s t r e t c h i n g band i n L i Z n 0 ( C H _ ) . H o c c u r s a t 1290 cm ^. F o r m a t i o n 
2 3 4 

of a b r i d g i n g z i n c - h y d r o g e n bond compound t o a t e r m i n a l one r e s u l t s i n a 

s h i f t i n g of t h e a s s y m e t r i c s t r e t c h i n g band t o a lower f r e q u e n c y by 160 

cm ^. Based on t h i s , one would e x p e c t t h e t e r m i n a l Al-H s t r e t c h i n g band 

i n LiZn(CH^) 2 A1H^ t o s h i f t a b o u t 160 cm 1 t o lower f r e q u e n c y on f o r m a t i o n 

of an Al-H-Zn b r i d g i n g b o n d . S i n c e t h e t e r m i n a l Al-H s t r e t c h i n g band i n 

L i Z n ( C H 3 ) 2 A 1 H 4 o c c u r s a t 1660 c m " 1 , one would e x p e c t an Al-H-Zn b r i d g i n g 
- 1 

h y d r i d e a b s o r p t i o n in t h i s compound t o be a t a b o u t 1500 cm . T h i s seems 

r e a s o n a b l e s i n c e t h e band a t 1400 cm" 1 i n LiZn(CH^) 2 A1H^ h a s been a s s i g n e d 

t o t h e d o u b l e h y d r o g e n b r i d g e d u n i t V and one would e x p e c t a s i n g l e h y d r o ­

gen b r i d g i n g u n i t t o a b s o r b a t somewhat h i g h e r f r e q u e n c y . I n l i g h t of 

t h i s r e a s o n i n g , t h e band o b s e r v e d a t 1500 cm 1 f o r s o l u t i o n s o b t a i n e d by 

m i x i n g LiAlH, and (CH~) 9 Zn i s a s s i g n e d t h e s t r u c t u r a l u n i t , X I I I . 

^ \ / \ 

X I I I 



T a b l e 3 . I n f r a r e d S p e c t r a of ( C H ^ Z n , LiAlH^, L i Z n ( C H 3 ) 2 A l H 4 , L i Z n 2 ( C H ^ A I H 

and t h e P r o d u c t s O b t a i n e d by Mix ing LiAlH. and (CH. ) 9 Zn i n THF a 

Observed IR Bands - l b 

, cm 
1:1 2 : 3 1:2 

( C H 3 ) 2 Z n L i A l H 4 L i Z n ( C H 3 ) 2 - L i Z n 2 ( C H 3 ) 4 - L i A l H 4 + LiAlH. + 4 LiAlH, + A p p r o x i m a t e A s s i g n ­

A l H . d 

4 A l H 4

e ( C H 3 ) 2 Z n f ( C H 3 ) 2 Z n S (CH ) Z n n ment 

550 s 475 s 479 s 472 s 475 s 475 s 
674 v s 690 v s 700 vs 690 v s 697 v s 700 v s 

760 m 720 s h , s 720 s h , s 720 sh ,w 
775 s 775 s 775 m 

840 m 

1153 m 1118 m 1140 m 1118 m 1130 sh ,w 1140 m 
1162 m 1170 w 1162 m 1164 w 1170 w 

1400 , c b r , s 1400 br , C s 1400 , c b r , s 1400 b r , C s 1400 b r , C 

1500 s h , s 1500 s h , s 1500 s h , s 

1691 s 1660 b r , v s 1660 b r , v s 1660 b r , v s 

Zn-C S t r e t c h 
CH 3 Rock 

Al-H 
D e f o r m a t i o n 

S o l v e n t O-C S t r e t c h 

C H 3 
D e f o r m a t i o n 

H \ ^ 
Z n ^ ^ . A l S t r e t c h 

^ H 

T e r m i n a l Al-H S t r e t c h 

^All s p e c t r a were run w i t h THF a s r e f e r e n c e . T y p i c a l e r r o r i n t h e m e a s u r e m e n t s was ± 5 cm~ , 
A b b r e v i a t i o n s : w, weak; m, medium; s , s t r o n g ; s h , s h o u l d e r ; v , v e r y ; b r , t j r o a d . These b a n d s were 

v e r y b r o a d . The f r e q u e n c y g i v e n i s a p p r o x i m a t e l y t h e c e n t e r of t h e b a n d . C o n c e n t r a t i o n = 0 . 1 5 M; 
C o n c e n t r a t i o n = 0 . 1 0 M; Concentration = 0 . 5 2 M; s C o n c e n t r a t i o n = 0 .47 M; " C o n c e n t r a t i o n = 0 . 4 0 M. 
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I9OO IKOO mio IMO So Soo i5oo MOO iooo TO 5» ?bo 6KI 

FREQUENCY (CM 'L 

F i g u r e 5 . I n f r a r e d S p e c t r a of S o l u t i o n s O b t a i n e d by Adding LiAlH^ 

t o ( C H 3 ) 2 Z n i n THF: (a) ( C H ^ Z n ; (b) LiAlH^; (c) 1:1 

L i A l H 4 + ( C H 3 ) 2 Z n ; (d) 2 :3 LiAlH^ + ( C H ^ Z n ; (e) 1:2 

L i A l H 4 + ( C H 3 ) 2 Z n ; ( f ) LiZn (CH 3 ) 2 A 1 H 4 ; (g) L i Z n ^ C H ^ A l H 



1900 1800 1700 1600 1500 1400 1300 1200 

Frequency (cm ' ) 

1100 1000 
- 1 — 
900 800 700 650 

F i g u r e 6 . I n f r a r e d S p e c t r a of S o l u t i o n s O b t a i n e d by Adding ( C H ^ Z n t o LiAlH^ in THF: (a) 1 : 1 

( C H 3 ) 2 Z n + LiAlH^; (b) 2 : 3 ( C H ^ Z n + LiAlH^; (c ) 1:2 ( C H ^ Z n + LiAlH^ 4> 
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In t h e s o l u t i o n s of LiZnCCH^^AlH^ and L i Z n 2 ( C H ^ ^ A I H ^ p r e p a r e d by 

r e a c t i n g AlH^ w i t h L i Z n ( C H 3 ) 2 H and L i Z n ^ C H ^ ^ H , t h e compounds were p r e s ­

e n t i n c o n c e n t r a t i o n s of 0 . 1 5 and 0 . 1 0 M when t h e i n f r a r e d s p e c t r a were 

r e c o r d e d . The s o l u t i o n s of LiZn(CH 3 ) 2 A1H^ and L i Z n 2 (CH^^AIH^ p r e p a r e d 

i n t h i s s t u d y by m i x i n g LiAlH^ and ( C I L ^ Z n had c o n c e n t r a t i o n s i n t h e 

r a n g e 0 . 4 - 0 . 5 M when t h e i n f r a r e d s p e c t r a w e r e r e c o r d e d . The o b s e r v a ­

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

c e n t r a t i o n s , when i t was n o t seen a t lower c o n c e n t r a t i o n , l e a d s one t o 

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

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

o u t on s o l u t i o n s of LiZn(CH 3 ) 2 A1H^ and L i Z n 2 ( C H ^ ^ A I H ^ p r e p a r e d by m i x i n g 

LiAlH^ w i t h ( C H ^ ^ Z n . The r e s u l t i n g a s s o c i a t i o n v a l u e s a r e shown i n 

F i g u r e 7 f o r LiZn (CH3> 2

A 1 H 4 a n d F i g u r e 8 f o r L i Z n 2 ( C H ^ A I H ^ . The d a t a 

i n t h e s e f i g u r e s show t h a t , i n t h e c o n c e n t r a t i o n r a n g e 0 . 4 - 0 . 5 M, s i g ­

n i f i c a n t a s s o c i a t i o n t o a d imer u n i t i s o c c u r r i n g . At c o n c e n t r a t i o n s 

n e a r 0 . 1 0 M, l i t t l e a s s o c i a t i o n beyond t h e monomer i s o b s e r v e d . T h e r e ­

f o r e , an e q u i l i b r i u m of t h e t y p e shown i n Eq. 8 i s i n d i c a t e d f o r L i Z n -

( C H 3 ) 2 A 1 H 4 i n THF. 

2 Li + 

H 

H 

\ / \ / 

H 

Al Zn 

H 

3 

(8) 

I XIV 



LEGEND: 

2. OH 

O L i Z n ( C H 3 ) 2 H + A1H 3 C q = 0 . 1 8 M 

• LiAlH^ + (CH 3 ) 2 Zn C = 0 . 3 9 M 
o A L i A l H 4 + (CH 3 ) 2 Zn C Q = 0 . 4 8 M 

# C a l c u l a t e d from NMR Data 

I.5J 

1.0 H 

0.5 U l 673 
Aluminum Concentration 

^ 4 " 

F i g u r e 7 . M o l e c u l a r A s s o c i a t i o n V a l u e s f o r LiZn(CH ) 0 A1H 
3 2 4 

4> 



LEGEND: 

• 3 | . 5 H 

1.0 H 

0.5 . . _ 

oTi 0T2 0T3 0:4 0/5 
A L U M I N U M C O N C E N T R A T I O N ( M ) 

F i g u r e 8 . M o l e c u l a r A s s o c i a t i o n V a l u e s f o r LiZn«(CH_).A1H. 
2 3 4 4 

1—» 

O L i Z n 2 ( G H 3 ) 4 H + A1H 3 C q = 0 . 1 2 M 

• LiAlH. + 2 ( C H 0 ) 0 Z n C = 0 . 2 3 M 4 3 2 o 
A LiAlH. + 2 ( 0 H o ) o Z n C = 0 . 4 6 M 4 3 2 o 
£ C a l c u l a t e d from NMR Data 
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A s i m i l a r e q u i l i b r i u m c o u l d be w r i t t e n f o r L i Z n 2 ( C H ^ ^ A I H ^ . S t r u c t u r e 

XIV, t h e d imer of LiZn(CH^)^AlH^, does c o n t a i n t h e s i n g l e hydrogen b r i d g e d 

u n i t . I t i s e a s y f o r one t o s ee how t h e o b s e r v e d i n f r a r e d s p e c t r a c o u l d 

a r i s e when two compounds w i t h t h e s t r u c t u r e s of I and XIV a r e p r e s e n t . 

The 1 H NMR c h e m i c a l s h i f t s o b s e r v e d f o r L iZn(CH 0 ) 0 A1H, and L i Z n 0 -
3 2 4 2 

( C H ^ A I H ^ ( p r e p a r e d from LiAlH^ and ( C H ^ Z n ) a r e l i s t e d i n T a b l e 4 . 

The c h e m i c a l s h i f t s a r e t h e same a s t h o s e o b s e r v e d f o r LiZn(CH_)„A1H. 
3 2 4 

p r e p a r e d from AlH^ and L i Z n ( C H 3 ) 2 H . The r e s o n a n c e s a t 10 .96 T and 11 .02 

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

VII and V I I I , r e s p e c t i v e l y . The r e s o n a n c e a t 10 .98 T i s s een t o become 

more i n t e n s e a s t h e c o n c e n t r a t i o n of LiZn (CH^) 2 A 1 H 4 and L i Z n 2 ( C I L p ^ A l H ^ 

i s i n c r e a s e d ( T a b l e 4 and F i g u r e 9 ) . T h i s s u g g e s t s t h a t t h e r e s o n a n c e i s 

due t o t h e d imer of t h e s e compounds. The d imer s t r u c t u r e , XIV, c o n t a i n s 

t h e s t r u c t u r a l u n i t XV which would p r o v i d e a m a g n e t i c e n v i r o n m e n t some­

what d i f f e r e n t from t h e two u n i t s a b o v e . T h e r e f o r e , t h e r e s o n a n c e a t 

C H 3 N / C H 3 
Zn 

H 

,A1 Al 

XV 

10 .98 T i s a s s i g n e d t o t h i s u n i t . The NMR d a t a s u g g e s t an e q u i l i b r i u m 

between s t r u c t u r e s which c o n t a i n t h e t h r e e u n i t s shown a b o v e . Such an 

e q u i l i b r i u m i s shown i n Scheme I . The NMR i n t e g r a t i o n d a t a can be used 

t o c a l c u l a t e t h e r e l a t i v e amounts of I , X I I , XIV, and XVI and w i t h t h e s e 

an a p p a r e n t a s s o c i a t i o n can be c a l c u l a t e d . Such a s s o c i a t i o n v a l u e s a r e 



T a b l e 4 . Chemica l S h i f t s f o r L iZn(CH 3 ) 2 A1H, and LiZn„(CHO,A1H. a t V a r i o u s 
C o n c e n t r a t i o n s i n THF a 

Sample C o n c e n t r a t i o n 

(M) 

Chemica l S h i f t s * 5 

( T ) 

C a l c u l a t e d 
A s s o c i a t i o n 

( i ) 

L i Z n ( C H 3 ) 2 A 1 H 4 0 .48 10 .96 ( 1 . 9 ) , 1 0 . 9 8 ( 1 . 8 ) , 11 .02 ( 1 . 0 ) 1 .42 

( L i A l H 4 + ( C H 3 ) 2 Z n ) 0 .39 10 .96 ( 3 . 3 ) , 10 .98 ( 2 . 5 ) , 1 1 . 0 1 ( 1 . 0 ) 1 .32 

0 .28 10 .95 ( 3 . 4 ) , 10 .98 ( 2 . 0 ) , 1 1 . 0 2 ( 1 . 0 ) 1 .27 

0 .19 10 .96 ( 6 . 1 ) , 10 .98 ( 2 . 3 ) , 1 1 . 0 3 ( 1 . 0 ) 1 .18 

L i Z n ( C H 3 ) 2 A 1 H 4 0 .18 10 .96 ( 6 . 5 ) , 10 .98 ( 2 . 4 ) , 11 .02 ( 1 . 0 ) 1 .18 

( L i Z n ( C H 3 ) 2 H + A1H ) 0 .10 10 .95 ( 1 0 . 7 ) , 10 .98 ( 1 . 0 ) , 11 .02 ( 2 . 3 ) 1 .04 

L i Z n 2 ( C H 3 ) 4 A l H 4 0 . 4 6 10 .96 ( 6 . 7 ) , 10 .98 ( 3 . 1 ) , 1 1 . 0 1 ( 1 . 0 ) 1.86 

( L i A l H 4 + 2 ( C H 3 ) 2 Z n ) 

L i Z n 2 ( C H 3 ) 4 A l H 4 0 .12 10 .96 ( 3 . 1 ) , 1 1 . 0 2 ( 1 . 0 ) 1 .00 

( L i Z n 2 ( C H 3 ) 4 H + A1H 3) 

S p e c t r a w e r e r e c o r d e d a t 35 C. R e l a t i v e i n t e g r a t i o n i s g iven i n p a r e n t h e s e s . T y p i c a l e r r o r l i m i t s 
i n t h e c h e m i c a l s h i f t m e a s u r e m e n t s were ± 1 Hz o r + 0 . 0 2 T . 



148 

F i g u r e 9 . LB. NMR S p e c t r a of LiZn (CTLp 2

A l \ i n T H F a t 

V a r i o u s C o n c e n t r a t i o n s : (a ) 0 . 4 8 M, (b) 0 . 3 9 M, 
(c ) 0 . 1 9 M, (d) 0 . 1 0 M 
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shown in T a b l e 4 and p l o t t e d in F i g u r e s 7 and 8. I t i s s een t h a t t h e c a l c u ­

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

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

r e a s o n a b l e p i c t u r e of t h e c o m p o s i t i o n of LiZn(CH^)£^1^ i n THF. The NMR 

d a t a f o r L i Z n 2 ( C H ^ ^ A I H ^ s u g g e s t t h a t a s i m i l a r e q u i l i b r i u m can be w r i t t e n 

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

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

s e l e c t e d s a m p l e s of Li Zn (CH^) 2 AlH^ and L i Z n ^ C H ^ ^ A l H ^ a r e shown i n T a b l e 

5. The same t h r e e r e s o n a n c e s a r e o b s e r v e d , b u t t h e y move t o h i g h e r f i e l d 

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

of t h e s e s i g n a l s shows t h a t , i n t h e c a s e of L iZn(CH^^AIH^, t h e e q u i l i b ­

r ium i n Scheme I i s s h i f t e d i n f a v o r of I a s t h e t e m p e r a t u r e i s d e c r e a s e d , 

i . e . , t h e amounts of s o l v a t e d s t r u c t u r e s XII and XVI d e c r e a s e w i t h d e ­

c r e a s i n g t e m p e r a t u r e . Us ing t h e NMR i n t e g r a t i o n d a t a , e q u i l i b r i u m con­

s t a n t s can be c a l c u l a t e d f o r t h i s p r o c e s s (Eq. 9 ) . 

The m a g n e t i c f i e l d e x p e r i e n c e d by a s o l u t e m o l e c u l e w i l l depend i n 
p a r t on t h e b u l k m a g n e t i c s u s c e p t a b i l i t y of t h e s o l u t i o n . The a v e r a g e o r i ­
e n t a t i o n of m o l e c u l e s i n t h e b u l k s o l v e n t s u r r o u n d i n g a s o l u t e m o l e c u l e i s 
t e m p e r a t u r e and c o n c e n t r a t i o n d e p e n d e n t and a s t h i s a v e r a g e o r i e n t a t i o n 
c h a n g e s , so w i l l t h e c h e m i c a l s h i f t . These e f f e c t s a r e u s u a l l y s m a l l com­
p a r e d t o s p e c i f i c s o l v a t i o n e f f e c t s b u t may amount t o a t e n t h of a ppm i n 
c h e m i c a l s h i f t o r more i n s p e c i f i c c a s e s . S o l v e n t a n i s o t r o p y i n c o n n e c t i o n 
w i t h c o n c e n t r a t i o n c h a n g e s was n o t o b s e r v e d h e r e , s i n c e t h e c o n c e n t r a t i o n 
was n e v e r much g r e a t e r t h a n 0 . 5 M. I n s t u d i e s on G r i g n a r d r e a g e n t s t h e s e 
e f f e c t s were n o t o b s e r v e d u n t i l t h e c o n c e n t r a t i o n became 2 . 0 M. 



T a b l e 5 . Chemica l S h i f t s f o r L i Z n ( C H 3 ) 2

A 1 H 4 a n d L i Z n 2 ( C H 3 ) 4 A l H 4 a t V a r i o u s 
T e m p e r a t u r e s i n THF 

Sample C o n c e n t r a t i o n 
(M) 

T e m p e r a t u r e 
(°C) 

Chemica l S h i f t s 
( T ) 

R e l a t i v e 
I n t e g r a t i o n 

L i Z n ( C H 3 ) 2 A 1 H 4 0 .39 35 1 0 . 9 6 , 1 0 . 9 8 , 1 1 . 0 1 3 . 3 : 2 . 5 : 1 . 0 

( L i A l H 4 + ( C H 3 ) 2 Z n ) 21 1 0 . 9 8 , 1 1 . 0 0 , 1 1 . 0 3 3 . 9 : 2 . 8 : 1 . 0 

4 1 0 . 9 9 , 1 1 . 0 1 , 1 1 . 0 3 4 . 8 : 2 . 9 : 1 . 0 

-19 1 0 . 9 9 , 1 1 . 0 1 , 11 .04 5 . 6 : 3 . 1 : 1 . 0 

-36 1 1 . 0 0 , 1 1 . 0 2 , 11 .07 6 . 1 : 3 . 4 : 1 . 0 

- 5 1 1 1 . 0 1 , 1 1 . 0 4 , 1 1 . 1 1 6 . 8 : 3 . 5 : 1 . 0 

- 6 3 1 1 . 0 2 , 1 1 . 0 6 , 11 .14 7 . 6 : 3 . 7 : 1 . 0 

- 8 1 1 1 . 0 2 , 1 1 . 0 6 , 11 .17 8 . 6 : 3 . 8 : 1 . 0 

L i Z n 2 ( C H 3 ) 4 A l H 4 0 . 4 6 35 1 0 . 9 6 , 1 0 . 9 8 , 1 1 . 0 1 6 . 7 : 3 . 1 : 1 . 0 

( L i A l H 4 + 2 ( C H 3 ) 2 Z n ) - 6 3 1 0 . 9 8 , 1 0 . 9 9 , 11 .08 9 . 5 : 4 . 3 : 1 . 0 

L i Z n 2 ( C H 3 ) 4 A l H 4 0 .12 -35 1 0 . 9 6 , 11 .02 3 . 1 : 1 . 0 

- 6 3 1 0 . 9 9 , 1 1 . 1 1 5 . 0 : 1 . 0 

a T y p i c a l e r r o r l i m i t s i n t h e c h e m i c a l s h i f t m e a s u r e m e n t s were ± 1 Hz o r ± 0 . 02 T . 
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The e q u i l i b r i u m c o n s t a n t s a r e g i v e n i n T a b l e 6 and p l o t t e d a s In K v s l / T 

i n F i g u r e 10 . E q u i l i b r i u m c o n s t a n t s f o r t h e s i m i l a r p r o c e s s i n v o l v i n g 

L i Z n 2 ( C H 3 ) 4 A l H 4 (Eq. 10) a r e g i v e n i n T a b l e 7 and p l o t t e d i n F i g u r e 10 . 

Li 

H H C H . 

/ \ / ^ / 3 

C H ; 

'Zn Al Zn 

S H C H , 

<-> Li 

C H - H H C H _ 
3 \ / \ / \ / 3 

Zn Al Zn 
S \ / \ / \ 

C H 3 H H C H 3 

+S(10) 

The e n t h a l p y and e n t r o p y of t h e r e a c t i o n a s w r i t t e n i n Eq. 9 a r e c a l c u ­

l a t e d t o be - 0 . 8 0 K c a l / m o l e and 0 . 6 1 e u . For Eq. 1 0 , AH and AS a r e c a l ­

c u l a t e d t o be - 0 . 7 2 K c a l / m o l e and - 2 . 0 2 e u . The e n t h a l p y of r e a c t i o n s 9 

and 10 would be e x p e c t e d t o be a b o u t e q u a l s i n c e an a l u m i n u m - s o l v e n t c o ­

o r d i n a t e bond i s b r o k e n and an Al-H-Zn b r i d g e bond i s formed i n b o t h . 

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

AH r e a c t i o n = AH s o l v a t i o n + AH bond e n e r g y 

a r e e q u a l w i t h i n t h e u n c e r t a i n t y t h a t l i e s in t h i s t y p e of c a l c u l a t i o n . 

The n e g a t i v e e n t h a l p y of r e a c t i o n i n d i c a t e d t h a t t h e Al-H-Zn b r i d g e bond 

i s s t r o n g e r t h a n t h e aluminum s o l v e n t b o n d . The e n t r o p y of r e a c t i o n 9 i s 

p o s i t i v e , which i s e x p e c t e d s i n c e t h e p a r t i t i o n f u n c t i o n f o r two m o l e ­

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

t i o n of t h e s o l v e n t c o o r d i n a t e bond . The m a g n i t u d e of AS i s , h o w e v e r , 

13 

n o t a s g r e a t a s one would have e x p e c t e d ( g e n e r a l l y i n t h e r a n g e of 10 eu ) 

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

freedom of t h e m o l e c u l e s . I n Eq. 10 , two d o u b l e h y d r o g e n b r i d g e u n i t s a r e 

f o r m e d , w h i c h l e a d s t o a n e g a t i v e e n t r o p y of r e a c t i o n . 
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T a b l e 6 . E q u i l i b r i u m C o n s t a n t s a t V a r i o u s T e m p e r a t u r e s f o r t h e R e a c t i o n 
L i Z r ( C H 3 ) 2 A l H 4 ' S = LiZr(CH3)2AIH4 + S i n T e t r a h y d r o f u r a n 

T e m p e r a t u r e 
(°C) 

K a InK 1/T (V 1 ) 

35 4 . 6 1 .53 3 . 2 

21 5 . 2 1 .64 3 . 4 

4 6 . 1 1 . 8 1 3 . 6 

-19 7 .0 1 .95 3 . 9 

-36 7 .7 2 .04 4 . 2 

- 5 1 8 . 5 2 . 1 4 4 . 5 

- 6 3 9 . 8 2 . 2 8 4 . 8 

- 8 1 1 0 . 3 2 . 3 3 5 . 2 

An e x p o n e n t i a l c u r v e f i t t o t h e d a t a y i e l d s K = 1.4 e ' w i t h a c o r r e 
l a t i o n f a c t o r of R = 0 . 9 6 . T h i s e q u a t i o n g i v e s t h e f o l l o w i n g t h e r m o d y ­
namic p a r a m e t e r s : 

AH = - 8 0 3 c a l / m o l e 
AS = 0 . 6 1 eu 



3 
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T a b l e 7 . E q u i l i b r i u m C o n s t a n t s a t V a r i o u s T e m p e r a t u r e s f o r t h e R e a c t i o n 
L i Z n ^ C T ^ ^ A l H ^ ' S = L i Z n 2 ( C I ^ ^ A I H ^ + S i n T e t r a h y d r o f u r a n 

T e m p e r a t u r e 
(°C) 

Kc In K. l / T ('V1) x 1 0 3 

35 

35 

- 6 3 

- 6 3 

1.0 

1 . 3 

2 . 0 

2 . 1 

0 . 0 4 

0 . 2 5 

0 . 7 0 

0 . 7 6 

3 . 2 

3 . 2 

4 . 8 

4 . 8 

a 364 /T An e x p o n e n t i a l c u r v e f £ t t o t h e d a t a y i e l d s K = 0 . 3 6 e ' w i t h a 
c o r r e l a t i o n f a c t o r of R = 0 . 9 3 . T h i s e q u a t i o n g i v e s t h e f o l l o w i n g t h e r ­
modynamic p a r a m e t e r s : 

AH = -724 c a l / m o l e 
AS = - 2 . 0 eu 



1 5 6 

A s i m p l e r e p r e s e n t a t i o n of t h e b a s i c s o l v a t i o n e q u i l i b r i u m i s 

shown i n Eq. 1 1 . The f o r w a r d r e a c t i o n s h o u l d be e n d o t h e r m i c (AH > 0 ) 

s i n c e a c o o r d i n a t e bond b r e a k s and t h e e n t r o p y s h o u l d be p o s i t i v e (AS > 0 ) . 

M'S «->M + S ( 1 1 ) 

Both r e a c t i o n s 9 and 1 0 v i o l a t e t h i s p r i n c i p l e , so t h e s o l v a t i o n e q u i l i b ­

r i u m c a n n o t be a s s i m p l e a s t h a t of Eq. 1 1 . I n d e e d , t h e s o l v a t i o n e q u i ­

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

b r i d g e . T h e r e i s , h o w e v e r , a p r e c e d e n t f o r t h i s t y p e of b e h a v i o r . The 

S c h l e n k e q u i l i b r i u m f o r C^He-MgBr (Eq. 1 2 ) i s r e p o r t e d t o h a v e AH and AS 

17 

v a l u e s of 6 , 1 K c a l / m o l e and 2 3 . 7 eu i n THF, w h e r e a s t h e s e v a l u e s become 
18 

- 3 . 7 K c a l / m o l e and - 0 . 3 eu i n d i e t h y l e t h e r . 

