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'Studies i n the coordination chemistry of some 

main group metals and m e t a l l o i a s 1 

by 

S. J . Bryan B.Sc. 

ABSTRACT 
Part I of t h i s t h e s i s d e s c r i b e s the preparation of 

1 2 
some compounds containing methyleneamino l i g a n d s , R R C=N-

attached to l i t h i u m , boron, aluminium and phosphorus. 

The compounds were synthesised with the aim of providing 

d e t a i l e d information on the s t r u c t u r a l and spectroscopic 

consequences of methyleneamino-ligand bonding to both 

val e n c e - s a t u r a t e d , and unsaturated, metals and m e t a l l o i d s . 

The syntheses of a number of a s s o c i a t e d methyleneamin-

oboranes of the type (RCH=NBR2)2 a r e described, the 

c r y s t a l l o g r a p h i c a l l y c h a r a c t e r i s e d d e r i v a t i v e (PhCH=NBMe2)2 

being t y p i c a l of these compounds. Spectroscopic f e a t u r e s 

of a l l the compounds are dis c u s s e d i n r e l a t i o n to the 

s t r u c t u r a l f i n d i n g s . I n c o n t r a s t , di-t-butylmethyleneamino-

boranes of the form ( tBu2C=N) xBY-j_ x have non-associated 

s t r u c t u r e s . The compound tBu2C=NBPh2 i s shown to possess 

a l i n e a r , a l l e n e - l i k e , C=N=^li skeleton with extensive 

N(p)-B(p) d a t i v e IT bonding, while s t r u c t u r a l and spe c t r o s c o p i c 

f e a t u r e s of a number of these compounds are d i s c u s s e d 

i n conjunction with the r e s u l t s from t h e o r e t i c a l s t u d i e s . 

A d d i t i o n a l l y , the compound tBu 2C=NH ; ?
+BF, ~ has been s t r u c t u r a l l y 
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c h a r a c t e r i s e d . Methyleneaminoborates, RCH=N(BEt-j)Li 

(R= tBu,Ph) were prepared from the r e a c t i o n of LiBHEt^ 

and RCN, and t h e i r p o t e n t i a l as s y n t h e t i c reagents 

demonstrated by the preparation of some methyleneamino-

phosphines, (RCH=N) XPC1 3_ X. The r e a c t i v i t y of LiBHEtg 

towards CH3CN i s shown to be markedly d i f f e r e n t . Evidence 

of N(p)-AKd) d a t i v e TT bonding i s seen i n the s t r u c t u r a l l y 

c h a r a c t e r i s e d methyleneaminoalane ((Ph2C=N)2Al)2j while 

the s y n t h e s i s and spec t r o s c o p i c p r o p e r t i e s of t h i s and 

two f u r t h e r compounds, ((C 1 2H g)C=NA1C1 2) 2
 a n d L i Al(N=CPh 2 

are d i s c u s s e d i n r e l a t i o n to the c o n f l i c t i n g f i n d i n g s 

of e a r l i e r s t u d i e s of methyleneaminoalanes. The n.m.r. 

sp e c t r a of a number of methyleneamines, R2C=NH, and methyl-

eneamino d e r i v a t i v e s ((R 0C=NMX„))„, have been obtained. 
Z n z' 

The * 5N s h i f t s do not c o r r e l a t e with the li g a n d CNMXn 

angle but may, i n pa r t , be explained i n terms of paramagnetic 

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

Part I I of t h i s t h e s i s d e s c r i b e s s t u d i e s i n the metals-

d e r i v a t i v e chemistry of some boranes and carboranes. 

The s t r u c t u r a l l y - c h a r a c t e r i s e d compounds Li(C^B^.QH^QMe) 

(PMDETA) and Mg^B^H-^Me^C^HgC^^-CyHg contain un

precedented examples of group I and I I metals covalently. 

bonded to s i x - c o o r d i n a t e carbon atoms, while the concept 

of carboranyl cone angles i s introduced to account f o r 

f e a t u r e s of t h e i r s t r u c t u r e s . F i n a l l y , a number of un

s u c c e s s f u l attempts to s y n t h e s i s e 12-vertex c l o s o -

cobaltaboranes of the form ( L q C o ) 9 B 1 0 H 1 0 are des c r i b e d . 



PART 1 

METHYLENEAMINO DERIVATIVES OF SOME MAIN 

GROUP METALS AND METALLOIDS 



CHAPTER 1 

BONDING MODES OF METHYLENEAMINO LIGANDS 



Over the l a s t twenty years a large number of methylen 

earnino d e r i v a t i v e s of main group metals and m e t a l l o i d s 

have been prepared and c h a r a c t e r i s e d , both i n these 

l a b o r a t o r i e s and elsewhere. I n t e r e s t i n these compounds 

has stemmed l a r g e l y from the r e a l i s a t i o n chat the spectro

scopic p r o p e r t i e s of the methyleneamino l i g a n c 

R 1 R 2 C = N - ( R 1
; R 2 = a l k y l . a r y l , K ) . and i n p a r t i c u l a r the 

i n f r a red a c t i v e s t r e t c h i n g v i b r a t i o n -0(C=N), provide 

a convenient means of d i f f e r e n t i a t i n g between the various 

bonding modes adopted by metal-attached nitrogen l i g a n d s . 

I n more recent years however, i n c r e a s i n g use has been 

made of X-ray c r y s t a l l o g r a p h y , both to supplement the 

s t r u c t u r a l information a v a i l a b l e from sp e c t r o s c o p i c 

s t u d i e s and a l s o to c l a r i f y the p o s i t i o n i n cases where 

the s p e c t r o s c o p i c information has proved ambiguous. 

While no comprehensive review of methyleneamino d e r i v a t i v e 

chemistry has been published, the theses of a number 

of workers i n these l a b o r a t o r i e s , notably those of Petch 

(1) and Manning ( 2 ) . have contained surveys of the s y n t h e t i c 

chemistry and s p e c t r o s c o p i c p r o p e r t i e s of such compounds. 

The aim of the present review i s to provide a b r i e f 

summary of the r e s u l t s from c r y s t a l l o g r a p h i c s t u d i e s 

performed on these compounds, and thus to supplement 

the work of these authors. 

Methyleneamino ligands can bond to metals or m e t a l l o i d s 

i n three main ways. When t e r m i n a l l y attached as one-

e l e c t r o n ligahds to c o o r d i n a t i v e l y s a t u r a t e d metals they adop 
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the angular C=N-M X n geometry that i s f a m i l i a r i n the parent 
imines, R1R2C=NH, i n oximes R1R2C=NOH, and :.n r e l a t e d 
systems, and that r e f l e c t s the presence on the nitrogen 
atom of a ster e o c h e m i c a l l y a c t i v e lone p a i r of e l e c t r o n s 
( Figure I . l a ) . However, when bonded to a c o o r d i n a t i v e l y 
unsaturated metal or me t a l l o i d the liga n d may function-, 
as a source of three e l e c t r o n s f o r metal-nitrogen bonding. 

Figure I.1 

One and three e l e c t r o n bonding modes 

of methyleneamino l i g a n d s . 

R 1 R\ 

C=N C=N^MX 

K- MXn R^ 
n 

(a) (b) 

R 1 MXn R 1 R 1
 #M 

\ / \ / \ ,•' 
C=N ^N=C C=N M 

2 ^ \ / X 2 l / \ R z MXn R^ R z M 

(c) (d) 

In cases where a s s o c i a t i o n of the r e s u l t i n g imino d e r i v a t i v e 

i s prevented, notably by the bulk of the s u b s t i t u e n t s 

R and X, da t i v e N=*M TT bonding w i l l occur and the molecule 

w i l l assume a l i n e a r , or near l i n e a r C=N=*M X skeleton 
n 

( F i g u r e 1.1(b)) appropriate f o r the maximisation of such 

bonding. I n the case of smal l e r s u b s t i t u e n t s , R and 
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X, t h e e n e r g e t i c a l l y more f a v o u r a b l e f o r m a t i o n o f two 

N-MX bonds, r a t h e r t h a n one <r and one TT bond, w i l l f a v o u r n ' 
f o r m a t i o n o f a d i m e r i c species ( F i g u r e 1 . 1 ( c ) ) i n which 

t h e i m i n o l i g a n d adopts a ̂  b r i d g i n g mode, even though 

the e n t r o p y term a s s o c i a t e d w i t h such a process i s un

f a v o u r a b l e . A number o f i n s t a n c e s where t h e l i g a n d s adopt 

a j j ^ b r i d g i n g mode ( F i g u r e 1 . 1(d)) have a l s o been found. 

Examples o f im i n o d e r i v a t i v e s where a o n e - e l e c t r o n 

mode o f bonding has been c o n f i r m e d by c r y s t a l l o g r a p h i c 

s t u d y i n c l u d e t h e imino-phosphorus I I I compound (Ph2C=N)^P(3) 

( F i g u r e 1 . 2 ( a ) ) and t h e s e r i e s o f group IV d e r i v a t i v e s 

(Ph 2C-N) 4M (M=Si,Ce,Sn) (4,5) ( F i g u r e 1 . 2 ( b ) ) . I n the 
A 2 former an average CNP angle o f 123° r e f l e c t s t h e sp 

c h a r a c t e r o f t h e n i t r o g e n atoms, and s i n g l e bond c h a r a c t e r 

o f t h e N-P bond, w h i l e t he geometry around phosphorus 

i s p y r a m i d a l . The group IV d e r i v a t i v e s have t h e expected 

t e t r a h e d r a l geometry around t h e meta l o r m e t a l l o i d a l t h o u g h 
A 

t h e average CNM angle shows an i n c r e a s e i n t h e sequence 

Sn(121.3°)< Ge (127.0°)<Si (137.1°). T h i s i s i n d i c a t i v e 

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

from a f o r m a l one e l e c t r o n bonding mode and has been 

i n t e r p r e t e d as evidence o f a degree o f N(p) - M(d) dativeTT 

bonding i n v o l v i n g t h e n i t r o g e n lone p a i r and a s u i t a b l e 

c o m b i n a t i o n o f vacant d o r b i t a l s on the me t a l o r m e t a l l o i d . 

The e f f e c t i s most pronounced i n the case of t h e s i l i c o n 

d e r i v a t i v e where t h e e n e r g i e s o f the lone p e i r and vacant 
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d o r b i t a l s a re most n e a r l y c o m p a t i b l e , and t h e r e f o r e most 

f a v o u r a b l e for d a t i v e bonding. 

Examples o f compounds where a s t r u c t u r a l d e t e r m i n a t i o n 

has shown the methyleneamino l i g a n d t o be a d o p t i n g a 

s o l e l y ju 2 b r i d g i n g mode i n c l u d e t h e Sn** d e r i v a t i v e 

( P h 2 C=NSnC i ; 2 ( 6 ) ( F i g u r e 1 . 2 ( c ) ) , t h e magnesium d e r i v a t i v e 

(Ph 2C=NMgBr) 2 <3.T.H.F. (7) F i g u r e 1 . 2 ( d ) ) and t h e group 

I I I compounds (RCH=NBMe 2) 2 (R=Me(8), Ph(9 ) ) a n d (tBuMeC= 

NA I M e 2 ) 2 (8) ( F i g u r e 1 . 2 ( e ) ) . S t r u c t u r a l f e a t u r e s o f 

the group I I I d e r i v a t i v e s are di s c u s s e d more f u l L y i n 

c h a p t e r 2. A l l the above compounds c o n t a i n e l e c t r o n - p r e c i s e 

(NM) 2 r i n g systems, t h e metal atoms c o n t r i b u t i n g one e l e c t r o n 

a p i e c e , and n i t r o g e n atoms t h r e e e l e c t r o n s a p i e c e , t o 

g i v e a t o t a l o f s i x e l e c t r o n s which s a t i s f i e s t h e r e q u i r e 

ment o f f o u r l o c a l i s e d , t w o - e l e c t r o n , bonds. I n consequence, 

m e t a l - m e t a l bonding i n t e r a c t i o n s across t h e (NM) 2 r i n g s 

s h o u l d n o t be s i g n i f i c a n t (c f . m e t a l - m e t a l bonding i n t e r 

a c t i o n s across e l e c t r o n d e f i c i e n t r i n g s ( 1 0 , 1 1 ) ) . The 

Sn atoms i n (Ph 2C=NSnCl) 2 ( F i g u r e 1 . 2 ( c ) ) may t h e r e f o r e 

be regarded as occupying a t h r e e - c o o r d i n a t e pyramidal-

environment, a l t h o u g h the c o o r d i n a t i o n s t a t e o f one o f 

th e m e t a l atoms may be expanded t o f o u r , as demonstrated 

by t he s t r u c t u r e o f the imine-adduct d e r i v a t i v e Ph 2C= 

NH(Ph 2C=NSnCl) 2.C 7Hg (6) ( F i g u r e 1 . 2 ( f ) ) . By c o n t r a s t , 

t h e magnesium atoms i n (Ph 2C=NMgBr) 2.3.T.H.F. (7) ( F i g u r e 

I : 2 ( g ) ) have been shown t o be f o r m a l l y f i v e c o o r d i n a t e , 

i n consequence o f t h e b r i d g i n g o f t h e metal atoms by one 
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of the t h r e e c o o r d i n a t e d T.H. F. l i g a n d s . The l e n g t h o f 

the b r i d g i n g Mg-0 bonds however ( 2 . 4 5 3 ( 3 ) 8 ) . t o g e t h e r 

w i t h t h e f a c t t h a t t h e (MgN) 2 r i n g i s o n l y s l i g h t l y d i s t o r t e d 

from a p l a n a r c o n f i g u r a t i o n , i s ta k e n as evidence t h a t 

the e t h e r - l i g a n d b r i d g i n g i n t e r a c t i o n i s o f an o n l y secondary 

n a t u r e ; e x p e r i m e n t a l work (7) has shown t h a t t h e b r i d g i n g 

T.H.F. molecule i s e a s i l y removed t o y i e l d t h e compound 

(Ph 2C=NMgBr) 2 2T.H.F.. presumed t o have a s t r u c t u r e analogous 

t o t h e group I I I d e r i v a t i v e s ( R ^ N M 1 ^ ' 2 ) 2 ( F i g u r e 1 . 2 ( e ) ) . 

E l e c t r o n d e f i c i e n t , JJg, b r i d g i n g o f met e l atoms by 

a methyleneamino l i g a n d i s found i n t h e compounds ( tBu 2C= 

N L i ) 6 ( 1 2 ) , ( ( M e 2 N ) 2 C = N L i ) 6 ( 1 2 ) , ( P h ( C B u ) C = N L i ) f i (13) 

and (Ph(Me 2N)C=NLi) 6 ( 1 3 ) , a l l o f which have been t h e 

s u b j e c t o f c r y s t a l l o g r a p h i c s t u d i e s . A l l f :>ur s t r u c t u r e s 

are based on s l i g h t l y f o l d e d , c h a i r shaped, Li.^ r i n g s 

( F i g u r e 1 . 2 ( h ) ) , which are h e l d t o g e t h e r by the t r i p l y 

b r i d g i n g R 2 C=N l i g a n d s , and are b e l i e v e d t o be the f i r s t 

examples o f e l e c t r o n d e f i c i e n t Jj-j b r i d g i n g o f L i g t r i a n g l e s 

by N-attached o r g a n i c l i g a n d s . The mean d i h e d r a l angles 

between t h e c h a i r 'seat' and 'back' v a r y between 78°, 

i n ( ( M e 2 N ) 2 C = N L i ) 6 , and 85°, i n ( t B u 2 C = N L i ) 6 , w h i l e t h e 

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

t h e n i t r o g e n atoms b e i n g r o u g h l y e q u i d i s t a n t from t h e 

t h r e e a d j a c e n t metal atoms. The bonding d e s c r i p t i o n o f 

these compounds (12) r e q u i r e s each i m i n o 1 i grind t o be 

a source o f t h r e e e l e c t r o n s f o r use i n m e t a l - l i g a n d bonding 

by u s i n g t h e t h r e e non-bonding e l e c t r o n s a s s o c i a t e d w i t h 
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the n i t r o g e n atom. Together w i t h t h e one valence e l e c t r o n 

which each m e t a l atom can supply t h i s r e s u l t s i n a t o t a l 

o f 24 e l e c t r o n s a v a i l a b l e t o p a r t a k e i n t h e 18 Li - N bonding 

c o n t a c t s w i t h i n t h e molecule:, each n i t r o g e n atom thus 

has two e l e c t r o n p a i r s w i t h which t o bond t o the t h r e e 

a d j a c e n t l i t h i u m atoms. The c o n d i t i o n i s t h e r e f o r e s a t i s f i e d 

by t he n i t r o g e n atom p a r t a k i n g i n one t w o - c e n t r e , and 

one t h r e e - c e n t r e , bond w i t h t h e meta l atoms, t h e bonds 

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

( F i g u r e 1.3), and r e s u l t i n g i n a mean L i - N bond o r d e r 

F i g u r e 1.3 

E l e c t r o n d e f i c i e n t bonding mode o f an 

imino l i g a n d . 

L i L i 

,• N - ^ v 
L i L i L i L i 

o f %. An a l t e r n a t i v e bonding d e s c r i p t i o n , i n which each 

l i g a n d c o n t r i b u t e s f i v e e l e c t r o n s f o r l i g a n d - c a g e bonding, 

and thus a l l o w s each n i t r o g e n t o form t h r e e l o c a l i s e d 

N-Li bonds would r e q u i r e t h e use o f theTf bonding e l e c t r o n s 

o f t h e C=N bond. Such a bonding mode i s c o n s i d e r e d u n l i k e l y , 

however i n view o f t h e s h o r t n e s s o f the O N bonds (1.30 

- 1.248 ) which are near t h e l e n g t h o f c.a. 1.. 278 g e n e r a l l y 

found f o r a C=N double bond, w h i l e a b s o r p t i o n s i n the 

i n f r a r e d between 1580cm-"'" and 1625cm-"1" p r o v i d e f u r t h e r 

e v i d e n c e , f a l l i n g i n t h e r e g i o n 1570cm-"'' t o 1720cm~* a s s o c i a t e d 

w i t h t h r e e - e l e c t r o n i m i n o b r i d g i n g l i n k a g e s . 
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The t h i r d g e n e r a l mode o f i m i n o - m e t a l , o r i m i n o -

m e t a l l o i d b o n d i n g , d a t i v e N(p) - M(p) IT bonding, has been 

found i n a number o f compounds, i n c l u d i n g t h e iminoborane 

d e r i v a t i v e s Ph 2C=NB(mesityl ) 2 (14,15). tBu 2C=NBPh 2 

( F i g u r e 1 . 2 ( D ) and ( tBu 2C=N) 3B (9) ( F i g u r e I . 2 ( j ) ) . 

F eatures o f t h e r e s u l t s o b t a i n e d from c r y s t a l l o g r a p h i c 

s t u d i e s o f these compounds are d i s c u s s e d more f u l l y i n 

c h a p t e r 4. I n o r d e r t o maximise the degree o f d a t i v e TT 

bonding these compounds adopt l i n e a r , o r near l i n e a r . 

C =N=*B l i n k a g e s , analogous t o t h e s t r u c t u r e o f t h e i s o e l e c t r o n i c 

a l l e n e d e r i v a t i v e s R2C=C=CR 2- and w i t h a c o r r e s p o n d i n g 

i n c r e a s e i n t h e N-B bond o r d e r above u n i t y . A s i m i l a r 

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

has been found i n t h e case o f t h e i m i n o b e r y l l i u m d e r i v 

a t i v e ( ( t B u 2 C = N ) 2 B e ) 2 (16) ( F i g u r e I . 2 ( k ) ) where a s s o c i a t i o n 
2 

o f the molecule s t i l l leaves the sp b e r y l l i u m atoms i n 

a c o o r d i n a t i v e l y u n s a t u r a t e d s t a t e . The two m e t a l atoms 

t h e r e f o r e r e t a i n vacant p o r b i t a l s a v a i l a b l e f o r d a t i v e TT 

bonding w i t h t h e t e r m i n a l l y - b o n d e d l i g a n d s , w h i l e m a i n t a i n i n g 

t h e l o c a l i s e d , e l e c t r o n p r e c i s e , bonding o f the (BeN) 2 

r i n g . 

Evidence o f dativeTT bonding between t h e i m i n o - n i t r o g e n 

and m e t a l atoms has a l s o been found i n the s t r u c t u r a l l y 

c h a r a c t e r i s e d i m i n o a l u m i n i u m d e r i v a t i v e s ( ( P h 2 C = N ) 3 A 1 ) 2 

( F i g u r e 1.2(D) and L i A l (N=C tBu 2 ) 4 (17) ( F i g u r e 1.2(m)). 

d i s c u s s e d i n c h a p t e r 5. I n both these compounds two o f 

t h e i m i n o l i g a n d s adopt a t h r e e - e l e c t r o n JJ 2 mode o f bonding, 

th e l i g a n d s b r i d g i n g e i t h e r two aluminium atoms, as i n 

((Ph 2c=N)3A1) 2r o r a l i t h i u m and aluminium atom, as i n 
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LiAl(N=C tBu2 ){f • However, the r e m a i n i n g t e r m i n a l l y a t t a c h e d 

l i g a n d s i n b o t h molecules adopt more n e a r l y l i n e a r CNA1 
2 

s k e l e t o n s t h a n would be a s s o c i a t e d w i t h pure sp h y b r i d i s a t i o n 

o f t h e n i t r o g e n atom, s u g g e s t i n g a s u b s t a n t i a l degree o f 

N(p) - A l ( d) d a t i v e TT bonding, even though the aluminium 

atoms are f o r m a l l y c o o r d i n a t i v e l y s a t u r a t e d . Such bonding 

as t h e r e f o r e analogous t o t h a t seen i n t h e f.roup IV d e r i v 

a t i v e s (Ph2C=N)^M l v
3 a l t h o u g h t h e more n e a r l y l i n e a r CNA1 

l i g a n d bonding angles (175.2° f o r one l i g a n d i n ((Ph2C=N)2 

A D 2 ) can be t a k e n as evidence t h a t t h e e f f e c t i s more 

marked i n the aluminium d e r i v a t i v e s . 



CHAPTER 2 

PREPARATION AND CHARACTERTSA'ITON OF SOME ASSOCIATE!) 

METHYLENEAMINOBORANES AND RELATED STUDIES 
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INTRODUCTION 

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

m o n o a l k y l - , and monoaryl-, methyleneamino d e r i v a t i v e s 

o f boron, (RCH=NBR 2 ) 2 - T ^ e c o m P o u n d s were s y n t h e s i s e i 

by t h e r e a c t i o n o f e i t h e r t e t r a m e t h y l d i b o r a n e or t r i e t h y l -

borane w i t h t h e a p p r o p r i a t e n i t r i l e (see t a b l e I I . 1) and 

were f u l l y c h a r a c t e r i s e d . Features o f t h e i r i n f r a r e d , 

Hn.m.r.. Cn.m.r., Bn.m.r. and mass s p e c t r a are d i s c u s s e d 

t o g e t h e r w i t h t h e r e s u l t s o f a r e c e n t X-ray c r y s t a l l o g r a p h i c 

s t u d y o f one o f them, (PhCH=NBMe 2) 2. The r e a c t i o n s o f 

t e t r a m e t h y l d i b o r a n e towards Me-^SiCN and (Me 2BCN) n are 

a l s o d i s c u s s e d . 

EXPERIMENTAL SECTION 

( i ) P r e p a r a t i o n o f T r i m e t h y l b o r a n e 

T r i m e t h y l b o r a n e was prepared by the r e a c t i o n o f boron 

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

o f methylmagnesiumbromide a c c o r d i n g t o e q u a t i o n I I . 1 , 

d i b u t y l e t h e r b e i n g used t o f a c i l i t a t e p u r i f i c c - . t i o n o f t h e 

pr o d u c t ( 1 8 ) . The r e a c t i o n o f boron 

3MeMgBr i Bufc
 2 0 . BF^BMe^ i B u t 2 0 + 3MgBrF TT . l 

t r i c h l o r i d e and m e t h y l l i t h i u m had been found t o be an 

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

th e f o r m a t i o n o f l a r g e amounts o f l i t h i u m t e r . r a m e t h y l b o r a t e 

and t he d i f f i c u l t y o f removing d i e t h y l e t h e r from t he p r o d u c t . 

. Boron t r i f l u o r i d e d i b u t y l e t h e r complex was s l o w l y 
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added t o a p r e v i o u s l y prepared s o l u t i o n o f r;.ethylmagnesium-

bromide and t h e gas p r o d u c t swept i n t o two t r a p s c o o l e d 

t o -196° by a slow stream o f n i t r o g e n which was m a i n t a i n e d 

t h r o u g h o u t the e x p e r i m e n t . The exhaust n i t r o g e n gas was 

passed t h r o u g h an acetone b u b b l e r t o remove any r e m a i n i n g 

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

o f boron t r i f l u o r i d e e t h e r complex t h e r e a c t i o n v e s s e l 

was warmed t o 70° t o complete t h e r e a c t i o n and t h e t r a p s 

t h e n removed t o a vacuum l i n e - F r a c t i o n a t i o n o f the gas 

t h r o u g h a t r a p c o o l e d by t o l u e n e s l u s h (-95°) removed t r a c e s 

o f d i b u t y l e t h e r from the p r o d u c t , whose p u r i t y was checked 

by i t s vapour d e n s i t y and i n f r a red spectrum ( 1 9 ) . 

( i i ) P r e p a r a t i o n o f T r i e t h y l b o r a n e 

T r i e t h y l b o r a n e was prepared by the r e a c t i o n o f boron 

t r i f l u o r i d e d i e t h y l e t h e r complex and ethylmagnesiumbromide 

i n d i e t h y l e t h e r a c c o r d i n g t o t h e e q u a t i o n 

3EtMgBr + E t 2 0 . B F 3 — B E t 3 + E t 2 0 + 3MgBrF I I . 2 

I I . 2 Boron t r i f l u o r i d e d i e t h y l e t h e r complex was added 

under n i t r o g e n t o a p r e v i o u s l y prepared s o l u t i o n o f e t h y l 

magnesiumbromide i n d i e t h y l e t h e r . A f t e r complete a d d i t i o n 

the r e a c t i o n was r e f l u x e d f o r a p e r i o d o f h a l f an hour 

and t h e n f i l t e r e d i n t o a second v e s s e l from which the 

p r o d u c t was d i s t i l l e d i n t h e b o i l i n g range 94 - 97°. 

Repeated f r a c t i o n a t i o n i n a vacuum l i n e f a i l e d . t o remove 

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

by d i s t i l l a t i o n o f t h e p r o d u c t from aluminium t r i c h l o r i d e 

The p u r i t y o f t h e p r o d u c t was e s t a b l i s h e d on t h e b a s i s 

o f i t s i n f r a r e d spectrum ( 2 0 ) . 
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( i i i ) P r e p a r a t i o n o f Dlborane 

Diborane was prepared by t h e r e a c t i o n o f boron t r i f l u o r i d e 

d i b u t y l e t h e r complex and sodium b o r o h y d r i d e (21) a c c o r d i n g 

t o t h e e q u a t i o n I I . 3 . 

3NaBH^ + 4 B u 2 0 . B F 3 — * 2 B 2 H 6 + 3NaBF 4 + Fu 2 0 11 .3 

A 507o excess o f b o r o n t r i f l u o r i d e d i b u t y l e t h e r complex 

was added t o a diglyme s o l u t i o n o f sodium b o r o h y d r i d e 

under N 2. The l i b e r a t e d gas was swept t h r o u g h two t r a p s 

c o o l e d t o - 1 9 6 ° by a slow stream o f n i t r o g e n which was 

m a i n t a i n e d t h r o u g h o u t the experiment, and th*-: exhaust 

gas passed t h r o u g h an acetone b u b b l e r t o remove any t r a c e 

amounts o f d i b o r a n e . A f t e r t h e boron t r i f l u o r i d e complex 

had been added t h e s o l u t i o n was warmed t o complete t h e 

r e a c t i o n and t h e t r a p s removed t o a vacuum l i n e where 

the gas was f r a c t i o n a t e d t h r o u g h a t r a p c o o l e d by e t h a n o l 

s l u s h ( - 1 1 7 ° ) . The gas p u r i t y was checked by vapour d e n s i t y 

measurements and by i t s i n f r a r e d spectrum ( 2 2 ) . 

( i v ) P r e p a r a t i o n o f T e t r a m e t h y l d i b o r a n e 

T e t r a m e t h y l d i b o r a n e was prepared a c c o r d i n g t o the 

e q u a t i o n I I . 4 . Gas q u a n t i t i e s were measured v o l u m e t r i c a l l y , 

4 BMe3 + B 2H 6—»3 Me 2 BH 2BMe 2 I I . 4 

w i t h a 107o excess o f t r i m e t h y l b o r a n e over t h e t h e o r e t i c a l 

amount b e i n g used, and t h e gases a l l o w e d t o e q u i l i b r a t e 

over a p e r i o d o f days a t room temp e r a t u r e ( 2 3 ) . The excess 

o f t r i m e t h y l b o r a n e was i n c l u d e d t o suppress t h e f o r m a t i o n 

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

d i b o r a n e , p r e s e n t i n the. p r o d u c t under e q u i l i b r i u m c o n d i t i o n s . 
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The i n f r a r e d spectrum o f t h e p r o d u c t (24) showed t h e 

presence o f some unchanged t r i m e t h y l b o r a n e , no at t e m p t 

b e i n g made t o remove t h i s p r i o r t o use. 

( v ) R e a c t i o n o f A c e t o n i t r i l e and T e t r a m e t h y l d i b o r a n e 

(2:1) . 

A c e t o n i t r i l e (0.70 g. 17.05 mmol.) and t e t r a m e t h y l 

d i b o r a n e (0.71 g. 8.47 mmol.) were condensed onto t h e 

w a l l o f a 500 ml f l a s k a t -196°, the f l a s k s e a l e d and 

a l l o w e d t o warm t o room t e m p e r a t u r e . Over a p e r i o d o f 

one week c o l o u r l e s s c r y s t a l s grew on the w a l l o f t h e v e s s e l 

and a q u a n t i t y o f a c o l o u r l e s s l i q u i d c o l l e c t e d . The 

c o n t e n t s o f t h e f l a s k were t r a n s f e r r e d t o a vacuum d i s t 

i l l a t i o n l i n e and sep a r a t e d t o y i e l d t r i m e t h y l b o r a n e 

(0.04 g) and u n r e a c t e d a c e t o n i t r i l e (0.05 g ) . The r e m a i n i n g 

p r o d u c t s were s e p a r a t e d by re p e a t e d d i s t i l l a t i o n f rom 

t r a p s h e l d between -10° and -15° (0.005 mmHg) and i s o l a t e d 

as a c o l o u r l e s s s o l i d , (0.91 g ) , and a c o l o u r l e s s l i q u i d . 

(0.35 g ) . 

The s o l i d f r a c t i o n was i d e n t i f i e d , by comparison 

w i t h an e a r l i e r sample ( 2 5 ) , as the a n t i isomer o f 

methylmethyleneaminodimethylborane, (MeCH=NBIV:e2)2? m.p.t. 

76°. (Found : C 58.1% r. H 13.0%, B 13.4%, N 16.8% C gH 2 0 

B 2N 2 r e q u i r e s : (57.9%, H 12.2%, B 13.0%, N 1 6 . 9 % ) . v m a x 

(KBr d i s c ) 2999(w) 2923(s) 2887(m) 2845(w) 2819(w) 

1699(m,sh) 1694(s) 1612(vw) 1430(m) 1387(m) 1357(m) 1284(s) 

1142(m) 1115(m) 1092(m) 1069(w ;sh) 1051(m) 1041(m) 1020(m) 

921(m) 847(m) 800(vw) 713(w) 610(w) 57()(w) en. - 1. The 

compound w.is found t o be st.'iblo t o ; i i r . 
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The l i q u i d f r a c t i o n was i d e n t i f i e d , a g a i n by comparison 

w i t h an e a r l i e r sample. (25) as t h e syn isomer o f 

methylmethyleneaminodimethylborane, (MeCH=NBMe2)2? m.p.t. 

-5°. (Found : C 58.3%, H 13.5%, B 13.5%, N 16.7%, 
C 8 H 2 0 B 2 N 2 r e ( l u i r e s '• c 57.9%, H 13.0%, B 13.0%, N 16.9%). 
>) ( l i q u i d f i l m ) 3000(w) 2929(s) 2893(m) 2850(w) 2822(w) max ' 
1698(s) 1610(vs) 1431(m) 1397(m) 1358(m) 1289(s) 1144(m) 

1116(m) 1093(m) 1071(w) 1037(mbr) 925(w) 847lw) 828(w) 
i 

771(vw) 714(vw) cm . The compound was somewhat a i r s e n s i t i v e , 

showing s i g n s o f d e c o m p o s i t i o n a f t e r a few hours exposure 

t o a i r . 

Samples o f b o t h p r o d u c t f r a c t i o n s were sealed i n 

glass tubes under vacuum and p l a c e d i n an oven, h e l d a t 

80°, f o r a p e r i o d o f f o u r weeks. Upon subsequent opening 

t h e s o l i d f r a c t i o n was found t o be unchanged «nti isomer, 

th e 1H n.m.r. spectrum b e i n g i d e n t i c a l t o t h a t r e c o r d e d 

p r i o r t o t h e r m o l y s i s . The l i q u i d f r a c t i o n was found t o 

have d i s c o l o u r e d somewhat, showing a y e l l o w c o l o u r a t i o n . 

Removal o f t h e v o l a t i l e m a t e r i a l , shown by "*H n.m.r. 

t o be unchanged syn isomer, l e f t a s m a l l amount, (10 mg), 

o f an i n v o l a t i l e y e l l o w m a t e r i a l which c o u l d i<ot be p o s i t i v e l y 

i d e n t i f i e d . 

( v i ) R e a c t i o n o f P r o p i o n i t r i l e and T e t r a m e t h y l d i b o r a n e 

(2:1) 

P r o p i o n L t r i l e (1.1.0 g, 19.97 mmol) and t e t r a m e t h y l 

d i b o r a n e 10.83 g, 19.81 mmol) were condensed onto t h e 

w a l l o f a 500 ml f l a s k a t -196°, t h e f l a s k s e a l e d and 

allowed t o warm t o room t e m p e r a t u r e . A f t e r t e n days t h e 
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c o n t e n t s o f t h e f l a s k were t r a n s f e r r e d t o a vacuum l i n e 

and s e p a r a t e d t o y i e l d t r i m e t h y l b o r a n e , (0.03 g ) , and 

p r o p i o n i t r i l e , (0.01 g ) . The r e m a i n i n g p r o d u c t c o n s i s t e d . 

o f a c o l o u r l e s s l i q u i d o f low v o l a t i l i t y wh_ch was i d e n t i f i e d 

as a m i x t u r e o f the syn and a n t i isomers o f e t h y l m e t h y l - . 

eneaminodimethylborane, (EtCH=NBMe 2) 2 m.p.t. -10° t o -

-5°. (Found : C 62.1%, H 12.2%, B 11.2%. N 14.3%, C 1 Q 

H 2 4 B 2 M 2 r e c l u i r e s : c 61-9%, H 12.5%, B 11.2%, N 14.4%) 
\) ( l i q u i d f i l m ) 2972(m) 2927(s) 2892(m) 2820(m) 1 702(msh) max ^ 
1695(s) 1459(m) 1433(w sh) 1430(m) 1387(w) 1373(w) 1289(s) 

1245(w) 1157(m) 1117(m) 1092(s) 1080(m) 1040(s) 1030(s) 

l O OKs) 913(m) 895(w) 862(w) 849(w) 710(w) cm - 1. The 

compound showed s i g n s o f g r a d u a l d e c o m p o s i t i o n upon p r o l o n g e d 

exposure t o a i r . 

Attempts t o se p a r a t e t h e m i x t u r e i n t o i t s component 

p a r t s by means o f b o t h vacuum d i s t i l l a t i o n and chromatographic 

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

o r i g i n a l s t a t e on each o c c a s i o n . 

A sample o f t h e m i x t u r e , sealed i n a g l a s s tube 

under vacuum and p l a c e d i n an oven a t 80° f o r one week 

showed some s i g n o f d e c o m p o s i t i o n upon opening. The v o l a t i l e 

m a t e r i a l s c o n s i s t e d o f a s m a l l amount o f t r i > n e t h y l b o r a n e 

p l u s a q u a n t i t y o f t h e o r i g i n a l i s o m e r i c m i x t u r e whose 

c o m p o s i t i o n , as determed by *H n.m.r.,appeared i d e n t i c a l 

t o t h a t o f t h e o r i g i n a l sample. A s m a l l amount o f an 

i n v o l a t i l e y e l l o w s o l i d was a l s o r e c o v e r e d b u t n o t i d e n t i 

f i e d . 
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( v i i ) R e a c t i o n o f t - B u t y l c y a n i d e and t e t r a m e t h y l d i b o r a n e 
( 2 : 1 ) . 

B u t y l c y a n i d e (1.35 g, 16.23 mmol). and t e t r a m e t h y l 

d i b o r a n e (0.68 g, 8.12 mmol) were condensed onto t h e 

w a l l o f a 500 ml f l a s k a t -196°, t h e f l a s k s e a l e d , and 

a l l o w e d t o warm t o room t e m p e r a t u r e . C o l o u r l e s s c r y s t a l s 

were observed t o grow on t h e w a l l o f the f l a s k over a 

p e r i o d o f one week a f t e r which the c o n t e n t s were t r a n s f e r r e d 

t o a vacuum d i s t i l l a t i o n l i n e . S e p a r a t i o n o f t h e v o l a t i l e 

m a t e r i a l s y i e l d e d t r i m e t h y l b o r a n e (0.02 g ) , t - b u t y l c y a n i d e 

(0.06 g ) , and a c o l o u r l e s s c r y s t a l l i n e s o l i d which was 

i d e n t i f i e d as t h e a n t i isomer • o f t h e compound 

t-Butylmethyleneaminodimethylborane (tBuCH=NBMe2) 2 ni.pt. 

96.5° (Found : C 67.9%, H 13.3%, B 8.7%, N 11.3%, C 1 4 

H 3 2 B 2 N 2 r e q u i r e s : C 67.3%, H 12.9%, B 8,7%, N 11.2%) 

>) ( KBr disc) 3000(w) 2964(s) 2952(s) 2925(s) 2890(m,sh) max 
2822(w) 1700(w,sh) 1695(m,sh) 1684(s) 1665(m,sh) 1473(w) 

1460(w) 1421(w) 1384(w) 1363(w) 1358(w) 1292(s) 1285(s) 

1208(w) 1113(m) 1087(m) 1049(m) 10244s) 942(w) 923(w) 

899(m) 845(w) 761(w) 727(w) 623(w) 572(w) cm" 1. The com

pound was found t o be s t a b l e t o a i r . 

( v i i i ) R e a c t i o n o f B e n z o n i t r i l e and T e t r a m e t h y l d i b o r a n e 

( 2 : 1 ) . 

B e n z o n i t r i l e (1.18 g, 11.4 mmol) and t e c r a m e t h y l -

d i b o r a n e were condensed on t o t h e w a l l o f a 500 ml f l a s k 

a t -195°, t h e f l a s k s e a l e d , and a l l o w e d t o warm t o room 

t e m p e r a t u r e . C o l o u r l e s s c r y s t a l s were observed t o grow 

a t t h e bottom o f t h e f l a s k over a p e r i o d o f a few h o u r s . 

http://ni.pt
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A f t e r 48 hours the f l a s k was opened t o a vacuum l i n e and 
the v o l a t i l e m a t e r i a l f r a c t i o n a t e d t o y i e l d trimethylborane 
(0.09 g) and a small amount ( O.Olg) of benr.onitrile.--
The remaining n o n - v o l a t i l e c r y s t a l l i n e m a t e r i a l was 

extracted from the f l a s k w i t h hot cyclohexane. from which 
c r y s t a l s , i d e n t i f i e d as the a n t i isomer of 
Phenylmethyleneaminodimethylborane, (PhCH=NBMe2)2, were 
obtained upon cooling.m,pt. 170.5°• (Found : C 74.2%. 
H 9.5%, B 7.6%, N 9.6%. C 1 8H 2 4B 2N 2 requires : C 74.5%. 
H 8.3%, B 7.4%, N 9.7%) 0 (KBr d i s c ) 3095(w) 3072(w) ' max 
3055(w) 2926(s) 2892(w) 2821(w) 1654(s) 1638(-Ti,sh) 1625(w,sh) 
1597(w) 1584(w) 1576(w) 1530(w) 1493(w) 1449(m) 1434(w) 
1404(m) 1313(m) 1293(s) 1283(s) 1220(w) 1203(m) 1107(m) 
1083(s) 1035(m,sh) 1022(s) 1012 (m,sh) 988(m) 965(m) 917(w) 
887(m) 759(m) 753(d) 728(w) 692(s) 633(w) 572(w) 493(m) 
412(w) cm-"^. The compound was found t o be stable to a i r . 
( i x ) Attempted r e a c t i o n of Phenylmethyleneaninodimethyl-

borane w i t h Boron t r i c h l o r i d e 
Boron t r i c h l o r i d e , (0.48 g, 4.10 mmol), was condensed 

3 
i n t o a Carius tube, of approximately 100 cm capacity, 
c o n t a i n i n g phenylmethyleneaminodimethylborane (0.45 g, 
1.55 mmol) . The tube was sealed under vacuum and placed 
i n an oven, maintained at 110°, f o r a period of s i x hours. 
A f t e r c o o l i n g the tube was opened to a vacuum l i n e and 

the s t a r t i n g m a t e r i a l s were recovered without sign of 
r e a c t i o n . 
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(x) Reaction of A c r y l o n i t r l l e w i t h Tetramethyldiborane 
(2:1) • 
A c r y l o n i t r i l e (0.70 g, 13.19 mmol) and t e t r a m e t h y l d i b 

orane (0.55 g, 6.57 mmol) were condensed i n t ) a f l a s k 
at -196°, the f l a s k sealed, and allowed to slowly warm 
to room temperature. At approximately -20° a v i o l e n t 
reaction occurred and a q u a n t i t y of an orange m a t e r i a l 
was deposited i n the bdttom of the f l a s k . A f t e r two days 
t h e v o l a t i l e m a t e r i a l s were t r a n s f e r r e d t o c vacuum l i n e 
and f r a c t i o n a t e d t o y i e l d trimethylborane (0 03 g) and 
a trace amount (0.006 g) of a c r y l o n i t r i l e . The remaining 
product consisted of an i n v o l a t i l e orange s o l i d which 
was i n s o l u b l e i n a range of organic solvents and whose 
i n f r a red spectrum was poorly resolved. I t proved impossible 
t o o b t a i n consistent a n a l y t i c a l data on the compound, 
the mass spectrum of which showed an almost continuous 
range of peaks below a mass cut o f f at m/e = 165. The 
compound was r e s i s t a n t t o water, d i l u t e a c i d and d i l u t e 
a l k a l i at room temperature. Heating w i t h 30% sulphuric 
aci d at 100° under vacuum over a period of two days produced 
q u a n t i t i e s of methane and ammonia as the only detectable 
v o l a t i l e products. 

A s i m i l a r r e a c t i o n between a 2:1 r a t i o of a c r y l o n i t r i l e 
and te bramethyldiborane i n 20 ml of T.H.F. produced., upon 
workup, an i n v d a t i l p orange compound of apparently s i m i l a r 
composition t o th a t described above. 
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( x i ) Reaction of A c r y l o n i t r i l e and Tetramethyldiborane 
(1:1) 

I n a r e a c t i o n s i m i l a r to t h a t described above,acrylo
n i t r i l e (0.74 g 5 13.95 mmol) and tetramethyldiborane 
(1.16 g, 13.84 mmol) reacted at below 0° t o produce a 
q u a n t i t y of orange s o l i d m a t e r i a l . F r a c t i o n a t i o n of the 
v o l a t i l e m a t e r i a l s r e s u l t i n g from the r e a c t i o n y i e l d e d 
a mixture of trimethylborane and tetramethyldiborane 
(0,34 g) as the only v o l a t i l e components. The orange 
s o l i d possessed s i m i l a r physical p r o p e r t i e s t o t h a t obtained 
from the 2:1 r e a c t i o n of a c r y l o n i t r i l e and tetramethyldiborane 
and again f a i l e d t o give consistent elemental analyses. 
The mass spectrum showed a wide spread of peaks below 
a mass cut o f f at rn/e = 122, l i t t l e of which could be 
co n c l u s i v e l y assigned. 
( x i i ) Reaction of A l l y l c y a n i d e and Tetramethyldiborane 

(2:1) 
A l l y l c y a n i d e (1.28 g. 19.08 mmol) and t e t r a m e t h y l 

diborane (0.80 g 5 9.55 mmol) were condensed i n t o a f l a s k 
at -196°, the f l a s k sealed, and allowed to warm slowly 
t o room temperature. At room temperature a viscous orange 
o i l was deposited over a period of two hours which d i d 
not change i n appearance over a f u r t h e r period of 24 hours. 
The f l a s k was opened t o a vacuum l i n e and the v o l a t i l e 
m a t e r i a l s removed by pumping on the f l a s k at room temperature 
f o r a period of s i x hours. F r a c t i o n a t i o n of the v o l a t i l e 
components y i e l d e d trimethylborane (0.06 g) plus a small 
amount (0.19 g) of a yellow viscous o i l which could not 
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be f u r t h e r p u r i f i e d and which decomposed upon heating 
to y i e l d an orange s o l i d m a t e r i a l as the only i d e n t i f i a b l e 
product. Elemental analysis of the o i l suggested i t t o 
be impure allylmethyleneaminodimethylborane, (CH2 = 
CKCH2CH=NBMe2)2. (Found : C 62.3%.. H 13.0%. B 9.1%, 
N 13.0%. C 1 2H 2 4N 2B 2 requires : C 66.1% 3 H 11.1%. B 9.9%, 
N 12.9%) * ( l i q u i d f i l m ) 2928 (s) 2865 (m,sh) 2245(w) max ^ 
1694(s) 1648(w) 1473(m) 1402(m) below 1400 cm - 1 broad, 
i l l d e fined. 

The remaining, non v o l a t i l e component of the r e a c t i o n 
product was an orange s o l i d , s i m i l a r i n physical appearance 
t o the products obtained from the a c r y l o n i t : r i l e reactions 
described above,and which again f a i l e d t o give consistent 
elemental a n a l y s i s . 
( x i i i ) Reaction of t-Butylcyanlde and Triethylborane 

(1:1). 
t-Butylcyanide (0.90 g, 10.83 mmol) ano. t r i e t h y l b o r a n e 

(1.06 g, 10.80 mmol) were sealed under vacuum i n a Carius 
3 

tube of approximately 100 cm capacity and the tube heated 
t o 135° f o r a t o t a l period of six t e e n hours. Upon c o o l i n g 
the tube was opened t o a vacuum l i n e and a small amount 
of a non-condensable gas, which was not i d e n t i f i e d , pumped 
away. The remaining v o l a t i l e s were separated by vacuum 
d i s t i l l a t i o n t o y i e l d ethene (0.012 g ) , t r i e t h y l b o r a n e 
(0.612 g)., t-butylcyanide (0.627 g) and a white s o l i d 
(0.635 g) which could be sublimed under vacuum (40°, 
0.002 mmHg), A small amount of a n o n - v o l a t i l e , yellow, 
resinous m a t e r i a l remained in. the tube and was not i d e n t i f i e d . 
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The white s o l i d was i d e n t i f i e d as the a n t i isomer of t -
butylmethyleneaminodiethylborane, { tBu CH=NBEt 2) 2; m.pt. 
76°. (Found : C 70.3%, H 14.0%, B 7.1%., N 9.1% 
C 1 8 H 4 0 B 2 N 2 r e c l u i r e s : c 70-6% 5 H 13.2%, B 7.1%, N 9.2%) 
v (KBr d i s c ) 3000(w) 2959(s) 2945(s) 2910(ra ssh) 2867(s) max 
2715(w) 1663(s) 1654(m,sh) 1477(m) 1457(m) 1416(w) 1388(w) 
1365(w) 1272(w) 1253(w) 1208(w) 1104(w,sh) 1081(m) 1055(s) 
1029(w) 1010(w,sh) 949(w) 919(s) 888(w) 817(s) 777(w) 
cm . The compound was stable t o a i r . 
( x i v ) Reaction of B e n z o n i t r i l e and Triethylborane (1:1) 

B e n z o n i t r i l e (0.87 g, 8.5 mmol) and t r i e t h y l b o r a n e 
(0.83 g, 8.5 mmol) were condensed under vacuum i n a Carius 

3 
tube of approximately 100 cm capacity and the tube was 
heated t o 135° f o r a t o t a l period of eighteen hours. 
Upon c o o l i n g the tube was opened t o a vacuum l i n e and 
a small amount of a non-condensable gas pumped away. The 
remaining v o l a t i l e s were separated by vacuum d i s t i l l a t i o n 
t o y i e l d ethene (0.081 g ) 5 t r i e t h y l b o r a n e (0.521 g ) , ben
z o n i t r i l e (0.542 g ) , and a white s o l i d (0.45c', g) which 
could be sublimed under vacuum (50°, 0.005 mmHg). A small 
amount of a yellow s o l i d m a t e r i a l remained i n the bottom 
of the tube and was not i d e n t i f i e d . The white s o l i d was 
i d e n t i f i e d as the a n t i isomer of phenylmethyleneaminodiethyl-
borane, (PhCH=NBEt 2) 2 m.pt. 106°. (Found : C 76.8%, H 10.1%, 
B 6.3%, N 8.2%. C 2 2H 3 2B 2N 2 requires : C 76.3%, H 9.3%, 
B 6.3%, N 8.1%) >) v (KBr d i s c ) 3090(w) 3065(w) 3027(w) 
2960(s) 2915(m,sh) 2895(m,sh) 2874(s) 2821(w) 1654(m,sh) 
1648(m,sh) 1640 (s) 1600(w) 1578(w) 1527(w) 1489 (w)-145.1 (m) 
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1407(w) 1313(w) 1267(m) 1245(m) 1203(m) 1090(w) 1072(s) 
1047(s) 1027(sh) 958(w) 929(m) 910(m) 804U) 748(s) 682(s) 
cm . The compound was stable t o a i r . 

(xv) Reaction of Trimethylcyanosilane w i t h Tetramethyl
diborane (2:1). 
Trimethylcyanosilane was prepared according t o the 

method described by Evers et a l . (26). 
T r i m e t h y l s i l y l c y a n i d e (1.23 g, 12.40 mmol) and t r e t a -

methyldiborane (0.52 g, 6.2 mmol) were condensed i n t o 
a 500 ml f l a s k at -196°, the f l a s k sealed, and allowed 
to warm t o room temperature. A r e a c t i o n wa» observed 
below 0° which deposited a q u a n t i t y of white s o l i d at 
the bottom of the vessel, no f u r t h e r r e a c t i o n being observed 
a f t e r three days at room temperature. The f l a s k was opened 
to a vacuum l i n e and the v o l a t i l e products f r a c t i o n a t e d 
t o y i e l d trimethylborane (0.04 g ) , and a second f r a c t i o n 
(0.89 g) which was i d e n t i f i e d , on the basis of i t s i n f r a 
red spectrum, as t r i m e t h y l s i l a n e (27). The remaining 
product, a w h i t e i n v o l a t i l e s o l i d , was i d e n t i f i e d as 
dimethylcyanoborane, (Me2BCN)n m.pt. 98° ( d e c ) , L i t . 
value (28) 98°. (Found : C 52.4%, H 8.7%, B 15.9%, 
N 21.0%, CI absent, Si absent C3H6BN requires : C 52.9%, 
H 9.0%, B 16.2%, N 20.9%) 0 f l x ( n u j o l m u l l ; 2278(s) 1301 (s) 
1116(w) 1004(s,br) 985(s,br) 805(m) 732(m,br) 651(w) 587(w) 
550(w) 522(w,br) cm-*. The compound was stable t o a i r . 
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( x v i ) Reaction of Trimethylcyanosilane wirh Dimethyl-
boronchlorlde (1:1) 

Dimethylboronchloride (2.02 g 5 26.46 mrnol), prepared 
from trimethylborane and boron t r i c h l o r i d e by the method 
of A l f o r d et a l . (29),and t r i m e t h y l s i l y c y a n i d e (2.63g, 
26.46 mmol) were reacted under conditions s i m i l a r to those 
described above f o r the r e a c t i o n of t r i m e t h y l s i l y l c y a n i d e 
and tetramethyldiborane. The r e a c t i o n proceeded at below 
0° t o y i e l d t r i m e t h y l c h l o r o s i l a n e , (2.77 g ) , and a white 
s o l i d , (1.70 g) which was i d e n t i f i e d as dlmethylcyanoborane, 
(Me2BCN)n, being i n a l l respects i d e n t i c a l t o the sample 
described above. 

( x v i i ) Reaction of Dimethylcyanoborane w i t h Tetramethyl
diborane (2:1). 

Dimethylcyanoborane (0.28 g. 4.19 mmol) was dissolved 
i n 40 ml of toluene and the s o l u t i o n frozen t o -196°. 
Tetramethyldiborane (0.18 g. 2.1.5 mmol) was condensed 
onto the l i q u i d surface, the r e a c t i o n vessel l e t down 
t o an atmosphere of nitrogen,and slowly warmed t o 75°. 
A f t e r four hours the r e a c t i o n vessel was c o d e d to room 
temperature and the v o l a t i l e components removed t o a vacuum 
l i n e where a l l the tefr ramethyldiborane was.removed by 
f r a c t i o n a t i o n . The remaining i n v o l a t i l e white s o l i d (0.25 g 
was i d e n t i f i e d as unchanged dimethylcyanoborane. 
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DISCUSSION 
P r i o r t o the present work a number of studies have 

i n v e s t i g a t e d the formation of imino d e r i v a t i v e s of boron, 
r e s u l t i n g from the r e a c t i o n of a boron hydride compound 
w i t h a n i t r i l e . Early work established t h a t diborane 
w i l l react w i t h two equivalents of e i t h e r a r . e t o n i t r i l e 
or p r o p i o n i t r i l e i n the absence of solvent, to form an 
unstable n i t r i l e - b o r a n e adduct., RCN.BH3(30,31) which w i l l 
then rearrange t o form the corresponding borazine d e r i 
v a t i v e (31.32) (Equation I I . 5 ) . By co n t r a s t ; r e a c t i o n 
of two equivalents of 

RCN + ̂ B2H6-> (RCN.BH3)->%(RCK2NBH)3 R - Me, Et 11.5 

a c e t o n i t r i l e w i t h tetramethyl-, or t e t r a e t h y l - , diborane,' 
again i n the absence of solvent, r e s u l t e d i n the a d d i t i o n 
of the B-H u n i t across the n i t r i l e f u n c t i o n to form the 
methyleneaminodialkylborane d e r i v a t i v e (25) (Equation 
I I . 6 ) and 

2CH3CN + R2BK2BR2—>(CH3CH=NBR2 ) ? R=Me , ;lt 11. 6 

without i s o l a t i o n of the adduct intermediate. Further, 
the r e a c t i o n of a c e t o n i t r i l e w i t h the unsymmetrical dimethyl 
and d i e t h y l - , diboranes y i e l d e d mixtures of the iminoboranes 
and N,N|N" t r i a l k y l b o r a z i n e s (Equation I I . 7 ) (25). An 

2CH3CN + R 2BH 2BH 2-»^(CH 3CH=NBR 2) 2 + %(CH3CH2NBH)3 

R = Me,Et I r .7 

analogous rea c t i o n t o that displayed by i el r.inK.-t hy I cl i. borane 
(Equation I I . 6 ) occurred when dimethylaluminium hydride, 
(Me 2AlH) 2, was reacted w i t h the o r g a n o n i t r i l e s 
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RCN (R=Me, tBu 5 Ph) (33,34). A d d i t i o n of an Al-H u n i t 
across the n i t r i l e f u n c t i o n r e s u l t e d i n formation of the 
corresponding iminoalane (Equation 11.8) while again no 

2RCH + Me 2AlH 2AlMe 2->(RCH=NAlMe 2) 2 :R=Me,tBu,Ph 11. 8 

adduct could be i s o l a t e d . 
The methyleneaminodialkylboranes, (CH2CH=NBR2)2, 

were characterised as isomeric mixtures of boch syn and 
a n t i carbon-bonded methyl species (see Figure I I . l ) and 
were stab l e at room temperature. Other work (35) demon
s t r a t e d t h a t s t a b l e species of the form (RCH-NBHtBu)2 

Figure I I . l 
Syn and a n t i isomers of the species 

(CK3CH=NBR2)2 

3 

R. ,R R. /R 
\ / \ , ' ' 

B H ^ 3 CH 
/ \ / \ 
R R R' R 

syn . a n t i 

could be prepared by the r e a c t i o n of a l k y l 
and a r y l n i t r i l e s w i t h the t-butylborane-trimethylamine 
complex i n diglyme (Equation I I . 9 ) . The r e s u l t i n g 

H2
tBuBNMe2 + RCN—>(RCH=NBHtBu)2 

R = a l k y l , a r y l I I . 9 

iminoboranes were s t a b l e up t o t h e i r m e l t i n g temperatures 
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showing no i n c l i n a t i o n t o undergo a second hydrogen t r a n s f e r 
across the C=N bond to form the borazine species. By 
co n t r a s t , t r i f l u o r o - , and t r i c h l o r o - , a c e t o n i t r i l e f a i l e d 
t o react w i t h diborane a t room temperature ( 3 6 ) ; e i t h e r 
±1.the vapour phase or i n ether s o l u t i o n . When heated, 
two equivalents of t r i f l u o r o a c e t o n i t r i l e reacted w i t h 
diborane t o form the borazine, (CF̂ CĤ NSH ).j (Equation 
11.10), while t r l c h l o r o a c e t o n i t r i l e reacted to form the 
unstable iminoborane. (CC10CH=NBH0) . whose s t a t e of associaton 

J L n' 
was not determined, and which subsequently decomposed 
to the corresponding borazine (36) (Equation 11.11). 