( C H ^ ^ g + MgBr 2 <->2 C ^ M g B r ( 1 2 ) 

19 

In THF, ( d 2 H 5 ) 2

M g > c

2 H 5 M g B r , and MgBr 2 a r e a l l monomer ic . T y p i c a l o r -
2 0 

ganomagnesium h a l i d e s have been shown t o form d i s o l v a t e s i n THF, a s do 
2 1 

t h e d i o r g a n o m a g n e s i u m compounds. The magnesium h a l i d e s form t e t r a s o l -

2 2 

v a t e s w i t h THF, T h i s l e a d s one t o r e v i s e Eq. 1 2 f o r t h e S c h l e n k e q u i -
1 3 

l i b r i u m t o Eq. 1 3 so t h a t t h e s o l v a t i o n e f f e c t s of THF can be i n c l u d e d . 

( C 2 H 5 ) 2 M g - 2 S + MgBr 2 - 4 S H 2 C ^ M g B r - 2 S + 2 S ( 1 3 ) 

The s i g n s of AH and AS f o r t h i s r e a c t i o n s h o u l d f o l l o w t h e p r e d i c t i o n s 
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b a s e d on t h e s o l v a t i o n e q u i l i b r i u m i n Eq. 1 1 , s i n c e o n l y monomeric s p e c i e s 

a r e p r e s e n t , i . e . , no b r i d g e bonds a r e b e i n g f o r m e d . The d a t a , of c o u r s e , 

a r e c o n s i s t e n t w i t h t h i s s u g g e s t i o n . I n d i e t h y l e ther , (C^H^-^Mg i s mono­

m e r i c w h i l e C^H -̂MgBr i s e s s e n t i a l l y d i m e r i c . Magnesium bromide i s more 

19 

h i g h l y a s s o c i a t e d t h a n even a d i m e r . The S c h l e n k e q u i l i b r i u m i n Eq. 8 

s h o u l d t h e n be r e v i s e d t o Eq. 14 , so s o l v a t i o n e f f e c t s can be i n c l u d e d . 

( C 2 H 5 ) 2 M g - 2 S + | [ ( M g B r 2 ) 2 - 2 S] <-> ( C ^ M g B r ^ 2 S + S (14) 

(For s i m p l i c i t y , magnesium bromide i s w r i t t e n a s t h e d imer i n t h i s e q u a ­

t i o n . ) Diorganomagnes ium compounds a r e known t o form b i s ( d i e t h y l e t h e r -

a t e s ) , w h e r e a s d i m e r i c M g B ^ and C^Hj-MgBr would h a v e one s o l v e n t m o l e c u l e 

p e r magnesium a s shown by t h e s t r u c t u r e s b e l o w . 

S ^ Br Br S . Br C 0H_ 

Mg Mg Mg Mg 

Br Br S C 2 H 5 Br 

The r e a c t i o n i n Eq. 14 i s s i m i l a r t o r e a c t i o n s 9 and 10 above i n t h a t 

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

b r i d g e . Both t h e AH and AS f o r t h i s r e a c t i o n a r e n e g a t i v e , n o t what one 

would p r e d i c t b a s e d on t h e s i m p l e s o l v a t i o n e q u i l i b r i u m of Eq. 1 1 , b u t 

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

9 and 10. 

The c o n c e n t r a t i o n of t h e THF s o l u t i o n s of L i Z n ( C H 0 ) 0 A 1 H , s t u d i e d 
3 2 4 

i n i t i a l l y by i n f r a r e d a n a l y s i s w e r e a b o u t 0 . 2 t o 0 . 4 M. These s o l u t i o n s , 
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a f t e r p r e p a r a t i o n , r e m a i n e d c l e a r f o r a few h o u r s a t room t e m p e r a t u r e , 

b u t t h e n began t o d e p o s i t a b l a c k s o l i d . I t was found t h a t even a f t e r 

s i t t i n g one week n o t a l l of t h e z i n c d e p o s i t e d from t h e s e s o l u t i o n s . 

A n a l y s i s of t h e b l a c k s o l i d r e v e a l e d t h a t i t c o n t a i n e d L i : Z n : H : A l i n a 

m o l a r r a t i o of 1 . 0 6 : 2 . 0 0 : 3 . 2 0 : 0 . 0 5 . An x - r a y powder d i f f r a c t i o n p a t t e r n 

of t h e s o l i d c o n t a i n e d l i n e s due t o LiZnH^ and Zn m e t a l o n l y . I t i s s u g ­

g e s t e d t h a t L iZn 2 H^ p r e c i p i t a t e d from t h e s o l u t i o n of Li Zn (CH^) 2 A 1 H 4 i n 

THF and t h e n decomposed r a p i d l y t o LiZnH^ and Z n H 2 , w i t h t h e ZnH 2 u n d e r ­

g o i n g s u b s e q u e n t d e c o m p o s i t i o n t o Zn m e t a l . ( T h i s p o i n t w i l l be d i s ­

c u s s e d i n more d e t a i l l a t e r . ) On t h e o t h e r h a n d , when a 0 . 2 M s o l u t i o n 

of L i Z n ( C H 3 ) 2 A l H 4 was d i l u t e d 2 0 - f o l d o r g r e a t e r w i t h THF, a w h i t e p r e ­

c i p i t a t e of ZnH 2 formed w i t h i n f i v e m i n u t e s . A l s o , i f LiAlH^ i s added t o 

a d i l u t e s o l u t i o n of (CH^^Zn i n THF, i . e . , a b o u t 0 . 0 1 M, a w h i t e p r e c i p i ­

t a t e of ZnH 2 b e g i n s t o form w i t h i n f i v e m i n u t e s . The y i e l d s of Z n H 2 , how­

e v e r , a r e low, n e v e r b e i n g g r e a t e r t h a n 50%. The f a c t t h a t LiZnH^ i s 

formed a t c o n c e n t r a t i o n s g r e a t e r t h a n 0 . 1 M, b u t n o t a t c o n c e n t r a t i o n s 

l e s s t h a n t h i s , s u g g e s t s t h a t t h i s h y d r i d e r e s u l t s from XIV, t h e d imer of 

L i Z n ( C H ^ ) 2 A 1 H

4 • T n e complex m e t a l h y d r i d e o n l y p r e c i p i t a t e s from s o l u ­

t i o n s of LiZn(CH^) 2 A1H 4 where t h e a s s o c i a t i o n v a l u e i s a t l e a s t 1 . 1 0 . 

S o l u t i o n s of L iZn(CH^) 2 A1H 4 , which c o n t a i n f o r t h e most p a r t o n l y t h e mono-

m e r i c form I , r e s u l t i n t h e p r e c i p i t a t i o n of ZnH 2 o n l y . The f a c t t h a t 

ZnH 2 i s formed by way of L i Z n ( C H ^ ) 2

A 1 H 4 i n T H F i s g ° o d e v i d e n c e t h a t 

L i Z n ( C H 3 ) 2 A 1 H 4 i s t h e i n t e r m e d i a t e i n v o l v e d i n t h e a I k y 1 - h y d r o g e n e x c h a n g e 

r e a c t i o n between LiAlH^ and (CH^^Zn t o g i v e ZnH2« I t h a s been known f o r 

q u i t e some t i m e t h a t t h e r e a c t i o n of a d i a l k y l z i n c compound w i t h LiAlH 
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16 
i n d i e t h y l e t h e r p r o d u c e s ZnrL^ ; h o w e v e r , no a t t e m p t s h a v e been made t o 

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

t h a t L i Z n ( C H ^ ) 2 A 1 H ^ i s an i n t e r m e d i a t e i n t h i s r e a c t i o n . The f a c t t h a t 

L i Z n ( C H ^ ) c a n be d e t e c t e d i n t h e r e a c t i o n m i x t u r e of LiAlH^ w i t h 

^CI*3^2 Z n which p r o d u c e s Znl^ i n THF i s s t r o n g e v i d e n c e t o s u p p o r t t h e 

above s t a t e m e n t . 

S c h l e s i n g e r and c o - w o r k e r s h a v e r e p o r t e d t h a t t h e most s a t i s f a c t o r y 

method of p r e p a r i n g Z n ^ i n v o l v e s t h e a d d i t i o n of one p a r t (CH^^Zn t o 

two p a r t s LiAlH^ i n d i e t h y l e t h e r s o l u t i o n . They d i d n o t r e p o r t t h e r e ­

s u l t s t h a t would be o b t a i n e d i f one w e r e t o v a r y t h e r a t i o of r e a c t a n t s 

o r r e v e r s e t h e mode of a d d i t i o n . Because of some o b s e r v a t i o n s t h a t we 

made i n a p r e v i o u s s t u d y , we had r e a s o n t o b e l i e v e t h a t t h e r e s u l t s of 

t h i s r e a c t i o n may be d i f f e r e n t i f c a r r i e d o u t u n d e r d i f f e r e n t c o n d i t i o n s 

t h a n t h o s e r e p o r t e d by S c h l e s i n g e r and c o - w o r k e r s . We h a v e now s t u d i e d 

t h i s r e a c t i o n u n d e r a v a r i e t y of c o n d i t i o n s and t h e r e s u l t s a r e summarized 

i n T a b l e 8 . The d a t a i n d i c a t e t h a t t h e c o u r s e of t h e r e a c t i o n i s g r e a t l y 

i n f l u e n c e d by b o t h t h e mode of a d d i t i o n and t h e r a t i o of r e a c t a n t s . These 

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

23 24 
shown t h a t t h e r e a c t i o n s of LiAlH^ w i t h ( C ^ H j - ^ M g , ( C H ^ ^ M g , and 

25 

( C g H c ^ M g i n d i e t h y l e t h e r a r e n o t s e n s i t i v e t o e i t h e r of t h e s e p a r a m ­

e t e r s . 

When (CH^^Zn was added t o LiAlH^ i n f o u r e q u a l i n c r e m e n t s such 

t h e r a t i o of t o t a l z i n c t o aluminum was 0 . 5 : 1 , 1 : 1 , 1 . 5 : 1 , and 2 : 1 a f t e r 

each of t h e f o u r a d d i t i o n s , t h e r e a c t i o n p r o c e e d e d in a s t e p w i s e f a s h i o n 

e x c h a n g i n g m e t h y l g r o u p s on z i n c f o r h y d r o g e n on aluminum a s shown i n 

Eq. 1 5 - 1 8 . 



T a b l e 8 . P r o d u c t s O b t a i n e d from V a r i o u s R e a c t i o n s Between LiAlH^ and (CR^)^Zn i n D i e t h y l E t h e r 

R a t i o 
( C H 3 ) 2 Z n / 
LiAlH, 

A n a l y s i s of S o l i d 
L i : Z n : H : A l 

Components of S o l i d 
As I n f e r r e d from 

Powder D i f f r a c t i o n 

A n a l y s i s of S o l u t i o n 
Li :Al :CH :H:Zn 

3 

Components of 
S o l u t i o n As I n f e r r e d 
from I n f r a r e d S p e c t r a 

R e a c t i o n s Where ( C H . ) 0 Z n Was Added t o LiAlH.' 
3 2 4 

0 . 5 0 . 0 2 : 1 . 0 0 : 2 . 0 4 : 0 . 0 3 

1 .0 0 . 0 1 : 1 . 0 0 : 2 . 0 3 : 0 . 0 3 

1 .5 0 . 0 1 : 1 . 0 0 : 2 . 0 8 : 0 . 0 2 

2 . 0 0 . 0 3 : 1 . 0 0 : 2 . 0 5 : 0 . 0 2 

ZnH, 

ZnH, 

ZnH, 

ZnH, 

1 . 0 4 : 1 . 0 0 : 0 . 9 8 : 3 . 1 1 : 0 . 0 0 

1 . 0 1 : 1 . 0 0 : 2 . 0 1 : 1 . 9 9 : 0 . 0 2 

1 . 0 3 : 1 . 0 0 : 2 . 9 7 : 0 . 9 6 : 0 . 0 4 

1 . 0 4 : 1 . 0 0 : 3 . 9 8 : 0 . 0 0 : 0 . 0 3 

L i A l ( C H 3 ) H 3 

L i A l ( C H 3 ) 2 H 2 

LiAl ( C H 3 ) 3 H 

L i A l ( C H 3 ) 4 

R e a c t i o n s Where LiAlH^ Was Added t o ( C H ^ Z n * 1 

2 . 0 - - 1 . 0 2 : 0 . 9 9 : 3 . 9 8 : 4 . 0 2 : 2 . 0 0 L i Z n ( C H 3 ) 4 A 1 H 4 

1.0 0 . 6 2 : 2 . 0 0 : 4 . 6 3 : 0 . 0 0 LiZnH 3 + ZnH 2 0 . 6 9 : 1 . 0 0 : 1 . 9 8 : 1 . 7 0 : 0 . 0 3 ( C H ^ A I H + L i A l ( C H 3 > 2 H 

0 . 5 0 . 0 1 : 1 . 0 0 : 2 . 0 2 : 0 . 0 0 ZnH 2 1 . 0 1 : 1 . 0 0 : 1 . 0 3 : 3 . 0 4 : 0 . 0 0 L i A l ( C H 3 > H 3 

R e a c t i o n s were s t i r r e d f o r one h o u r b e f o r e t h e p r o d u c t s were s e p a r a t e d . 
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( C H 3 ) 2 Z n + 2 L i A l H 4 - > Z n H 2 + 2 L i A l ( C H 3 ) H 3 (15) 

( C H 3 ) 2 Z n + 2 L i A l ( C H 3 ) H 3 - > Z n H 2 + 2 L i A l ( C H 3 ) 2 H 2 (16) 

( C H 3 ) 2 Z n + 2 L i A l ( C H 3 ) 2 H 2 -» ZnH 2 + 2 L i A l ( C H 3 ) 3 H (17) 

( C H 3 ) 2 Z n + 2 L i A l ( C H 3 ) 3 H -»ZnH 2 + 2 L i A l ( C H 3 ) 4 (18) 

S u p p o r t f o r t h e s e r e a c t i o n s p r o c e e d i n g a s shown i s p r o v i d e d by t h e i n f r a ­

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

a d d i t i o n . These s p e c t r a ( F i g u r e 11) a r e i d e n t i c a l t o t h e i n f r a r e d s p e c t r a 

of L i A l ( C H 3 ) H 3 , L i A l ( C H 3 ) 2 H 2 , L i A l ( C H 3 ) 3 H , and L i A l ( C H 3 ) 4 i n d i e t h y l e t h e r 

s o l u t i o n p r e p a r e d by a l l o w i n g L i A l ( C H 3 ) 4 t o r e d i s t r i b u t e w i t h LiAlH^ a c ­

c o r d i n g t o t h e s t o i c h i o m e t r y shown i n Eq. 1 9 - 2 1 . L i t h i u m t e t r a m e t h y l a l u m -

26 
i n a t e was p r e p a r e d by r e a c t i n g c H 3 L i w i t h ( C H 3 ) 3 A 1 i n d i e t h y l e t h e r . 

3 L i A l H 4 + L i A l ( C H 3 ) 4 -> 4 L i A l ( C H 3 ) H 3 (19) 

L i A l H 4 + L i A l ( C H 3 ) 4 ->2 L i A l ( C H 3 ) ^ (20) 

L i A l H 4 + 3 L i A l ( C H 3 ) 4 -> 4 L i A l ( C H 3 ) 3 H (21) 

F u r t h e r s u p p o r t f o r t h e s e r e a c t i o n s p r o c e e d i n g a s shown i s p r o v i d e d by 

t h e f a c t t h a t t h e a luminum complexes L i A l ( C H 3 ) 2 H 2 , L i A l ( C H 3 ) 3 H , and L i A l -

( C H 3 ) 4 were formed a c c o r d i n g t o Eq. 16-18 when ( C H 3 ) 2 Z n was added t o a u ­

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

i n 1:2 r a t i o i n d i e t h y l e t h e r . 

When ( C H 3 ) 2 Z n was added s e p a r a t e l y t o L i A l H 4 i n 0 . 5 : 1 , 1 : 1 , 1 . 5 : 1 , 

and 2 : 1 m o l a r r a t i o s , t h e r e a c t i o n s p r o c e e d e d a c c o r d i n g t o Eq. 2 2 - 2 5 . 
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F i g u r e 1 1 . I n f r a r e d S p e c t r a of S u p e r n a t a n t S o l u t i o n s O b t a i n e d by 
Adding ( C H 3 ) 2 Z n t o LiAlH^ i n D i e t h y l E t h e r - - R a t i o 
(CH 3 ) 2 Zn:LiAlHA (1) P u r e L i A l H / , (2) 0 . 5 : 1 . 0 , 
(3) 1 . 0 : 1 . 0 , (4) 1 . 5 : 1 . 0 , (5) 2 . 0 ; 1 . 0 
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(CH 3 ) 2 Zn + 2 L i A l H 4 -> ZnH 2 + L i A l ( C H j H (22) 

( C H 3 ) 2 Z n + LiAlH + L i A l ( C H 3 ) 2 H 2 (23) 

3 ( C H 3 ) 2 Z n + 2 LiAlH^ -> 3 ZnH 2 + 2 L i A l ( C H 3 ) 3 H (24) 

2 ( C H 3 ) 2 Z n + LiAlH^ -> 2 ZnH 2 + L i A l ( C H 3 ) (25) 

S u p p o r t f o r t h e s e r e a c t i o n s i s p r o v i d e d by d a t a i n T a b l e 8 . In each c a s e , 

t h e s o l i d i s o l a t e d from t h e s e r e a c t i o n s was found t o be Z n H 2 , I n f r a r e d 

s p e c t r a of t h e s u p e r n a t a n t s o l u t i o n s showed t h e p r e s e n c e of t h e aluminum 

complexes l i s t e d in r e a c t i o n s 2 2 - 2 5 . 

The i n f r a r e d s p e c t r a of t h e s o l u t i o n s t h a t r e s u l t e d when LiAlH^ 

was added t o ( C H 3 ) 2 Z n i n f o u r i n c r e m e n t s , such t h a t t h e r a t i o of t o t a l 

aluminum t o z i n c was 0 . 5 : 1 , 0 . 7 5 : 1 , 1 : 1 , and 2 : 1 , a r e shown in F i g u r e 12 . 

A f t e r t h e a d d i t i o n of e a c h i n c r e m e n t , t h e r e s u l t i n g m i x t u r e was s t i r r e d 

f o r f i v e m i n u t e s b e f o r e t h e i n f r a r e d s p e c t r u m was r e c o r d e d . Upon t h e a d d i ­

t i o n of t h e f i r s t i n c r e m e n t , a c l e a r s o l u t i o n r e s u l t e d . The i n f r a r e d 

s p e c t r u m of t h e s o l u t i o n ( b a n d s a t 1500 cm ' ' ' s h j S ; 1400 cm 1 b r , s ; 795 

- 1 - 1 

cm w; and 705 cm s) c o r r e s p o n d e d v e r y c l o s e l y t o t h a t of L i Z n 2 ( C H 3 ) 4 « 

AlH^ i n THF. E v i d e n t l y , when one p a r t LiAlH^ i s added t o two p a r t s 

( C H 3 ) 2 Z n , t h e two r e a g e n t s do n o t r e a c t t o g i v e ZnH 2 and L i A l ( C H 3 ) 4 b u t 

i n s t e a d form L i Z n 2 ( C H ^ ^ A I H ^ a c c o r d i n g t o Eq, 26 . Upon a d d i t i o n of t h e 

s econd i n c r e m e n t , some s o l i d began t o p r e c i p i t a t e . 

The i n f r a r e d s p e c t r u m of t h e s o l u t i o n (1700 cm" s h ; 1640 cm" b r , s ; 

L i A l H 4 + 2 ( C H 3 ) 2 Z n - > L i Z n 2 ( C H 3 ) 4 A 1 H 4 (26) 

- 1 - 1 



1900 lloo 1700 UMO 1500 1400 1300 1200 IKX) 1000 900 80) 700 650 
Frequency Icm"') 

F i g u r e 12 . I n f r a r e d S p e c t r a of S u p e r n a t a n t S o l u t i o n s O b t a i n e d by 
Adding LiAlH^ t o ( C H o ) 2 Z n i n D i e t h y l E t h e r - - R a t i o 
L i A l H 4 : ( C H 3 ) 2 Z n (1) P u r e ( C H 3 ) 2 Z n , (2) 0 . 5 : 1 . 0 , 
(3) 0 . 7 5 : 1 . 0 , (4) 1 . 0 : 1 . 0 , (5) 2 . 0 : 1 . 0 - - R e a c t i o n 
Time of F i v e M i n u t e s 
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1500 cm 1 s h , s ; 1400 cm 1 b r , s ; 780 cm 1 s ; 735 cm 1 s h , m ; 700 cm" 1 s ) 

was c h a r a c t e r i s t i c of a m i x t u r e of L i A l ( C H ^ ) ( v ( A l - H ) 1700 cm , 

L i Z n ( C H 3 ) 2 A l H 4 (1660 cm" 1 b r , s ; 1500 cm" 1 s h , s ; 1400 cm" 1 b r , s ; 775 cm" 1 

s ; 720 cm" 1 s h , s i n THF), and L i Z n 2 ( C H ^ A I H ^ (1500 cm" 1 s h , s ; 1400 cm" 1 

b r , s ; 700 cm 1 s ) . The r e a c t i o n which o c c u r r e d upon a d d i t i o n of t h i s 

i n c r e m e n t i s shown i n Eq. 27 . The p r e c i p i t a t e and L i A l ^ H ^ ^ I ^ a r i s e 

t h r o u g h t h e d i s p r o p o r t i o n a t i o n of LiZn(CH^)2A1H^. 

L i A l H 4 + 2 L i Z n 2 ( C H 3 ) 4 A l H 4 ->2 L i Z n ( C H 3 ) 2 A 1 H 4 + L i Z n 2 ( C H 3 ) 4 A l H 4 (27) 

E q u a t i o n 27 i s s u p p o r t e d by t h e f a c t t h a t i n THF L i Z n ( C H 3 ) d e c o m ­

p o s e s t o g i v e LiAl (CH^) 2 ^ a s one of i t s p r o d u c t s . E q u a t i o n 27 shows t h a t 

L i A l H 4 r e a c t s w i t h L i Z n 2 ( C H 3 ) 4 A l H 4 t o p r o d u c e two p a r t s L i Z n ( C ^ ^ A I H ^ 

a r e a c t i o n which i s known t o o c c u r i n THF. Upon a d d i t i o n of t h e t h i r d 

i n c r e m e n t , more s o l i d p r e c i p i t a t e d . The i n f r a r e d s p e c t r u m of t h e s o l u -

-1 - 1 - 1 - 1 t i o n (1700 cm b r , s ; 1640 cm s h ; 1500 cm s h ; 1400 cm s h , s ; 780 

cm 1 s ; 720 cm 1 s ) c o r r e s p o n d e d t o a m i x t u r e of L i A l ^ ^ ^ E ^ and L i Z n -

( C H 3 ) 2 A 1 H 4 (Eq. 2 8 ) . 

L i A l H 4 + 2 L i Z n ( C H 3 ) 2 A l H 4 + L i Z n 2 ( C H 3 ) 4 A l H 4 ->4 L i Z n ( C H 3 ) 2 A 1 H 4 (28) 

Again LiAl(CH^)2^2 and t h e p r e c i p i t a t e a r i s e t h r o u g h d i s p r o p o r t i o n a t i o n 

of L i Z n ( C H 3 ) 2 A l H 4 . Upon a d d i t i o n of t h e l a s t i n c r e m e n t c o p i o u s q u a n t i ­

t i e s of s o l i d p r e c i p i t a t e d . The i n f r a r e d s p e c t r u m of t h e r e s u l t i n g s u p e r -
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n a t a n t s o l u t i o n showed i t t o c o n t a i n LiAlCCH^H^ and t h e s o l i d was found 

t o be m o s t l y ZnH 2 (Eq. 2 9 ) . 

LiAlH^ + L i Z n ( C H 3 ) 2 A l H 4 -»ZnH 2 + 2 L i A l ( C H 3 > H 3 (29) 

I t i s known t h a t i n THF, A1H 3 r e a c t s w i t h L i Z n ( C H 3 ) 2

A 1 H 4 t o p r o d u c e ZnH 2 

a c c o r d i n g t o Eq. 3 0 . T h e r e f o r e , i t seems r e a s o n a b l e t h a t a s i m i l a r r e a c ­

t i o n would o c c u r i n d i e t h y l e t h e r between LiAlH^ and L i Z n ( C H 3 ) 2 A l H 4 . 

THF 
A1H 3 + L i Z n ( C H 3 ) 2 A l H 4

 1 » ZnH 2 + (CH 3 ) 2 A1H + LiAlH^ (30) 

The i n f r a r e d s p e c t r a of t h e s o l u t i o n s t h a t r e s u l t when LiAlH^ i s 

added s e p a r a t e l y t o ( C H 3 ) 2 Z n i n m o l a r r a t i o s of 0 . 5 : 1 , 1 : 1 , and 2 : 1 

( L i A l H ^ : ( C H 3 ) 2 Z n ) a r e shown i n F i g u r e 1 3 . A f t e r t h e t h r e e a d d i t i o n s were 

made , t h e r e s u l t i n g m i x t u r e s w e r e s t i r r e d f o r one h o u r b e f o r e t h e i n f r a r e d 

s p e c t r a were r e c o r d e d on t h e s u p e r n a t a n t s o l u t i o n s . The d a t a i n T a b l e 8 

summarize t h e c o m p o s i t i o n of t h e s u p e r n a t a n t s o l u t i o n s and t h e s o l i d s 

t h a t r e s u l t e d from t h e s e r e a c t i o n s . The a d d i t i o n s of LiAlH. t o ( C H 0 ) 0 Z n 
4 3 2 

i n 0 . 5 : 1 r a t i o a g a i n p r o d u c e d a s o l u t i o n which r e m a i n e d c l e a r even a f t e r 

s t i r r i n g f o r one h o u r . The i n f r a r e d s p e c t r u m of t h e s o l u t i o n c o r r e s p o n d e d 

t o L i Z n 2 ( C H 3 ) 4 A l H 4 . 

The a d d i t i o n of L i A l H 4 t o ( C H 3 ) 2 Z n i n 1:1 r a t i o p r o d u c e d , a f t e r 

one h o u r of s t i r r i n g , a s o l i d which c o r r e s p o n d e d t o 1 : 2 . 2 m i x t u r e of 

L iZnH 3 and Z n H 2 . The i n f r a r e d s p e c t r u m of t h e s u p e r n a t a n t s o l u t i o n 

(1760 cm 1 s h ; 1700 cm 1 s ; 780 cm" 1 s ; 725 cm 1 s ; 700 cm" 1 sh ) c o r r e s -



I 1 1 1 1 1 1 1 1 1 1 1 I 1— 
1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 650 

Frequency (cm ' ) 

F i g u r e 1 3 . I n f r a r e d S p e c t r a of S u p e r n a t a n t S o l u t i o n O b t a i n e d by Adding LiAlH t o (CH„) 9Zn i n 
D i e t h y l E t h e r - - R a t i o L i A l H 4 : ( C H 3 ) 2 Z n (1) 0 . 5 : 1 . 0 , (2) 1 . 0 : 1 . 0 , (3) 2 .0:1 .1) - -
R e a c t i o n Time of One Hour 
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ponded t o a m i x t u r e of (CH 3 ) 2 A1H (v(Al-H) 1760 cm" 1 ) and L i A l ( C H 3 ) 2 H 2 < 

A n a l y s i s of t h e s u p e r n a t a n t s o l u t i o n i n d i c a t e d t h a t (CH 3 ) 2 A1H and L i A l -

( C H 3 ) 2 H were p r e s e n t i n a 1 :2 .2 r a t i o ; h e n c e , Eq. 3 1 . 