3CF3CN + 3/2 B 2H 6 »(CF^Ct^NBH) ̂  11.10 

2CC13CN + B 2H 6 » 1/n (CC13CH=NBH2) 2 » 11.11 
ij(CCl 3CH 2NBH) 3 

I n recent years l i t t l e f u r t h e r a t t e n t i o n has been 
d i r e c t e d towards associated monoalkyl-., and monoaryl-, 
methyleneamino d e r i v a t i v e s of boron. The current a v a i l a b i l i t y 
of a wider range of spectroscopic techniques, i n c l u d i n g 
11 13 
B and C n.m.r., however prompted a f u r t h e r examination 

of such compounds, while the study was extended t o include 
i n v e s t i g a t i o n s of the r e a c t i v i t y of tetramethyldiborane 
towards Me-jSiCN, and the formation of associated imino-
boranes from the r e a c t i o n of n i t r i l e s w i t h t r i e t h y l b o r a n e . 

Four new a l k y l - . and a r y l - , methyleneaminoboranes 
have been synchesised, during the present study, via the 
re a c t i o n of tetramethyldiborane and the corresoonding 
n i t r i l e (Equation 11.12). They are: the syn and a n t i 
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isomers of (EtCH=NBMe2)2• prepared as a l i q u i d mixture. 
2 RON + Me 2BH 2BMe 2-»(RCH=NBMe 2) 2 11.12 
R=Et. CBu. Ph 

m.pt. -10° to -5°, and which could not be separated, together 
w i t h the a n t i isomers of the compounds (LBuCH=NBMe2)2, 
m.pt. 96.5°, and (PhCH=NBMe2)2, m.pt. 170.5°. I n no case 
was evidence f o r the formation of the intermediate borane-

n i t r i l e adduct observed, although these may w e l l have 
been formed as t r a n s i t o r y species. A l l the l i s t e d compounds, 
together w i t h the syn and a n t i isomers of (MeCH=NBMe2)2 , 
were f u l l y characterised. The products were e i t h e r c r y s t a l l i n e 
s o l i d s : a n t i (MeCH NBMe^. ( tBu CH--NHMe2 ) 2 find ( IMiCHa 
NBMe 2) 2 or colourless l i q u i d s - syn/anti (EtCHU-NBMe,,) 2 

and syn (MeCH=NBMe2)2, and were thermally stable at room 
t e m p e r a t u r e . A l l the s o l i d s were unaffected by exDosure 
t o a i r while the two l i q u i d f r a c t i o n s both showed some 
evidence of decomposition. An attempt t o e f f e c t an exchange 
of boron s u b s t i t u e n t s by r e a c t i o n of (PhCH=NBMe2)2 w i t h 
an excess of boron t r i c h l o r i d e at 110° f a i l e d , the reactants 
being recovered unchanged. Elsewhere (37). the r e a c t i o n 
of ( tBuCH=NBBu 2) 2 w i t h an excess of both boron t r i c h l o r i d e 
and t r i b r o m i d e , has been shown to y i e l d the compounds 
( CBu CH=NBX2)2 (x=Cl, Br)(Equation I I . 1 3 ) . The d i f f e r e n c e 
i n r e a c t i v i t y of the two compounds can be e x D l a i n e d i n 

( tBuCH=NB nBu 2) 2 + X.S.BX3-*(tBuCH=NBX2)2 + 
XB nBu 2, X 2B n3u e t c . 11.13 

X=C1, Br. 
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terms of t h e i r s t a t e of as s o c i a t i o n , and hence c o o r d i n a t i o n 
s t a t e of boron, at r e a c t i o n temperature.(PhCH=NBMe 2) 2 

has been shown, by i t s mass spectrum,to remain associated 
i n the vapour phase at temperatures i n excess of 110°, 

11 
while Bn.m.r. and mass s p e c t r a l evidence has shown 
( LBuCH=NB nBu 2) 2 to be nonomeric, i n both tha melt and 
vapour phase, above 70° (37). Such d i f f e r e n c e s i n r e a c t i v i t y 
of three and four coordinate boron are also observed i n 
the d i f f e r i n g resistance to h y d r o l y s i s e x h i b i t e d by the 
species t B u 2 C=NBC12 and (Ph 2C=NBCl 2) 2 (38,39). 

The r e a c t i o n of a c r y l o n i t r i l e , CH2=CHCN. and t e t r a -
methyldiborane d i d not produce the desired imino-borane 
species, but r a t h e r an i n v o l a t i l e yellow-oraage m a t e r i a l 
of apparently high molecular weight, which could not be 
characterised. The m a t e r i a l was in s o l u b l e i n a range 
of organic solvents and r e s i s t a n t t o h y d r o l y s i s at room 
temperature, while heating w i t h concentrated acid over 
a period of days y i e l d e d methane and ammonia as the only 
v o l a t i l e products. A second r e a c t i o n between equimolar 
amounts of the reactants consumed only 707„ c f the borane 
and y i e l d e d more orange s o l i d of s i m i l a r appearance t o 
tha t described above. S i m i l a r s o l i d s , again uncharacterised, 
were found t o r e s u l t from the reactions of diborane and 
two equivalents of a c r y l o n i t r i l e (31). Reaction of 
tetramethyldiborane and two e q u i v a l e n t of a l l y ! cyanide, 
CH2=CHCH2CN, again produced i n s o l u b l e orange s o l i d s , together 
w i t h a small amount of an o i l y m a t e r i a l which decomposed 
to y i e l d more orange s o l i d upon heating. I t proved impossible 
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to produce s u f f i c i e n t q u a n t i t i e s of t h i s m a t e r i a l f o r 
f u l l c h a r a c t e r i s a t i o n although i t s i n f r a red spectrum 
contained a strong band at 1695 cm~^ which would be 
consistent w i t h the b r i d g i n g >0 (C=N) s t r e t c h of dimeric 
allylmethyleneaminodimethylborane (CH2=CHCH2CH=NBMe2)2• 

The r e a c t i o n of tetramethyldiborane w i t h two equivalents 
of the s i l y l analog of t-Butylcyanide, t r i m e t h y l c y a n o s i l a n e , 
Me3 SiCN, r e s u l t e d , not i n the formation of an imino-borane 
species, but i n the l i b e r a t i o n of t r i m e t h y l s i l a n e and 
dep o s i t i o n of a white i n v o l a t i l e s o l i d . The white compound, 
i d e n t i f i e d as dimethylcyanoborane, (Me 2BCN) n, was also 
produced i n the r e a c t i o n of dimethylboron c h l o r i d e and 
t r i m e t h y l c h l o r o s i l a n e (Equations 11.13, 11.14). I n both 

Me3 SiCN + ^Me2BH2BMe2—•1/n(Me2B CN) n + Me-jSiH 11.13 
Me3SiCN + Me 2BCl— 1/n(Me 2B CN) n + Me-jSi CI 11.14 

cases r e a c t i o n occurred below 0° and i n the absence of 
solvent, no evidence f o r the formation of a stabl e n i t r i l e -
borane aiduct being observed. Other studies have shown 
t h a t diborane w i l l react w i t h both s i l y l c y a n i d e , H 3 SiCN, 
and t r i m e t h y l c y a n o s i l a n e , Me3SiCN, t o form adducts which 
w i l l t hermally decompose above room temperature t o form 
cyanoborane (27) (Equation I I . 1 4 a ) , while boron t r i h a l i d e s 

R.SiCN + ^B9H,-R.SiCN.BH^—1/n(H9BCN) + R^SiH 
Z D J J n J I I . 1 4 a 

R = Ĥ Me 
(40) and di-n-butylboron c h l o r i d e (41) react w i t h diborane 
to form cyanoborane d e r i v a t i v e s without i s o l a t i o n of the 
intermediate adducts (Equations 11.15, 16). 

R3SiCN + BX 3-^/n(X 2BCN) n + R 3SiX 11.15 
R = H,Me 
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Me3SiCN + nBu 2BCl—» 1/n( nBu 2BCN) n + M e ^ i C l 11.16 

Trimethylborane, by comparison, d i d not react w i t h 
t r i m e t h y l c y a n o s i l a n e to form dimethylcyanoborane, (Me 2BCN) n, 
but instead y i e l d e d o i l y substances of va r y i n g composition 
which were not i d e n t i f i e d (26, 41). 

The behaviour of boranes towards s i l y l c y a n i d e s thus 
m i r r o r s t h a t towards organocyanides to the extent t h a t 
diborane w i l l i n i t i a l l y form i s o l a t a b l e adducts w i t h both 
groups of compounds (26, 30, 31) whereas tetramethyldiborane 
does not. The varying s t a b i l i t y of the adduct species 
may be explained i n terms of the decreasing Lewis a c i d i t y 
i n the sequence BH3> RBH2> R2BH >R3B: diborane, being 
a stronger Lewis Acid, w i l l form i s o l a t a b l e adducts whereas 
those formed by tetramethyldiborane are too unstable 
to be isolated. The end products from these borane-cyanide 
reactions d i f f e r however i n th a t while diborane and t e t r a m e t h y l 
diborane w i l l react w i t h s i l y l c y a n i d e s t o form cyanoboranes, 
(R 2BCN) n (R=H,Me), (Equations 11.13, 15) the corresponding 
reactions w i t h organocyanides y i e l d e i t h e r borazines (31,32) 
(Equation I I . 5 ) or iminoboranes (25) (Equation I 1 . 6 ) . 
I n the case of organocyanides, RCN (R=alkyl, a r y l ) the 

r e a c t i o n w i t h boranes of the general form (R'R"BH)2 

(R',R"=H, a l k y l , a r y l ) would seem to proceed v i a i n i t i a l 
f ormation of the adduct species ( Equation 11.17) whose 
existence may, or may not, be only t r a n s i t o r y . Subsequent 
r e a c t i o n proceeds v i a a one-hydrogen s h i f t across the 
C=N f u n c t i o n (32) to form the imino d e r i v a t i v e which may 
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R-C=N + ^(R !R"BH) 2 (R-C=N+-*3 R'R") 

%(RCH9NBH) 4-

H 

%(RCH=NBR'R") 
11.17 

R;RM=H 
be i s o l a t e d as a stable dimer, (RCH=NBR'R"), when R'=H 
and R"=alkyl or a r y l (35), or when R1 and R ' ^ a l k y l , a r y l 
(25). I n the case where both R' and R" are hydrogens 
a second hydrogen t r a n s f e r spontaneously occurs and the 

The r e a c t i o n of boranes and s i l y l c y a n i d i s t o form 
cyanoboranes i s less e a s i l y accounted f o r and i t i s only 
possible t o speculate as t o p l a u s i b l e mechanisms ( Figure 
I . 2). Once again i t would seem l i k e l y t h a t i n i t i a l r e a c t i o n 
involves formation of the adduct R-jSiCN.BXR^ ( X= H,halogen), 
(26,40) while subsequent r e a c t i o n could proceed by e i t h e r 
an i n t e r m o l e c u l a r or an intramolecular r o u t e . The i n t e r -
molecular mechanism (A) would involve t r a n s f e r of the 
species X from boron t o s i l i c o n v i a the vacant 3d o r b i t a l s 
of s i l i c o n (28), w i t h subsequent e l i m i n a t i o n of s i l a n e . 
A pos s i b l y more p l a u s i b l e intramolecular mechanism (B) 
would i n v o l v e an i n i t i a l 1,3 t r a n s f e r of X, t o form an 
intermediate imino-species, followed by spontaneous loss 
of the s i l a n e and subsequent as s o c i a t i o n t o form the 
cyanoborane. 

The s t a t e of ass o c i a t i o n of (Me0BCN) i s u n c e r t a i n 
and i t i s possible t h a t a number of oligomers of d i f f e r i n g 

i s o l a t e d product i s the borazine d e r i v a t i v e (RC^NBHJ-j 
(31). 

n 
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Figu r e I I . 2 

P o s s i b l e mechanisms f o r the r e a c t i o n of 

boranes, R^BX, with s i l y l cyanides, R^SiCN 

A. Intermolecular (26) 

R 3SiC=N + X-BR£ 
X + I -

R 3SiC=N-BR£ 

x = H , Halogen 

x 2 

2R 3SiX 

+ 2/n(R,iBCN) Z n 

RoSiC=N-BRi 
J i i i. 

X 

•; 

R 2B-N=CSiR 3 

B Intramolecular 

R 3Si-C=N + X-BR£ R3Si-C=N*BR^ 

R 3 S i X 

+ 1/n(R*BCN) z n 

x 1 I 
R3Si-C=N-BR^ 
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s i z e s are produced from the above r e a c t i o n s . The compound 
i s a i r s t a b l e and r e s i s t a n t to h y d r o l y s i s by weak a c i d 
and a l k a l i , while the i n f r a red spectrum shows a s i n g l e 
^ ( C=N) absorption at 2278cm-''". This would be c o n s i s t e n t 
with the compounds adoption of one or more c y c l i c s t r u c t u r e s , 
s i m i l a r to those proposed f o r the analogous compound 
(H 2 B C N ) n ( 4 2 ) , a study of which suggested (H 2BCN) 5 to 
be a major component i n both the vapour and s o l u t i o n phases. 
Such a pentameric s t a t e of a s s o c i a t i o n would permit formation 
of a near planar s t r u c t u r e ( Figure I I . 3 ) i n v o l v i n g the 

Fij»ure_II.3 

Proposed structure of (H ?BCN) 5 

H H 

i 
\ 

V 

4 B - C = N -

i 
I 
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minimum d i s t o r t i o n from the i d e a l i s e d , sp-hybridised, 

nitrogen bond angle of 18CP, and s p 3 h y b r i d i s e d boron bond 

angle of 109.5°. I n the present case the p e r s i s t e n c e 

of an oligomerised s t r u c t u r e such as (Me 2BCN)^ i n s o l u t i o n 

would a l s o account for i t s l a c k of r e a c t i v i t y towards 

tetramethyldiborane. 

The r e a c t i o n of b e n z o n i t r i l e . PhCN, and t r i e t h y l -

borane at temperatures between 100° and 200° has been 

reported (43) to y i e l d phenylmethyleneaminodiethylborane, 

(PhCH=NBEt 2) 2> while elsewhere (37) the r e a c t i o n of t -

butylcyanide, tBuCN, and tri-n-butylborane, B nBu 3, at 

between 150° and 200°. was shown to y i e l d t-butylmethyl-

eneaminodi-n-butylborane, ( tBuCH=NB nBu 2) 2 (Equations 

11.18, 19). Studies (33,34) on the analogous r e a c t i o n s 

PhCN + B E t 3
 1 Q Q ° ~ 2 0 C P» ^(PhCH=NBEt 2) 2 + H 2C=CH 2 11.18 

tBuCN+B nBu 3
 1 5 0 ° " 2 0 0 » ^(tBuCH=NB'feu2)2 + H 2C=CH 2 11.19 

between a t r i a l k y l a l u m i n i u m compound. R^Al, and a range 

of n i t r i l e s R'CN (R=alkyl, a r y l ) have shown t h a t , when 

R=aryl,or a l k y l other than e t h y l , the r e a c t i o n s proceed 

to form iminoalanes, (RR'C=NA1R 2) 2, (Equation 11.20) 

while the r e a c t i o n between A l E t 3 and PhCN (44) y i e l d e d 

R'CN + R 3A1—+ ^(RR'C=NA1R 2) 2 11.20 

a mixture of products (Equation 11.21). Suc'u anomalous 

^ ^ , ( P h E t C = N A l E t 2 ) 2 

PhCN + A l E t 3 11.21 
^(PhCH=NAl H: 2) 2 + H 2C=CH 2 

behaviour of tr i e t h y l a l u m i n i u m towards benzorn L r L l e 
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prompted a re-examination of the r e a c t i o n of BEtg and 

PhCN, and the performing of a second r e a c t i o n with ~BuCN. 

Reactions between equimolar amounts of r e a c t a n t s 

(135° , 16-18 hours) r e s u l t e d i n approximately 407o y i e l d s 

of the iminoboranes, (RCH=NBEt 2) 2» (R=Ph, tBu) together 

with corresponding amounts of ethylene. The compounds, 

white c r y s t a l l i n e s o l i d s , were confirmed as being s i n g l e 

s p e c i e s on the b a s i s of t h e i r mass, ^Cn.m.r., and ^n.m.r. 

s p e c t r a . I t was not p o s s i b l e to c o n c l u s i v e l y e s t a b l i s h 

whether both syn or a n t i isomers were formed on the 

b a s i s of t h e i r ^n.m.r. s p e c t r a , due to d i f f i c u l t y i n 

r e s o l v i n g the B-Et s i g n a l s , but comparison with the analogous 

B-Me d e r i v a t i v e s , together with the sharpness of t h e i r 

melting p o i n t s , would suggest the e x c l u s i v e formation 

of the a n t i isomers i n these c a s e s . 

The mechanism involved i n these r e a c t i o n s i s u n c e r t a i n 

and i s obviously d i s s i m i l a r to that o c c u r r i n g i n the corresponding 

'.".riethylaluminium r e a c t i o n . I t has been not >d elsewhere 

(45) that t r i a l k y l b o r a n e s , R3B, w i l l dehydroborate at 

e l e v a t e d temperatures to form terminal alkenes, R'CH=CH2, 

and s p e c i e s of the form (RBH^. I f such a process occurs 

under the conditions involved i n the present r e a c t i o n s 

subsequent hydroboration of the n i t r i l e w i l l y i e l d the 

iminoboranes (Equation 11.22) i n a s i m i l a r manner to the 

r e a c t i o n of (Me^H)^ described e a r l i e r . 

RCN + E t 3 B > (RCN + ^ ( E t 2 B H ) 2 + H 2 C=CH2) 

R= tBu,Ph I 11.22 
^(RCH=NBEt 2) 2 + K 2C=CH 2 
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S t r u c t u r a l and spectroscopic f e a t u r e s of thii a s s o c i a t e d 

iminoboranes (RCH=NBR£) 2 : The X-ray c r y s t a l s t r u c t u r e 

of (PhCH=NBMe2)2 

As noted i n Chapter 1, methyleneamino l i g a n d s , RR'C= 

having a lone p a i r of e l e c t r o n s on the nitrogen atom, 

can fu n c t i o n as sources of three e l e c t r o n s when bonded 

to a c o o r d i n a t i v e l y unsaturated m e t a l l o i d such as boron. 

I n cases where a s s o c i a t i o n of the r e s u l t i n g iminoborane 

i s prevented, notably by the s t e r i c bulk of the groups 

R, d a t i v e N =B TT bonding w i l l occur and the molecule w i l l 

assume a l i n e a r , or near l i n e a r , CNB skeleton (see Figure 

1 . 1 ( b ) ) . A number of such compounds are d i s c u s s e d i n 

Chapter 4. I n cases where a s s o c i a t i o n i s tic*: p r o h i b i t e d 

i t w i l l be favoured by the e n e r g e t i c a l l y morn d e s i r a b l e 

formation of two N-B r bonds, r a t h e r than one o-and 

one TT bond, the d e r i v a t i v e s g e n e r a l l y forming dimeric 

s p e c i e s . 

Of the known monoalkyl-. and monoaryL-; methylene-

aminoboranes (R*CH=NBR2R3 ) n ( R a = a l k y l , a r y l , RJ , R3 = H, 

a l k y l , a r y l ) only one, phenylmethyleneaminodimesitylborane 

PhCH=NB(mesityl) 2 , i s known to e x i s t i n the monomeric 

s t a t e a t room temperature ( 4 6 ) . I n t h i s i n s t a n c e the 

degree of s t e r i c i n t e r a c t i o n between the carbon-,and boron-

bonded a r y l s u b s t i t u e n t s can be shown to be too great 

to allow s u f f i c i e n t bending of the CNB u n i t to permit 

a s s o c i a t i o n . Of the remaining iminoborane s p e c i e s a l l 

are known to e x i s t as dimers (n=2) at room temperature 
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(9.25,35.37,46) although one, t-butylmethyleneaminodi-

n-butylborane 5 (""Bu CH=NB nBu 2) 2
 i s known to be monomeric 

i n the vapour and s o l u t i o n phases above 70° ( 3 7 ) . Dimeric 

s t r u c t u r e s have a l s o been e s t a b l i s h e d f o r a number of 

halogen-substituted a l k y l - , and a r y l - , methyleneaminoboranes 

RCH=NBX2 (R=alkyl, a r y l ; X=F,Cl.Br.I) (37,46.47) as w e l l 

as i n the analogous iminoalanes, (RCH=N A l R ^ ) 2 (R=Me,tBu.Ph; 

R'=Me,Et) (33.34). 

I n a l l the above dimeric compounds there e x i s t s the 

p o s s i b i l i t y of syn and a n t i isomerism, a r i s i n g from the 

r e l a t i v e o r i e n t a t i o n of the carbon-bonded a l k y l or a r y l 

s u b s t i t u e n t s (see Figure I I . l ) . E a r l i e r work, r e i n f o r c e d 

by the present study, has e s t a b l i s h e d that such 

isomerism i s found i n the compound (MeCH=NBMe2)2, where 

the syn isomer, m.pt -5°, and the a n t i isomer, m.pt. 76°, 

were separated and obtained i n an approximately 2:5 molar 

r a t i o , as w e l l as i n the case of (MeCH=NBEt2)2 where the 

isomers could not be separated ( 2 5 ) . During the course 

of the present study a f u r t h e r example of such s y n / a n t i 

isomerism was found i n the compound (EtCH=NBMe 2) 2, which 

again could not be separated i n t o i t s c o n s t i t u e n t isomeric 

forms, while s o l e l y a n t i forms of the compounds (RCH=NBR 2) 2 

(R= tBu, Ph;. R'=Me; E t ) were i s o l a t e d . Of th-a analogous 

iminoalanes. (RCH=NA1 R 2 ) 2 (33,34) only (MeCh-NAlMe 2) 2 

has been shown to e x i s t i n both syn and a n t i forms ( 3 4 ) , 

while the remaining compounds i n v e s i t i g a t e d (R= tBu, Ph: 

R'=Me,Et) e x i s t as s o l e l y a n t i isomers. The p o s s i b i l i t y 
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of such s y n / a n t i isomerism was a l s o noted (35) i n the 

case of the s e r i e s of compounds (RCH=NBHtBu ) 2 (R=alkyl, 

a r y l ) , as w e l l as the a d d i t i o n a l p o s s i b i l i t y of c i s / t r a n s 

isomerism a r i s i n g from non-equivalent t e r m i n a l l y - a t t a c h e d 

boron s u b s t i t u e n t s ( Figure I I . 4 ) . I n t h i s instance however 

Figure I I . 4 

Isomers of the s t r u c t u r a l form 

(RCH=NBH ^ u ^ 

u t , Eu 
D R B' H 

C=N .N=C1 ^C=K .N=C 

H cBu H *B 

syn - c i s a n t i - c i ? 

R .̂B. R . B. h 

Hi ^ B H B ^ R 
t S ^ t / 
c B u ^ H cBu h 

syn - tra n s a n t i - tra n s 

the choice; of bulky a r y l and alkyl. groups prevented sep

a r a t i o n of the various isomers, nor could the presence 

of any or a l l of the p o s s i b l e isomers be proved, although 

i t was argued that the a n t i - tra n s isomer would be the 

thermodynamically most p r e f e r r e d . Other types of compound 
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co n t a i n i n g a (BN) 2 r i n g a l s o have the p o s s i b i l i t y of such 

s t r u c t u r a l isomerism, as has been demonstrated i n the 

case of a s e r i e s of dimethylaminochloroboranes, (Me 2NBClR) 2 

(48) . 

The p r i n c i p a l f a c t o r d i c t a t i n g the adopted isomeric 

conformation i n the iminoboranes (RCH=NBR 2) 2 i s l i k e l y 

to be the s t e r i c i n t e r a c t i o n between the imino-carbon-, 

and boron-, bonded s u b s t i t u e n t s . I n the c a i e s of (RCH= 

NBMe 2) 2 (R=Me,Et) c a l c u l a t i o n suggests that the degree 

of such s t e r i c i n t e r a c t i o n i s not severe, and i n consequence 

both syn and a n t i isomeric forms may be accommodated, 

the a n t i isomer being the s l i g h t l y l e s s s t r a i n e d . Replacement 

of the methyl or e t h y l groups by the more bulky phenyl 

or t - b u t y l groups however w i l l introduce a co i s i d e r a b l y 

g r e a t e r degree of i n t e r a c t i o n , and i t i s found that the 

compounds e x c l u s i v e l y adopt the a n t i conformation. I n 

t h i s form the sferic f orces may be more e a s i l y accommodated 

than i n the corresponding syn form, where the presence 

of both phenyl or t - b v t y l groups on the same side of the 

molecule would maximise the i n t e r a c t i o n and 1 iad to con

s i d e r a b l e s t r u c t u r a l d i s t o r t i o n of the molecule. A s i m i l a r 

argument w i l l account f o r the formation of s o l e l y a n t i 

isomers of the compounds (RCH=NBEt 2) 2 (R= tBu. Ph). None 

of the compounds syn t h e s i s e d i n t h i s study showed evidence 

of d i s s o c i a t i o n j and thus the p o s s i b i l i t y of isomeric 

rearrangement, i n e i t h e r the vapour or l i q u i d phases, 

nor was the s y n : a n t i isomeric r a t i o temperature dependent. 
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The a n t i isomer of (MeCH=NBMe2)2
 w a s t h e s u b j e c t 

of an e a r l i e r , and somewhat imprecise X-ray c r y s t a l l -
ographic study (8) as was the r e l a t e d a n t i isomer of 
the iminoalane ( tBuMeC=NAlMe 2) 2 ( 8 ) . Durirg the course 
of the present work the d e s i r e f o r a more accurate s t r u c t u r a l 
determination of an iminoborane dimer, together with the 
i n t e r e s t i n examining the e f f e c t of i n c r e a s i n g the bulk 
of the carbon-bonded s u b s t i t u e n t , prompted a s t r u c t u r a l 
study of the compound (PhCH=NBMe2)2 ( 9 ) . The r e s u l t s 
of t h i s s t r u c t u r a l determination , performed by Dr. J . 
Halfpenny, are shown i n Figure I I . 5 and Tab'.e I I . 2 while 
common fe a t u r e s of the three r e l a t e d compounds are l i s t e d 
i n Table I I . 3 . 

C r y s t a l s of (PhCH=NBMe2)2 were found to be orthor-

hombic, space group Pbca, with a = 9.15(1), b=18.26(2), 

C=10.37(1)ft. The molecule i s centrosymmetric and has a 

planar, almost square, four membered (BN) 2 u n i t while the 

atoms C ( 3 ) , C(3)', C ( 4 ) , C ( 4 ) ' , H ( l ) and H ( l ) 1 a l s o l i e on 

the r i n g plane. With i n t e r n a l r i n g angles ot BNB=93.4(5)° 

and NB*N=86.7(4)° both boron and nitrogen show considerable 

d i s t o r t i o n from the geometry of t h e i r formal sp 2 and sp 3 

h y b r i d i s a t i o n s t a t e s , the more acute r i n g angle at boron 

b eing c o n s i s t e n t with both i t s formal sp 2 h y b r i d i s a t i o n , 

and i t s g r e a t e r e l e c t r o p o s i t i v i t y . The two E-N d i s t a n c e s 

of 1.592(5)8 and 1.585(6)8 do not d i f f e r s i g n i f L c a n t l y , 

and are of s i m i l a r length to that of 1.59l8 found i n the 

aminoborane (Me ?NBCl 9) ? (4H) d e s p i t e the f a c t that a l l 
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Table I I . 2 

S e l e c t e d bond lengths (8) and angles (°) 

i n (PhCH=NBMe2)2 

B - N 

B - C ( l ) 

N - C(3) 

1.592(5) 

1.597(6) 

1.278(5) 

Intramolecular d i s t a n c e s 

B ... B' 2.305(9) 

B-N-B' 

C ( l ) - B - C ( 2 ) 

B'-N-C(3) 

93.4(5) 

117.9(4) 

140.9(5) 

B - N' 

B - C(2) 

C(3)-C(4) 

N N' 

N--B-N' 

B-N-C(3) 

N-C(3)-C(4) 

1.585(6) 

1.589(6) 

1.462(5) 

2.174(6) 

86.7(4) 

125.7(3) 

127.8(4) 

Table I I . 3 

Comparison of s e l e c t e d bond lengths (&) 

ind angles (°) i n (PhCH=NBMe 2) 2. (MeCH=NBMe2)2 

and ( tBuMeC=NAlMe 2) 2(8 J9). 

Me Me 
c\ / 

2 e \ / \ 1 
R N

M

 R 

/ \ Me Me 
R 1 R 2 M a b c d e 

Ph H B 1.28 1.59 1.59 87 126 

Me H B 1.27 1.59 1.61 87 132 

^Bu Me Al 1.27 1.96 2.01 85 125 
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four r i n g atoms i n the l a t t e r are of formally sp 3 c h a r a c t e r . 
S i m i l a r B-N d i s t a n c e s have a l s o been found i n the compounds 
Me 3NBF 3 (50) and ( B H 2 ( N H 3 ) 2 ) + C 1 ~ ( 5 1 ) . The B-Me d i s t a n c e s 
of 1.597(6) 8 and 1.589(6) 8 are comparable with those 
of (Me 2BH) 2 ( 5 2 ) , while the C(1)BC(2) angle of 117.9(4)° 
showsan i n c r e a s e from the t e t r a h e d r a l angle (109.5°) and 
p a r a l l e l s the decrease i n the NBN i n t e r n a l r i n g angles. 

Both the BNC(3) and B*NC(3) bond angles i n (PhCH=NBMe2) 2. 

of 125.7(3)° and 140.9(5)° r e s p e c t i v e l y , are con

s i d e r a b l y d i f f e r e n t from those of 131.7° anr: 134.5° observed 

i n (MeCH=NBMe2)2, and demonstrate the i n c r e e s i n g d i s t o r t i o n 

of the molecular s t r u c t u r e brought about as a consequence 

of the i n c r e a s i n g s t e r i c i n t e r a c t i o n of boron and carbon 

s u b s t i t u e n t s , as d i s c u s s e d e a r l i e r . I n t e r e s t i n g l y , the 

corresponding A1NC and Al'NC angles of 124.9° and 140.5° 

i n ( tBuMeC=NAlMe 2) 2 (8) i n d i c a t e a s i m i l a r degree of d i s t o r t i o n 

i n t h i s compound, while the NC(3)C(4) angle of 1.27.8(4)° 

i n (PhCH=NBMe2)2 i s , presumably, f u r t h e r evidence of t h i s 

e f f e c t . The C=N bond d i s t a n c e of 1.278(5)8 i s unexceptional, 

being s i m i l a r to that observed i n ( LBuMeC=NAlMe 2) 2. as 

w e l l as a number of other compounds i n c l u d i n g the bridging 

C =N bond length of 1.279(14)8 i n the compound ( ( t B u 2 C = N ) 2 B e ) 2 

( 1 6 ) . A f u r t h e r i n t e r e s t i n g f eature i s the comparison 

of carbon-bonded imino-substituent bond lengths C(3) -

C ( 4 ) v in the three Imino d e r i v a t i v e s . The C(3) -- C(4) 

bond l engths In (I'hCH NBMe 2) 2 <ind (MoCH-NBMe2) 2 were measured 

as 1.462(5)8 and 1.468(7)8 r e s p e c t i v e l y , both values being 

s i g n i f i c a n t l y l e s s than those of 1.54(3)8 (C-Me) and 
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1.55(2)8 (C- tBu) found i n ( tBuMeC=NAlMe 2) 2, and 1.538 
found i n dimethylglyoxime (HON=C(Me)C(Me)) 2 ( 5 3 ) . While 
the shortening of the C(3) - C(4) bond d i s t a n c e i n 
(PhCH=NBMe2)2 can, i n part, be explained i n terms of i n t e r 
a c t i o n between the phenyl and C=N TTsystems, i t i s not 
c l e a r why such a marked shortening i s a l s o observed i n 
the case of (MeCH=NBMe2)2. 
I n f r a red s p e c t r a 

The i n f r a red s p e c t r a of the iminoborai ;e dimers were 

obtained from samples mounted as e i t h e r KBr d i s c s , or 

l i q u i d f i l m s between KBr p l a t e s , as appropriate. A l l 

the samples d i s p l a y e d a c h a r a c t e r i s t i c o l e f i n i c s t r e t c h 

>) (C-H) between 2995 cm"1 and 3000 cm"1, while the B-Me 

d e r i v a t i v e s a l l possessed a strong SCH^ deformation mode 

v i b r a t i o n a t ca. 1280 cm"1. Table I I . 4 l i s t s the 

observed "}(C=N) s t r e t c h i n g frequencies of these compounds 

together with those of a number of other iminoborane d e r i v a t i v e s 

A l l the compounds have (C=N) absorptions i n the range 
-1 -1 1640 cm to 1700 cm which i s w e l l w i t h i n the region 

1570 cm"1 to 1720 cm"1 e s t a b l i s h e d (33-35, 47, 54-58) 

as containing the -0 ( C=N) v i b r a t i o n s of imino ligands adopting 

a JJ2 bridging mode of bonding ( Figure I . K c 1 ) . By com

parison, the v(C=N) s t r e t c h i n g frequencies displayed 

by a s e r i e s of monomeric iminoboranes. R2C=NBR2 ( Figure 

1 . 2 ( 1 ) ) , occur i n the region 1730 cm - 1 to 1850 cm - 1, and 

are d i s c u s s e d i n chapter 4. Consideration of the observed 

trend i n >)(C=N) frequencies shown i n Table I I . 4 would 

i n d i c a t e a decrease i n absorption frequence a s s o c i a t e d 



- 47 -

Table I I . 4 

•Q(C=N) i n f r a red absorptions f o r some a l k y l - , 

and a r y l - , methyleneaminoborane dimers. 

Compound Isomer Phase >0(C=N)cm 1 Ref. 

(MeCH=NBMe2)2 syn l i q . f i l m 1698 (a) 
(MeCH=NBMe2)2 a n t i KBr d i s c 1694 (a) 
(MeCH=NBEt 2) 2 syn/anti l i q . f i l m 1692 25 
(EtCH=NBMe 2) 2 syn/anti l i q . f i l m 1695 (a) 
(tBuCH=WBMe2)2 

( tBuCH=;.BEt 2) 2 

(r-BuCH=Nj3nBu2)2 

a n t i 
a n t i 
a n t i 

KBr d i s c 
KBr d i s c 
n u j o l mull 

1684 
1663 
1668 

(a) 
(a) 
37 

(PhCH=NB.^Ie2)2 a n t i KBr d i s c 1654 (a) 
(PhCH=NBEt 2) 2 

a n t i KBr d i s c 1640 (a) 
( PhCH»-NBPh2 ) 2 

ant i. n u j o l mull 1643 46 

(a) This work. 

with an i n c r e a s e i n the mass of the carbon-bonded s u b s t i t u e n t , 

as might be expected from a c o n s i d e r a t i o n of the inc r e a s e d 

mechanical c o n s t r a i n t imposed on the v i b r a t i n g u n i t . 

I n the case of the phenymethyleneamino d e r i v a t i v e s however. 

a second f a c t o r , the d e l o c a l i s a t i o n of the phenyl and 

C=N TT systems, would a l s o have the e f f e c t of lowering 

the C=N bond order, and hence the a s s o c i a t e d frequency 

of v i b r a t i o n . Such an e f f e c t was a l s o noted i n the 

-0(C=N) frequencies of a s e r i e s of phenyl( a l k y l ) 
t 

methyleneaminoalanes, (Ph(R) G=NA1R2)2 ( 3 3 ) . The varying 

mass of the boron-bonded a l k y l s u b s t i t u e n t would a l s o 

seem to have a small e f f e c t on the -0 ( C=N) frequency, 

although, as might be expected, the e f f e c t i s much l e s s 
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pronounced and barely s i g n i f i c a n t . 

^ H n j i . r . s p e c t r a 

The 1H njn.r. s p e c t r a were recorded from s o l u t i o n s 

i n CDClg and are summarised i n t a b l e I I . 5 . I n most cases 

the samples were run with T.M.S. as an e x t e r n a l reference 

to avoid the d i f f i c u l t y of overlap with s i g n a l s due to 

the boron-bonded a l k y l groups. For the compounds (RCH=NBR 2') 2 

(R=alkyl) the o l e f i n i c proton was observed as a r a t h e r 

broad s i n g l e t i n the region f = 2.6 to 2.8 p.p.m., while 

when R = phenyl the s i g n a l could not be completely d i s t i n g u i s h e d 

from those due to the aromatic protons. The syn and a n t i 

isomers of the compounds (MeCH=NBMe2)2 and (EtCH=NBMe 2) 2 

could each be d i s t i n g u i s h e d on the b a s i s of the s i g n a l s 

due to the boron-bonded methyl groups, t h i s technique 

being used to e s t a b l i s h the e x c l u s i v e l y a n t i isomerism 

of the remaining imino(dimethyl)boranes. I n the case 

of the syn isomers, the methyl groups attached to the 

two boron atoms occupy magnetically non-equi. v/alent environ

ments, due to the r e l a t i v e p o s i t i o n s of the carbon-bonded 

methyl or e t h y l groups ( Figure I I . l ) , and consequently 

give r i s e to two equal s i g n a l s of s l i g h t l y d i f f e r i n g s h i f t , 

v i z . -f = 9.98 and 10.17 f o r svn (MeCH=NBMe2)2
 a n d 

T = 10.01 and 10.15 f o r syjri (EtCH=NBMe2) 2 . By c o n t r a s t , 

the a n t i isomers, being centrosymmetric molecules, have 

B-Me groups i n magnetically equivalent environments ( Figure 

I I . l ) . and thus give s i n g l e methyl peaks i n t h e i r n.m.r. 

s p e c t r a . I n the case of (EtCH=NBMe 2) 2, whose syn and 

a n t i isomers could not be separated, i n t e g r a t i o n of the 
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methyl signals of the syn and a n t i isomers suggested a 
r e l a t i v e molar r a t i o n of 2:5, being i d e n t i c a l t o the r e l a t i v e 
molar proportions of separable isomers of (MeCH=NBMe2)2• 
I n each case considerable broadening of the s i g n a l due 
to the boron-bonded methyl group was observed, t h i s being 
a t t r i b u t a b l e t o coupling e f f e c t s between the protons and 
the quadrupolar boron nucleus. S i m i l a r broadening i n the 
BEt Coc proton signals of the compounds (tBuCH=NBEt2)2 
and (PhCH=NBEt 2) 2

 w a s noted, and had the e f f e c t of prev
en t i n g r e s o l u t i o n of the s i g n a l s p l i t t i n g a r i s i n g from 
coupling w i t h the adjacent CH-j protons. I t was t h e r e f o r e 
not possible t o unambiguously assign a n t i isomerism t o 
these compounds on the basis of these s i g n a l s , although 
the sharp t r i p l e t s of the adjacent CH^ protons, at 
T=8.32, i n (tBuCH=NBEt2 ) 2 and t = 8 . 3 3 , i n (PhCH=NBEt2 ) 2> 

would suggest magnetically equivalent environments, and 
hence e x c l u s i v e l y a n t i isomerism. The non-equivalence 
of methyl environments, as demonstrated by 'H n.m.r., has 
also been c i t e d as evidence f o r syn / a n t i isomerism i n 
the compound (MeCH=AlMe2)2 (34), while the syn/anti isomerism 
of a series of associated dimethylaminochloroboranes 
(N^NBCIR^, was also established by t h i s method (48). I n 
both the syn and a n t i isomers of (MeCH=NBMe2^ a n d 
( EtCH=NBMe2)2 > co n t a i n i n g protons bonded t o the carbon 
atom <X t o the C=N group, s p l i t t i n g of the respective 
CH3 and CH2 signals was observed due t o coupling w i t h 
the geminal proton. I n the cases of the syn and a n t i 
isomers of (MeCH=NBMe9)9 t h i s gave r i s e t o doublet sign a l s 
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w i t h a coupling constant of 5.5 Hz, t h i s being t y p i c a l 
of geminal-proton coupling constants i n o l e f i n i c groups 

(59) . The coupling i n the syn/anti isomer mix of (EtCH= 
NBMe2)2 w a s f u r t h e r complicated by s p l i t t i n g of the 
si g n a l by the neighbouring CH^ protons, and i n t h i s case 
the r e s u l t a n t s i g n a l could not be properly ::esolved. 
13 
Cn.m.r. spectra 

13 
The proton decoupled Ctim.r. spectra were obtained 

from approximately 207o s o l u t i o n s of compound dissolved 
i n Ĉ D̂  and are summarised i n t a b l e I I . 6 , together w i t h 
the carbon resonance frequencies c£ the corresponding parent 
n i t r i l e s . I n no case was i t possible t o resolve the signals 
due t o the cx -bonded carbons of the B-Me and B-Et groups, 
the s i g n a l s commonly appearing as broad and i l l - d e f i n e d 
peaks i n the region S = 0 t o +10 p.p.m. downfield from 
T.M.S.j and i t was th e r e f o r e not possible t o f u r t h e r 
demonstrate syn and a n t i isomerism by t h i s technique. 

S i m i l a r broad and poorly defined cx-carbon peaks have 
been observed elsewhere (60 - 62) i n a number of organoboron 
compounds, the e f f e c t being due t o the large B-C couplings 
which are incompletely relaxed by the quadrupolar mechanism 
(60) . The imino-carbon resonances at 157 t o 167 p.p.m. 
are con s i s t e n t w i t h those noted elsewhere (63,64) and 
as such f a l l i n an intermediate s h i f t p o s i t i o n between 
those of n i t r i l e carbons, at ca. 115 - 125 p.p.m., and 
those of carbonyl carbons at ca. 180 - 220 p.p.m. (63). 
Considering the series (RCH=NBMe2)2, (R=Me,Et^Bu). i t 
can be seen t h a t successively r e p l a c i n g a l k y l s u b s t i t u e n t s 
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of increasing size r e s u l t s i n a gradual movement i n the 
imino-carbon resonance t o lower f i e l d . Moreover, the 
d i f f e r e n c e of 6.5 p.p.m. between the signals due t o 
(EtCH=NBMe2)2 and (tBuCH=NBMe2)2 i s t h a t which i s pre d i c t e d 
by the general observation t h a t successive a d d i t i o n of 
a l k y l groups t o the ©<-carbon adjacent t o a carbon-containing 
f u n c t i o n a l group w i l l cause the resonance of the f u n c t i o n a l -
group carbon t o move downfield by c a. 3 p.p.m. (63). 
The intermediate p o s i t i o n of the imino-carbon resonance 
i n the phenyl d e r i v a t i v e (PhCK=NBMe2)2 i s , perhaps, s u r p r i s i n g , 
c<-bonded a r y l s u b s t i t u e n t s normally r e s u l t " n g I n increased 

s h i e l d i n g , and hence higher f i e l d s h i f t s , of the carbon 
nucleus (63). Such a trend i s evident i n the n.m.r. 
s h i f t s of the carbonyl-carbon i n the series of aldehydes 
EtCHO (202.7 p.p.m) MeCHO(200.5 p.p.m) PhCHO (190.7p.p.m) 

1 
(65,66). However, the n i t r i l e C resonance of PhCN, 
at 6 = 118.7, f a l l s between those of MeCN, S = 117.7, and 
EtCN,£ = 120.8, and thus e x a c t l y p a r a l l e l s the tren d observed 
i n the iminoborane case. 
"B.nm.r. spectra 

The "B nm.r. spectra of the iminoboranos were recorded \ 
at 19.24 MHz and are summarised i n Table I I . 7 . together 
w i t h those of some s i m i l a r compounds. The compounds described 
i n t h i s chapter were run as concentrated toluene s o l u t i o n s , 
s h i f t s being quoted r e l a t i v e t o an e x t e r n a l reference 
of BFg.0Et 2. I t should be noted however, that small 
v a r i a t i o n s i n the s h i f t s {- 0.4 p.p.m) were seen when 
some of the compounds were run as s o l u t i o n s i n CDCl^ or 
CCl^. 
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Table I I . 7 

11 Bjri.m.r. signals of Imino-borane dimers 
(RCH=NBX ^ 

Compound Isomer M B + Ref 

(MeCH=NBMe2)2 syn +3.6 (a-
(MeCH=NBMe2)2 a n t i + 3.6 (a) 
(EtCH=NBMe2)2 syn/anti +3.7 (a) 
(tBuCH=NBMe2)2 a n t i + 5.4 (a) 
(PhCH=NBMe2)2 

( tBuCH=NBEt 2) 2 

a n t i 
a n t i 

+6.1 
+6.6 

(£.) 
(a) 

(PhCH=NBEt 2) 2 

( tBuCH=NB nBu 2) 2 

( tBuCH=NBCl 2) 2 

( tBuCH=NBBr 2) 2 

a n t i 
a n t i 
a n t i 
a n t i 

+ 7.6 
+ 7.4 
+4.3 
-2.3 

U ) 
37 
37 
37 

+ S h i f t s measured r e l a t i v e t o an ex t e r n a l reference of 
Et2QBF.j. P o s i t i v e values are t o lower f i e l d , 

(a) This work. 

The compounds have s h i f t s i n the region &= + 3.6 
to + 7.6 and as such are c l o s e l y grouped w i t h i n a wider 
range of s h i f t s associated w i t h boron being i n a f o u r -
coordinate environment (67, 68). By c o n t r a s t , the observed 
s h i f t s of the non-associated methyleneaminohoranes, 
R2C=NBR^ (R,R' = a l k y l , a r y l ) . discussed i n chapter 4, 
were found i n the region &= + 26 t o + 39. This marked 
d i f f e r e n c e i n s h i f t between monomeric and dimeric iminoborane 
d e r i v a t i v e s was used t o demonstrate the d i s s o c i a t i o n of 
( tBuCH=NB nBu 2) 2 above 70° ( 3 7 ) ; the associated molecule 
having a s h i f t of + 7.4 p.p.m. while t h a t of the monomer 
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was measured as + 38.8 p.p.m. The technique should a l s o , 
i n p r i n c i p l e , have allowed the syn and a n t i isomers of 
the compounds (MeCH=NBMe2)2 and (EtCH=NBMe2)2 to be d i s t i n g u i s h e d , 
as was found t o be the case w i t h t h e i r ^ nn.r. spectra. 
Thus, the boron atoms of the syn isomer, being magnetically 
non-equivalent, would be expected to have s l i g h t l y d i f f e r i n g 
s h i f t s while those of the a n t i isomer should be equivalent. 
I n p r a c t i c e however t h i s was not found t o be the case 
as both syn and a n t i isomers of (MeCH=NBMe2)2 gave r i s e 
t o s i n g l e peaks of i d e n t i c a l chemical s h i f t and h a l f - w i d t h , 
while a s i n g l e peak was seen i n the spectrum of (EtCH=NBMe2)2. 
The use of a higher f i e l d spectrometer, together w i t h 
l i n e narrowing techniques, may lead to observation of 
the expected s p l i t t i n g of the syn isomer s h i f t s although 
such a study was not attempted during the course of the 
present work. 

With an observed range of s h i f t values of only 4 
p.p.m. i t i s probably not possible t o place too much emphasis 
on s l i g h t d i f f e r e n c e s i n chemical s h i f t between the compounds 
prepared d u r i n g the present study. I t may be noted however 
t h a t the replacement of methyl groups by e t h y l on boron 
would seem to r e s u l t i n a s l i g h t decrease i n the s h i e l d i n g 
of the boron nucleus, as i s also seen i n thz case of the 
dimeric aminoboranes (CH2HNBMe2)2 (-1.0 p.p.m.) (69) 
and (CH 3HNBEt 2) 2 (+ 2.1 p.p.m) (70). A decrease i n s h i e l d i n g 
i s also observed i n the carbon-bonded s u b s t i t u e n t sequence 
Me > Et > fcBu > Ph. 
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Mass spectra 
The mass spectra of a l l seven iminoborme d e r i v a t i v e s 

were obtained and the major features of each are summarised 
i n Tables I I 8-13. The spectra of the syn and a n t i isomers 
of (MeCH=NBMe2)2 were e s s e n t i a l l y i d e n t i c a l , while a l l 
the spectra showed evidence of the dimeric species i n 
the vapour phase. Owing t o the s i m i l a r i t y of a l k y l sub-
s t i t u e n t s on both imino-carbon and boron i t was not always 
possible t o co n c l u s i v e l y i d e n t i f y a p a r t i c u l a r i o n peak i n 
the spectrum, although comparison of a l l the spectra would 

suggest a common breakdown p a t t e r n . Molecular ions were 

not observed i n the spectra of (MeCH-rNBMe2) 2
 a n c* 

(EtCH=NBMe2)2» while a l l the spectra contained a large 
peak due t o the loss of an a l k y l s u b s t i t u e n t from a boron 
atom of the dimer. Peaks due t o the monomeric species 
were also observed, the peak due t o the loss of one boron-
bonded a l k y l group from the monomer representing the l a r g e s t 
i o n c u r r e n t i n each case. A t h i r d break-down r o u t e , 
observed only i n the B-Me d e r i v a t i v e spectra, i s suggested 
by the presence of signals due t o species of the form 
(RCH=N(BMe 2) 2) +> (Re=Me, Et, tBu, Ph). 
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Table I I . 8 

Major peaks i n the mass spectra of 
syn-,and a n t i - , (MeCH=NBMe2)2 

/e Rel a t i v e 
I n t e n s i t y Assignment 

151 51 (MeCH=NBMe2)2 - Me 
136 18 i t _ 2 Me 
124 12 MeCH=N(BMe2)2 

83 33 MeCH=NBMe2 

68 100 i i _ Me 
53 8 i i _ 2 Me 
43 39 MeCH=NH 
42 30 MeCH=N 

Table I I . 9 
Major peaks i n the mass spectrum of 

(EtCH=NBMe0)0 

m / /e Re l a t i v e Assignment 
m / /e 

I n t e n s i t y Assignment 

179 48 (EtCH=NBMe2)2 - Me 
165 8 " - Et 
164 12 " - 2 Me 
138 13 EtCH=N(BMe 2) 2 

123 7 " - Me 
97 35 EtCH=NBMe2 

82 100 " - Me 
57 22 EtCH=NH 
56 17 EtCH=N 
41 82 EtC 



- 58 -

Table 11.10 
Major peaks I n the mass spectrum of 

(tBuCH=NBMe0)0 

rn / /e Re l a t i v e 
I n t e n s i t y Assignment 

250 15 (tBuCH=NBMe2)2 

235 67 1! _ Me 
220 7 I I _ 2Me 
205 5 I I _ 3Me 
166 23 tBuCH=N(BMe 2) 2 

151 6 i i _ Me 
125 44 tBuCH=NBMe2 

110 100 M _ Me 
95 15 n _ 2Me 
84 72 tBuC=NH 
83 63 tBuC=N 
57 49 t f i u 

Table 11.11 
Major peaks i n the mass spectrum 

of (PhCH=NBMe0)0 

m / /e Re l a t i v e 
I n t e n s i t y Assignment 

290 19 (PhCH=NBMe2)9 
• 

275 73 M - Me 
260 8 I I - 2Me 
186 11 PhCH=N(BMe2)2 

145 23 PhCK=NBMe2 

130 100 - Me 
104 96 PhCH=NH 
103 87 PhCH=N 
77 62 Ph 
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Table 11.12 
Major peaks i n the mass spectrum of 

( 'iBu CH=NBEt0 

m/e Rela t i v e 
I n t e n s i t y Assignment 

306 12 ( tBuCH=NBEt 2) 2 

291 5 1! _ Me 
277 83 t l _ Et 
276 12 I I _ 2 Me 
153 29 tBuCH=NBEt2 

138 8 M _ Me 
124 100 i i _ Et 
123 12 i i _ 2Me 
84 66 tBuCH=NH 
83 41 tBuCH=N 
57 69 r-Bu 

Table 11.13 
Major peaks i n the mass spectrum of 

(PhCH=NBEt 0) 0 

m / /e Rel a t i v e Assignment 
m / /e 

I n t e n s i t y Assignment 
346 19 (PhCH=NBEt 2) 2 

317 78 i t - Et 
288 14 i i - 2Et 
173 22 PhCH=NBEt2 

144 100 I I - Et 
104 69 PhCH=NH 
103 52 PhCH=N 
77 81 Ph 



CHAPTER 3 

REACTIONS OF LITHIUM TRIETHYLBOROHYDRIDE WITH 
SOME NITRILES; THE REACTIVITY OF LITHIUM 

t-BUTYL-, AND PHENYL-, METHYLENEAMINOTRIETHYLBORATE 
TOWARDS PHOSPHORUS TRICHLORIDE 
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INTRODUCTION 
This chapter describes the reactions of l i t h i u m 

t r i e t h y l b o r o h y d r i d e , LiBHEtg, w i t h a c e t o n i t r i l e , benzon-
i t r i l e and t - b u t y l cyanide i n T.H.F. s o l u t i o n . Differences 
i n the chemical and spectroscopic p r o p e r t i e s of the r e s u l t i n g 
species are i n t e r p r e t e d i n terms of d i f f e r i n g r e a c t i o n 
mechanisms. The r e a c t i v i t y of two of the products, the 
l i t h i u m t - b u t y l - , and phenyl-, methyleneaminotriethylborates 
(RCH=N(BEt^)Li) n> towards d i f f e r i n g molar equivalents 
of phosphorus t r i c h l o r i d e i s described, together w i t h 
the c h a r a c t e r i s a t i o n of the r e s u l t i n g f o u r new methylen-
eaminophosphines; (RCH=N)3P and RCH=NPC12 (R= tBu, Ph). 
EXPERIMENTAL SECTION 
( i ) S t a r t i n g m a t e r i a l s 

L i t h i u m t r i e t h y l b o r o h y d r i d e ("Super Hyaride ") was 
purchased commercially as an approximately 1M s o l u t i o n 
i n T.H.F. and was used as supplied. The s o l u t i o n was 
standardised by the volumetric determination of hydrogen 
e v o l u t i o n upon h y d r o l y s i s . N i t r i l e reagents were p u r i f i e d 
as described i n Appendix 1. Reactions and subsequent 
manipulations were performed under an i n e r t atmosphere 
of dry n i t r o g e n . 
( i i ) Reaction of Lit h i u m t r i e t h y l b o r o h y d r i d e and A c e t o n i t r i l e 

( 1 : 1 ) . 
A c e t o n i t r i l e (0.83g, 20 mmol.) was added t o L i t h i u m 

t r i e t h y l b o r o h y d r i d e (20 mmol.) i n 20 cm 3 T.H.F. and 
the s o l u t i o n s t i r r e d a t room temperature f o r two hours. 
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Removal of solvent by pumping y i e l d e d a c o l o u r l e s s , viscous 
o i l which could not be c r y s t a l l i s e d . (Found : C67.2%, 
H13.4%,B 3.0%, L i 2.0%, N 3.7 %. A compound of the s t o i c h 
i o m e t r i c r a t i o CH3CN : LiBHEt^ : 3 T.H.F. requires : 
C 66.1%, H11.9%,B 2.9%, L i 1.9%) \ ) m a x ( l i q u i d f i l m ) 3370(w) 
2980(s) 2935(s) 2890(s) 2855(s) 2796(s) 2698(w) 2224(m) 
2179(m) 2147(w,sh) 2125(s) 1565(m) 1555(m) 1530(w,br) 
1458(m) 1443(w,sh) 1430(w,br) 1267(w) 1340(w) 1313(w) 
1293(w) 1257(w) 1195(w) 1178(w) 1103(w) 1042(s) 1015(w) 
990(w) 954(w) 917(m) 888(s) 870(m,sh) 825(m) 800(w) 675(m) 
533(w) 523(w) 510(w) cm - 1. The m a t e r i a l decomposed upon 
exposure t o a i r . T r i e t h y l b o r a n e i s slowly l o s t over 
a number of days standing at room temperature, the process 
being accelerated a t higher temperatures, 
( i i i ) Reaction of L i t h i u m t r i e t h y l b o r o h y d r i d e and 

A c e t o n i t r i l e (2:1) 
A c e t o n i t r i l e (0.42g, 10.23 mmol.) was added t o Li t h i u m 

t r i e t h y l b o r o h y d r i d e (20.5 mmol.) i n 20 cm 3 of T.H.F., 
the mixture s t i r r e d at room temperature f o r four hours, 
and the solvent removed by pumping. The i n f r a red spectrum 
was e s s e n t i a l l y s i m i l a r t o t h a t found i n the 1:1 r e a c t i o n 
w i t h the a d d i t i o n of the f o l l o w i n g e x t r a peaks; 2072(w,br) 
2020(w,br) 1948(m,br) cm - 1, these being a t t r i b u t a b l e 
t o the>)(B-H) v i b r a t i o n i n f r e e B H E t g ^ ) . 

I n a f u r t h e r r e a c t i o n the s o l u t i o n r e s u l t i n g from 
a d d i t i o n of 20.5 mmol. LiBHEt^ to 10.25 mmol. CH3CN was 
hydrolysed by a d d i t i o n of 5 cm of water. The volume 
of hydrogen evolved was measured v o l u m e t r i c a l l y (232.7 
cm 3 at 290 K = 9.85 mmol.). 
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( i v ) Reaction of Li t h i u m t r l e t h y l b o r o h y d r i d e w i t h t -
Butylcyanide (1:1) 

t-Butylcyanide (0.83 g, 10.00 mmol.) was added t o 
Lit h i u m t r i e t h y l b o r o h y d r i d e (10.0 mmol.) i n 10 cm 3 T.H.F. 
and the mixture s t i r r e d f o r three hours at room temperature. 
Removal of solvent under vacuum y i e l d e d a co l o u r l e s s 
viscous o i l which could not be c r y s t a l l i s e d . The o i l 
was i d e n t i f i e d as Lithium t-butylmethyleneaminotriethylborate 

tBuCH=N(BEt 3)Li(3 T.H.F.). (Found : C 64.8%, H.14.5%, 
B3.1%, I i 2.0%, N3.6%, C 1 9H 4 9BLiN0 3 requires:C 63.9%, 
H 13.5%, B 3.0%, I i 1.9%, N 3.9%) > 3 m a x ( l i q u i d f i l m ) 2980(s) 
2924(s) 2895(s) 2830(s,br) 2800(m,sh) 2700(w) 1683(m,sh) 
1658(s) 1658(m,sh) 1645(w,sh) 1473(m) 1458(s) 1430(m,sh) 
1387(w) 1358(m) 1342(w,sh) 1293(w) 1250(m) 1211(w) 1202(w) 
1178(w) 1095(w,sh) 1048(s) 1040(s) 958(w,sh) 938(m,sh) 
916(s) 908(s) 887(s) 855(s) 840(s) 780(w) 673(m) 556(m) 
517(m) cm~^. The compound was found t o be a i r s e n s i t i v e , 
decomposing d u r i n g a few seconds exposure. 

A 20 mmol. sample of the product i n 25 ml. of T.H.F. 
was hydrolysed by r e f l u x i n g w i t h 30% s o l u t i o n of sodium 
hydroxide over a period of four hours, the s o l u t i o n was 
then n e u t r a l i s e d and f r a c t i o n a t e d . A f r a c t i o n b o i l i n g 
i n the range 75° - 80° was i d e n t i f i e d as comprising l a r g e l y 
t-butylaldehyde, tBuCH0. 

(v) Reaction of Lit h i u m t r i e t h y l b o r o h y d r i d e , Penta-
methyldiethylenetriamine (PMDETA) and t - B u t y l -
cyanide, (1:1:1). 

t - B u t y l cyanide (0.83g, 10.00 mmol.) was added 
t o l i t h i u m t r i e t h y l b o r o h y d r i d e (10 mmol.) i n 20 ml. of 
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T.H.F. and the mixture s t i r r e d f o r one hour at room temp
er a t u r e . Pentamethyldiethylenetriamine (1.73g, 10.00 
mmol.) was then added, the mixture s t i r r e d f o r a f u r t h e r 
two hours, and the solvent removed by pumping t o y i e l d 
a c o l o u r l e s s , viscous, o i l which could not be c r y s t a l l i s e d . 
Analysis of the l i q u i d gave : C 74.8%, H15.2%, B2.1%, 
L i 1.0%, N5.0%.Li(PMDETA).tBuCH=NBEt3 would r e q u i r e : 
C 68.9%, H 13.9%, B 3.1%, Li2.07 o, N12.1% ^ m a x ( l i q u i d f i l m ) 
2970(s,br) 2860(s,br) 1664(s) 1460(s,br) 1392(w) 1362(m) 
1300-1000 ( s t r o n g , i l l defined) 982(w) 938(m,sh) 831(s) 
908(w) 880(s,vbr) 788(m) 772(m) cm"1. Prolonged pumping 
at room temperature r e s u l t e d i n the recovery of f u r t h e r 
small amounts of t r i e t h y l b o r a n e , T.H.F. and PMDETA, 
i d e n t i f i e d on the basis of t h e i r i n f r a red spectra. 

( v i ) Attempted Reaction of Trieth y l b o r a n e w i t h d i - t -
butylmethyleneaminolithium. 

Triethylborane (0.83g, 8.47 mmol.) was condensed 
onto the surface of a frozen (-196°) s o l u t i o n of d i - t -
butylmethyleneaminolithium (1.24g, 8.42 mmol.) i n 30 
cm T.H.F. The mixture was allowed t o warm t o room temp
erature and then r e f l u x e d f o r a period of two hours. 

Approximately h a l f the solvent was removed by pumping 
and the remaining solution placed i n a fr e e z e r , maintained 
at -30°, f o r a number of days. Pale yellow c r y s t a l s were 
deposited which were subsequently i d e n t i f i e d as unreacted 
di-t-butylmethyleneamino l i t h i u m . Removal of the remaining 
solvent under vacuum y i e l d e d a f u r t h e r q u a n t i t y of imino-
l i t h i u m together w i t h almost q u a n t i t a t i v e recovery 
(0.83g, 8.27 mmol.) of t r i e t h y l b o r a n e . 
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( v i i ) Reaction of Lit h i u m t r i e t h y l b o r o h y d r i d e w i t h 
B e n z o n i t r i l e ( 1 : 1 ) . 

B e n z o n i t r i l e (1.03g, 10.00 mmol.) was added t o Lithium 
t r i e t h y l b o r o h y d r i d e (10 mmol.) i n 20 cm 3 T.H.F. and the 
mixture s t i r r e d at room temperature f o r three hours. 
Removal of the solvent under vacuum y i e l d e d a brown 

viscous o i l which could not be c r y s t a l l i s e d . The l i q u i d 
was i d e n t i f i e d as Li t h i u m phenylmethyleneaminotriethylborate 
PhCH=N(BEt 3)Li(3.T.H.F.) (Found : C 71.2%,H 13.3%,B 2.6% 
L i 1.7%, N 3.5% C 2 5H 4 5BLiN requires : C 70.6%,H 10.7%, 
B2.5%, I i 1.6%, N 3.3%) >) ( l i q u i d f i l m ) 3075(w) 3058(w) ' max n 

3018(w) 2978(s) 2930(s) 2882(s) 2854(s) 2790(m) 2702(w) 
1644(w,sh) 1634(s) 1577(w) 1487(w) 1458(m) 1446(m) 1430(w,sh) 
1368(w) 1360(w) 1341(w) 1302(w) 1290(w) 1049(w) 1203(w) 
1177(w) 1072(m,sh) 1044(s) lOOKw) 957(w) 913(w) 888(s) 
860(s) 852(m,sh) 849(m,sh) 755(s) 731(w) 697(s) 672(w) 
572(w,br) cm-*. The compound decomposed r a p i d l y upon 
exposure to a i r . Slow decomposition also occurred a f t e r 
prolonged standing at room temperature, and more r a p i d l y 
at elevated temperatures, the odour of t r i e t h y l b o r a n e 
being detected above the l i q u i d . 

A f u r t h e r 20 mmol. sample of the product i n 20 ml. 
T.H.F. was hydrolysed by r e f l u x i n g w i t h a 30% s o l u t i o n 
of sodium hydroxide over a period of 12 hours. The s o l u t i o n 
was then cooled, n e u t r a l i s e d and f r a c t i o n a t e d t o y i e l d 
T.H.F., water, and a f r a c t i o n which b o i l e d a t 176-178° 
and was i d e n t i f i e d as benzaldehyde (1.84g, 17.34 mmol.). 
The odour of t r i e t h y l b o r a n e was detected i n the T.H.F. 
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f r a c t i o n but was not q u a n t i f i e d . The remaining s o l i d s 
contained l i t h i u m , sodium and small amounts of carbon 
and hydrogen. No n i t r o g e n - c o n t a i n i n g species was detected. 
( v i i i ) Formation of (bi s ( t e t r a m e t h y l e t h y l e n e d i a m i n e ) ) 

L i t h i u m t r i e t h y l b o r o h y d r i d e , Li(TMED ) 2BHEt 3 

Tetramethylethylenediamine (3.49g, 30.05 mmol.) 
was added t o .a s o l u t i o n of l i t h i u m t r i e t h y l b o r o h y d r i d e 

3 
(15 mmol.) i n 40 cm of T.H.F. Removal of the solvent 
under vacuum y i e l d e d a white s o l i d which was i d e n t i f i e d 
as ( b i s ( t e t r a m e t h y l e t h y l e n e d i a m i n e ) ) L i t h i u r i t r i e t h y l b o r o h y d r i d e 
Li(TMEDjtjBHEt3 m.pt. 120-125° ( d e c ) . (Found : C 64.1% 
H 15.9%, B 3.1%, L i 2.1%, N.16.3%, C 1 8H 4 gBLi N 4 requires 
: C 63.9%,H 14.3%, B 3.2%,Li 2.1%, N 16.6%) > J m a x ( n u j o l 
m u l l) 2180(w) 2042(m) 1935(m,br) 1455(s,br) 1357(m ) 1286(m) 
1245(m) 1217(w) 1183(m) 1159(m) 1127(m) 1090(m,br) 1067(m) 
1031(m) 1013(m) 943(s) 900(w) 951(w) 787(m) 773(w,sh) 
586(w) cm . The compound was exceedingly s i r s e n s i t i v e , 
decomposing immediately upon exposure t o a i r . 
( i x ) Reaction of Li(TMED) 2BHEt 3 and B e n z o n i t r i l e ( 1 : 1 ) . 

B e n z o n i t r i l e (0.75g, 7.24 mmol.) was added t o a 
s o l u t i o n of Li(TMED) 2BHEt 3 (2.44g, 7.21 mmol.) i n 30cm3 

of T.H.F. and the mixture s t i r r e d at room temperature 
f o r three hours. Removal of the solvent under vacuum 
y i e l d e d a brown viscous o i l from which f u r t h e r small 
q u a n t i t i e s of T.M.E.D. could be removed w i t h pjplonged 
pumping. Elemental a n a l y s i s f a i l e d t o give c o n s i s t e n t 
r e s u l t s and could not be equated w i t h any p r e d i c t e d molecular 
f o r m u l a t i o n . The i n f r a red spectrum contained a large 
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number of peaks, i n c l u d i n g an absorption at 1642 cm , 
and f u r t h e r peaks a t t r i b u t a b l e t o both T.H.F. and T.M.E.D. 

(x) Procedure f o r the chromatographic examination of 
r e a c t i o n products. 
The procedure adopted was s i m i l a r t o t h a t described 

by Brown, Kim and Krishnamurthy (71). Samples of the 
r e a c t i o n products obtained from the r e a c t i o n of t - b u t y l -
cyanide and b e n z o n i t r i l e w i t h l i t h i u m t r i e t h y l b o r o h y d r i d e 
were prepared as 1M s o l u t i o n s i n T.H.F. A 1M s o l u t i o n 
of t r i e t h y l b o r a n e i n T.H.F. was also prepared and a l.Ojjdm 
sample i n j e c t e d i n t o a gas chromatography column (10% 
S.E., 8' x V. I n j e c t i o n p o r t 35°, column 50°) using 
n i t r o g e n as the c a r r i e r gas. The column separated the 
components of the l i q u i d i n t o two d i s t i n c t , symmetrical, 
peaks, t r i e t h y l b o r a n e being r e t a i n e d longer on the column, 
lpdm samples of the r e a c t i o n products were then syringed 
onto the column under s i m i l a r c o nditions and the r e s u l t i n g 
spectra examined f o r evidence of t r i e t h y l b o r a n e passing 
through the column. The experiment was subsequently 
repeated at higher temperature ( p o r t 80°, column 110°). 
( x i ) Reaction of Li t h i u m t - b u t y l m e t h y l e n e a m i n o t r i e t h y l -

borate w i t h Phosphorus t r i c h l o r i d e ( 1 : 1 ) . 

t - B u t y l cyanide (1.66g, 19.97 mmol.) was added t o 
a s o l u t i o n of l i t h i u m t r i e t h y l b o r o h y d r i d e (20 mmol.) 
i n 20 cm 3 of T.H.F., the s o l u t i o n s t i r r e d f o r h a l f an 
hour and then frozen t o -196°. Phosphorus t r i c h l o r i d e 
(2.57g, 20.02 mmol.) was added t o the frozen s o l u t i o n , 
the mixture s t i r r e d t o room temperature, and the solvent 



- 67 -

then removed under vacuum t o y i e l d an orange, s t i c k y , 
3 

m a t e r i a l . E x t r a c t i o n of the m a t e r i a l , w i t h 10cm of 
toluene, and f i l t r a t i o n of the r e s u l t i n g s o l u t i o n , gave 
a c l e a r orange s o l u t i o n from which no s o l i d m a t e r i a l 
could be recovered. Subsequent removal of the toluene 
under vacuum y i e l d e d a viscous orange o i l which decomposed 
upon attempts at i t s d i s t i l l a t i o n , HC1 being produced 
and an orange s o l i d r e s u l t i n g . Elemental analysis of 
the viscous o i l gave: C 38.3%, H 6.2%, B 2.2%, CI 31.9%, 
N 6.8%, P 13.2% tBuCH=NPCl2 requires : C 32.3%, H 5.4%, 
CI 38.2%, N 7.5%, P 16.7%. The i n f r a red spectrum contained a 
strong absorption at 1666 cm . Elemental analysis of 
the decomposition product f a i l e d t o give consistent r e s u l t s 
(C 45-52%, H 7-10%, CI 6-10%, N 14-16%, P 24-28%. 
( x i i ) Reaction of L i t h i u m phenylmethyleneamlnotriethylbo-

r a t e and Phosphorus t r i c h l o r i d e ( 1 : 1 ) . 
Phosphorus t r i c h l o r i d e (2.06g, 19.98 mmol.) and l i t h i u m 

t r i e t h y l b o r o h y d r i d e (20 mmol.) were reacted i n a manner 
s i m i l a r t o t h a t described above. E x t r a c t i o n w i t h toluene 
againyielded an orange viscous o i l which decomposed upon 
attempts of i t s vacuum d i s t i l l a t i o n . Elemental analysis 
of the o i l gave C 48.7%, H 5.4%, B 1.9%, CI 14.7%, N 3.7%, 
P 13.7%. PhCH=NPCl2 r e q u i r e s : C 40.8%, H 2.9%, CI 34.4%, 
N 6.8%, P 15.0%. The i n f r a red spectra contained a strong 
absorption at 1629 cm . Elemental analyses of the de
composition product f a i l e d t o give consistent r e s u l t s 
(C 54-59%, H 8-11%, Be.a.0.9%, CL15-10%, N 6-7%, P 17-22%) 
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( x i i i ) Reactions of Lithium t - B u t y l - and Phenyl- methyl-
eneaminotriethylborate w i t h Phosphorus t r i c h l o r i d e , 

( 2 : 1 ) . 
Two molar equivalents of L i t h i u m t - b u t y l - , and phenyl-

methyleneaminotriethylborate i n T.H. F. s o l u t i o n were 
reacted w i t h s i n g l e equivalents of phosphorus t r i c h l o r i d e 
i n a manner s i m i l a r t o t h a t described above f o r the analogous 
1:1 r e a c t i o n s . Both y i e l d e d , a t t e r e x t r a c t i o n w i t h toluene, 
s t i c k y orange m a t e r i a l s from which no s o l i d m a t e r i a l 
could be recovered. The i n f r a red spectrum of the t -
b u t y l d e r i v a t i v e contained a broad absorption i n the 
region 1625 - 1680 cm , w h i l e t h a t of the phenyl d e r i v a t i v e 
absorbed i n the region 1600 - 1645 cm-*. Both compounds 

31 
displayed two peaks i n t h e i r P n.m.r. spectra, which 
i n both cases corresponded t o those of the respective 
mono-, and t r i s - , methyleneaminophosphines. 
( x i v ) Reaction of L i t h i u m t - B u t y l m e t h y l e n e a m i n o t r i e t h y l -

borate and Phosphorus t r i c h l o r i d e ( 3 : 1 ) . 
t - B u t y l cyanide (1.66g, 19.97 mmol.) was added t o 

a s o l u t i o n of l i t h i u m t r i e t h y l b o r o h y d r i d e (20 mmol.) 
3 

i n 20 cm T.H.F., the mixture s t i r r e d at room temperature 
f o r h a l f an hour, and then frozen t o -196°. Phosphorus 
t r i c h l o r i d e (0.91g, 6.63 mmol.) was added, the mixture 
s t i r r e d t o room temperature, and the solvent then removed 
under vacuum to y i e l d a s t i c k y orange mass.. The m a t e r i a l 
was e x t r a c t e d w i t h 20 cm of hexane and f i l t e r e d t o y i e l d 
a c l e a r orange s o l u t i o n which slowly deposited a f i n e l y 
d i v i d e d yellow m a t e r i a l upon c o o l i n g i n a f r e e z e r at 
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-30°. The s o l i d was f i l t e r e d , pumped dry, and i d e n t i f i e d 
as t r i s (t-butylmethyleneamino)phosphine, ^BuC^NJgP, 
m.pt.; decomposed slowly upon heating above 30°. ( Found 
: C 63.8%, H. l l . 7 % , N 14.8%, P 10.8%, B. absent, CI absent, 
L i absent. C 1 5H 3 ( )N 3P requires C 63.5%, H 10. 7%, N 14.8%, 
P10.9%) >) (Nujol m u ll) 1662(m,sh) 1647(s) 1272(w) max J 

1247(m) 1213(m) 1982(m) 1063(m) 1032(s) 1018(w,sh) 973(w) 
962(w) 937(w,sh) 919(m) 888(w) 872(w) 815(w) 802(w) 797(m,sh) 
760(m,sh) 752(m) 729(s) 692(m) 640(w) 580(m,br) 504(w) 

-1 
cm . The compound became deliquescent upon exposure 
to moist a i r . 
(xv) Reaction of Li t h i u m phenylmethyleneaminotriethylborate 

and Phosphorus t r i c h l o r i d e ( 3 : 1 ) . 
B e n z o n i t r i l e (2.08g, 20.17g) was added t o a s o l u t i o n 

of l i t h i u m t r i e t h y l b o r o h y d r i d e (20 mmol. ) i n 20 cm 3 t.H. F., 
the mixture s t i r r e d at room temperature f o r h a l f an hour, 
and then frozen t o -196°. Phosphorus t r i c h l o r i d e (0.90g, 
6.55 mmol.) was added,the mixture s t i r r e d t o room temperature, 
and the solvent removed under vacuum. E x t r a c t i o n w i t h 
15 cm of a 1:1 hexane/toluene mixture, followed by f i l t r a t i o n , 
y i e l d e d a c l e a r orange-coloured s o l u t i o n which slowly 
deposited a f i n e yellow powder a f t e r standing a t room 
temperature f o r a number of days. The m a t e r i a l was f i l t e r e d , 
pumped dry, and i d e n t i f i e d as tris(phenylmethyleneamino) 
phosphine, (PhCH=N).jP m.pt. :- decomposed slowly upon 
heating above 28°. (Found : C 73.9%,H 6.2%,N 12.4%, 
P9.170, B absent, CI absent, L i absent. C 2 i H i 8 N 3 P r e c l u i r e s ; 
C 73.5%,H 5.3%,N 12.2%, P 9.0%) >0 (Nujol m u ll) 1665(w,sh) 
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1639(m,sh) 1611(s) 1598(s) 1573(s) 1311(m) t244(w) 1323(m,sh) 
1218(s) 1200(m,sh) 1163(w) 1140(w) 1073(w) A023(m) 1002(w) 
942(w) 920(m) 905(w) 860(m) 842(m) 803(w) 790(m,sh) 
780(m,br) 758(s) 735(w) 702(s) 694(s) 650(w) 617(w) 570(m,br) 

-1 
cm 
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DISCUSSION 
R e a c t i v i t y of a l k a l i metal t r l e t h y l b o r o h y d r l d e s towards 
organic f u n c t i o n a l groups. 

A l k a l i metal t r i a l k y l b o r o h y d r i d e s , MBHR^.(M=Li, 
Na, K, R=Me, Et, nBu, LBu) have been known f o r almost 
f o r t y years (73-75), although i t i s only i r the l a s t 
f i f t e e n years t h a t t h e i r p o t e n t i a l as reagents i n organic 
synthesis has been r e a l i s e d and e x p l o i t e d (71,73). The 
most widely studied of the compounds, L i t h i u m t r i e t h y l b o r o -
hydride, LiBHEt-j, has a n u c l e o p h i l i c i t y approximately 
10,000 times greater than the parent borohydride i o n , 
BH^, and as such i s the most powerful, simple, nucleophile 
a v a i l a b l e f o r e f f e c t i n g SN2 displacements ( 7 6 ) . The 
compound, prepared and used as a T.H.F. s o l u t i o n , i s 
made from the a d d i t i o n r e a c t i o n of l i t h i u m hydride and 
t r i e t h y l b o r a n e (Equation I I I . l ) (73) and w i l l react w i t h 

THF, 25°C 
LiH + BEt 3 * LiBHEt 3 I I I 1 

an extensive range of organic f u n c t i o n a l groups t o y i e l d 
the corresponding r e d u c t i o n products. The reactions 
g e n e r a l l y proceed at , or j u s t above , room temperature 
and u s u a l l y r e s u l t i n the formation of s i n g l e products, 
i n good y i e l d and without the co-formation of unwanted 
bi-products. Examples include the r e d u c t i o n of hindered 
h a l i d e s (Equation I I I . 2 ) (13.76) epoxides (Equation 
I I I . 3 ) ( 7 7 ) , c a r b o x y l i c acids (Equation I I I . 4 ) (71) 
quarternary ammonium s a l t s (Equation I I I . 5 ) (78) as w e l l 
as the reduction of cyc l l c ' i n d hi c y c l i c ketones (Kquatlon 



I I I . 6 ) (79-81). 

-BuCH2Br 
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LiBHEt. 

65°C,3hrs. 

0 
/ \ 

CH2CH2CH CHr 

LiBHEt 

25°C,2 min. 

'BuCH, 

OH 

~t CH3CH2CHCH3 

I I I . 2 

I I I . 3 

RC02H 
LiBHEt-

RCH20H I I I . 4 

C H 3 ( C H 2 ) 5 N I C H 3 ) 3 I ' 
LiBHEt. 

65°C,4 hrs. 
CH 3(CH 2) 5N(CH 3) 2 I I I . 5 

6 *° LiBHEto/H + OH 

0°C 
"* I J I I I . 6 

Whereas most organic f u n c t i o n a l groups are susceptible 
t o complete r e d u c t i o n upon r e a c t i o n w i t h LiBHEt 3, the 
n i t r i l e f u n c t i o n of c a p r o n i t r i l e , CH-jtCH^^CN, having 
a C-H u n i t bonded ex t o the n i t r i l e f u n c t i o n , w i l l only 
consume one equivalent of hydride (71) r a t h e r than the 
two necessary f o r r e d u c t i o n t o the corresponding amine 
(Equation I I I . 7 ) . Hydrolysis of the n i t r i l e - h y d r i d e 

CH 3(CH 2) 4CN + 2LiBHEt3—X-» ( C H 3 ( C H 2 ) 5 N ( B E t 3 ) 2 ) 2 " L i | + 

H 20 

CH 3(CH 2) 5NH 2 

I I I . 7 
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r e a c t i o n intermediate however does not y i e l d the expected 
aldehyde, r e s u l t i n g from the a d d i t i o n of one B-H u n i t 
across the n i t r i l e f u n c t i o n , but an equimolar amount 
of unreacted n i t r i l e and f u l l y reduced amine ( Equation 
I I I . 8 ) ( 7 1). Such behaviour of an a l i p h a t i c n i t r i l e 

THF, 25°C H 20 
RCN + LiBHEt .j • = • 1 1 1 * 8 

ijRCN + ̂ RCH2NH2 + BEt-j + LiOH 

towards a t r i a l k y l b o r o h y d r i d e i s i n marked contrast t o 
th a t of n i t r i l e s towards l i t h i u m triethoxyaluminium 
hydride, L i A l H ( O E t ) 3 (82). Reaction of equlmolar amounts 
of RCN and L i A 1H(0 Et) 3 w i l l r e s u l t i n almost q u a n t i t a t i v e 
production of aldehyde, RCHO, upon h y d r o l y s i s , while 
r e a c t i o n w i t h two equivalents of LiAlH(OEt)~ w i l l y i e l d 
the amine, RCH2NH2, upon h y d r o l y s i s (Equations I I I . 9 , 1 0 ) 

ether H 20 
RCN + L i A l H ( 0 E t ) 3 • • RCHO + 

LiOH + A l ( 0 E t ) 3 

I I I . 9 
ether H 20 

RCN + 2 L i A l H ( 0 E t ) 3 * * RCH2NH2 + 

2LiOH + 2 A l ( O E t ) 3 

I I I . 1 0 

I n c o n t r a s t to the behaviour of c a p r o n i t r i l e towards 
L i B H E t 3 , b e n z o n i t r i l e w i l l react w i t h one equivalent 
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of the borohydride t o y i e l d the expected aldehyde, PhCHO 
( Equation I I I . 11) (71), while r e a c t i o n w i t h an excess 

H 20 
PhCN + LiBHEt 3 • • PhCHO + LiOH + BEt 3 

I I I . 1 1 

of LiBHEtg w i l l proceed smoothly t o the formation of 
the amine (Equation I I I . 1 2 ) . Elsewhere (83) the r e a c t i o n s 

H 20 
PhCN + X.S.LiBHEt 3 • • Ph2CH2NH2 I I I . 1 2 

of both l i t h i u m , and sodium, t r i e t h y l b o r o h y d r i d e w i t h 
the n i t r i l e s "-BuCN, PhCN and cyclo-^H^CN have been 
i n v e s t i g a t e d i n toluene s o l u t i o n . I n each case r e a c t i o n 
of the n i t r i l e w i t h one equivalent of LiBHEt 3 r e s u l t e d 
i n the formation of the iminoborate species (Equation 
I I I .13), which could be i s o l a t e d as a s o l i d m a t e r i a l 

toluene 
RCN + MBHEt3 • (RCH=N(BEt 3)M) n. I I I . 13 
R = tBu,Ph,cyclo-C 6H 1 1; M = Li,Na 

i n the case of the sodium d e r i v a t i v e s , and as a viscous 
l i q u i d i n the case of the l i t h i u m species. 

I n the course of the present study the r e a c t i o n 
between a T.H.F. s o l u t i o n of LiBHEt 3 and a c e t o n i t r i l e 
was i n v e s t i g a t e d i n order to e s t a b l i s h whether a s i m i l a r 
mode of r e a c t i o n was displayed t o t h a t observed i n the 
case of the longer chain a l i p h a t i c n i t r i l e , c a p r o n i t r i l e 
(71). Reactions between LiBH E t 3 and the n i t r i l e s CBu CN 
and PhCN i n T.H.F. were also i n v e s t i g a t e d , i n an attempt 
t o i s o l a t e c r y s t a l l i n e l i t h i u m iminoborate d e r i v a t i v e s 
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and hence i n v e s t i g a t e the nature of the bonding mode 
adopted by the imino l i g a n d , RCH-N-, i n such systems. 

The r e a c t i v i t y of the iminoborate d e r i v a t i v e s , 
RCH=N(BEt.J)Li (R= tBu, Ph), towards phosphorus t r i c h l o r i d e 
was also studied. 
Reaction of L i t h i u m t r i e t h y l b o r o h y d r i d e and A c e t o n i t r i l e 
i n T.H.F. 

One equivalent of a c e t o n i t r i l e underwent a m i l d l y 
exothermic r e a c t i o n w i t h a T.H.F. s o l u t i o n of LiBHEt 3 

at room temperature. No gas was evolved duri n g the course 
of the r e a c t i o n , which was apparently complete a f t e r 
a few minutes s t i r r i n g . Subsequent removal of the T.H.F. 
solvent, by pumping at room temperature, y i e 1 d e d a c o l o u r l e s s , 
a i r s e n s i t i v e , and extremely viscous o i l - l i k e m a t e r i a l ; 
analysis suggested i t comprised a mixture of reactant 
components corresponding t o the s t o i c h i o m e t r i c r a t i o ; 
CH3CN : L i B H E t 3 : 3 T.H.F. The m a t e r i a l underwent slow 
decomposition at room temperature and under i n e r t atmosphere, 
the odour of t r i e t h y l b o r a n e above the o i l becoming i n c r e a s i n g l y 
more no t i c e a b l e a f t e r a few hours, while pumping on the 
o i l under high vacuum f o r extended periods of time r e s u l t e d 
i n the loss of f u r t h e r q u a n t i t i e s of BEt 3 i n a d d i t i o n 
t o some T.H.F. No s o l i d m a t e r i a l was recovered from 
the r e a c t i o n , e i t h e r d u r i n g the course of attempts a t 
c r y s t a l l i s a t i o n , or f o l l o w i n g pumping under vacuum f o r 
a t o t a l period of two weeks. 

The h y d r o l y s i s of f r e s h l y prepared 10 mmol. samples 
3 

of the o i l was e f f e c t e d by the a d d i t i o n of 5 cm a l i q u o t s 
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of a 1:1, d i l u t e a c i d : T.H.F., s o l u t i o n and shaking 
of the mixture, no evidence of gas formation being observed. 
The products were separated, f o l l o w i n g n e u t r a l i s a t i o n , 

3 
on a gas chromatography column. Successive 2jjdm samples 
of the mixture, standardised as 1M s o l u t i o n s i n terms 
of the o r i g i n a l r e a c t a n t s , were syringed onto the chromato
graphy column (2\% S.E., 8' x V', i n l e t p o r t 30°, column 
30°) and the separate f r a c t i o n s measured by a hot wire 
detector as they emerged from the column. Three components, 
i n addiLion to the T.H.F. solvent, were separated and 
i d e n t i f i e d ( i n order of emission from the column) as 
ethylamine, CH^Cl^Nl^, t r i e t h y l b o r a n e , BEtg, and a c e t o n i t r i l e 
CH-jCN, by comparison w i t h authentic samples. The i n t e t -
grated peak values determined from the chronatograph 
chart recorder t r a c e , and corresponding t o the three 
h y d r o l y s i s components, were measured i n each of f i v e 
separate runs and are l i s t e d i n Table I I I . l . The corrected 
average molar r a t i o of CH^CF^N^ : BEt^ : CH^ CN, c a l c u l a t e d 
as 0.46 : 0.98 : 0.51, would seem to p a r a l l e l the r e s u l t s 
of an e a r l i e r study (71) of the h y d r o l y s i s products 
r e s u l t i n g from the r e a c t i o n of c a p r o n i t r i l e . where equimolar 
amounts of amide and n i t r i l e were recovered. On the 
basis of t h i s evidence a r e a c t i o n mechanism was proposed 
(71) i n v o l v i n g a t t a c k of two BH E t ^ - u n i t s on the a l i p h a t i c 
n i t r i l e ( Equation I I I . 1 3 ) t o form an unstable species, 
A, which subsequently undergoes r e a c t i o n w i t h a second 
n i t r i l e molecule t o form the species B and C. Upon 
hy d r o l y s i s B w i l l y i e l d the amine (Equation I'll.15) while 



TABLE 111.1. Chromatograph peak I n t e g r a l values f o r 
h y d r o l y s i s s o l u t i o n a l i q u o t ; 

Sample (2 dm3). Peak I n t e g r a l (a) Sample (2 dm3). 
CH3CH2NH2 BEt 3 CK3CN 

Hydrolysis a l i q u o t 
M I I 

1 
2 

274 
293 

684 
683 

362 
350 

M I I 3 269 659 351 
I I I t 4 277 705 384 
I I I I 5 301 695 388 

Mean Values 282.8 681.2 367.0 
1 molar CH~CH9MH9 

1 molar B E t o 
1 molar CĤ CN 

619 
695 

-1 molar CH~CH9MH9 

1 molar B E t o 
1 molar CĤ CN - - 720 
Corrected average 0.46 0.98 0.51 
molar r a t i o s 

(a) A r b i t r a r y u n i t s . 

RCH2CN + 2LiBHEt 3 

R=H,alkyl 

( R C H 2 C H 2 N ( B E t 3 ) 2 ) 2 " ( L i ) 2 + 

(A) 
RCH2CN 

(RCH2CH2NH(BEt 3 ) " ( L i ) + 

(B) + 

(RCH=C=N(BEt 3)"(Li) + 

(C) 

I I I . 1 4 

(B) + H 30 • RCH2CH2NH2 

(C) + H 20 RCH2CN 

I I I . 1 5 

I I I . 1 6 
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C w i l l hydrolyse and rearrange t o form the o r i g i n a l n i t r i l e 
( Equation I I I . 1 6 ) . 

Further evidence supporting the proposed mechanism 
can be seen i n the i n f r a red spectrum of the viscous 
o i l . A s i n g l e , weak, absorption, at 3370 cm-*, would 
be consistant w i t h the>)(N-H) s t r e t c h i n g frequency of 
a secondary amine (84) d e r i v a t i v e such as species B, 
while there was no evidence of the-0(C=N) absorption 
of a l i n e a r , or bent RCH=NMXn type l i n k a g e . A second 
absorption i n the i n f r a red, at 2125 cm , Is somewhat 
lower than theO(C=N) s t r e t c h i n g frequency of free aceto-
n i t r i l e , at 2256 cm-*, and would be con s i s t e n t w i t h the 
asymjptric -\) ( C=C=N) v i b r a t i o n of species C, although 
of somewhat higher frequency than t h a t observed f o r the 
compound Ph2C=C=NMe, at 1998 cm - 1 ( 8 5 ) . An a l t e r n a t i v e 
assignment, i n terms of the NM C=N) s t r e t c h of a coordinated 

+ -
n i t r i l e f u n c t i o n , RC =N -» MXn, would seem u n l i k e l y , as 
the c o o r d i n a t i o n of n i t r i l e s t o Lewis acids, MXn, i s 
almost i n v a r i a b l y associated w i t h an increase i n the 
^ (C=N) s t r e t c h i n g frequency (86-89). 

A s a t i s f a c t o r y H n.m.r. spectrum of the o i l product 
could not be obtained, due both t o the complexity of 
the system i n v o l v e d , and also the tendency o f the m a t e r i a l 
to form c o l l o i d a l suspensions i n non-reactive n.m.r. 
solvents. The **B n.m.r. spectrum of a neat sample displayed 
two f a i r l y broad, and incompletely resolved, peaks a t 
& -13.1 and -14.8 u p f i e l d from the BF 30 E t 2 reference, 
which would be consistent w i t h a boron c o o r d i n a t i o n 
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st a t e of fou r (67). The observed values are l i s t e d 
i n Table I I I . 2 together w i t h those of some analogous, 
or r e l a t e d compounds. 

TABLE I I I . 2 1 1B n.m.r. s h i f t s of some N-bonded, f o u r 
coordinate,boron compounds, and r e l a t e d 
species 

Compound 6 U B ( a ) Ref. 
(CH 3CH 2NHBEt 3)"Li + ) 
(CH 2=C=NBEt 3)"Li + j 
tBuCH=N(BEt 3)Li(3.T.H.F.) 
PhCH=N(BEt 3)Li(3.T.H.F.) 
LiBHEt 3 

(Et 3BNH 2)~Na + 

(Ph 3BNH 2)~Li + 

Et 3BN(H)=C(NMe 2)Me 
( Et 3B-C =CH)"li + 

-13.1, -14.8 
-6.1 
-6.1 
-10.2 
-9.8 
-6.0 
-6.7 
-17.3 

(b) 
(b) 
(b) 
(b) 
(b) 
67 
67 
90 
91 

(a) S h i f t s measured r e l a t i v e t o an e x t e r n a l reference of 
Et 2O.BF 3. Higher f i e l d s h i f t s are negative. 

(b) This work. 

A r e a c t i o n between a c e t o n i t r i l e and two molar equivalents 
of LiBHEt 3 i n T.H.F. r e s u l t e d i n uptake of only one equi
valent of L i B H E t 3 , as confirmed by measurement of the 
volume of hydrogen evolved upon h y d r o l y s i s of the r e a c t i o n 
mixture. Removal of solvent from a repeat experiment 
y i e l d e d a c o l o u r l e s s , viscous, o i l of s i m i l a r appearance 
to t h a t r e s u l t i n g from the 1:1 r e a c t i o n . The i n f r a red 
spectrum of the o i l was e s s e n t i a l l y s i m i l a r t o t h a t obtained 
from the 1:1 r e a c t i o n product, w i t h the a d d i t i o n a l f e a t u r e 
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_ i 

of a broad peak at c.a. 1948 cm , a t t r i b u t a b l e t o the 
>)(B-H) s t r e t c h i n g v i b r a t i o n of f r e e BHEt^ - (72). 

Reactions of L i t h i u m t r i e t h y l b o r o h y d r i d e w i t h t - B u t y l 
cyanide and B e n z o n i t r i l e i n T.H. F. 

The a d d i t i o n of equimolar amounts of e i t h e r t - b u t y l -
cyanide or b e n z o n i t r i l e t o a T.H.F. s o l u t i o n of LiBHEt^ 
at room temperature r e s u l t s i n a m i l d l y exothermic r e a c t i o n 
which i s apparently complete a f t e r a few minutes. Removal 
of T.H. F. solvent from the r e s u l t i n g s o l u t i o n s y i e l d e d 
viscous o i l - l i k e m a t e r i a l s , colourless i n the case of 
the t - b u t y l d e r i v a t i v e and straw-coloured i n the phenyl 
case. Neither m a t e r i a l could be c r y s t a l l i s e d from a 
range of non-reactive organic solvents, the compounds 
e i t h e r remaining i n s o l u t i o n (ether s o l v e n t s , t o l u e n e ) , 
or remaining l a r g e l y immiscible (alkanes). (N.B. A d d i t i o n 
of chloroform t o e i t h e r m a t e r i a l r e s u l t s i n a spontaneous 
and v i o l e n t r e a c t i o n which could be p o t e n t i a l l y dangerous). 
Elemental analysis of the o i l s suggested them to be the 
iminoborate d e r i v a t i v e s RCH=N(BEt 3)Li(3.T.H.F.), 
(R= Bu,Ph), which was f u r t h e r confirmed by the presence 
of 0( C=N) s t r e t c h i n g v i b r a t i o n s i n t h e i r i n f r a red spectra, 

-1 -1 at 1658 cm and 1634 cm r e s p e c t i v e l y . Base h y d r o l y s i s 
of the m a t e r i a l s , followed by n e u t r a l i s a t i o n and f r a c t i o n 
a t i o n , y i e l d e d the corresponding aldehydes (Equation 
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I I I . 1 7 ) , t h e modes o f f o r m a t i o n and h y d r o l y s i s thus b e i n g 

L i B H E t 3 + RCN • RCH=N(BEt 3 ) L i I I I . 1 7 

R= tBu, Ph 

OH 

RCHO + B E t 3 + LiOH 

markedly d i f f e r e n t f r o m those o f t h e a l i p h a l i c n i t r i l e s 

d e s c r i b e d e a r l i e r ( E q u a t i o n I I I . 1 4 ) . 

An a t t e m p t t o r e p l a c e t h e c o o r d i n a t i n g T.H.F. l i g a n d s 

around l i t h i u m w i t h a t r i d e n t a t e c h e l a t i n g l i g a n d was 

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

t o t h e compound tBuCH=N(BEt 3)Li, and subsequent removal 

o f s o l v e n t , y i e l d i n g an o i l y m a t e r i a l which c o u l d n o t 

be c r y s t a l l i s e d and whose i n f r a r e d spectrum s t i l l c o n t a i n e d 

t h e -0 ( C-0) a b s o r p t i o n o f c o o r d i n a t e d T.H.7., a t 1048 cm" 1. 

A second r e a c t i o n between t h e l i t h i u m - c h e l a t e d t r i e t h y l -

b o r o h y d r i d e compound L i (TM E D) 2BH E t 3 , (TMED = t e t r a m e t h y l -

e t h y l e n e a d i a m i n e ) , and b e n z o n i t r i l e i n T.H.F. y i e l d e d 

an o i l - l i k e p r o d u c t which a g a i n c o n t a i n e d T.H.F., and 

from which q u a n t i t i e s o f TM ED c o u l d be removed by pumping 

under vacuum. 

Both i m i n p b o r a t e s s u f f e r e d slow d e c o m p o s i t i o n a t 

room t e m p e r a t u r e under i n e r t atmosphere, t h e odour o f 

t r i e t h y l b o r a n e over t he m a t e r i a l s becoming i n c r e a s i n g l y 

more pronounced w i t h t i m e . The d e c o m p o s i t i o n was f u r t h e r 

i n v e s t i g a t e d by a method s i m i l a r t o t h a t d e s c r i b e d by 
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Brown and co-workers (71) and used t o de t e r m i n e t h e e x t e n t 

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

from t h e r e a c t i o n o f a number o f a l c o h o l s w i t h LiBHEt-j 

i n T.H.F. ( E q u a t i o n I I I . 1 8 ) . The workers t o o k f r e s h l y 

RCOLi + B E t 3 + H 2 

ROH + LiBHEt .j I I I 18 
(R C O B E t 3 ) " L i + + H 2 

prepared samples o f t h e r e a c t i o n p r o d u c t s , s y r i n g e d them 

onto t h e i n l e t p o r t o f a gas chromatography column, 

and r e c o r d e d t h e shape o f t h e t r i e t h y l b o r a n e peak on 

the c h a r t p r i n t - o u t . A sharp s y m m e t r i c a l peak, s i m i l a r 

t o t h a t o b t a i n e d f r o m a r e f e r e n c e s o l u t i o n o f B Et-j i n 

T.H.F., was t a k e n as b e i n g i n d i c a t i v e o f e s s e n t i a l l y 

u n c o o r d i n a t e d B Et-j i n t h e r e a c t i o n m i x t u r e , w h i l e b r o a d e n i n 

and " t a i l i n g " o f t h e peak was i n t e r p r e t e d as b e i n g due 

t o t h e f o r m a t i o n of. a b o r a t e - t y p e complex i n s o l u t i o n , 

and i t s subsequent slow d e c o m p o s i t i o n , w i t h l o s s o f B E t g , 

on t h e i n j e c t i o n p o r t o f t h e column. The r e s u l t s o b t a i n e d 

i n t h e p r e s e n t s t u d y f o r t h e i m i n o b o r a t e species 

RCH=N(BEt 3)Li (R= tBu, Ph) were e s s e n t i a l l y i d e n t i c a l 

t o each o t h e r and are i l l u s t r a t e d , f o r t h e case o f the 

t - b u t y l d e r i v a t i v e , i n F i g u r e I I I . l . W i t h >tn i n j e c t i o n 

p o r t t e m p e r a t u r e o f 35°, t h e peak due t o B Et-j Ln the 

i m i n o b o r a t e s o l u t i o n appeared as a weak s i g n a l w i t h 

e x t e n s i v e t a i l i n g when compared w i t h t h a t o f t h e r e f e r e n c e , 

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

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



FIGURE I I I . 1 Chromatograph t r a c e s from T.H.F. s o l u t i o n s 
o f BuCH=N(BEt~)Li 
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p o r t t e m p e r a t u r e t o 80°, however, r e s u l t e d i n a more 

i n t e n s e BEtg peak, w i t h l e s s evidence o f t a i l i n g , and 

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

t e m p e r a t u r e . 

The i n s t a b i l i t y o f t h e i m i n o b o r a t e d e r i v a t i v e s , 

RCH=N(BEt2)Li (R= tBu, Ph), w i t h r e s p e c t t o l o s s o f t r i e t h y l -

borane, e x p l a i n s t h e f a i l u r e t o i s o l a t e these compounds 

as s o l i d m a t e r i a l s . S i m i l a r v i s c o u s o i l s ( RCH=N(BEt^)Li) n 

(R= tBu, Ph, c y c l o - C g H ^ ) , a g a i n u n s t a b l e w i t h r e s p e c t 

t o l o s s o f BEtgj were o b t a i n e d from t h e r e a c t i o n o f l i t h i u m 

t r i e t h y l b o r o h y d r i d e and t h e c o r r e s p o n d i n g n i t r i l e i n 

t o l u e n e ( 8 3 ) , w h i l e the sodium s a l t s (RCH=N(BEt-j)Na) , 

prepared from NaBHEt-j, were i s o l a t e d as s o l i d s which 

o n l y underwent l o s s o f B Et-j upon h e a t i n g under vacuum. 

A f u r t h e r s e r i e s o f compounds, t h e sodium i m i n o l u m i n a t e s , 

( RC H=N(A1 E t 3 ) N a ) n (R= tBu, Ph, c y c l o - C 6 H 1 ; L ) were a l s o 

i s o l a t e d as s o l i d s and d i d n o t l o s e E t ^ A l upon h e a t i n g 

( 9 2 ) , w h i l e i t was n o t e d , w i t h o u t e x p l a n a t i o n , t h a t c r y o s c o p i c 

measurements on b o t h these and a l s o t h e sodium i m i n o b o r a t e 

d e r i v a t i v e s suggested them t o be d i m e r i c i n benzene s o l u t i o n . 

T h i s l a t t e r o b s e r v a t i o n c o u l d be accounted f o r i n terms 

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

i n F i g u r e 1 1 . 2 ( a ) ; the a l k a l i metals i n v o l v e d i n e l e c t r o n 

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

t r i a l k y l b o r a n e , and - a l a n e , groups are c o o r c i n a t e d . 

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

o f M-bonded CF^-hydrogen i n t e r a c t i o n s w i t h t h e f o r m a l l y 

v a l e n c e - u n s t a t u r a t e d a l k a l i m e t a l atoms, a l t h o u g h no 
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FIGURE I I 1 . 2 

(a) 

Proposed s t r u c t u r e s f o r t h e compounds 

(RCH=N(MEt 3)M') 2 and RCH=N(BEt 3)Li(3.T.H.F.) 

Et„M 

M = B, A l ; M'=Li, Na 
R = t B u J Ph, c y c l o - C 6 H n 

(b) 
BEt. 

/ C = N L 
L = T.H.F. 
R = t B u } Ph, 

1 

evidence f o r t h i s i s observed i n t h e r e p o r t e d (83) AH n.m.r. 

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

prepared d u r i n g t h e course o f t h e p r e s e n t work,would 

suggest them t o have s t r u c t u r e s such as o u t l i n e d i n F i g u r e 

1 1 . 2 ( b ) , where t h e l i t h i u m atom, c o o r d i n a t e d t o t h r e e 

T.H.F. l i g a n d s , has a f u l l v a l e n c e s h e l l and co n s e q u e n t l y 

no need t o undergo d i m e r i s a t i o n . A s i m i l a r monomeric 

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

f o r t h e n i c k e l i m i n o b o r a t e CBu CH=N(BEt-,)NiEt(bipy) ( 9 3 ) . 
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Bonding c o n s i d e r a t i o n s w i l l a l s o e x p l a i n t h e observed 

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

complexes towards l o s s o f the c o r r e s p o n d i n g Et^M s p e c i e s . 

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

borane, and i t i s t h e r e f o r e n o t s u r p r i s i n g t h a t the sodium 

i m i n o a l u m i n a t e s w i l l n o t undergo l o s s o f E t ^ A l , even 

under f o r c i n g c o n d i t i o n s . The r e l a t i v e s t a b i l i t y o f 

t h e sodium and l i t h i u m i m i n o b o r a t e s , by comparison, may 

be e x p l a i n e d i n terms o f t h e r e l a t i v e p o l a r i t y o f t h e 

a l k a l i m e t a l - n i t r o g e n bond. A n i t r o g e n - s o d i u m bond w i l l 

be c o n s i d e r a b l y more i o n i c , and hence p o l a r , i n c h a r a c t e r 

t h a n t h e more c o v a l e n t n i t r o g e n - l i t h i u m bond, w i t h a 

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

w i t h the n i t r o g e n atom. T h i s g r e a t e r & - charge on 

n i t r o g e n w i l l produce an enhancement o f i t s a b i l i t y t o 

form a d a t i v e bond w i t h t h e more e l e c t r o p o s i t i v e boron 

atom, and thus r e s u l t i n t h e f o r m a t i o n of. a more s t a b l e 

d o n o r - a c c e p t o r complex. By c o n t r a s t , d i - t - b u t y l m e t h y l -

eneamino l i t h i u m , tBu2C=NLi, known t o e x i s t as a hexameric 

species i n some s o l v e n t s ( 1 2 ) , showed no i n c l i n a t i o n 

t o form an analogous b o r a t e complex when r e a c t e d w i t h 

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

o f t he c o n f o r m a t i o n o f such a h y p o t h e t i c a l species suggests 

i t would be a s t e r i c a l l y v e r y crowded m o l e c u l e . 

The s t r e t c h i n g f r e q u e n c i e s - 0 (C=N) o f t h e two complexes 

RCH=N(BEt 3)Li(3.T.H.F.) (R= tBu, Ph) are l i s t e d i n Table 

H I . 3 . t o g e t h e r w i t h those o f t h e c o r r e s p o n d i n g d i m e r i c 
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sodium and l i t h i u m s a l t s , p r e p a r e d i n t o l u e n e . A l s o 

l i s t e d , f o r comparison purposes, are th e \) (C=N) f r e q u e n c i e s 

o f t h e i m i n o s i l a n e d e r i v a t i v e s RCH=NSiMe3 and iminoborane 

dimers (RCH=NBEt 2) 2. The observed -0 ( C=N) f r e q u e n c i e s 

o f t h e two presumed monomeric i m i n o b o r a t e d e r i v a t i v e s 

TABLE I I I . 3 

-y(C=N) s t r e t c h i n g f r e q u e n c i e s o f som* l i t h i u m - , 

and sodium-, i m i n o b o r a t e s , and r e l a t e d 

compounds. 

Compound Phase >)(C=N)cm - 1 Ref. 
tBuCH=N(B E t 3 ) L i ( 3 . T . H . F . ) l i q . f i l m 1658 (a) 
PhCH=N(BEt 3)Li(3.T.H.F.) l i q . f i l m 1634 (a) 
( t B u C H = N ( B E t 3 ) L i ) 2 l i q . f i l m 1665 83 
( P h C H = N ( B E t 3 ) L i ) 2 l i q . f i l m 1643 83 
( tBuCH=N(BEt 3 ) N a ) 2 KBr d i s c 1660 83 
(PhCH=N(BEt 3)Na) 2 KBr d i s c 1610 83 
( tBuCH=NBEt 2) 2 KBr d i s c 1663 (b) 
(Ph CH=NBEt 2) 2 KBr d i s c 1640 (b) 
tBuCH=NSiMe 3 l i q . f i l m 1676 94 
PhCH=NSiMe3 l i q . f i l m 1645 94 

(a) T his work 

(b) T his work, c h a p t e r 2. 

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

t o b o t h t h e c o r r e s p o n d i n g i m i n o b o r a t e s , (RCH=N(B E t 3 ) L i ) 2 

and iminoboranes, (RCH=NB E t 2 ) 2 , as w e l l as t h e monomeric 

i m i n o s i l a n e s RCH-NSLMe3; t h e l a t t e r presumed t o c o n t a i n a 

bent CNSi u n i t i n consequence o f t h e c o o r d i n a t i v e s a t u r a t i o n 

o f t h e s i l i c o n atom (see c h a p t e r 1 ) . I n view o f t h i s 
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i t would n o t seem p o s s i b l e t o draw any c l e a r c o n c l u s i o n s 

c o n c e r n i n g t h e bonding mode o f t h e i m i n o l i g a n d s i n t h e 

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

n o t i n g t h a t t h e >MC=N) f r e q u e n c i e s would seem t o be con

s i s t e n t w i t h t h e proposed s t r u c t u r e s o u t l i n e d i n F i g u r e 

1 1 . 2 ( b ) . 

The U B n.m.r. chemical s h i f t s o f the two compounds 

RCH=N(BEt 3)Li(3.T.H.F.) were measured a g a i n s t an e x t e r n a l 

r e f e r e n c e o f BF 3OEt2. Both o c c u r r e d as i d e n t i c a l , r a t h e r 

broad u p f i e l d peaks a t h = - 6 . 1 , and would seem t o be 

co m p a t i b l e w i t h a t r i a l k y l b o r a n e / n i t r o g e n - l i g a n d donor 

complex on t h e b a s i s o f a comparison w i t h s i m i l a r compounds 

( 6 7 ) . (See Table I H . 2 ) . 

Reactions o f L i t h i u m t - b u t y l - , and p h e n y l - methyleneamino-

b o r a t e s w i t h Phosphorus t r i c h l o r i d e . 

W i t h t h e e x c e p t i o n o f s t u d i e s on t h e i r h y d r o l y s i s 

p r o d u c t s ( 7 1 ) , t h e r e have been o n l y two r e p o r t s c o n c e r n i n g 

t h e r e a c t i v e c h e m i s t r y o f t h e i m i n o b o r a t e s RCH=N(BEt3)M 

( R= tBu, Ph, c y c l o - C 6 H 1 ; L ; M=Li, Na). The r e a c t i o n o f 

an i m i n o b o r a t e and an equ i m o l a r amount o f t r i m e t h y l c h l o r o s i l 

M e ^ S i C l , has been shown (94) t o y i e l d t h e i m i n o t r i m e t h y l -

s i l a n e d e r i v a t i v e ( E q u a t i o n I I I . 1 9 ) w i t h consequent 

T.H.F. 
RCH=N(BEt 3)M + Me 3 S i CI • RCH=NSiMe3 

+ MCI + B E t 3 I I I . 1 9 

R= tBu,Ph,cyclo-C f iH 1 1; M=Li, Na 
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e l i m i n a t i o n o f MCI and BEt-j. By c o n t r a s t , t h e analogous 

r e a c t i o n between t h e sodium i m i n o a l u m i n a t e d e r i v a t i v e s 

and Me^Si CI (94) d i d n o t y i e l d t h e expected i m i n o s i l a n e 

but r a t h e r t h e a s s o c i a t e d i m i n o a l a n e , (RCH=NAlEt2)2> 

t o g e t h e r w i t h t r i m e t h y l e t h y l s i l a n e ( E q u a t i o n I I I . 2 0 ) , 

RCH=N(AlEt 3)Na + Me 3 SiCl-»^(RCH=N A l E t 2 ) 2 + Na CI 

I I I . 2 0 
+ Me 3 E t S i 

R= Bu, Ph, c y c l o - C 6 H 1 ; 1 

and was accounted f o r i n terms o f t h e e n e r g e t i c a l l y more 

f a v o u r a b l e f o r m a t i o n o f Al-N, r a t h e r t h a n Si-N, <r bonds 

( 9 3 ) . A second, r a t h e r u n u s u a l , r e a c t i o n has been r e p o r t e d 

(93) i n v o l v i n g two e q u i v a l e n t s o f t h e s o d i u n i m i n o b o r a t e s , 

RCH=N(BEt 3)Na (R=CBu,Ph) and e i t h e r N i B r 2 o r N i ( a c a c ) 2 , 

(RCH=N) 2Ni(bipy) + 2Et 3 B 

+ 2NaX„ 

2RCH=N(BE1 3)Na + Ni X 2 I I I . 2 1 

+ b i p y 

R= tBu, Ph; X=Br,acac RCH=N(B E t 3 ) N i (Et ) b i p y 

+^(RCH=NBEt 2) 2 + 2NaX • 

i n t h e presence o f 2 , 2 ' b i p y r i d i n e . When conducted i n 

benzene s o l u t i o n t h e r e a c t i o n s y i e l d e d , n o t t h e expected 

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

(methyleneaminoborate ) n i c k e l complexes (Equation I I I . 21) 

as demonstrated c r y s t a l l o g r a p h i c a l l y . 
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Thm p r e s e n t s t u d y i n v o l v e d an i n v e s t i g a t i o n o f t h e 

r e a c t i o n s o f phosphorus t r i c h l o r i d e , PCI3, w i t h 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 o f t h e i m i n o b o r a t e s RCH=N(BEt 3)Li 

(R= tBu, Ph) i n T.H.F., w i t h t h e aim o f s y n t h e s i s i n g 

compounds o f t h e form (RCH=N) nPCl 3_ n. E a r l i e r work (3) 

has shown t h a t t h e r e a c t i o n o f a p p r o p r i a t e s t o i c h i o m e t r i c 

r a t i o s o f d i a r y l - , o r d i a l k y l - , m e t h y l e n e a m i n o l i t h i u m 

reagents', R 2C=NLi ( R = a r y l , t B u ) , w i t h PC1 3 y i e l d s 

compounds o f t h e form R 2C=NPC1 2 ( R = a r y l , tBu) and (R 2C=N) 3P 

( R = a r y l ) , w h i l e t h e s y n t h e s i s o f t h e compound ( tBu 2C=N) 3P 

i s d e s c r i b e d elsewhere i n t h i s t h e s i s ( E q u a t i o n s 111.22,23). 

R 2C=NLi + PC1 3 *R 2C=NPC1 2 + L i C l I I I . 2 2 

( R ^ B u , Ph, p - t o l y l ) 

3R.C=NLi + PC1 3 ^(R 2C=N) 3P + 3 L i C l I I I . 2 3 

( R= CBu, Ph, p - t o l y l ) 

By c o n t r a s t , a t t e m p t s t o s y n t h e s i s e b i s ( i m i n o ) p h o s p h o r u s 

c h l o r i d e s ( R 2C=N) 2PC1, e i t h e r by r e a c t i o n o f a p p r o p r i a t e 

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

o r t h e n-ixing o f eq u i m o l a r q u a n t i t i e s o f t h e t r i s - and 

mono- i i r i n o p h o s p h i n e s , were u n s u c c e s s f u l ( 3 ) . 

The r e a c t i o n o f t h r e e molar e q u i v a l e n t s o f i m i n o b o r a t e , 

RCH=N(BEt 3)Li(R = tBu,Ph), and PC1 3 i n T.H.F. proceeds 

a t below 0° t o form t h e expected t r i s ( m e t h y l e n e a m i n o ) 

phosphines ( E q u a t i o n I I I . 2 4 ) , w hich were f u l l y c h a r a c t e r i s e d . 

3RCH=N(BEt 3)Li + PC1 3 *• (RCH±=N)3P + 3BEt 3 

+ 3 L i C l I I I . 2 4 

R= tBu, Ph 
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Both compounds were y e l l o w s o l i d s , a p p a r e n t l y monomeric, 

on t h e b a s i s o f t h e i r mass s p e c t r a , and s u f f e r e d decom

p o s i t i o n on exposure t o m o i s t a i r . Both a l s o showed 

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

compound h a v i n g a sharp m e l t i n g p o i n t . The m i l d c o n d i t i o n s 

r e q u i r e d f o r t h e f o r m a t i o n o f t h e t - b u t y l d e r i v a t i v e 

( tBuCH=N) 3P, are i n marked c o n t r a s t t o t h e c o n s i d e r a b l y 

more f o r c i n g ones ( r e f l u x i n 100° - 120° p e t . e t h e r f o r 

24 h o u r s ) r e q u i r e d f o r t h e p r e p a r a t i o n o f t h e d i - t - b u t y l 

a n a l o g , (^"B^ C=N)^B, and i n d i c a t e the lower s t e r i c r e q u i r e 

ments o f the i m i no l i g a n d s i n the former case. 