L i A l H 4 + ( C H 3 ) 2 Z n - > 0 . 3 1 L i Z n H 3 + 0 . 6 9 ZnH 2 + 0 . 3 1 ( C H ^ A I H (31) 

+ 0 . 6 9 L i A l ( C H 3 ) 2 H 2 

The p r o d u c t s a r i s e t h r o u g h d i s p r o p o r t i o n a t i o n of t h e i n i t i a l l y formed 

L i Z n ( C H 3 ) 2 A 1 H 4 . T h i s s u g g e s t i o n i s r e a s o n a b l e s i n c e L i Z n ( C H 3 ) 2 A 1 H 4 was 

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

a d d i t i o n , L i Z n ( C H 3 ) 2 A 1 H 4 i s known t o decompose i n THF g i v i n g a s o l i d which 

c o n t a i n s LiZnH 0 and ZnH 0 . The a d d i t i o n of LiAlH t o ( C H 0 ) 0 Z n i n 2 : 1 r a t i o 

p r o d u c e d , a f t e r one h o u r of s t i r r i n g , a s o l i d which was found t o be ZnH2« 

An i n f r a r e d s p e c t r u m of t h e s u p e r n a t a n t s o l u t i o n showed L i A l ( C H 3 ) H 3 t o be 

p r e s e n t . The r e a c t i o n t h e n p r o c e e d s a s shown i n Eq. 3 2 . 

2 L i A l H 4 + ( C H 3 ) 2 Z n - > Z n H 2 + 2 L i A l ( C H 3 ) H 3 (32) 

I t i s v e r y u n u s u a l t o s ee o n l y ZnH 2 formed i n t h i s r e a c t i o n (Eq. 

3 2 ) , when t h e two p r e v i o u s r e a c t i o n s p r o d u c e d LiZnH 3 a s w e l l . The f o l l o w ­

i n g e x p l a n a t i o n i s p r e s e n t e d f o r t h i s b e h a v i o r . The f i r s t e q u i v a l e n t of 

L i A l H 4 r e a c t s w i t h ( C H 3 ) 2 Z n t o form L i Z n ( C H 3 ) 2 A 1 H 4 , which can t h e n decom­

p o s e t o g i v e L i Z n H 3 and ZnH 2 , B u t , b e f o r e t h i s h a p p e n s , i t i s p o s s i b l e 

f o r t h e s econd e q u i v a l e n t of L i A l H 4 t o r e a c t w i t h L i Z n ( C H 3 ) 2 A 1 H 4 t o y i e l d 

ZnH 2 and L i A l ( C H 3 ) H 3 . T h i s e x p l a n a t i o n as sumes t h a t L i Z n ( C H 3 ) 2 A 1 H 4 decom-
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p o s e s t o LiZnH^ and ZnH 2 a t a r a t e much s l o w e r t h a n i t r e a c t s w i t h a d d i ­

t i o n a l LiAlH^. T h i s a s s u m p t i o n i s r e a s o n a b l e s i n c e , when LiAlH^ was added 

i n c r e m e n t a l l y t o (CH^^Zn in 1:1 r a t i o , LiZn(CH^) 2 A1H^ w a s o b s e r v e d s p e c -

t r o s c o p i c a l l y a f t e r a r e a c t i o n t i m e of o n l y f i v e m i n u t e s and a b o u t 90% of 

t h e z i n c was s t i l l i n s o l u t i o n . The s u b s e q u e n t a d d i t i o n of an e q u i v a l e n t 

of LiAlH^ t o t h i s s o l u t i o n c a u s e d an i m m e d i a t e p r e c i p i t a t i o n of a l l t h e 

r e m a i n i n g z i n c a s ZnH 2 and t h e f o r m a t i o n of L i A l ( C H 3 ) H 3 i n t h e s o l u t i o n . 

The a d d i t i o n of LiAlH^ t o a 0 . 0 5 M s o l u t i o n of ( C H ^ Z n in 1:1 

m o l a r r a t i o p r o d u c e d , a f t e r one h o u r of s t i r r i n g , a s o l i d which was found 

t o be ZnH 2 (no LiZnH^ was p r e s e n t ) . The r e s u l t i n g s u p e r n a t a n t s o l u t i o n 

was found t o c o n t a i n o n l y L i A l ( C H 3 ) 2 H 2 . E v i d e n t l y L i Z n ^ H ^ ^ A l H ^ i s 

formed i n t h i s r e a c t i o n a l s o , b u t in t h e d i l u t e s o l u t i o n ( l e s s t h a n 

0 . 1 0 M), i t d i s p r o p o r t i o n a t e d t o g i v e o n l y Z n t ^ . I n t h e more c o n c e n t r a t e d 

s o l u t i o n , i . e . , g r e a t e r t h a n 0 . 2 M, LiZn(CH^) 2 A1H^ d i s p r o p o r t i o n a t e s t o 

g i v e m i x t u r e s of LiZnH^ and ZnH 2 . T h i s same b e h a v i o r was o b s e r v e d i n t h e 

reaction between LiAlH^ and (CH^^Zn i n THF. The d i s p r o p o r t i o n a t i o n t o 

ZnH 2 i n d i l u t e s o l u t i o n was shown t o o c c u r t h r o u g h t h e monomer form of 

L i Z n ( C H 3 ) 2 A l H 4 , w h e r e a s LiZnH^ r e s u l t e d from t h e d imer of L iZn(CH^) 2 A1H 4 . 

T h i s i n d i c a t e s t h a t LiZn(CH^) 2 A1H 4 i s c a p a b l e of e x i s t i n g a s an e q u i l i b ­

r i u m between monomer and d imer forms i n d i e t h y l e t h e r a l s o . 

T h e r e h a v e been two r e c e n t s t u d i e s w h e r e t h e s y n t h e s i s of ZnH 2 

1 4 

h a s been r e p o r t e d . ' E a r l i e r we r e p o r t e d t h a t t h e a d d i t i o n of LiAlH^ 

t o a s o l u t i o n of (CH^^Zn i n d i e t h y l e t h e r i n a 1 . 5 : 1 . 0 r a t i o r e s u l t e d i n 

t h e p r e c i p i t a t i o n of a s o l i d which c o n t a i n e d Zn and H i n a r a t i o of 1 . 0 0 : 

2 . 0 2 . On t h e o t h e r h a n d , S h r i v e r and c o - w o r k e r s , who d i d n o t r e p o r t any 
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16 
e x p e r i m e n t a l d e t a i l s e x c e p t t o say t h a t t h e p r o c e d u r e of S c h l e s i n g e r 

was u s e d , o b t a i n e d a s o l i d w i t h Zn and H i n a r a t i o of 1 . 0 0 : 2 . 2 6 . The 

s o l i d gave a p o s i t i v e f lame t e s t f o r L i , b u t t h e a u t h o r s d i d n o t r e p o r t 

t h e r a t i o of L i : Z n . The x - r a y powder d i f f r a c t i o n p a t t e r n . o f t h e s o l i d 
3 

d i d , h o w e v e r , c o n t a i n l i n e s due t o LiZnH^, showing t h a t t h e s o l i d was a 

m i x t u r e of LiZnH^ and Znh^. T h e r e f o r e , i t i s l i k e l y t h a t t h e s e w o r k e r s 

added LiAlH^ t o (CH^^Zn i n a b o u t a 1:1 r a t i o i n d i e t h y l e t h e r . These 

two r e p o r t s i n d i c a t e a t r e n d s i m i l a r t o what we h a v e r e p o r t e d h e r e . The 

a d d i t i o n of LiAlH^ t o (CH^^Zn in a r a t i o g r e a t e r t h a n 1:1 y i e l d s ZnH 2 , 

b u t a d d i t i o n a t t h i s r a t i o o r l e s s l e a d s t o m i x t u r e s of LiZnH^ and ZnH 2 . 

With t h e a i d of o u r e a r l i e r r e s u l t s c o n c e r n i n g t h e s o l u t i o n com­

p o s i t i o n of LiZn (CH^^AIH^ and L i Z n ^ C H ^ ^ A l H ^ , one can b e g i n t o r a t i o n a l ­

i z e t h e u n u s u a l r e s u l t s of t h e r e a c t i o n of AlH^ w i t h NaZnCCH^^H and 

KZn(CH 3 > 2 H, t h a t i s , t h e f o r m a t i o n of N a Z n ^ and K Z n ^ . 

F i r s t , i t i s i m p o r t a n t t o c o n s i d e r t h e s t r u c t u r e s of NaZnCCH^^H 

and KZn(CH 3 ) 2 H i n THF. 

The Zn-H s t r e t c h i n g mode f o r NaZn(CH 3 > 2 H ( F i g u r e 14) a p p e a r s a s a 

b r o a d band e x t e n d i n g from 1050 t o 750 cm 1 w i t h t h e c e n t e r a t 920 cm ^. 

T h i s u n u s u a l l y low Zn-H s t r e t c h i n g f r e q u e n c y c a n n o t be e x p l a i n e d a s b e i n g 

t h e r e s u l t of s o l v e n t c l e a v a g e , s i n c e an a n a l y s i s of t h e s o l u t i o n , j u s t 

p r i o r t o o b t a i n i n g t h e s p e c t r u m , showed t h a t Na, Zn, CH^, and H w e r e 

p r e s e n t i n r a t i o s of 1 . 0 3 : 1 . 0 0 : 1 . 9 6 : 0 . 9 1 . S h r i v e r and K u b a s 1 ^ have r e ­

p o r t e d t h a t N a Z n ( C H 3 ) 2 H and N a Z n ^ C H ^ H a r e monomeric i n THF. The 

a s y m m e t r i c Zn-H s t r e t c h i n g v i b r a t i o n f o r N a Z n ^ C H ^ ^ H ( F i g u r e 15) a p p e a r s 

a s a b r o a d band between 1400 and 1150 cm 1 w i t h t h e peak maximum o c c u r r i n g 



Frequency (cm"') 
1000 

F i g u r e 14 . I n f r a r e d S p e c t r a of NaZn(CH 3 ) 2 H and THF S o l u b l e P r o d u c t s 
from I t s R e a c t i o n w i t h A l H 3 - - ( a ) ( C H o ) 2 Z n i n THF, 
(b) NaZn(CH 3 ) 2 H i n THF, (c ) NaZn(CH 3 ) 2 H + A1H 3 i n THF 
a f t e r F i v e M i n u t e s , (d) NaZn(CH 3 ) 2 H + A1H 3 i n THF a f t e r 
24 H o u r s - - N a A l 9 ( C H o ) / H o 
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- 1 a t 1260 cm . T h i s c o r r e s p o n d s v e r y c l o s e l y t o t h e Zn-H s t r e t c h i n g 

v i b r a t i o n f o r LiZn2(CH^^H a t 1290 cm \ which i n d i c a t e s t h a t t h e s t r u c ­

t u r e s of t h e two compounds i n THF s h o u l d be s i m i l a r . I f NaZnCCH^^H i s 

i n d e e d monomeric i n t h e s o l u t i o n s u s e d i n t h i s s t u d y , t h e n one would h a v e 

e x p e c t e d t o s e e a Zn-H s t r e t c h i n g band f o r t h i s compound somewhere i n t h e 

r e g i o n of 1400-1450 cm \ 

S i n c e t h i s was n o t o b s e r v e d , NaZnCCH^^H c a n n o t have t h e same monomeric 

s t r u c t u r e a s L i Z n ^ H ^ ^ H . However, t h e s o l u t i o n s of NaZnCCH^^H u s e d i n 

t h i s work had c o n c e n t r a t i o n s i n t h e r a n g e 0 . 8 - 1 . 0 M and t h e r e f o r e NaZn-

(CH^^H c o u l d be p r e s e n t a s a d i m e r . S i n c e S h r i v e r and Kubas"^ d i d n o t 

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

t h e p o s s i b i l i t y e x i s t s t h a t t h e i r s o l u t i o n s were more d i l u t e t h a n o u r s . 

(Some of t h e r e s u l t s from t h i s s t u d y do s u g g e s t t h a t N a Z n ^ H ^ ^ H i s mono­

m e r i c a t lower c o n c e n t r a t i o n . ) 

A d imer of N a Z n ^ H ^ ^ H would be e x p e c t e d t o h a v e t h e s t r u c t u r e 

shown below where t h e two z i n c a toms a r e t e t r a h e d r a l l y c o o r d i n a t e d and 

c o n n e c t e d by a d o u b l e h y d r o g e n b r i d g e . 

N a Z n 2 ( C H 3 ) 4 H 

2 Na + 

Dimer of N a Z n ( C H J 9 H 
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One would e x p e c t t h e a s y m m e t r i c Zn-H s t r e t c h i n g v i b r a t i o n f o r such a 

s t r u c t u r e t o be lower t h a n t h e c o r r e s p o n d i n g f r e q u e n c y f o r N a Z n ^ C H ^ ^ H 

which h a s o n l y one Zn-H-Zn b r i d g e bond . T h i s i s what one o b s e r v e s . 

T h e r e f o r e , i t i s n o t u n r e a s o n a b l e t h a t a 1.0 M s o l u t i o n of NaZnCCH^^H 

27 

i n THF e x i s t s a s a d imer i n s o l u t i o n . S h r i v e r and Kubas have a l s o r e ­

p o r t e d t h a t t h e complex NaZn(C^F^^H e x i s t s a s a d imer w i t h d o u b l e h y d r o ­

gen b r i d g e bonds i n d i e t h y l e t h e r . They r e p o r t t h a t t h e a s y m m e t r i c Zn-H 

s t r e t c h i n g v i b r a t i o n f o r t h e d imer a p p e a r s a s a s t r o n g b r o a d band between 

1300 and 1700 cm ^. However, t h e i r s p e c t r a w e r e r e c o r d e d a s n u j o l m u l l s 

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

The i n f r a r e d s p e c t r u m of an a p p r o x i m a t e l y 1 .0 M s o l u t i o n of KZn-

(CH^^H i n THF i s shown l a t e r i n F i g u r e 1 9 . I t e x a c t l y m a t c h e s t h e s p e c ­

t r u m o b s e r v e d f o r NaZnCCH^H i n THF. T h e r e f o r e , KZnCCH^H i s a l s o b e ­

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

f o r t h e NaZnCCH^)^ d i m e r . 

When a 0 . 9 M s o l u t i o n of NaZn(CH 3 ) 2 H i n THF was a l l o w e d t o r e a c t 

w i t h an e q u i m o l a r q u a n t i t y of AlH^, an o f f w h i t e p r e c i p i t a t e which was 

NaZn 2H^ a p p e a r e d i m m e d i a t e l y . A f t e r two h o u r s a l l t h e z i n c d i s a p p e a r e d 

from t h e s o l u t i o n , i n d i c a t i n g c o m p l e t e c o n v e r s i o n t o NaZn 2 H^. The THF 

s o l u b l e p r o d u c t , N a A l ^ C H ^ ^ H ^ , r e m a i n e d i n s o l u t i o n . The s t o i c h i o m e t r y 

of t h e r e a c t i o n i s g i v e n by Eq. 3 3 . 

[ N a Z n ( C H 0 ) 0 H ] 0 + 2 A1H- ->NaZn-H, + NaAl 0 (CHO, H. (33) 

The r e a c t i o n of NaAlH^ w i t h (CH^^Zn i n 1:1 m o l a r r a t i o a l s o y i e l d e d 
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N a Z n 2 H 5 and N a A l ^ C H ^ H ^ a c c o r d i n g t o Eq. 34 . 

2 NaAlH 4 + 2 ( C H 3 ) 2 Z n -> N a Z n ^ + N a A l 2 ( C H 3 ) 4 H 3 (34) 

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

a f t e r t h e r e a c t a n t s had been mixed and i n a d d i t i o n a l l t h e z i n c d i s a p ­

p e a r e d from s o l u t i o n o n l y a f t e r a p e r i o d of one week. The r e a c t i o n of 

N a A l ( C H 3 ) 2 H 2 w i t h ZnH 2 i n a 1:1 m o l a r r a t i o y i e l d e d N a Z n 2 H 5 and NaAl 2 ~ 

( C H 3 ) 4 H 3 a c c o r d i n g t o Eq. 3 5 . 

2 N a A l ( C H 3 ) 2 H 2 + 2 ZnH 2 -> N a Z n ^ + N a A l 2 ( C H 3 ) 4 H 3 (35) 

I n t h i s c a s e a c l e a r s o l u t i o n r e m a i n e d f o r a b o u t 20 m i n u t e s , b e f o r e any 

s o l i d began t o f o r m . A f t e r s i t t i n g f o r a p e r i o d of one week , a l l t h e z i n c 

f i n a l l y d i s a p p e a r e d from s o l u t i o n . 

I n e a c h of t h e s e t h r e e c a s e s t h e i n t e r m e d i a t e l e a d i n g t o t h e 

p r o d u c t s c o u l d be o b s e r v e d by i n f r a r e d s p e c t r o s c o p y . F i g u r e 18 

c o n t a i n s i n f r a r e d s p e c t r a of t h e s u p e r n a t a n t s o l u t i o n from t h e r e a c ­

t i o n of NaAlH 4 w i t h ( C H 3 ) 2 Z n i n a 1 :1 m o l a r r a t i o a f t e r 5 m i n u t e s , 

2 . 5 h o u r s , 28 h o u r s , 4 d a y s , and 7 d a y s . Only a f t e r s e v e n days does t h e 

s p e c t r u m a p p r o a c h t h a t of N a A l 2 ( C H 3 ) 4 H 3 . The r e m a i n d e r of t h e s p e c t r a 

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

i d e n t i c a l ; t h e r e f o r e , t h e s p e c t r u m of t h e r e a c t i o n m i x t u r e a f t e r f i v e 

m i n u t e s i s r e p r e s e n t a t i v e and w i l l be s t u d i e d i n d e t a i l . T h e r e i s a 

v e r y b r o a d band i n t h e m e t a l - h y d r o g e n s t r e t c h i n g r e g i o n e x t e n d i n g from 
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F i g u r e 1 6 . I n f r a r e d S p e c t r a of S o l u t i o n s O b t a i n e d When (CH^) Zn Was Added t o NaAlH^ 
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F i g u r e 17 . I n f r a r e d S p e c t r a of S o l u t i o n s O b t a i n e d by Adding NaAlH^ t o (CH^^Zn i - n 

T e t r a h y d r o f u r a n - (a) 1:2 NaAlH^ t o ( C H 3 ) 2 Z n (b) 2 :3 NaAlH^ t o ( C H 3 ) 2 Z n , 
(c ) 1 : 1 NaAlH 4 t o ( C H 3 ) 2 Z n 
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F i g u r e 1 8 . I n f r a r e d S p e c t r a of S o l u t i o n s O b t a i n e d by Adding NaAlH^ t o ( C H 3 ) 2 Z n i n T e t r a ­
h y d r o f u r a n : (a) 1:1 NaAlH^ t o ( C H 3 ) 2 Z n a f t e r F i v e M i n u t e s , (b) 1:1 NaAlH^ 
t o ( C H o ) 2 Z n a f t e r 2 .5 H o u r s , ( c ) 1:1 NaAlH^ t o ( C H o ) 2 Z n a f t e r 28 H o u r s , 
(d) 1:1 NaAlH^ t o ( C H ^ Z n a f t e r Four Days , (e) 1 :1 NaAlH^ t o ( C H ^ Z n a f t e r 
Seven Days 
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1800 t o 1200 cm ^. T h i s s p e c t r u m i s v e r y s i m i l a r t o t h e one o b s e r v e d f o r 

LiZnCCH^^AlH^ p r e p a r e d from LiAlH^ and CH^Zn e x c e p t t h a t i n t h i s c a s e 

t h e t e r m i n a l Al -H a s y m m e t r i c s t r e t c h i n g v i b r a t i o n o c c u r s a t 1615 cm ^. 

The s o l u t i o n c o m p o s i t i o n of LiZn(CH^) 2 A1H^ which gave r i s e t o such s p e c ­

t r a was found t o c o n s i s t of an e q u i l i b r i u m between monomer and d imer 

forms of t h i s compound. I n v i e w of t h e v e r y c l o s e c o r r e s p o n d e n c e between 

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

NaZn(CH^) 2 A1H 4 , which would have a s o l u t i o n c o m p o s i t i o n s i m i l a r t o t h a t 

of L i Z n ( C H 3 ) 2 A l H 4 ( s e e Scheme I ) . 

The i n t e r m e d i a t e i n v o l v e d i n t h e f o r m a t i o n of NaZn2H,_ by t h e r e a c ­

t i o n of N a A l ( C H 3 ) 2 H 2 w i t h ZnH 2 must a l s o b e NaZn(CH^) 2 A1H 4 , s i n c e an i n ­

f r a r e d s p e c t r u m of t h e c l e a r s o l u t i o n , which was i n i t i a l l y f o r m e d , c o n ­

t a i n e d t h e s e same b a n d s . 

E a r l i e r i t was m e n t i o n e d t h a t s o l u t i o n s of LiZnCCH^) 2A1H^ decompose 

on s t a n d i n g t o g i v e a s o l i d c o n t a i n i n g Li and Zn i n a r a t i o of 1 :2 . How­

e v e r , the solutions were n e v e r o b s e r v e d t o p r e c i p i t a t e a l l of t h e z i n c . 

S o l u t i o n s of L i Z n ( C H 3 > 2 A l H 4 when d i l u t e d t o a b o u t 0 . 0 1 M were found t o 

p r e c i p i t a t e ZnH2» Also t h e r e a c t i o n s of L i Z n ( C H 3 ) 2 H w i t h AlH^ o r LiAlH^ 

w i t h ( C H 3 ) 2 Z n i n 1:1 r a t i o , when c a r r i e d o u t i n d i l u t e s o l u t i o n , were 

found t o p r e c i p i t a t e ZnH 2 . S i m i l a r b e h a v i o r o c c u r s when e i t h e r NaZn-

(CH 3 > 2 H and AlH^ o r NaAlH^ and (CH^) 2 Zn a r e a l l o w e d t o r e a c t i n d i l u t e 

s o l u t i o n . Both r e a c t i o n s p r o d u c e ZnH2» However, when t h e s e same two r e ­

a c t i o n s a r e c a r r i e d o u t a t c o n c e n t r a t i o n s g r e a t e r t h a n 0 . 2 M, NaZn2H^_ was 

p r e c i p i t a t e d and n o t ZnH2» E a r l i e r i t was m e n t i o n e d t h a t NaZn(CH 3 ) 2 H 

a p p e a r s t o be d i m e r i c a t c o n c e n t r a t i o n s above 0 . 2 M b u t monomeric in more 
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d i l u t e s o l u t i o n s . S o l u t i o n s of LiZnCCH^^H a p p e a r e d t o be monomeric a t 

a l l t h e c o n c e n t r a t i o n s employed i n t h e s e s t u d i e s . Based on t h e s e o b s e r ­

v a t i o n s , i t a p p e a r s t h a t monomeric MZnCCH^^H compounds r e a c t w i t h a l a n e 

t o g i v e MZn(CH^)^AlH^ which can t h e n u n d e r g o a l k y l - h y d r o g e n exchange t o 

y i e l d MZn^H^ o r ZnH^ d e p e n d i n g on t h e c o n c e n t r a t i o n of t h e s o l u t i o n . I n 

s o l u t i o n s above 0 . 2 M i n c o n c e n t r a t i o n , MZn(CH^)2^1^ y i e l d s MZn 2H^. In 

more d i l u t e s o l u t i o n s , i t g i v e s Z n l ^ . R e a c t i o n s of MAIH^ compounds w i t h 

^ ^ 3 ^ 2 ^ n P r o c e e d * n a s i m i l a r way s i n c e t h e y a l s o p r o d u c e t h e i n t e r m e d i a t e 

MZn(CH^)2 A1H^. I t seems t h a t t h e c o n c e n t r a t i o n of t h e i n t e r m e d i a t e i s 

t h e f a c t o r which d e t e r m i n e s t h e p r o d u c t s , e i t h e r M Z n 2 ^ o r Z n l ^ , i n t h e s e 

r e a c t i o n s . T h i s l e a d s one t o c o n c l u d e t h a t a s p e c i e s s i m i l a r t o t h e d imer 

form of MZnCCH^)2A1H4 would be t h e p r i m a r y i n t e r m e d i a t e i n t h e exchange 

r e a c t i o n s which l e a d t o MZn2H^. T h i s s t a t e m e n t i s s u p p o r t e d by t h e f a c t 

t h a t a s s o c i a t i o n s t u d i e s on s o l u t i o n s of L i Z n ( C H ^ ) 2 ^ 1 ^ , when t h e c o n c e n ­

t r a t i o n i s g r e a t e r t h a n 0 . 2 M, i n d i c a t e t h e p r e s e n c e of a c o n s i d e r a b l e 

a m o u n t of a d i m e r i c s p e c i e s . The p r i m a r y i n t e r m e d i a t e i n t h e e x c h a n g e r e ­

a c t i o n s which l e a d t o Znl^ must be t h e monomeric form of KZu(CE^)^AlE^ ( I ) . 

T h i s s t a t e m e n t i s s u p p o r t e d by t h e f a c t t h a t Znh^ i s o n l y p r e c i p i t a t e d 

from s o l u t i o n of LiZn(CH^)^AlH^ where t h e a s s o c i a t i o n v a l u e i s o n e . 

The r e a c t i o n of NaZn2(CH 3 ) 4 H w i t h a l a n e b e h a v e s i n a s i m i l a r way 

t o t h e r e a c t i o n of L i Z n 2 ( C H 3 ) 4 H w i t h a l a n e i n t h a t N a Z n 2 ( C H 3 ) 4 A l H 4 i s 

f o r m e d . The i n f r a r e d s p e c t r a of NaZn2(CH 3 ) 4 H and N a Z n 2 ( C H 3 ) 4 A l H 4 a r e 

shown i n F i g u r e 1 5 . The s p e c t r u m of N a Z n 2 ( C H 3 ) 4 A l H 4 i s v e r y s i m i l a r t o 

t h a t of L i Z n 2 ( C H 3 ) 4 A l H 4 . T h e r e i s a v e r y b r o a d p e a k in t h e m e t a l - h y d r o g e n 

s t r e t c h i n g r e g i o n w i t h a s h o u l d e r a t 1480 and maximum a t 1380 cm ^. T h e r e 
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i s no band i n t h e t e r m i n a l Al-H s t r e t c h i n g o r d e f o r m a t i o n r e g i o n . The 

s t r u c t u r e of N a Z n ^ C H ^ ^ A l H ^ , t h e r e f o r e , must be s i m i l a r t o t h a t of 

L i Z n 2 ( C H 3 ) 4 A l H 4 . 