Attempts t o i s o l a t e iminophosphines fro**i the r e a c t i o n 

o f 2:1 and 1:1 s t o i c h i o m e t r i c r a t i o s o f i m i n o b o r a t e 

and phosphorus t r i c h l o r i d e were u n s u c c e s s f u l . The 1:1 

r e a c t i o n s o f RCH=N(BEt 3)Li, (R= tBu, Ph) and PC1 3 do, 

a p p a r e n t l y , y i e l d t h e d e s i r e d iminophosphin»s i n T.H.F. 

s o l u t i o n , removal o f t h e s o l v e n t under vacuum y i e l d i n g 

s t i c k y orange masses whose i n f r a r e d s p e c t r a c o n t a i n e d 

a b s o r p t i o n s a t 1666 c m - 1 (R = tBu) and 1629 cm - 1 

(R = Ph). E x t r a c t i o n o f t h e m a t e r i a l s w i t h t o l u e n e , and 

subsequent a t t e m p t s o f t h e vacuum d i s t i l l a t i o n o f t h e 

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

H CI b e i n g l i b e r a t e d i n b o t h cases. Eleme n t a l a n a l y s i s 

o f t h e o i l s suggested t h e presence o f o n l y s m a l l q u a n t i t i e s 
31 

o f t r i e t h y l b o r a n e , w h i l e t h e P n.m.r. s p e c t r a were 

c o n s i s t e n t w i t h a t h r e e c o o r d i n a t e phosphorus environment. 

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

c o n s i s t e n t r e s u l t s , a l t h o u g h t h e samples a g a i n c o n t a i n e d 
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s m a l l q u a n t i t i e s o f boron, w h i l e a c h l o r i n e a n a l y s i s o f 

between 5% and 10% i n each case i s c o n s i s t e n t w i t h t h e 

observed l o s s o f H CI d u r i n g d e c o m p o s i t i o n . The 2:1 

r e a c t i o n s o f i m i n o b o r a t e and phosphorus t r i c h l o r i d e d i d 

not y i e l d t h e b i s ( i m i n o ) p h o s p h o r u s c h l o r i d e species (RCH=N)2 

PCKR= tBu, Ph), a l t h o u g h i t was a g a i n n o t p o s s i b l e t o 
31 

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

o f t h e r e a c t i o n s o l u t i o n s however b o t h c o n t a i n e d two 

peaks, a t t r i b u t a b l e t o t h e mono- and t r i s - i m i nophosphines, 

and presumably r e s u l t i n g from t h e d i s p r o p o r t i o n a t i o n 

o f t h e b i s ( i m i n o ) species ( E q u a t i o n I I I . 2 5 ) . Elsewhere 
2(RCH=N) 2PC1 •(RCH=N)PC1 2 + (RCH=N) 3P 

(R = fcBu, Ph) I I I . 2 5 

m e t h y l e n e a m i n o ( c h l o r o ) - d e r i v a t i v e s o f boron ( 3 8 , 9 4 ) , 

aluminium ( 9 4 ) , s i l i c o n (96-98) and germanium (96) have 

a l s o been found t o be u n s t a b l e w i t h r e s p e c t t o s i m i l a r 

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 s . 

The -0 ( C=N) i n f r a r e d v i b r a t i o n f r e q u e n c i e s o f t h e 

f o u r m o n o - t - b u t y l - ,and monophenyl-,methyleneiminophosphines 

are l i s t e d i n Table I I I . 4 t o g e t h e r w i t h those o f t h e 

analogous d i - t - b u t y l and d i p h e n y l d e r i v a t i v e s . W i t h 

t h e e x c e p t i o n o f tBuCH=NP C l 2 , a l l t h e m o n o - t - b u t y l - , 

and monophenyl-, d e r i v a t i v e s have h i g h e r -0 ( C=N) 

f r e q u e n c i e s t h a n t h e c o r r e s p o n d i n g d i - t - b u t y l - , and 

d i p h e n y l - , compounds, w h i l e i n o/K:h en sir t h e phenyl 

d e r i v a t i v e absorbs a t a lower frequency than t he nun IO^OLK; 

t - b u t y l compound. S i m i l a r lower -0 ( C=N) f r e q u e n c i e s 
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TABLE I I I . 4 

>D (C=N) s t r e t c h i n g f r e q u e n c i e s o f some 

methyleneamino d e r i v a t i v e s o f phosphorus ( I I I ) 

Compound Phase R=Ph R=fcBu Ref. 

RCH=NPC1 2 (a) l i q . f i l m 1629 1666 (b) 
R2C=NP C l 2 KBr d i s c 1620 1678 3 
(RCH=N) 3P n u j o l m u l l 1611 1647 (b) 
(R 2C=N) 3P n u j o l m u l l 1580 1623 ( b ) , 3 

(a) Crude p r o d u c t s 

(b) T h i s work 

o f phenyl d e r i v a t i v e s have been observed i n r e l a t e d 

methyleneamino- boron ( 3 8 , 9 5 ) , aluminium ( 9 5 ) , s i l i c o n 

( 9 7 ) , and germanium compounds ( 9 6 ) , and have been a t t r i b u t e d 

t o c o n j u g a t i o n o f t h e phe n y l and C=N T T o r b i t a l s , r e s u l t i n g 

i n a weakening o f t h e C=N bond. 

E a r l i e r a t t e m p t s t o p r e d i c t t h e PNC bond a n g l e , 

and i t s i m p l i c a t i o n f o r t h e e x t e n t o f P(d ) - N(p ) d a t i v e TT 

bonding, were made on t h e b a s i s o f t h e -0 ( C=N) s t r e t c h i n g 

f r e q u e n c i e s o f t h e d i - t - b u t y l , and d i p h e n y l , d e r i v a t i v e s , 

R 2C=NPC1 2 and ( R 2C=N) 3P ( 3 , 9 9 ) . Comparison w i t h t h e 

c o r r e s p o n d i n g -\) (C=N) f r e q u e n c i e s o f some r e l a t e d i m i n o -

s i l a n e s , (R 2C=N) n S i R ' 3 _ n ( R = a l k y l , a r y l ; R ' - a l k y l , a r y l , 

halogen) (96-98) suggested t h e phosphorus compounds 

c o n t a i n bent PNC l i n k a g e s s i m i l a r t o those o.-; t h e s i l a n e s , 

where an average CNSi bond a n g l e o f 137.1° was measured 

f o r t h e compound ( P h 2 C=N)^ S i ( 4 ) . Such a bond a n g l e , 
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r e p r e s e n t i n g a s i g n i f i c a n t i n c r e a s e over t h a t o f 120° 
2 

a s s o c i a t e d w i t h a pure sp h y b r i d i s a t i o n o f the o r b i t a l s 

around n i t r o g e n , was t a k e n as evidence f o r the e x i s t e n c e 

o f Si(d)-N(p)TTbonding i n these systems, t h e g r e a t e r degree 

o f l i n e a r i t y b e i n g more f a v o u r a b l e f o r such i n t e r a c t i o n s . 

A l a t e r s t r u c t u r a l d e t e r m i n a t i o n o f the compound (Ph2C=N)-; 
A 

( 3 ) , however, y i e l d e d v a l u e s f o r t h e CNP bond a n g l e s , 

and PN bond l e n g t h s , as o u t l i n e d i n F i g u r e I I I . 3 . T h i s 

FIGURE I I I . 3 

The m o l e c u l a r s t r u c t u r e o f (Ph2C=N) 3P 

Ph 

168.9(7)pm, 

/ 

172.7(8)pm 

175.0(8)pm 
N 118° 

C — 

/ 

Ph 

Ph 

c o n f i r m e d t h e PNC l i n k a g e s as b e i n g bent (average angle 

123°) w h i l e t h e phosphorus occupies an almost p y r a m i d a l 

c o o r d i n a t i o n environment i n the molecule. I n t e r e s t i n g l y , 
A 

one o f the CNP angles (130.8°) i s s i g n i f i c a n t l y l a r g e r 

t h a n t h e o t h e r two (118.1° and 120.1°), and the l i g a n d 

i n v o l v e d , i s . a t t a c h e d t o phosphorus by a s l i g h t l y s h o r t e r 

P-N bond l e n g t h . S i m i l a r v a r i a t i o n s i n t h e bond angles 

were observed i n t h e case o f (Ph 2C=N)^Si ( 4 ) , a l t h o u g h 
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the average bond a n g l e o f 123°, and e s s e n t i a l l y p y r a m i d a l 

phosphorus environment, i n (Ph 2C=N) 3P, would t e n d t o 

suggest t h a t t h e P(d)-N(p) Tf i n t e r a c t i o n i n t h i s i n s t a n c e 

i s o n l y s l i g h t . I t would t h e r e f o r e seem l i k e l y , on the 

b a s i s o f th e i n f r a r e d d a t a , t h a t t h e m o n o - t - b u t y l and 

monophen/1 d e r i v a t i v e s prepared d u r i n g the course o f 

the p r e s e n t study have m o l e c u l a r s k e l e t o n s s i m i l a r t o 

those e s t a b l i s h e d f o r t h e d i a l k y l and d i a r y l d e r i v a t i v e s , 

(R 2C=N)PC1 2 and (R 2C=N) 3P. 
i 

The H n.m.r. s p e c t r a o f th e f o u r iminophosphines 

were o b t a i n e d from samples d i s s o l v e d i n C^D^ and are 

summarised i n Table I I I . 5 . t o g e t h e r w i t h t hose o f t h e 

analogous (R 2C=N) 3P and R2C=NP C l 2 compounds (R= tBu, Ph) 

(3).. Spectra o f the monoiminophosphines RCH=NP C l 2 were 

o b t a i n e d from crude r e a c t i o n samples and t h e i r observed 

resonances may be s l i g h t l y a f f e c t e d by t h e presence o f 

by-pr o d u c t i m p u r i t i e s . P a r t i c u l a r a t t e n t i o n was d i r e c t e d 

towards t h e s i g n a l s due t o the carbon-bonded groups 

R(R= tBu, Ph) i n an a t t e m p t t o f i n d evidence f o r s t r u c t u r a l 

isomerism i n such compounds. I n p r i n c i p l e a n o n - l i n e a r 

RCH=N-P l i n k a g e c o u l d d i s p l a y s t r u c t u r a l isomerism a r i s i n g 

from two sources; ( i ) i n v e r s i o n about t h e n i t r o g e n atom 

( F i g u r e 11.4(a) o r ( i i ) t h e carbon-bonded group R 

occupying a p o s i t i o n e i t h e r syn o r a n t i w i t h r e s p e c t 

t o t h e l o n e p a i r on th e phosphorus atom ( F i g u r e 1 1 . 4 ( b ) ) . 

I n such cases t h e carbon-bonded s u b s t i t u e n t s would occupy 

m a g n e t i c a l l y d i s s i m i l a r environments from each o t h e r 

and, assuming t h e i n v e r s i o n process t o be slow on th e 



- 96 -

TABLE I I I . 5 

H n.m.r. s h i f t s f o r some Phosphorus ( I I I ) 

i m i n o d e r i v a t i v e s 

Compound £=(a) 
H 

t B u ( a ) Aromatic Ref. 

tBuCH=NP C l 2 2.78(t)J=14Hz 8.72(s) (b) 
tBu 2C=NP CI 2 - 8.66(s) - 3 
PhCH=NPCl2 ( c ) - 2.62-2.89 (b) 
Ph2C=NP C l 2 - - 2.51-2.77 3 
( tBu CH=N) 3P 2.68(t)J=14Hz 8.63(s) - (b) 
( tBu 2C=N) 3P - 8.57(s) - (b) 
(Ph CH=N) 3P ( c ) - ' 2.40-2.81 (b) 
(Ph 2C=N) 3P - - 2.37-2.79 3 

(a) Chemical s h i f t s , T , expressed as p.p.m.; TMS=10.00. 

(b) This work 

( c ) S i g n a l n o t l o c a t e d 

( s ) S i n g l e t 

( t ) T r i p l e t 

FIGURE I I I . 4 

P o s s i b l e s t r u c t u r a l isomerism i n bent 

P-N=CHR l i n k a g e s 

a H 

N 
N 

C 
/ 

R 
H 

R 

H R 

R -N ̂  H 
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n.m.r. ti m e s c a l e , i t should be p o s s i b l e to d i s t i n g u i s h 

these d i f f e r i n g conformations by the r e s u l t a n t s p l i t t i n g 
•t 

of the s u b s t i t u e n t proton s i g n a l s i n t h e i r "H n.m.r. 

sp e c t r a . A number of st u d i e s have demonstrated that 

such nitrogen s u b s t i t u e n t i n v e r s i o n processes occur i n 

s o l u t i o n (100 - 105), the compound tBu2C=NH, f o r example, t 1 d i s p l a y i n g two separate Bu s i g n a l s i n the H n.m.r. 
below -30° (105) a t t r i b u t a b l e to the f r e e z i n g out of 

the N-H i n v e r s i o n , while the changing of conformation 

about the C=N bond has been reviewed (106) and st u d i e s 

on the mechanism c a r r i e d out (107). In p r a c t i c e however, 

no evidence f o r such s t r u c t u r a l isomerism was found i n 

the n.m.r. sp e c t r a of any of the compounds described 

i n t h i s s e c t i o n , when run at 30°. Both mono-t-butyl 

d e r i v a t i v e s , CBu CH=NPC12 and ( tBuCH=N) 3P displayed 

s i n g l e t s i g n a l s due to the CBu protons, as was a l s o found 

to be the case with the d i - t - b u t y l d e r i v a t i v e s tBu 2C=NPCl 2 

(3) and ( tBu 2C=N) 3P. The s i g n a l s a r i s i n g from the 

aromatic protons of the phenyl d e r i v a t i v e s were, i n each 

i n s t a n c e , too i l l - d e f i n e d to allow conclusions to be 

drawn as to t h e i r equivalence, or otherwise. Unfortunately 

t e c h n i c a l problems have prevented a low temperature n.m.r. 

study of these compound being c a r r i e d out. The resonance 

s i g n a l s due to the N=CH protons were only p o s i t i v e l y 

l o c a t e d i n the case of the two t - b u t y l d e r i v a t i v e s , the 

coincidence of the aromatic proton s i g n a l s of the phenyl 

d e r i v a t i v e s preventing accurate determinations i n these 

c a s e s . I n both cases where s i g n a l s were observed they 
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appeared as weak, broad, and r a t h e r i l l - d e f i n e d t r i p l e t s , 

due to coupling with the neighbouring phosphorus nucleus. 
3 

The coupling constants, °f c a - ^ H ? a r e > i n t e r e s t i n g l y , 

almost i d e n t i c a l to the tra n s phosphorus-proton coupling 

constant of 13.62 Hz obtained from the spectrum of 

P(CH=CH 2) 3 (108,109), although t h i s cannot be regarded 

as evidence of a s i m i l a r conformation i n the present 

case. 
31 

The P n.m.r. s h i f t s of the four mono-t-butyl, 

and monophenyl, d e r i v a t i v e s are l i s t e d i n Table I I I . 6 

together with those of some r e l a t e d compounds. A l l the 

phosphorus ( I I I ) methyleneamino d e r i v a t i v e s have s h i f t s 

to lower f i e l d than that of the e x t e r n a l r e f e r e n c e , 857o 

H-jPO^, c o n s i s t e n t with the expected three-coordinate 

phosphorus environment. The lowest f i e l d s h i f t s w i t h i n 

the sequence of iminophosphines are those of the imino-
1 9 

phosphorus d i c h l o r i d e d e r i v a t i v e s , R R C=NPC12 

(R 1R 2=H, tBu,Ph) r e f l e c t i n g the 0~ i n d u c t i v e withdrawal 

of e l e c t r o n d e n s i t y from the phosphorus atom by the more 

e l e c t r o n e g a t i v e c h l o r i n e atoms. Considerable d i f f e r e n c e s 

i n s h i f t are a l s o seen which are dependent on the nature 

of the carbonbonded s u b s t i t u e n t s . Comparison of the 

s h i e l d i n g of the phosphorus nucleus by otherwise s i m i l a r mono-, 

and d i - , s u b s t i t u t e d imino l i g a n d s , RCH=N- and R2C=N-

r e v e a l s t h a t the former have the gr e a t e r s h i e l d i n g e f f e c t , 

as i s p a r t i c u l a r l y apparent i n the case of the t r i s 

d e r i v a t i v e s (RCH=N)oP and (R~C=N)oP. The opposite e f f e c t 
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TABLE I I I . 6 
3~1 
P n.m.r. chemical s h i f t s of some imino-

phosphines, and r e l a t e d compounds. 

Compound Solvent & p.p.m. (a) Ref. 

tBuCH=WP C I 2 Toluene +138.7 lb) 
tBu 2C=NPCl 2 - (c) 3 
( tBuCH=N) 3P Toluene + 29.0 (b) 
( tBu 2C=N) 3P Toluene + 62.9 (b) 
tBu 2C=NPPh 2 Pentane + 29.1 3 
PhCH=NPCl 2 Toluene +148.4 (b) 
Ph 2C=NPCl 2 Benzene f157.2 3 
(PhCH-N)-3P Toluene i 37.1 (b) 
(Ph 2C=N) 3P Toluene »• 8 5.5 3 
Ph 2C=NPPh 2 Benzene + 36.5 110 
Ph 2C=NPPhCl Benzene + 89.6 110 
Me2NP C l 2 l i q u i d +166.0 111,112 
(Me 2N) 3P l i q u i d +123.0 111,112 
P C I 3 l i q u i d +220.0 113 

(a) Measured r e l a t i v e to an external r e f e r e n c e of 857o 

H3P0^.. P o s i t i v e s h i f t s to lower f i e l d . 

(b) T h i s work. 

(c) S a t i s f a c t o r y spectrum not obtained. 

1 1 

however i s seen i n the B s h i f t s of the iminoboranes 
tBuCH=NB nBu 2 ( £ = + 3 8 . 8 ) and CBu 2C=NB nBu 2 ( 6 = + 3 5 ) ( 3 7 , 1 8 ) 

and was accounted f o r i n terms of the d i f f e r i n g e l e c t r o n 

r e l e a s i n g a b i l i t y of the l i g a n d s . Further, phenyl-, 

and d i p h e n y l T , methyleneamino ligands d e s h i e l d the 

phosphorus nucleus to a gr e a t e r extent than the analogous 

t - b u t y l and d i - t - b u t y l l i g a n d s . T h i s trend, by c o n t r a s t , 
11 

mirrors that seen i n the, B s h i f t s of a s e r i e s of compounds, 
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R2C=NBR2 (R= tBu,Ph; R' = a l k y l , a r y l ) (37,38,67). 

S a t i s f a c t o r y mass sp e c t r a were only obtained f o r 

the two t r i s ( imino )phosphines , ^ B u C ^ N ^ P and 

(PhC^N^P, some of the important f e a t u r e s being l i s t e d 

i n Tables I I I . 7 and I I I . 8 . Neither of the sp e c t r a contained 

peaks with m / e values g r e a t e r than those corresponding 

to the monomeric molecular ions. I n both cases fragmentation 

i n the mass spectrometer involved cleavage of the P-N, 

P-CI and C-R bonds, together with migration of the groups, 

R, from imino-carbon to phosphorus. 
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TABLE I I I . 7 

Major peaks I n the mass spectrum 

of (tBuCH=N),P 

m / /e R e l a t i v e 
I n t e n s i t y Assignment 

283 27 ( tBuCH=N) 3P 
199 12 ( tBuCH=N) 2P 
86 80 tBuC=NH 2 

85 92 tBuC=NH 
84 100 CBuC=N 
60 57 tfiu 
57 62 PNC 

TABLE I I I . 8 
Major peaks i n the mass spectrum of 

(PhCH=N)0P 

m / e R e l a t i v e 
I n t e n s i t y Assignment 

343 33 (PhCH=N)3P 
239 14 (Ph CH=N)2P 
212 12 PhCH=NPPh 
106 85 Ph CH=NH2 

105 100 PhCH=NH 
104 92 PhCH=N 
77 62 Ph 
57 79 PN C 
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INTRODUCTION 

This chapter d e s c r i b e s the preparation of s i x monomeric 

di-t-butylmethyleneaminoboranes of the general form 

( tBu 0C=N) BX-, . The r e s u l t s of a recent X-ray 
I n J-n J 

c r y s t a l l o g r a p h i c study on one of these compounds, 
tBu2C=NBPh2, are presented and dis c u s s e d i n conjunction 

with other t h e o r e t i c a l and s t r u c t u r a l s t u d i e s on some 
11 

s i m i l a r compounds. Features of the i n f r a red, B n.m.r., 
13 1 

C n.m.r., H n.m.r. and mass spec t r a of a l l s i x 
iminoboranes are presented and dis c u s s e d i n r e l a t i o n to 

the s t r u c t u r a l f i n d i n g s . 

Appended to t h i s chapter are the r e s u l t s of a second 

recent c r y s t a l l o g r a p h i c study on a r e l a t e d methyleneammonium 

d e r i v a t i v e , tBu 2C=NH 2
+BF^. 

EXPERIMENTAL SECTION 

( i ) S t a r t i n g m a t e r i a l s 

t-Butyl cyanide and the various organic solvents 

were d r i e d as described i n Appendix 1. Boron t r i c h l o r i d e 

and boron t r i f l u o r i d e d i e t h y l e t h e r a t e were d i s t i l l e d 

before use while diphenylboron c h l o r i d e was prepared 

from appropriate q u a n t i t i e s of boron t r i c h l o r i d e and 

tetraphenyl t i n , and again d i s t i l l e d before, use. 

Tetramethyldiborane was prepared as described i n Chapter 

2. Solutions of di-t-butylmethyleneaminolithium were 

prepared i n s i t u by the a d d i t i o n of t- b u t y l l i t h i u m to 

t-butyl cy.inide. Di-t-buty 1 methyl cne.imino w.-is prepared 
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by methanolysis of the N - l i t h i o reagent, tBu2 C=NLi, and 
subsequent d i s t i l l a t i o n of the product (114). 

( i i ) P reparation of Di-t-butylmethyleneaminodichloroborane 
tBu 2C=NBCl 2(38). 

Boron t r i c h l o r i d e (4.64g, 39.60 mmol.) was condensed 

onto a frozen (-196°) s o l u t i o n of di-t-butylmethyleneamino-
3 

l i t h i u m (5.83g, 39.54 mmol.) i n 50 cm pentane and the 

s o l u t i o n allowed to warm to room temperature with s t i r r i n g . 

Lithium c h l o r i d e was p r e c i p i t a t e d and the mixture f i l t e r e d 

hot to y i e l d a c l e a r s o l u t i o n from which a l l solvent was 

removed by d i s t i l l a t i o n at atmospheric pressure. 

D i s t i l l a t i o n of the remaining pale yellow l i q u i d under 

vacuum (65°, 0.4 mm Hg) y i e l d e d a c o l o u r l e s s l i q u i d which 

was i d e n t i f i e d , by comparison with an e a r l i e r sample 

(38),as di-t-butylmethyleneaminodichloroborane, tBu ?C=NBCl 2 

(Found : C 48.5%, H 9.2%, B 4.2%, CI 30.8%, N 6.4%, 

C 9H 1 8BC1 2N r e q u i r e s : C 48.7%, H 8.2%, B 4.9%, CI 31.9%, 

N 6.31%) ^ m a x ( l i q u i d f i l m ) 2970(s) 2940(m,sh) 3879(m) 

2011(w) 1947(w) 1843(vs) 1810(m,sh) 1765(w,sh) 1650(w,br) 

1480(s) 1470(m,sh) 1458(m) 1445(w,sh) 1390U) 1368(s) 

1310(m,sh) 1305(m) 1287(s) 1198(m) 1150(w) 1049(m) 1028(w) 

973(m) 910(s) 871(vs) 832(m) 650(m) 549(m) 459(w) cm - 1. 

The compound was a i r s e n s i t i v e , fuming i n moist a i r , and 

showed signs of d i s c o l o u r a t i o n upon prolonged standing 

at room temperature. 

( i i i ) P reparation of Di-t-butylmethyleneaminodimethylborane 
tBu 2C=NBMe 2 

Boron t r i c h l o r i d e (4.40g, 37.55 mmol ) was condensed 
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onto the sur f a c e of a frozen (-196°) s o l u t i o n of d i - t -

butylmethyleneaminolithium (5.52g, 37.50 mrr.ol.) i n 50 ml. 

of a hexane/pentane solvent mixture and the s o l u t i o n 

allowed to warm to room temperature with s t i r r i n g . A f t e r 

s t i r r i n g f o r one hour at room temperature the mixture 

was f i l t e r e d to remove the p r e c i p i t a t e d l i t h i u m c h l o r i d e , 

the s o l u t i o n cooled to 0°, and 75.0 mmol. of a s o l u t i o n 

of methyllithium i n d i e t h y l e t h e r slowly addsd. R e f i l t r a t i o n 

of the mixture y i e l d e d a c l e a r s o l u t i o n fron which a l l 

s o lvent was removed by pumping under vacuum. The remaining 

l i q u i d was f r a c t i o n a t e d through traps cooled to -63° 

and -196°, the l i q u i d f r a c t i o n c o l l e c t i n g at -63° being 

i d e n t i f i e d as di-t-butylmethyleneaminodimethylborane, 
tBu 2C=NBMe 2. (Found : C 72.5%, H 14.8%, B 6.0%, N 7.8%, 
C 1 1 H 2 4 B N r e c l u i r e s : c 72.9%, H 13.4%, B 6.0%, N 7.7%). 

S ) m a x ( l i q u i d f i l m ) 2959(s) 2927(m) 2898(m,sh) 2870(m) 

1817(s) 1804(m,sh) 1795(m,sh) 1840(w) 1480(m) 1473(m,sh) 

1462(w) 1389(m) 1367(m) 1317(m,sh) 1297(s) 1276(m) 1255(w,sh) 

1203(w) 1133(w) 1102(m) 1044(m) 1025(w,br) 973(m) 924(w,br) 

894(m) 828(w) 714(w) 553(w) 477(w) cm"1. The compound 

decomposed slowly upon exposure to a i r . Storage under 

nitrogen a t room temperature, or heating above room 

temperature, r e s u l t e d i n the slow decomposition of the 

compound, the odour of trimethylborane being detected 

above the l i q u i d . 
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( i v ) Reaction of Di-t-butylmethyleneamine and 

Tetramethyldiborane ( 2 : 1 ) . 

Di-t-butylmethyleneamine (1.45g, 10.26 mmol.) and 

tetramethyldiborane (0.43g, 10.26 mmol.) were condensed 

i n t o a 1000 cm f l a s k at -196°, the f l a s k sealed and 

allowed to warm to room temperature. A f t e r two weeks 

the f l a s k was opened to a vacuum l i n e and the v o l a t i l e 

components f r a c t i o n a t e d to y i e l d trimethylborane (0.06g) 

and te t ramethyldiborane (0.21g). The remaining f r a c t i o n 

c o n s i s t e d of a c l e a r l i q u i d mixture which could not be 

separated i n t o i t s c o n s t i t u e n t parts by trap to trap 
11 

d i s t i l l a t i o n . On the b a s i s of i t s B n.m.r. and i n f r a 

red s p e c t r a the l i q u i d was i d e n t i f i e d as a mixture of 

di-t-butylmethyleneamine and di-t-butylmethyleneaminodimethyl-

borane , tBu 2C=NBMe 2. 

(v) Preparation of Di-t-butylmethyleneaminodiphenylborane, 
tBu 2C=NBPh 2 ( 3 8 ) . 

Diphenylboronchloride (3.91g, 19.50 mmol.) i n 25ml. 

of hexane was added by syringe to a frozen (-196°) s o l u t i o n 

of di-t-butylmethyleneaminolithium (2.87g, 19.50 mmol.) 

i n a hexane/pentane solvent mixture. The mixture was 

s t i r r e d to room temperature and f i l t e r e d hot to remove 

the p r e c i p i t a t e d l i t h i u m c h l o r i d e . Removal of the solvent 

by pumping y i e l d e d a white s o l i d which was r e c r y s t a l l i s e d 

from 10 ml. of pentane at -35° to y i e l d c o l o u r l e s s c r y s t a l s 

of di-t-butylmethyleneaminodiphenylborane, tBu ?C=NBPh 2(38) 

m.pt. 66°. (Found : C 82.2%, H 10.3%, B 3.7%, N 4.6%, 
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L i absent. C 2 1H 2 8BN r e q u i r e s : C 82.6%, H 9.3%, B 3.5%, 

N 4 . 6 % ) . "v (KBr d i s c ) 3070(w) 3050(w,sh) 3035(w,sh) max 
3025(w,sh) 2995(m,sh) 2969(s) 2930(m,sh) 2867(w) 1818(s) 

1795(m,sh) 1476(m) 1458(w,sh) 1434(m) 1430(m) 1390(w) 

1363(m) 1328(w,sh) 1320(w) 1294(w) 1260(w,sh) 1254(m,sh) 

1230(s) 1179(w) 1151(w) 1100(w) 1063(w) 1045(m) 1029(w) 

1021(w) 996(w) 972(m) 913(w) 898(w) 881(m) 853(w) 846(w) 

762(s) 746(m) 707(w) 698(s) 723(w,sh) 609(m) 600(s) 

541(w,br) cm~^. The compound was s t a b l e to a i r . 

( v i ) Preparation of Biphenyl-2,2'-yleneboronfluoride, 

C 1 2H gBF (115). 

A twice molar equivalent of n - b u t y l l i t h i u m i n hexane 

was added to e. s o l u t i o n of 2,2 'dibromobiphenyl i n 

d i e t h y l e t h e r and the s o l u t i o n s t i r r e d at room temperature 

for one hour before being frozen to -196°. An equimolar 

amount of b o r o n t r i f l u o r i d e d i e t h y l etherate complex i n 

d i e t h y l e t h e r was added by s y r i n g e , the mixture allowed 

to warm to room temperature, and s t i r r e d overnight. 

Solvent was removed by pumping, the residue e x t r a c t e d 

with hot 60° - 80° pet. ether and f i l t e r e d to y i e l d a 

c l e a r s o l u t i o n which deposited yellow c r y s t a l s of the 

d e s i r e d product, biphenyl-2, 2 1-ylenebpronfluoride (115), 

upon co o l i n g . 

( v i i ) Preparation of Di-t-butylmethyleneaminobiphenyl-2, 

2'-yleneborane, tBu 2C=NB(C 1 2H g). 

Bipaenyl-2, 2'-yleneboronfluoride (0.60g, 3.30 mmol.) 
i n 30 ml. of toluene was frozen to -196° and a s o l u t i o n of 
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di-t-butylmethyleneaminolithium (0.49g, 3.32 mmol.) i n 
toluene added by a sy r i n g e . The s o l u t i o n v.-as allowed 
to warm to room temperature and s t i r r e d over night before 
being f i l t e r e d to remove the p r e c i p i t a t e d l i t h i u m f l u o r i d e . 
Removal of the solvent by pumping y i e l d e d an orange o i l 
which was d i s s o l v e d i n 10 ml. of hexane anc placed i n 
a f r e e z e r at -30°. Waxy yellow c r y s t a l s were deposited 
over a number of days which were i d e n t i f i e d as d i - t -
bju^ylmothyleneaminobiphonyl-2 , 1 eneborano . ^Hu.^C - NH (C j 2"^ ) 
(Found : C 82.3%, H 10.27„, H 3.6%, N 4.8%, C 2 1 H 2 6 B N 

r e q u i r e s : C 83.2%, H 8.6%, B 3.6%, N 4.6%) ̂ g x (Nujol 
mull) 3082(w,sh) 3050(m) 3024(m) 1820(w) 1742(s) 1732(m,sh) 
1472(m) 1385(m) 1312(m) 1286(s) 1267(m,sh) 1258(m) 1245(w,sh) 
1204(m) 1181(w) 1154(w) 1087(w) 1078(w) 1070(w) 1043(m) 
1037(w) 1006(w) 967(m) 930(w) 912(w) 859(w) 832(m) 771(w,sh) 
761(m,sh) 738(m,sh) 730(s) 700(m,sh) 696(s) 636(w) 633(w) 
600(m) 535(w,br) 462(m) cm-''". The compound was s t a b l e 
to a i r . 

( v i i i ) P reparation of Bis(di-t-butylmethyleneamino) 

fluoroborane, ( tBu 2C=N) 2BF(1). 

B o r o n t r i f l u o r i d e d i e t h y l e t h e r complex (1.42g, 10.0 

mmol.) was added to a frozen (-196°) s o l u t i o n of d i - t -

butylmethyleneaminolithium (2.95g, 20.04 mmol.) i n 40 

ml. of pentane, the mixture allowed to warm to room temp

er a t u r e , and s t i r r e d over n i g h t . Removal of the solvent 

by pumping, and sublimation of the remaining m a t e r i a l 

(90°, 0.005 mm Hg), y i e l d e d a white s o l i d which was 

recrystc'i ljj sod from pcntane (20 ml) ;iL -30" to y i e l d 
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c o l o u r l e s s c r y s t a l s . The r e c r y s t a l l i s e d m a t e r i a l was 

i d e n t i f i e d as bis(di-t-butylmethyleneamino)fluoroborane, 

( t B u 2 C = N ) 2 B F ( l ) m.pt. 73°. 

(Found : C 69.4%, H 12.9%, B 3.5%, F 7.0%, N 9.1%, L i 

absent. C l gH 3 6BFN r e q u i r e s : C 69.7%, H 11.',%, B 3.5%, 

F 6.1%, N 9.0%) (Nujol mull) 1850(w,sh) 1745(s,br) ' max J 

1472(m) 1387(m) 1312(m) 1283(s) 1257(s) 1203(m) 1107(w) 

1044(m) 1025(w) 968(s) 933(w) 867(w) 835(m) 795(w) 789(w) 

721(w) 642(m) 618(m,sh) 601(s) 552(w) 530(m) cm"1. The 

compound was moderately a i r s e n s i t i v e , showing signs 

of decomposition a f t e r some minutes exposure, 

( i x ) P r e p a r a t i o n of Tris(di-t-butylmethyleneamino)borane, 

( tBu 2C=N) 3B(9). 

Boron t r i f l u o r i d e d i e t h y l ether complex (l.OOg, 

7.05 mmol.) was added to a frozen (-196°) s o l u t i o n of 

di-t-butylmethyleneaminolithium (3.12g, 21.20 mmol.) 

i n 40 cm of 100° - 120° petroleum ether. T i e mixture 

was allowed to warm to room temperature and then heated 

to r e f l u x f o r a period of f o r t y eight hours. A f t e r 

c o o l i n g the s o l u t i o n was f i l t ered to remove the p r e c i p i t a t e d 

l i t h i u m f l u o r i d e and the solvent removed under vacuum 

to y i e l d an off-white s o l i d . R e c r y s t a l l i s a t i o n from 

b o i l i n g hexane y i e l d e d c o l o u r l e s s c r y s t a l s i d e n t i f i e d 

as t r i s (di-t-butylmethyleneamino)borane (9) (tBu2C=--N) 3B, 

m.pt. 184° (Found : C 75.0%, H 13.2%, B 2.5%, N 9.6%, 

F absent, L i absent C 2 7H 5 4BN 3 requires C 75.1%, H 12.6%, 

B 2.5%, N 9.2%) >J (KBr d i s c ) 3019(w,sh) 2999(m) 2967(s) 
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2921(m) 2880(m) 1788(m,sh) 1765(m,sh) 1735(s) 1484(m) 

1475(w,sh) 1458(w) 1390(w) 1369(m) 1364(m) 1257(s) 1205(w) 

1172(m) 1049(ra) 1028(w) 968(m) 935(w) 837(m) 639(m) 580(w) 
_ i 

552(w) cm . The compound was s t a b l e to a i r . 

(x) Reaction of Di-t-butylmethyleneaminolithium with 

Boron t r i f l u o r i d e d i e t h y l e t h e r complex, ( 4 : 1 ) . 

B o r o n t r i f l u o r i d e d i e t h y l e t h e r complex (0.50g, 3.52 mmol 

was added to a frozen s o l u t i o n of di-t-butylmethyleneamino-

l i t h i u m (2.07g, 14.06 mmol.) i n 100° - 120° petroleum 

ether, the s o l u t i o n allowed to warm and then r e f l u x e d 

f o r f o r t y eight hours. Upon cooling the s o l u t i o n was 

f i l t e r e d to remove p r e c i p i t a t e d l i t h i u m c h l o r i d e and 

the solvent removed under vacuum to y i e l d a pale yellow 

s o l i d . R e c r y s t a l l i s a t i o n from b o i l i n g hexane y i e l d e d 

c o l o u r l e s s c r y s t a l s i d e n t i f i e d as being t r i s ( d i - t -

butylmethyleneamino)borane, ^B^C^tD^B. 

( x i ) Attempted r e a c t i o n of T ris(di-t-butylmethyleneamino) 

borane and l i t h i u m t r i e t h y l b o r o h y d r i d e . 

A T.H.F. s o l u t i o n of l i t h i u m t r i e t h y l b o r o h y d r i d e 

(1.04 mmol.) was added to tris(di-t-butylmethyleneamino) 

borane (0.45g, 1.04 mmol.) d i s s o l v e d i n 30 cm 3 of T.H.F. 

and the mixture r e f l u x e d f o r h a l f an hour. A n a l y s i s 
11 

of the l i q u i d by B n.m.r. showed the presence of peaks 

due to the unreacted s t a r t i n g m a t e r i a l s , no other boron-

containing s p e c i e s being i n d i c a t e d . Subsequent h y d r o l y s i s 

and work-up of the reactants permitted q u a n t i t a t i v e 

recovery of the I r i s ( I m L n o ) h o r a n c . 
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( x i i ) Attempted r e a c t i o n of Tris(dl-t-butylmethyleneamino) 

borane with Methyl Lithium 

Tris(di-t-butylmethyleneamino)borane (0.40g, 0.93 
3 

mmol.) was d i s s o l v e d i n 10 cm of T.H.F. and 0.93 mmol. 

of a d i e t h y l e t h e r s o l u t i o n of methyl l i t h i u m added. The 

mixture was r e f l u x e d f o r a period of three hours and 
11 

a sample of the s o l u t i o n analysed by B n.m.r., the spectrum 

of which showed a s i n g l e peak due to the unreacted imino-

borane. Hydrolysis and subsequent work-up afforded quanti

t a t i v e recovery of the iminoborane s t a r t i n g m a t e r i a l . 

( x i i i ) Attempted r e a c t i o n of Tris(di-t-butylmethyleneamino) 

borane and A c e t o n i t r i l e . 

A s a t u r a t e d s o l u t i o n of tris(di-t-butylmethyleneamino) 

borane i n a c e t o n i t r i l e was prepared and a sample examined 

by i n f r a red spectroscopy. The r e s u l t i n g spectrum showed 

evidence of an unchanged n i t r i l e absorption at 2256 cm-^ 

and an unchanged >)(C=N)absorption at 1735 cm . Subsequent 

removal of the solvent under vacuum afforded q u a n t i t a t i v e 

recovery of the iminoborane s t a r t i n g m a t e r i a l . 

( x i v ) Preparation of Di-t-butylmethyleneatr.monium t e t r a - ^ 

-1UQToborate. 

Di-t-butylmethyleneamine (l,41g, 10 mmol.) was added 

to a 10 mmol. a l i q u o t of f l u o r o b o r i c a c i d i n water. 

A f t e r s t i r r i n g f o r two minutes the water was removed 

by pumping to y i e l d a white s o l i d which could be r e c r y s t a l l i s e d 

from hot toluene i n the form of c o l o u r l e s s , p l a t e - l i k e , 

c r y s t a l s . The c r y s t a l s were i d e n t i f i e d as d i - t -

butylmethyleneammonium t e t r a f l u o r o b o r a t e , tBu2C=NH2+ B F - ^ 
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( Found : C 46.8%, H 9.7%, B 4.7%, F 35.1%, N 6.3%, 

C 9H 1 8BF 4N r e q u i r e s : C 47.6%, H 8.0%, B 4.8%, F 33.5%, 

N 6.2%) m.pt. 153(dec)° >0 ( n u i o l mull) 3320(w,br) 1670(s,br) r max J 

1402(m) 1383(w) 1236(w,sh) 1215(m) 1187(m) 1070(s,br) 

1040(s,br) 943(w) 907(m,br) 863(m) 846(w) 763(w) 724(w) 

643(w) 519(w) 446(w) cm . The compound was s t a b l e to 

a i r . 



DISCUSSION 
Of the s i x monomeric di-t-butylmethyleneaminoboranes 

described i n t h i s chapter two, di-t-butylmethyleneamino-
dimethylborane, tBu2C=NBMe2, and di-t-butylmethyleneamino-
biphenyl-2,2'-yleneborane, tBu2C=NB(C^2Hg), are described 
here f o r the f i r s t time. The syntheses, and some spectroscop 
f e a t u r e s , of the remaining f o u r compounds, C3u2C=NBCl2(28), 
tBu 2C=NBPh 2(38), ( tBu 2 C=N)2B F ( l ) and ( tBu 2C=N) 3B(19) 
have p r e v i o u s l y been described elsewhere, although t h i s 
study amends some d e t a i l s concerning two of these, 
tBu2C=NBPh2 and (tBu2C=N)^B. The purpose of the present 
study was t h e r e f o r e t o supplement e a r l i e r work, performed 
i n these l a b o r a t o r i e s and, i n p a r t i c u l a r , t o provide 
f u r t h e r s t r u c t u r a l and spectroscopic i n f o r m a t i o n on these 
compounds. 
Preparation of d i a l k y l - , and d i a r y l - , methyleneaminoboranes. 

Five general preparative routes have teen established 
f o r the synthesis of d i a l k y l - , or d i a r y l - , methyleneamino 
d e r i v a t i v e s of boron. Each of the routes i s summarised 
below, together w i t h a l i s t of iminoboranes prepared 
by t h a t method. 
Route 1 : Reaction of an I m i n o l i t h i u m d e r i v a t i v e and 
a haloborane. 

The r e a c t i o n of an i m i n o l i t h i u m reagent, R2C=NLi, 
( u s u a l l y prepared i n s i t u ) and a haloborane, BX nYg_ n 

(Equation IV.1) has been used t o prepare a large number 

n R2C=NLi + BX nY 3_ n » ^ ( ( R 2 C = N } n B Y 3 - n * z + n L i X 

X = halogen, Y ^ halogen, alkyL, a r y l . 
IV. 1 
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of methyleneaminoboranes (Table IV.1) i n c l u d i n g the 
compounds tBu 2C=NBCl 2(38), tBu 2C=NBPh 2(38), tBu 2C=NB(C 1 2Hg), 
(tBu2C=N^2 BF(1) and ( tBu 2C=N) 3B(l,9), prepared during 
the course of the present study. The reac t i o n s are ge n e r a l l y 
performed i n e i t h e r d i e t h y l ether or an alkane solvent 
and proceed below 0°. An exception i s the prep a r a t i o n 

TABLE IV.1 
Iminoborane d e r i v a t i v e s prepared by the 

r e a c t i o n of an i m l n o l i t h i u m reagent and a 
haloborane. 

Co npound Ref. Compound Ref. 

(Ph2C=NBX2) tBu 2C=NBCl 2 (a),38 

X=Cl,Br,I;n=2 39,116 tBu 2C=NB nBu 2 38 

X=F, polymeric 39,116 tBu 2C=NB(0 2C 6H 4) 1 

(Ph 2C=NB(0 2C 6H 4)) 2 46 tBu 2C=NB(0 2C 2H 2) 1 

Ph2C=NBPh2 46,117 tBu 2C=NB((NH) 2C 6H 4) 1 

Ph 2C=NB'mesityl) 2 46,117 tBu 2C=NB((NMe) 2C 2H 4) 1 

( p - t o l y l ) 2 C=NBPh2 46 tBu 2C=NB(0 2(Me 2C 2)) 1 

(Ph 2C=N) 9BPh 118 tBu 2C=NB(C 1 2Hg) (a) 

(Ph 2C=N) 3B 46,117 ( tBu 2C=N) 2BF (a)3 

(Me2N)2C=NBPh2 119 ( tBu 2C=N) 2BCl 120 
tBu 2C=NBPh 2 (a),38 ( tBu 2C=N) 3B (a)9 
tBu2C=NPPh CI 120 

(a) This work 
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of (tBu2C=N)gB, which requires the considerably more 
f o r c i n g c o n d i t i o n s of r e f l u x i n g i n 100° - 120° pet. ether 
f o r 48 hours ( 9 ) , apparently due t o the high degree of 
s t e r i c crowding experienced by the ̂ B ^ C ^ ^ B F intermediate 
upon approach of the t h i r d imino l i g a n d . S t e r i c f a c t o r s 
are also thought t o account f o r the f a i l u r e t o prepare 
a f u r t h e r compound, tBu2C=NB(mesityl)^ ( m e s i t y l = 
2,4,6 t r i m e t h y l p h e n y l ) , by t h i s route (120). 
Route 2 : Reaction of a methyleneaminosilane and a halo-
borane. 

A number of methyleneaminoboranes have been prepared 
(Table IV.2) by the r e a c t i o n of a haloborane w i t h the 
corresponding methyleneaminotrimethylsilane (Equation 
I V . 2 ) , i n a manner analogous t o t h a t used t o prepare 
aminoboranes from haloboranes and aminosilanes (121, 122). 

nR2C=NSiMe3 + BXnY3_- • ^ ( ( R 2 C = N ) n B Y 3 - n ) z + 

nMe3SiX IV.2 
X = halogen, Y = halogen, a r y l 

The r e a c t i o n g e n e r a l l y requires more f o r c i n g c o nditions 
( r e f l u x i n toluene) t o ensure completion than t h a t of 
route 1, although i t has the advantage t h a t the bi-product, 
Me^SiCl, i s v o l a t i l e and th e r e f o r e e a s i l y separated from 
the iminoborane. An impure sample of one of the compounds 
discussed i n t h i s chapter, tBu2C=:NBPh2, has previously 
been prepared by t h i s route (120) as have a number of 
monophenylmethyleneaminobbranes, PhCH=NBR^ (46), also 
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TABLE IV.2 
Imlnoborane d e r i v a t i v e s prepared by the 

r e a c t i o n of an Imlnosllane reagent and a haloborane 

Compound Ref. Compound Ref. 

(Ph2C=NB X 2 ) n 118 (C 1 2H g)C=NBPh 2 46 
X= Cl,Br,n=2;X=F,n (PhCH=NBPh2).2 46 
Ph2C=NBPh2 118 (PhCH=NBPhCl)2 46 
Ph2C=NBPh CI 118 PhCH=NB(mesityl) 2 46 
Ph 2C=NB(mesityl) 2 118 (Ph 2C=N) 2BPh 118 
Ph 2C=NB(C 1 2Hg) 46 (Ph 2C=N) 3B 118 
(Ph 2C=NB(0 2C 6H 4)) n 118 tBu2C=NBPh2 120 

l i s t e d i n Table IV.2. 
Route 3 : A l k y l a t i o n of a methyleneaminoborcn h a l i d e . 

The a d d i t i o n of an a l k y l l i t h i u m reagent t o an imino-
boron h a l i d e g e n e r a l l y r e s u l t s i n e l i m i n a t i o n of LiX 
and formation of the corresponding imi n o ( a l k y l ) b o r a n e 
(Equations I V . 3 , 4 ) . The compound tBu2C=NBMe2 was prepared, 

(R 2C=NBX 2) n + 2R'Li *n R2C=NBR2 + 2LiX IV.3 

(R 2C=N) 2BX+ R ' L I — M R 2 C = N ) 2 B R ' + L i X IV.4 

during the course of the present study, by the r e a c t i o n 
of tBu 2C=NBCl 2 and two equivalents of MeLi, s i m i l a r 
reactions'having been used t o prepare Ph9C=NBPh9 (46) 
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tBu 2C=NB nBu 2(38), tBu 2C=NB tBu 2(1) and ( tBu 2C=N) 2BMe ( 1 ) . 
A d d i t i o n a l l y , ( tBu 2C=N) 2BF w i l l react w i t h LiAlH^ t o 
y i e l d ( tBu 2C=N) 2BH ( 1 ) . The r e a c t i o n of CBu2C=NB C l 2 w i t h 
one equivalent of t B u L i , however, i s reported (120) t o 
y i e l d tBu 2C=BHCl, ra t h e r than tBu 2C=NB tBu CI, and i n 
marked contrast t o the 1:2 r e a c t i o n which y i e l d s the 
expected tBu 2C=NB tBu 2 ( 1 ) . A r a d i c a l mechanism has been 
propose! t o account f o r t h i s r e a c t i o n (120) although an 
a l t e r n a t i v e explanation would inv o l v e i n i t i a l decomposition 
of ^"BuLi t o give isobutene, C^Hg, and LiH, a process 
known t o occur under c e r t a i n conditions (123). Subsequent 
r e a c t i o n of LiH w i t h tBu2C=NB C l 2 would account f o r the 
observed product. 

Route 4 : Reaction between a methyleneamine and a borane. 
The r e a c t i o n of Ph2B CI w i t h two equivalents of the 

appropriate methyleneamine i n b o i l i n g 80° - 100° pet. 
ether (Equation IV..5) has been used t o prepare the 

2 R2C=NH + Ph 2BCl •R2C=NBPh2 + R2C=NBH2C1~ IV. 5 

compounds R(Ph) C=NBPh2 (R=Ph,p-Cl-C6H/i,p-Br- CgH^) and 
(p-tolyl) 2C=NBPh 2 (46). A s i m i l a r r e a c t i o n was used t o 
prepare (Ph 2C=N) 3B, from Ph2C=NH and BC1 3 (46), while 
the r e a c t i o n of Ph2C=NH w i t h B(NMe 2) 3 ( Equation IV.6) 
y i e l d e d a mixture of products (124, 125). The r e a c t i o n 

X.S. Ph 2 C=NH + B(NMe 2) 3-*(Ph 2C=N) nB(NMe 2) 3_ n 

+ n Me2NH IV.6 
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of a methyleneamine and an organoborane t o y i e l d an imino-
borane d e r i v a t i v e ( Equation IV.7) has been found t o be 

R2C=NH + BR 3 > 1/n(R 2C=NBR 2) n + RH IV. 7 

l i m i t e d t o a few s p e c i f i c cases. Thus, (Ph 2C=NBMe 2) 2 

(124) and tBu 2C=NBEt 2 (120) have been prepared by t h i s 
method, while the r e a c t i o n of Ph2C=NH and BEt-j r e s u l t e d 
i n r e d u c t i o n of the methyleneamine t o Ph2ONCHPh2, ethylene 
also being produced (124). During the course of the 
present study a f u r t h e r sample of tBu2C---NBMc2 was prepared 
by r e a c t i o n of tetramethyldiborane w i t h two equivalents 
of tBu2C=NH (Equation IV.8) i n the absence of solvent. 

tBu2C=NH + %(Me 2BH) 2 • tBu2C=NBMe2 + H 2 IV.8 

By c o n t r a s t , the r e a c t i o n of diborane, B2Hg, w i t h Ph2C=NH 
w i l l not stop a t the iminoborane (125), but proceeds f u r t h e r , 
v i a m i g r a t i o n of a hydrogen across the C=N bond, t o y i e l d 
the borazine (Equation IV.9). 

Ph2C=NH + ^(B 2H 6)—*^(Ph 2CHNBH) 3 + H 2 IV.9 

Route 5 : P y r o l y s i s of an immonium s a l t . 
The iminoboranes Ph2C=NBPh2 and p-tolyl 2C=NBPh 2 have 

been prepared by p y r o l y s i s of the corresponding methylene-
ammonium tetraphenylborate s a l t (Equation IV.10), benzene 
being the bi-product f rom the r e a c t i o n (46). 



- 118 -

R^NH+BPh^ — R 2 C = N B P h 2 + 2PhH IV. 10 
Ph , p - t o l y l 

Of the s i x iminoboranes discussed i n t h i s chapter 
two )

tBu 2C=NBMe 2 and CBu2C=NB C l 2 (38), were col o u r l e s s 
l i q u i d s which could be d i s t i l l e d under vacuum, and which 
decomposed upon exposure t o a i r . The remaining four were 
a l l s o l i d s , tBu 2C=NBPh 2 (38), ( tBu 2C=N) 2BF (1) and 
(tBu2C=N)-jB (9) being colourless c r y s t a l l i n e s o l i d s while 
the f o u r t h , tBu 2C=NB(C^ 2Hg), was a yellow waxy compound. 
Two of the f o u r s o l i d s , tBu2C=NBPh2 and ( tBu 2C=N) 3B, 
were unaffected by exposure to a i r while the others showed 
signs of decomposition a f t e r a few minutes. Such s t a b i l i t y 
i s unusual amongst non-associated iminoboranes (1,9,38,46, 
120,126,127) and probably r e f l e c t s the s h i e l d i n g of the 
C=N=B skeleton by the surrounding bulky t - b u t y l groups. 
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Structures of methyleneaminoboranes; the X-ray c r y s t a l 
s t r u c t u r e of di-t-butylmethyleneaminodiphenylborane, 
tBu2C=NBPh2 

A l l the known di-t-butylmethyleneamino d e r i v a t i v e s 
of boron, ( tBu 2C=N) nB X 3_ n(X=H, a l k y l , a r y l , halogen) have 
been assigned monomeric s t r u c t u r e s , i n the condensed 
and vapour phases, on the basis of t h e i r high -0 ( C=N=*B) 

-1 -1 s t r e t c h i n g frequencies (1735 cm t o 1845 cm ) and mass 
spectra (1,9,38,120). Monomeric s t r u c t u r e s have also 
been assigned t o a number of diarylmethyleneaminoboranes; 
R2C=NBR2 (R 1=Ph; R 2=Et(117), nBu(128), Ph (46), m e s i t y l 
(46) and R2=Ph; R 1 = p - t o l y l (46), p-C1-C 6H 4(46), p-Br-C 6H 4 

( 4 6 ) ) , (Ph 2C=N) 2BPh (125), (Ph 2C=N) 2BNEt 2 (128), (Ph 2C=N) 3B 
(116,118), C12HgC=NBPh2 (46) and also the g^anidino d e r i 
v a t i v e (Me 2N) 2C=NBPh 2 (118). Other iminoborane d e r i v a t i v e s 
w i t h apparently monomeric s t r u c t u r e s include some halo-
genated d e r i v a t i v e s , C13C(X)C=NBR1R2(X,R1=C1,Br; R 2=Cl,Br, 
Me,Ph) (47,129), and some compounds w i t h carbon-bonded 
sulphur-containing s u b s t i t u e n t s , X(RXS)C=NBR2R3(X=Me, 

1 Pr, nBu, Cl 3C;R 2,R 3=S-alkyl,Ph,Br) (56,130,111), although 
i n some instances the s o l u t i o n phase contains e q u i l i b r i u m 
mixtures of both monomeric and associated species. 

I n a l l monomeric iminoboranes i t would appear t h a t 
the non-association of the molecule i s d i c t a t e d by the s t e r i c 
bulk of the carbon-, and boron-, bonded s u b s t i t u e n t s , 
preventing the adoption of a four - c o o r d i n a t e , f o r m a l l y 
valence s a t u r a t e d , c o n f i g u r a t i o n about the boron atom. 
In the case of the d i - t - b u t y l d e r i v a t i v e s , the bulk of 
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the t - b u t y l groups i s , of i t s e l f , s u f f i c i e n t t o prevent 
a s s o c i a t i o n , although the same i s not t r u e f o r other types 
of methyleneamino l i g a n d . Thus, while tBu2C=NBPh2, 
tBu 2C=NB(C 1 2H 8), Ph2C=NBPh2 and C 1 2H 8C=NBPh 2 are a l l 
monomeric, (Ph2C=NBPhCl) (n probably equals 2(38)) and 
Ph2C=NB(C^2Hg) (38) adopt associated s t r u c t u r e s s i m i l a r 
t o t h a t of the monophenyliminoborane (PhCH=NBMe2)2 discussed 
i n Chapter 2. S i m i l a r l y , although some of the compounds 
of the general type X U 1 S) C=NBR 3R\ l i s t e d above, are 
monomeric, the case where X i s the comparatively small 
s u b s t i t u e n t , CF^, has a dimeric s t r u c t u r e , as do the compound! 
( X 1H 2C(X 2)C=NBX 2

2) 2 (X 1=F, C I , B r , I , X 2= CI,Br) (47,54,55). 
Aminoboranes, R2NBR2>are more commonly monomeric, mainly 
i n consequence of the r e d u c t i o n i n the i n t r a m o l e c u l a r 
separation of n i t r o g e n and boron s u b s t i t u e n t s , and 
consequently more demanding s t e r i c c r i t e r i a f o r a s s o c i a t i o n 
(1.32-1.34). 

Crystals of one of the compounds described i n t h i s 
study, di-t-butylmethyleneaminodiphenylborane, tBu2C=NBPh2, 
have bean the subject of a recent X-ray c r y s t a l l o g r a p h i c 
study conducted by Dr. W. Clegg ( Gottingen U n i v e r s i t y ) , 
the r e s u l t s of which are presented i n Figure I V . l (a and 
b) and Table IV.3. Two other monomeric iminoboranes, 
the r e l a t e d diphenylmethyleneaminodimesitylborane, 
Ph2C=Nis(mesityl) 2. (14,15), and t r i s (di-t-butylmethyleneamino) 
borane, (tBu2C=N).jB ( 9 ) , were the subject of e a r l i e r , 
less p r e c i s e , c r y s t a l l o g r a p h i c s t u d i e s , t h e i r s t r u c t u r e s 
being i l l u s t r a t e d i n Figures IV.2 and IV.3. Common features 
of a l l three compounds are contrasted i n Table IV.4. 
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TABLE IV.3 

Selected bond lengths (&) and angles (°) 
f o r *Bu 0C=NBPh „ 

B - N 
B - C(5) 
C ( l ) - C(2) 

1.367(6) 
1.574(6) 
1.529(6) 

B - C(4) 
N - C ( l ) 
C ( l ) - C(3) 

1.583(6) 
1.243(5) 
1.546(6) 

N - B - C(4) 
C(4) - B - C(5 ) 
N - C ( l ) - C(2) 
C(2) - C ( l ) - C(3) 

118.5(4) N - B 
123.0(4) B - N 
118.0(4) N-C(l) 
124.5(3) 

C(S) 118.5(4) 
C ( l ) 178.2(4) 

C(3) 117.5(4) 



FIGURE IV.2 Molecular s t r u c t u r e of PhoC=NB(mesityl)~ (15) 

(hydrogen atoms omitted) 

B N 

FIGURE I V . 3 Molecular s t r u c t u r e of ("-Bu0C=N) oB ( 9 ) 

(hydrogen atoms omitted) 
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TABLE IV.4 

Comparison of selected common features of the 
compounds tBu 2C=NBPh 2, Ph 2C=NB(mesityl) 2 

and ( tBu 2C=N) 3B 

C=N(X) 
B-N(8) 
C-N-B(°) 

Bu2C=NBPh2 

1.24 
1.37 
178 

Ph 2C=NB(mesityl ) 2 

1.29 
1.38 
173 

( cBu 2C=N), 
1.23 
1.39 
166 

FIGURE IV.4 

1,5,9-Triaza-13-boratricyclotridecane 
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Crystals of tBu2C=NBPh2 are orthorhombic, space group 
Pbca, w i t h a = 11.354(1)8, b = 13.875(1)8, c = 22.909(3)8, 
Z = 8. The C(1)NB angle of 178.2(4)° i s more nearly l i n e a r 
than those of Ph 2C=NB(mesityl) 2, 172(2)°, and ( tBu 2C=N) 3B, 
166(1)°, and i s the most nearly l i n e a r CNMXn~ type linkage 

A 

yet s t r u c t u r a l l y characterised (cf- the unique CNAl angle 
of 175.2(2)° i n ( ( P h 2 C = N ) 3 A l ) 2 : see Chapter 5). Such 
an angle i s consistent w i t h there being a high degree 
of N(p) - B(p) d a t i v e bonding between the lone p a i r occupied 
p o r b i t a l of an e s s e n t i a l l y sp-hybridised n i t r o g e n and 
the.vacant p o r b i t a l of boron, the bonding i n t e r a c t i o n 
being maximised by the adoption of a l i n e a r C=N=sB linkage. 
Further evidence of such bonding i s seen i n the extremely 
short B-N bond le n g t h of 1.367(6)8 ( c f . 1.38(2)8 i n Ph2C=NB 
( m e s i t y l ) 2 and 1.385(6)8 i n ( tBu 2C=N) 3B) which i s near 
the length of 1.358 p r e d i c t e d , by Pauling, f o r a f u l l 
B=N double bond (135). Elsewhere, B-N bond lengths of 
1.408 and 1.438, i n Me2NBMe2 (136), 1.378 and 1.4l8, i n 
(Me 2NBCH 2) 3 (137), 1.4l8, i n (HNBH) 3(138), and 1.43l8 
(average), i n 1,5,9 Tr i a z a - 1 3 - b o r a t r i c y c l o t r i d e c a n e (139), 
have been determined f o r some aminoborane and borazine 
compounds where s i m i l a r N(p)-B(p) d a t i v e bonding i s po s t u l a t e d . 
The l a t t e r compound ( Figure IV.4 ) i s i n t e r e s t i n g as a 
tris(amino)borane c o n t a i n i n g an almost planar BN3 r i n g 
and i s t h e r e f o r e analogous t o the t r i s ( i m i n o ) b o r a n e , 
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( tBu2C=N) 3B . The s i x N-bonded carbon atoms i n t h i s 
compound are displaced from the mean BN3 plane by distances 
of less than 0.2l8, and confirm the nitr o g e . i atoms as 
being of e s s e n t i a l l y sp character w i t h a large degree 
of N(p)-B(p) d a t i v e TT bonding. The B-N bond lengths are 
l a r g e r than those of ( tBu2C=N) 3B, as might be expected 
on the basis of the greater p — o r b i t a l character of the 
hy b r i d i s e d n i t r o g e n atomic o r b i t a l s (sp as opposed t o 
sp), although the c o n f i g u r a t i o n of the t r i c y c l i c r i n g 
W i l l also be of i n f l u e n c e . By comparison, t y p i c a l bond 
lengths f o r a B-N s i n g l e bond between t e t r a v a l e n t boron 
and n i t r o g e n atoms occur i n the region 1.56 8 t o 1.658 
(140). 

A s u r p r i s i n g f e a t u r e of the s t r u c t u r e of tBu2C=NBPh2 
i s the C=N bond length of 1.243(5)8 which i& considerably 
shorter than t h a t of 1.29(2)8, i n Ph 2C=NB(mesityl) 2(15), 
and nearer t o t h a t of 1.229(8)8 i n ( tBu 2C=N) 3B. By com
parison, the t e r m i n a l - l i g a n d C=N bond le n g t h i n ( ( t B ^ C ^ 
N ) 2 B e ) 2 was measured as 1.269(12)8 (16), while the average 
t e r m i n a l - l i g a n d bond length i n ( ( P h 2 C = N ) 3 A l ^ i s 1.2578 
(see chapter 5 ) . A f u r t h e r major d i f f e r e n c e between the 
s t r u c t u r e s of tBu 2C=NBPh 2 and Ph 2C=NB(mesityl) 2 i s the 
r e l a t i v e o r i e n t a t i o n of the boron-bonded aromatic r i n g s 
w i t h respect to the molecular skeleton. I n tBu2C=NBPh2 

the phenyl r i n g s are i n c l i n e d at angles of 8.0° and 43.6° 
from the mean plane C(1)NBC(4)C(5) ( i . e . one of the r i n g s 
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i s almost co-planar with the C=N=±B s k e l e t o n ) , while the 

m e s i t y l r i n g s of Ph 2C=NB(mesityl) 2 o r i e n t a t e themselves 

w e l l away from c o - p l a n a r i t y with the corresponding plane 

(Figure I V . 2 ) . I n the l a t t e r case such a conformation 

i s d i c t a t e d by the s t e r i c bulk of the m e s i t y l groups, 

while the near c o - p l a n a r i t y of one of the phenyl r i n g s 

i n tBu 2C=NBPh 2 allows the d e l o c a l i s a t i o n of TT e l e c t r o n i c 

charge between the N(p TT) - B(pTT ) and phenyl TT systems. 

Consideration of the remaining f e a t u r e s of the 

s t r u c t u r e show i t to be e s s e n t i a l l y as expected. The 

geometry around C ( l ) i s almost t r i g o n a l planar, although 

the s l i g h t l y g r e a t e r angle C(2 ) C ( 1 ) C ( 3 ) , 124.5(3)°, 

probably r e f l e c t s some s l i g h t s t e r i c r e p u l s i o n between 

the methyl protons of the two t - b u t y l groups, as has been 

noted i n other s i m i l a r systems (e.g. the corresponding 

angles i n '(( tBu 2C=N) 2Be) 2 are 123.4(9)° and 122.2(8)° 

( 1 6 ) ) . The angle between the mean planes C(4)C(5)BN and 

C(1)C(2)C(3)N i s 85.7°, and r e f l e c t s the orthogonal nature 

of the C=N and N=*B TT systems about the nitrogen atom. The 

geometries of the phenyl and .t-butyl groups are un

remarkable . 

The s t r u c t u r a l data obtained for Ph 2C=NB(mesityl) 2 

has been used as the b a s i s f o r an LCA 0-MO c a l c u l a t i o n 

of the B-N bond order (15) and forms part of a wider 
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t h e o r e t i c a l and s t r u c t u r a l study of compounds containing 

B-N bonds (15,136,139,141,142). The r e s u l t s of t h i s 

t h e o r e t i c a l study suggested a t o t a l B-N bond order 

(<r+TT) of 1.59, t h i s being g r e a t e r than those of 1.57, 

i n dimethylaminodimethylborane (136), and 1.48 i n t r i s 

(1,3,2 benzodioxaborol-2-yl) (141), which were c a l c u l a t e d 

by a s i m i l a r method. I n view of the even s h o r t e r B-N 

bond length i n tBu2C=NBPh2 an even higher bond order 

would be p r e d i c t e d i n t h i s case, probably s i m i l a r to that 

of benzene (1.67), although s t i l l somewhat l e s s than 

those of ethylene and a l l e n e . 

More r e c e n t l y , Dr. R. S n a i t h and co-workers of 

S t r a t h c l y d e U n i v e r s i t y have used the molecular s k e l e t o n 

geometries of both Ph2C=N(mesityl)^ a n ^ ( tBu2C=N)gB to 

c a l c u l a t e values f o r the bond i n d i c e s of the interatomic 

i n t e r a c t i o n s w i t h i n these molecules. The concept of bond 

i n d i c e s , f i r s t introduced by Salem (143) and Wiberg (144), 

and extended by Armstrong, Perkins and Stewart (145), 

i n v o l v e s the i n t e r p r e t a t i o n of the d e n s i t y matrix r e s u l t s 

obtained from CNDO c a l c u l a t i o n s to a s s i g n a bond index 

value to each s p e c i f i c atomic i n t e r a c t i o n w i t h i n the 

molecule i n question . I n the case of what i s formally r e c 

ognised as a bonding i n t e r a c t i o n between two atoms, the c o r 

responding bond index can be equated with the c l a s s i c a l concept o 
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the bond order of that bond, while the sum of a l l the 

bond index terms i n v o l v i n g a s p e c i f i c atom can be equated 

with the c l a s s i c a l concept of that atom's valency. The 

a p p l i c a t i o n of t h i s method y i e l d e d bond index values f o r 

the B-N bonds of Ph 2C=NB(mesityl) 2 and ( tBu 2C=N) 3B of 

1.541 and 1.158 r e s p e c t i v e l y . I t i s i n t e r e s t i n g to note 

that the former value agrees f a i r l y w e l l with that of 

1.59, the B-N bond order derived from the LCAO-MO method 

described above. Further, i f i t i s assumed that the o~ 

bond c o n t r i b u t i o n to the bond index value i s equal to 

one, the corresponding d a t i v e TTbond c o n t r i b u t i o n s i n 

Ph 2C=NB(mesityl) 2 and ( tBu 2C=N) 3B are 0.541 and 0.158 

r e s p e c t i v e l y . The f a c t that the l a t t e r value i s roughly 

one t h i r d of the former i s not s u r p r i s i n g i f one considers 

the nature of the d a t i v e bonding i n the two c a s e s . I n 

the t r i s ( i m i n o ) d e r i v a t i v e three separate imino ligands 

are competing fo r d a t i v e p TT- pTT bonding with the c e n t r a l 

boron atom, and consequently the degree of :T bonding 

to each i n d i v i d u a l l i g a n d i s l i k e l y to be only a t h i r d 

of that i n the monoimino d e r i v a t i v e , where the boron atom 

i s only involved i n one d a t i v e TTbond. I t should be noted 

however, that t h i s argument i s only v a l i d i f one assumes 

(as t h e i r o r i e n t a t i o n s would tend to suggest) that there 

i s l i t t l e d e l o c a l i s a t i o n of e l e c t r o n i c charge from the 

m e s i t y l r i n g TTsystem i n t o the vacant p o r b i t a l of boron. 

Such reasoning would.however, e x p l a i n the l e s s l i n e a r 

C=N=B sk e l e t o n of (''Bu-^NJ.jB, where a decrease i n the 

B-N bond order, compared with PhnC=NB(mesityl) ?, might 
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2 r e s u l t i n the nitrogen atom adopting a more sp - l i k e c h a r a c t e r 
than i n the l a t t e r case. No c a l c u l a t i o n s have, as yet, 
been performed on the molecule tBu2C=NBPti2, where i t might 
be expected that the s h o r t e r B-N bond length, and the 
g r e a t e r p o s s i b i l i t y of TT bond i n t e r a c t i o n between the 
phenyl r i n g TT system and the boron atom, may y i e l d r e s u l t s 
s i g n i f i c a n t l y d i f f e r e n t to those of Ph2C=NB(mesityl) 2. 

A f u r t h e r i n t e r e s t i n g c o n t r a s t of li g a n d TT-bonding 

e f f e c t s would involve a comparison of the B-N bond index 

of ( tBu 2C=N) 3B with that c a l c u l a t e d for ( tBu 2C=N) 2BF, 

c r y s t a l s of which are c u r r e n t l y the s u b j e c t of an X-ray 

c r y s t a l l o g r a p h i c study. F l u o r i n e , being more e l e c t r o 

negative than nitrogen, w i l l tend to remove cr charge 

from the boron environment, although i t a l s o has lone 

p a i r occupied TT o r b i t a l s of a s u i t a b l e energy to partake 

i n d a t i v e pTT - pTT bonding to the vacant boron p o r b i t a l . 

Such d a t i v e TT bonding i s a s i g n i f i c a n t f e ature of f l u o r o -

borane chemistry and e x p l a i n s the f a c t that MF^ i s a weaker 

Lewis a c i d than BCl^; i n the l a t t e r case the r e l a t i v e 

energies of the boron and c h l o r i n e valence p o r b i t a l s 

make such TT bonding l e s s favourable, and the boron atom 

consequently more e l e c t r o p h i l i c . The i m p l i c a t i o n of such 

bonding i n ( tBu 2C=N) 2BF might be a 1 owering of the B-

N bond index value from the intermediate p o s i t i o n , between 

those of Ph 2C=NB(mesityl) 2 and ( tBu 2C=N) 3B,which might 

otherwise have been p r e d i c t e d f o r a bis(imino)borane d e r i v a t i v e . 

I n t h i s context i t i s i n t e r e s t i n g to note that the 

n.m.r. s h i f t s of ( tBu 9C=N) 9BF'and ( tBu 9C=N)-B, which are 
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i n d i c a t i v e of the e l e c t r o n i c d e n s i t y and symmetry around 
boron, are almost i d e n t i c a l , thus suggesting that B-F TT 
bonding i s a s i g n i f i c a n t f e a t u r e i n these compounds. 

The a b i l i t y to prepare the a i r s t a b l e t r i s ( i m i n o ) 

borane, ( tBu2C=N)gB, i s i n marked c o n t r a s t to the f a i l u r e 

of v a r ious attempts to prepare the analogous aluminium 

d e r i v a t i v e , ( tBu2C=N)gAl (see chapter 5 ) . As i s noted 

i n Chapter 5, the maximisation of d a t i v e N(p) - Al(p) TT 

bonding would r e q u i r e the carbon-bonded t - b u t y l s u b s t i t u e n t s 

to adopt p o s i t i o n s d i r e c t l y above and below the A1N 3 plane 

i n a "paddle wheel" type conformation (see Figure V.2). 

An analogous s i t u a t i o n e x i s t s i n the t r i s ( i m i n o ) b o r a n e , 

( tBu 2C=N) 3B (9) (Figure IV.3) where c o n s i d e r a t i o n of a 

molecular model would suggest the t - b u t y l ligands exert 

a s u b s t a n t i a l s h i e l d i n g e f f e c t on the boron atom. This 

e f f e c t w i l l e x p l a i n the moisture s t a b i l i t y of the compound 

and may a l s o , i n part, e x p l a i n the f a i l u r e of attempts 

made i n t h i s study to i s o l a t e a b o r a n e - n i t r i l e adduct 

of the form ( tBu 2C=N) 3BNCCH 3, and analogous to s i m i l a r 

t r i s ( i m i n o ) a l a n e - n i t r i l e adducts, ( tBu 2C=N1 3A1NCR, 

reported elsewhere ( 1 ) . A f u r t h e r reason however, i s 

l i k e l y to be the extremely weak Lewis acid - a c c e p t o r strength 

of the iminoborane, as demonstrated by i t s f a i l u r e to 

r e a c t with e i t h e r MeLi or LiBHEt3. I n a d d i t i o n , attempts 

to form a t e t r a k i s ( i m i n o ) b o r a t e d e r i v a t i v e analogous to 

LiAKN=C tBu 2) 4 (17) from the r e a c t i o n of B F 3 0 E t 2 with 

four e q u i v a l e n t s of tBu ?C=NLi a l s o f a i l e d ; (uBu9C=N)->B 
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was the only product recovered from the r e a c t i o n . 

I n f r a red s p e c t r a 

The i n f r a red s p e c t r a of a l l s i x di-t-butylmethylene-

aminoboranes contained strong absorptions i n the 1850 cra"^ 

to 1730 cm~^ region of the spectrum, e s t a b l i s h e d as being 
ro 

c h a r a c t e r i s t i c of the V ( C=N=*B) asymmetric s t r e t c h i n g 

v i b r a t i o n of monomeric iminoboranes with l i n e a r , or near 

l i n e a r , CNB skeletons (9,38,46,47,56,116-120,127-131). 

The values are l i s t e d i n Table IV.5 together with those 

of some other di-t-butylmethyleneaminoboranes which have 

been the s u b j e c t of e a r l i e r s t u d i e s (1,9,38,120). By 

c o n t r a s t with these >J ( C=N=*B) frequencies, the corresponding 

asymetric ~v>(C=C=C) v i b r a t i o n s of some i s o e l e c t r o n i c 

aUene d e r i v a t i v e s , R2C=C=CR2, have been observed between 

2000 cm"1 and 1920 cm"1 (146-148). 

Of the monoiminoboranes, tBu 2C=NBX 2, the two highest, 

and almost i d e n t i c a l f r equencies, are those of tBu2C=NBHCl, 

1845 cm"1, and tBu 2C=NBCl 2, 1843 cm"1. The s i m i l a r i t y 

of these two values i s , perhaps s u r p r i s i n g , as the con

s i d e r a b l e d i f f e r e n c e i n the t o t a l masses of ".he boron-

bonded s u b s t i t u e n t s might have been expected to have a 

more s i g n i f i c a n t e f f e c t on -0 ( C=N=*B). A s i m i l a r i n -

s e n s i t i v i t y to the boron s u b s t i t u e n t i s apparent i n the 

absorption frequencies of the imino(dialkyl/boranes 
tBu 2C=NBMe 2 (1817 cm" 1), tBu 2C--NBEt 2 (1.821 cm - 1 ( 1 2 0 ) ) , 
tBu 2C NH nHu 2 (1821 cm"1 ( 1 8 ) ) find tBu2C---NBtBu2 (1821 c n f 1 

(38)) while the same i s generaLly true of a l k y L - s u b s t i t u t e d 

a l l e n e s (146-148). 
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TABLE TV.5 

~0(C=N^B) s t r e t c h i n g frequencies i n a s e r i e s 

of monomeric di-t-butylmethyleneamihoboranes. 

Compound Phase •0 (C=N=*B ),cm 1 Ref. 
tBu 2C=NBCl 2 l i q . f i l m 1843 (a) 
tBu 2C=NBHCl l i q . f i l m 1845 120 
tBu 2C=NBMe 2 l i q . f i l m 1817 (a) 
tBu 2C=NBEt 2 l i q . f i l m 1818 120 
tBu 2C=NB nBu 2 l i q . f i l m 1821 38 
tBu 2C=NB tBu 2 l i q . f i l m 1812 1 
tBu 2C=NBPhCl l i q . f i l m 1838 38 
tBu 2C=NBPh 2 KBr d i s c 1818 (b) 
tBu 2C=NB(C 1 2Hg) n u j o l mull 1742 (a) 
( tBu 2C=N) 2BF KBr d i s c 1745 (c) 
( tBu 2C=N) 2BCl n u j o l mull 1777 120 
( tBu 2C=N) 2BH n u j o l mull 1760 1 
( tBu 2C=N) 2BPh n u j o l mull 1774 120 
( tBu 2C=N) 3B KBr d i s c 1735 (d) 

(a) This work. 

(b) This work,Lit. (38) 1820 cm" 1 ( n u j o l m u l l ) . 

( c ) This work,Lit. (1) 1750 cm - 1. 

(d) This work,Lit. (1) 1740 cm"1. 

A s i z e a b l e d i f f e r e n c e i s , however, observed between the 

>J (C=N=*B) s t r e t c h i n g frequencies of tBu 2C=NBPh 2 (1818 cm" 1) 

and tBu 2C=NB(C 1 2H g) (1742 cm" 1). I n the l a t t e r case the 

aromatic r i n g s are constrained i n t o a co-planar o r i e n t a t i o n 

with the CNB u n i t which would allow maximisation of any 

i n t e r a c t i o n between the phenyl r i n g s and the boron atom. 

As has been noted e a r l i e r , any such competition f o r TT 

bonding to boron would be expected to r e s u l t i n a weakening 
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of the N=*B bond and a corresponding decrease i n -0(C=N=sB), 

as i s indeed observed. A second f e a t u r e which may a l s o 

be s i g n i f i c a n t however, i s the f a c t that the boron—bonded 

a r y l u n i t i n tBu2C=NB(C 12 Hg) w i l l be constrained i n i t s 

v i b r a t i n g modes by the coupling of the aromatic r i n g s . 

T h i s may a l s o r e s u l t i n a lowering of the asymetric s t r e t c h i n g 

frequency, independently of any TT i n t e r a c t i o n . 

The ,0(C=N=*B) s t r e t c h i n g frequencies of the b i s ( m e t h y l -

eneamino)-, and tris(methyleneamino)-, boranes are found 

i n the region 1777 cm"1 to 1735 cm"1, some 60 to 110 cm"1 

below those of the monomethyleneamino compounds. The lower 

values are considered to r e f l e c t the lowering of the B=*N 

bond order as d i s c u s s e d e a r l i e r . 

B n.m.r. s p e c t r a 

As has been noted i n connection with the s e r i e s of 

monoalkyl-, and monoaryl-, methyleneaminoboranes, (RCH=NBR'2)2 

11 
(see chapter 2 ) , the use of B n.m.r. to determine the 

coordination s t a t e of boron i s w e l l e s t a b l i s h e d ( 6 7 ) . 

Thus, the 1 1 B n.m.r. s h i f t s of a s e r i e s of monomeric 

d i - t - b u t y l and diphenyl-, methyleneaminoboranes containing 

three-coordinate boron l i e i n the range 6 = + 23 p.p.m. 

to + 38 p.p.m. downfield from B F 3OEt 2 (Table IV.6) while 

those of the a s s o c i a t e d d e r i v a t i v e s (RCHhNBR!^* containing 

four-coordinate boron, were found to have s h i f t s i n the 

region & = + 3 p.p.m. to + 8 p.p.m. 

I n consequence of the formally non-hybridised vacant 
2 

p o r b i t a l i n a three coordinate, sp , boron compound, 
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TABLE IV.6 

B n.m.r. s h i f t s of some monomerlc methyleneamino and 

dlalkylamino d e r i v a t i v e s of boron containing 

3-coordinate boron atoms. 

Compound j U B ( a ) Ref. Compound k n B ( a ) Ref. 

tBu2C=NBMe2 + 32.0 (b) (tBu2C=N)2BH + 13.9 1 
tBu2C=NBnBu2 + 35 38 (tBu2C=N)2BMe + 26.9 1 
tBu2C=NBtBu2 + 32.5 1 (tBu2C=N)2BF 4 24.1 (b) 
tBu2C=NBPh2 + 29.3 (b) (Ph^N^BPh + 32.2 128 
tBu2C=NB(C12Hg) + 26.4 (b) (Ph2C=N)2BNEt2 + 30.2 128 
tBuCH=NBnBu2 + 38.8 149 (tBu2C=N)3B + 23.3 (b) 
tBu2C=NBCl2 + 28.8 (b) (Ph2C=N)3B + 27.9 (b) 
Ph2C=NBEt2 + 36.5 67 (Me2N)2BH + 28.6 151 

Ph 2C=NB nPr 2 + 37.3 128 (Me2N)2BMe 33.5 151 
Ph2C=NnBu2 + 37.4 128 (Me2N)2BPh + 32.5 153 
Ph2C=NBPh2 + 34.0 128 (Me2N)3B + 273 154 
Me2NBMe2 + 44.6 150 
M e ^ 1 1 ^ + 44.9 151 
Me2NBPh2 + 49.6 152 

(a) S h i f t s measured r e l a t i v e to an external r e f e r e n c e of 

B F 3 O E t 2 . P o s i t i v e s h i f t s are to low f i e l d , 

(b) This work. 

11 
the B n.m.r. s h i f t r e f l e c t s the nature and extent of 

both <r and TT bonding between the boron atom and i t s s u b s t i t u e n t 

groups ( 6 ) . Because of t h i s , the technique has p a r t i c u l a r 

r elevance to the present study where the r e l a t i v e extent 

of d a t i v e TT bonding between the boron atom and the attached 

groups i s being considered. The 1 : LB s h i f t s of the s e r i e s 

of amino-, and imino-, di-n-butylborane d e r i v a t i v e s l i s t e d 



- 137 -

i n Table IV.6 would suggest that the degree of s h i e l d i n g 

i n c r e a s e s i n the sequence Me 2N< CBuCH=N< Ph 2C=N< tBu 2 C=N 

( r a t h e r than that suggested i n refer e n c e 67), while a 

more d i s t i n c t p a t t e r n emerges i n the s h i f t 'Sequence 
tBu 2C=NBMe 2 (+32.0 p.p.m.)< tBu 2C=NBPh 2 ( + 29.3 p.p.m.) 

< tBu 2C=NB(C 1 2Hg) (+ 26.4 p.p.m.) I n t h i s case i t would 

seem that the i n c r e a s i n g a b i l i t y of the non-imino ligands 

to Tf bond to boron i s r e f l e c t e d i n an in c r e a s e i n the 

e l e c t r o n symmetry around boron, and hence a i i n c r e a s e 

i n the electromagnetic s h i e l d i n g of the nucleus. A s i m i l a r 

e f f e c t would account f o r the greate r s h i e l d i n g of the 

boron nucleus i n Me2NBPh2, compared with that of Me2NBMe2. 

The B n.m.r. s h i f t s of the b i s ( i m i n o ) - , and t r i s ( i m i n o ) - , 

boranes are at higher f i e l d than those of the monoimino-

boranes and r e f l e c t the i n c r e a s e , and g r e a t e r symmetry, 

of the TT e l e c t r o n density around boron. The s i m i l a r i t y 

of the s h i f t s of ( CBu 2C=N) 3B and ( tBu 2C=N) 2EF has already 

been remarked upon as evidence of a s u b s t a n t i a l amount 

of TT bonding between the boron and f l u o r i n e atoms, 

a f a c t o r which a l s o e x p l a i n s the considerably higher f i e l d 

s h i f t of Me2BF ( 6 = + 59.0) (155), compared with that 

of Me3B (6= + 86.6) (156). As was noted f o r the monoimino-

boranes, the liga n d tBu 2C=N- would seem to have a greate r 

s h i e l d i n g e f f e c t on boron than Ph2C=N-, even to the extent 

that ( tBu 2C=N) 2BMe has a higher f i e l d s h i f t than (Ph 2C=N) 2BPh, 

while the g r e a t e r s h i e l d i n g i n (Ph 2C=N) 2BPh compared with 

t h a t i n Ph 2C=NBPh 2 i s not unexpected, and r e f l e c t s the 

r e l a t i v e s h i e l d i n g of imino and phenyl l i g a n d s . 



- 138 -

The s h i e l d i n g of the boron nucleus i n the t r i s ( i m i n o ) 

boranes, (R 2C=N) 3B, i s g e n e r a l l y s l i g h t l y g r e a t e r than 

i n some analogous tris(amino)boranes, (R 2N; 3B (6 7 ) , t h i s 

having been c i t e d (1) as evidence of l e s s e r N(p) - B(p) 

d a t i v e TT bonding i n the l a t t e r compounds, as s t e r i c 

requirements f o r c e the nitrogen-attached groups, R, out. 

of the BN^ plane. While such a deformation i s found i n 

such s t e r i c a l l y crowded amino d e r i v a t i v e s , the f a c t that 

there i s a g r e a t e r d i f f e r e n c e between the s h i f t s of the 

monoiminoboranes and monoaminoboranes, than between the 

t r i s ( i m i n o ) b o r a n e s and tris(amino)boranes, would tend to 

suggest that other f a c t o r s are a s s o c i a t e d with these s h i f t 

d i f f e r e n c e s . 
1 3 P 

C n.m.r. s p e c t r a 
13 

The imino-ligand C n.m.r. s h i f t s of the s i x 

di-t-butylmethyleneaminoboranes d i s c u s s e d i n t h i s chapter, 

together with those of the parent imine, are l i s t e d i n 

Table IV.7. The samples were run as s o l u t i o n s i n deuterated 

benzene and the proton-decoupled s h i f t s measured with 

resp e c t to an e x t e r n a l reference of T.M.S. 

A l l the s p e c t r a contained s i n g l e t imino-carbon resonances 

with the exception of that of ( tBu 2C=N) 2BF where a doublet, 

J = 5 Hz, was observed. I n t h i s i n s t a n c e the magnitude of 

the coupling constant i s c o n s i s t e n t with the s p l i t t i n g 
being due to coupling with the f l u o r i n e nucleus, s i m i l a r 
3 

J^P coupling constants have been observed i n other con

jugated fluorocarbons (157) although not, apparently, 

i n the borazine d e r i v a t i v e (FBNCHo)o (158). The g r e a t e r 
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TABLE IV.7 
13 C n.m.r. s h i f t s of some monomerlc 

di-t-butylmethyleneaminoboranes 

Compound 
S (P •p.m.) (a) 

Compound > H 3C -> 
tBu 2C=NBMe 2 + 174.2 + 30.4 + 42.9 
tBu 2C=NBPh 2 + 170.7 + 30.2 + 43.4 
tBu 2C=NB(C 1 2Hg) + 168.2 + 30.5 + 43.2 
tBu 2C=NBCl 2 + 182.6 + 29.4 + 42.9 
( tBu 2C=N) 2BF + 181.9(b) + 30.4 + 43.8 
( tBu 2C=N) 3B + 173.7 + 30.9 + 43.7 
tBu 2C=NH + 191.7 + 30.6 + 41.6 

(a) Compounds run as s o l u t i o n s or l i q u i d mixes i n C^D 

with an e x t e r n a l reference of T.M.S. °ositive s h i f t s 

are to low f i e l d , 

(b) Doublet 3 J c p = 5 Hz. 

s h i e l d i n g of these carbons with resp e c t to that of the 

f r e e imine i s , perhaps, s u r p r i s i n g i n view of the f a c t 

t h a t N=±B d a t i v e TTbonding w i l l tend to remove charge from 

the adjacent nitrogen, and might therefore nave been 

expected to decrease the magnetic s h i e l d i n g around the 

carbon atom. As t h i s i s obviously not the case i t would 

seem that the observed s h i f t s r e f l e c t changes i n the l o c a l 

magnetic anisotropy of the C=N bond, dependent on the 

h y b r i d i s a t i o n s t a t e of nitrogen. D i f f e r e n c e s i n s h i f t 

due to the nature of the boron-bonded s u b s t i t u e n t are 

a l s o apparent, although i n view of the f a c t that the s h i f t s 

do not c o r r e l a t e i n any meaningful way with the i n f r a 
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red -\)(C=N) , and n.m.r. data i t would seem d i f f i c u l t 
13 

to r a t i o n a l i s e the r e l a t i v e C s h i f t s i n terms of the 

predi c t e d extent of N(p) - B(p) d a t i v e TT bonding. Thus, 

while the d i f f e r e n c e i n s h i f t s between ( tBu 2C=N) 2BF 

(+ 181.9 p.p.m.) and ( tBu 2C=N) 3B (173.7 p.p.m.), together 

with the low f i e l d s h i f t of CBu 2C=NBCl 2 (182.6 p.p.m), 
13 

would suggest a c o r r e l a t i o n between imino— C s h i f t and 

the i n d u c t i v e e f f e c t of the e l e c t r o n e g a t i v e boron s u b s t i t u e n t , 

i t i s not obvious why the 1 3 C imino s h i f t of ( tBu 2C=N) 3B 

should occur at an intermediate value between those of 
tBu 2C=NBMe 2 and tBu 2C=NBPh 2. 

n.m.r. The H n.m.r. s p e c t r a of the four p r e v i o u s l y prepared 

compounds d i s c u s s e d i n t h i s chapter have been reported 

elsewhere (1,9,38,120) but are presented here (Table IV.8) 

together with those of the two new iminoboranes, tBu 2C=NBMe 2 

and tBu 2C=NB(C^ 2Hg). The compounds were run as s o l u t i o n s 

i n dg toluene and the s h i f t s quoted r e l a t i v e to T.M.S. 

The s h i f t s of a number of other monomeric iminoboranes 

are a l s o l i s t e d i n the t a b l e . The t - b u t y l proton resonances 

of a l l the compounds were seen as sharp s i n g l e t s a t room 

temperature, while e a r l i e r s t u d i e s (1,120) have e s t a b l i s h e d 

that they remain so at temperatures as low a 3 -60°. As 

has been noted elsewhere i n t h i s t h e s i s , the H n.m.r. 

spectrum of tBu 2C=NH shows a s i n g l e t - b u t y l proton resonance 

at room temperature, whereas upon coo l i n g to -30° the 

s i g n a l s p l i t s i n t o two resonances of equal I n t e n s i t y (105). 

T h i s has been i n t e r p r e t e d as a r i s i n g from the slowing 
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TABLE IV.8 
^ H n.m.r. s h i f t s of sortie di-t-butyl-me-th-

yleneamlnoborane d e r i v a t i v e s 

Compound 
" f values (a) 

Ref. Compound 
fcBu others 

Ref. 

tBu 2C=NBMe 2 8 .90(s) 9 .84(s) (b) 
CBu 9C=NBEt 9 8 .89(s) 9 .78(q),9.04(t) 120 
Bu 2C=NB nBu 2 8 .85(s) 8 .4 - 9.2(c) 38 

tBu 2C=NBPh 2 8 .86(s) 2 .31(c),2.75(c) (b) ,38 
tBu 2C=NB(C 1 2Hg) 8 .85(s) 2 .42(c) (b) 
tBu 2C=NBCl 2 8 .92(s) (b),38 
( tBu 2C=N) 2BF 9 . 1 2 ( s ) # ( b ) , l 
( tBu 2C=N) 2BMe 8 .91(s) 1 
( tBu 2C=N) 2BPh 8 .73(s) 2 .69(c) 120 
( tBu 2C=N) 3B 9 .18(s) ( b ) , l 

(a) Values i n p.p.m., Me^Si = 10.00 

(b) This work ( c ) Complex s i g n a l (q) quartet 

( s ) s i n g l e t ( t ) t r i p l e t 

# L i t . (1) 9.38 

of the proton i n v e r s i o n process about nitrogen, to the 

extent that the magnetically non-equivalent syn and a n t i 

conformations of the t - b u t y l groups are seen on the n.m.r. 

ti m e s c a l e . For a l i n e a r CNMXn skeleton, such as has 

been e s t a b l i s h e d f o r the c r y s t a l phase of tBu 2C=NBPh 2 

and postulated f o r the remaining compounds, no such syn 

and a n t i isomerism e x i s t s and the t - b u t y l groups remain 

magnetically equivalent at a l l temperatures. The f a c t 

that no s p l i t t i n g i n the s i g n a l s of these compounds has 

been observed i s thus c o n s i s t e n t with the p e r s i s t e n c e 
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of a l i n e a r CNB skeleton i n the s o l u t i o n phase although 

not, i n i t s e l f , proof, as i t does not exclude the p o s s i b i l i t y 

of a r a p i d i n v e r s i o n process e x i s t i n g a t low temperature. 

Such a process would seem u n l i k e l y however, as i t would 

re q u i r e an extremely low i n v e r s i o n energy b a r r i e r to p e r s i s t 

a t such temperatures. 

Mass s p e c t r a 

The mass s p e c t r a of a l l s i x iminoboranes d i s c u s s e d 

i n t h i s chapter were recorded during the course of the 

present study. Those of the four p r e v i o u s l y known compounds 

did not d i f f e r s i g n i f i c a n t l y from the data already published 

and are consequently not recorded here. Prominent f e a t u r e s 

of the remaining two spe c t r a are summarised i n Tables 

IV.9 and IV.10. Both contained weak peaks, a t t r i b u t a b l e 

to the parent molecular ions, subsequent fragmentation 

i n v o l v i n g s u c c e s s i v e l o s s of methyl and t - b u t y l groups. 
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TABLE IV.9 

Prominent f e a t u r e s i n the mass spectrum 

of +Bu 2C= NBMe2 

m / e R e l a t i v e 
I n t e n s i t y Assignment 

181 4 tBu 2C=NBMe 2 

166 12 '" -Me 
151 32 -2 Me 
136 7 -3 Me 
124 39 tBuC=NBMe2 

109 21 " -Me 
94 7 " -2 Me 
84 24 tBuC=NH 
83 29 tBuC=N 
69 100 CBuC 
57 62 CBu 
41 36 Me2B 

TABLE TV.10 

Prominent f e a t u r e s i n the mass spectrum 

of tBu 2C=NB(C 1 2Hg) 

m / /e R e l a t i v e 
I n t e n s i t y Assignment 

303 9 tBu 2C=NB(C 1 2Hg 
ii 

) 
288 14 

tBu 2C=NB(C 1 2Hg 
ii -Me 

273 16 it -2 Me 
258 5 it -3 Me 
246 48 tBuC=NB(C 1 2Hg) 
231 57 I I -Me 
216 20 ti -2 Me 
163 14 B ( 2 ^ g ) 
152 87 C 1 2Hg 
102 33 . C 8 H 6 
84 12 CBuC=NH 
83 10 CBuC=N 
77 35 C 6 H 5 
76 100 C 6 H 6 
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APPENDIX TO CHAPTER 4 
The X-ray c r y s t a l s t r u c t u r e of dl-t-butylmethylene 

ammonium t e t r a f l u o r o b o r a t e , ^u.-^NH^BF^ 

During attempts at the low temperature r e - c r y s t a l l i s a t i o n 
of the compound bis(di-t-butylmethyleneamino)fluoroborane, 
( t Bu2C=N)2BF, a number of small, c o l o u r l e s s , p l a t e - l i k e 
c r y s t a l s were deposited which were subsequently i d e n t i f i e d 
as di-t-butylmethyleneammonium t e t r a f l u o r o b o r a c e , 
tBu2C=NH2BF^. The formation of t h i s compound would appear 
t o have been the r e s u l t of the p a r t i a l h y d r o l y s i s of the 
iminoborane ( Equation IV.11), i n a manner analogous t o 

4( tBu 2C=N) 2B F + 9H 20—^Bu^NH^BF^" 

+ 7tBu2C-NH + 3 B(OH) 3 IV.11 
the p r e p a r a t i o n of f l u o r o b o r i c a c i d by the a d d i t i o n of 
boron t r i f l u o r i d e t o water (Equation IV.12) (159). Sub
sequent i n v e s t i g a t i o n revealed t h a t the compound could 

4 B F 3 + 6 H 2 0 — • 3 H 3 0 + + 3BF^ + B(OH) 3 IV.12 
be prepared d i r e c t l y by the a d d i t i o n of tBu2C=NH t o an 
aqueous s o l u t i o n of f l u o r o b o r i c a c i d (Equation IV.13), 

tBu2C=NH + HBF4 • tBu2C=NHjBF^ IV.13 

the immonium s a l t d i s p l a y i n g a s u r p r i s i n g resistance t o 
subsequent h y d r o l y s i s . A s i n g l e c r y s t a l of the s a l t has 
been the subject of a recent X-ray c r y s t a l l o g r a p h i c study 
by Dr. W. Clegg ( Gottingen U n i v e r s i t y ) , the r e s u l t s of 
which are summarised i n Figures IV.5 and IV.6 and Table IV. 11. 
This represents only the second s t r u c t u r a l c h a r a c t e r i s a t i o n 
of a protonated methyleneammonium d e r i v a t i v e , the other (160) 
being t h a t of bis(diphenylmethyleneammonium) hexachldrostannate, 



and FIGURE IV.5 Structures of the ions (a) Bu2C=NH 

(b) BF7 of the compound wBu 2C=NH 2 BF 
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FIGURE IV.6 C r y s t a l l a t t i c e s t r u c t u r e of the compound 
tBu 9C=NH 0

+BF7 
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TABLE IV.11 

Selected bond lengths (8) and angles (°) 
f o r tBu2C=NH2BF^ 

C ( l ) - N 1.29 C ( l ) - C(2) 
C ( l ) - C(3) 1.51 B - F ( l ) 
B - F(2) 1.33 B - F(3) 
B - F(4) 1.34 

1.49 
1.35 
1.29 

N-C(l)-C(2) 116.6 N-C(l)-C<3) 115.1 
C(2)-C(l)-C(3) 128.3 F(l)-B-F(2) 111.6 
F(l)-B-F(3) 109.4 F(l)-B-F(4) 111.0 
F(2)-B-F(3) 109.8 F(2)-B-F(4) 110.1 
F(3)-B-F(4) 104.6 

I n t r a i o n l c distances 
N F(2) 2.9 N F ( l ) 3.02 

esd's i n range 0.01 - 0.028, 0.4 - 0.9° 
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(Ph 2 C=NH 2)2 +SnCl^T 
The compound tBu2C=NH2B c r y s t a l l i s e s as col o u r l e s s 

p l a t e s , space group P21/C, a = 11.3418, b = 6.6798, 
c = 16.8748, /3 = 96.11°, Z = 4. F i n a l refinement of the 
s t r u c t u r e was r a t h e r poor ( R = 0.102), due mainly t o the 
high thermal motion of the f l u o r i n e and methyl groups 
w i t h i n the c r y s t a l l a t t i c e . The C=N bond le n g t h of 1.29 8 
i s i d e n t i c a l , w i t h i n experimental e r r o r , t o those of 
1.296(7) 8, i n (Ph 2C=NH 2J^Sn Cl^~( 160), and 1.302 8 i n the 
r e l a t e d c a t i o n Me2C=NMe2(161) while barely being 
s i g n i f i c a n t l y longer than the J ^ - l i g a n d C=N bond lengths 
of 1.2628, i n (CBuMeC=N AlMe 2) 2 (8) and 1.278(5) 8, i n 
(PhCH=NBMe2)2 ( 9 ) . The bond i s considerably longer, however, 
than t h a t of 1.243(5)8 i n tBu2C=NBPh2, discussed e a r l i e r 
i n t h i s chapter. Both the NC(1)C(2) and NC(1)C(3) bond 
angles, of 116.6° and 115.1° r e s p e c t i v e l y , are unexceptional, 
being only m a r g i n a l l y less than those of 118.0(4)° and 
117.5(4)° i n tBu 2C=NBPh 2, while the. geometry around atoms 
C(2) and C(3) i s e s s e n t i a l l y t e t r a h e d r a l . S i m i l a r l y , 
the BF^ anions show no s i g n i f i c a n t d i s t o r t i o n from a 
t e t r a h e d r a l environment although an average B-F bond length 
of 1.3288 i s somewhat less than t h a t of 1.438 i n NH^BF^ 
(162), and more nearly t h a t of 1.308 i n BF^ (163). Such 
shortening i n the B-F bond lengths of a B anion would 

seem to be of l i t t l e s i g n i f i c a n c e however, values as low 
as 1.238 having been noted elsewhere (164). 

Although the nitrogen-bonded protons were not located 
i n t h i s instance, (those shown i n Figure V.5 are the assumed 
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l o c a t i o n s ) , i t would appear t h a t both are involved i n 
hydrogen bonding w i t h f l u o r i n e atoms of separate,ad j a c e n t , 
BF^ anions (see Figure I V . 6 ) . The measured N F^ 
and N F 2 i n t e r i o n i c distances, of 3.028 and 2.978 
r e s p e c t i v e l y , are both less than 3.588 ( c a l c u l a t e d as 
being the sum of the hydrogen and f l u o r i n e Van de Waals 
r a d i i , plus an assumed N-H bond length of 1.038 (164)), 
although the d i f f e r e n c e s between t h i s value and the observed 
lengths(0.568 and 0.6l8) }would suggest the degree of hydrogen 
bonding t o be weak. Evidence of a s i n g l e , weak, hydrogen 
bond i n t e r a c t i o n was found i n (Ph 2C=NH 2) 2 SnCl£ (160). 

The i n f r a red spectrum of tBu2C=NH2BF^ contained 
a strong s t r e t c h i n g frequency,-0 (C=N), at 1670 cm , 

i d e n t i c a l t o t h a t of the r e l a t e d methyleneammonium c h l o r i d e 
d e r i v a t i v e tBu 2C=NH 2Cl~ (114) and representing an increase, 
A , of 60 cm-^ over t h a t of the parent irethyleneamine, 

tBu2C=NH (114). S i m i l a r increases i n the frequency 
-0 (C=N) were noted i n a wide range of methylaneammonium 
c h l o r i d e , R1R2C=NR2H+C1~, and methyleneamine-boron 

t r i f l u o r i d e c o o r d i n a t i o n complexes ,R R C=N(R )BF 3 ,(114) 
-1 -1 

A varyi n g from 5 cm t o 64 cm . The increases may 
be a t t r i b u t e d t o the higher mechanical c o n s t r a i n t imposed 
of the ^(C=N) v i b r a t i o n by the c o o r d i n a t i o n of the Lewis 
a c i d t o the n i t r o g e n atom, although s i m i l a r increases 
i n the n i t r i l e frequency, >J(C=N), upon formation of a~ 
donor complexes, R-C=N±MX~ (165-167), have been a t t r i b u t e d , 
i n p a r t , t o f r a c t i o n a l increases i n the C=N bond order 
upon complex formation. 



CHAPTER 5 

SOME METHYLENEAMINO DERIVATIVES 
OF ALUMINIUM 
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INTRODUCTION 
This chapter describes the synthesis of three new 

methyleneamino d e r i v a t i v e s of aluminium, t r i s ( d i p h e n y l -
methyleneamino)alane ((Ph 2C=N) 3A1) 2, l i t h i u n t e t r a k i s 
(diphenylmethyleneamino)aluminate, L i Al(N=CPh 2)^, and 
fluorenonemethyleneaminoaluminiumdichloride 
((C 1 2Hg)C=NAlCl 2) 2. Attempts t o synthesise two f u r t h e r 
d e r i v a t i v e s , ( tBu 2C=N) 3Al and L i Al(N=CPh 2) 9Me 2 are also 
described. The r e s u l t s of a recent X-ray c r y s t a l l o g r a p h i c 
study on one of these compounds, ((Ph 2C=N)^fi1) 2 are presented 
and discussed, together w i t h features of the i n f r a red, 

i 

mass, and H n.m.r. spectra of a l l three compounds. 
EXPERIMENTAL SECTION 
( i ) S t a r t i n g M a t e r i a l s 

Aluminium t r i c h l o r i d e was p u r i f i e d by sublimation 
before use. Dimethylaluminium c h l o r i d e was prepared by 
s t i r r i n g a 2:1 molar r a t i o of trimethylaluminium and 
aluminium t r i c h l o r i d e at room temperature, the r e s u l t i n g 
l i q u i d being f r e s h l y d i s t i l l e d before use. Diphenyl-
methyleneamine, Ph2C=NH, was prepared by t i e methanolysis 
of the product of the r e a c t i o n between phenylmagnesium 
bromide and b e n z o n i t r i l e (168). The N - l i t h i o reagent, 
Ph2C=NLi,was prepared by adding the appropriate amount 
of n B u L i i n hexane t o the methyleneamine at 0°. The 
i m i n o t r i m e t h y l s i l y l species, R 2C=NSiMe 3(R= tBu, Ph), were 
prepared by the r e a c t i o n of the N - l i t h i o imine w i t h 
t r i m e t h y l c h l o r o s i l a n e . Fluorenonemethyleneaminotrimethylsilane 
was prepared from the r e a c t i o n of fluprenone and sodium 
b i s ( r r i m e t h y l s i 1 y l ) z m i d e (98; 
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( i i ) Reaction of Diphenylmethyleneaminolithium w i t h 

Aluminium t r i c h l o r i d e ( 1 : 1 ) . 
A s o l u t i o n of aluminium t r i c h l o r i d e (1.57g, 11.77 mmol. 

i n 20 cm of d i e t h y l ether was added t o a frozen (-196°) 
s o l u t i o n of diphenylmethyleneaminolithium (2.20g, 11.75 mmol 
i n 40 cm of d i e t h y l e t h e r and the s o l u t i o n allowed t o 
warm t o room temperature. A f t e r two hours the solvent 
was removed by pumping under vacuum, the r e s u l t a n t pale 
yellow s o l i d e xtracted w i t h 60 cm of b o i l i n g toluene, 
andthe mixture f i l t e r e d hot t o y i e l d a pale yellow 
s o l u t i o n . Upon c o o l i n g a white s o l i d was p r e c i p i t a t e d 
which was f i l t e r e d , pumped dry, and i d e n t i f i e d as 
diphenylmethyleneaminoaluminiumdichloride, (Ph 2C=NAlCl 2) 2, 
by comparison w i t h an authentic sample (105) m.pt. 199 
- 200°. (Found : C 56.7%, H 4.3%, Al 9.8%, CI 26.2%, 
N 5.1%, C 2 6H 2 0A1 2C1 4N 2 requires : C 56.1%, H 3.6%, Al 
Al 9.7%, CI 2.5%, N 5.0%) >J (Nuiol m ull) 1640(w,sh) 

max J 

1587(s) 1569(s) 1561(s) 1542(m,sh) 1326(m) 1293(m) 1272(m) 
1189(m) 1162(w) 1076(2) 1030(w) lOOKw) 958(m) 833(w,sh) 
922(m) 803(s) 729(s) 720(s) 702(s) 690(m,sh) 641(m) 585(m) 
552(s) 496(s) 457(w) 432(m) cm"1. 
( i i i ) Reaction of Diphenylmethyleneaminolithium and 

Aluminium t r i c h l o r i d e (2:1). 
(Reaction performed by Mr. B. H a l l ) . 

Aluminium t r i c h l o r i d e (13.16 g, 98.69 mmol.) was 
added t o a frozen s o l u t i o n of diphenylmethyleneaminolithium 
35.65g, 196.70 mmol.) i n 100 cm 3 of toluene. The mixture 
was allowed t o warm t o room temperature, r e f l u x e d f o r 
a t o t a l period of s i x hours and then f i l t ^ r e H v o m n w 
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the p r e c i p i t a t e d l i t h i u m c h l o r i d e . Upon standing a t 
room temperature f o r a number of days a q u a n t i t y of pale 
yellow m a t e r i a l was deposited, f i l t e r e d , and subsequently 
i d e n t i f i e d as diphenylmethyleneaminoaluminium d i c h l o r i d e , 

(Ph2C=NAlCl2)2> by comparison w i t h the authentic sample. 
The remaining s o l u t i o n was allowed t o stand at room 
temperature f o r a period of s i x months during which time 
a f u r t h e r q u a n t i t y of orange c r y s t a l l i n e m a t e r i a l was 
deposited and i d e n t i f i e d as tris(diphenylmethyleneamino)alane 

( ( P h 2 C = N ) 3 A l ) 2 J m.pt. 205 - 206° (Found : C 80.4% H 5.9%, 
Al 4.7%, N 7.5%, CI Absent, L i Absent, C 7 8 H 6 Q A 1 2 N 6 requires 
C 82.5%, H 5.3%, Al 4.8%, N 7.4%) ̂ ^ ( N u j o l mull) 1695(m,sh) 
1683(m,sh) 1668(s) 1650(m,sh) 1610(s) 1594(m,sh) 1572(w,sh) 
1302(w) 1283(w) 1265(w) 1240(m) 1187(w) 1171(w) 1155(w) 
1068(w) 1034(w) 978(w) 968(w) 950(w) 927(w) 911(w,sh) 
901(m) 985(w,sh) 824(m) 818(m) 790(s) 773 (w,sh) 709(s,sh) 
698(s) 670(m,sh) 618(m) 564(w) 525(w) 487(m) 430(w) cm"1. 
The compound was exceedingly a i r s e n s i t i v e , s u f f e r i n g 
immediate h y d r o l y s i s upon exposure t o a i r . 
( i v ) Reaction of Diphenylmethyleneaminottimethylsilane 

and Aluminium t r i c h l o r i d e ( 3 : 1 ) , 
Aluminium t r i c h l o r i d e (0.66g, 4.95 mmol.) i n 20 ml 

of d i - n - b u t y l ether was added t o diphenylmethyleneamino-
t r i m e t h y l s i l a n e , Ph2C=N SiMe 3 (3.77g, 14.88 mmol) i n 20cm3 

d i - n - b u t y l e t h e r and the mixture r e f l u x e d f o r a t o t a l period 
of 48 hours. A f t e r c o o l i n g the ether solvent was removed 

3 

under vacuum, 30 cm of hexane added t o the r e s u l t i n g 
viscous l i q u i d , and the mixture shaken. A q u a n t i t y of 



- 153 -

pale cream s o l i d (1.32g) was deposited, f i l t e r e d and 
i d e n t i f i e d as diphenylmethyleneaminoaluminium d i c h l o r i d e 
(Ph2C=NAlCl2)2 s o n t n e basis of i t s i n f r a red spectrum 
(105). 

(v) Reaction of Di-t-butylmethyleneaminotrimethylsilane 
w i t h Aluminium t r i c h l o r i d e ( 3 : 1 ) . 

I n a r e a c t i o n s i m i l a r t o t h a t described above aluminium 
t r i c h l o r i d e (0.63g, 4.72 mmol.) and di-t-butylmethyleneamino 
t r i m e t h y l s i l a n e , tBu 2C=NSiMe 3 (3.03g, 14.20 mmol) were 
r e f l u x e d together f o r a period of s i x t y hours. A work
up proceedure i d e n t i c a l t o t h a t described above y i e l d e d 
a white s o l i d (1.07g) i d e n t i f i e d as di-t-butylmethyleneamino 
aluminium dichloride ( tBu2C=NAlCl2)2 o n t n e basis of i t s 
i n f r a red spectrum (105). 
( v i ) Reactions of Diphenyl- and Di-t-buty!V- methyleneamino-

t r i m e t h y l s i l a n e w i t h Aluminium trichloride (3:1) 
i n the absence of solvent. 
1:1 molar r a t i o s of the i m i n o t r i m e t h y l s i l a n e species 

R2C=NSiMe.j (R = tBu, Ph) and aluminium t r i c h l o r i d e were 
sealed i n Carius tubes under vacuum. The tubes were heated 
to a temperature of 170° f o r a period of 48 hours before 
being cooled and opened. I n both cases the only i d e n t i f i a b l 
aluminium-containing species were the corresponding methyl-
eneaminoaluminium d i c h l o r i d e s (R 2C=NA1C1 2) 2> ( R = t R u » 
Ph), i d e n t i f i e d on the basis of t h e i r i n f r a red spectra 
(105). 
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( v i i ) Reaction of Diphenylmethyleneaminolithium and 
Aluminium t r i c h l o r i d e ( 4 : 1 ) . 

3 

Aluminium t r i c h l o r i d e (0.62g, 4.65 mmol.) i n 10 cm 
d i e t h y l e t h e r was added t o a frozen (-196?) s o l u t i o n of 
diphenylmethyleneaminolithium (3.48g, 18.59 mmol.) i n 

3 

25 cm d i e t h y l e t h e r , the s o l u t i o n allowed t o warm t o room 
temperature, and then r e f l u x e d f o r a period of three hours. 
Removal of the solvent under vacuum y i e l d e d a yellow s o l i d 

3 

which was ex t r a c t e d w i t h 20 cm of b o i l i n g toluene, the 
s o l u t i o n f i l t e r e d hot, and allowed t o co o l . A q u a n t i t y 
of yellow s o l i d was deposited which was f i l t e r e d , washed 
w i t h a small q u a n t i t y of cold pentane, pumped dry, and 
i d e n t i f i e d as L i t h i u m tetrakis(diphenylmethyleneamino)-
aluminate, LiAl(N=CPh 2)^ m.pt.244° (Found C 82.3%, H 
H 5.6%, Al 3.6%, L i 0.9%, N 7.5%, CI absent. C 5 2 H 4 ( ) A l L i N 4 

requires : C 82.7%, H 5.3%, Al 3.6%, L i 0.9%, N 7.4%) 
A i a x ( N u J o 1 m u l D 1656(m,sh) 1651(s) 1622(s) 1600(m,sh) 
1571(w) 1441(m) 1308(w) 1280(w) 1272(w,sh) 1247(m) 1239(m) 
1190(w) 1175(w) 1152(w) 1117(w) 1107(w) 1077(s) 1030(w) 
985(w) 967(w) 941(m) 935(w,sh) 915(w) 900(ni) 890(w,sh) 
877(m) 847(w) 799(s) 787(s) 739(w) 705(s) 684(m,sh) 677(s) 
667(m,sh) 630(m) 526(m) 443(w,br) 441(w) cm - 1. The compound 
was extremely s e n s i t i v e t o a i r , s u f f e r i n g immediate h y d r o l y s i s 
( v i i i ) Reaction of Diphenylmethyleneaminolithium and 

Dimethylaluminium c h l o r i d e ( 2 : 1 ) . 
Dimethylaluminium c h l o r i d e (1.06g, 11.46 mmol.) i n 

3 
20 cm of d i e t h y l ether was added t o a frozen s o l u t i o n 
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of diphenylmethyleneaminolithium (4.30g, 22.97 mmol.) 
3 

i n 40 cm of d i e t h y l e t h e r , the s o l u t i o n allowed t o warm 
to room temperature, and r e f l u x e d f o r a t o t a l period of 
t h i r t y hours. Removal of the solvent under vacuum y i e l d e d 

3 

a s t i c k y orange m a t e r i a l which was ex t r a c t e d w i t h 20 cm 
of toluene, the s o l u t i o n f i l t e r e d t o remove a small amount 
of i n s o l u b l e m a t e r i a l , and placed i n a free z e r at -35°. 
Over a period of several weeks orange c r y s t a l s were deposited 
i n the bottom of the f l a s k which were f i l t e r e d , washed 
w i t h a small amount of cold pentane and i d e n t i f i e d as 
diphenylmethyleneaminolithium, Ph2C=NLi, on the basis 
of i t s i n f r a red spectrum (116). No f u r t h e r aluminium 
containing species could be recovered from t h i s r e a c t i o n . 
( i x ) Reaction of Fluorenonemethyleneaminotrimethylsilane 

w i t h Aluminium t r i c h l o r i d e (1:1). 
Aluminium t r i c h l o r i d e ( l . l g , 8.35 mmol.) was added 

to a frozen (-196°) s o l u t i o n of fluorenonemethyleneamino-
3 

t r i m e t h y l s i l a n e (2.10g, 8.35 mmol.) i n 30 cm of toluene, 
the s o l u t i o n s t i r r e d t o room temperature, and then r e f l u x e d 
f o r a period of s i x t y hours. An orange s o l i d was deposited 
i n the f l a s k and, a f t e r c o o l i n g , was f i l t e r e d , washed 
w i t h a small amount of pentane and pumped dry. The s o l i d 
was i d e n t i f i e d as fluorenonemethyleneaminoaluminium d i c h l o r i d e , 
(C 1 2H 8CNA1C1 2) 2, m.pt. 220° (dec.) (Found : C 56.1%, H 3.07,, 
Al 9.6%, CI 25.4%, N 5.0%, Si absent.C 2 6H 1 6A1 2C1 4N 2 

requires : C 56.6%, H 2.9%, Al 9.8%, CI 25.7%, N 5.1%) 
S ) m a x CTujol mull) 1602(m,sh) 1572(s) 1557(m,sh) 1304(m) 
1187(m) 1150(w) 1106(m) 1008(w,br) 933(m) 908(w) 868(w) 
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829(m) 806(m) 794(m,sh) 762(w,sh) 734(m,sh> 721(s) 665(w) 
648(m) 579(m) 543(s) 526(w,sh) 506(w) 480(v,br) 413(w,br) 
cm . The compound decomposed slowly upon exposure t o 
to moist a i r . 
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DISCUSSION 
The reactions described i n the experimental s e c t i o n , 

and discussed i n t h i s chpater, are summarised i n Table 
V . l . 