CH, 

Zn Al 

CH, H 

,H, 

'H' 

N a Z n 2 ( C H 3 ) 4 A 1 H 4 

-Zn 

,CH, 

CH, 

Na 

The r e a c t i o n s of KZn(CH 3 > 2 H w i t h a l a n e and KA1H4 w i t h ( C H ^ Z n i n 

1:1 m o l a r r a t i o b e h a v e d i f f e r e n t l y t h a n t h e c o r r e s p o n d i n g sodium s y s t e m , 

a l t h o u g h KZn2H,_ i s formed i n b o t h r e a c t i o n s . The d i f f e r e n c e i s due t o 

t h e f a c t t h a t t h e r e i s no c o n c e n t r a t i o n d e p e n d e n c e by t h e r e a c t i o n p r o d ­

u c t and t h e r a t e of f o r m a t i o n of KZn 2H^ i s much f a s t e r t h a n i n t h e sodium 

s y s t e m . The r e a c t i o n of KA1H4 w i t h ( C H 3 ) 2 Z n i n 1:1 m o l a r r a t i o i s com­

p l e t e w i t h i n t h r e e h o u r s r e g a r d l e s s of t h e concentration of t h e s t a r t i n g 

m a t e r i a l s and t h e r e a c t i o n of KZn(CH 3 > 2 H w i t h a l a n e i s c o m p l e t e w i t h i n 

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

t i o n d e p e n d e n c e of t h e p r o d u c t , t h e mechanism f o r t h e f o r m a t i o n of KZn2H,-

c o u l d be d i f f e r e n t from t h a t p r e s e n t e d f o r t h e sodium s y s t e m s . One would 

e x p e c t KZn(CH 3 ) 2 A1H 4 t o be i n v o l v e d i n t h e r e a c t i o n of KA1H4 w i t h ( C H 3 ) 2 Zn ; 

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

m e d i a t e s t a g e s f a i l e d t o show t h e b a n d s c h a r a c t e r i s t i c of t h e [ Z n ( C H 3 ) 2 -

A1H 4 ] 1 s y s t e m . One such s p e c t r u m i s shown i n F i g u r e 19 . T h e r e i s a 

b r o a d band e x t e n d i n g from 1500-1150 cm 1 i n t h e m e t a l - h y d r o g e n s t r e t c h i n g 
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F i g u r e 1 9 . I n f r a r e d S p e c t r a of K Z n ( C H 3 ) 2 H , t h e P r o d u c t s from I t s 
R e a c t i o n w i t h A1H 3 , and t h e P r o d u c t s from t h e R e a c t i o n 
of KAIH^ w i t h ( C H 3 ) 2 Z n i n T e t r a h y d r o f u r a n : (a) KZn(CH 3 ) 2 H 
i n THF, (b) 1:1 KAIH^ + ( C H 3 ) 2 Z n a f t e r T h r e e M i n u t e s , 
(c ) 1:1 KZn(CH 3 ) 2 H t o A1H 3 a f t e r T h r e e H o u r s , (d) 1:1 
KAIH^ + ( C H 3 ) 2 Z n a f t e r T h r e e Hours 
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r e g i o n . T h i s band h a s i t s maximum a d s o r p t i o n a t 1380 cm 1 and h a s a 

s h o u l d e r a t 1300 cm ^. I n t h e 700-600 cm 1 r e g i o n t h e r e i s a band a t 

675 cm 1 which h a s a s h o u l d e r a t 650 cm ^. A t t e m p t s t o r e c o r d i n f r a r e d 

s p e c t r a of t h e i n t e r m e d i a t e s i n v o l v e d i n t h e r e a c t i o n of KZnCCH^^H were 

u n s u c c e s s f u l . I t may be t h a t t h e mechanism of t h e s e r e a c t i o n s i s s i m i ­

l a r t o t h o s e g i v e n f o r t h e sodium s y s t e m , b u t due t o l a c k of e v i d e n c e we 

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

The r e a c t i o n of KZn2(CH 3 ) 4 H w i t h a l a n e d i f f e r s c o n s i d e r a b l y from 

from t h e r e a c t i o n of L i Z n 2 ( C H 3 ) 4 H and NaZn2(CH 3 ) 4 H w i t h a l a n e . While t h e 

l a t t e r two r e a c t i o n s y i e l d L i Z n 2 ( C H ^ A I H ^ and N a Z n 2 ( C H 3 ) 4 A l H 4 , K Z n 2 ( C H 3 ) 4 H 

r e a c t s w i t h e i t h e r one o r two e q u i v a l e n t s of a l a n e t o y i e l d KZn2H^ and 

a p p a r e n t l y n o t K Z n 2 ( C H 3 ) 4 A l H 4 . More e v i d e n c e a l o n g t h i s l i n e i s p r o v i d e d 

by c o n s i d e r i n g t h e r e a c t i o n s of L i Z n ^ C H ^ H and N a Z ^ C C H ^ H w i t h A1H 3 

in 1:2 r a t i o . Both t h e s e r e a c t i o n s p r o d u c e Z n l ^ , p r e s u m a b l y by t h e r e a c ­

t i o n of A1H 3 w i t h t h e i n i t i a l l y formed L i Z n 2 ( C H 3 ) 4 A l H 4 and N a Z n 2 ( C H 3 ) 4 -

AlH^. S i n c e KZn2(CH 3 ) 4 H r e a c t s w i t h A1H 3 i n 1:2 r a t i o t o p r o d u c e KZn2H^, 

t h i s i n d i c a t e s t h a t KZn2 (CH^^AIH^ was n o t f o r m e d . 

When KAIH^ and ( C l ^ ^ Z n a r e a l l o w e d t o r e a c t i n a 1:2 m o l a r r a t i o , 

a c l e a r s o l u t i o n r e s u l t s . The i n f r a r e d s p e c t r u m of t h i s s o l u t i o n , shown 

i n F i g u r e 2 0 , i s e x a c t l y l i k e t h e i n f r a r e d s p e c t r u m of LiZn2(CH^^AIH^ 

and NaZn2(CH^^AIH^. I f t h i s c l e a r s o l u t i o n i s a l l o w e d t o s t a n d , a f t e r 

a b o u t 10 m i n u t e s a w h i t e s o l i d which i s KZn2H^ b e g i n s t o p r e c i p i t a t e . 

But i f i m m e d i a t e l y a f t e r t h e c l e a r s o l u t i o n i s formed an e q u i v a l e n t of 

a l a n e i s a d d e d , Znl^ i s f ormed . I n v i e w of t h i s e v i d e n c e , one can c o n ­

c l u d e t h a t K Z n 2 ( C H 3 ) 4 A l H 4 i s formed by t h e r e a c t i o n of KAIH^ w i t h ( C H ^ Z n 

i n 1:2 m o l a r r a t i o . 
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F i g u r e 20 . I n f r a r e d S p e c t r a of KZn 2 (CHL),H, P r o d u c t s from t h e R e a c t i o n 
of KAIH4 w i t h ( C H 3 ) 2 Z n i n 1:2 R a t i o , and P r o d u c t s from t h e 
R e a c t i o n of K Z n 2 ( C H 3 ) 4 H w i t h AlHo i n T e t r a h y d r o f u r a n : (a) 
1:2 KA1H4 t o ( C H 3 ) 2 Z n a f t e r F i v e M i n u t e s , (b) 1:2 KA1H, t o 
( C H 3 ) 2 Z n a f t e r 20 M i n u t e s , (c) 1:2 KA1H, t o (CH3)2Zn a f t e r 
Four H o u r s , (d) 2 : 1 K Z n 2 ( C H 3 ) 4 H t o A1H 3 , (e) 1:1 KZn2(CH3)4H 
t o A1H 3 a f t e r F i v e M i n u t e s , ( f ) 1:1 K Z n 2 ( C H 3 ) , H t o A1H 
a f t e r Four H o u r s , (g) 1:2 K Z n 2 ( C H 3 ) 4 H t o A1H 3 (Al(CH 3) 2H), 
and (h) K Z n 2 ( C H 3 > 4 H 
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Now when a l a n e i s added t o K Z n 2 ( C H 3 ) 4 H i n a 1:1 m o l a r r a t i o , a 

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

t h e s u p e r n a t a n t l e f t a f t e r f i v e m i n u t e s r e a c t i o n t i m e i s shown i n F i g u r e 

20 . T h i s s p e c t r u m i s c l e a r l y n o t t h a t of KZn 2 (CH^)^AlH^, b u t i s a s s i g n e d 

t o t h e compound XVII . 

XVII 

The i n f r a r e d s p e c t r u m of XVII c o n t a i n s t h r e e b a n d s i n t h e m e t a l - h y d r o g e n 

s t r e t c h i n g r e g i o n , one a t 1610, a n o t h e r a t 1490, and t h e t h i r d a t 1340 

cm 1 . The band a t 1610 cm 1 i s a s s i g n e d t o t h e s t r e t c h i n g modes of t h e 

t e r m i n a l Al-H g r o u p i n XVII . The band a t 1490 cm"''" i s a s s i g n e d t o t h e 

s t r e t c h i n g modes of t h e b r i d g i n g h y d r o g e n between aluminum and z i n c . The 

band a t 1340 cm 1 i s a s s i g n e d t o t h e s t r e t c h i n g modes of t h e b r i d g i n g 

h y d r o g e n between t h e two z i n c a t o m s . These a s s i g n m e n t s a r e r e a s o n a b l e 

b a s e d on o u r e a r l i e r r e s u l t s . The t e r m i n a l Al-H s t r e t c h f o r N a Z n ( C H 3 ) 2 -

AlH^ was a s s i g n e d t o t h e Al-H-Zn b r i d g i n g u n i t . The s t r e t c h i n g v i b r a t i o n s 

f o r t h e Zn-H-Zn bonds i n L i Z n ^ C H ^ H and N a Z n ^ C H ^ H o c c u r a t 1290 and 

1260 c m " 1 . 
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CHAPTER IV 

CONCLUSIONS 

The s t r u c t u r e s I and XII can g i v e some i n s i g h t i n t o t h e mechanism 

by which L iZnCCH^)2^1^ i s formed in t h e r e a c t i o n of LiZnCCH^^H w i t h 

AlH^. Scheme I I shows t h e s t e p s which we b e l i e v e t a k e p l a c e in t h i s r e a c ­

t i o n . F i r s t aluminum h y d r i d e r e a c t s w i t h LiZnCCH^^H i n a n u c l e o p h i l i c 

s o l v e n t d i s p l a c e m e n t r e a c t i o n on z i n c t o y i e l d t h e i n t e r m e d i a t e XII v i a 

t r a n s i t i o n s t a t e X l l a . The r e s u l t of t h i s n u c l e o p h i l i c s o l v e n t d i s p l a c e ­

ment i s t h e f o r m a t i o n of a t h r e e - c e n t e r Al-H-Zn bond . I t would be u n r e a ­

s o n a b l e t o assume t h a t LiZnCCH^^H a t t a c k s AlH^ v i a a n u c l e o p h i l i c s o l ­

v e n t d i s p l a c e m e n t r e a c t i o n on aluminum s i n c e t h e c o o r d i n a t i o n bonds 

between aluminum and s o l v e n t a r e s t r o n g e r t h a n t h o s e between z i n c and 

s o l v e n t . I n a d d i t i o n , such a r e a c t i o n would y i e l d , i n s t e a d of X I I , an 

i n t e r m e d i a t e such a s XVIII and no e v i d e n c e was found in t h e NMR f o r t h i s 

s p e c i e s . 

H H Me 

Li 

H U S Me 

XVIII 

Aluminum h y d r i d e , which i s known t o be i n f o u r c o o r d i n a t e - f i v e c o o r d i n a t e 

e q u i l i b r i u m i n THF, 1 "' would most l i k e l y r e a c t a s t h e f o u r c o o r d i n a t e 

s p e c i e s in o r d e r t o m i n i m i z e s t e r i c i n t e r a c t i o n s i n t h e t r a n s i t i o n s t a t e , 
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X l l a . The p r o d u c t I i s formed when XII u n d e r g o e s an i n t r a m o l e c u l a r 

n u c l e o p h i l i c s o l v e n t d i s p l a c e m e n t on aluminum v i a t r a n s i t i o n s t a t e X l l b . 

The s t r e n g t h of t h e a l u m i n u m - c o o r d i n a t e d s o l v e n t bond i s shown by t h e 

f a c t t h a t XII i s o b s e r v e d i n t h e NMR. F a i l u r e t o d e t e c t any of t h e 

s t a r t i n g m a t e r i a l s i n d i c a t e s t h a t t h e z i n c - c o o r d i n a t e d s o l v e n t bond i s 

much weaker t h a n t h e Al-H-Zn b r i d g e bond . The f a c t t h a t AlH^ i s mono­

m e r i c i n THF i n d i c a t e s t h a t t h e a l u m i n u m - c o o r d i n a t e d s o l v e n t bond i s 

s t r o n g e r t h a n t h e Al -H-Al b r i d g e bond i n THF. However, i n t h e s o l v e n t 

t h e Al-H-Zn b r i d g e bond must be s l i g h t l y s t r o n g e r t h a n t h e a luminum-

s o l v e n t bond s i n c e t h e r a t i o of I : X I I a s shown by NMR i s a b o u t s i x . A l l 

t h e s t e p s shown i n Scheme I I a r e s u g g e s t e d t o be r e v e r s i b l e ; h o w e v e r , 

t h e e q u i l i b r i u m must l i e p r e d o m i n a n t l y i n t h e d i r e c t i o n of XII and I . 

The *H NMR of LiZn 2 (CH^)^AlH^ i n d i c a t e s t h e p r e s e n c e of b o t h a 

s o l v a t e d and an u n s o l v a t e d monomer i n THF s o l u t i o n , w i t h t h e s o l v e n t 

c o o r d i n a t e d t o a luminum i n t h e s o l v a t e d form. A r e a s o n a b l e mechanism 

f o r t h e f o r m a t i o n of t h e s e two compounds by t h e r e a c t i o n of AlH^ w i t h 

LiZn2(CH^^H i s shown i n Scheme I I I . A n o t h e r , b u t e q u a l l y r e a s o n a b l e 

mechanism which r e c o g n i z e s t h a t L i Z n 2 ( C H 3 ) 4 H i s s u b j e c t t o e q u i l i b r i u m 

(Eq. 36) i n T H F , 1 0 i s shown i n Scheme IV. 

L i Z n 2 ( C H 3 ) 4 H ^ L i Z n ^ H ^ H + ( C H ^ Z n (36) 

Of c o u r s e , i t c o u l d be a r g u e d t h a t b o t h schemes a r e o p e r a t i v e . We, how­

e v e r , b e l i e v e Scheme I I I t o be t h e most r e a s o n a b l e in l i g h t of t h e o b ­

s e r v e d c h e m i s t r y . The r e a c t i o n of AlH^ w i t h e i t h e r L i Z n 2 ( C H 3 ) 4 A l H 4 o r 

N a Z n 9 ( C H . ) / A l H / p r o d u c e s Z n H 0 , b u t t h e r e a c t i o n of KZn 9 (CH~) ,H w i t h e i t h e r 
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one o r two e q u i v a l e n t s of AlH^ y i e l d s KZn 2 H,.. The o n l y way t h a t one can 

r a t i o n a l i z e t h e f o r m a t i o n of KZn2H^. i s t o assume t h a t d i r e c t a l k y l -

h y d r o g e n e x c h a n g e h a s o c c u r r e d between K Z n 2 ( C H 3 ) 4 H and AlH^ t h r o u g h an 

i n t e r m e d i a t e , such a s XX, shown i n Scheme I I I . I n f r a r e d s p e c t r a o b t a i n e d 

upon r e a c t i o n of AlH^ w i t h KZn^CTLp^H do i n d i c a t e t h e e x i s t e n c e of an 

i n t e r m e d i a t e such a s XX. I n l i g h t of t h i s , i t seems r e a s o n a b l e t o us 

t h a t L i Z n 2 ( C H 3 ) 4 H would a l s o r e a c t w i t h AlH^ t o g i v e an i n t e r m e d i a t e l i k e 

XX which would t h e n u n d e r g o an i n t r a m o l e c u l a r r e a r r a n g e m e n t t o g i v e VI 

and I I . The c r i t i c a l s t e p i n t h i s t y p e of r e a r r a n g e m e n t would be a s o l ­

v e n t a i d e d b r e a k a g e of t h e Zn-H-Zn bond i n XX t o g i v e XXI t h r o u g h t r a n s i ­

t i o n s t a t e XXa. I f , when t h e c a t i o n i s K, t h e Zn-H-Zn b r i d g e bond i n XX 

i s t o o s t r o n g t o be b r o k e n by a s o l v e n t a t t a c k on z i n c , t h e n XX would be 

o b s e r v e d and n o t VI o r I I . With t h e l i f e t i m e of XX i n c r e a s e d , i t c o u l d 

t h e n u n d e r g o e x c h a n g e w i t h A1H 0 t o g i v e KZn 0H-.. Our s t u d i e s show t h a t , 
3 Z D 

in s o l u t i o n s where t h e a l k a l i m e t a l : z i n c r a t i o i s 1 : 2 , t h e p e r c e n t MZn 2~ 

( C H 2 ) 3 H 4 p r e s e n t ( s e e Eq. 36) i s 6 0 , 7 1 , and 85 when t h e c a t i o n i s L i , 

Na, and K, r e s p e c t i v e l y . T h i s c e r t a i n l y does i n d i c a t e t h a t t h e Zn-H-Zn 

bond i n XVI would be s t r o n g e r when t h e c a t i o n i s K a s compared t o Li o r 

Na. 

I n t h e mechanism shown i n Scheme I I I , t h e f i r s t s t e p i n v o l v e s t h e 

l o s s of s o l v e n t i n f i v e c o o r d i n a t e a l a n e t o form f o u r c o o r d i n a t e a l a n e , 

which t h e n r e a c t s w i t h L i Z n ^ C H ^ ^ H t o g i v e i n t e r m e d i a t e XIX v i a t r a n s i ­

t i o n s t a t e XlXa. I n t e r m e d i a t e XX i s t h e n formed v i a t r a n s i t i o n s t a t e 

XlXb. The Zn-H-Zn b r i d g e bond i n XX i s t h e n c l e a v e d by r e a c t i o n w i t h 

s o l v e n t v i a t r a n s i t i o n s t a t e XXa t o form i n t e r m e d i a t e XXI. I n t e r m e d i a t e 
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XXI t h e n u n d e r g o e s l o s s of s o l v e n t from z i n c and aluminum v i a t r a n s i t i o n 

s t a t e s XXIa and V i a , r e s p e c t i v e l y , t o form t h e f i n a l p r o d u c t s VI and I I . 

A g a i n , t h e e q u i l i b r i u m l i e s l a r g e l y in f a v o r of VI and I I s i n c e t h e y a r e 

t h e s p e c i e s o b s e r v e d s p e c t r o s c o p i c a l l y . 

Whether LiAlH^ i s added t o ( C H ^ Z n o r (CH 3) 2 Zn i s added t o LiAlH^ 

makes no d i f f e r e n c e a s f a r a s t h e f i n a l p r o d u c t s of t h e r e a c t i o n a r e con­

c e r n e d . The i n f r a r e d s p e c t r a o b s e r v e d when t h e r a t i o of (CH^^Zn t o 

LiAlH^ i s 1 : 1 , 3 : 2 , o r 2 : 1 a r e t h e same. As LiAlH^ i s added t o ( C H ^ ^ Z n , 

t h e r e i s a smooth c o n v e r s i o n of t h e (CH^^Zn t o L i Z n 2 ( C H ^ ^ A I H ^ and t h e n 

t o L i Z n ( C H 3 ) 2 A l H 4 . On t h e o t h e r h a n d , when (CH 3 ) 2 Z n i s added t o LiAlH^, 

t h e r e i s a smooth c o n v e r s i o n of t h e LiAlH^ t o LiZn(CH^) 2 A1H 4 and t h e n t o 

L i Z n ^ C H ^ ^ A l H ^ . These r e a c t i o n s a r e shown i n Scheme V, T h u s , L i Z n 2 -

( C H ^ A I H ^ can be c o n v e r t e d t o LiZn(CH^) 2 A1H 4 by a d d i t i o n of LiAlH^, and 

L i Z n ( C H 3 ) 2 A l H 4 can be c o n v e r t e d t o L i Z n ^ C H ^ A l H ^ by a d d i t i o n of ( C H ^ Z n 

These i n t e r c o n v e r s i o n s i n d i c a t e t h a t t h e r e e x i s t s a m o b i l e e q u i l i b r i u m 

between LiZn (CH^) 2 A 1 H 4 and L i Z n 2 (CH^^AIH^. T h i s s t a t e m e n t i s s u p p o r t e d 

by t h e f a c t t h a t a 3 :2 m i x t u r e of (CH^) 2 Zn and LiAlH^ g i v e s r i s e t o b o t h 

L i Z n 2 ( C H 3 ) 4 A l H 4 and L i Z n ( C H 3 > 2 A 1 H 4 . 

The mechanism f o r t h e f o r m a t i o n of LiZn(CH 3 ) 2 A1H^ when ( C H 3 ) 2 Z n 

and LiAlH^ a r e a l l o w e d t o r e a c t i n THF can be v i s u a l i z e d a s o c c u r r i n g i n 

t h e manner shown i n Scheme V I . L i t h i u m aluminum h y d r i d e ( s o l v e n t s e p a r -

28 

a t e d i on p a i r ) r e a c t s w i t h t h e THF s o l v a t e of d i m e t h y l z i n c by n u c l e o -

p h i l i c a t t a c k of AlH^ on z i n c d i s p l a c i n g s o l v e n t t o g i v e XVIII by way 

of t r a n s i t i o n s t a t e X V I I I a . I n t h i s r e a c t i o n one of t h e z inc-THF s o l v a t e 

bonds i s b r o k e n w i t h f o r m a t i o n of a z i n c - h y d r o g e n b r i d g e b o n d . The 
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f o r w a r d r e a c t i o n s h o u l d be e x o t h e r m i c (AH < 0) and t h e e n t r o p y s h o u l d be 

p o s i t i v e (AS > 0 ) , t h u s making t h e f o r m a t i o n of XVIII from LiAlH^ and 

(CH^)2^n v e r y f a v o r a b l e . One would e x p e c t AH t o be n e g a t i v e s i n c e a 

z inc-THF s o l v a t e bond , which s h o u l d be weaker t h a n an aluminum-THF s o l ­

v a t e bond , i s b e i n g r e p l a c e d by a Zn-H-Al b r i d g e b o n d . Our s t u d i e s h e r e 

h a v e shown t h a t Al-H-Zn b r i d g e bonds a r e s t r o n g e r t h a n aluminum-THF s o l ­

v a t e b o n d s . I n t e r m e d i a t e XVIII t h e n p r o c e e d s t o form I v i a t r a n s i t i o n 

s t a t e XVIIIb by an i n t r a m o l e c u l a r n u c l e o p h i l i c d i s p l a c e m e n t of s o l v e n t on 

z i n c . In t h e l a t t e r i n t r a m o l e c u l a r r e a c t i o n , t h e r e m a i n i n g z inc-THF 

s o l v a t e bond i s b r o k e n w i t h f o r m a t i o n of a second z i n c - h y d r o g e n b r i d g e 

bond. T h i s r e a c t i o n would a l s o be e x p e c t e d t o be v e r y f a v o r a b l e f o r t h e 

same r e a s o n s j u s t g i v e n . The e q u i l i b r i u m between I and XVIII would be 

e x p e c t e d t o be s h i f t e d l a r g e l y i n f a v o r of I . T h i s i s shown t o be t r u e 

e x p e r i m e n t a l l y s i n c e no s i g n a l s f o r a compound such a s XVIII a r e o b s e r v e d 

in t h e NMR, M o r e o v e r , t h e e n t i r e e q u i l i b r i u m r e p r e s e n t e d by r e a c t i o n 37 

would be e x p e c t e d t o be s h i f t e d e n t i r e l y i n f a v o r of LiZn(CH„) 9 A1H,, 

LiAlH^ + ( C H 3 ) 2 Z n - 2 S <-> LiZn (CH3> 2

A 1 H 4 + 2 s ( 3 7 ) 

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

s t r o n g l y e x o t h e r m i c and t h e e n t r o p y p o s i t i v e . T h i s a g a i n i s shown e x p e r i ­

m e n t a l l y , s i n c e s p e c t r o s c o p i c s t u d i e s on LiZn(CH 3 ) 2 A1H^ f a i l e d t o show 

any e v i d e n c e t o i n d i c a t e t h e p r e s e n c e of LiAlH^ o r ( C H 3 ) 2 Z n . The s o l v a t e 

XII i s t h e n formed v i a t r a n s i t i o n s t a t e X l l b by a n u c l e o p h i l i c s o l v e n t 

a t t a c k on t h e aluminum i n I . I n t h i s r e a c t i o n , t h e Al-H-Zn b r i d g e bonds 
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a r e broken w i t h f o r m a t i o n of an aluminum-THF s o l v a t e bond . The e q u i l i b ­

r i u m between I and XII which was d i s c u s s e d e a r l i e r , l i e s s l i g h t l y i n f a v o r 

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

p r e s e n t , t h e n t h e d imer forms XVI and XIV w i l l be formed t h r o u g h t r a n s i ­

t i o n s t a t e s XVIa and XVIb, r e s p e c t i v e l y . The e q u i l i b r i u m between XVI 

and XIV l i e s i n f a v o r of XIV. The amount of XIV r e l a t i v e t o I depends 

upon b o t h t h e c o n c e n t r a t i o n and t e m p e r a t u r e of t h e s o l u t i o n . 

The mechanism f o r t h e f o r m a t i o n of L i Z n 0 ( C H 0 ) , A 1 H , when LiAlH, 
2 3 4 4 4 

and (CH^^Zn a r e a l l o w e d t o r e a c t in THF can be v i s u a l i z e d a s o c c u r r i n g 

i n t h e manner shown i n Scheme V I I . L i t h i u m aluminum h y d r i d e r e a c t s w i t h 

t h e THF s o l v a t e of (CH^^Zn t o g i v e I by t h e mechanism shown i n Scheme V I . 

Then I r e a c t s w i t h t h e THF s o l v a t e of ( C H ^ Z n t o form XXII by way of 

t r a n s i t i o n s t a t e XXIIa . T h i s r e a c t i o n i s s i m i l a r t o t h e r e a c t i o n of 

LiAlH w i t h (CH^^Zn t o form XVIII i n Scheme V I . N u c l e o p h i l i c d i s p l a c e ­

ment of a THF s o l v e n t m o l e c u l e from t h e t e t r a h e d r a l z i n c ( t r a n s i t i o n s t a t e 

X X I I b ) t h e n r e s u l t s i n t h e f o r m a t i o n o f a n o t h e r z i n c - h y d r o g e n b r i d g e bond 

and t h e f o r m a t i o n of I I . On t h e w h o l e , t h i s mechanism i s v e r y s i m i l a r t o 

t h a t shown i n Scheme V I . Then I I r e a c t s t h r o u g h Via t o g i v e V I . For 

s o l u t i o n s where d i m e r s a r e p r e s e n t , VI r e a c t s t h r o u g h XXIIIa t o g i v e X X I I I , 

which t h e n g i v e s XXIV t h r o u g h X X I I I b . The r e a c t i o n s of X I I , XVI, and XIV 

w i t h ( C H 3 ) 2 Z n c o u l d a l s o form V I , X X I I I , and XXIV. 

I n b o t h Scheme VI and Scheme V I I , t h e t r a n s i t i o n s t a t e s a r e p i c ­

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

I f t h e s o l u t i o n s of LiAlH^ and (CH^^Zn a r e c o n c e n t r a t e d e n o u g h , 
m i x i n g of t h e two r e a g e n t s i s f r e q u e n t l y seen t o c a u s e t h e THF s o l v e n t t o 
r e f l u x . 
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geometry assumes an S^2 t y p e d i s p l a c e m e n t of s o l v e n t from z i n c . Loss of 

s o l v e n t v i a an S^l t y p e r e a c t i o n was c o n s i d e r e d ; h o w e v e r , t h i s t y p e of 

mechanism would n e c e s s a r i l y imply t h e e x i s t e n c e of t h r e e c o o r d i n a t e z i n c 

as shown i n Scheme V I I I . S i n c e f o u r and f i v e c o o r d i n a t e o r g a n o z i n c s p e -

29 
c i e s a r e much more common t h a n t h r e e c o o r d i n a t e o n e s , an S 2 t y p e n u c l e o -

N J 

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

SCHEME V I I I 

The mechanism of c o n v e r s i o n of L i Z n ^ C H ^ ^ A l H ^ t o LiZn (CH^) 2

A 1 H 4 

i n THF by t h e a d d i t i o n of LiAlH^ ( s e e Scheme V) i s p i c t u r e d i n Scheme IX. 

L i t h i u m aluminum h y d r i d e r e a c t s w i t h LiZn 2 (CH^)^AlH^ t o g i v e XXV by way 

of t r a n s i t i o n s t a t e XXVa. One of t h e z i n c - h y d r o g e n b r i d g e bonds i n L i Z n 2 -

(CH„) /A1H / i s b r o k e n by SXT2 a t t a c k of A1H. on one of t h e t e r m i n a l z i n c 3 4 4 J N 4 

a toms and a new z i n c - h y d r o g e n b r i d g e bond i s formed between t h e t e r m i n a l 
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z i n c and t h e incoming AlH^ g r o u p . I n t e r m e d i a t e XXV t h e n forms two 

m o l e c u l e s of LiZn (CH 3) 2

A 1 ^ bY w a y o f XXVt>. 
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C o n c e r n i n g t h e r e a c t i o n of LiAlH^ w i t h (CH^^Zn t o p r o d u c e ZnE^, 

t h e work r e p o r t e d h e r e c l e a r l y e s t a b l i s h e s t h a t L i Z n ( C H ^ ) 2 ^ 1 ^ i s t h e 

p r i m a r y i n t e r m e d i a t e i n v o l v e d in t h i s r e a c t i o n . Scheme X shows a r e a s o n ­

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

d e t e c t e d by s p e c t r o s c o p i c means i n t h i s s t u d y . 

SCHEME X 

R 
H 

L i A l H 4 + ( C H 3 ) 2 Z n - 2 S * L i + 

I + S L i 

X I I 

XXVI + S 

XXVII 

H S H ' ^ C H , 

XII 

''kY " Z n 

S N „ / 

+ 2S (38) 

(39) 

L i 

H . J - L C I L 

W CH 3 

XXVI 

H H 

+ S 

L i 

C H _ H 
3 \ 

S H ' C H . 

L i + 

XXVII 

H „ C H _ H 

% y 3 \ O N 

H ; 
3 

XXVIII 

+ S 

(40) 

(41) 

(42) 

XXVIII L i A l ( C H 3 ) H 2 + Z n H 2 (43) 
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The i n t e r m e d i a t e s I and XII a r e formed r a p i d l y from LiAlH^ and ( CH^ ^ Zn, 

s i n c e t h e y w e r e d e t e c t e d i m m e d i a t e l y a f t e r m i x i n g t h e two r e a c t a n t s . The 

f o r m a t i o n of t h e mixed b r i d g e i n t e r m e d i a t e XXVI i n r e a c t i o n 40 i s p r o b ­

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

t i o n would be e x p e c t e d t o be s low s i n c e an aluminum-THF s o l v a t e bond i s 

b e i n g b r o k e n by t h e f o r m a t i o n of a m e t h y l b r i d g e bond between z i n c and 

a luminum. The m e t h y l b r i d g e bond would be e x p e c t e d t o be weaker t h a n t h e 

13 

aluminum s o l v a t e bond . F o r m a t i o n of t h e d o u b l e m e t h y l b r i d g e d i n t e r ­

m e d i a t e XXVIII i n r e a c t i o n 42 would be s low a l s o , p e r h a p s s l o w e r t h a n 

r e a c t i o n 4 0 . R e a c t i o n 43 c o m p l e t e s t h e s e q u e n c e w i t h XXVIII d i s p r o p o r -

t i o n a t i n g t o L i A l ( C H ^ ) a n d ZnH^, which p r e c i p i t a t e s from s o l u t i o n . 

A l l t h e r e a c t i o n s , e x c e p t 38 a r e a c t u a l e q u i l i b r i a which a r e n e v e r d i s ­

p l a c e d e n t i r e l y t o w a r d s ZnE^. T h i s i s s u p p o r t e d by t h e f a c t t h a t , a f t e r 

s t a n d i n g one week , s u f f i c i e n t t i m e f o r f u l l e q u i l i b r i u m t o be r e a c h e d , 

t h e s u p e r n a t a n t s o l u t i o n above Z n ^ s t i l l c o n t a i n e d a b o u t 50% of t h e 

o r i g i n a l z i n c . 

I t would be r e a s o n a b l e a l s o t o assume t h a t t h e r e a c t i o n between 

LiAlH^ and (CH^^Zn i n d i e t h y l e t h e r , which i s known t o p r o d u c e ZnHL ,̂ 

p r o c e e d s t h r o u g h an i n t e r m e d i a t e such a s L i Z n ( C H 3 ) 2 ^ 1 ^ . T h i s a s s u m p ­

t i o n i s b o r n e o u t i n o u r s t u d y of t h e r e a c t i o n between LiAlH^ and (CH^^Zn 

i n d i e t h y l e t h e r . 

The r e s u l t s of t h i s s t u d y a l l o w us t o say s o m e t h i n g a b o u t t h e 

mechanism by which LiAlH^ and (CH^^Zn r e a c t t o g i v e Znl^ i n d i e t h y l 

e t h e r . I n THF when LiAlH^ and (CH^)2 Z n w e r e a l l o w e d t o r e a c t ( t h e mode 

of a d d i t i o n d i d n o t m a t t e r ) , LiZn (CH^) 2 ^ 1 ^ , "LlZn^ (CH^^AIH^, o r m i x t u r e s 

of t h e two w e r e o b t a i n e d d e p e n d i n g on t h e r a t i o of r e a c t a n t s . On s t a n d i n g , 
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s o l u t i o n s of LiZn(CH^) 2 A1H^ (where t h e c o n c e n t r a t i o n s were g r e a t e r t h a n 

0 . 1 M) p r e c i p i t a t e d a m i x t u r e of LiZnH^ and ZnH 2 . More d i l u t e s o l u t i o n s 

of LiZn(CH^) 2 A1H^ ( c o n c e n t r a t i o n s i n t h e r a n g e 0 . 0 4 - 0 . 0 1 M) p r e c i p i t a t e d 

ZnH 2 o n l y . 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 , c o u p l e d w i t h NMR and i n f r a r e d 

s p e c t r a l s t u d i e s , showed t h a t an e q u i l i b r i u m between t h e monomer and 

d i m e r u n i t s I and XIV (Eq. 8) e x i s t e d i n LiZn(CH^) 2 A1H^ s o l u t i o n s a t c o n ­

c e n t r a t i o n s of 0 . 1 M. P r e d o m i n a n t l y t h e monomer i s p r e s e n t i n s o l u t i o n s 

where t h e c o n c e n t r a t i o n i s i n t h e r a n g e 0 . 0 4 - 0 . 0 1 M. I t was p r o p o s e d 

t h a t LiZnH^ a r i s e s from i n t r a m o l e c u l a r e x c h a n g e of t h e m e t h y l g r o u p s on 

z i n c f o r t h e h y d r o g e n s on aluminum i n an i n t e r m e d i a t e l i k e XIV, s i n c e 

LiZnH^ i s o n l y p r e c i p i t a t e d from s o l u t i o n s where XIV i s o b s e r v e d . L i k e ­

w i s e , i n d i l u t e s o l u t i o n s where o n l y I i s o b s e r v e d , ZnH 2 i s p r e c i p i t a t e d 

a s a r e s u l t of i n t r a m o l e c u l a r exchange w i t h i n I . I t i s e a s y t o s e e how 

t h e p r o p e r mixed b r i d g e i n t e r m e d i a t e s c o u l d a r i s e from I . 

When LiAlH^ i s added t o s o l u t i o n s of (CH.j) 2 Zn in d i e t h y l e t h e r 

such t h a t LiAlH. i s n e v e r i n e x c e s s , t h e r e s u l t s i n d i c a t e t h a t t h e same 4 

phenomena a r e o c c u r r i n g . The a d d i t i o n of LiAlH^ t o (CH^^Zn i n 1:1 r a t i o 

i n i t i a l l y g i v e s a s o l u t i o n of LiZn (CH^) 2A1H^. At c o n c e n t r a t i o n s g r e a t e r 

t h a n 0 . 1 M t h i s s o l u t i o n p r e c i p i t a t e s a m i x t u r e of LiZnH^ and ZnH 2 ; how­

e v e r , s o l u t i o n s l e s s t h a n 0 . 1 M p r e c i p i t a t e ZnH 2 o n l y . I t i s r e a s o n a b l e , 

t h e r e f o r e , t o p r o p o s e t h a t i n d i e t h y l e t h e r LiZnH^ r e s u l t s from i n t r a m o ­

l e c u l a r e x c h a n g e i n an i n t e r m e d i a t e l i k e XIV, w h e r e a s ZnH r e s u l t s from 
2 

i n t r a m o l e c u l a r exchange i n I . 

When LiAlH^ i s added t o (CH^^Zn, such t h a t LiAlH^ i s i n e x c e s s , 

t h e mechanism of t h e r e a c t i o n a p p e a r s t o be d i f f e r e n t . The s o l i d p r o d u c t 
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from t h e r e a c t i o n i s a l w a y s ZnH2» S i n c e t h e a d d i t i o n of LiAlH^ t o a 

s o l u t i o n of LiZn(CH^)^AlH^ r e s u l t s in t h e i m m e d i a t e p r e c i p i t a t i o n of ZnKL ,̂ 

i t seems r e a s o n a b l e t h a t t h e above r e a c t i o n would be p r o c e e d i n g by t h e 

mechanism shown i n Scheme X I . 

SCHEME XI 

L i A l H 4 + ( C H 3 ) 2 Z n - > L i Z n ( C H 3 ) 2 A 1 H 4 

L i Z n ( C H 3 ) 2 A l H 4 + LiAlH^ -> ZnH 2 + 2 L i A l ( C H 3 > H 3 

When ( C H 3 ) 2 Z n i s added t o LiAlH^, t h e r e a c t i o n p r o c e e d s in a s i m i ­

l a r m a n n e r . As t h e ( C H 3 ) 2 Z n i s a d d e d , LiAlH^ i s a l w a y s i n e x c e s s . T h i s 

r e s u l t s i n t h e i n i t i a l f o r m a t i o n of L i Z n ( C H 3 ) 2 A 1 H 4 f o l l o w e d by a r a p i d 

r e a c t i o n w i t h LiAlH^ t o g i v e ZnH 2 . As t h e a d d i t i o n of ( C H 3 ) 2 Z n i s c o n ­

t i n u e d , a p o i n t i s r e a c h e d where t h e r a t i o of t o t a l Al t o Zn i s t w o . At 

t h i s p o i n t a l l t h e LiAlH^ h a s r e a c t e d , a l l t h e z i n c h a s p r e c i p i t a t e d a s 

ZnH 2 and a l l t h e aluminum i s p r e s e n t a s L i A l ( C H 3 ) H 3 . S u b s e q u e n t a d d i t i o n 

of more (CH 3 > 2 Zn r e s u l t s i n r e a c t i o n between t h e (CH 3 > 2 Zn and L i A l ( C H 3 ) H 3 

(which i s i n l a r g e e x c e s s now) t o g i v e ZnH 2 i n a manner s i m i l a r t o t h a t 

shown i n Scheme XI e x c e p t t h a t now L i A l ( C H 3 ) 2 H 2 i s f o r m e d . With c o n t i n u e d 

( C H 3 ) 2 Z n a d d i t i o n t h e r a t i o of t o t a l Al t o Zn soon becomes o n e . At t h i s 

p o i n t a l l t h e L i A l ( C H 3 ) H 3 h a s r e a c t e d , a l l t h e z i n c h a s p r e c i p i t a t e d a s 

ZnH 2 and a l l t h e aluminum i s p r e s e n t a s L i A l ( C H 3 ) 2 H 2 . I f t h e a d d i t i o n of 

(CH 3 > 2 Zn i s c o n t i n u e d f u r t h e r , one s e e s r e a c t i o n of (CH 3 > 2 Zn w i t h L i A l -



211 

(CH^^H t o g i v e ZnR^. T h r o u g h o u t t h e e n t i r e c o u r s e of t h e r e a c t i o n when 

(CH^) 2 Zn i s added t o LiAlH^ ( i f t h e a d d i t i o n i s done i n a s low d r o p w i s e 

f a s h i o n ) , t h e r e w i l l a l w a y s be an a l u m i n o h y d r i d e s p e c i e s p r e s e n t i n e x c e s s 

o v e r (CH^^Zn. T h i s i s t h e n what a l w a y s c a u s e s t h e p r e c i p i t a t i o n of z i n c 

h y d r i d e . 

The r e s u l t s of t h i s s t u d y have shown t h a t , i f one i s t o o b t a i n 

r e l a t i v e l y p u r e ZnH 2 by r e a c t i n g LiAlH^ and (CH^^Zn i n d i e t h y l e t h e r , 

t h e r e a c t i o n must be c a r r i e d o u t by a d d i n g (CH^^Zn s l o w l y t o LiAlH^ n o t 

a l l o w i n g t h e r a t i o of t o t a l Al t o t o t a l Zn t o d r o p below t w o . 

A r e a s o n a b l e mechanism by which MZn(CH^) 2A1H^ can u n d e r g o i n t r a ­

m o l e c u l a r e x c h a n g e t o p r o d u c e ZnH 2 i s shown i n Scheme X I I . T h i s scheme 

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

t i o n between LiAlH^ and (CH^^Zn t o p r o d u c e ZnH 2 . The mechanism was d i s ­

c u s s e d in some d e t a i l t h e r e . The r a t e l i m i t i n g s t e p i n t h e scheme i s 

t h o u g h t t o be f o r m a t i o n of t h e mixed b r i d g e d i n t e r m e d i a t e XXIX, s i n c e 

f o r m a t i o n of m e t h y l b r i d g e bond w i t h s i m u l t a n e o u s b r e a k a g e of an a luminum-

THF s o l v a t e bond s h o u l d be u n f a v o r a b l e . 

SCHEME XII 



SCHEME X I I (Conc luded) 
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A r e a s o n a b l e mechanism by which MZn (CH 3) 2 A 1 H 4 can u n d e r g o exchange 

t o p r o d u c e MZn^EL i s shown i n Scheme X I I I . 

SCHEME X I I I 

MZn 2 H 5 + M A 1 2 ( C H 3 ) 4 H 3 
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I n t e r m e d i a t e XXX r e s u l t s from t h e r e a c t i o n of I w i t h XII t h r o u g h t r a n s i ­

t i o n s t a t e XXXa. I n t h i s r e a c t i o n one of t h e Al-H-Zn b r i d g e bonds i n I 

i s b r o k e n w i t h s u b s e q u e n t f o r m a t i o n of t h e Zn-H-Zn b r i d g e bond i n XXX. 

I n t e r m e d i a t e XXX t h e n u n d e r g o e s an i n t r a m o l e c u l a r d i s p l a c e m e n t of t h e 

s o l v e n t on aluminum w i t h s i m u l t a n e o u s f o r m a t i o n of an Al -H-Al b r i d g e bond 

t o g i v e i n t e r m e d i a t e XXXI. I t i s e a s y f o r one t o s ee how XXXI c o u l d 

u n d e r g o i n t r a m o l e c u l a r m e t h y l h y d r i d e exchange t o p r o d u c e MZn2H,- and 

M A 1 2 ( C H 3 ) 4 H 3 . 

F i g u r e 14 c o n t a i n s i n f r a r e d s p e c t r a of t h e s u p e r n a t a n t s o l u t i o n 

from t h e r e a c t i o n of NaZn(CH 3 ) 2 H w i t h A1H 3 a f t e r 5 m i n u t e s and 24 h o u r s . 

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

band e x t e n d i n g from 1550 t o 1200 cm 1 w i t h no w e l l d e f i n e d maximum. The 

r e s t of t h e s p e c t r u m c o r r e s p o n d e d t o N a A l 2 ( C H 3 ) 4 H 3 which was a l s o formed . 

The b r o a d band e x t e n d i n g from 1550 t o 1200 cm 1 c o u l d be due t o NaZn-

( C H 3 ) 2 A 1 H 4 , b u t t h i s seems u n l i k e l y due t o t h e r a t e a t which NaZn 2H^ i s 

formed i n t h i s r e a c t i o n . I f NaZn(CH 3 ) 2 A1H 4 were t h e a c t u a l i n t e r m e d i a t e 

l e a d i n g t o NaZn 2H,_, t h e n one would have e x p e c t e d i t t o t a k e a b o u t one 

week f o r a l l t h e z i n c t o d i s a p p e a r from s o l u t i o n , b u t i n s t e a d i t t a k e s 

o n l y a few h o u r s . However, t h e i n t e r m e d i a t e must be s i m i l a r t o N a Z n ( C H 3 ) 2 ~ 

A1H,, s i n c e t h e b a n d s o b s e r v e d i n t h e i n f r a r e d a r e s i m i l a r t o t h o s e found 4 

f o r t h i s compound. A l i k e l y c a n d i d a t e f o r t h i s i n t e r m e d i a t e i s XXXI, 

s i n c e i t s h o u l d g i v e r i s e t o an i n f r a r e d s p e c t r u m s i m i l a r t o N a Z n ( C H 3 ) 2 ~ 

AlH^. But i n a d d i t i o n t o t h i s , XXXI i s a n e c e s s a r y i n t e r m e d i a t e i n any 

m e c h a n i s t i c scheme f o r t h e p r o d u c t i o n of NaZn 2 H^. A r e a s o n a b l e mechanism 

t h e n f o r t h e r e a c t i o n between NaZn(CH 3 > 2 H and A1H 3 t o g i v e NaZn2H,_ i s 
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shown i n Scheme XIV. The f i r s t s t e p i n t h i s mechanism i s s o l v e n t c l e a v a g e 

of one of t h e two b r i d g i n g Zn-H-Zn b o n d s , t h e n two m o l e c u l e s of a l a n e can 

add r a p i d l y t o g i v e i n t e r m e d i a t e XXXI. T h i s i n t e r m e d i a t e t h e n u n d e r g o e s 

i n t r a m o l e c u l a r a I k y 1 - h y d r o g e n e x c h a n g e t o y i e l d N a Z n ^ j . . 

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

of L i Z n 2 ( C H ^ ^ A I H ^ i s t h e a t t a c k of a s o l v e n t m o l e c u l e on an i n t e r m e d i a t e 

l i k e XVII t o c l e a v e t h e Zn-H-Zn b r i d g e bond . E v i d e n t l y , in t h e r e a c t i o n 

of K Z n 2 ( C H 3 ) 4 H w i t h a l a n e , t h e Zn-H-Zn b r i d g e bond i n XVII i s t o o s t r o n g 

t o be c l e a v e d by a s o l v e n t m o l e c u l e and KZn^CH-p^AlH^ i s n e v e r formed. 

I n s t e a d of f o r m i n g KZn 2 (CH^^AIH^, XVII u n d e r g o e s i n t r a m o l e c u l a r exchange 

t o y i e l d K Z n ^ . 

In Scheme I I I i t was p o i n t e d o u t t h a t a m o b i l e e q u i l i b r i u m e x i s t s 

between L i Z n 2 (CH^^AIH^ and i n t e r m e d i a t e s l i k e XVII . When l i t h i u m o r 

sodium i s t h e c a t i o n , t h e e q u i l i b r i u m l i e s i n t h e d i r e c t i o n of M Z n 2 ( C H 3 ) 4 -

AlH^; h o w e v e r , when p o t a s s i u m i s t h e c a t i o n , t h e e q u i l i b r i u m l i e s i n t h e 

d i r e c t i o n of XVII . T h u s , when KAIH^ and ( C H 3 ) 2 Z n a r e a l l o w e d t o r e a c t 

i n a 1:2 m o l a r r a t i o , t h e i n i t i a l p r o d u c t i s K Z n 2 ( C H 3 ) 4 A l H 4 ; h o w e v e r , i t 

i s c o n v e r t e d t o XVII a f t e r a few m i n u t e s . I n t e r m e d i a t e XVII t h e n u n d e r ­

goes i n t r a m o l e c u l a r exchange t o g i v e KZn 2 H^. Proof t h a t b o t h r e a c t i o n s 

p r o c e e d by way of t h e same i n t e r m e d i a t e s i s o f f e r e d by t h e f a c t t h a t an 

i n f r a r e d s p e c t r u m of t h e s u p e r n a t a n t s o l u t i o n ( t a k e n a b o u t 10 m i n u t e s 

a f t e r KZn 2H^ began t o p r e c i p i t a t e ) was e x a c t l y t h e same a s t h e s p e c t r u m 

o b s e r v e d a f t e r f i v e m i n u t e s in t h e r e a c t i o n of K Z n 2 ( C H 3 ) 4 H w i t h a l a n e i n 

a 1:1 m o l a r r a t i o . T h i s s p e c t r u m i s shown in F i g u r e 20 . 
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I n t h i s s t u d y we h a v e t r i e d t o p r e s e n t r e a s o n a b l e m e c h a n i s m s , b a s e 

on t h e i n f o r m a t i o n g a t h e r e d i n t h i s s t u d y , f o r t h e e x c h a n g e r e a c t i o n s of 

t h e z i n c a t e c o m p l e x e s , MZn (CH^) and MZn^CCH^)^ w i t h a l a n e . In t h e s e 

mechanisms we h a v e t r i e d t o i n d i c a t e t h e i m p o r t a n c e of t h e r o l e of t h e 

s o l v e n t i n exchange r e a c t i o n s of t h i s t y p e and h a v e shown t h e d e p e n d e n c e 

of t h e r e a c t i o n between (CH_)_Zn and MAIH. on s o l v e n t c o n c e n t r a t i o n . 
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CHAPTER I 

INTRODUCTION 

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

in o r g a n i c s y n t h e s i s . ^ S e v e r a l r e c e n t r e p o r t s , however , have been con­

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 of r e a g e n t s p r e p a r e d by 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 com­

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 iCuPh^'PhLi 

a p p e a r s t o be more r e a c t i v e t h a n LiCuPh^ 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 and 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 been r e c e n t l y 

found t h a t a 3 :2 m i x t u r e of L iCu(CH 3 )2 and CH^Li i s more s t e r e o s e l e c t i v e 
3 

toward 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 LiCuCCH^)^ of CH^Li. In 

a d d i t i o n , m i x t u r e s of L i C u ( C H 3 ) 2 and CR^Li have been found t o r e a c t w i t h 

d i a r y 1 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 more p o w e r f u l t h a n e i t h e r LiCu(CH 3 ) 
4 

o r CH^Li i s p r e s e n t . These 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 and o r g a n o l i t h i u m compounds a r e c a p a b l e of r e a c t i n g t o form 

complexes of t h e t y p e L i 2 C u ( C H 3 ) 3 and L i 3 C u ( C H 3 ) 4 . However, p r e v i o u s ^ H 
13 

and n a t u r a l a b u n d a n c e C NMR s t u d i e s on t h e s y s t e m CH^Li-LiC^CH^)^ i n 

o 4 5 d i e t h y l e t h e r a t -60 f a i l e d t o d e t e c t t h e e x i s t e n c e of any c o m p l e x e s . ' 
I n v iew of t h e i n t e n s e i n t e r e s t i n t h i s a r e a and t h e o b v i o u s p o s s i b i l i t y 

of t h e e x i s t e n c e of o t h e r c u p r a t e s i n a d d i t i o n t o LiCu(CH 3)2» w e d e c i d e d 

t o s t u d y t h e *H NMR of t h e CH 3 Li-CH 3 Cu m i x t u r e f u r t h e r . 

D imethy l e t h e r was c h o s e n a s t h e i n i t i a l s o l v e n t f o r t h i s s t u d y 
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s i n c e m e t h y l g r o u p exchange r a t e s s h o u l d be s i g n i f i c a n t l y s l o w e r in 

d i m e t h y l e t h e r (due t o i t s g r e a t e r b a s i c i t y ) t h a n c o n v e n t i o n a l e t h e r 

s o l v e n t s ( e . g . , d i e t h y l e t h e r ) . In a d d i t i o n , c o n s i d e r a b l y lower s o l u t i o n 

t e m p e r a t u r e s can be r e a c h e d w i t h d i m e t h y l e t h e r ( - 1 3 6 ° v s - 1 0 0 ° ) t h a n 

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

w e r e s t u d i e d in t e t r a h y d r o f u r a n and t h e n f i n a l l y i n d i e t h y l e t h e r . I t 

was o u r hope t h a t t h e r e s u l t s o b t a i n e d i n t h e more b a s i c s o l v e n t s , d i ­

m e t h y l e t h e r and THF, c o u l d be u s e d t o h e l p e x p l a i n t h e s y s t e m i n d i e t h y l 

e t h e r . In a d d i t i o n , v a r i o u s l i g a n d s w e r e added t o c u p r a t e s in d i e t h y l 

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



2 2 4 

CHAPTER I I 

EXPERIMENTAL 

A p p a r a t u 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 bench 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 box 

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 manganese o x i d e columns t o 

remove oxygen and dry i c e - a c e t o n e t o remove s o l v e n t 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-60 NMR s p e c t r o m e t e r and 

13 

t h e C NMR s p e c t r a w e r e d e t e r m i n e d a t 2 5 MHz w i t h a JEOL F o u r i e r t r a n s ­

form s p e c t r o m e t e r , Model P F T - 1 0 0 . A l l c h e m i c a l s h i f t v a l u e s a r e e x ­

p r e s s e d i n v a l u e s (ppm) r e l a t i v e t o ( C H ^ ^ S i . C a l i b r a t e d 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 used f o r t r a n s f e r of r e a g e n t s . 

D e l i v e r i e s c o u l d be r e p r o d u c e d t o b e t t e r t h a n 0 . 5 % . 