Four d i f f e r i n g p r e p a r a t i v e routes have been est a b l i s h e d 
f o r the synthesis of methyleneamino d e r i v a t i v e s of aluminium, 
(R 1R 2C=NAlR 3R 4) n, (R 1 = a l k y l , a r y l ; R 2 = H , a l k y l , a r y l ; 
R ,R = a l k y l , a r y l , h a l o g e n ) . The most widely studied 
route involves the a d d i t i o n of an Al-C or Al-N u n i t 
across the C=N t r i p l e bond of a n i t r i l e t o form the corres
ponding iminoalane (Equation V . l ) , although there are 

R1C=N + R 2R 3R 4A1 >R1C=NA1R2R3R4 V.l 

1/n(R 1R 2C=NA(R 3R 4) n 
a number of l i m i t a t i o n s t o the g e n e r a l i t y of t h i s r e a c t i o n , 
imposed by the nature of the a l k y l or a r y l groups R̂  and 
R2. When R 2 = a l k y l (other than e t h y l ) , a r y l or R2N, 
and R̂ - i s a group w i t h no o<-carbon bonded hydrogens, 
then the r e a c t i o n w i l l proceed as i n d i c a t e d i n Equation 
V . l , i n i t i a l l y forming the s t a b l e n i t r i l e - a l a n e complex 
which w i l l react f u r t h e r upon heating t o form the imino 
product (33,34,169-172). Dialkylaluminium hydrides, 
3 4 

R R A1H, however, w i l l react w i t h n i t r i l e s below 0° t o 
y i e l d the correspondong monoalkyl-, or monoaryl-, methyl-
eneaminoalanes, (R 1CH=NAlR 3R 4) n, without i s o l a t i o n of 
the intermediate adduct (33,34,173,174), and i n a manner 
analogous t o t e t r a a l k y l d i b o r a n e s (See Chapter 2 ) . 
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By contrast,aluminium hydride has been reported to y i e l d 
polymeric compounds upon reaction with a c e t o n i t r i l e (175). 

i 
I n cases where R CN does contain «-carbon bonded hydrogen, 

n / c 

and where R , R , R = a l k y l (other than ethyl) or a r y l , 
thermolysis of the adduct forms a mixture of polymeric 
materials as the major products, rather than the imino 
aluminium compounds (33,34,176-180) (Equation V.2), 

R̂ -CÎ CsN + R2R3R4A1 • R1CH2C=NA1R2R3R4 

( I ) 

1/n(R1CH=C=NAlR3R4)„ + R2H 
V.2 

n 

1/n(R1CH(AlR3R4)CN) + R2H 
n 

2 
In cases where R i s an ethyl group, reaction with 

a n i t r i l e R ^ (R 1 = Me', Et, tBu) does not y i e l d (R1EtC=NAlR3R4) 
as the major product, but the monoalkyliminoalane, 
(R1CH=NAlR3R4)n together with ethylene (Equation V.3); 
3 ̂  3 A 

R R AlMe thus apparently functioning as a source of R R A1H 

R1CN + R 3R 4EtAl •R1CNAlEtR3R4 V.3 
1/n(R1CH=NAlR3R4)„ + 0 ^ = ^ , 

n 2. L 

i n such reactions. I f benzonitrile i s reacted with 
t r i e t h y l aluminium however, a mixture of (PhCH=NAlEt2)R 

and (PhCEt=NAlEt 2) n i s obtained (Equation V.A) (44),the 
r a t i o of products depending on the r e l a t i v e amounts 
of reactants. Thus, i f benzonitrile i s i n excess the 
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PhCN + Et 3Al • PhCNAlEt3 

reduction addition V.4 

1/n(PhCH=N A l E t 2 ) n
 1/n(PhCEt=NAl E t 2 > n 

+ = 

reduction mechanism i s favoured,while an excess of t r i e t h y l 
aluminium favours formation of the addition product. 
By comparison, the reaction of benzonitrile with two 

equivalents of trimethyl aluminium yi e l d s , not (PhMeC=NAlMe2) 
but the compound Me2AlN=CMePh.Me.AlMe2 (181- (Equation 
V.5) i n a manner analogous to the formation of "hemialkoxides 
from reaction of t r i a l k y l aluminium compounds with aldehydes 

Me Me Me 
\ / N / 

PhCN + (MeoAl) 0 > Al Al 
/ \ / \ 

Me N Me 
I I 
C 

Ph Me v 5 

and ketones (181-183). Elsewhere (184,185), the reaction 
of iminoalanes, (R1(R2CH2)C=NA1R3R4) (R 1 - a l k y l , a r y l ; 
R2 = a l k y l ; R3R4 = Et, CI) with further quantities of 
n i t r i l e , R̂ CN, has been shown to y i e l d c y c l i c derivatives 
which w i l l themselves rearrange on further heating 
(Equation V.6). 
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XCN + 1/2n(R1(R2CH2)C=NAlR3R4)n 

R 

100° 
• 2 R 

RJ 

/ 
H 

\ 
/' 

I 

J V 

H / 
160° 

N 

-N 
•Al-R 

+ R3H 

V.6 

The second preparative route to imino alanes involves 
the thermolysis of the adduct species r e s u l t i n g from 
the reaction of methyleneamines, R2C=NH, (R = tBu, Ph, 
R2N), with t r i a l k y l alanes R^Al, (R1 = Me, Et, ̂ u , Ph) 
(186,187) (Equation V.7). In the case of Ph2C=NH the 

R2C=NH + R3AI- R2C=NHA1R3 V.7 

R = tBu,Ph,R2N 
1/n(R0C=NAlR0')r, + R 'H L L n 

thermolysis reaction w i l l proceed at less than 100° (187), 
i n marked contrast to the analogous reactions of Ph2C=NH 
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with trialkylboranes (124), although tBu2C=NH w i l l react 
with tetramethyldiborane, (Me2BH)2, to form tBu2C=NBMe2 

at room temperature (see Chapter 4). 
Two further preparative methods have been established, 

examples of which are discussed i n t h i s chapter. Aluminium 
t r i a h l i d e s , Al X3, (X = CI,Br) w i l l react wi-h one equivalent 
of diphenyl-, or d i - t - b u t y l - , methyleneaminolithium to 
form the corresponding methyleneaminolaluminium dichlorides 
(Equation V.8) (105), while reaction with four equivalents 

R2C=NLi + Al X3 • ̂ (R2C=NA1X2)2 + LiX 
R = tBu,Ph V.8 

of the iminolithium species yields the l i t h i i m t e t r a k i s -
(methyleneamino)aluminates L i Al(N=CR 2)^ (Equation V.9) 

4 R2C=NLi + A1C1 3 • LiAl(N=CR 2) 4 + 3 LiCl 
V.9 

(17,120). A further reaction between A1C1- and three 
equivalents of Ph2C=NLi, yielded the tris(diphenylmethyl-
eneamino)alane, ( (Ph 2C=N) 3Al) 2. (Equation V.10), which 
i s discussed further i n t h i s chapter. 

3Ph2C=NLi + A1C13 •> hi (Ph 2C=N) 3Al) 2 + 3LiCl 
V.10 

The diphenylmethyleneaminoaluminium dihalides have 
also been prepared via the reaction of the J.minosilane 
derivative with the appropriate aluminium halide (105) 
(Equation V . l l ) , a reaction similar to that used to prepare 

Ph2C=NSiMe3 + A1X3 » h(Ph2C=NAlX2)2 + Me3SiX 
V . l l 

some methyleneamino derivatives of boron (46,118,120). 
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(See discussion i n Chapter 4). The preparation of 
((C 1 2H 8)C=NA1C1 2) 2, by reaction of ̂ 12Hg)C=NSiMe3 with 

AlCl^j i s further example of t h i s type of reaction and 
i s described i n t h i s chapter. 
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Trls(diphenylmethyleneamlno)alane, ((Ph 2C=N)3AI) 2 

The reaction of aluminium t r i c h l o r i d e and two molar 
equivalents of diphenylmethyleneaminolithium i n toluene 
yielded, not bis(diphenylmethyleneamino)aluminium chloride, 
but a mixture of diphenylmethyleneaminoaluninium dichloride 
and tris(diphenylmethyleneamino)alane (Equation V.12). 
The l a t t e r compound, an orange c r y s t a l l i n e s o l i d , was 

2Ph2C=NLi + A1C13 * %(Ph 2C=NAlCl 2) 2 + V.12 

%((Ph 2C=N) 3Al) 2 + 2LiCl 

f i r s t reported (105) as being obtained from the reaction 
of three equivalents of Ph2C=NLi with Al C l 3 i n d i e t h y l 
ether, the workers concluding i t to be monomeric on the 
basis of cryoscopic measurements, i t s mass and i n f r a 
red spectra, as well as i t s extreme moisture s e n s i t i v i t y . 
Mass spectral evidence obtained during the course of 
the present study (see Table V.5), togethar with a re-
evaluation of i t s i n f r a red spectrum, however, suggested 
the compound might be associated i n the cr y s t a l phase, 
as has now been confirmed by a recent X-ray c r y s t a l l o -
graphic study performed by Dr. W. Clegg ( Gottingen 
University). This represents the f i r s t s t r u c t u r a l 
determination of a t r i s (methyleneamino )ala ie derivative 
and, a f t e r LiAl(N=C tBu 2)^ (105), only the second example 
of a group I I I element bonded to both terminal and bridging 
methyleneamino ligands i n the same molecule. 

The structure of ((Ph9C=N)-,A1 ) 9 , with protons omitted, 
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i s shown i n Figure V.l with selected bond lengths and 
angles l i s t e d i n Table V.2. In addition to L i Al(N=C tBu 2> 4 

two other methyleneaminoalanes, (tBuMeC=N AlMe 2) 2 (°>) 
and (p-Br-C6H4(Ph)C = NAlPh 2) 2 .C6H6 (188), have been 
the subject of crystallographic studies, both compounds 
containing imino ligands bridging the aluminium atoms. 
Both the above compounds, together with ((Ph 2C=N)^Al) 2, 
contain planar (A1N) 2 rings although, unlike the other 
two, ((Ph 2C=N)2Al) 2 i s not a centrosymmetric molecule, 
the orientation and geometry of a l l six imino ligands 
being d i f f e r e n t . Similar cyclic (MN)2 r i n g structures 
have also been proposed f o r the dimeric aminoalanes 
( iPr 2NAlH 2 ) 2 , (Me 2NAlCl 2) 2, ((Me2N)2A1C1 ) zand ((Me 2N) 3Al) 2 

(189,190) as well as for a number of aminogallanes (191,192) 

The (A1N) 2 r i n g of ((Ph 2C=N) 3Al) 2 i s almost square, 
the average i n t e r n a l r i n g angles of NA1N, 84.2°, and 
A1NA1, 95.4°, f a l l i n g at intermediate values to those 
of (tBuMeC=NAlMe2)2 (85.4° and 94.6°) and (p-Br-C6H4(Ph) 
C=NAlPh 2) 2. 2.C6H6 (82.9° and 97.1°). In each case 
the larger i n t e r n a l r i n g angle occurs at the bridging 
nitrogen, as was also found i n the case of the iminoboranes 
(RCH=NBMe2)2(R=Me(8), Ph(9)), and again r e f l e c t s the 
greater electronegativity of the nitrogen atom compared 
with the group I I I element. In consequence of t h i s decrease 
i n NA1N r i n g angle, from that of 109.5° required f o r 
a tetrahedral conformation around aluminium, a corresponding 
increase i n the external r i n g angles N(3)A1(1)N(4) (120.1(1) 
and N(5)A1(2)N(6) (126.5(1)°) i s observed, again mirroring 
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TABLE V.2 
Selected bond lengths (8) and angles (°) i n ((Ph 2C=N) 3Al) 2 

A K l ) - N ( l ) 1.930(3) Al(l)-N(2) 1.933(3) 
Al(2)-N(l) 1.926(3) Al(2)-N(2) 1.920(3) 
Al(l)-N(3) 1.781(3) Al(l)-N(4) 1.797(3) 
Al(2)-N(5) 1.786(3) Al(2)-N(6) 1.775(3) 
N(l) - C ( l ) 1.290(4) N(2)-C(2) 1.278(5) 
N(3)-C(3) 1.257(4) N(4)-C(4) 1.260(4) 
N(5)-C(5) 1.257(4) N(6)-C(6) 1.254(4) 
N ( l ) - A K l ) -N(2) 84.0(1) N ( l ) - A K l ) -N(3) 118.7(1) 
N(2)-A1(1) -N(3) 104.8(1) N ( l ) - A K l ) -N(4) 110.0(1) 
N(2)-A1(1) -N(4) 113.2(1) N,(3)-A1(1) -N(4) 120.1(1) 
N(1)-A1(2) -N(2) 84.4(1) N(1)-A1(2) -N(5) 107.6(1) 
N(2)-A1(2) -N(5) 110.6(1) N(1)-A1(2) -N(6) 107.7(1) 
N(2)-A1(2) -N(6) 111.7(1) N(5)-A1(2) -N(6) 126.5(1) 
A K l ) - N ( l ) -AK2) 95.3(1) A K l ) - N ( l ) -C(l ) 131.0(2) 
Al(2)-N(l) -C(l) 132.6(2) Al(l)-N(2) -Al(2) 95.4(1) 
Al(l)-N(2) -C(2) 133.3(2) Al(2)-N(2) -C(2^ 130.5(2) 
Al(l)-N(3) -C(3) 155.4(3) Al(l)-N(4) -C(4) 148.2(3) 
Al(2)-N(5) -C(5) 148.2(3) Al(2)-N(6) -C(6) 175.2(2) 
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the increase i n the CBC angle of the iminoborane. The 
average (A1N) 2 r i n g bond length of 1.9278 f a l l s between 
those of 1.916(10)8 i n (p-Br-C6H4(Ph)C=N AlPh 2 ) 2 2 .C6H6 

(188), and 1.9428, i n (tBuMeC=NAlMe2)2 (8), while a l l 
3 3 

are shorter than the corresponding AKsp )-N(sp ) bond 
length of 1.968 i n the dimeric aminoalane !Me2NAlMe2)2 

(193). Differences i n the observed Al-N bond lengths 
i n the present compound are s i g n i f i c a n t , and probably 
r e f l e c t the s t r a i n imposed on the (A1N) 2 r i n g by the 
packing of the imino ligands within the c r y s t a l l a t t i c e . 
The average terminal Al-N bond length of 1.7858 i s essentially 

i d e n t i c a l to that of 1.788 found for the terminally-attached 
tBu2C=N- ligands i n the compound LiAl(N=C tBu 2) 4 (17), 
while being substantially shorter than that of c a. 1.948 
expected for a single Al-N bond (193-197). Such shortening 
i s consistent with the existence of a s i g n i f i c a n t degree 
of dative TT bonding between a lone-pair occupied p o r b i t a l 
of nitrogen, and a vacant d o r b i t a l of aluminium, the 
N=*A1 bond lengths of 1.788, i n ((Me-jSi ) 2N: 3A1 (198), 
and 1.798, i n Al ACl 4(NMe 2) 4(NMe) 2 (195) having been 
at t r i b u t e d to a similar e f f e c t . 

Further evidence of N=*A1 pTT - dTT bonding should 
A 

also be seen i n the CNA1 bond angles of the four terminally 
2 

attached ligands, a r i s i n g from the d i s t o r t i o n , from sp 
to nearl y sp, of Che hybrlcll s/it I on state of the nitrogen 
atom. The two terminal ligands of the compound L i Al(N=C tBu 2) 4 

A 

(17) show evidence of t h i s e f f e c t , both having a CNA1 
angle of 167°. A similar d i s t o r t i o n i s indeed displayed 
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by the terminal ligands of ((Ph 2C=N) 3Al) 2, although the 
observed differences i n the magnitude of the d i s t o r t i o n 
are s t r i k i n g . Three of the four ligands have CNAl angles 
of c a. 150° while the fourth terminal ligand has an 
angle at nitrogen of 175.2(2)°, almost as large as that 
of 178.2(4)° i n tBu2C=NBPh2 (see chapter 4 ) , where the 
l i n e a r i t y of the ligand arises through the coordinative 
unsaturation of the metalloid. Consideration of the 
((Ph 2C=N) 3Al) 2 molecule as a whole would suggest that 
the unique, near li n e a r , CNAl unit arises i n consequence 
of the st e r i c constraint imposed upon the ligand by the 
extremely crowded ligand coordination sphere, while the 
magnitude of the angle difference would imply that such 
deformations are energetically r e l a t i v e l y s o f t . Similar, 
although less marked, differences i n the CriMXn angles 
have been noted i n the crys t a l structures of the compounds 
(Ph 2C=N) 4Si(4) and (Ph2C=N)3P (3), where the effect i s 
again explicable i n terms of i n t e r - , and i n t r a - , molecular 
s t e r i c repulsions. The terminal-ligand average C=N bond 
length of 1.2578 i s similar to that of 1.278 i n LiAl(N=C tBu 2)^ 
(17) and f a l l s at an intermediate value to those of 1.29(2)8, 
i n Ph 2C=NB(mesityl) 2 (15), and 1.243(5)8 i i . tBu2C=NBPh2 

(see chapter 4). The bridging C=N bond lengths of 1.290(4)8 
and 1.278(5)8 are somewhat longer than the terminal C=N 
bonds, while being similar to that of 1.282(15)8 i n 
(p-Br-C 6H 4(Ph)C=NAlPh 2) 2 2.C6H6 (188) and only s l i g h t l y 
longer than those of 1.278, i n LiAl(N=C f cBu 2) 4, and 1.2728 
i n (tBuMeC=NAlMe9 L ( 8 ) . 
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Consideration of the orientations adopted by the 
phenyl rings i n the molecule reveals that a l l show some 
displacement from co-planarity with the CN Al imino unit 
to which they are bonded. Such a configuration, preventing 
the p o s s i b i l i t y of s i g n i f i c a n t TT-electron delocalisation 
between the C=N and phenyl TT systems, has been observed 
i n a l l the structurally-characterised associated 
diphenylmethyleneamino compounds (6-9, 188), and i n t h i s 
case r e f l e c t s not only the s t e r i c i n t e r a c t i o n between 
the phenyl rings of an imino ligand, but also the extreme 
s t e r i c crowding between a l l twelve phenyl rings i n the 
molecule. Of further interest i s the observation that 
a l l four phenyl rings bonded to bridging imino ligands 
orientate themselves out of the (A1N) 2 plane, and thus 
remove the p o s s i b i l i t y of inte r a c t i o n between the aluminium 
atoms and the ortho-bonded protons of the rings. Any 
such i n t e r a c t i o n would be maximised by one of the phenyl 
rings aligning i t s e l f co-planar with the (A1N) 2 u n i t 
where, calculation would suggest, the ortho-proton would 
be approximately 2.08 distant from the aluminium nucleus. 

The compounds i n f r a red spectrum contained two 
—1 1 absorptions, at 16/0 cm and 1668 cm , a t t r i b u t a b l e 

to the -\) (C=N) and -0 (C=N=*A1) stretching rrodes of the 
imino ligands. The values are l i s t e d i n Table V.3 together 
with those of a number of other methyleneamino derivatives 
of aluminium and the parent methyleneamines. The lower 
frequency absorption, 16*10 cm - 1, i s assigned to the 
>J (C=N) stretching v i b r a t i o n of the bridging methyleneamino 
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TABLE V.3 

» (C=N) and •0(C=N±A1) stretching frequencies of the 
methyleneamino-aluminium derivatives and 

related methyleneamines 

Compound Phase •>) (C=N) •>}(C=N=*A1) Ref. 

(Ph 2C=NAlCl 2) 2 nujol mull 1573 — (a) 
(Ph 2C=NAlPh 2) 2 nujol mull 1604 - 187 
((Ph 2C=N) 3Al) 2 nujol mull 1610 1668 (a) 
L i Al(N=CPh 2) 4 nujol mull 1622 1651 (a) 
((C 1 2Hg)C=NAlCl 2) 2 nujol mull 1572 - (a) 
Ph2C=NH l i q . f i l m 1603 - 187 
( tBu 2C=NAlCl 2) 2 nujol mull 1664 - 105 
LiAKN=C tBu 2) 4 nujol mull 1642 1700 120 
tBu2C=NH l i q . f i l m 1608 — 114 

(a) This work 

TABLE V.4 
1 
H n.m.r. spectra of the methyleneamino-aluminium 

derivatives 

Compound Solvent Ref. 

(Ph 2C=NAlCl 2) 2 Toluene 2. 6 - 2.9 105 
((Ph 2C=N) 3Al) 2 CDC13 2. 58 - 2.95 (m) (a) 
LiAKN=CPh2)^_ CDC13 2. 7(m),3.02(m) (a) 
((C 1 2H g)C=NAlCl 2) 2 (b) (b) (a) 

(a) This work 
(b) Compound i n s u f f i c i e n t l y soluble 
(m) Mul t i p l e t 
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ligand and compares with those of 1622 cm"*, for the bridging 
ligands i n LiAl(N=CPh 2) 4, and 1604 cm"1, i n (Ph2C=NAlPh2>2 

(187). A l l these values are above that of the n) (C=N) 
stretching frequency of the parent imine, Ph2C=NH, 
(1603 cm"1 (187)) although the bridging ligand of (Ph2C= 

_ i 
NA1C12)2 (105) absorbs at the lower value of 1573 cm 
(Li t . ( 1 0 5 ) , 1593 cm" 1). In t e r e s t i n g l y , the >J(C=N) stretching 
frequency of ( tBu 2C=NAlCl 2) 2 (1664 cm"1 (105)) i s considerably 
higher than that of the free imine, tBu2C=NH (1608 cm"1 

(114)). The higher absorption frequency of 1668 cm 
is a t t r i b u t a b l e to the asymetric v i b r a t i o n -0(C=N^A1) 
of the terminal ligands, and compares with that of 1651cm"1 

for the analogous v i b r a t i o n a l mode of LiAl(N=CPh 2) 4. 
Both values are towards the lower end of the region, 
1640 cm - 1 to 1780 cm-1, i n which the \)(C=N=?Si) absorptions 
of the iminosilane derivatives R9C=NSiR CI, „ and (R9C=N) 

I n 3-n L n 
S i X 4 n (R = a l k y l , a r y l ; X = a l k y l , halogen) (98,118,199,200) 
are found. In a l l these cases the marked increase i n 
the frequency of >J(C=N), above that of the free imine, 
arises through coupling with the metal or metalloid, 
and r e f l e c t s the existence of pTT - dTT dative bonding 
i n the N-Al, and N-Si, linkages. 

1 

The H n.m.r. spectrum of ((Ph2C=N) ̂ Al )'g was recorded 
from a CDCl^ solution and contained a complex series 
of aromatic proton resonances i n the range T = 2.58 
to 2.95 (Table V.4). The complexity of the spectrum 
i s not surprising i n view of the lack of symmetry i n 
the associated molecule although i t should not, of i t s e l f , 
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be regarded as evidence of a dimeric state of association 
i n the solution phase. 

Features of the compunds mass spectrum are l i s t e d 
i n Table V.5. The highest observed m/e value of 774 
would correspond to the ion ((Ph 2C=N) 4Al 2) +, r e s u l t i n g 
from the loss of two imino units from the parent molecule, 
and i s evidence of some degree of association p e r s i s i t i n g 
i n the vapour phase. 

TABLE V.5 
Major peaks i n the mass spectrum of 

((Ph 2C=N) 3Al) 2 

m/e Relative 
Intensity Assignment 

774 2 Phg(CN) 4Al 2 

567 10 Ph 6(CN) 3Al 
490 3 Ph 5(CN) 3Al 
387 15 Ph 4(CN) 2Al 
310 9 Ph 3(CN) 2Al 
233 6 Ph 2(CN) 2Al 
181 67 Ph2CNH 
180 85 Ph2CN 
104 63 PhCNH 
103 100 PhCN 
78 54 PhH 
77 93 Ph 
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The preparation of ((Ph 2C=N) 3Al) 2, by reaction of 
A1C1 3 with two equivalents of Ph2C=NLi, i l l u s t r a t e s 
a general feature of the imino-derivative chemistry 
of aluminium, namely, a f a i l u r e to prepare bis(methyleneamino) 
derivatives of the form ((R 2C=N) 2AlX) n (R=CBu, a r y l ; 
X=alkyl,aryl,halogen) (105). A similar feature has also 
characterised the imino-derivative chemistry of phosphorus 
I I I (see Chapter 3) as well as some boron (38), s i l i c o n 
(96,97,105) and germanium (96) systems. Further, the 
dimeric state of association of ((Ph 2C=N) 3Al) 2, was, 
i n i t i a l l y , surprising i n view of e a r l i e r reports (105) 
that i t was monomeric i n the solution and vapour phases, 
although k i n e t i c studies (201,202) on a number of n i t r i l e / 
R3A1 reactions have indicated that the dimeric state 
of association of methyleneaminolalane derivatives i s 
the thermodynamically most preferred. The present study 
was prompted, i n part, by continuing uncertainty as to 
the existence of such tris(methyleneamino)alanes, (R2C=N)3A1 
(R=tBu,Ph) following contradictory reports (1,105) of 
t h e i r preparation and spectroscopic properties. 

Interest i n these systems i n i t i a l l y arose through 
the r e a l i s a t i o n that the compounds may have monomeric 
structures, dictated by the s t e r i c bulk of the phenyl, 
and p a r t i c u l a r l y t - b u t y l substituents, and as such 
should display evidence of N(2p)-Al(3p) dative TT bonding. 
Such bonding, between the lone-pair occupied p o r b i t a l 
of a formally sp-hybridised nitrogen atom, and the appropriate 
p o r b i t a l of an sp -hybridised aluminium, would be 
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maximised by the adoption of a l i n e a r C=N*A1 u n i t , thus 
p e r m i t t i n g the greatest degree of overlap between the 
o r b i t a l s concerned. A consequence of t h i s conformation 
would be the adoption of a "paddle wheel" c o n f i g u r a t i o n 
by the carbon-bonded s u b s t i t u e n t s ; the groups p o s i t i o n e d 
d i r e c t l y above and below the plane defined by the aluminium 
and n i t r o g e n atoms (Figure V.2(a)). S i m i l r r p t f - pTT d a t i v e 
bonding should, i n p r i n c i p l e , also occur i i the monomeric 
aminoalanes, ( I ^ N ^ A l , where the bulk of the s u b s t i t u e n t , 
R, i s such as to prevent association (Figure V.2(b)). 

2 
I n these cases however, sp h y b r i d i s a t i o n of the n i t r o g e n 
valence o r b i t a l s would r e q u i r e the groups, R, to be co-
planar w i t h the AINg u n i t , and i t i s found i n p r a c t i c e 
t h a t the bulk of the groups required t o prevent a s s o c i a t i o n 
also prevents the adoption of a co-planar o r i e n t a t i o n . 
I n such cases the molecule i s forced to adopt a non-

planar s t r u c t u r e (Figure V . 2 ( c ) ) , such as has been 
established f o r the compound ((Me 3Si) 2N) 3A1 (198), w i t h 
consequent redu c t i o n i n the extent of da t i v e Tf i n t e r a c t i o n . 

E a r l i e r attempts t o synthesise ^B^C-NJ-jAl, which 
i s expected t o be monomeric i n consequence of the s t e r i c 
demands of the t - b u t y l s u b s t i t u e n t s , were made by the 
r e a c t i o n of aluminium t r i c h l o r i d e w i t h three molar equivalents 
of t-butylmethyleneaminolithium. The m a t e r i a l i s o l a t e d 
from the r e a c t i o n was i n i t i a l l y suggested (105) t o be 
the desired ^product, monomeric t r i s ( d i - t - b u t y l m e t h y l e n e a m i n o ) 
alane, although subsequent work (1) has suggested i t 
to be a mixture of ( tBu 9C-NAlCl 9) 0, LiAl(N-C tBu 9)/, 
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FIGURE V.2' 
Possible s t r u c t u r e s of the monomerlc t r l s f i m i n o ) - , and 

t r i s (amino)-, alanes, (R7C=N).,A1 and (R 9N)~A1 
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and p o s s i b l y other species, a r i s i n g from 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 (Equation V.13). Another r e p o r t (1) of i t s 

3 CBu 2C=NLi + Al CI3 • L i CI + ( tBu 2C-NAl C l 2 ) 2 

+ L i A l ( N = C t B u 2 ) 4 + others? 

V.13 
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synthesis v i a the r e a c t i o n of an ethereal s o l u t i o n of 
aluminium hydride w i t h di-t-butylmethyleneamine (Equation 
V.14) must be questioned i n the absence of wholly s a t i s 
f a c t o r y p hysical data. This t h e s i s also describes attempts 

E t 2 0 
3cBu2C=NH + A1H 3 — * ( cBu 2C=N) 3A1 V.14 

+ 3/2 H 2 

t o synthesise both the phenyl- and t - b u t y l - , d e r i v a t i v e s , 
((R 2C=N) 3A1) n, v i a the r e a c t i o n of appropriate s t o i c h i o m e t r i c 
q u a n t i t i e s of aluminium t r i c h l o r i d e and the corresponding 
methyleneaminotrimethylsilane, R2C=NSiMe3. I n both cases 
r e a c t i o n r e s u l t e d i n the s u b s t i t u t i o n of only one c h l o r i n e 
t o form the corresponding methyleneaminoaluminium d i c h l o r i d e 
d e r i v a t i v e (Equation V.15) which would not undergo f u r t h e r 

R2C=NSiMe3 + A1C1 3 • ̂ (R 2C=NA1C1 2) 2 + Me 3SiCl 

R - W h V'15 

r e a c t i o n . I n view of the successful preparation of 
(( P h 2 C = N ) 3 A l ) 2 by another route (Equation V.12), t h i s 
observation would t h e r e f o r e suggest t h a t the r e a c t i o n 
of more than one Al-Cl u n i t w i t h a methyleneaminosilane 
d e r i v a t i v e i s a non-viable process, while not, of i t s e l f , 
i mplying anything concerning the r e l a t i v e s t a b i l i t y of 
diph e n y l - , and d i - t - b u t y l - , methyleneaminoaluminlum 
d e r i v a t i v e s . Conclusions may be drawn, however, from 
the observation t h a t ( ( P h 2 C = N ) 3 A l ) 2 adopts an associated 
s t r u c t u r e , whereas ( tBu 2C=N) 3Al i s l i k e l y t o be monomeric. 
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I n the former case, a s s o c i a t i o n of the molecule w i l l 
alow aluminium t o assume a four- c o o r d i n a t e , valence-saturated, 
conformation, thus assigning a considerable degree of 
s t a b i l i t y t o the dimeric species. I n the t - b u t y l d e r i v a t i v e 
however, such a s s o c i a t i o n i s u n l i k e l y t o be possible , 
and the r e s u l t i n g i n s t a b i l i t y of the three-coordinate 
aluminium species renders i t susceptible t o f u r t h e r r e a c t i o n 
w i t h a donor molecule. Such a proposal would account 
f o r the formation of mixtures of ( tBu2C=NAlCl2) 2 a n (* 
L i Al(N=C tBu 2)4, from the r e a c t i o n of Al C l 3 w i t h three 
equivalents of tBu2C=NLi (Equation V.13), as w e l l as 
the observation t h a t n i t r i l e - d o n o r complexes of the form 
( tBu 2C=N) 3AlNCR can be prepared (1,13). 
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Li t h i u m tetrakis(diphenylmethyleneamino)aluninate 
LiAl(N=CPh 2)^ 

The r e a c t i o n of aluminium t r i c h l o r i d e w i t h four 
molar equivalents of diphenylmethyleneaminolithium i n 
d i e t h y l ether y i e l d e d , a f t e r removal of the ether and 
e x t r a c t i o n w i t h toluene, a yellow, c r y s t a l l i n e , a i r 
s e n s i t i v e s o l i d which was i d e n t i f i e d as l i t h i u m t e t r a k i s 
(diphenylmethyleneamino)aluminate, L i Al (N=CPh2 ) ^ (Equation 
V.16). The analogous t - b u t y l d e r i v a t i v e L i A l ( N = C t B u 2 ) 4 

4Ph2C=NLi + A1C1 3 - L i Al (N=CPh2 ) ^ •> 3Li CI V.16 

was prepared during an e a r l i e r study of d i - i - b u t y l m e t h y l -
eneamino d e r i v a t i v e s of aluminium (105,120) and has been 
the subject of an e a r l i e r crystallogcaphic study (17) 
(see Figure V.3), while the i m i n o g a l l a t e LiGa(N=C tBu 2)^ 
has also been prepared (203). More recent claims (1) 
concerning the synthesis of the compounds L i AlMe 2(N=C tBu 2) 2 

and LiAlMe 3(N=C tBu 2) must be regarded as u n c e r t a i n i n 
the absence of s a t i s f a c t o r y a n a l y t i c a l and spectroscopic 
data. Unsuccessful attempts were made, durin g the course 
of the present study, t o prepare the compound LiAlMe 2(N=CPh 2) 2 

from the r e a c t i o n of Me 2AlCl and two equivalents of Ph 2C=NLi, 
(Ph 2C=NLi) n being the only s o l i d m a t e r i a l recovered from 
the r e a c t i o n , while r e a c t i o n of AlCl-j w i t h two equivalents 
of Ph2C=NLi y i e l d e d a mixture of (Ph 2C=NAlCl 2) 2 and 
( ( P h 2 C = N ) 3 A l ) 2 r a t h e r than L i Al Cl 2(N=CPh 2) 2. 
/ The i n f r a red spectrum of LiAl(N=CPh 9), contained 
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two bands, at 1651 cm~^ and 1622 cm~\ a t t r i b u t a b l e t o 
the >J(C=N=*A1) and >0 (C=N) s t r e t c h i n g modes. By analogy 
w i t h L i Al(N=C tBu 2)4 (17,120) the higher frequency v i b r a t i o n 
i s assigned t o the >J(C=N=*A1) s t r e t c h i n tne t e r m i n a l l y -
bonded imino l i g a n d (c f . 1668 cm-''' f o r the t e r m i n a l 
l i g a n d s t r e t c h i n g frequency i n ((Ph 2C=N).jAl ̂ 2 ) a n d again 
demonstrates the increase i n >)(C=N) s t r e t c h i n g frequency 
associated w i t h N(p) - A l ( d ) d a t i v e TT bonding. The lower 
frequency a t 1632 cm - 1 i s assigned t o the >J ( C=N) v i b r a t i o n 
of the two imino ligands b r i d g i n g the alum.nium and l i t h i u m 
atoms, and compares w i t h t h a t of 1610 cm - 1 f o r the b r i d g i n g 

(C=N) v i b r a t i o n i n ((Ph 2C=N) 3A1) 2. 
i 

The H n.m.r. spectrum of the compound was obtained 
from a s o l u t i o n i n CDCl-j and contained two unresolved 
m u l t i p l e t resonances, centred at T values of 2.71 and 
3.02, the i n t e g r a t i o n of which gave respective peak i n 
t e n s i t i e s of approximately 2:3 which were not r e a d i l y 
i n t e r p r e t a b l e . S i m i l a r complex m u l t i p l e t signals were 
observed i n the spectrum of LiAl(N=C tBu 2)^,between T 
values of 8.55 and 9.44 (120). 

The r e s u l t s obtained from the e a r l i e r X-ray s t r u c t u r e 
determination of the compound L i Al(N=C tBu 2)^ are summarised 
i n Figure V.3 Table V.6. On the basis of the a v a i l a b l e 
spectroscopic evidence a s i m i l a r s t r u c t u r e i s proposed 
f o r the compound LiAl(N=CPh 2)^, i n which two of the imino 
ligands bridge the L i and Al atoms while the remaining 
two, t e r m i a n l l y bonded, ligands d i s p l a y a s i g n i f i c a n t 
degree of N(p) - A l ( d ) d a t i v e TT bonding. The most 
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FIGURE V.3 

Molecular s t r u c t u r e of L i Al(N=C t Bu, ),. ( 17 ) . 

Li Me Me 

C(2) 

Me Me A l 

N(1) 

C1 Bu Bu 

TABLE V.6 
Selected lengths (8 ) and angles ( °) f o r 

LiAl(N= =C tBu 2) 4( \7) 

A l - N ( l ) 1.78(1) Al-N(2) 1.87(1) 
N (2) - L i 1.95(2) N(2)-C(2) 1.27(1) 
C(2)-C(3) . 1.56(1) C(3)-C(4) 1.54(2) 

Al ... L i 2.55(1) L i ... C(4) 2.37(2) 

A l ( l ) - N ( l ) - C ( l ) 167.2 N(2)-A1-N(2)' 98.5 
Al - N ( 2 ) - L i 83.9 Al-N(2)-C(2) 148.6 
N(2)-C(2)-C(3) 117.7 C(2)-C(3)-C(4) 110.3 
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notable f e a t u r e of the LiAl(N=C tBu 2)^ s t r u c t u r e , however, 
A 

was the observation t h a t the large CNA1 b r i d g i n g angle 
of 148.6°has the e f f e c t of moving one of the b r i d g i n g -
l i g a n d t - b u t y l groups towards the L i ... Al a x i s . I n 
each of the t - b u t y l groups i n question, and despite the 
f a c t t h a t , i n p r i n c i p l e , f r e e r o t a t i o n about the C-tBu 
bonds can occur, one of the methyl carbon atoms a l i g n s 
i t s e l f as close as possible t o the l i t h i u m atom, w i t h i n 
the c o n s t r a i n t of a normal C-C bond l e n g t h . The r e s u l t i n g 
C(4) ... L i distance of 2.378 i s only s l i g h t l y longer 
than t h a t of 2.31& i n ( M e L i ) 4 (204) although somewhat 
longer than a f o r m a l l y s i n g l e C-Li bond of ca. 2.188 
(205,206,207). Of greater s i g n i f i c a n c e however, i s the 
observation t h a t a L i — H ... C(4) angle of ca. 107.6° 
would enable one of the methyl protons of the t e t r a h e d r a l l y 
coordinate carbon t o a l i g n i t s e l f almost d i r e c t l y between 
the l i t h i u m and carbon atoms, and thus give r i s e t o the 
p o s s i b i l i t y of a three-centre bonding i n t e r a c t i o n . 
U n f ortunately however, the protons were nol; located i n 
t h i s instance and the f a c t t h a t the t e t r a h e d r a l conformation 
of C(4) would enable the protons t o avoid the L i ... 
C(4) axis meant t h a t the existence of a three-centre 
i n t e r a c t i o n could not be c o n c l u s i v e l y established on 
the basis of t h i s s t r u c t u r a l determination. The synthesis 
of L i Al(N=CPh2)^ was t h e r e f o r e undertaken i n an attempt 
t o c o n c l u s i v e l y demonstrate t h i s p o i n t . I n t h i s instance 
l o c a t i o n of the two phenyl r i n g s adjacent t o the l i t h i u m 
atom would define the plane c o n t a i n i n g the ortho phenyl 
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proton, s t r u c t u r a l l y analogous t o the methyl proton of 
the t - b u t y l d e r i v a t i v e , and hence e s t a b l i s h i t s p o s i t i o n 
r e l a t i v e t o the l i t h i u m atom (Figure V.4). Unfortunately 
however, i t has not proved possible t o produce s i n g l e 
c r y s t a l s of L i Al(N=CPh2)^ s u i t a b l e f o r use i n a c r y s t a l -
lographic study, and hence the question of such L i ... 
H ... C i n t e r a c t i o n s i n t h i s compound as yet remain 
unproven. C a l c u l a t i o n would suggest t h a t the L i ... 
C(4) distance t o the ortho carbon of a phenyl r i n g , co-

FIGURE V.4 
D e t a i l of proposed s t r u c t u r a l conformation i n 

LiAl(N=CPh 0), 

/ 
H 

4 

3) / L i 

( 2 T \ 
N N ^ 

y (2) 

Al 

planar w i t h C(2), N(2), Aland L i (Figure V.4), would 
be approximately 2.598 (c f . 2.398 i n L i A l ( N = C t B u 2 ) 4 \ 
while the ortho H atom, i n a normal phenyl conformation, 
would be placed approximately 0.36 8 from the d i r e c t 
l i n e of the L i ... C(4) a x i s . I t i s t h e r e f o r e possible 
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t h a t such a three-centre i n t e r a c t i o n e x i s t s i n t h i s 
compound, although no d i r e c t spectroscopic evidence has 
been found f o r t h i s . 
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Fluorenonemethyleneaminoaluminium d i c h l o r i d e , 
( (C 1 2Hg)C=NAlCl 2) 2 

The r e a c t i o n of aluminium, t r i c h l o r i d e w i t h an equimolar 
amount of fluorenonemethyleneaminotrimethylsilane, 
(C 1 2Hg)C=NSiMe^,in r e f l u x i n g toluene r e s u l t e d i n formation 
of fluorenonemethyleneaminoaluminium d i c h l c r i d e , 
( (C l 2Hg)C=NAlCl 2) 2 (Equation V.17). The compound, an 

(C 1 2Hg)C=NSiMe 3 + A1C1 3 • \{ (C 1 2H g)C=NAl C l 2 ) 2 

+ Me 3SiCl V.17 

amorphous orange s o l i d , proved to be e f f e c t i v e l y i n 
soluble i n a wide range of non-reactive organic solvents, 
while exposure t o moist a i r r e s u l t e d i n i t s slow de
composition. The mass spectrum (Table V.7), contained, 
as the highest mass peaks observed, a series of peaks 
w i t h a maximum m/e value of 558, assigned t o the molecular i o n 
((C^ 2Hg)CNA1C1 2 ) 2 , and confirmed as such by comparison 
w i t h a computed isotope peak p a t t e r n . The compound would 
thus appear t o e x i s t as a dimeric species i n the vapour 
phase, s i m i l a r t o the r e l a t e d methyleneaminoalanes 
(Ph 2C=NAlCl 2) 2 and ( tBu 2C=NAlCl 2) 2 (105), where cryoscopic 
measurements es t a b l i s h e d the dimeric s t a t e t o p e r s i s t 
I n s o l u t i o n . One f u r t h e r s i g n i f i c a n t f e a t u r e of the 
mass spectrum was the existence of a large peak due t o 

i the monomeric species (C l 2Hg)C=NA1C1 2; t h i s f e a t u r e was 
notably absent from the mass spectrum of the analogous 
diphenyl d e r i v a t i v e (Ph~C=NAlCl 7) 9 (105). 
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TABLE V.7 

Major peaks i n the mass spectrum of 
((C 1 2H 8)CNA1C1 2) 2 

m i /e Rel a t i v e 
I n t e n s i t y 

550 22 
515 5 
275 63 
240 13 
205 10 
179 92 
178 100 
164 15 
154 19 
153 27 
152 47 
129 23 
103 27 
102 74 
77 67 
76 86 

Assignment 
( ( C 1 2 H g ) C N A l C l 2 ) 2 

(C 1 2Hg)CNAlCl 2 

(C 1 2Hg)CNAlCl 
(C 1 2H g)CNAl 
(C 1 2H g)CNH 
(C 1 2H g)CN 
(C ̂  ^ ̂  
( C 6 H 5 ) 2 

C 1 2 H 9 
C 1 2H g 

C6H4CNA1 
C6H5CN 
C6H4CN 
C 6 H 5 
C 6 H 4 

-CI 

«3 c 
Note: m/e values r e f e r t o CI isotope 

The i n f r a red spectrum (Table V.3) contained a strong 
i 

absorption at 157 2cm , a t t r i b u t a b l e t o the >)(C=N) 
s t r e t c h i n g mode of the b r i d g i n g methyleneamino l i g a n d 
and e s s e n t i a l l y i d e n t i c a l to t h a t of 1573cm - 1 noted f o r 
(Ph2C=N Al C l 2 ) 2 . A second band, a t 543cm , may be due 
to the -\J(A1-N) bridge v i b r a t i o n , s i m i l a r absorptions at 
553cm 1 , (Ph 2C=NAlCl 2) 2 (105), 516cm"1. 

-1 
( LBu 2C=:NAlCl 2) 2 

(105) and 509cni (Me 2NAlMe 2 ) 2 (208), having also been 
assigned t o t h i s mode by comparison w i t h published data 
(208, 209). 
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The very low s o l u b i l i t y of the compound, noted above, 
o r i g i n a l l y prevented the production of a s i n g l e c r y s t a l 
sample of the compound, s u i t a b l e f o r s t r u c t u r a l deter
mination. More r e c e n t l y however, s u i t a b l e s i n g l e c r y s t a l s 
have been obtained v i a a temperature cycle cechnique. 

A small q u a n t i t y (c a. 300 mg) of the amorphous sample, 
3 

together w i t h 5 cm of toluene, was placed i n a small 
Carius tube and the tube sealed under vacuum. The tube 
was then slowly heated and cooled, between 20° and 100°, 
f o r a period of f i v e months. At the end of t h i s time 
small c r y s t a l s began t o appear i n the bottom of the f l a s k 
while a s i g n i f i c a n t amount of the m a t e r i a l appeared t o 
have dissolved i n t o s o l u t i o n . Standing at room temperature 
f o r a f u r t h e r p e riod of several weeks r e s u l t e d i n the 
gradual increase i n size of the c r y s t a l s , one of which 
i s c u r r e n t l y the subject of an X-ray c r y s t a l l o g r a p h i c 
study. 

A f e a t u r e of p a r t i c u l a r i n t e r e s t i n the s t r u c t u r e 
of t h i s compound i s the o r i e n t a t i o n of the aromatic sub-
s t i t u e n t of the b r i d g i n g l i g a n d w i t h respect to the plane 
c o n t a i n i n g the (A1N) 2 r i n g . As has been noted i n the 
case of ( ( P h 2 C = N ) 3 A l ) 2 , the phenyl r i n g s of a b r i d g i n g 
l i g a n d would appear to p r e f e r e n t i a l l y o r i e n t a t e themselves 
out of the plane of the (A1N) 2 r i n g , and thus remove 
any p o s s i b i l i t y of i n t e r a c t i o n between the ortho-bonded 
protons of the phenyl r i n g and the metal atom. I n the 
present case however, (Figure V.5) the r i g i d i t y imposed 
upon the aromatic group would prevent such an o r i e n t a t i o n 
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of the phenyl r i n g s , and thus r a i s e the p o s s i b i l i t y of 
such i n t e r a c t i o n . However, a c a l c u l a t e d minimum Al .... H 
distance of ca. 2.58,assuming c o - p l a n e a r i t y of the aromatic 
and (A1N)2 r i n g s , would imply any such i n t e r a c t i o n i s 
l i k e l y t o be weak. A decrease i n the Al ... H distance, 

FIGURE V.5 
D e t a i l of possible conformation of the 

compound ( (C, 9H f t)CNAlCl 9 ) 9 

\ 
C 

/ 
c 

c 

\ 
H N H 

CI CI 
Al Al 

CI CI 

and corresponding increase i n the i n t e r a c t i o n , could, 
however, be e f f e c t e d by a d i s t o r t i o n of t h i s conformation 
i n v o l v i n g an in-plane rock of the l i g a n d , thus b r i n g i n g 
one ortho proton of each l i g a n d nearer the aluminium 
centre. Any r o t a t i o n about the C=N l i g a n d a x i s , by c o n t r a s t , 
would remove the proton f u r t h e r from the aluminium atom 
while a l s o , presumably, weakening the b r i d g i n g Al-N bond. 
C a l c u l a t i o n would suggest however t h a t any such deformation 
would be l i m i t e d by s t e r i c i n t e r a c t i o n between the ortho 
proton and a t e r m i n a l l y attached c h l o r i n e atom. 



CHAPTER 6 

1 5 N n.m.r. SPECTRA OF SOME METHYLENEAMINES 
AND METHYLENEAMINO DERIVATIVES 
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INTRODUCTION 
This chapter describes the n.m.r. spectra of 

some methyleneamines and methyleneamino d e r i v a t i v e s . 
Differences i n the imino-nitrogen s h i f t s of these compounds 

are discussed i n terms of changes i n the paramagnetic 
s h i e l d i n g of the n i t r o g e n atom. During the course of 
the study the p r e v i o u s l y unknown compound ;tBu2C=N).jP 
was prepared, d e t a i l s of which are included. 

EXPERIMENTAL SECTION 
( i ) Preparation of p r e v i o u s l y reported compounds 

The f o l l o w i n g methyleneamines and methyleneamino 
d e r i v a t i v e s were prepared by the author unless s p e c i f i c a l l y 
i n d i c a t e d otherwise. 

Di-t-butylmethyleneamine, tBu0C=NH (114), was prepared 
from the r e a c t i o n of t-butylcyanide and t - b u t y l l i t h i u m 
i n hexane fo l l o w e d by methanolysis of the r e s u l t i n g imino-
l i t h i u m compound. The product was p u r i f i e d by d i s t i l l a t i o n 
(158°, 1 atm). Diphenylmethyleneamine, Ph2C=NH (114) 
was prepared (by Mr. B. H a l l ) from the r e a c t i o n of 
phenylmagnesiumbromide and b e n z o n i t r i l e followed by 
methanolysis of the r e s u l t i n g iminomagnesium bromide 
and d i s t i l l a t i o n of the product under vacuum (120°C, 
0.29 mm Hg). The preparations of t r i s t d t - t - b u t y l m e t h y l -
eneamino)borane, ( tBu 2C=N) .jB ( 9 ) , b i s ( d i - t - b u t y l m e t h y l -
eneamino)fluoroborane, ( tBu 2C=N) 2BF ( 1 ) , d l - t - b u t y l m e t h y l -
eneaminodichloroborane, tBu 2C=NBCl 2 (38) and d i - t - b u t y l -
methyleneaminodimethylborane, tBu9C=NBMe9 are described 
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i n Chapter 4. Tris(diphenylmethyleneaminc)borane, 

(Ph2C=N)2B (118) was prepared from the r e a c t i o n of three 

molar e q u i v a l e n t s of diphenylmethyleneaminotrimethylsilane, 

Pti2C=N SiMeg and boron t r i c h l o r i d e i n toluene, and 

r e c r y s t a l l i s e d from hexane. Trans t-butylmethyleneamino-

dimethylborane, (tBuCH=NBMe2)^ w a s prepared as described 

i n Chapter 2, while diphenylmethyleneamincdichloroborane, 

(Ph2C=NBCl2)2 (39), was prepared from the r e a c t i o n of 

diphenylmethyleneaminolithium and boron t r i c h l o r i d e i n 

d i e t h y l e t h e r . Diphenylmethyleneaminotrimethylsilane, 

Ph2C=N SiMe 3 (118), and tetrakis(diphenylmethyleneamino) 

s i l a n e , (Ph2C=N)^Si (118), were prepared from the r e a c t i o n 

of appropriate amounts of diphenylmethylen^aminolithium 

and e i t h e r t r i m e t h y l c h l o r o s i l a n e or s i l i c o n t e t r a c h l o r i d e 

i n toluene; the former p u r i f i e d by d i s t i l l a t i o n under 

vacuum (110° 0.50 mm Hg) and the l a t t e r by r e c r y s t a l l i s a t i o n 

from hexane. A p u r i f i e d commercial sample of b i s ( d i m e t h y l -

amino)methyleneamine, (Me2N)2C=NH,together with samples 

of bis(dimethylamino)methyleneaminolithium ((Me2N) 2C=NLi)g 

(186), and Lithium tetrakis(di-t-butylmethyleneamino) 

aluminate, L i A l ( N = C t B u 2 ) 4 (17,120) were supplied by Dr. 

R. S n a i t h of S t r a t h c l y d e U n i v e r s i t y . The s y n t h e s i s of 

tris(di-t-butylmethyleneamino)phosphine,( tBu 2C=N)gP, i s 

reported here for the f i r s t time and described i n d e t a i l 

below. 

( i i ) P r e p a r a t i o n of Tris(di-t-butylmethyleneamino)phosphine, 

( tBu 2C=N) 3P 

Phosphorus t r i c h l o r i d e (1.37g, 10 mmol.) was added 
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to a frozen (-196°) s o l u t i o n of di-t-butylmethyleneamino-

l i t h i u m (4.42g, 30 mmol.) i n 40 cm 3 of 100 - 120° petroleum 

ether, the s o l u t i o n s t i r r e d to room temperature, and 

then r e f l u x e d f o r a period of 24 hours. A f t e r c o o l i n g 

the s o l u t i o n was f i l t e r e d to remove the p r e c i p i t a t e d 

l i t h i u m c h l o r i d e and the solvent removed under vacuum 

to y i e l d a v i s c o u s red m a t e r i a l . D i s t i l l a t i o n under 

vacuum (165°, 0.005 mm Hg) y i e l d e d a c l e a r red l i q u i d 

which s o l i d i f i e d upon coo l i n g to room temperature and 

was i d e n t i f i e d as tris(di-t-butylmethyleneamino)phosphine, 

( tBu 2C=N) 3P, m.pt. 59-60° (Found : C 72.0%, H 12.9%, 

N 9.4%, P 6.9%, C 2 7H 5 4N 3P re q u i r e s : C 71.8%, H 12.1%, 

N 9.3%, P 6.9%) >J (Nuiol mull) 1675(w,sh) 1656(m,sh) ' max J 

1623(s,br) 1485(s) 1218(s) 1201(m,sh) 1175(w,sh) 1042(s) 

1010(w) 963(s) 930(m) 873(w) 844(w) 796(m) 745(s) 687(w) 

621(m) 588(m) 540(w) 518(w,sh) 502(s) cm"1. The compound 

was d e l i q u e s c e n t . 

( i i i ) Procedure f o r obtaining n.m.r. sp e c t r a 

The n.m.r. s p e c t r a described i n t h i s study were 

run by Dr. M.W. Cooper a t PCMU, Harwell.. With the exception 

of (Ph 2C=NBCl 2) 2
 a n d ( tBuCH=NBMe 2) 2, which were run as 

CDCl-j s o l u t i o n s , a l l the samples were run as concentrated 

s o l u t i o n s or l i q u i d mixes (ca. 20-30% by weight) i n 

e i t h e r toluene or benzene. The use of an aromatic s o l v e n t 

was d i c t a t e d by the need to ensure that s u f f i c i e n t l y 

concentrated s o l u t i o n s of each of the imino d e r i v a t i v e s 

could be prepared, while avoiding l a r g e a n d i r r e g u l a r 

s h i f t v a r i a t i o n s a s s o c i a t e d with st r o n g l y p o l a r s o l v e n t s 
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(210-212). Chromium I I I a c e t y l a c e t o n a t e was added to 

each of the s o l u t i o n s , with the exception of those of 
tBu2C=NH and Ph2C=NH, i n order to enhance the nuc l e a r 

r e l a x a t i o n process. The s o l u t i o n s were se a l e d i n ampoules 
3 

of approximately 8-10 cm c a p a c i t y which were designed 

to f i t i n t o a 25 mm n.m.r. tube; a small c o a x i a l tube 

containing dg-toluene was a l s o placed i n the ampoule 

i n order to provide a locking s i g n a l f o r the spectrometer. 
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DISCUSSION 

I n recent years both ^N and "̂ N n.m.r. spectroscopy 

have been used as t o o l s f o r s t r u c t u r a l i n v e s t i g a t i o n s 

i n organic and inorganic chemistry. A majority of the 

e a r l i e r s t u d i e s i n t h i s f i e l d made use of the N technique, 

where the high n a t u r a l abundance, and comparatively high 

r e c e p t i v i t y , of the nucleus made the d e t e c t i o n of resonance 

s i g n a l s f a i r l y easy. However, N n.m.r. s u f f e r s from 

the disadvantage that the ̂ N nucleus i s quadrupolar, 

1 = 1 , and the consequent broadening of the observed 

resonance s i g n a l s e v e r e l y l i m i t s i t s use as a high r e s o l u t i o n 

t o o l . By c o n t r a s t , *~*N n.mr. spectroscopy, where the 

observed nucleus has a spin value I = h, does not s u f f e r 
15 

from t h i s e f f e c t although the N isotope, with a low 

n a t u r a l abundance (0.367J and low r e c e p t i v i t y , o r i g i n a l l y 

l i m i t e d i t s use to the study of i s o t o p i c a l l y enriched 

samples. More r e c e n t l y the a v a i l a b i l i t y of wide-bore 

spectrometers, and consequent i n c r e a s e i n the permitted 

sample volume, have enabled s t u d i e s to be performed with 

samples c o n t a i n i n g n a t u r a l l y abundant amounts of nitrogen-

15, and has e s t a b l i s h e d i t as a superior s t r u c t u r a l t o o l 

to that of N n.m.r. Both techniques have r e c e n t l y 

been comprehensively reviewed by Mason (213/. 

Nuclear magnetic s h i e l d i n g of nitrogen n u c l e i 

The observed n.m.r. s h i f t of a p a r t i c u l a r nucleus 

i s dependent on the magnetic s h i e l d i n g of the nucleus 
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by the e l e c t r o n s surrounding i t . The approximate " l o c a l 

term" nu c l e a r magnetic s h i e l d i n g theory (21^ - 216) expresses 

the s h i e l d i n g of a p a r t i c u l a r nucleus, A, as the a l g e b r a i c 
A 

sum of a diamagnetic s h i e l d i n g term sO*d, a paramagnetic 
A ID 

term, <rp, plus a t h i r d term I O" summing the s h i e l d i n g 

c o n t r i b u t i o n s of e l e c t r o n s on adjacent n u c l e i . For a 

p a r t i c u l a r nucleus i t i s found that v a r i a t i o n s i n the 
A « TJ 

a~ d and <x terms are g e n e r a l l y small and the para-
A 

magnetic term, 0~p, therefore becomes the mtin c o n t r i b u t o r 
to the observed chemical s h i f t . For an element such 

A 
as nitrogen the term Cp i s given by equation VI.1, where 

a A _ W<--3>2pSQ 
2nAE 

juQ i s the p e r m e a b i l i t y of f r e e space and /xg = /2m 

i s the Bohr magnetron. The three v a r i a b l e s i n the expression, 

which th e r e f o r e i n f l u e n c e the r e s u l t a n t chemical s h i f t , 
-3 -3 are the terms < r > 2p> H Q and AE. The term < r 2p 

i s the mean i n v e r s e cube of the 2p e l e c t r o n r a d i u s , while 

the Q terms (derived from the charge d e n s i t y - bond order 

matrix) express the inbalance of charge around the nucleus. 

The t h i r d term, A E, expresses the v i r t u a l e x c i t a t i o n 

energy of the HOMO-LUMO e l e c t r o n i c t r a n s i t i o n i n the 

molecule, and i s a measure of the d e s h i e l d i n g of the 

nucleus by the r o t a t i o n of charge i n the magnetic f i e l d . 

I n the case of the m a j o r i t y of nitrogen compounds t h i s 

t r a n s i t i o n has n —* TT or n-*cr c h a r a c t e r , where charge 

r o t a t e s between the nitrogen lone p a i r o r b i t a l and an 
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anti-bonding TT or tr o r b i t a l . Other p o s s i b i l i t i e s f o r 

nitrogen include a TT -*TT or o~ —• O" t r a n s i t i o n , as 

long as a r o t a t i o n of charge around the nucleus i s involved. 

Considering the three s h i e l d i n g terms together i t i s 

found that the d e s h i e l d i n g of a nitrogen nucleus i s the 

g r e a t e r the c l o s e r the paramagnetic c i r c u l a t i o n i s to 

the nucleus (the l a r g e r i s < r > 2 p
) ' t h e 8 r e a t e r t h e 

assymetry of the valence e l e c t r o n s (the l a r g e r i s 21Q) 

and the e a s i e r the HOMO-»LUMO e x c i t a t i o n (the smaller 

i s A E ) . Thus, NH^ has a h i g h - f i e l d nit"ogen s h i f t 

because of the high l o c a l symmetry (and hence low 51 Q) 

of the valence e l e c t r o n s and the l a r g e A E value of 
•k 

the o~—*ar HOMO-»LUMO t r a n s i t i o n . By c o n t r a s t , azo and 

n i t r o s o d e r i v a t i v e s have low f i e l d s h i f t s because of 

the high l o c a l asymetry (high £ Q) of the valence 
I T * 

e l e c t r o n s and the low A E value of the n —• TT 

t r a n s i t i o n i n the N=N and N=0 groups. 

N s h i f t s of methyleneamines and methyleneamino d e r i v a t i v e s 

P r i o r to the present study the only nitrogen n.m.r. 

st u d i e s on imino compounds had concerned the methyleneamines 

(Me2N)2C=NR (R=H,Me,Ph) (212,217), Ph2C=NH (218,219) and 

PhCH=NMe (220,221). By c o n t r a s t , the 1 4 N and 1 5N s h i f t s 

of a l a r g e number of amino d e r i v a t i v e s of main group metals 

and m e t a l l o i d s have been reported,.notably those of boron 

(154,222), s i l i c o n (223) and phosphorus (234,225). The 
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present study however, was prompted by the r e s u l t s of 
an n.m.r. study on a s e r i e s of t r a n s i t i o n metal mono-

n i t r o s y l d e r i v a t i v e s ONMXn (226). By comparing a s e r i e s 

of such compounds a c l e a r c o r r e l a t i o n was e s t a b l i s h e d 

between the s h i f t of the liga n d nitrogen atom and 

the metal l i g a n d bond angle MNO, the s h i f t p r o g r e s s i v e l y 

moving to higher f i e l d as the linkage becomes more n e a r l y 

l i n e a r . I n view of the f a c t that s i m i l a r v a r i a t i o n s 
A 

i n the CNM bond angle are found i n methyleneamino 

d e r i v a t i v e s , R2C=NMXn, the n.m.r. s p e c t r a of a rep

r e s e n t a t i v e range of these compounds were ootained i n 

order to i n v e s t i g a t e whether the same e f f e c t i s observed. 

The s p e c t r a were run by. Dr. M.W. Cooper at PCMU, Harwell; 

d e t a i l s of preparation and handling of the samples are 
given i n the experimental s e c t i o n . 

15 

The N n.m.r. s h i f t s of t h i r t e e n methyleneamines 

and methyleneamino d e r i v a t i v e s determined during the 

course of the present study are l i s t e d i n Table VI.1 

together with those of a number of other d e r i v a t i v e s 

which have been the su b j e c t of e a r l i e r N or N n.m.r. 

s t u d i e s . No s i g n of resonance s i g n a l s werr; observed 

i n the s p e c t r a of three f u r t h e r compounds, tBu 2C=NBCl 2, 

(Ph 2C=NBCl 2) 2, and Li A l ( N = C t B u 2 ) ^ , f o r reasons that are 

not apparent. Also l i s t e d i n the tab l e are the predicted 
A 

l i g a n d bond angles, CNM, the values being, those derived 

from st r u c t u r a l , s t u d i e s on e i t h e r the compound concerned 

or a s i m i l a r d e r i v a t i v e . 

The observed imino-nitrogen s h i f t values f a l l w i t h i n 
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TABLE VI.1 
A 

Nitrogen n.m.r. s h i f t s and CNM bond angles 

of some methyleneamines and methyleneamino d e r i v a t i v e s . 

Compound s o l v . CNM(°) 6 ( 1 5 N ) # 

l jNM ( H z ) Ref. 
(n.m.r.) 

Compound s o l v . CNM(°) 
=N- Other 

l jNM ( H z ) Ref. 
(n.m.r.) 

CBU2C=NH tol. 120 - 90.3 - 50.6 a 
Ph2C=NH bz. 120 - 77.2 - s a 

it pn. 120 - - (51) 21.8,219 
PhCH=NMe CHC13 120 - 62.3 - s 220 

ti l i q . 120 - 56.9 - s 221 
(Me2N)2C=NH tol. 120 -209.8 -334.3 s a 

ti l i q . 120 (-207.8) (-333.4) s 219 
(Me2N)2C=NMe l i q . 120 (-187.0) (-334.0) s 219 
(Me2N)2C=NPh 120 -176.5 -325.2 s 212 
((Me2N)2C=NLi)6 t o l . JL. s\ -391.7 -327.0 s a 
tBu2C=NBMe2 tol.. 180 - 84.4 - s a 
(tBu2C=N)2BF bz. .165-175 - 64.6 - s a 
(tBu2C=N)3B tol . 166 - 56.1 - s a 
( F h^N^B bz. 166 - 44.7 - s a 
(tBuCH=NBMe2)2 CDC13 137 - - 91.4 s a 
Ph2C=NSiMe3 bz. 130-140 - 35.6 - s a 
( P h ^ N ^ S i to l . 130-140 - 39.0 - s a 
tBu2C=NP C l 2 t o l . 120-125 - 67.1 - 71.5 a 
(tBu2C=N)3P to l . 120-125 - 45.8 - 56.6 a 

# Values are i n p.p.m., r e l a t i v e to an e x t e r n a l reference of 
15 

Me N0 2, and are uncorrected f o r d i f f e r e n c e s i n s u s c e p t i b i l i t y . 
' Negative values are to higher f i e l d . 

F i g u r e s i n parentheses r e f e r to 1^N n.m.r. s t u d i e s . 
* V3 bridging of L i 3 f a c e . See Chapter 1. 
(a) This work ( s ) s i n g l e t . 
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a range of over 360 p.p.m., the highest f i e l d s h i f t being 

that of -391.7 p.p.m., i n the case of ( (Me2N) 2C=NLi ) g, 

and the lowest, -35.6 p.p.m., for Ph 2C=NSiMe 3- By comparison, 

m e t a l - n i t r i l e complexes, RC=N-»MXn, g e n e r a l l y have s h i f t s 

w i t h i n a narrower range of values from & •-= -245 to -325 

(213) while i s o n i t r i l e s , R-N=C, are found j.n the range 

6 = -180 to -220 (212,227,228) and the Oc — n i t r o g e n 

resonances of a z i d e s , RNNN, between h = -245 and -325 

(212,227,228). The amino-nitrogen s h i f t s of the four 

guanidine d e r i v a t i v e s (Me2N)2C=NR (R=H,Me,Ph) and 

( (Me 2N) 2C=NL.i) 6 are t y p i c a l of those of t e r t i a r y amines. 

When considered as a whole, however, the s h i f t values 

and p r e d i c t e d l i g a n d bond angles of these methyleneamines 

and methyleneamino d e r i v a t i v e s do not show a general 

c o r r e l a t i o n s i m i l a r to that observed i n the case of the 

m e t a l - n i t r o s y l d e r i v a t i v e s ( 2 6 ) . Thus, the f r e e methyl-

eneamines R2C=NR , where a CNR angle of ca. 120° would 

be expected, have s h i f t s at the high fielc 1. end of the 

range, while the phosphorus and s i l i c o n d e r i v a t i v e s , 

which have s i m i l a r angular-ligand geometries, are at 

the low f i e l d end. Further, the monomeric iminoborane 
15 

d e r i v a t i v e s have N s h i f t s at intermediate v a l u e s , d e s p i t e 

having more n e a r l y l i n e a r l i g a n d - m e t a l l o i d l i n k a g e s , 
A 

although the expected i n c r e a s e of the CNB ^ngle i n the 

sequence ( tBu 2C=N) 3B <( tBu 2C=N) 2BF < tBu2C^NBMe2 would 

appear to be a s s o c i a t e d with an i n c r e a s e i n the s h i e l d i n g 

of the nit r o g e n nucleus. I t therefore remains p o s s i b l e 

that a ^N s h i f t / l i g a n d bond angle c o r r e l a t i o n does 
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e x i s t f o r methyleneamino d e r i v a t i v e s of a s p e c i f i c metal 
or m e t a l l o i d , although there i s i n s u f f i c i e n t evidence 
a v a i l a b l e at present to c o n c l u s i v e l y e s t a b l i s h t h i s point. 

Despite the f a i l u r e to e s t a b l i s h a general s h i f t / a n g l e 

c o r r e l a t i o n f o r methyleneamino d e r i v a t i v e s i t i s p o s s i b l e 

to r a t i o n a l i s e the major d i f f e r e n c e s i n the s h i f t s 

of these compounds by considering the f a c t o r s a s s o c i a t e d 

with the paramagnetic s h i e l d i n g of the nucleus. The 

methyleneamines, R2C=NR', have lower f i e l d s h i f t s than 

amines, R^N, which g e n e r a l l y have s h i f t s i n the region 

6 = -280 to -360 (154,222), l a r g e l y r e f l e c t i n g the change 

i n the A E term between the two c l a s s e s of compound. 

In the case of amines the H0M0-»LUM0 e l e c t r o n i c t r a n s i t i o n 

w i l l have n—»<r* c h a r a c t e r (213) i n v o l v i n g t r a n s i t i o n 

of the lone p a i r of e l e c t r o n s on nitrogen i n t o a high 

energy o~* antibonding o r b i t a l . I n methyleneamines 

however, the t r a n s i t i o n w i l l be of an n-»T1" type, i n v o l v i n g 

promotion of the lone p a i r of e l e c t r o n s i n t o the TV* 

antibonding o r b i t a l of the C=N double bond, and wi.ll 

have a considerably lower A E energy of e x c i t a t i o n . 

As noted e a r l i e r , a reduction i n the A E value i s 

a s s o c i a t e d with a d e s h i e l d i n g of the nucleus and w i l l 

t h e r e f o r e account f o r the lower f i e l d s h i f t s of methyleneamines. 

The resonance s i g n a l of one of the methyleneamines, tBu2C=NH, 

was observed as a w e l l defined doublet, J = 50.6 Hz, 

when the sample was run at 22°, the s p l i t t i n g being due 

to coupling between the nitrogen and adjacent proton. 

An e a r l i e r study (219) has shown that: si.mI1.-ir s p l i t t i n g 

http://wi.ll
http://si.mI1.-ir
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of the s i g n a l of Ph2C=NH i s observed when the sample 

i s cooled to -40°, although when run at 22°, during the 

course of the present study, both Ph2C=NH and (Me2N)2C=NH 

gave r i s e to sharp s i n g l e t s . The d i f f e r e n c e s i n the 

s i g n a l s observed at 22° would thus seem to a r i s e through 

d i f f e r i n g r a t e s of proton exchange between methyleneamines. 

The iminophosphine d e r i v a t i v e s , ( tBu 2C=N).jP and 
tBu 2C=NPCl 2, a l s o d i s p l a y e d s p l i t t i n g of the nitrogen 

signals,due to coupling with the phosphorus nucleus; 

the r e s p e c t i v e coupling constants of 56.6 Hz and 71.5 

Hz are c o n s i s t e n t with other J^p values (225, 229). 

Both compounds have "̂ N s h i f t s to lower f i e l d than that 

of the parent methyleneamine, tBu2C=NH, which may again 

be explained i n terms of the r e l a t i v e H0M0-LUM0 t r a n s i t i o n 

energies A E. I n t e r a c t i o n of the vacant d o r b i t a l s 

of the phosphorus atom with the o r b i t a l s of the imino 

l i g a n d w i l l tend to s t a b i l i z e both the n and T T " o r b i t a l s 

of the l i g a n d (230). The TT o r b i t a l howev-ir, being 

e n e r g e t i c a l l y more compatible with the phosphorus d 

o r b i t a l s , w i l l be s t a b i l i z e d to a g r e a t e r extent than 

the nitrogen lone p a i r o r b i t a l , thus lowering A E for 
• J -

the n—•TT t r a n s i t i o n , and d e s h i e l d i n g the nitrogen nucleus, 

r e l a t i v e to that of the f r e e imine. A s u r p r i s i n g f e a t u r e 

of the s h i f t s of these two compounds however i s t h e i r 

r e l a t i v e p o s i t i o n , the nitrogen atom of Ph 2C=NPCl 2 being 

more s h i e l d e d than those of (Ph 2C=N) 3P. This trend runs 
31 

contrary to both that of the P n.m.r. s h i f t s (see Chapter 

3) and a l s o the observed d e s h i e l d i n g of the nitrogen 
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nucleus upon i n c r e a s i n g halogen s u b s t i t u t i o n i n a s e r i e s 

of aminohalophosphines, ( M e 2 ^ ^ n ^ X 3 - n (224,225). 

Pert u r b a t i o n of the liga n d n and T T ' o r b i t a l s i n 

the manner described above, w i l l a l s o account f o r the 

lower f i e l d s h i f t s of (Ph 2C=N) 4Si and Ph 2C=NSiMe 3 r e l a t i v e 

to Ph2C=NH. The spectrum of Ph 2C=NSiMe 3 contained a 

s i n g l e symmetrical resonance s i g n a l at 6 = -35.6 while 

that of (Ph 2C=N)^Si contained the a d d i t i o n a l f e a t u r e 

of a weakly defined shoulder to the main peak 

( <5 = -39.0), apparently due to the p a r t i a l s p l i t t i n g 
15 29 

of the s i g n a l by coupling between N and S i n u c l e i 
99 ? H ( S i has a n a t u r a l abundance of 4.70%, I = h, S i and 

1 

S i both have 1 = 0 ) . The estimated J N S ! coupling 

constant of 5Hz i s comparable with that of 6Hz f o r 
1 5 N ( 2 9 S i H 3 ) 4 (225). 

A l l three monomeric iminoboranes, tBu2C=NBMe2, 

( tBu 2C=N) 2BF and ( tBu 2C=N) 3B have 1 5 N s h i f t s to lower 

f i e l d than the parent methyleneamine, tBu2C=NH, i n the 

same way that the aminoboranes R 2NBR 2, have lower f i e l d 

s h i f t s than the amines R2NH (e.g. Me2NBMeo, 6 = -302 

has a lower f i e l d s h i f t than that of Me2NH, 6 = -373 

(154)1 However, the decrease i n the s h i e l d i n g of the 

nitrogen nucleus i n the sequence BN>BN 2> BN 3, from 
tBu 2C=NBMe 2 to ( tBu 2C=N) 3B, i s the opposite to that observed 

i n the sequence of fu l l y - m e t h y l a t e d aminoboranes (Me 2N)BMe 3_ n 

(154). I n the case of the iminoborane d e r i v a t i v e s i t 

would again seem that changes i n one or more of the para

magnetic s h i e l d i n g terms i s re s p o n s i b l e f o r the observed 
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sequence of s h i f t s . The conjugative e f f e c t of the N=B 
bond w i l l reduce the value of & E compared with the f r e e 
imine and therefore accounts f o r the general d e s h i e l d i n g 
of the iminoboranes with r e s p e c t to tBu2C=NH. Against 
t h i s however, the i n c r e a s i n g l i n e a r i t y of the CNB linkage 
w i l l reduce the l o c a l e l e c t r o n i c asymetry around nitrogen 
(lower Z Q ) , providing g r e a t e r s h i e l d i n g of the nucleus. 
This e f f e c t w i l l become i n c r e a s i n g l y s i g n i f i c a n t as the 
ligand bond angle approaches 180° and would account f o r 
the higher f i e l d s h i f t of tBu 2C = NBMe2 compared with 
( CBu 2C=N) 3B. The 1 5N s h i f t of ( tBuCH=NBMe 2) 2 ( S = -91.4) 
i s c onsiderably higher than the s h i f t s of the monomeric 
iminoboranes and r e f l e c t s both an i n c r e a s e i n A E, and 
a decrease i n <"r >̂ 2p, as the nitrogen lone p a i r of 
e l e c t r o n s are s t a b i l i z e d by forming a o~ bond to boron. 
T h i s e f f e c t a l s o accounts f o r the higher f i i l d s h i f t s of 
amine-borane adducts, R^NBR^, compared with aminoboranes, 
R 2NBR 2 (225). 

The imino-nitrogen resonance of l i t h i o g u a n i d i n e , 

((Me 2N) 2C=NLi) 6, i s the highest f i e l d s h i f t ( 6 = -391.7) 

measured during the course of the present study. As described 

i n Chapter 1 each imino l i g a n d adopts a JJ ̂  bonding mode, 

bridging a t r i a n g u l a r face of the L i ^ core by means 

of a p a i r of resonating two-centre and three - c e n t r e bonds.. 

Such a bonding mode w i l l tend to reduce the r a d i a l 

f a c t o r < r 2 p r e l a t i v e to the f r e e imine 

( 6 = -209.8) and may, i n pa r t , account for the high 

magnetic s h i e l d i n g of the nucleus. In the absence of 
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f u r t h e r data on s i m i l a r imino-metal compounds however, 

i t i s not p o s s i b l e to provide a d e t a i l e d r a t i o n a l e of 

the s h i e l d i n g e f f e c t s i n such compounds. 



PART 2 

STUDIES IN THE METAL-DERIVATIVE CHEMISTRY 
OF SOME BORANES AND CARBORANES 



CHAPTER 7 

SOME METAL DERIVATIVES OF ICOSAHEDRAL 

CARBORANES CONTAINING METAL - CARBON 

o- BONDS 
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INTRODUCTION 

Dlcarba-closo-dodecaborane, ^2^10^12' *"s t' i e h i 8 n e s t 

member of the closo-carborane s e r i e s C^B^2^n ^ n = 5-12). 

The s t r u c t u r e of each of these compounds i s based on 

a t r i a n g u l a r - f a c e d polyhedron having n v e r t i c e s , each 

of the v e r t i c e s being occupied by a carbon or boron atom 

(c l o s o = c l o s e d ) . The r e l a t i o n s h i p which l i n k s the 

number of carbon and boron atoms with the polyhedral 

shape of the c l u s t e r i s d i s c u s s e d more f u l l y i n the following 

chapter. The s t r u c t u r e of dicarba-closo-dodecaborane, 

^2^10^12' a s P e c t s °f whose d e r i v a t i v e chemistry t h i s 

chapter i s concerned with, i s based on an icosahedron 

( Figure V I I . 1 ) i n which ten of the twelve v e r t i c e s are 

occupied by boron atoms and the remaining two by the 

carbon atoms. Consideration of the molecular skeleton 

FIGURE V I I . 1 

I c o s a h e d r a l s keleton of C 2 B I Q H 1 2 
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of carbon and boron atoms r e v e a l s the p o s s i b i l i t y of 
three isomeric forms of 021*^1^2> a l l of which are known. 

By analogy with benzene, the isomer having the carbon 

atoms i n p o s i t i o n s 1 and 2 (Figure V I I . 1 ) i s known as 

ortho-carborane, that with carbons i n p o s i t i o n s 1 and 

7, meta-carborane, and that with carbons i n p o s i t i o n s 

1 and 12, para-carborane. Each of the n hydrogen atoms 

of a clo s o (n v e r t e x ) carborane i s bonded to a s i n g l e 

boron or carbon atom by a l o c a l i s e d two-electron bond, 

the bonds being o r i e n t a t e d r a d i a l l y outwards from the 

s u r f a c e of the cage. Numerous derivative's of ortho-

meta- and para- ^2^10^12 a r e known *-n which o n e o r m o r e 

of these exo-bonded hydrogens i s replaced by an organic 

r e s i d u e (as i n the methyl carboranes C ^ i o ' ^ l l ^ 6 ^ o r ^ 

a metal or m e t a l l o i d s p e c i e s . 

Despite the wealth of s t r u c t u r a l information now 

a v a i l a b l e on polyhedral boranes and carboranes and t h e i r 

m etalla d e r i v a t i v e s (231-234), no carborane with a main 

group I or I I metal atom c o v a l e n t l y bonded i n an exo 

p o s i t i o n appears to have been s t r u c t u r a l l y c h a r a c t e r i s e d , 

d e s p i t e the extensive use of such substances as i n t e r 

mediates i n the s y n t h e s i s of other carboranyl d e r i v a t i v e s 

(235). During the course of the present study two compound 

the pentamethyldiethylenetriamirie (PMDETA) adduct of 

l-lithio-2-methyl-l,2-dicarba-closo-dodecaborane, 

L i (C 2B 1 ( )H 1 0Me) (PMDETA), and the b i s ( 1 , 4 dioxan) adduct 

of magnesium bis(2-methyl-l,2-dicarba-closo-dodecaborane), 

Mg(C 2B l 0H 1 ()Me ) 2 (C^H H0 2 ) 2 • ̂ 7 H y > have been prepared and 
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s t r u c t u r a l l y c h a r a c t e r i s e d . The c r y s t a l l o g r a p h i c s t u d i e s 

were performed by Dr. W. Clegg ( Gottingen U n i v e r s i t y ) ; 

at the time of w r i t i n g p r e l i m i a r y r e s u l t s only are a v a i l a b l e 

on the magnesium d e r i v a t i v e . Unsuccessful attempts 

were a l s o made to prepare carboranyl d e r i v a t i v e s of 

aluminium. I n d e s c r i b i n g the two c h a r a c t e r i s e d compounds 

fea t u r e s of t h e i r s t r u c t u r e s are compared with r e l a t e d 

f e a t u r e s of other organolithium and organomagnesium 

compounds, while the s t r u c t u r a l data are i-sed to c a l c u l a t e 

the cone angles and s t e r i c requirements of i c o s a h e d r a l 

carboranyl, and methylcarboranyl, ligands attached to 

metal atoms of various s i z e s . 

Note on Nomenclature 

I n the f o l l o w i n g t e x t the formal nomenclature f o r 

the isomers of ^2^10^12 a n c* t n e*- r d e r i v a t i v e s has been 

used i n t i t l e headings and i n other places where i t i s 

considered warranted. Thus, the formal name f o r ortho-

^2^10^12 *"s 1 >2-dicarba-closo-dodecaborane while i t s 

carbon-substituted methyl d e r i v a t i v e , MeC2B^QH^ (methyl-

ortho-carborane), becomes 1-methyl-l,2-dicarba-closo-

dodecaborane. I n the same way the meta and para d e r i v a t i v e s 

are known as the 1,7-, and 1,12-, dicarba-oloso-dodecaboranes. 

I n other p l a c e s the more convenient terms ortho-, meta-, 

and para-, C 2 B i o H 1 2 ^ a v e D e e n used. A d d i t i o n a l l y , the 

g e n e r a l l y recognised symbolic r e p r e s e n t a t i o n of ortho-

carboranyl compounds, R-C-C-R 

w 
10"10 
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(R, R'=H,organyl, metal e t c . ) has been used i n c e r t a i n 
p l a c e s . 

EXPERIMENTAL SECTION 

( i ) S t a r t i n g m a t e r i a l s 

1,2-Dicarba-closo-dodecaborane (ortho-carborane) 

was prepared, v i a the b i s ( a c e t o n i t r i l e ) d e c a b o r a n e d e r i v a t i v e , 

from decaborane and 2-butyne-l,4-diacetate (236) 1-Methyl-

1,2-dicarba-closo-dodecaborane (methyl-ortho-carborane) 

was prepared, v i a the bromomethyl d e r i v a t i v e , from 

b i s ( a c e t o n i t r i l e ) d e c a b o r a n e and 3-bromoprcpyne (237). 

A l l r e a c t i o n s and subsequent manipulations were c a r r i e d 

out under an i n e r t atmosphere of dry nitrogen using 

standard techniques. 

( i i ) Preparation of l - L i t h i o - 2 - m e t h y l - l , 2 - d i c a r b a - c l o s o -

dodecaborane, LiC2B^QH^QMe 

A s o l u t i o n of n-butyl l i t h i u m (10 mmol.) i n hexane 

was added to a s o l u t i o n of 1 methyl-ortho-carborane 

(1.58g, 10.00 mmol.) i n 15 cm of toluene. The mixture 

was s t i r r e d a t room temperature f o r three hours during 

which time the l i t h i o - c a r b o r a n e p r e c i p i t a t e d from s o l u t i o n . 

The solvent volume was reduced by pumping, the remaining 

s o l u t i o n f i l t e r e d , and the s o l i d m a t e r i a l cashed with 
3 

5 cm of cold pentane. The r e s u l t a n t white s o l i d was 

i d e n t i f i e d as l-lithio - 2 - m e t h y l - l , 2 - d i c a r b a - c l o s o - d o d e c a b o r ane, 

LiC 2B 1 0H 1 ( )Me (Found : C 20.5%, H 9.2%, L i 4.5%, C 4 H 1 3 B 1 ( ) L i 

r e q u i r e s : C 21.9%, H 8.0%,Li 4.2%) \) (Nujol mull) 

2580(s) 1253(w) 1225(w) 1130(w) 1093 On) 1.080(w,sh) 1032(m) 
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1016(m) 994(m) 872(w) 834(w) 815(w) 786(m) 767(w) 723(s) 

652(w) 492(w) cm - 1. The compound was a i r and moisture 

s e n s i t i v e , decomposing immediately upon exposure to a i r . 

Attempts to r e c r y s t a l l i s e the compound f a i l e d , decomposition 

u s u a l l y r e s u l t i n g . 

( i i i ) P reparation of l-(PMDETA)lithio-2-methyl-l,2-dicarba-

closo-dodecaborane. 

A s o l u t i o n of n-butyl l i t h i u m (10 mmol.) i n hexane 

was added to a s o l u t i o n of 1-methyl-ortho-carborane (1.58g, 
o 

10.00 mmol.) i n 30 cm of toluene. The mixture was s t i r r e d 

at room temperature f o r three hours during which time 

the l i t h i a t e d carborane, l - L i - 2 - M e C 2 B 1 0 H 1 0 , p r e c i p i t a t e d 

from s o l u t i o n . Pentamethyldiethylenetriamine, PMDETA, 

(1.73g, 10.00 mmol.) was added, the s o l u t i o n warmed 

to d i s s o l v e the remaining p r e c i p i t a t e and placed i n a 

f r e e z e r maintained at -30°. C r y s t a l s were deposited 

which were f i l t e r e d , washed with a small anount of cold 

pentane, and pumped dry. R e c r y s t a l l i s a t i o n from toluene 

afforded c o l o u r l e s s c r y s t a l s i d e n t i f i e d as 1-(PMDETA)-

l i t h i u m - 2 - methyl-1,2-dicarba-closo-dodecaborane. 

Li(MeN(CH 2CH 2NMe 2) 2) (MeC 2B 1 ( )H 1 0), m.pt. 195-197° (Found 

: C 42.5%, H 10.2%, L i 2.0%, N 12.1%, C 1 2 H 3 6 B 1 ( ) L i N 3 r e q u i r e s 

C 42.7%, H 10.8%, L i 2.1%, N 12.5% ) >) (Nuiol mull) 
' max J 

2595(m,sh) 2580(s) 2550(m,sh) 2512(m,sh) l?58(m) 1318(w) 

1297(m,sh) 1289(m) 1252(w) 1172(w) 1158(w) 1119(w) 1102(w) 

1060(m) 1041. ( s ) 1024 (m) 992(w) 947(m,sh) 943(s) 937(m,sh) 

905(w) 799(m) 783(m) 770(w) 758(w) 737(m) 730(m,sh) 69-5(w) 

671(w) 660(w),603(m) 577(w) 548(w).508(w) cm"1. The 
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compound was a i r and m o i s t u r e - s e n s i t i v e , decomposing 

immediately upon exposure to a i r . Attempts to record 

i t s mass spectrum afforded evidence of the li g a n d PMDETA 

( m/e=173) and fragments thereof, and of the carboranyl 

r e s i d u e C2B^QH^QM6 (a c h a r a c t e r i s t i c group of peaks showing 

the appropriate isotope p a t t e r n , with that at m / e e 1 5 9 

of highest mass) and i t s breakdown fragments. 

( i v ) Addition of Pentamethyldiethylenetriamine to 1-

Lithio-1,2-dicarba-closo-dodecaborane. 

A s o l u t i o n of n-butyl l i t h i u m (8.28 mmol.) i n hexane 

was added to a s o l u t i o n of ortho-carborane, ^2^10^12 
3 

(1.19g, 8.25 mmol) i n 30 cm of toluene and the mixture 

s t i r r e d f o r three hours a t room temperature. Pentamethyl

d i e t h y l e n e t r i a m i n e (1.43g, 8.25 mmol.) was added, the 

solvent volume reduced by pumping, and the s o l u t i o n placed 

i n a f r e e z e r a t -30° f o r a number of days. No s o l i d 

m a t e r i a l was deposited so the remaining solvent was removed 

under vacuum to y i e l d a yellow viscous o i l . (Found : 

C 52.9%, H 15.1%, L i 1.1%, N 10.1% : L i (PMDETA)C 2B 1 ( )H 1 2 

r e q u i r e s : C 40.9%, H 10.6%, L i 2.2%, N 13.0%). Prolonged 

pumping under vacuum y i e l d e d small q u a n t i t i e s of PMDETA 

and toluene, i d e n t i f i e d on the b a s i s of t h e i r i n f r a red 

sp e c t r a . 

(v) Addition of Tetramethylethylenediamine to 1 - L i t h i o -

1,2-dicarba-closo-dodecaborane 

I n an experiment s i m i l a r to that described above, 

tetramethylethy!onediamine, TMEDA (1.10g, 9.47 mmol.) 

was added to a s o l u t i o n of Lithio-ortho-carborane (1.42g, 
3 

9.46 mmol.) i n 20 cm of toluene. Cooling to -30° f o r 
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a number of days f a i l e d to y i e l d any s o l i d m a t e r i a l so 

the solvent was removed under vacuum to y i e l d a pale 

yellow o i l . (Found : C 47.0%, H 12.6%, L i 1.2%, N 8.5% 

(TMEDA)LiC 2B 1 0H 1 : L r e q u i r e s : C 36.1%, H 10.2%, L i 2.6%, 

N 10.5%). Further pumping under vacuum r e s u l t e d i n recovery 

of a d d i t i o n a l small q u a n t i t i e s of TMEDA. 

( v i ) Preparation of l-Bromo-2-methyl-l,2-dicarba-closo-

dodecaborane, C2B^QH^QMeBr 

A d i e t h y l ether/hexane s o l u t i o n of l - L i t h i o - 2 - m e t h y l -

ortho-carborane, LiC2B^QH^QMe, was slowly added to a 

s t i r r e d s o l u t i o n of bromine i n d i e t h y l ether a t 0°. 

The r e s u l t i n g s o l u t i o n was shaken with an equal volume 

of d i l u t e aqueous sodium thi o s u l p h a t e , the ether l a y e r 

separated, and d r i e d over anhydrous magnesium sulphate. 

Removal of the ether by pumping y i e l d e d a white s o l i d 

which was p u r i f i e d by sublimation (80°, 0.004 mm Hg) 

and i d e n t i f i e d as l-Bromo-2-methyl-l,2-dicarba-closo-

dodecaborane , C 2B 1 0H 1 0BrMe, m.pt. 222° ( L i t . (238) 220-1°) 

(Found : C 15.3%, H 5.7%, B 45.5%, Br 34.5%, C^^B^Br 

r e q u i r e s : C 15.2%, H 5.5%, B 45.6%, Br 33.7%) N ) m a x ( n u j o l 

mull) 2568(s,br) 1195(w) 1158(w,br) 1097(w) 1039(w) 1020(w) 

987(m) 937(w,sh) 932(m) 921(w,sh) 905(w) 872(m) 854(m) 

791(m) 772(w) 728(s) 673(w) 658(w) cm - 1. 

( v i i ) Preparation of bis(dioxan)Magnesium-bis(2-methyl-

1,2-dicarba-closo-dodecaborane) 

A s o l u t i o n of l-bromo-2-methyl-ortho-carborane, 
C 2 B 1 0 H 1 0 M e B r ( 1 * 8 1 £ > 7 - 6 3 nrniol.) i n 20 cm 3 of d i e t h y l 

ether was slowly added to magnesium turnings (0.35g, 
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10.29 mmol.) i n 10 cm of r e f l u x i n g d i e t h y l ether. A 
small c r y s t a l of iodine was added to i n i t i a t e the Grignard 
r e a c t i o n . At the end of the ad d i t i o n the r e a c t i o n was 
re f l u x e d for a f u r t h e r period of three hours and then 
f i l t e r e d to remove unreacted magnesium.5 cm of 1,4 dioxan 
was then added to the c l e a r s o l u t i o n which r e s u l t e d i n 
the p r e c i p i t a t i o n of a white s o l i d . A f t e r s t i r r i n g over
night the solvent was removed by pumping, the r e s u l t i n g 
s o l i d e x t r a c t e d with 15 cm of hot toluene, and f i l t e r e d 
to y i e l d a c o l o u r l e s s s o l u t i o n which deposited c o l o u r l e s s 
c r y s t a l s upon co o l i n g . The c r y s t a l s were i d e n t i f i e d 
as b i s (1,4 dioxan)magnesium b i s ( 2 - m e t h y l - l , 2 - d i c a r b a -
closo-dodecaborane), Mg(C2B^QH^QMe)2(C^Hg02)2 .C^Hgm.pt. 
180-185°(dec.). (Found : C 40.0%, H 10.3%, B 33.2%, 
Mg 3.8%, C 2 1H 5 0B 2 0MgO 4 r e q u i r e s : C 41.5%, H 8.3%, B 
B 35.6%, Mg 4.0%) ^ m a x < N u j o l mull) 2565(s,br) 1299(m) 
1264(m) 1223(w) 1131(s) 1096(w) 1047(s) 1017(w,sh) 972(w) 
937(w,br) 895(m) 878(s) 846(w) 823(m) 793U) 773(w) 763(s) 
697(w) 670(w) 654(w) 621(m) 573(w) 503(w) 467(w) 458(w) 
cm~^. The compound was extremely a i r s e n s i t i v e . I t s 
mass spectrum showed evidence of peaks due to the fragmentation 
of dioxan as w e l l as the c h a r a c t e r i s t i c isotope peak 
p a t t e r n of MeC2B 1 0H 1 0 (high mass m / e = 159). 
( v i i i ) Reaction of l-Lithio-2-methyl-l,2-dicarba-closo--

dodecaborane and Methylaluminiumdichloride (2:1) 
n-Butyl l i t h i u m (11.35 mmol.) i n hexane was added 

to a toluene s o l u t i o n of methyl-ortho-carborane (1.78g, 
11.25 mmol.), the s o l u t i o n s t i r r e d at room temperature 
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for three hours and then frozen to -196°. Methylalumlnium 
3 

d i c h l o r i d e (0.64g, 5.66 mmol.) i n 20 cm of toluene was 

added and the s o l u t i o n s t i r r e d to room temperature. 

Evidence of a r e a c t i o n below 0° was observed and a quantity 

of white s o l i d , subsequently confirmed as L i C I , was 

deposited. The r e a c t i o n was re f l u x e d f o r one hour and 

f i l t e r e d hot to y i e l d a c l e a r s o l u t i o n . Cooling to 

-30° f a i l e d to y i e l d any s o l i d m a t e r i a l so the solvent 

was removed by pumping to y i e l d a c o l o u r l e s s , v i s c o u s , 

o i l . Elemental a n a l y s i s of the o i l f a i l e d to give c o n s i s t e n t 

r e s u l t s ; i t s i n f r a red spectrum was poorly r e s o l v e d 

but showed no evidence f o r an exo C-H s t r e t c h i n g absorption 

above 3000 cm~^. Further attempts at the recovery of 

c r y s t a l l i n e m a t e r i a l s from t h i s r e a c t i o n ware u n s u c c e s s f u l . 

( i x ) Reaction of l - L i t h i o - 2 - m e t h y l - l , 2 - d i c a r b a - c l o s o -

dodecaborane and Dimethylaluminium c h l o r i d e (1:1) 

In a r e a c t i o n s i m i l a r to that described above 

dimethylaluminium c h l o r i d e (0.88g, 9.51 mmol.) and 1-

lithio-2-methyl-l,2-dicarba-closo-dodecaborane (1.56g, 

9.50 mmol.) were react e d i n toluene s o l u t i o n . Removal 

of the L i CI p r e c i p i t a t e and solvent again y i e l d e d a 

c o l o u r l e s s , and very v i s c o u s , o i l which could not be 

c h a r a c t e r i s e d . 
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DISCUSSION 

Preparation of carboranyl d e r i v a t i v e s of metals and 

m e t a l l o i d s 

A very extensive organic chemistry has been developed 

for the i c o s a h e d r a l carboranes ortho-, meta-, and para-
C 2 B 1 0 H 1 2 ' a n d t h e i r carbon-bonded d e r i v a t i v e s , based 

l a r g e l y on the m e t a l l a t i o n of one (or both) of the carbon 

atoms of the carborane cage. I n a d d i t i o n , a considerable 

number of compounds having carboranyl groups bonded to 

metals or m e t a l l o i d s through C-metal or C-metalloid 

exo O" bonds have been prepared and c h a r a c t e r i s e d . 

The preparation of such ©--bonded meta l l a d e r i v a t i v e s 

of ortho-, meta, and para-, C2^10**12' a n t * t l i e i r carbon-

s u b s t i t u t e d d e r i v a t i v e s , has r e c e n t l y been comprehensively 

reviewed by Bresadola (235), and i t i s not intended to 

provide a s i m i l a r survey i n the present work. This 

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

of the v a r i o u s p r e p a r a t i v e routes which have been employed 

i n the s y n t h e s i s of such compounds; the reader i s r e f e r r e d 

to the above review f o r a more d e t a i l e d coverage of 

the l i t e r a t u r e . 

The carbon-hydrogens of the ^ B ^ Q H ^ * - S O M E R S A N < * 

t h e i r C - a l k y l and C - a r y l d e r i v a t i v e s , R C 2 B i o H l l ' a r e 

m i l d l y a c i d i c i n nature and can be e a s i l y replaced by 

the metals of c e r t a i n a c t i v e m e t a l l a t i n g agents such 

as b u t y l — l i t h i u m and p h e n y l — l i t h i u m (239 - 246) (Equations 

V I I 1,2). I n the case of the mono-lithium d e r i v a t i v e 
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RLi + R ' C 2 B 1 0 H 1 1 R , C 2 B 1 ( ) H 1 0 L i + RH V I I . 1 

R = nBu,Ph; R* = H , a l k y l , a r y l . 

2RLi + C 2 B 1 0 H 1 2 * C 2 B 1 0 H 1 0 L i 2 + 2RH V I I . 2 

of ortho-carborane, ( ^ B ^ H ^ L i , the r e a c t i o n i s complicated 

by a d i s p r o p o r t i o n a t i o n e q u i l i b r i u m , e x i s t i n g i n e i t h e r 

ether or ether/benzene s o l v e n t s , (Equation V I I . 3 ) between 

the C-monolithium and C,C d i l i t h i u m s p e c i e s (246). I n 

2 H-C-C-Li * H-C-C-H + L i - C - C - L i 
\o/ , \o/ \0/ 

B i o H i o B i o H i o B i o H i o V I 1 ' 3 

a r y l s o l v e n t s the e q u i l i b r i u m i s w e l l over to the l e f t hand 

s i d e , i n favour of the monolithium d e r i v a t i v e (244), 

while the problem may otherwise be avoided, as was the 

case with the s y n t h e s i s of L i ( C ^QH^Me) (PMDETA), by 

the use of a C - a l k y l a t e d carborane where the a l k y l group 

prevents formation of the d i l i t h i o s p e c i e s . A l k a l i 

metal d e r i v a t i v e s of ortho-, meta-, and para-, C2B10**12 

have a l s o been prepared by t r e a t i n g the carborane with 

the corresponding a l k a l i - m e t a l amide i n l i q u i d ammonia 

(247-249) (Equation V I 1 . 4 ) . I n t h i s manner both mono-, 

l i q . NH-, 
C 2 B 1 0 H 1 2 + M N H 2 C 2 B 1 0 H 1 1 M + N H 3 V I I . 4 
M = L i , Na, K 

and d i - , metal d e r i v a t i v e s have been prepared, while un-

s u b s t i t u t e d and C-monosubstituted cnrboranes have a l s o 

been me t a l l a t e d by sodium amide i n b o i l i n g toluene (250). 

I n c o n t r a s t to the r e a c t i o n s i n l i q u i d ammonia, the l a t t e r 
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r e a c t i o n s , between NaNH2 and one equivalent of the 

unsu b s t i t u t e d carborane, y i e l d s o l e l y monosodium 

d e r i v a t i v e s . I n a s i m i l a r manner calcium d e r i v a t i v e s 

of u n s u b s t i t u t e d and C-monoalkyl carboranes have been 

obtained by r e a c t i o n of the appropriate carborane with 

calcium amide i n l i q u i d ammonia (247, 248). 

The r e a c t i o n of a l i t h i o - c a r b o r a n e with a h a l i d e 

compound of a metal or m e t a l l o i d has been by f a r the 

most e x t e n s i v e l y used route f o r the s y n t h e s i s of <y-

bonded d e r i v a t i v e s of C 2 B i o H 1 2 a n c* C 2 B 1 0 H l l R ( E < l u a t i o n 

V I I . 5 ) . Thus, an extensive range of d e r i v a t i v e s of 

n R C 2 B l 0 H 1 0 L i + X n M Y z - ^ ( C 2 B 1 0 H 1 0 R ) n MY z_ n +n Li X 

R=H, a l k y l , a r y l ; X = halogen. V I I . 5 

the main-group elements boron (251), gallium (252) 

s i l i c o n (239,240,253-259), germanium (253,260,261), 

t i n (253,262-269), phosphorus (253,264,270-272), a r s e n i c 

(253,273) and antimony (253) have been s y n t h e s i s e d by 

t h i s method, together with d e r i v a t i v e s of mercury (253, 

263,264,274-276), z i n c (277) and a la r g e number of t r a n s i t i o n 

metals (233,235). 

The m i l d l y a c i d i c a c t i v i t y of the carbon-bonded 

hydrogens of C 2 B i o H 1 2 a H ° w s f a c i l e p r e p a i a t i o n of c a r 

borane Grignard reagents through r e a c t i o n with a l k y l -

magnesium h a l i d e s ( Equation V I I . 6 ) , although the r e a c t i o n 

RMgX + R* C 2 B 1 0 H n — - R ' c 2 B 1 0 H 1 0 M g B r + RH VI1.6 

R=Et,Ph R* = a l k y l , a r y l , H 



- 215 -

may be dependent on the ether solvent used. Thus, e t h y l -

magnesium bromide w i l l r e a c t smoothly with ortho-, and 

meta-, C 2 B i o H 1 2 i n t e t r a n y d r o f u r a n (but n o t d i e t h y l e t h e r ) 

to give carboranylmagnesium bromide (278,279) although 

the para compound w i l l not undergo t h i s r e a c t i o n . Car

boranylmagnesium bromides can a l s o be obtained by r e a c t i n g 

1-Br-,2-R-C2&iQttiQ with magnesium turnings i n r e f l u x i n g 

d i e t h y l ether (239) (Equation V I I . 7 ) , t h i s being the 
E t ? 0 

R-C-C-Br + Mg • R-C-C-MgBr 
\ 0 / \ ° / 

B10«10 

method used i n t h i s study during the s y n t h e s i s of Mg((^B^QH^QMB) 

(0 2C^Hg) 2. A f u r t h e r example of et h e r - s o l v e n t dependency 

i n the formation of carboranyl Grignard reagents i s the 

r e a c t i o n of l-BrCH 2-ortho-C 2B^QH^^ and magnesium. I n 

d i e t h y l ether the r e a c t i o n proceeds to form the expected 

product (271) (Equation V I 1 . 8 ) , whereas i n T.H.F. 

E t 2 0 
H-C-C-CH9Br + Mg » H-C-C-CH9MgBr VI 1.8 

B 1 0 H 1 0 B 1 Q H 1 0 

s o l u t i o n (240,280) the sp e c i e s apparently undergoes i s o -

m e r i s a t i o n to y i e l d the l-methyl-2-carboranylmagnesium 

bromide d e r i v a t i v e (Equation V I I . 9 ) . 
T.H.F. 

H-C-G-CH9Br + Mg • BrMg-C-C-CH, 
\o/ 1 \°/ 

B 1 0 H 1 0 B 1 Q H 1 0 V I I , 9 
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I n a manner analogous to the l i t h i o reagents, 
carboranylmagnesium bromide d e r i v a t i v e s w i l l r e a c t with 
h a l i d e d e r i v a t i v e s of metals and met a l l o i d s (Equation 
V I I . 1 0 ) . Although used l e s s e x t e n s i v e l y than the former 

n RC 2B 1 0H 1 0MgBr + \fN£=S-* n (R C 2
B 1 0 H 1 0 ̂ z - n + 

MgBrX VII.10 

method, a considerable number of exo o— bonded d e r i v a t i v e s 

have been sy n t h e s i s e d by t h i s route, notably some d e r i v a t i v e s 

of mercury, t i n , s i l i c o n and phosphorus (281). 

F i n a l l y , two f u r t h e r r e a c t i o n s have been reported, 

r e s u l t i n g i n the-formation carborane-metal o* bonds. 

Reaction of phenyl-ortho-carborane, (^B^QH^Ph, with 

d i e t h y l z i n c i n hexamethyltriamidophosphate a t elevated 

temperatures ( E q u a t i o n V I I . 1 1 ) y i e l d s a b i s ( c a r b o r a n y l ) z i n c 

2Ph-C-C-H + E t 9 Z n — * Ph-C-C-Zn-C-C -Ph + 2EtH 
W V7 \°/ 

BioHio BioHio BioHio V I 1 * 1 1 

d e r i v a t i v e (277), while a r e a c t i o n between an ortho-carbora ne 

d e r i v a t i v e and an organomercury hydroxide w i l l y i e l d a 

C- s u b s t i t u t e d mercury d e r i v a t i v e (Equation V I I . 1 2 ) (282). 

R-C-C-H + R* HgOH —» R-C-C-HgR1 + H o0 
\ ° / \ o / 2 

B 1 0 H 1 0 B10 H10 V I I . 1 2 

R = H, Mo, Ph; !<' he, Ph. 
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The c r y s t a l s t r u c t u r e of the pentamethyldiethylenetriamine 

adduct of l-lithio-2-methyl-l,2-dicarba-closo-dodecaborane: 

Li(C 2B 1 0H 1 0Me)(MeN(CH 2CH 2NMe 2) 2) 

A f a m i l i a r f e a t u r e of organolithium chemistry i s the 

m u l t i c e n t r e bonding which normally occurs between the 

metal atoms and the l i g a n d carbon atoms (231,283,284). 

L i t h i o d e r i v a t i v e s of unsaturated hydrocarbons have 

s t r u c t u r e s i n which the metal atoms are w i t h i n bonding 

d i s t a n c e of at l e a s t two (and more commonly three or 

four) l i g a n d carbon atoms (285). Lithium a l k y l s normally 

have s t r o n g l y a s s o c i a t e d s t r u c t u r e s which p e r s i s t even 

i n s o l u t i o n i n donor s o l v e n t s , being held together by 

four-centre two-electron bonds, as i n t e t r a h e d r a l t e t r a m e r i c 

molecules l i k e (LiMe)^ (204) or chair-shaped hexameric 

molecules l i k e ( L i - c y c l o h e x y l ) ^ (286). The number of 

l i g a n d carbon atoms to which each l i t h i u m atom bonds 

(and the number of l i t h i u m atoms to which each ligand 

bonds) can be reduced by the presence of a c h e l a t i n g 

base. Thus, phenyl l i t h i u m , f o r example, c r y s t a l l i s e s 

i n the presence of tetramethylethylenediair.ine (TMEDA) 

as the dimer (LiPhTMEDA) 2, held together by three-centre 

L i ... C ... L i bonds (287). The s t e r i c bulk of c e r t a i n 

organic l i g a n d s can a l s o be s u f f i c i e n t to prevent a s s o c i a t i o n 

and i t i s s i g n i f i c a n t that one of the only two organolithium 

compounds known p r i o r to the present study to have un-

a s s o c i a t e d s t r u c t u r e s , (PMDETA)LiCH(SiMe 3) 2 (206), contains 

the very bulky li g a n d CH(SiMe 3> 2 ( F i g . V I I . 2 ( a ) ) . The 

L i - C bond i n t h i s compound was described 
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i n terms of a two-centre two-electron covalent i n t e r a c t i o n 

on account of the s i m i l a r i t y i n i t s length (2.13(5)8) 

to that of the a s s o c i a t e d organolithium compound 2 - l i t h i o -

2-methyldithiane (205) ( F i g u r e V I I . 2 ( b ) ) *here the L i - C 

bond, of length 2.186(5)8 was shown to be e s s e n t i a l l y 

covalent by e l e c t r o n d e n s i t y p l o t s . 

FIGURE V I I . 2 

Compounds containing two-centre carbon-lithium bonds. 

(a) b) 
/ NMe 2 \ 

MeN NMe Me 

J L T I TMEDA 
Li 

Li 

IA 

Li 

\ TMEDA SiMe Me H 
SiMe 

c) (d) 

MenN NMe 
NMe Me NMe 

Li Li 

Me 
Ph 
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By c o n t r a s t , the longer Li-C bond (2.280(5 ) 8 ) of the 
only other organolithium compound known t o be unassociated, 
2 - l i t h i o - 2 - p h e n y l d i t h i a n e (Figure V I I . 2 ( c ) ) (205), was 
shown to have considerably more i o n i c character, again 
on the basis of an e l e c t r o n density p l o t . 

The compound described i n the present study, 
Li(C 2B 1 0H 1 ( )Me) (PMDETA) (FigureVII.2(d)), was synthesised 
i n the expectation (now r e a l i s e d ) t h a t f o r a combination 
of e l e c t r o n i c and s t e r i c reasons i t would have a monomeric 
s t r u c t u r e , so p r o v i d i n g an unprecedented example of 
l i t h i u m t e r m i n a l l y attached t o a six-coordinate carbon 
atom. The compound i s , a d d i t i o n a l l y , the f i r s t s t r u c t u r a l l y 
characterised example of a carboranyl u n i t bonded exo-
s k e l e t a l l y t o a group I metal. The t r i d e n t a t e base, 
PMDETA, was t h e r e f o r e used t o block the three spare 
valencies of the l i t h i u m atom. 

The r e s u l t s of the c r y s t a l l o g r a p h i c study are i l l u s t r a t e d 
i n Figure V I I . 3 while selected bond lengths and angles 
are given i n Table V I I . 1 . Crystals of Li(C 2B 1 0H 1 0Me)(PMDETA) 
are monoclinic, space group P2l/m,with a = 8.242(1), 
b=13.522(1) c=10.799(1)8,,3=108.75(1)°, Z=2. The molecule 
possesses a plane of symmetry which passes through the 
atoms C ( l ) , N ( l ) , L i , C(6), C(7) and C(8). The f o u r -
coordinate l i t h i u m atom i s t e r m i n a l l y attached t o the s i x -
coordinate carbon atom of the carborane cage by a bond of 
l e n g t h 2.176(8 )8 which i s s i m i l a r t o those of 2.186(5 ) 8 , 

i n 2 - l i t h i o - 2 - m e t h y l d i t h i a n e (205) (Figure V I I . 2 ( b ) ) , 
and 2.13(5 ) 8 , i n (PMDETA)LiCH(SiMe-,)9 (206) ( F i g u r e 



FIGURE VI I . 3 Molecular s t r u c t u r e of L i ( C 0 B i n M e ) ( P M D E T A ) 2"10"10 
(hydrogen atoms omitted) 
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TABLE V I I . 1 

Selected bond length s (A3) and angles (°) 
f o r L i ( C 2B 1 QH 1QMe)(PMDETA) 

L i - N ( l ) 2.134(9) L i - N(2) 2.169(5) 
L i - C(6) 2.176(8) N ( l ) - C ( l ) 1.454(10) 
N ( l ) - C(2) 1.435(7) C(2) - C(3) 1.434(11) 
C(3) - N(2) 1.452(7) N(2) - C(4) 1.412(6) 
N(2) - C(5) 1.436(10) C(6) - C(7) 1.681(7) 
C(6) - B ( l ) 1.707(6) C(6) - B(2) 1.709(8) 
C(7) - C(8) 1.516(11) C(7) - B ( l ) 1.653(7) 

N ( l ) - L i - N ( 2 ) 85.6(2) N ( l ) - L i - C ( 6 ) 124.1(5) 
N(2)-Li-C(6) 119.1(2) N(2)-Li-N(2) 114.4(4) 
L i - N ( l ) - C d ) 115.2(4) ' L i - N ( l ) - C ( 2 ) 104.9(3) 
C ( l ) - N ( l ) - C ( 2 ) 109.9(4) C(2)-N(l)-C(2) 111.9(5) 
N(l)-C(2)-C(3) 117.0(5) C(2)-C(3)-N(2) 117.2(5) 
Li-N(2)-C(3) 100.9(4) Li-N(2)-C(4) 111.5(3) 
C(3)-N(2)-C(4) 111.8(5) Li-N(2)-C(5) 118.0(4) 
C(3)-N(2)-C(5) 105.2(5) C(4)-N(2)-C(5) 109.1(5) 
Li-C(6)-C(7) 129.3(5) L i - C ( 6 ) - B ( l ) 122.2(4) 
Li-C(6)-B(2) 118.0(3) C(6)-C(7)-C(3) 115.7(4) 
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V I I . 2 ( a ) ) , though somewhat shorter than t h a t of 2.280(5)8, 
i n 2 - l i t h i o - 2 - p h e n y l d i t h i a n e (205) ( F i g u r e V I I . 2 ( c ) ) . 
The bond l e n g t h i n the present case might have been expected 
to be somewhat longer, i n view of the higher c o o r d i n a t i o n 
number of the carbon atom concerned, although the sp 
h y b r i d i s a t i o n commonly assumed f o r the s k e l e t a l atoms 
of icosahedral carboranes would r e q u i r e a r e l a t i v e l y 
short exo bond. A l l the term i n a l Li-C bonds are shorter 
than the f r a c t i o n a l order Li-C bond i n unsolvated (MeLI)^ 
(2.368) (204) although they are a c t u a l l y longer than 
some of the bonds f o r m a l l y of order < 1 i n some other 
associated l i t h i u m a l k y l s or a r y l s , where bond lengths 
i n the range 2.11 t o 2.478 have been reported (284). 

By c o n t r a s t , the f r a c t i o n a l order Al-C bonds i n aluminium 
a l k y l s and a r y l s are u s u a l l y 0.208 or more longer than 
the corresponding t e r m i n a l Al-C bonds (231,288), as 
might be expected. The c o r r e l a t i o n between bond l e n g t h 
and bond order i n the organolithium d e r i v a t i v e s i s thus 
less c l e a r cut and indeed these bonds must be regarded 
as being a t , or beyond, the l i m i t of what can be regarded 
as a covalent i n t e r a c t i o n (283,289-291). 

The features of the c o o r d i n a t i o n of the PMDETA l i g a n d 
t o the l i t h i u m atom are unexceptional; the Li-N bonds 
are of normal length (ca. 2.15A) and the NLiN bond angles 
r e f l e c t the c h a r a c t e r i s t i c " b i t e " of the t r i d e n t a t e l i g a n d . 
The o r i e n t a t i o n of the l i g a n d i s such t h a t i t s plane 
of symmetry coincides w i t h t h a t of the carboranyl residue, 
an o r i e n t a t i o n which minimises s t e r i c i n t e r a c t i o n s w i t h 
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the carboranyl-bonded methyl group. S u r p r i s i n g l y , the 
exo bonds, between C(6) and L i , and between C(7) and 
C(8), both show s l i g h t d e v iations from t h e i r expected 
o r i e n t a t i o n s as i f both exo-bonded s u b s t i t u e n t s were 
s h i f t e d p a r a l l e l t o the C(6) - C(7) axis i n the same 
d i r e c t i o n . This has the e f f e c t of b r i n g i n g the methyl 
group attached t o C(7) s l i g h t l y nearer C(6) than expected, 
r a t h e r than the groups moving i n opposite d i r e c t i o n s 
as might have been expected of two m u t u a l l y - r e p e l l e n t 
groups. 