A n a l y t i c a l 

A c t i v e CH^ g r o u p a n a l y s i s was c a r r i e d o u t by 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 on a s t a n d a r d vacuum l i n e and 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 was d e t e r m i n e d by f lame 

p h o t o m e t r y . I o d i d e was d e t e r m i n e d by t h e V o l h a r d p r o c e d u r e . Copper 

was d e t e r m i n e d by e l e c t r o l y t i c d e p o s i t i o n on a P t e l e c t r o d e . The p r o d ­

u c t a n a l y s i s f o r t h e i s o m e r i c a l c o h o l s r e s u l t i n g from m e t h y l a t i o n of 
14 

4 - t e r t - b u t y l c y c l o h e x a n o n e has been p r e v i o u s l y d e s c r i b e d . Glpc a n a l y s e s 

were p e r f o r m e d u s i n g 6 - f t matched columns of 107o FFAP on 8 0 - 1 0 0 mesh 
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D i a t o p o r t S. The i d e n t i t y of t h e peaks was d e t e r m i n e d by c o m p a r i s o n of 

t h e h y d r o l y z e d p r o d u c t s formed on r e a c t i o n of 4 - t e r t - b u t y l c y c l o h e x a n o n e 

19 

w i t h m e t h y l l i t h i u m and methy lmagnes ium b r o m i d e . Under t h e c o n d i t i o n s 

of r a t e 55 m l / m i n , i n j e c t i o n t e m p e r a t u r e 2 0 0 ° , and d e t e c t o r t e m p e r a t u r e 

3 1 0 ° , t h e r e t e n t i o n t i m e s f o r t e t r a d e c a n e , c i s a l c o h o l , k e t o n e , and 

t r a n s a l c o h o l a r e 12 , 2 8 , 3 1 , and 36 m i n u t e s a t a column t e m p e r a t u r e of 
o 20 80 . The two a l c o h o l s a r e known t o h a v e t h e same r e s p o n s e r a t i o . 

The r e s p o n s e f a c t o r s f o r t h e k e t o n e and t e t r a d e c a n e w e r e t h e same as 

t h o s e f o r t h e a l c o h o l s . In no c a s e was t h e p r e s e n c e of l - m e t h y l e n e - 4 -

t e r t - b u t y l c y c l o h e x a n e ( from t h e d e h y d r a t i o n of t h e a l c o h o l s ) d e t e c t e d . 1 9 

The amount of t h e r e c o v e r e d k e t o n e was c a l c u l a t e d from t h e a r e a r a t i o 

of k e t o n e t o i n t e r n a l s t a n d a r d b e f o r e and a f t e r t h e r e a c t i o n . 

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 Reagent G r a d e ) was 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 NaAlH^ and 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 ) o v e r LiAlH^ 

p r i o r t o u s e . D imethy l e t h e r was s t o r e d i n a d r y i c e - a c e t o n e b a t h o v e r 

LiAlH^ and v a p o r t r a n s f e r r e d (by means of a vacuum l i n e ) j u s t p r i o r t o 

u s e . L i t h i u m m e t a l was o b t a i n e d as a 30% d i s p e r s i o n i n p e t r o l a t u m from 

A l f a - V e n t r o n . D i m e t h y l m e r c u r y , o b t a i n e d from O r g - M e t , was found t o be 

p u r e and t h e r e f o r e used w i t h o u t any f u r t h e r p u r i f i c a t i o n . M e t h y l l i t h i u m 

i n THF, He^O, and E t 2 0 was p r e p a r e d h a l i d e f r e e by t h e r e a c t i o n of 

(CH^^Hg w i t h e x c e s s l i t h i u m m e t a l . A l l s o l u t i o n s of m e t h y l l i t h i u m w e r e 

s t o r e d a t - 78° u n t i l r e a d y t o u s e . A n a l y s i s of t h e m e t h y l l i t h i u m s o l u ­

t i o n s gave CH^rLi r a t i o s of e s s e n t i a l l y 1 : 1 . The Me^O and THF s o l u t i o n s 

were u s e d w i t h i n a week of p r e p a r a t i o n . A n a l y s i s p r i o r t o u s e i n d i c a t e d 
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t h a t e t h e r c l e a v a g e d i d n o t o c c u r d u r i n g one week s t o r a g e i n a d r y i c e -

a c e t o n e b a t h . Cuprous i o d i d e ( F i s h e r R e a g e n t ) was p u r i f i e d by p r e c i p -
g 

i t a t i n g from an a q u e o u s K I - C u I s o l u t i o n . The p r e c i p i t a t e d s o l i d was 

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

room 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 . Cuprous c h l o r i d e was p r e p a r e d 

by t h e r e a c t i o n of c o p p e r ( I I ) c h l o r i d e d i h y d r a t e ( B a k e r P u r i f i e d ) w i t h 
9 

sodium s u l f i t e . The r e s u l t i n g p r e c i p i t a t e d s o l i d was washed w i t h an 

aqueous s o l u t i o n of SC^, g l a c i a l a c e t i c a c i d , e t h a n o l , and d i e t h y l 

e t h e r , t h e n d r i e d a t room 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 r i - n -

b u t y l p h o s p h i n e (98%) was o b t a i n e d from A l d r i c h Chemica l Co. and used 

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 . S o l u t i o n s of t e t r a k i s [ c h l o r o ( t r i - n -

b u t y l p h o s p h i n e ) c o p p e r ( I ) ] i n d i e t h y l e t h e r w e r e p r e p a r e d by a d d i n g 

t r i - n - b u t y l p h o s p h i n e t o a s l u r r y of CuCl i n 1:1 r a t i o . The r e s u l t i n g 

m i x t u r e was s t i r r e d o v e r n i g h t , t h e n f i l t e r e d t h e n e x t day t o remove 

t r a c e s of r e s i d u a l m a t e r i a l t h a t r e m a i n e d . An a n a l y s i s of t h e r e s u l t i n g 

s o l u t i o n i n d i c a t e d t h a t Cu and Cl w e r e p r e s e n t in a 1 . 0 0 : 1 . 0 3 r a t i o . 

F r i n t o n L a b o r a t o r i 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 was s u b l i m e d u n d e r n i t r o ­

gen p r i o r t o u s e and found by g l p c t o be 99 . 97c p u r e . S o l u t i o n s of 

4 - t e r t - b u t y l c y c l o h e x a n o n e were p r e p a r e d by w e i g h i n g o u t a known amount 

of k e t o n e i n a c a l i b r a t e d v o l u m e t r i c f l a s k and d i l u t i n g t o t h e mark 

w i t h e i t h e r Et , ,0 o r THF. L i t h i u m b r o m i d e , L i l , and LiClO^ w e r e made 

a n h y d r o u s by f u s i n g u n d e r vacuum. S o l u t i o n s of L i B r , L i l , and LiClO^ 

w e r e p r e p a r e d by s t i r r i n g t h e a n h y d r o u s s o l i d s in e i t h e r Et^O o r THF. 

S o l u t i o n c o n c e n t r a t i o n s w e r e d e t e r m i n e d by a n a l y z i n g f o r Li and h a l i d e 

in t h e c a s e of L iBr and L i l and j u s t L i f o r L i C l O , . 
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P r o c e d u r e 

P r e p a r a t i o n of C u p r a t e s 

D i e t h y l E t h e r S o l v e n t . S o l u t i o n s of t h e c u p r a t e s were p r e p a r e d 

f r e e of c o n t a m i n a n t s f o r NMR and m o l e c u l a r w e i g h t e x p e r i m e n t s . Cuprous 

i o d i d e was a l l o w e d t o r e a c t w i t h m e t h y l l i t h i u m in 1:1 r a t i o i n a d r y 

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

y e l l o w s o l i d was p r e p a r e d f r e e of L i l by c e n t r i f u g i n g , d e c a n t i n g , and 

w a s h i n g w i t h s e v e r a l p o r t i o n s of d r y d i e t h y l e t h e r . These m a n i p u l a t i o n s 

were c a r r i e d o u t u n d e r n i t r o g e n a t d r y i c e - a c e t o n e t e m p e r a t u r e . The 

r e s u l t i n g m e t h y l c o p p e r was s l u r r i e d w i t h d r y e t h e r and u s e d i n t h i s way 

a s a r e a g e n t . A t y p i c a l a n a l y s i s of t h e s l u r r y showed L i , Cu, CH^, and 

I p r e s e n t in m o l a r r a t i o s of 0 . 0 2 : 1 . 0 0 : 0 . 9 7 : 0 . 0 1 . The s l u r r y was s t o r e d 

i n a d r y i c e - a c e t o n e b a t h . 

M e t h y l l i t h i u m was t h e n a l l o w e d t o r e a c t w i t h s a m p l e s of t h e 

m e t h y l c o p p e r s l u r r y in r a t i o s of 0 . 5 0 , 0 . 7 5 , 1 . 0 0 , 2 . 0 0 , 3 . 0 0 , and 4 . 0 0 

(CH^Li/CH^Cu) a t d r y i c e - a c e t o n e t e m p e r a t u r e . For r u n n i n g NMR s p e c t r a 

s a m p l e s of t h e r e s u l t i n g s o l u t i o n s were t r a n s f e r r e d a t dry i c e - a c e t o n e 

t e m p e r a t u r e t o NMR t u b e s w i t h r u b b e r septum caps by means of a c a n n u l a . 

These s o l u t i o n s w e r e a l s o a n a l y z e d f o r L i , Cu, and CH^. (See T a b l e 3 

f o r some r e p r e s e n t a t i v e d a t a . ) 

S o l u t i o n s of L i 2 C u 3 ( C H 3 ) 5 , L i C u ( C H 3 ) 2 , and L i 2 C u ( C H 3 ) 3 u s e d i n 

t h e 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 , were p r e p a r e d i n a s i m i l a r way. 

T e t r a h y d r o f u r a n S o l v e n t . S o l u t i o n s of c u p r a t e s in t h i s s o l v e n t 

w e r e p r e p a r e d in t h e same way a s d e s c r i b e d above f o r d i e t h y l e t h e r . In 

a d d i t i o n t h e same c u p r a t e s w e r e p r e p a r e d in t h e p r e s e n c e of L i l by a d d i n g 
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CH^Li t o Cul in t h e p r o p e r r a t i o s . 

Dimethy l E t h e r S o l v e n t . S i n c e L i l was found t o be m o s t l y i n s o l ­

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

p a r e d by a d d i n g m e t h y l l i t h i u m d i r e c t l y t o Cul i n 1 . 5 0 , 1 . 7 5 , 2 . 0 0 , 3 . 0 0 , 

and 4 . 0 0 r a t i o s of CH^LirCuI a t d r y i c e - a c e t o n e t e m p e r a t u r e . For r u n ­

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

a t d r y i c e - a c e t o n e t e m p e r a t u r e by means of a c a n n u l a t o NMR t u b e s w i t h 

r u b b e r septum c a p s . The s u p e r n a t a n t s o l u t i o n s w e r e a l s o a n a l y z e d f o r 

L i , Cu, and CH^. (See T a b l e 2 f o r some r e p r e s e n t a t i v e d a t a . ) T y p i c a l l y , 

t h e amount of L i l r e m a i n i n g in t h e s e s o l u t i o n s was e q u i v a l e n t t o a b o u t 

15% of t h e c o p p e r p r e s e n t . I t i s f e l t , however , t h a t t h e p r e s e n c e of 

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

on t h e f a c t t h a t t h e NMR i n THF w e r e unchanged by t h e p r e s e n c e of h a l i d e 

and were e s s e n t i a l l y t h e same a s t h e s p e c t r a o b s e r v e d i n d i m e t h y l e t h e r . 

D i e t h y l E t h e r S o l v e n t With P ( n - B u ) 3 P r e s e n t . The c u p r a t e s i n 

t h i s s y s t e m were p r e p a r e d by r e a c t i n g m e t h y l l i t h i u m w i t h [ C u C l . P ( n - B u ) ] 

i n r a t i o s of 1 . 5 0 , 1 . 7 5 , 2 . 0 0 , 3 . 0 0 , 4 . 0 0 , and 5 .00 CH 3 Li:CuCl i n d i e t h y l 

e t h e r a t room t e m p e r a t u r e . The r e s u l t i n g m i x t u r e s were s t i r r e d a t t h i s 

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

t i o n of L i C l . They w e r e t h e n c o o l e d t o d r y i c e - a c e t o n e t e m p e r a t u r e and 

t h e L i C l a l l o w e d t o s e t t l e . The s u p e r n a t a n t s o l u t i o n s w e r e a n a l y z e d and 

p r e p a r e d f o r r u n n i n g NMR s p e c t r a i n t h e way d e s c r i b e d a b o v e . (See 

T a b l e 4 f o r r e p r e s e n t a t i v e d a t a ) . 

G e n e r a l R e a c t i o n 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 10 ml 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 
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b a r was d r i e d in an oven and 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 f l u s h , t h e n 

s e a l e d w i t h a r u b b e r s ep tum and c o n n e c t e d by means of a n e e d l e t o 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 . 

The o r g a n o m e t a l l i c r e a g e n t ( c a . 1 - 0 . 5 mmoles) was s y r i n g e d i n t o t h e 

f l a s k , t h e n t h e c a l c u l a t e d amount of k e t o n e ( i n THF o r Et^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 , n - C 1 0 H 0 £ o r n - C . , H o r . ) was added t o t h e s t i r r e d r e -
i Z Z b i<4- J U 

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

was quenched by H^O s l o w l y and d r i e d by MgSO^. The y i e l d of p r o d u c t s 

was d e t e r m i n e d by g l p c . In t h e r e a c t i o n s of c u p r a t e s w i t h t h i s k e t o n e , 
n - C 1 0 H _ . was u s e d a s t h e i n t e r n a l s t a n d a r d t o c a l c u l a t e t h e r e a c t i o n 12 26 

y i e l d . 

M o l e c u l a r Weight Measurements 

The s o l u t i o n s of L i C u 2 ( C H 3 ) 3 , L i C u ( C H 3 ) 2 , and L i 2 C u ( C H 3 ) 3 , u s e d 

i n t h e 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 , were p r e p a r e d as above e x c e p t t h e 

L i C l b y - p r o d u c t was removed i n o r d e r t o o b t a i n p u r e s o l u t i o n s . 

The e b u l l i o s c o p i c t e c h n i q u e r e p o r t e d e a r l i e r " ^ was u s e d f o r 

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

c e n t r a t i o n of s o l u t e m o l e c u l e s i s g i v e n a p p r o x i m a t e l y by Eq. 1 where 

p i s t h e d e n s i t y of t h e s o l v e n t 

c = l o o o P m 

M d + l o o o * • » ) ( 1 ) 

1 V M 1 A Tg/ 

i n g m / c c , M-, i s t h e m o l e c u l a r w e i g h t of t h e s o l v e n t , K i s t h e m o l a l i B 

b o i l i n g p o i n t e l e v a t i o n c o n s t a n t , and A T i s t h e b o i l i n g p o i n t e l e v a t i o n 
B 
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o in C. The c o n c e n t r a t i o n of s o l u t e m o l e c u l e s C i s i n u n i t s of m o l a r i t y . 

E q u a t i o n 1 was d e r i v e d from Eq. 2 r e p o r t e d e a r l i e r 1 ^ 

where i i s t h e m o l e c u l a r a s s o c i a t i o n . I n t h i s s t u d y t h e m o l e c u l a r a s ­

s o c i a t i o n was d e t e r m i n e d by t a k i n g t h e r a t i o of t h e s o l u t i o n c o n c e n t r a ­

t i o n ( a s d e t e r m i n e d by a n a l y s i s ) t o t h e a p p a r e n t s o l u t i o n c o n c e n t r a t i o n 

g i v e n by Eq. 1 . The r e s u l t s of t h e s e 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 

a r e g i v e n in F i g u r e s 4 - 6 . 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 e t h y l 

e t h e r w e r e c a r r i e d o u t a t 7 4 0 . 0 mm Hg p r e s s u r e of N 0 (K = 2 . 0 6 ) . I n 
Z J J 

THF t h e m e a s u r e m e n t s w e r e made a t 2 4 0 . 0 mm Hg p r e s s u r e of N 0 (K = 1 . 7 9 ) . 
Z D 

I n t e r p r e t a t i o n of Exchange Mechanisms f o r NMR Data 

I n f o r m a t i o n r e g a r d i n g t h e k i n e t i c s of exchange p r o c e s s e s can be 

e x t r a c t e d f o r NMR d a t a in v a r i o u s ways."'"''' In t h i s s t u d y u s e has been 

made of t h e method which u t i l i z e s measurement of l i n e h a l f - i n t e n s i t y 

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

h e r e , C H ^ L i - L i C ^ C H ^ ^ , i s p a r t i c u l a r l y s u i t a b l e f o r NMR a n a l y s i s of 

r a t e s b e c a u s e t h e i n d i v i d u a l components of t h e two s i t e s y s t e m can e a c h 

be examined t h r o u g h o u t t h e e n t i r e t e m p e r a t u r e r a n g e of i n t e r e s t . T h u s , 

t h e l i n e ha I f - i n t e n s i t y w i d t h s in t h e a b s e n c e of e x c h a n g e a r e known. 

I t i s somet imes p o s s i b l e t o t e s t an exchange mechanism by e v a l ­

u a t i n g t h e d e p e n d e n c e s of t h e i n d i v i d u a l and v a l u e s , t h e mean 

l i f e t i m e s f o r a s t a y on A and B s i t e s , on c o n c e n t r a t i o n , o r on a r a t i o 

of two c o n c e n t r a t i o n s . For t h i s p u r p o s e , i t i s b e s t t o examine t h e 

B 

(2) 

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

Under t h e s e c o n d i t i o n s , t h e mean l i f e t i m e a t s i t e i , T ^ , i s r e l a t e d t o 

t h e l i n e w i d t h a t h a I f - i n t e n s i t y , A 1 / 2 , by Eq. 3 

z]r = T T (A \ - A° h (3 ) 
T i 2 2 

where A° ^ t u e m e a s u r e d ha I f - i n t e n s i t y w i d t h f o r t h e i1"*1 component 

i n t h e a b s e n c e of e x c h a n g e . 

Measurement of 1 / T ^ f o r a s i n g l e sample a t a s e r i e s of t e m p e r a ­

t u r e s i n t h e t e m p e r a t u r e r e g i o n below c o a l e s c e n c e can a l s o be employed 

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

For t e s t i n g e x c h a n g e m e c h a n i s m s , t h e mean l i f e t i m e s f o r s t a y of 

m e t h y l g r o u p s on CH^Li and LiCu(CR^)^ were e v a l u a t e d a t - 5 1 ° . T h i s 

t e m p e r a t u r e i s i n t h e s low exchange r e g i o n a s i s i n d i c a t e d by t h e t y p ­

i c a l s p e c t r a shown i n F i g u r e 7. At t h i s t e m p e r a t u r e , L i C u ^ H ^ ^ h a l f -

w i d t h r a n g e d from 2 . 3 - 1 0 . 3 Hz d e p e n d i n g on t h e C H 3 L i / L i C u ( C H 3 ) 2 r a t i o . 

In t h e a b s e n c e o f e x c h a n g e t h e h a l f - w i d t h s v a r i e d from 1 . 4 - 1 . 7 Hz. The 

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

6 . 2 - 5 . 1 Hz. 

The p r o b e t e m p e r a t u r e was c a l i b r a t e d e x t e r n a l l y w i t h m e t h a n o l . 
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CHAPTER I I I 

RESULTS AND DISCUSSION 

S i g n a l s due t o L i 2 C u ( C H 3 ) 3 , L i C u ( C H 3 > 2 , and L i C u 2 ( C H 3 > 3 can be 

1 o o b s e r v e d i n t h e H NMR s p e c t r a of t h e s y s t e m CH 3 Li-CH 3 Cu a t -136 i n 

d i m e t h y l e t h e r s o l v e n t . The s p e c t r a a r e shown i n F i g u r e 1 f o r m o l a r 

r a t i o s of CH 3 Li:CH 3 Cu r a n g i n g from 0 . 5 1 t o 1 . 9 7 . The c h e m i c a l s h i f t s o b ­

s e r v e d u p f i e l d from IMS a r e l i s t e d i n T a b l e 1 a t v a r i o u s t e m p e r a t u r e s f o r 

s e l e c t e d CH 3 Li:CH 3 Cu r a t i o s . When t h e r a t i o of CH 3 Li:CH 3 Cu was l e s s t h a n 

o n e , t h r e e s i g n a l s were o b s e r v e d ( - 0 . 2 2 6 , - 1 . 1 7 6, and 1 . 3 8 6 ) . The s i g n a l 

a t - 1 . 3 8 6 (due t o L i C u ( C H 3 ) 2 ) became more i n t e n s e a s t h e CH 3 Li:CH 3 Cu r a t i o 

was i n c r e a s e d from 0 . 5 3 t o 1 .02 and was t h e o n l y s i g n a l o b s e r v e d a t t h e 

l a t t e r r a t i o . The s i g n a l s a t - 0 . 2 2 6 and - 1 . 1 7 6 a l w a y s i n t e g r a t e d i n t h e 

r a t i o 1:2 and w e r e due t o L i C u 2 ( C H 3 ) 3 , s i n c e t h e s e s i g n a l s were t h e o n l y 

o n e s o b s e r v e d a t a CH 3 Li:CH 3 Cu r a t i o of 0 . 5 1 . When t h e r a t i o of C H 3 L i : 

CH3Cu was g r e a t e r t h a n o n e , f o u r s i g n a l s w e r e o b s e r v e d ( - 1 . 2 5 6 , - 1 . 3 8 6 , 

- 1 . 4 9 6 , and 2 . 0 3 6 ) . The s i g n a l a t - 2 . 0 3 6 was due t o CH 3 Li and t h e s i g n a l 

a t - 1 . 3 8 6 was due t o L i C u ( C H 3 ) 2 . The s i g n a l s a t - 1 . 2 5 6 and - 1 . 4 9 6 a l w a y s 

i n t e g r a t e d in a 1:2 r a t i o and were due t o L i 2 C u ( C H 3 ) 3 . The p r e s e n c e of 

L i 2 C u ( C H 3 ^ was i n d i c a t e d by t h e f a c t t h a t e q u i l i b r i u m c o n s t a n t s c a l c u l a t e d 

o * / 
a t -136 f o r t h e r e a c t i o n d e s c r i b e d by Eq. 4 a t v a r i o u s CH 3 Li/CH 3 Cu r a t i o s , 

The r e a c t a n t s a r e w r i t t e n w i t h t h e d e g r e e of a s s o c i a t i o n t h a t 
has been found f o r them by 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 . M e t h y l l i t h i u m 
has been found t o be a t e t r a m e r in b o t h d i e t h y l e t h e r and THF.12 L i t h i u m 
d i m e t h y l c u p r a t e h a s been found t o be d i m e r i c i n d i e t h y l e t h e r . ^ The 
r e s u l t s of t h i s work show t h a t L i C u ( C H 3 ) 2 i s d i m e r i c i n THF; a n d , i n 
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T a b l e 1 . Chemica l S h i f t s f o r t h e System CH-Li-CH-Cu i n Dimethyl E t h e r 

A p p r o x i m a t e T e m p e r a t u r e ^ 6 a , ^ ( P P M ) A n a l y s i s of t h e S o l u t i o n 

R a t i o C H 3 L i / C h 3 C u (°C) L i : Cu : CH 3 

1 . 9 7 : 1 . 0 0 : 3 . 0 1 - 84 1 . 3 8 , 2 . 03 
-102 1 . 3 7 , 2 . 03 
-119 1 . 3 8 , 2 . 03 
-136 1 . 2 5 , 1 . 3 8 , 1 . 4 9 , 2 

- 67 1.38 
- 84 1.37 
-102 1.39 
-112 1.38 
-132 1 .38 
-140 1.39 

1 .38 

- 31 1.13 
- 48 1.22 
- 66 1 .28 
- 84 0. 22 , 1 . 1 7 , 1 . 38 
-102 0. 2 2 , 1 . 1 8 , i—>

 

38 
-119 0. 2 3 , 1 . 1 7 , 1 . 39 
-136 0 . 2 2 , 1 . 1 7 , i—

* 38 

- 66 1 .10 
- 84 0 . 2 2 , 1 . 17 
-102 0 . 2 4 , 1 . 18 
-119 0 . 2 2 , 1 . 17 
-136 0 . 3 3 , 1 . 18 

1 . 0 2 : 1 . 0 0 : 1 . 9 1 

0 . 7 5 - 31 1.13 0 . 7 1 : 1 . 0 0 : 1 . 6 8 

0 . 5 0 - 66 1 .10 0 . 5 1 : 1 . 0 0 : 1 . 4 7 

a PPM u p f i e l d from TMS. 

T y p i c a l e r r o r s in t h e c h e m i c a l s h i f t and t e m p e r a t u r e w e r e ± 0 . 0 2 ppm and± 5 ° . 
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~ ( C H 3 L i ) 4 + ~ ( L i C u ( C H 3 ) 2 ) 2 <± L i 2 C u ( C H 3 ) 3 ( 4 ) 

w e r e e s s e n t i a l l y t h e same. For e x a m p l e , t h e e q u i l i b r i u m c o n s t a n t a t 

-136° a t a CH 3 Li/CH 3 Cu r a t i o of 1 .53 was 0 . 3 6 . At a r a t i o of 1 .97 a t t h e 

same t e m p e r a t u r e , t h e e q u i l i b r i u m c o n s t a n t was a g a i n 0 . 3 6 . I n a d d i t i o n 

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

d i f f e r e n t t e m p e r a t u r e s and p l o t t e d a s InK v s l / T , a s t r a i g h t l i n e was o b ­

t a i n e d ( s e e F i g u r e 3 and l a t e r d i s c u s s i o n ) . I f any e q u i l i b r i u m m i x t u r e 

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

e q u i l i b r i u m c o n s t a n t s do n o t have t h e c o n s i s t e n c y a s t h o s e a b o v e . T h i s 

l e a d s u s t o c o n c l u d e t h a t t h e s i g n a l s a t - 1 . 2 5 6 and - 1 . 4 9 6 must be due t o 

L i 2 C u ( C H 3 ) 3 » I n c r e a s i n g t h e CH 3 Li:CH 3 Cu r a t i o above two d i d n o t r e s u l t i n 

t h e a p p e a r a n c e of any new s i g n a l s . 

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

i n g from t h e p r e s e n c e of L i l . The "'"H NMR s p e c t r a i n THF a t - 9 8 ° , h o w e v e r , 

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

p r e s e n c e of t h e same t h r e e a t e c o m p l e x e s . These same s i g n a l s were o b ­

s e r v e d b o t h w i t h and w i t h o u t t h e p r e s e n c e of L i l . T h e r e f o r e , t h e p r e s e n c e 

of L i l i n b o t h d i m e t h y l e t h e r and THF h a s no i n f l u e n c e on complexes formed 

between CH 3 Li and L i C u ( C H 3 ) 2 . 

The c h e m i c a l s h i f t s o b s e r v e d u p f i e l d from IMS i n t e t r a h y d r o f u r a n 

s o l v e n t a t v a r i o u s t e m p e r a t u r e s a r e g i v e n i n T a b l e 2 . When t h e r a t i o of 

CH 3 Li:CH 3 Cu was 0 . 5 1 , two s i g n a l s , which a l w a y s i n t e g r a t e d i n a r a t i o of 

1 : 2 , were o b s e r v e d a t - 0 . 2 4 6 and - 1 . 2 4 6 . These s i g n a l s c o r r e s p o n d v e r y 

a d d i t i o n , t h a t Li2Cu(CH3)3 i s monomeric i n THF. S i n c e d i m e t h y l e t h e r i s 
s i m i l a r in many r e s p e c t s t o THF, one would e x p e c t CH3Li, LiCu(CH3)2, and 
Li2Cu(CH3)3 t o h a v e t h e same a s s o c i a t i o n i n d i m e t h y l e t h e r a s i n THF. 



T a b l e 2 . Chemica l S h i f t s f o r t h e System Cn^Li-CH^Cu i n T e t r a h y d r o f u r a n 

A p p r o x i m a t e T e m p e r a t u r e 6 ' (PPM) A n a l y s i s of t h e S o l u t i o n 

CH 3 Li/CH 3 Cu (°C) L i : Cu : CH 3 

4 4 1 .36 , 1.98 4 . 0 7 : 1 . 0 0 : 4 47 
-19 1 4 3 , 2 . 0 1 
-37 1 . 4 5 , 2 . 0 1 
- 5 1 1 .50 , 2 . 0 1 
-67 1 .50 , 1.99 
-98 1 . 3 7 , 1 .50 , 1 . 6 3 , 2 . 0 1 

3 - 5 1 1 . 4 9 , 1.99 2 . 8 9 : 1 . 0 0 : 3 . 6 2 
-67 1 .50 , 1.98 
-83 1 .50 , 2 .02 
-98 1 . 3 7 , 1 . 5 0 , 1 . 6 2 , 2 .02 

1 -67 1.50 1 . 0 2 : 1 . 0 0 : 2 . 1 2 
-83 1.49 
-98 1.50 

0 . 7 5 -37 1.22 0 . 7 5 : 1 . 0 0 : 1 . 5 5 
- 5 1 1.23 ( b r ) 
-67 1.28 ( s h ) , 1 .45 
-83 0 . 2 5 , 1 .24 , 1.50 
-98 0 . 2 4 , 1 . 2 5 , 1 .51 

0 . 5 0 4 0 .97 0 . 5 1 : 1 . 0 0 : 1 . 5 2 
-19 0 .98 
-37 0 .97 ( b r ) 
- 5 1 1.02 ( s h ) , 1.13 
-67 0 . 2 5 , 1.22 
- 8 3 0 . 2 5 , 1.24 
-98 0 . 2 4 , 1.24 

PPM u p f i e l d from TMS. T y p i c a l e r r o r s i n t h e c h e m i c a l s h i f t and t e m p e r a t u r e were ± 0 , 0 2 ppm and ± 5 ° . 
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c l o s e l y t o t h o s e o b s e r v e d f o r LiCi^(CH^)^ i n d i m e t h y l e t h e r and a r e a s ­

s i g n e d t o t h a t compound. At CH^LirCH^Cu r a t i o s i n t e r m e d i a t e be tween 0 . 5 

and 1 . 0 , t h r e e s i g n a l s were o b s e r v e d a t - 0 . 2 4 6 , - 1 . 2 4 6 , and - 1 . 5 0 6 . The 

s i g n a l a t - 1 . 5 0 6 (due t o Li Cu (CH^^) became more i n t e n s e a s t h e CH^Li: 

CH^Cu r a t i o was i n c r e a s e d from 0 . 5 1 t o 1 .02 and was t h e o n l y s i g n a l o b ­

s e r v e d a t t h e l a t t e r r a t i o . When t h e r a t i o of CH^LirCH^Cu was g r e a t e r 

t h a n o n e , f o u r s i g n a l s w e r e o b s e r v e d a t - 1 . 3 7 6 , - 1 . 5 0 6 , - 1 . 6 3 6 , and - 2 . 0 1 6 . 

The s i g n a l a t - 2 . 0 1 6 was due t o CH^Li. The s i g n a l s a t - 1 . 3 7 6 and - 1 . 6 3 6 , 

which a l w a y s i n t e g r a t e d i n a 1:2 r a t i o , were due t o L i 2 C u ( C H 3 ) 3 , s i n c e 

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

e t h e r . T h i s p o i n t was e s t a b l i s h e d , h o w e v e r , by c a l c u l a t i n g e q u i l i b r i u m 

c o n s t a n t s from t h e i n t e g r a t i o n d a t a f o r s e v e r a l e q u i l i b r i u m m i x t u r e s . The 

s y s t e m , CH^Li, L i C u ( C H 3 ) 2 , L i 2 C u ( C H 3 ) 3 (Eq. 4 ) , y i e l d e d t h e most c o n s i s ­

t e n t e q u i l i b r i u m c o n s t a n t s ; t h e r e f o r e , t h e s i g n a l s a t - 1 . 3 7 6 and - 1 . 6 3 6 

a r e a t t r i b u t e d t o L i 2 C u ( C H 3 ) 3 . 

The c h e m i c a l s h i f t s o b s e r v e d u p f i e l d from TMS i n d i e t h y l e t h e r 

a t v a r i o u s t e m p e r a t u r e s and s e l e c t e d r a t i o s of CH^LirCH^Cu a r e g i v e n 

i n T a b l e 3 . In t h i s s o l v e n t t h e d i r e c t o b s e r v a t i o n of s i g n a l s due t o 

any complexes o t h e r t h a n L i C u ( C H 3 ) 2 was n o t p o s s i b l e . However, i n d i r e c t 

e v i d e n c e can be p r e s e n t e d f o r t h e e x i s t e n c e of t h e complexes L i 2 C u 3 (CH 3 ) 

and L i 2 C u ( C H 3 ) 3 . The a d d i t i o n of CH^Li t o a s l u r r y of CH3Cu in d i e t h y l 

e t h e r y i e l d e d a c l e a r s o l u t i o n when t h e r a t i o of CH 3 Li:CH 3 Cu r e a c h e d 

0 . 6 7 . In b o t h d i m e t h y l e t h e r and THF, t h i s happened when t h e r a t i o was 

0 . 5 0 . S i n c e L i C u 2 ( C H 3 ) 3 was o b s e r v e d i n b o t h of t h e s e s o l v e n t s , t h e 

above o b s e r v a t i o n i n d i c a t e d t h a t L i 2 C u 3 ( C H 3 ) w a s formed i n d i e t h y l 



T a b l e 3 . Chemical S h i f t s f o r t h e System CH^Li-CH^Cu in D i e t h y l E t h e r 

aPPM u p f i e l d from TMS 

^ T y p i c a l e r r o r s i n t h e c h e m i c a l s h i f t and t e m p e r a t u r e were ± 0 .02 ppm and ± 5 ° . 

A p p r o x i m a t e T e m p e r a t u r e ^ 6 a , ^ ( P P M ) A n a l y s i s of t h e S o l u t i o n 

R a t i o CH 3 Li/CH 3 Cu (°C) L i : Cu : CH 3 

3 - 51 1 . 0 9 , 1 .95 2 . 8 0 : 1 . 0 0 : 3 . 8 8 
- 67 1 . 1 3 , 2 . 0 1 
- 83 1 .09 , 1 98 
- 98 1 . 0 9 , 1 .98 

1 - 83 1 09 1 . 0 2 : 1 . 0 0 : 1 96 
- 98 1.10 

0 . 7 5 - 67 0 9 5 2 . 1 8 : 3 . 0 0 : 5 . 0 9 
- 83 0 .99 
- 98 1.03 

0 .50 - 67 0 . 9 3 2 . 2 4 : 3 . 0 0 : 4 . 9 7 
- 83 0 .99 
- 98 0 .94 ( s h ) , 1 .01 
-106 0 .88 ( s h ) , 1.08 
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e t h e r . The a d d i t i o n of CH^Li t o a s l u r r y of CH^Cu in d i e t h y l e t h e r such 

t h a t t h e r a t i o was 1:2 d i d n o t r e s u l t i n a c l e a r s o l u t i o n . An a n a l y s i s 

of t h e s u p e r n a t a n t s o l u t i o n r e s u l t i n g from t h i s m i x t u r e shows t h a t L i , 

Cu, and CH^ were p r e s e n t i n a r a t i o of 2 : 3 : 5 ( s e e T a b l e 3 ) . T h i s a g a i n 

i n d i c a t e s t h a t 2 :3 i s t h e l o w e s t r a t i o of L i / C u t h a t can be o b t a i n e d 

i n a c u p r a t e complex . 

The i n t e g r a t i o n of NMR s p e c t r a r e c o r d e d on d i e t h y l e t h e r s o l u ­

t i o n s where t h e r a t i o of CH^Li.-CH^Cu was g r e a t e r t h a n one a lways showed 

l e s s a r e a u n d e r t h e CH^Li s i g n a l t h a n would have been e x p e c t e d b a s e d on 

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

t h e f o r m a t i o n of a complex be tween CH^Li and L i C u ^ H ^ ^ - U s i n g t h e 

i n t e g r a t i o n d a t a , e q u i l i b r i u m c o n s t a n t s were c a l c u l a t e d f o r s e v e r a l 

m i x t u r e s which c o n t a i n e d CH^Li, L i C u ^ H ^ ^ , and complexes be tween t h e s e 

two r e a g e n t s . The e q u i l i b r i u m shown in E q u a t i o n 4 y i e l d e d t h e most 

c o n s i s t e n t s e t of e q u i l i b r i u m c o n s t a n t s . T h i s r e s u l t i n d i c a t e d t h a t 

t h e complex be tween CH^Li and L i C u ( C H 3 > 2 was L i 2 C u ( C H 3 > 3 . 

The c h e m i c a l s h i f t s o b s e r v e d u p f i e l d from TMS i n d i e t h y l e t h e r 

when t h e l i g a n d P ( n - B u ) 3 i s p r e s e n t a r e g i v e n i n T a b l e 4 . For t h i s 

s y s t e m , s i g n a l s due t o L i C u ( C H 3 ) 2 and Li^Cu^R^) ^ w e r e o b s e r v e d d i r e c t l y . 

However i n d i r e c t e v i d e n c e can be p r e s e n t e d f o r t h e e x i s t e n c e of t h e 

complex L i C u ^ C H ^ ) ^ . The a d d i t i o n of CH^Li t o a s o l u t i o n of C u C l • P ( n - B u ) ^ 

y i e l d e d s l u r r i e s of CH^Cu u n t i l t h e r a t i o of CH 3 Li:CuCl r e a c h e d 1 .50 . 

At t h a t p o i n t a l l t h e CH-̂ Cu d i s s o l v e d and o n l y a s l u r r y of L iCl r e m a i n e d . 

T h i s r e s u l t i n d i c a t e d t h a t t h e complex L U ^ ^ H ^ ) ^ was formed. E v i ­

d e n t l y , t h e p r e s e n c e of P ( n - B u ) ^ f a v o r s t h e f o r m a t i o n of L i C u ^ C H ^ ^ 



T a b l e 4 . Chemical S h i f t s for t h e System C H 3 L i - C H 3 C u - P ( n - B u ) 3 i n D i e t h y l E t h e r 

0 . 7 5 

0 . 5 0 

- 51 1 . 1 3 , 1.97 4. ,06: i—
* ,00: :4. .87 

- 67 1. , 10 , 1 . 2 3 , 1 .98 
- 83 1. . 10 , 1 . 2 5 , 1. ,96 
- 98 1. 09 , 1 24 , 1. .98 

- 36 1 . 1 1 , 1.97 2, ,04: : 1 . ,00: :2. ,86 
- 51 1 . 1 2 , 1.97 
- 67 1. , 10 , 1 . 2 5 , 1, .98 
- 83 1. , 1 1 , 1 . 24 , 1. .99 
- 98 1 10, 1. 24 , 1 .98 

- 67 1 . 11 1. ,02: : 1 . ,00: : 1 . ,91 
- 83 1 . 09 
- 98 1 . 10 

- 5 1 0. 85 1. ,97: :3 . ,00; :4. ,87 
- 67 0. 85 
- 83 0. 85 
- 98 0 . 85 

- 51 0. 69 0. .98: :2, .00: :2. .86 
- 67 0. 68 
- 83 0. 69 
- 98 0. 68 
-106 0. 69 

PPM u p f i e l d from TMS. T y p i c a l e r r o r s i n t h e c h e m i c a l s h i f t and t e m p e r a t u r e were ± 0 . 0 2 ppm 
and ± 5 ° . 

A p p r o x i m a t e T e m p e r a t u r e b 6 a , b ( P P M ) A n a l y s i s of t h e S o l u t i o n 

R a t i o CH 3 Li/CH 3 Cu (°C) L i : Cu : CH3 



241 

o v e r Li^Cu^iCU^) ^ in d i e t h y l e t h e r . When t h e r a t i o of CH^LiiCuCl was 

g r e a t e r t h a n two , t h r e e s i g n a l s were o b s e r v e d a t - 1 . 1 0 6 , - 1 . 2 4 6 , and 

- 1 . 9 7 6 . The s i g n a l s a t - 1 . 1 0 6 and - 1 . 9 7 6 were due t o L i C u ( C H 3 ) 2 and 

CH^Li. The s i g n a l a t - 1 . 2 4 6 was due t o L i 2 C u ( C H 3 ) 3 . T h i s p o i n t was 

e s t a b l i s h e d i n t h e same way a s was done i n t h e t h r e e p r e v i o u s c a s e s . 

The c u p r a t e complexes t h a t e x i s t i n t h e t h r e e s o l v e n t s s t u d i e d 

h e r e a r e l i s t e d i n T a b l e 5 . In d i m e t h y l e t h e r and THF, t h e NMR d a t a 

s u g g e s t t h a t t h e r e a c t i o n s a s shown in Eq. 5-7 a r e t a k i n g p l a c e . 

R e a c t i o n s 5 and 6 p r o c e e d e s s e n t i a l l y t o c o m p l e t i o n , w h e r e a s r e a c t i o n 7 

i s an e q u i l i b r i u m between CH^Li, L i C u ( C H 3 ) 2 , and L i 2 C u ( C H 3 ) 3 . I n d i e t h y l 

e t h e r a l o n e , t h e r e a c t i o n s a r e shown i n Eq. 8 - 1 0 . R e a c t i o n s 8 and 9 p r o ­

ceed e s s e n t i a l l y t o c o m p l e t i o n w h e r e a s r e a c t i o n 10 i s an e q u i l i b r i u m . 

CH 3 Li + 2 CH3Cu ~>LiCu 2 ( C H O ­ C ' S ) 

CH 3 Li + L i C u 2 ( C H 3 ) 3 -»2 L i C u ( C H 3 ) 2 (6 ) 

K 
CH 3 Li + L i C u ( C H 3 ) 2 «->Li 2Cu(CH 3) (7) 

2 CH 3 Li + 3 CH3Cu - » L i 2 C u 3 ( C H 3 > (8 ) 

(9) 

K 
CH 3 Li + L i C u ( C H 3 ) 2 ^ L i 2 C u ( C H 3 > 3 (10) 
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T a b l e 5 . C u p r a t e Complexes T h a t E x i s t in V a r i o u s E t h e r S o l v e n t s 

Dimethy l E t h e r 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 

W i t h o u t P ( n - B u ) 3 With P ( n - B u ) 3 

L i C u 2 ( C H 3 ) 3 L i C u 2 ( C H 3 ) 3 L i 2 C u 3 ( C H 3 ) 5 L i C u 2 ( C H 3 ) 3 

L i C u ( C H 3 ) 2 L i C u ( C H 3 ) 2 L i C u ( C H 3 > 2 L i C u ( C H 3 > 2 

L i 2 C u ( C H 3 ) 3 L i 2 C u ( C H 3 ) 3 L i 2 C u ( C H 3 > 3 L i 2 C u ( C H 3 > 3 
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A l l f o u r s y s t e m s y i e l d L i 2 C u ( C H 3 ) 3 when t h e r a t i o CH^LirCH^Cu i s g r e a t e r 

t h a n o n e ; and t h e y a l l y i e l d L i C u ( C H 3 ) 2 when t h e r a t i o i s o n e . When t h e 

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

P ( n - B u ) 3 y i e l d L i C u 2 ( C H 3 ) 3 . 

Us ing t h e NMR i n t e g r a t i o n d a t a f o r t h e above s y s t e m s , e q u i l i b r i u m 

c o n s t a n t s can be c a l c u l a t e d f o r r e a c t i o n 4 . The e q u i l i b r i u m c o n s t a n t s a t 

v a r i o u s t e m p e r a t u r e s f o r t h e s e s y s t e m s a r e l i s t e d i n T a b l e 6 . P l o t s of 

InK a s a f u n c t i o n of l / T f o r t h e s e s y s t e m s a r e shown i n F i g u r e s 2 and 3 . 

I t can be seen t h a t t h e s e p l o t s g i v e r i s e t o s t r a i g h t l i n e s , from which 

t h e thermodynamic p a r a m e t e r s AH and AS can be c a l c u l a t e d ( T a b l e 6 ) . I t 

i s r e a d i l y seen t h a t b o t h AH and AS d e c r e a s e from p o s i t i v e t o n e g a t i v e 

v a l u e s a s t h e s o l v e n t i s changed from d i e t h y l e t h e r t o d i m e t h y l e t h e r t o 

THF. T h i s o r d e r of s o l v e n t s a l s o r e f l e c t s i n c r e a s i n g b a s i c i t y . So i t 

i s s e e n , t h e n , t h a t AH and AS d e c r e a s e a s t h e b a s i c i t y of t h e s o l v e n t i s 

i n c r e a s e d a s would be e x p e c t e d from i n c r e a s e d s p e c i f i c s o l v a t i o n . 

E b u l l i o s c o p i c 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 h a v e been c a r r i e d o u t 

on t h e s y s t e m s CH 3 Li-CH 3 Cu i n THF, CH 3 Li-CH 3 Cu i n d i e t h y l e t h e r , and 

C H 3 L i - C H 3 C u * P ( n - B u ) 3 i n d i e t h y l e t h e r . The r e s u l t s of t h e s e s t u d i e s a r e 

shown i n F i g u r e s 4 - 6 . For L i C u ( C H 3 ) 2 i n THF, t h e a s s o c i a t i o n v a l u e s 

v a r i e d from 1 . 8 1 - 1 . 9 1 o v e r a c o n c e n t r a t i o n r a n g e of 0 . 0 7 1 - 0 . 1 4 2 M. These 

r e s u l t s i n d i c a t e t h a t L i C u ( C H 3 > 2 i s d i m e r i c in THF. For L i C u 2 ( C H 3 > 3 t h e 

a s s o c i a t i o n v a l u e s v a r i e d from 1 . 8 3 - 2 . 1 1 o v e r a c o n c e n t r a t i o n r a n g e of 

0 . 0 6 5 - 0 . 0 9 4 M, i n d i c a t i n g t h a t L i C u 2 ( C H 3 ) 3 i s a l s o d i m e r i c i n THF. I n 

o r d e r t o d e t e r m i n e t h e a s s o c i a t i o n of L i 2 C u ( C H 3 > 3 , an a p p r o x i m a t e l y 3 : 1 

m i x t u r e of CH 3 Li and CH3Cu was p r e p a r e d . T h i s m i x t u r e of CH 3 Li and CH3Cu 
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T a b l e 6 . E q u i l i b r i u m C o n s t a n t s and Thermodynamic P a r a m e t e r s f o r 

t h e R e a c t i o n —(CH^Li)^ + ~ ( L i C u ( C H 3 ) 2 ) 2 

K 
*•* L i 2 C u ( C H 3 ) 3 

System T e m p e r a t u r e K 
a 

AH° 
b 

AS° 

CH 3 Li-CH 3 Cu - 38 2 . 2 5 .9 27 

( E t 2 0 ) - 51 0 . 7 6 

- 67 0 . 3 2 

- 83 0 . 1 9 

- 98 0 . 0 2 

CH 3 Li-CH 3 Cu»P(n-Bu) 3 - 51 1.8 3 . 3 16 

( E t 2 0 ) - 67 0 . 7 7 

- 83 0 . 5 3 

- 98 0 . 2 2 

-106 0 . 1 2 

CH 3 Li-CH 3 Cu - 5 0 . 1 2 - 1 .2 - 8 . 6 

(THF) - 19 0 . 1 3 

- 36 0 . 1 7 

- 51 0 . 2 2 

67 0 . 1 9 

- 83 0 . 2 7 

- 98 0 . 4 2 

CH 3 Li-CH 3 Cu - 84 0 . 2 7 - 0 . 2 5 - 3 .9 

(Me 2 0) -102 0 . 3 0 

-119 0 . 3 0 

-136 0 . 3 6 

a / K c a l / m o l e 
b C a l / ° K - m o l e 
c o T y p i c a l e r r o r l i m i t was ± 5 . 



F i g u r e 2 . P l o t of InK v e r s u s 1/T f o r t h e R e a c t i o n l / 4 ( C H 3 L i ) 4 + l / 2 ( L i C u ( C H 3 ) 2 ) 2 a] u ( C H 3 ) 3 in t h e S y s t e m s : ^ V l H 3 L i - C H 3 C u in D i e t h y l E t h e r , 
C H 3 L i - C H 3 C u - P ( n - B u ) 3 in D i e t h y l E t h e r 

N5 



3 1 5 1 r 

\n nr1) x io3 

F i g u r e 3. P l o t o f I n K v e r s u s l / T f o r t h e R e a c t i o n l / 4 ( C H 3 L i ) A + l / 2 ( L i C u ( C H 3 ) 2 ) 2 
L i 2 C u ( C H 3 ) 3 i n t h e S y s t e m s : Q C H 3 L i - C H 3 C u i n T H F , J _ J C H 3 L i - C H 3 C u i n D i m e t h y l E t h e r 
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g u r e 4 . M o l e c u l a r A s s o c i a t i o n Data f o r t h e System CH 3 Li-CH 3 Cu i n THF 
CH 3 Li / CH 3 Cu: 0 2 . 8 9 , 0 1 . 0 2 , A 0 - 5 2 

- - R a t i o 
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Concentration (M) 

F i g u r e 5 . M o l e c u l a r A s s o c i a t i o n D a t a f o r t h e System CI^Li-Cl^Cu i n D i e t h y l E t h e r — 
K a t i o CH 3 Li /CH 3 Cu: Q 2 . 9 1 , Q l . 0 4 , / \ p . 6 8 



3 1 

o Q o p A 
—A—AAA 

0.05 0.10 0.15 0.20 0.25 

Concentration (M) 

F i g u r e 6 . M o l e c u l a r A s s o c i a t i o n D a t a f o r t h e System CI^Li-CHoCu'PCn-Bu)o i n D i e t h y l 
E t h e r - - R a t i o CH^Li/CH^Cu:] [ 2 . 9 3 , Ql.02, / \ 0 . 5 2 
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y i e l d e d a s s o c i a t i o n v a l u e s which v a r i e d from 2 . 8 5 - 2 . 9 0 o v e r t h e c o n c e n ­

t r a t i o n r a n g e 0 . 1 0 2 - 0 . 1 7 5 M ( c o n c e n t r a t i o n of l i t h i u m ) . Us ing t h e e q u i ­

l i b r i u m d a t a from T a b l e 6 , t h e amounts of CH^Li, L i C u ( C H 3 ) 2 , and L i 2 C u -

(CH^)^ p r e s e n t i n t h e m i x t u r e can be c a l c u l a t e d . With t h e s e d a t a , two 

a s s o c i a t i o n v a l u e s were c a l c u l a t e d - - o n e a s s u m i n g t h a t L i ^ C u ^ H ^ ) ^ was a 

monomer, t h e o t h e r a s s u m i n g i t was a d i m e r . The c a l c u l a t e d a s s o c i a t i o n 

v a l u e , a s s u m i n g I / L ^ C U ^ H ^ ) ^ a s a monomer, was 2 . 8 4 . Assuming L i 2 C u ( C H 3 ) 3 

a s a d i m e r , t h i s becomes 3 . 1 2 . The d a t a a r e more c o n s i s t e n t w i t h Li^Cu-

(CH^)^ a s a monomer. 

For L i C u ( C H ^ ^ i n d i e t h y l e t h e r , t h e a s s o c i a t i o n v a l u e s v a r i e d from 

1 . 7 8 - 1 . 9 0 o v e r a c o n c e n t r a t i o n r a n g e of 0 . 0 8 6 - 0 . 1 7 2 M, i n d i c a t i n g t h a t 

L i C u ( C H 3 ) 2 i s d i m e r i c i n t h i s s o l v e n t . For I ^ C u ^ C H ^ ) t h e a s s o c i a t i o n 

v a l u e s v a r i e d from 1 . 0 4 - 0 . 9 6 o v e r a c o n c e n t r a t i o n r a n g e of 0 . 0 4 7 - 0 . 0 9 3 M, 

i n d i c a t i n g t h a t I ^ C u ^ C H ^ ) i s monomer ic . A 3 : 1 m i x t u r e of CH^Li a n a * 

and CH^Cu gave a s s o c i a t i o n v a l u e s which v a r i e d from 2 . 4 4 - 2 . 2 9 o v e r t h e 

c o n c e n t r a t i o n r a n g e 0 . 1 0 7 - 0 . 2 1 4 M ( c o n c e n t r a t i o n of l i t h i u m ) . A g a i n , by 

u s i n g t h e e q u i l i b r i u m d a t a i n T a b l e 6 , i t i s p o s s i b l e t o c a l c u l a t e t h e 

amounts of C H 3 L i , L i C u ( C H 3 ) 2 , and L i 2 C u ( C H 3 ) 3 p r e s e n t . With t h e s e d a t a 

two a s s o c i a t i o n v a l u e s w e r e c a l c u l a t e d — a g a i n one f o r monomer and one f o r 

d imer L i 2 C u ( C H 3 ) 3 . The c a l c u l a t e d a s s o c i a t i o n v a l u e b a s e d on monomer was 

2 . 3 7 . Based on d i m e r t h e a s s o c i a t i o n was 4 . 0 0 . The a s s i g n m e n t of L i 2 C u -

( C H 3 ) 3 a s a monomer i s more c o n s i s t e n t w i t h t h e d a t a . 

S o l u t i o n s of L i C u ( C H 3 ) 2 p r e p a r e d by r e a c t i n g CH 3 Li w i t h CuCl»P-

( n - B u ) 3 i n d i e t h y l e t h e r gave a s s o c i a t i o n v a l u e s v a r y i n g from 0 . 6 3 - 0 . 7 1 

o v e r t h e c o n c e n t r a t i o n r a n g e 0 . 0 4 3 - 0 . 0 8 7 M. I f i t i s assumed t h a t a 

m i x t u r e of d i m e r i c L i C u ( C H 3 ) 2 and f r e e u n c o o r d i n a t e d P(n-Bu)^ i s p r e s e n t , 
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t h e n an a s s o c i a t i o n v a l u e of 0 . 6 7 can be c a l c u l a t e d . T h i s v a l u e a g r e e s 

v e r y w e l l w i t h t h e d a t a . S o l u t i o n s of L i C u 2 ( C H 3 ) 3 gave a s s o c i a t i o n v a l u e s 

v a r y i n g from 0 . 4 9 - 0 . 5 3 o v e r t h e c o n c e n t r a t i o n r a n g e 0 . 0 5 0 - 0 . 0 9 9 M. A 

m i x t u r e of monomeric LiCu^CCH^)^ w i t h an e q u i v a l e n t of P ( n - B u ) 3 c o o r d i ­

n a t e d and a n o t h e r e q u i v a l e n t of P ( n - B u ) ^ u n c o o r d i n a t e d g i v e s a c a l c u l a t e d 

a s s o c i a t i o n v a l u e of 0 . 5 0 , which a g r e e s v e r y w e l l w i t h t h e o b s e r v e d v a l u e s 

A s o l u t i o n p r e p a r e d by r e a c t i n g CH^Li w i t h C u C l ' P ( n - B u ) 3 in 4 : 1 r a t i o 

gave a s s o c i a t i o n v a l u e s v a r y i n g from 2 . 3 5 - 2 . 4 2 o v e r t h e c o n c e n t r a t i o n 

r a n g e 0 . 0 7 5 - 0 . 1 4 9 ( c o n c e n t r a t i o n of l i t h i u m ) . I f i t i s assumed t h a t 

la^CuCCH^)^ i s p r e s e n t a s a monomer w i t h t h e P ( n - B u ) ^ c o o r d i n a t e d t o i t , 

t h e n , w i t h t h e a i d of t h e e q u i l i b r i u m d a t a i n T a b l e 6 , an a s s o c i a t i o n 

v a l u e of 2 .38 can be c a l c u l a t e d . T h i s a g r e e s v e r y w e l l w i t h t h e e x p e r i ­

m e n t a l l y d e t e r m i n e d v a l u e s . 

In d i e t h y l e t h e r , when P ( n - B u ) ^ i s p r e s e n t , t h e NMR and m o l e c u l a r 

a s s o c i a t i o n d a t a s u g g e s t t h a t t h e r e a c t i o n s r e p r e s e n t e d by Eq. 11 -13 

o c c u r . 

3CH 3 Li + 2 C u C l - P ( n - B u ) 3 -* L i C u 2 ( C H 3 ) •P (n -Bu) + P ( n - B u ) 3 + 2LiCl (11) 

CH 3 Li + L i C u 2 ( C H 3 ) 3 . P ( n - B u ) 3 + P ( n - B u ) 3 -> [ L i C u ( C H 3 ) £ ] £ + 2 P ( n - B u ) 3 (12) 

CH 3 Li + L i C u ( C H 3 ) 2 + P ( n - B u ) 3 -> L i 2 C u ( C H 3 ) 3 « P ( n - B u ) 3 (13) 

S o l u t i o n s c o n t a i n i n g L i C u ( C H 3 ) 2 and CH 3 Li in d i e t h y l e t h e r e x h i b i t 

r a p i d e x c h a n g e a t room t e m p e r a t u r e . On l o w e r i n g t h e t e m p e r a t u r e t h e 
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s l o w - e x c h a n g e l i m i t i s r e a c h e d b e f o r e - 5 0 ° . Some r e p r e s e n t a t i v e s p e c t r a 

a r e shown i n F i g u r e 7 . The r e s u l t s f o r t h i s s y s t e m can be e x p l a i n e d i n 

t e r m s of t h e mechanism shown i n Scheme I . 

SCHEME I 

( C H 3 L i ) 4 €

 1 » 2 ( C H 3 L i ) 2 (14) 
k - l 

T D 

( C H 3 L i ) 2 + ( L i C u ( C H 3 ) 2 ) 2 — ( L i C u ( C H 3 ) 2 ) 2 + ( C H 3 U ) 2 (15) 

D C C* C 
k" 

( C H 3 L i ) 2 + L i 2 C u ( C H 3 ) 3 — - — L i 2 C u ( C H 3 ) 3 + ( C H 3 L i ) 2 (16) 

I t i s n o t p o s s i b l e t o d e t e r m i n e d i r e c t l y w h e t h e r b o t h 15 and 16 a r e o p e r ­

a t i v e . I t seems r e a s o n a b l e , h o w e v e r , t h a t k '̂ s h o u l d be s m a l l e r t h a n k 2 , 

s i n c e a c o n c e r t e d exchange p r o c e s s (Eq. 17) can be v i s u a l i z e d f o r 1 5 , b u t 

n o t f o r 16 . T h i s r e s u l t means t h a t k 2 » k 2 , an a s s u m p t i o n t h a t w i l l be 

employed i n d e r i v i n g t h e k i n e t i c e x p r e s s i o n s t o f o l l o w . 

( C H 3 U ) 2 + L i 2 C u 2 ( C H 3 ) 4 -» L i 4 C u 2 ( C H 3 ) 4 ( C H 3 ) 2 -> (17) 

L i 2 C u 2 ( C H 3 ) 2 ( C H 3 ) 2 + ( C H 3 L i ) 2 

The f a c t t h a t p e a k s due t o b o t h L i C u ( C H 3 ) 2 and L i 2 C u ( C H 3 ) 3 do n o t s e p a r ­

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

between t h e two c o m p l e x e s . 



F i g u r e 7 . R e p r e s e n t a t i v e H S p e c t r a of t h e CHgLi -L iCuCCI^^ 
System i n D i e t h y l E t h e r 
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A d o p t i n g a s t e a d y - s t a t e a s s u m p t i o n f o r ( D ) , t h e f o l l o w i n g e q u a t i o n s 

a r e a p p l i c a b l e t o "'"H e x c h a n g e . 

^ = 2 k ^ T ) - 2 k ^ C D ) 2 - k 2 ( C ) ( D ) = 0 

2 k ^ T ) 
( D ) = 2 k 4 ( D ) + k 2 ( C ) 

d t = k

2

( C ) ( D ) = 2 k 4 ( D ) + k 2 ( C ) 

I f 2 k _ 1 ( D ) « k 2 ( C ) 

^ ! i = 2 k l ( T ) 

^ c = ? 75) ^ = I * 1 T/C (18) 

i / t = ± J L . 4 f f i ! l = I K ( 1 9 ) 
i / T T 4 (T) d t 2 K l 

T h i s m e c h a n i s m , i n which d i s s o c i a t i o n of m e t h y l l i t h i u m t e t r a m e r 

i s r a t e d e t e r m i n i n g , r e q u i r e s t h a t t h e m e t h y l l i t h i u m l i n e w i d t h s h o u l d be 

i n d e p e n d e n t of c o n c e n t r a t i o n and t h e i n c r e a s e i n c u p r a t e complex l i n e 

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

r a t i o . 

A number of s a m p l e s w i t h v a r y i n g [ ( C R ^ L i ) ^ ] / [ ( L i C u ( C H 3 ) 2 ) 2 ] r a t i o s 

was examined a t a s i n g l e t e m p e r a t u r e i n t h e s l o w - e x c h a n g e r e g i o n . Samples 

w i t h ( C H 3 L i ) 4 / ( L i C u ( C H 3 ) 2 ) 2 r a t i o s from 0 .250 t o 1.000 were s t u d i e d a t 
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- 5 1 , a t e m p e r a t u r e a t which t h e s l o w - e x c h a n g e a p p r o x i m a t i o n i s r e a s o n ­

a b l e . A c c o r d i n g t o Eq. 18 and 19 , 1 / T , J , s h o u l d be i n v a r i a n t t o t h e r a t i o , 

w h e r e a s I / T ^ - , s h o u l d i n c r e a s e l i n e a r l y w i t h i n c r e a s i n g r a t i o w h i l e h a v i n g 

a s l o p e of l / 2 k - . The e x p e r i m e n t a l d a t a f o r 1 / T p and 1/T™ a r e g i v e n i n 

i L i J . 

T a b l e 7 f o r s o l u t i o n s i n d i e t h y l e t h e r , b o t h w i t h and w i t h o u t PCn-Bu)^. 

For s o l u t i o n s c o n t a i n i n g P ( n - B u ) 3 > 1 / T ^ i s p l o t t e d a s a f u n c t i o n of t h e 

r a t i o T/C i n F i g u r e 8 . The l i n e which b e s t accommodates t h e d a t a p a s s e s 

t h r o u g h t h e o r i g i n and h a s a s l o p e o f 1 5 . A v e r y good f i t t o Eq. 18 i s 

o b t a i n e d . C o n s i d e r a t i o n of t h e d a t a i n T a b l e 7 shows t h a t I / T ^ , i s i n d e ­

p e n d e n t of t h e r a t i o T/C w i t h an a v e r a g e v a l u e of 1 3 . T h i s v a l u e m a t c h e s 

t h e s l o p e of t h e l i n e i n F i g u r e 8 r e m a r k a b l y w e l l , a s Eq. 18 and 19 p r e ­

d i c t . These d a t a t h e n c o n f i r m t h a t t h e mechanism of e x c h a n g e between 

CH^Li and L i C u ( C H ^ ^ i s r a t e l i m i t e d by d i s s o c i a t i o n of t h e m e t h y l l i t h i u m 

t e t r a m e r . 

For d i e t h y l e t h e r s o l u t i o n s , w i t h o u t P ( n - B u ) 3 > t h e l i n e which b e s t 

f i t s t h e d a t a , when 1 / T c i s p l o t t e d a s a f u n c t i o n of T / C , and p a s s e s 

t h r o u g h t h e o r i g i n h a s a s l o p e of 22 . As t h e d a t a i n T a b l e 7 show, I / T ^ 

i s a g a i n r e a s o n a b l y i n d e p e n d e n t of t h e r a t i o T/C and h a s an a v e r a g e v a l u e 

of 12 . These v a l u e s a r e i n r e a s o n a b l e a g r e e m e n t w i t h t h o s e o b t a i n e d on 

s o l u t i o n s c o n t a i n i n g P ( n - B u ) 3 in v i ew of t h e e x p e r i m e n t a l d i f f i c u l t i e s 

e n c o u n t e r e d when t r y i n g t o o b t a i n a c c u r a t e and r e p r o d u c i b l e low t e m p e r a ­

t u r e l i n e s h a p e d a t a . 

An a t t e m p t was made a t o b t a i n i n g a c t i v a t i o n p a r a m e t e r s f o r t h e 

exchange between CH^Li and LiCuCCH^^ by s t u d y i n g s a m p l e s w i t h a c o n s t a n t 

r a t i o of CH^Li /L iCuCCH.^ o v e r a wide t e m p e r a t u r e r a n g e . The d a t a o b ­

t a i n e d , h o w e v e r , were n o t s u f f i c i e n t l y a c c u r a t e t o make t h e t y p e of 



20 

[(CH3Li)4]/(LiCu(CH3)2)2 

F i g u r e 8 . 1 / T c f o r t h e 1 H S p e c t r a of t h e System C H o L i - C H 3 C u « P ( n - B u ) 3 i n D i e t h y l 
E t h e r a t - 5 1 ° a s a F u n c t i o n of [ C H o L i ) , ] / [ ( L i C u ( C H o ) 9 ) 9 ] 
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T a b l e 7 . C o n c e n t r a t i o n Dependences of t h e R e c i p r o c a l Mean 
Exchange Times f o r Exchange in t h e CT^Li-
L i C u ( C H 3 ) 2 System a t - 5 1 ° i n D i e t h y l E t h e r 

[ ( C H 3 L i ) 4 ] / [ ( L i C u ( C H 3 ) 2 ) 2 ] a l / T ( C H ^ i ) ^ l / T (LiCu(CH 3 ) 2 ) ^ 

With P ( n - B u ) 3 

0 . 2 5 0 15 4 

0 . 5 0 8 14 7 

0 . 7 6 5 11 12 

1 .003 12 14 

W i t h o u t P ( n - B u ) 3 

0 . 3 6 2 14 9 

0 . 7 6 7 12 17 

0 . 7 9 9 11 16 

T y p i c a l e r r o r l i m i t s on t h e c o n c e n t r a t i o n r a t i o s and mean 
l i f e t i m e s were ± 0 . 0 0 5 and ± 3 . 
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a n a l y s i s n e c e s s a r y p o s s i b l e . 

R e c e n t l y , i t was r e p o r t e d t h a t a m i x t u r e of CH^Li and LiCuCCH^^ 

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 (94% 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 of 4 - t e r t - b u t y l c y c l o h e x a n o n e compared t o r e a c t i o n of CH^Li 

3 ! 

o r LiCuCCH^)^ a l o n e . I t was 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 I^CuCCH^) ^ o r Li^CuCCH^)^" was formed 

when GH^Li and LiCuCCH^^ a r e a l l o w e d t o r e a c t and t h a t r e a c t i o n of 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 would 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 . E v i d e n c e 

h a s been found w h i c h s u g g e s t s 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 a r i s e s 

by t h e r e a c t i o n of CH^Li w i t h a k e t o n e complex of LiCuCCH^^ and t h a t 

s i m i l a r s t e r e o s e l e c t i v i t y 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 can be o b t a i n e d 

by t h e r e a c t i o n of CH^Li i n t h e p r e s e n c e of o t h e r l i t h i u m s a l t s , e . g . , 
L i C I O , . 4 

The CH^Li-LiCuCCH^)^ 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 ­

he xanone was p r e p a r e d by r e a c t i n g CH^Li w i t h Cul i n an 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 such 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 ' , ^ , Ch' .Li , and L i l . The r e a c t i o n of any one of t h e s e 

compounds 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 can 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) CH^Li r e a c t s w i t h LiCuCCH^^ t o 
3 

form a complex which t h e n r e a c t s w i t h t h e k e t o n e . (2) CH^Li r e a c t s w i t h 

L i l t o form a complex (a r e a c t i o n known t o p r o d u c e L i ^ C C H ^ ) ^ I ) ^ which 

t h e n r e a c t s w i t h t h e k e t o n e . (3) LiCuCCH^),, and L i l r e a c t t o form a com­

p l e x which t h e n r e a c t s w i t h t h e k e t o n e . (4) One of 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 form a complex f o l l o w e d by r e a c t i o n of t h e 
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complexed c a r b o n y l compound w i t h CH^Li. 

Low t e m p e r a t u r e ''"H NMR e v i d e n c e f o r t h e e x i s t e n c e of L i 2 C u ( C H 3 ) 3 

i n a m i x t u r e of CH^Li and LiCu(CR̂)2 ̂ U
 a * - m e t h y l e f c h e r , t e t r a h y d r o f u r a n , 

and d i e t h y l e t h e r s o l v e n t s was d i s c u s s e d e a r l i e r . No e v i d e n c e was found 

t o i n d i c a t e t h e p r e s e n c e of any h i g h e r o r d e r c o m p l e x e s , such a s Li^Cu-

(CH^)^. The r e a c t i o n C H ^ L i - L i C u ^ H ^ ) 2 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 any 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 compared t o CH^Li 

a l o n e ( T a b l e 8 ) . S i n c e we have d e t e r m i n e d t h a t 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 and THF and i s monomeric 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 would 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 w h i l e i n THF no t r a c e of 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 , one 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 due t o t h e r e a c t i o n of 

L i 2 C u ( C H 3 ) 3 w i t h t h e k e t o n e . 

The h y p o t h e s i s t h a t L i 2 ^ ( 0 ^ 3 ) 3 , when p r e s e n t i n a m i x t u r e of 
CH^Li and L i C u ( C H 3 ) 2 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 " 3 i s q u e s t i o n a b l e . 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 (0113)3 i s monomeric in d i e t h y l e t h e r and THF, w h e r e a s C ^ L i i s t e t r a -
m e r i c 2 and L i C u ( C H 3 ) 2 i s d i m e r i c . 1 3 As a monomer, L i 2 ^ ( 0 1 3 ) 3 s h o u l d n o t 
be c o n s i d e r e d more b u l k y t h a n a t e t r a m e r i c m o l e c u l e such a s CH3LL R e a c ­
t i o n s of L i 2 C u ( ( ^ 3 ) 3 , L i C u ( C H 3 ) 2 , and L i C u 2 ( C H 3 ) 3 i n b o t h d i e t h y l e t h e r 
and THF w i t h s e l e c t e d e n o n e s 8 i n d i c a t e 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 
more r e a c t i v e t h a n L i C u ( C H 3 ) 2 t oward c o n j u g a t e a d d i t i o n . I n v iew of t h i s , 
i t i s d o u b t f u l t h a t L i 2 C u ( 0 1 3 ) 3 C O u l d D e c a l l e d h i g h l y r e a c t i v e when com­
p a r e d w i t h r e a g e n t s l i k e CH 3 Li and L i C u ( C H 3 ) 2 . However, q u a l i t a t i v e r a t e 
m e a s u r e m e n t s i n d i c a t e t h a t in d i e t h y l e t h e r C H 3 L i - L i I m i x t u r e and a h a l i d e 
f r e e C H 3 L i - L i C u ( C H 3 ) 2 m i x t u r e 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 a t 
l e a s t 1 0 0 0 - f o l d f a s t e r t h a n CH^Li a l o n e . T h e r e f o r e , w h i l e 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 i s t h e s o u r c e , t h e h i g h s t e r e o s e l e c t i v i t y o b s e r v e d i n 
t h i s r e a c t i o n i s accompanied by a r a p i d r e a c t i o n r a t e . 
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T a b l e 8 . R e a c t i o n s of 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 er t» -Buty lcyc lohexanone i n E t h e r S o l v e n t s 
a t - 7 8 ° 

R e a g e n t % Y i e l d of A x i a l A l c o h o l 3 

E t h e r THF 

CH^Li 69 5 5 b 

2 CH 3 Li + L i C u ( C H 3 ) 2 92 65 

2 CH 3 Li + L i C u ( C H 3 ) 2 93 65 
( h a l i d e f r e e ) 

CH 3 Li + L iBr 87 65 

CH 3 Li + L i l 87 65 

CH 3 Li + LiClO^ 92 67 

a B a l a n c e of y i e l d was t h e e q u a t o r i a l a l c o h o l , u n l e s s o t h e r w i s e 
n o t e d . T y p i c a l e r r o r i n t h e y i e l d s was ± 2%. 

^ R a t i o of a x i a l / e q u a t o r i a l a l c o h o l s was 6 5 / 3 5 . T h e r e was a 14% 
r e c o v e r y of k e t o n e . 
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The s t e r e o c h e m i c a l improvement i n t h e CH^Li-LiCuCCH^) 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 by a s s u m i n g t h a t a complex b e t w e e n CH^Li 

and L i l ( formed i n t h e r e a c t i o n of CH^Li w i t h Cul) 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 of CH^Li and L i l o r L iBr ( T a b l e 8 ) , w h i l e g i v i n g some im­

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 , does 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 C H 3 L i - L i C u ( C H 3 ) 2 m i x t u r e . A l s o a m i x t u r e of CH 3 Li and L i l o r 

L iBr i n THF ( T a b l e 8) g i v e s no improvement 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

3

L i 

a l o n e . I t i s known t h a t CR^Li forms complexes w i t h b o t h L i l x and L i B r x / 

i n THF. 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 improvement c a n n o t b e e x p l a i n e d by 

a s s u m i n g t h a t a complex b e t w e e n e i t h e r L i C u ( C H 3 ) 2 o r hl^niCR.^ ^ and 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 of CH^Li a n u < 

LiCu(CH 3 ) ( T a b l e 8) g i v e s t h e same h i g h s t e r e o s e l e c t i v i t y . 

The 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 CH^Li r e a c t s w i t h a complex 

b e t w e e n one of t h e components of t h e m i x t u r e and t h e k e t o n e . T h i s would 

e x p l a i n t h e r e s u l t s i n THF, s i n c e t h e k e t o n e would n o t b e e x p e c t e d t o com­

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 enhancement 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 of k e t o n e complexed t o L i C u ^ H ^ ) ^ , L i l , e t c . would 

be 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 and c e r t a i n l y t h e complexed c a r b o n y l 

compound would be much more r e a c t i v e t h a n u n c o m p l e x e d . 

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 which would be composed 

of C H

3

L i a n d a l i t h i u m s a l t , was chosen where t h e r e would be l i t t l e chance 

f o r complex f o r m a t i o n b e t w e e n C H

3

L i and t h e l i t h i u m s a l t b u t a good chance 

f o r complex 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 and t h e k e t o n e . Such a 

s y s t e m would be CH 3 Li and L i C 1 0 4 , s i n c e LiCIO i s known t o complex t h e 
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c a r b o n y l group of k e t o n e s . Low t e m p e r a t u r e H and -^C NMR of CH^Li-

LiClO^ m i x t u r e s show o n l y s i g n a l s f o r p u r e CH^Li i n d i c a t i n g t h e a b s e n c e of 

any complex f o r m a t i o n . -^C NMR of 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 , LiCuCCH^)^, and LiClO^ i n d i e t h y l e t h e r show 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 of a b o u t 10 ppm, i n d i c a t i n g t h e p r e s e n c e of 

a complex . In THF, o n l y a s m a l l d o w n f i e l d s h i f t was o b s e r v e d w i t h L i C l O . 
4 

i n d i c a t i n g t h e p r e s e n c e of v e r y l i t t l e complexed k e t o n e . The r e a c t i o n of 

t h e CH-jLi-LiClO^ 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 8) shows t h e same s t e r e o c h e m i c a l improvement a s was o b t a i n e d w i t h 

C H 3 L i - L i C u ( C H 3 ) 2 . I n THF t h i s r e a c t i o n ( T a b l e 8) showed no improvement 

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 CH L i a l o n e . 
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CHAPTER IV 

CONCLUSIONS 

The r e s u l t s shown i n T a b l e 8 i n d i c a t e t h a t CH^Li -LiBr , C H ^ L i - L i l , 

CHgLi-LiClO^, and CH^Li-LiCuCCH^)^ 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 n o l s t h a n w e r e o b t a i n e d w i t h CH<J_i a l o n e . The 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 by a t t a c k of CH^Li o n a k e t o n e 

complex . 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 CH^Li-LiCuCCH^) m i x t u r e i s a l ­

lowed 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 by C H

3

L i a t t a c k on a complex b e t w e e n L i C u -

(CHo) 9 and t h e k e t o n e . 



264 

LITERATURE CITED* 

For r e c e n t r e v i e w s of o r g a n o c o p p e r c h e m i s t r y , s e e G. H. P o s n e r , 
O r g . R e a c t . , 1 9 , 1 ( 1 9 7 2 ) ; G. P o s n e r , O r g . R e a c t . , 2 2 , 253 ( 1 9 7 5 ) ; 
J . N o r m a n t , S y n t h e s i s , 63 ( 1 9 7 2 ) ; A. E. J u k e s , Adv. Organomet 
Chem., 1 2 , 215 ( 1 9 7 5 ) ; H. 0 . H o u s e , Aces . Chem. R e s . , 9 , 59 
( 1 9 7 6 ) . 

H. 0 . House , D. G. K o e p s e l , and W. J . C a m p b e l l , J . O r g . Chem. , 
3 7 , 1003 ( 1 9 7 2 ) . 

T. L . Macdonald and W. C. S t i l l , J . Amer. Chem. S o c . , 9 7 , 5280 
( 1 9 7 5 ) . 

H. 0 . House and C. Y. Chu, J . O r g . Chem., 4 1 , 3083 ( 1 9 7 6 ) . 

H. 0 . H o u s e , W. L. R e s p e s s , and G. M. W h i t e s i d e s , J . O r g . Chem. , 
3 1 , 3128 ( 1 9 6 6 ) . 

D. F . S h r i v e r , "The M a n i p u l a t i o n of A i r - S e n s i t i v e Compounds," 
M c G r a w - H i l l , New Y o r k , New Y o r k , 1969. 

E. C. Ashby and R. D. S c h w a r t z , J . Chem. E d . , 5 1 , 65 ( 1 9 7 4 ) . 

G. B. Kauffman and L. A. T e t e r , I n o r g . S y n . , 2» 9 ( 1 9 6 3 ) . 

R. N. K e l l e r and H. D. Wycoff, I n o r g . S y n . , 2, 1 ( 1 9 6 4 ) . 

F . W. Walker and E. C. Ashby, J . Chem. E d . , 4 5 , 654 ( 1 9 6 8 ) . 

C. S. J o h n s t o n , J r . , Advan. M a g n e t i c R e s o n a n c e , 1_, 33 ( 1 9 6 5 ) . 

P . West and R. Waack, J . Amer. Chem. S o c . , 8 9 , 4395 ( 1 9 6 7 ) . 

R. G. P e a r s o n and C. D. G r e g o r y , J . Amer. Chem. S o c , 9 8 , 4098 
( 1 9 7 6 ) . 

E. C. Ashby , Simon H. Yu, and P a u l V. R o l i n g , J . O r g . Chem. , 3 7 , 
1918 ( 1 9 7 2 ) . 

D. P . Novak and T. L . Brown, J . Am. Chem. S o c . , 9 4 , 3793 ( 1 9 7 2 ) . 

J o u r n a l t i t l e a b b r e v i a t i o n s u s e d a r e l i s t e d i n " L i s t of P e r i o d i -
Chemica l A b s t r a c t s ( 1 9 6 1 ) . r e r i o d i 



265 

16 . L. D. McKeever, R. Waack, M. A. D o r a n , and E. D. B a k e r , J . Am. 
Chem. S o c , 9 1 , 1057 ( 1 9 6 9 ) . 

17 . R. Waack, M. A. D o r a n , and E. B. B a k e r , Chem. Comm., 1291 ( 1 9 6 7 ) . 

18 . A. E. P u l l i n and J . E. P o o l o c k , T r a n s . F a r a d a y S o c , 5 4 , 11 ( 1 9 5 8 ) . 

19 . R. R. J o n e s , E. J . G o l l e r , and W. J . Kauffman, J . O r g . Chem. , 3 4 , 
3566 ( 1 9 6 9 ) . 

20 . J . J . Uebe l and H. W. Goodwin, J . O r g . Chem. , 3 3 , 3317 ( 1 9 6 8 ) . 



266 

VITA 

J o h n J o s e p h W a t k i n s was b o r n on August 2 3 , 1947 i n W i l m i n g t o n , 

N o r t h C a r o l i n a and s u b s e q u e n t l y a t t e n d e d p u b l i c s c h o o l i n W i l m i n g t o n , 

Wins ton Sa lem, N o r t h C a r o l i n a , and D e c a t u r , G e o r g i a . He g r a d u a t e d from 

Avondale High Schoo l i n J u n e 1965 and a t t e n d e d t h e G e o r g i a I n s t i t u t e of 

Technology i n A t l a n t a from 1965 t o 1970. 

In November 1968 , h e m a r r i e d A l i c e C. G r i n e r of S u m m e r v i l l e , South 

C a r o l i n a and i n J a n u a r y 1970 she gave b i r t h t o t h e i r f i r s t c h i l d , L i s a 

E l a i n e W a t k i n s . 

He r e c e i v e d a B . S . d e g r e e i n C h e m i s t r y a s a Co-op i n J u n e 19 70. 

In September 1970, he began g r a d u a t e s t u d i e s a t t h e G e o r g i a I n s t i t u t e of 

Techno logy i n A t l a n t a , G e o r g i a u n d e r Dr. E. C. Ashby i n t h e a r e a of 

o r g a n o m e t a l l i c c h e m i s t r y . 

In September 1973 , he l e f t g r a d u a t e s c h o o l a t G e o r g i a Tech t o t a k e 

t h e p o s i t i o n a s Development E n g i n e e r in t h e K r a f t R e s e a r c h and D e v e l o p ­

ment D e p a r t m e n t of t h e S t . Reg i s P a p e r Company i n P e n s a c o l a , F l o r i d a . 

I n December 1973 he r e c e i v e d a M.S. d e g r e e i n Chemica l E n g i n e e r i n g from 

t h e G e o r g i a I n s t i t u t e of T e c h n o l o g y . I n J u l y 1975, t h e i r s econd c h i l d , 

Karen Renee W a t k i n s , was b o r n . 

I n O c t o b e r 1975 , he o b t a i n e d l e a v e of a b s e n c e from t h e S t . R e g i s 

P a p e r Company and resumed h i s g r a d u a t e s t u d i e s w i t h Dr. Ashby a t G e o r g i a 

Tech . He was h o l d i n g t h e p o s i t i o n of S e n i o r Development E n g i n e e r a t t h e 

t ime of h i s r e t u r n . 