From the s t r u c t u r e of (PMDETA)LiC2B1(,H10Me i t i s 
possible t o c a l c u l a t e the e f f e c t i v e cone angle subtended 
by the 2-methyl-ortho-carboranyl group at a metal atom 
such as l i t h i u m . The concept of cone angles, f i r s t introduced 
by Tolman (292) t o f a c i l i t a t e the discussion of s t e r i c 
e f f e c t s i n crowded t r a n s i t i o n - m e t a l c o o r d i n a t i o n complexes, 
i s p a r t i c u l a r l y h e l p f u l i n assessing how many bulky, 
pseudo-spherical, ligands such as icosahedral carboranyl 
groups can be attached to a p a r t i c u l a r metal atom. 
Table V I I . 2 l i s t s the cone angles f o r (a) unsu b s t i t u t e d 
carboranyl u n i t s C ^ l O ^ l l a n c* ^ 2-methyl-ortho-carboranyl 
ligands MeC2B^QH^Q f o r a representative range of metal-
carbon bond lengths. The approximate cone angles were 
determined, as o u t l i n e d i n Figure V I I . 4 , by summing 
the c a l c u l a t e d angles, 9 and TQl, between the exo C-M 
bond and the surface of the nearest hydrogen atoms. 
These were e i t h e r of a C-H or B-H group or of a C-Me 
group i n the ortho p o s i t i o n r e l a t i v e t o the me t a l l a t e d 
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TABLE VII . 2 
(b) Cone angles f o r the ligands (a) ^ ^ l O ^ l 

C 6H 5, (c) 2-Me-l,2-C 2B 1 ( )H 1 0(d) 2-Me-C6H4 as 
. a f u n c t i o n of the metal-carbon distance 

M-C distance ( 8 ) 1.60 1.95 2.18 2.45 

Cone angle ( 0 ) (a) 154 140 132 120 

(b) 153 138 130 120 

(c) 169 158 149 138 

(d) 183 169 159 148 

FIGURE V I I . 4 
Cone angle f o r the carboranyl l i g a n d 

2-Me-l,2-C 2B 1 0H 1 0 
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carbon atom. A hydrogen Van de Waals radius of 1. 28 
was assumed. Also included i n Table V I I . 2 , f o r comparison, 
are the cone angles f o r (b) phenyl and (d) o r t h o - t o l y l 
groups, c a l c u l a t e d i n a s i m i l a r manner. The cone angles 
f o r the l a t t e r , when c a l c u l a t e d i n the plane of the aromatic 
r i n g , are seen t o be s l i g h t l y greater than those of 
l _ M e - l , 2 - C 2 B 1 0 H 1 0 . 

The cone angles of Table VII.2 i n d i c a t e t h a t there 
i s room f o r uncoordinated l - l i t h i o - 2 - m e t h y l - o r t h o - c a r b o r a n e 
t o adopt a dimeric s t r u c t u r e , (LiC2B^QH^QM3)2, i n which 
the carboranyl groups, l i k e the phenyl groups of 
(LiPh.TMEDA ) 2 (287), perform a b r i d g i n g r o l e between 
the metal atoms. Such a conformation would seem u n l i k e l y 
on e l e c t r o n i c grounds, however, as the electron-withdrawing 
p r o p e r t i e s of the carborane group would be expected t o 
reduce the capacity of the carbon atoms t o p a r t i c i p a t e 
i n m u l t i c e n t r e bonding outside the cage. The lack of 
success i n attempts t o i s o l a t e such an associated compound, 
during the course of the present study, i s t h e r e f o r e 
not s u r p r i s i n g . A f u r t h e r i m p l i c a t i o n of the data i n 
Table V I I . 2 i s t h a t i t i s not r e a l i s t i c to expect more 
than two C ^ l O ^ l l u n i t s , l e t alone ortho-mothylated 
carboranyl u n i t s , t o be l i n k e d t o a s i n g l e boron, carbon 
or n i t r o g e n atom, where an exo bond l e n g t h of ca. 1.52 
to 1.62 8 would be expected. A l a r g e r second-row element 
such as aluminium, s i l i c o n or phosphorus might j u s t be 
b i g enough t o accommodate three C 2B^QH^icosahedra, though 
not when they are orthomethylated. 
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The X-Ray c r y s t a l s t r u c t u r e of the bis(1,4 dloxan) adduct 
at Magnesium b i s (2-methyl-l,2-dicarba-closo-dodecaborarte ): 
Mg(C 2B 1 0H 1 0Me) (0 2C 4H 8) 2X: 7H 8 

The X-ray determined c r y s t a l s t r u c t u r e s of the s o l i d s 
MgR2( R=Me,Et) (293,294) show these t o be l i n e a r polymeric 
molecules w i t h symmetrically b r i d g i n g a l k y l groups ( Figure 
V I I . 5 ( a ) ) . The bonding may be formalised i n terms of 
e l e c t r o n - d e f i c i e n t three-centre tWo-electron covalent 
(but p o l a r ) l i n k s , each metal atom having an approximately 
t e t r a h e d r a l c o o r d i n a t i o n of four ligands. By cont r a s t 

FIGURE VII.5 
Structures of the polymeric dialkylmagnesium 

compounds (MgR 2) nand monomeric adduct 
d e r i v a t i v e s Mg^L^ 

(a J R 
;Mg Mg 

^ R 1 

(b) 

R 
n 

X-ray determinations of the c r y s t a l s t r u c t u r e s of adducts 
MgR 2(L 2) (R=Me, L=quinuclidine (295) or L 2 = TMEDA (296); 
R=Ph, L2=TMEDA (297); R=(Me) 2C 5H 3, L2=TMEDA (298)) have 
established monomeric s t r u c t u r e s ( F i g u r e V I I . 5 ( b ) ) w i t h 
d i s t o r t e d t e t r a h e d r a l geometry around magnesium, while 
the metal-carbon bonding may be described i n terms of 
two-centre two-electron covalent i n t e r a c t i o n s . The Mg-C 
bond lengths i n these compounds (ca. 2.168) are s i m i l a r 
t o those of some ether-coordinated a l k y l - and a r y l - , 
magnesium h a l i d e s , RMgX(L2) (299), which possess s i m i l a r 
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two-centre l i n k a g e s , while being somewhat shorter than 
the f o r m a l l y h a l f - o r d e r Mg-C bonds i n (MgMe 2) n and ( M g E t 2 ) n 

which have lengths of 2.248 and 2.268 r e s p e c t i v e l y (293, 
294). 

During the course of the present study a f u r t h e r 
example of a monomeric ether-adduct species, Mg( C 2B^QH^QM6) 

(02C^Hg)2jC^Hg has been synthesised and s t r u c t u r a l l y 
c h a racterised. The compound contains a unique example 
of magnesium bonded t o a six-coordinate carbon atom by 
means of a two-centre two-electron bond, and i s the f i r s t 
s t r u c t u r a l l y characterised example of an exo-bonded group 
I I carboranyl d e r i v a t i v e . The compound was synthesised 
by the a d d i t i o n of 1,4-dioxan t o a d i e t h y l ether s o l u t i o n 
of the corresponding carboranylmagnesium bromide (Equation 
V I I . 1 3 ) , t h i s method being w e l l established as a route 

2 MeC 2B 1 0H 1 0MgBr + 4 C^HgC^ •(MeC 1 0B 1 0H 1 0) 2Mg(C /,H 8O 2 

+ M gBr 2(C 4H g0 2) 2 

VII.13 

t o ether-coordinated diorganylmagnesLum compounds (299). 

Separation of the carboranylmagnesium compound from 
MgBr 2(C 4 H g 0 2 ) 2 was e f f e c t e d by subsequent temoval of 
the ether solvent and e x t r a c t i o n w i t h hot toluene. I t 
i s i n t e r e s t i n g t o note t h a t , whereas the 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 o u t l i n e d i n Equation VIT.13 r e a d i l y occurs 
upon a d d i t i o n of a base such .is dloxan, a d d i t i o n of o r t h o -
phenanthroline t o carboranylmercury halides does not 
y i e l d the corresponding bis(carboranyl)mercury d e r i v a t i v e 



- 228 -

(300) (Equation V I I . 14), despite the f a c t t h a t such 

(RC 2B 1 0H 1 0) 2Hg + 

HgX ?(o-phen) 
2 (RC 2B 1 0H 1 0)HgX + 2o-phen L VI1.14. 

2 (RC 2B 1 ( )H 1 0)HgX(o-phen) 

R=H, a l k y l 

r eactions are w e l l known i n the chemistry of organomercury 
halides (301). 1 

The p r e l i m i n a r y r e s u l t s of an X-ray c r y s t a l l o g r a p h i c 
study on Mg(C2B^QH^QMe)2 (C^Hg0 2 )2>CyHg are presented i n 
Figures V I I . 6 and V I I . 7 and Table V I I . 3 . As shown i n 
Figure V I I . 7 the c r y s t a l l a t t i c e contains one molecule 
of toluene per magnesium u n i t . The u n i t Mg(C2B^QH^QMe)2 

( C^Hg0 2) 2 (Figure V I I . 6 ) contains a two - f o l d axis of 
symmetry passing through the magnesium ato.n while the 
geometry around magnesium i s very s i m i l a r t o t h a t i n 
the bis(carboranyl)dimethylgermanium compound ( C 2 B ^ Q H ^ ) 2GeMe2 

(302) which was the subject of an e a r l i e r c r y s t a l l o g r a p h i c 
study. The Mg-C bond length of 2.16(2)8 i s e s s e n t i a l l y 
i d e n t i c a l t o those of 2.1678, i n Ph2Mg(TMEDA), and 2.1668, 
i n Me2Mg(TMEDA) , and s i m i l a r to th a t of ca. 2.28, i n 
PhMgBr(OEt 2) 2 (299), confirming the bonding t o be of 
a s i m i l a r covalent nature. The large e.s.d. value associated 
w i t h the bond l e n g t h prevents any conclusions being 
drawn as t o the e f f e c t on the Mg-C linkage of an increase 
i n the c o o r d i n a t i o n number of carbon from four ( i n Me2Mg(TMEDA) 



CM 
CM 
00 

CO CD 
CNJ 

O ffl) 

PC 
CNJ 

«0 

•U) 

Qi 

00 
<D 

0) 

CO 
CJ 
60 
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TABLE VI I . 3 
Preliminary s t r u c t u r a l data f o r the 

c omp ound Mg (C 2 B-ĵ  Q Q Me) 2 ( H g 0 2 ) ̂ Hg 

Bond lengths ( 8 ) 

Mg - C ( l ) 

Bond angles ( °) 
C ( l ) - Mg - C ( l ) 
C ( l ) - Mg - 0' 
Mg - C ( l ) - C(2) 

2.16(2) Mg - 0 2.03(1) 

121.2(9) C ( l ) - Mg - 0 107.2(5) 
109.4(5) 0 - Mg - 0' 100.5(6) 
126(1) C ( l ) - C(2) - C(3) 116(3) 
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to s i x . I t has already been noted t h a t l i t t l e , i f any, 
such e f f e c t i s seen i n Li(C 2B 1 0H 1 0Me)(PMDETA), while 
the Ge-C bond lengths of 2.01(1)8 and 2.04(1)8 i n 
(C2B 1 0H 1 ; L )2GeMe2 (302) are only s l i g h t l y longer than 
those of ca. 1.958 associated w i t h a bond from germanium 
to four-coordinate carbon (231). The Mg-0 bond lengths 
of 2.03(1)8 do not d i f f e r s i g n i f i c a n t l y from those found 
i n a series of ether-coordinated a l k y l - , and a r y l - , magnesium 
bromides, RMgBr(0R 2) 2 (299), while the OMgO' angle of 
100.5(6)° r e f l e c t s the d i s t o r t i o n of the magnesium environ
ment a r i s i n g from the s t e r i c i n t e r a c t i o n of the two 
carboranyl ligands. 

I n connection w i t h the d i s t o r t i o n of the t e t r a h e d r a l 
environment around magnesium, i t i s i n t e r e s t i n g to compare 
the observed C(l)MgC(l)' angle of 121.2(9)° w i t h t h a t 
which might have been p r e d i c t e d on the basis of the car
boranyl cone angles discussed e a r l i e r . For a metal-carbon 
bond l e n g t h of 2.168, the angle 8 (Figure V I I . 4 ) between 
the M-C axis and the surface of the boron-bonded hydrogen 
ortho t o the metallated carbon, i s c a l c u l a t e d to be 66°. 
Thus, i f one set of ortho B-H u n i t s , on each of the two 
carboranyl ligands i n a compound such as Mg(C 2B 1 0H 1 0Me) 2 

(C^Hg0 2) 2, were aligned co-planar w i t h the atoms C ( l ) , 
Mg and C ( l ) * , the minimum possible angle Cd)MgC(l) would 
be expected t o be 132° ( i . e . 2 x 66°), somewhat greater 
than the observed value. However, the carboranyl ligands 
of Mg(C 2B 1QH 1 0Me) 2 (C^Hg0 2) 2 adopt a conformation such 
t h a t the methyl-carbon atoms C(3) and C(3)' are t w i s t e d 
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out of the plane C d ) M g C ( l ) 1 (Figure VI1.6), a l l o w i n g 
the ortho B-H u n i t s of the two carboranyl ligands to 
"mesh" together t o a c e r t a i n extent. This allows the 
carboranyl u n i t s t o approach each other more c l o s e l y 
(reducing the d i s t o r t i o n around Mg) and accounts f o r 
the observed C(l)MgC(l)' angle of 121.2(9)". The remaining 
features of the s t r u c t u r e , so f a r est a b l i s h e d , are 
unexceptional. 
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Attempted p r e p a r a t i o n of carboranylaluminium d e r i v a t i v e s . 

During the course of the present study unsuccessful 
attempts were made t o i s o l a t e carboranylaluminium d e r i 
v a t i v e s of the type ((C 2B 1 0H 1 C )Me )AlMe 2 ) n and ( (^B^H-j^Me) 2 

AlMe) n from the reactions of appropriate amounts of 
l i t h i o - c a r b o r a n e and alkylaluminium h a l i d e i n toluene 
s o l u t i o n . Besides being the f i r s t examples of exo-bonded 
carboranylaluminium compounds, the major f e a t u r e of i n t e r e s t 
i n these d e r i v a t i v e s would concern t h e i r s t r u c t u r a l con
formation. Cone angle c a l c u l a t i o n s , s i m i l a r t o those 
described e a r l i e r , would suggest t h a t ((C 2B^QH^QM6)AlMe 2) n 

(and possibly also ( (^B^QH^QMC^A lMe) n> could adopt 
a dimeric s t r u c t u r e , i n v o l v i n g e l e c t r o n - d e f i c i e n t b r i d g i n g 
of the aluminium atoms, i n a manner s i m i l a r t o t h a t found 
elsewhere i n organoaluminium chemistry (288). The 
question would t h e r e f o r e a r i s e as to the nature of the 
b r i d g i n g group i n these compounds. 

The c r y s t a l s t r u c t u r e of (Me 2PhAl) 2 (303) shows 
the phenyl, r a t h e r than methyl, groups t o be involved 
i n the three-centre b r i d g i n g of the metal atoms, and 
i t has been suggested (10) t h a t there i s a s i g n i f i c a n t 
degree of T f— e l e c t r o n i c charge d e l o c a l i s a t i o n from the 
r i n g s i n t o the Al-C bonds ( Figure VI 1.8). As the 
carboranyl ligands of ((C^^H^QMe) A l M e 2 ) 2 could p o t e n t i a l l y 
f u n c t i o n as a s i m i l a r means of charge d e l o c a l i s a t i o n 
i t could be argued t h a t the p r e f e r r e d conformation of 
t h i s molecule would i n v o l v e metal b r i d g i n g by the carboranyl, 
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FIGURE V I I . 8 
Charge d e l o c a l i s a t i o n I n (Me2PhAl2 

Me-

Al 

lb 

Al 
Me 

r a t h e r than methyl groups. However, such a s t r u c t u r e 
would r e q u i r e the metallated carboranyl carbon atoms 
to adopt a c o o r d i n a t i o n number of seven, and a compound 
of t h i s form would be unprecedented i n carborane 
chemistry. 

As i t was not possible t o i s o l a t e homogeneous m a t e r i a l s 
from attempts at the preparation of these compounds, 
the p o s s i b i l i t y of such a bonding mode, i n v o l v i n g hyper-
coordinate carbon, must remain as speculation; the i n f r a 

l 

red and H n.m.r. spectra of the o i l s produced were un-
i n f o r m a t i v e i n t h i s respect. 



CHAPTER 8 

ATTEMPTS AT THE PREPARATION OF SOME 
ICOSAHEDRAL c1oso-DICOBALTABORANES 
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INTRODUCTION 
Icosahedral carboranes, R2^2 B10 H10' a r e n o r m a ^ ^ y 

prepared from acetylenes, RC=CR, and decaborane adducts 
B 1 0 H 1 2 ' 2 L ( L = R ' C N 5 R 2 S ) • Since recent work has shown 
t h a t compounds c o n t a i n i n g metal-metal t r i p l e bonds react 
i n many respects l i k e acetylenes, i t was thought t h a t 
metallaboranes of the form ( x

n
M ) 2 B 1 0 H 1 0 m i 8 h t b e accessible 

through reactions between such compounds and B^QH^ 2.2L 
or B^QH^. Accordingly, a number of attempts at the 
i n s e r t i o n of pseudo-acetylenic u n i t s of th3 form Co2L.£ 
(L=CO, phosphine: derived from the parent compounds Co 2Lg 
by p a r t i a l degradation) i n t o the boranes B.^QH 2̂'^CH-jCN 
and B^yH^ were made. The attempts however, proved un
successful, the cobalt species generally s u f f e r i n g f u r t h e r 
degradation without r e a c t i n g w i t h the borane. 

EXPERIMENTAL SECTION 
Dicobalt octacarbonyl, bis(diphenylphosphinoJmethane 

and bis(diphenylphosphino)ethane were obtained commercially 
and used as supplied. Decaborane was obtained commercially 
and sublimed before use (70°, 0.005 mm Hg). B i s ( a c e t o n i t r i l e 
decaborane was prepared by r e f l u x i n g decaborane i n an 
approximately 1:1 mixture of a c e t o n i t r i l e and benzene. 
Di-jj-carbonyldicarbonylbis (diphenylphosphitioethane ) d i c o b a l t , 
((Ph 2P(C 2H 4)PPh 2)Co(CO) 2) 2 (304), and di-/J-carbonyltetra-
carbonyl(diphenylphosphinomethane)dicobalt, Co 2( C0)g 
(Ph 2P CH2PPh2) (305) were prepared by methods described 
i n the l i t e r a t u r e . N i t r i l e s and organic solvents were 
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d r i e d as described i n Appendix 1. Reactions were performed 
under an atmosphere of dry n i t r o g e n . 

A summary of the reactions performed during the 
course of t h i s study i s given i n Table V I I I . 1 . 
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DISCUSSION 

As noted i n the i n t r o d u c t o r y remarks the synthesis 
of a carborane i s commonly achieved by the r e a c t i o n of 
an acetylene and a borane fragment (232). Thus, the synthesis 

of the ortho-carborane C 2 B i o H 1 2 ' a n d i t s C - o r 8 a n y 1 d e r i 
v a t i v e s , involves the i n s e r t i o n of an acetylene i n t o the 
neutrally-charged borane species B|QH^2»2L (L=R 2S,R'CN) 

(Equation V I I I . 1 ) w i t h consequent e l i m i n a t i o n of the Lewis 

RC^CR + B 1 0 H 1 2 . 2 L • C^QH^RR.' + 2L + H 2 V I I I . 1 

base and hydrogen (236,237). I n terms of the s k e l e t a l 
e l e c t r o n counting formalism (306,307) the r e s u l t i n g carborane 
can be regarded as comprising ten B-H u n i t s each c o n t r i b u t i n g 
two electrons f o r cage bonding, and two R-C u n i t s , each 
c o n t r i b u t i n g three e l e c t r o n s . The compound t h e r e f o r e 
has a t o t a l of t h i r t e e n p a i r s of electrons a v a i l a b l e f o r 
c l u s t e r bonding and, as predicted by the formalism,the 
s t r u c t u r e i s based on a twelve-vertex t r i a n g u l a r - f a c e d 
polyhedron, each of the v e r t i c e s being occupied by a carbon 
or boron atom. 

A recent extension i n the use of trip l y - b o n d e d species 
f o r the synthesis of c l u s t e r s has been the use of metal 
analogues of acetylenes i n the preparation of f o u r - v e r t e x 
metal, and metal-carbon, cages (308-317). The compounds 
( M 2 ( C O ) 4 ( r \ - C 5 H 5 ) 2 ) (M=Cr,Mo,W), f o r m a l l y c o n t a i n i n g metal-
metal t r i p l e bonds, w i l l r e a d i l y add t o acetylenes, RC=CR, 
to y i e l d compounds of the form (M 2(p-RC 2R) ( C O ^ n - C ^ H ^ ) 

(Equation V I I I . 2 ) i n which the two metal atoms and the 
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M 2(CO) 4(n-C 5H 5) z + R-C=C-R * VI11.2 

R 

( C r H r ) ( C O ) n M M(CO) 2(C 5H 5) 

R 
M=Cr,Mo,W 

two ac e t y l e n i c carbons occupy the v e r t i c e s of a tetrahedron 
(309-313). I n a s i m i l a r manner reactions between 
(W(=CR)(CO) 2(n-C 5H 5))(R=p-tolyl), which contains a metal-
carbon t r i p l e bond, and the species (M 2(C0)^(n-C^H^) 2) 
(M=Cr,Mo,W) y i e l d the f o u r - v e r t e x metal-carbon c l u s t e r s 
(MW 2(p 3-CR)(CO) 6(n-C 5H 5) 3) (314), while the analogy between 
acetylenes and (W(=CR)(CO) 2(n-C 5H 5)) i s f u r t h e r demonstrated 
by t h e i r behaviour towards Co 2(C0)g. Thus, reactions 
between Co 2(C0)g and acetylenes, RC=CR (318,319), y i e l d 
species of the form Co 2(CO) &(p-RC 2R) (Equation V I I I . 3 ) , 
analogous t o the fo u r - v e r t e x c l u s t e r r e s u l t i n g from the 

Co 2(C0)g + RC=CR • Co 2(CO) 6(jJ-RC 2R) + 2C0 V I I I . 3 

r e a c t i o n of Co 2(C0) g and (W(=CR)(CO) 2(n-C 5H 5) ) (Equation 
V I I I . 4 ) (316). 

Co 2(C0)g + W(=CR) (CO) 2(n-C 5H 5)—»Co 2W(JJ 3-CR) (C0) g (n-C5H 
+ 2C0 

R = p - t o l y l V I I I . 4 . 
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The successful use of metal analogues of acetylene 
i n the synthesis of c l u s t e r u n i t s prompted attempts, 
described i n the present chapter, t o d i r e c t l y i n s e r t a 
metal analogue of acetylene i n t o the open face of a B^Q 
c l u s t e r u n i t and so form a n e u t r a l l y charged c l o s o — 
metallaborane, i n a manner s i m i l a r t o the pre p a r a t i o n 
of ^2^10^12 described above. The formation of an icosahedral 
c l u s t e r by t h i s method would be a novel f e a t u r e i n metal-
laborane chemistry and would, i n p r i n c i p l e , permit a 
considerable extension of the e x i s t i n g chemistry of such 
compounds. 

The synthesis of metallaboranes and metallacarboranes 
has been reviewed by a number of authors (244, 320-325), 
most r e c e n t l y by Grimes (326). I n general metallacarboranes 
have received considerably more a t t e n t i o n than metallaboranes, 
although the syntheses of a number of twelve-vertex closo-
metallaboranes, containing one or more metal atoms, have 
been reported. Most of the re a c t i o n s , examples of which 
are l i s t e d i n equations V I I I . 5 t o V I I I . 7 (326), i n v o l v e 
the i n s e r t i o n of a metal fragment i n t o a nido 11-vertex 
borane or heteroborane substrate, although the closo anions 

Na/Hg 
nido - B n H j 3 + Cp 2Ni » closo - CpNiB-^H^ V I I I . 5 

MeCN 
nido - CpNiB-^QH^2 + CP2C0 • closo - Cp2CoNiB^QH^Q 

V I I I . 6 
NaHSe03 

"ido - B 1 1 H j 4 » M B 1 1H 1 1 V I I I . 7 
or Te0 2 

(M = Se, Te) 
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2- 2-
B 1 1 % 1 a n c* B10 H10 ^ a v e °een used i n the synthesis of 
some nickelaboranes (Equations V I I I . 8 , 9 ) (327). I n a 
s i m i l a r manner, 12-vertex closo metallaheteroboranes, 

closo - B1:LH^~ + CpNi(CO) 2 • closo - CpNiBj^H^ V I I I . 8 

closo - B 1 Q H 2 Q + C p 2 N i — • c l o s o - CpNi 2B 1 ( )H 1 0. V I I I . 9 

c o n t a i n i n g a main group heteroatom, have been prepared by 

the i n s e r t i o n of t r a n s i t i o n metals i n t o n e u t r a l or anionic 
heteroboranes (236). Examples of such compounds include 
the products obtained from the r e a c t i o n of a t r a n s i t i o n 

2_ 
metal species and the thiaborane anion SB^QH^Q (Equations 
VIII.10-14) (238), the c l u s t e r s ( S B 1 Q H 1 0 ) 2 F e " and 

FeCl 3 
S B 1 0 H 1 0 ~ * (SB 1 0H 1 QXjFe 2 - V I I I . 1 0 

Co C l 3 

* (SB 1 0H 1 0) 2Co" V I I I . 1 1 
Co C l 2 , C 5H 5" 

• Cp Co SB 1 0H 1 0 V I I I . 1 2 

-* ( E t 3 P ) 2 P t S B l 0 H 1 0 V I I I . 1 3 
( E t 3 P ) 2 P t C l 

(C0) 5ReCl 
• ( C0) 3 ReSB 1 0H 1 0" V I I I . 1 4 

(SB^QH^Q) 2CO~ prepared i n t h i s way being i n t e r e s t i n g 
i n t h a t they have metal-sandwich type s t r u c t u r e s i n which 
the metal atom s i t s between the two cages, forming a 
common v e r t e x . 
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A neutrall y - c h a r g e d icosahedral closo-metallaborane, 
(X nM)2 B i o H10' s u c h a s m i 8 n t be prepared from the r e a c t i o n 
of a B^Q borane and the metal analogue of an acetylene, 
would r e q u i r e the MXn fragments t o be i s o l o b a l w i t h the 
C-H fragment of the corresponding carborane ^2^10^12* 
The concept of i s o l o b a l i t y , as developed by Hoffmann 
(329), d i c t a t e s t h a t two fragments may be considered 
as i s o l o b a l i f the number, symmetry p r o p e r t i e s , approximate 
energy and shape of the f r o n t i e r o r b i t a l s and the number 
of electrons they contain are s i m i l a r . The s k e l e t a l e l e c t r o n 
counting formalism (306) considers the C-H fragment to 
co n t r i b u t e three electrons and three o r b i t a l s f o r c l u s t e r 
bonding and an i s o l o b a l metal fragment, MXn, would t h e r e 
f o r e be required t o f u l f i l l the same c r i t e r i a . The cobalt 
t r i c a r b o n y l fragment, Co(C0) 3, i s such a species (329,330), 
and t h i s chapter describes a number of attempts to promote 
the i n s e r t i o n of two Co(C0) 3 u n i t s i n t o the B^Q cage 
of b i s ( a c e t o n i t r i l e ) d e c a b o r a n e , B^H^^CH^CN. The source 
of the cobalt-carbonyl fragments selected v/as d i c o b a l t 
octacarbonyl, Co2(C0)g, and i t was hoped t h a t the loss 
of two carbonyl ligands t o form a pseudo-acetylenic 
int e r m e d i a t e , Co2(C0)g, followed by r e a c t i o n w i t h 
B 1 0 H 1 2 ' 2 C H 3 C N ( E < l u a t i o T * V I I I . 15) would r e s u l t i n the 

B 1 0H 1 2.2CH 3CN + Co 2(C0)g—..(CO) j C o g B ^ H ^ V I I I . 1 5 

i 2C0 i H 2 f 2 CH3CN 

formation of closo-metallaboranes i n a manner s i m i l a r 
to these r e a c t i o n s described e a r l i e r . Such a r e a c t i o n 
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would, however, r e q u i r e the unstable Co 2( CO) 5 intermediate 
t o p r e f e r e n t i a l l y react w i t h the borane, r a t h e r than 
undergo f u r t h e r degradation t o form the t e t r a n u c l e a r 
carbonyl c l u s t e r CO^CCCO^ J known t o r e s u l t from the 
thermal decomposition of Co 2( CO)g (331-333). 

The reactions performed during the course of t h i s 
study are summarised i n the experimental s e c t i o n . P a r a l l e l 
r e a c t i o n s , between Co 2( CO)g and Bio H14' w e r e a ^ s o performed. 

Neither B^QH^2 (NCCH.J) 2 nor 8^0^14 s* l o w e c* a n v s i-8 n 

of r e a c t i o n w i t h Co 2(C0)g i n e i t h e r toluene or a c e t o n i t r i l e 
at room temperature. When s o l u t i o n s of these reactants 
were heated t o r e f l u x temperature the s o l u t i o n s slowly 
darkened from red t o black, over varying periods of time. 
Removal of the solvent and subsequent work-up of the 
t a r - l i k e products i n v a r i a b l y a f f orded q u a n t i t a t i v e 
recovery of the borane plus varying q u a n t i t i e s of black 
s o l i d s . Elemental analysis of these s o l i d s y i e l d e d 
v a r y i n g r e s u l t s , although a l l were consistent w i t h the 
s o l i d s comprising mixtures of cobalt metal and a higher 
carbonyl, p o s s i b l y Co^tCO)^* Further r e a c t i o n s , con
ducted at 200° and i n the absence of solvent, y i e l d e d 
s i m i l a r black s o l i d s i n a d d i t i o n t o unreacted borane. 
A d d i t i o n a l l y , attempts at promoting i n s e r t i o n reactions 
by i r r a d i a t i n g toluene s o l u t i o n s of borane and Co 2(C0)g 
r e s u l t e d i n complete degradation of the carbonyl. u n i t 
without f u r t h e r r e a c t i o n , cobalt metal being recovered 
from these r e a c t i o n s . 
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I t was apparent from the above reactions t h a t the 
f a c i l e loss of carbonyl ligands from Co 2(C0)g was 
proceeding beyond the formation of the Co 2iC0)g species, 
f o r m a l l y r e q u i r e d f o r i n s e r t i o n i n t o the borane cage. 
Attempts were th e r e f o r e made to s t a b i l i s e intermediate 
carbonyl species of t h i s type by the replacement of some 
of the carbonyl ligands of Co 2(C0)g w i t h coordinated 
phosphines. The compounds di-jJ-carbonyldicarbonylbis-
(diphenylphosphinoethane)dicobalt, ((Ph 2P(C 2H 4)PPh 2)Co(CO) 2) 
( F i g u r e V I I I . 1 ( a ) ) (304), and d i - j j - c a r b o n y l t e t r a c a r b o n y l -
(diphenylphosphinomethane)dicobalt, Co 2(CO) 6(Ph 2PCH 2PPh 2) 
( F i g u r e V I I I . K b ) ) (305), were th e r e f o r e synthesised 
f o r t h i s purpose. I n s e r t i o n of the fragment Co 2(C0)^ 
(Ph 2PCH 2PPh 2) (derived from the l a t t e r compound by the 
loss of two carbonyl ligands) i n t o the bor&ne cage would 
y i e l d a compound of the form CH 2(Ph 2P) 2(C0) 4Co 2B^QH^Q 
( F i g u r e V I I 1 . 2 ) , the coordinated phosphine l i g a n d being 

of s u i t a b l e geometry t o form a five-membered exocyclic 
r i n g sharing a common Co-Co linkage w i t h the cage. However 
reac t i o n s of both phosphine-coordinated cobalt carbony.l 
d e r i v a t i v e s w i t h B^gH12(NCCH^)2 i n toluene again y i e l d e d 
black t a r - l i k e products from which f r e e phosphine l i g a n d 
and unreacted borane were recovered. The remaining black 
s o l i d s were apparently of s i m i l a r composition t o those 
described e a r l i e r . 

The study was not taken beyond t h i s p o i n t as i t was 
apparent t h a t the degradation of the cobalt carbonyl 



FIGURE V I I I . 1 
The compounds (a ) dl-JJ-carbonyldlcarbonylbis ( d i p h -
enylphosphinoethanejdlcobalt and (b) di-^J-carbony 1 

Itetracarbonyl(diphenylphosphlnomethane)dicobalt 

Ph Ph (a) 
CH 

O C — C o CO Co 

CH H„C 0 

Ph Ph 

CO OC 0 

Co CO OC 

0 
P Ph P h . P 

FIGURE V I I I . 2 
Proposed s t r u c t u r e of the metall.aborane 

CH2 ( Ph 2P) 2 (CO ) 4Co 2B 1 0H 1 ( ) 

P h . P CH 0 

Xo^ C A P P h 

Co 

r w 0 
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species could not be c o n t r o l l e d s u f f i c i e n t l y to allow 
the p o s s i b i l i t y of i n s e r t i o n i n t o the borane cage. A 
possi b l y more promising route to metallaboranes, from 
the use of metal-metal t r i p l y bonded species, would inv o l v e 
use of the compounds (N^fCCO^n-C^H^) (M-Cr, Mo, W), 
described e a r l i e r , i n conjunction w i t h more r e a c t i v e nido-
borane species such as B^Hg or B^H^Q. 



A P P E N D I X 1 

GENERAL EXPERIMENTAL TECHNIQUES 
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1. General 
The m a j o r i t y of compounds synthesised d u r i n g the 

course of t h i s study, and many of the s t a r t i n g m a t e r i a l s 
used, are s e n s i t i v e t o atmospheric exposure, e i t h e r through 
h y d r o l y s i s or o x i d a t i o n . A l l operations were t h e r e f o r e 
performed under vacuum, or an atmosphere of dry n i t r o g e n , 
as appropriate. Solvents and l i q u i d reagents of low v o l a t i l i t y 
were t r a n s f e r r e d by syringe against a counter-current 
of dry n i t r o g e n , gases and v o l a t i l e l i q u i d reagents were 
gen e r a l l y handled i n a vacuum l i n e , using standard 
techniques. F i l t r a t i o n s made use of standard f i l t e r 
s t i c k techniques; apparatus manipulations were minimised 
and, when necessary, made against a counter-current of 
ni t r o g e n . A i r s e n s i t i v e s o l i d s were handled i n a glove 
box. 

2. Nitrogen 
Nitrogen gas was supplied t o the laboratory as the 

b o i l - o f f from a tank c o n t a i n i n g l i q u i d n i t r o g e n , the gas 
having subsequently been passed through a ie-oxygenatlng 
p l a n t . The gas was d r i e d by passage through columns packed 
w i t h phosphorus pentoxide. 

3. Glove Boxes 
Compounds of l i m i t e d a i r s e n s i t i v i t y were handled 

i n a glove box of simple design, the dry n i t r o g e n atmosphere 
of which was maintained by continuous r e c y c l i n g through 
columns packed w i t h phosphorus pentoxide. The box was 
p e r i o d i c a l l y purged w i t h f r e s h dry n i t r o g e n t o avoid the 
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build-up of oxygen and v o l a t i l e s . Compounds of more extreme 
a i r - s e n s i t i v i t y were handled i n glove boxes designed t o 
maintain l e v e l s of oxygen and moisture below one p a r t 
per m i l l i o n . Oxygen was removed from the atmosphere of 
these boxes by r e c y l c i n g through columns of c a t a l y t i c a l l y 
a c t i v i t a t e d copper, moisture was removed by passage over 
a c t i v a t e d molecular sieve. 

4. Solvents 
Hydrocarbon solvents and d i e t h y l ether were d r i e d 

and stored over f r e s h l y extruded sodium w i r e . Other ether 
solvents were d r i e d by r e f l u x i n g w i t h potassium metal 
u n t i l the a d d i t i o n of a s i n g l e c r y s t a l of benzophenone 
y i e l d e d a permanent blue c o l o u r a t i o n . The l i q u i d s were 
then d i s t i l l e d onto extruded sodium wire o.nd stored under 
n i t r o g e n . Deuterated n.m.r. solvents were obtained 
commercially and used as supplied. 

5. S t a r t i n g M a terials 
As described i n the various experimental sections, 

s o l i d s were gen e r a l l y e i t h e r f r e s h l y sublimed or r e -
c r y s t a l l i s e d from an appropriate solvent p r i o r t o use. 
L i q u i d reagents were ge n e r a l l y d i s t i l l e d , e i t h e r under 

an atmosphere of dry n i t r o g e n or under vacuum, as appropriat 
N i t r i l e s were d r i e d by successive d i s t i l l a t i o n from calcium 
hydride and phosphorus pentoxlde (Lwlcc). TMKDA and 
I'MDI'TA we re d i s t i l 1. ed L' rom ca 1 c i. urn hyd ride; and s t o red 
over molecular sieve. Solutions of a l k y l - l i t h i u m reagents 
were standardised by t i t r a t i o n against a 0.1M s o l u t i o n 
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of sec-butanol i n xylene (334), 1,10-phenanthroline being 
used as an i n d i c a t o r . 

6. Instrumentation 
(a) I n f r a red spectra 
I n f r a red spectra i n the range 4000 t o 250 cm ^ were 

recorded on a Perkin-Elmer 457 or 577 g r a t i n g spectrometer. 
Samples were mounted as e i t h e r n u j o l mulls or l i q u i d f i l m s 
between KBr p l a t e s , or as pressed KBr di s c s . 

(b) n.m.r. spectra 
Spectra were recorded on a Varian EM360L spectrometer 

operating at 60 MHz, or a Brucker HX90E Fourier-transform 
spectrometer operating at 90 MHz. 

11 
(c) B n.m.r. spectra 
Spectra were recorded on a purpose-built F o u r i e r -

transform spectrometer, designed by Dr. A. Royston of 
these l a b o r a t o r i e s , and operating at 19.24 MHz. The 
spectrometer magnet was formerly t h a t of a Perkin- Elmer 
R10 machine, while computing was performed on a PDP 11/34 
computer. 

13 
(d) C n.m.r. spectra 
Spectra were recorded on a Brucker H X)0E Fourier-

Transform spectrometer operating at 22.63 MHz. 
13 

(e) P n.m.r. spectra 
Spectra were recorded on a purpose-built Fourier-

Transform spectrometer operating at 24.29 MHz. The machine 
was designed around a former Perkin-Elmer R10 spectrometer, 
computing was performed on a , Varian computer. 
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( f ) Mass spectra 
Mass spectra were recorded on an A.E.I. MS9 spectrometer 

at 70 eV and an a c c e l e r a t i n g p o t e n t i a l of 8KV, w i t h a 
source temperature of 150-250°. The spectrum was scanned 
e l e c t r o m a g n e t i c a l l y . Samples were introduced i n t o the 
io n source by d i r e c t i n s e r t i o n . 

7. A n a l y t i c a l methods 
Carbon, hydrogen and n i t r o g e n were determined using 

a Perkin-Elmer 240 Elemental Analyser. A i r s e n s i t i v e 
samples were sealed i n preweighed aluminium capsules i n 
a glove box. Halogens were determined by oxygen f l a s k 
combustion f o l l o w e d by pot e n t i o m e t r i c t i t r a t i o n . Metals 
were determined using a Perkin- Elmer 403 Atomic Absorption 
Spectrometer. The boron content of methyleneaminoboranes 
was determined as b o r i c acid a f t e r i g n i t i o n of a weighed 
sample. Boron analyses on boranes and carboranes were 
made on bo r i c a c i d s o l u t i o n s prepared by c a r e f u l 
degradation of the compounds w i t h concentrated n i t r i c 
a c i d . 



A P P E N D I X 

RESEARCH COLLOQUIA, SEMINARS, LECTURES 
AND CONFERENCES, 1980 - 83. 
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The Board of Studies i n Chemistry requires t h a t 
each postgraduate research t h e s i s contains an Appendix 
l i s t i n g ; 
(a) a l l research c o l l o q u i a , research seminars, and l e c t u r e s 
arranged by the Department of Chemistry and the Durham 
U n i v e r s i t y Chemical Society during the period of the 
w r i t e r ' s residence as a postgraduate student; 
(b) d e t a i l s of the f i r s t - y e a r postgraduate i n d u c t i o n 
course; and 
(c) a l l research conferences attended and papers read 
out by the w r i t e r of the t h e s i s , during the period when 
the research f o r the t h e s i s was c a r r i e d out. 
A. RESEARCH COLLOQUIA, SEMINARS, AND LECTURES 
1. Durham U n i v e r s i t y Chemistry Department Colloquia. 

Academic Year 1980-81. 
7 October Prof. T. Fehlner (Notre Dajie U n i v e r s i t y , 

I n d i a n a ) , "Metallaboranes - :ages or co
o r d i n a t i o n compounds". 

15 October Dr. R. Alder ( U n i v e r s i t y of B r i s t o l ) , 
"Doing chemistry i n s i d e cages - medium 
r i n g b i c y c l i c molecules". 

12 November Dr. M. Gerloch ( U n i v e r s i t y of Cambridge), 
"Magnetochemistry i s about chemistry". 

19 November Dr. T. G i l c h r i s t ( U n i v e r s i t y of L i v a p r o o l ) , 
" N i t r o s o - o l e f i n e s as s y n t h e t i c intermediates" 

3 December Dr. J.A. Conner ( U n i v e r s i t y of Manchester), 
"Thermochemistry of T r a n s i t i o n metal compound 
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18 December 

18 February 

25 February 

4 March 

18 March 

6 May 

8 May 

13 May 

14 May 

10 June 

17 June 

Dr. R.F. Evans ( U n i v e r s i t y of Brisbane), 
"Some recent communications t o the A u s t r a l i a n 
Journal of Fail e d Chemistry M. 
Prof. S.F.A. K e t t l e ( U n i v e r s i t y of East 
A n g l i a ) , " V a r i a t i o n s i n the molecular 

dance at the c r y s t a l b a l l " . 
Dr. K. Bowden ( U n i v e r s i t y of Essex), "The 
transmission of polar s u b s t i t u e n t e f f e c t s " . 
Dr. S. Cradock ( U n i v e r s i t y of Edinburgh), 
"Pseudolinear pseudohaiides". 
Dr. P.J. Smith ( I n t . Tin Research I n s t i t u t e ) , 
"Organotin compounds-a v e r s a t i l e class 
of organometallic d e r i v a t i v e s " . 
Prof. M. Szwarc, F.R.S., "Ions and i o n 
Pair s " . 
Prof. H.F. Koch (Bathaca College, U.S.A.), 
"Proton t r a n s f e r during e l i m i n a t i o n r e a c t i o n s " . 
Prof. H. F r i t z e r ( U n i v e r s i t y of Craz), 
"Simple methods to construct representations 
f o r d i s c r e t e symmetry groups". 
Prof. H. F r i t z e r ( U n i v e r s i t y of Graz), 
"The i n t e r p l a y of permutational and geometrical 
symmetry of c e r t a i n e l e c t r o n i c systems". 
Dr. J. Rose ( I . C . I . P l a s t i c s D i v i s i o n ) , 
"New engineering p l a s t i c s " . 
Dr. P. Moreau ( U n i v e r s i t y of M o n t p e l l i e r ) , 
"Recent r e s u l t s i n perf1uoro-or#anometal1ic 
chemi s t r y " . 
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24 June 

26 June 

Academic 
14 October 

28 October 

6 November 

18 November 

25 November 

30 November 

2 December 

20 January 

27 January 

Dr. S.A.R. Knox ( U n i v e r s i t y of B r i s t o l ) , 
"Coordination and r e a c t i v i t y of organic 
species at dinuclear metal centres". 
Prof. A.P. Schaap (U.S. O f f i c e of Naval 
Research, London) "Mechanism of chemi-
luminescence and photooxygenation". 

Year 1981-82 
Prof. E. Kluk ( U n i v e r s i t y of Katowice), 
"Chemoluminescence and photo-oxidation". 
Dr. R.J.H. Clark ( U n i v e r s i t y College, 
London), "Resonance Raman spectroscopy". 
Dr. W. Moddeman (Monsanto Research Labs., 
St. Louis, M i s s o u r i ) , "High energy m a t e r i a l s " 
Prof. M.J. Perkins (Chelsea College, London), 
"Spin tr a p p i n g and n i t r o x i d e r a d i c a l s " . 
Dr. M. Baird ( U n i v e r s i t y of Newcastle), 
" Intramolecular reactions of carbenes 
and c a r b i n o i d s " . 
Dr. B.T. Heaton ( U n i v e r s i t y of Kent), "N.M.R. 
studies of carbonyl c l u s t e r ? " . 
Dr. G. Beamson ( U n i v e r s i t y of Durham), 
"Photoelectron spectroscopy i n a strong 
magnetic f i e l d " . 
Dr. M.R. Bryce ( U n i v e r s i t y of Durham), 
"Organic metals". 
Dr. D.L.H. Williams ( U n i v e r s i t y of Durham), 

" N i t r o s a t i o n and nitrosoamines". 



3 February Dr. D. Parker ( U n i v e r s i t y of Durham), 
"Modern methods of determining enantiomeric 
p u r i t y " . 

10 February Prof. R.D. Chambers ( U n i v e r s i t y of Durham), 
"Recent reactions of f l u o r i n a t e d i n t e r n a l 
o l e f i n s " . 

24 February Dr. L. F i e l d ( U n i v e r s i t y of Oxford), 
"Applications of M.M.R. t o b i o s y n t h e t i c 
studies on p e n i c i l l i n " . 

3 March Dr. P. Bamfield ( I . C . I . Organics D i v i s i o n ) , 
"Computer aided design i n s y n t h e t i c organic 
chemistry". 

17 March Prof. R.J. Haines ( U n i v e r s i t y of Natal) 
" C l u s t e r i n g around Ruthenium, I r o n , and 
Rhodium". 

7 A p r i l Dr. A. Pensak ( DuPont, U.S.A.), "Computer 
aided synthesis". 

5 May Dr. G. Tennant ( U n i v e r s i t y of Edinburgh), 
" E x p l o i t a t i o n of the aromatic n i t r o - g r o u p 
i n the design of new h e t e r o c y c l i s a t i o n 
r e a c t i o n s " . 

7 May Dr. CD. Garner ( U n i v e r s i t y of Manchester), 
"The s t r u c t u r e and f u n c t i o n of Molybdenum 
centres i n enzymes". 

26 May Dr. A. Welch ( U n i v e r s i t y of Edinburgh), 
"Conformation patterns and d i s t o r t i o n i n 
carbonmetalloboranes". 

14 June Prof. C.M.J. S t i r l i n g ( U n i v e r s i t y College 
of Wales, Bangor), "How much does s t r a i n 
a f f e c t r e a c t i v i t y ? " . 
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28 Juno 

2 July 

Prof. D.J. Burton ( U n i v e r s i t y of Iowa),. 
"Some aspects of the chemistry of f l u o r i n a t e d 
phosphonium s a l t s and t h e i r phosphonates". 
Prof. H.F. Koch (Ithaca College, U.S.A.), 
"Proton t r a n s f e r t o and e l i m i n a t i o n r e a c t i o n s 
from l o c a l i z e d and del'ocalized carbanions". 

14 October 

Academic Year 1982-83 
13 September Prof. R. N e i d l e i n ( U n i v e r s i t y of Heidelberg), 

"New aspects and r e s u l t s of bridged annulene 
chemistry". 

27 September Dr. W.K. Ford (Zerox research centre, 
Webster, New York), "The dependence of 
the e l e c t r o n i c s t r u c t u r e of polymers on 
t h e i r molecular a r c h i t e c t u r e " . 
Prof. H. Suhr ( U n i v e r s i t y of Tubingen) 
"Preparative chemistry i n n on-equilibrium 
plasmas". 
Dr. C.E. Housecroft ( U n i v e r s i t y of Notre 
Dame), "Bonding c a p a b i l i t i e s of b u t t e r f l y -
shaped Fe^ u n i t s . I m p l i c a t i o n s f o r C-H 
bond a c t i v a t i o n i n hydrocarbon complexes". 
Prof. M.F. Lappert F.R.S. ( U n i v e r s i t y 
of Sussex), "Approaches t o assymetric 
synthesis and c a t a l y s i s using e l e c t r o n -
r i c h o l e f i n s and some of t h e i r metal complexes" 
Dr. G. Bertrand ( U n i v e r s i t e Paul S a l a t i e r , 

Toulouse), "Curtius rearrangement i n 
organometallic series : a route f o r a new 
hybr i d i s e d species". 

27 October 

28 October 

15 November 
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24 November 

24 November 

8 December 

12 January 

9 February 

21 February 

2 March 

8 March 

9 March 

11 March 

11 March 

Prof. F.R. Hartley (R.M. C.S., Shrivenham) 
"Supported metal complex hydro f o r m y l a t i o n 
c a t a l y s t s : a novel approach using r a d i a t i o n " . 
Prof. G.G. Roberts ( U n i v e r s i t y of Durham), 
"Langmuir-Blodgett f i l m s " . 
Dr. G. Wooley (Trent Polytechnic) "Bonds 
i n t r a n s i t i o n metal c l u s t e r compounds". 
Dr. D.C. Sherrington ( U n i v e r s i t y of S t r a t h c l yde), 
"Polymer supported p l a n e - t r a n s f e r c a t a l y s t s " . 
Dr. P. Moore ( U n i v e r s i t y of Warwick) 
"Mechanistic studies i n s o l u t i o n by stopped 
flow F.T.N.M.R. and high pressure N.M.R. 
l i n e broadening". 
Dr. R. Lynden-Bell ( U n i v e r s i t y of Cambridge), 
"Molecular motion i n the cubic phase of 
NaCl". 
Dr. D. Bloor (Queen Mary Col l e g e ) , "The 
s o l i d s t a t e chemistry of diacetylene monomers 
and polymers". 

Prof. D.C. Bradley F.R.S. (Queen Mary College), 
"Recent developments i n o r g a n o - i m i d o - t r a n s i t i o n 
metal chemistry". 
Dr. D.M.J. L i l l e y ( U n i v e r s i t y of Dundee) 
"DNA, sequence, symmetry, s t r u c t u r e and 
supercooling". 

Prof. H.G. Viehe ( U n i v e r s i t y of Louvain) 
"Oxidations on sulphur" 
Prof. H.G. Viehe ( U n i v e r s i t y of Louvain) 
"Fluorine s u b s t i t u t i o n i n r a d i c a l and b i -
r a d i c a l a d d i t i o n r e a c t i o n s " . 
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16 March 

25 Man-h 

21 A p r i l 

4 May 

10 May 

1.1 May 

13 May 

13 May 

16 May 

Dr. I . Gosney ( U n i v e r s i t y of Edinburgh), 
"New e x t r u s i o n reactions : Organic synthesis 
i n a hot tube". 
Prof. F.G. Baglin ( U n i v e r s i t y of Nevada) 
" I n t e r a c t i o n induced raman spectroscopy 
i n s u p e r c r i t i c a l ethane". 
Prof. J. Passmore ( U n i v e r s i t y of New Brunswick), 
"Novel selenium-iodine c a t i o n s " . 
Prof. P.H. Plesch ( U n i v e r s i t y of Keele) 
"Binary i o n i s a t i o n e q u i l i b r i a between two 
ions and two molecules. What Ostwald never 
thought of ". 
Prof. K. Berger ( U n i v e r s i t y of Munich) 
"New r e a c t i o n pathways from t r i f l u o r o m e t h y l -
s u b s t i t u t e d heterodienes t o p a r t i a l l y f l u o r i n ated 
h e t e r o c y c l i c compounds". 
Dr. N. Isaacs ( U n i v e r s i t y of Reading) 
"The a p p l i c a t i o n of high pressures t o the 
theory and p r a c t i c e of organic chemistry". 
Dr. R. de Kock ( Calvin College, Grand 
Rapids, Michigan) " E l e c t r o n i c s t r u c t u r a l 
c a l c u l a t i o n s on organometallic cobalt c l u s t e r 
molecules : I m p l i c a t i o n s f o r metal surfaces". 
Dr. T.D. Marder ( U n i v e r s i t y of C a l i f o r n i a 
i n Los Angeles) "The chemistry of metal-
carbon and metal-metal m u l t i p l e bonds". 
Prof. R.J. Lagow ( U n i v e r s i t y of Texas) 
"The chemistry of p o l y l i t h i u m organic compounds: 
an unusual class of matter". 
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18 May Dr. D.M. Adams ( U n i v e r s i t y of Le i c e s t e r ) 
"Spectroscopy at very high pressures". 

25 May Dr. J.M. Vernon ( U n i v e r s i t y of York) 
"New h e t e r o c y c l i c chemistry i n v o l v i n g 
lead t e t r a - a c e t a t e " 

15 June Dr. A. Pietrzykowski (Technical U n i v e r s i t y 
of Warsaw) "Synthesis, s t r u c t u r e and p r o p e r t i e s 
of aluminoxanes". 

22 June Dr. D.W.H. Rankin ( U n i v e r s i t y of Edinburgh) 
"Floppy molecules - the in f l u e n c e of phase 
on s t r u c t u r e " . 

5 J u l y Prof. J. M i l l e r ( U n i v e r s i t y of Campinas) 
" R e a c t i v i t y i n n u c l e o p h i l i c s u b s t i t u t i o n 
r e a c t i o n s " . 

2. Durham U n i v e r s i t y Chemical Society Lectures 
Academic Year 1980-81 

16 October Dr. D. Maas ( U n i v e r s i t y of Sal f o r d ) , 
"Reactions a go-go ". 
Prof. T.M. Sugden ( U n i v e r s i t y of Cambridge), 
" Some reactions of metals i n high temperature 
flames ". 
Prof. N. Grassie ( U n i v e r s i t y of Glasgow), 
" I n f l a m m a b i l i t y hazards i n commercial 
polymers". 
Prof. A.G. Sykes ( U n i v e r s i t y of Newcastle), 
" M e t a l l o p r o t e i n s : an inorganic chemists 
approach". 
Prof. N.N. Greenwood ( U n i v e r s i t y of Leeds), 
"Metalloborane chemistry". 

23 October 

30 October 

6 November 

13 November 
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4 December 

22 January 

29 January 

5 February 

12 February 

17 March 

7 May 

Rev. R. Lancaster (Kimbolton School, 
Cambridgeshire), "Fireworks". 
Prof. E.A. Dawes ( U n i v e r s i t y of H u l l ) , 
"Magic and mystery through the ages". 
Mr. H.J.F. MacLean ( I . C . I . A g r i c u l t u r a l 
D i v i s i o n ) , "Managing i n the chemical 
i n d u s t r y i n the 1980's". 
Prof. F.G.A. Stone ( U n i v e r s i t y of B r i s t o l ) , 
"Chemistry of carbon t o metal t r i p l e bonds", 
Dr. I . Fleming ( U n i v e r s i t y of Cambridge), 
"Some uses of s i l i c o n compounds i n organic 
synthesis". 
Prof. W.P. Jencks (Brandeis U n i v e r s i t y , 
Massachusetts), "When i s an intermediate 
not an intermediate". 
Prof. M. Gordon ( U n i v e r s i t y of Essex), 
"Do s c i e n t i s t s have t o count?". 

Academic Year 1981-82 
22 October Dr. P.J. Corish (Dunlop L t d . ) , "What would 

l i f e be l i k e without rubber?". 
29 October Miss J.M. Cronyn ( U n i v e r s i t y of Durham), 

"Chemistry i n archaeology". 
12 November Prof. A . I . Scott ( U n i v e r s i t y of Edinburgh), 

"An organic chemist's view of l i f e i n the 
N.M.R. tube". 

19 November Prof. B.L. Shaw ( U n i v e r s i t y of Leeds), 
"Big r i n g s and metal-carbon bond formation". 
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26 November 

3 December 

28 January 

11 February 

18 February 

25 February 

4 March 

Dr. W.O. Ord (Northumbrian Water A u t h o r i t y ) , 
"The r o l e of the s c i e n t i s t i n a re g i o n a l 
water a u t h o r i t y " . 
Dr. R.E. Hester ( U n i v e r s i t y of York), 
"Spectroscopy w i t h lasers ". 
Prof. I . F e l l s ( U n i v e r s i t y of Newcastle), 
"Balancing the energy equation". 
Dr. D.W. Turner ( U n i v e r s i t y of Oxford), 
"Photoelectrons i n a strong magnetic f i e l d " . 
Prof. R.K. Harris ( U n i v e r s i t y of East Anglla) 
"N.M.R. i n the 1980's". 
Prof. R.O.C. Norman ( U n i v e r s i t y of York), 
"Turning p o i n t s and challenges f o r the 
organic chemist". 
Dr. R. Whyman ( I . C . I . Runcorn), "Making 
metal c l u s t e r s work". 

Academic Year 1982-83 
The f o l l o w i n g l e c t u r e s were organised by the author 

while President of the Society f o r the year 1982-83. 
14 October Mr. F. Shenton (Durham County A n a l y s t ) , 

"There i s death i n the pot", 
28 October Prof. M.F. Lappert F.R.S. ( U n i v e r s i t y 

of Sussex) "The Chemistry of some unusual 
subvalent compounds of the main group IV 
and V elements". 
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4 November 

11 November 

25 November 

27 January 

3 February 

10 February 

17 February 

3 March 

Dr. D.H. Williams ( U n i v e r s i t y of 
Cambridge) "Studies on the s t r u c t u r e s and 
modes of a c t i o n of a n t i b i o t i c s " . 
Dr. J. Cramp ( I . C . I . Ltd.) "Lasers i n 
Ind u s t r y " . 
Dr. D.H. Richards (P.E.R.M.E., M.O.D.) 
"Terminally f u n c t i o n a l polymers - t h e i r 
synthesis and uses". 
Prof. D.W.A. Sharp ( U n i v e r s i t y of Glasgow), 
"Some redox reactions i n f l u o r i n e chemistry" 
Dr. R. Manning ( U n i v e r s i t y of Durham), 
"Molecular mechanisms of hormone a c t i o n " . 
S i r G. A l l e n F.R.S. (Unilever L t d . ) , 
"U.K. Research L t d . ". 
Prof. A.G. Mac Diarmid ( U n i v e r s i t y of 
Pennsylvania), " M e t a l l i c covalent polymers 
: (SN) and (CH) and t h e i r d e r i v a t i v e s " . 
Prof. A.C.T. North ( U n i v e r s i t y of Leeds) 
"The use of a computer d i s p l a y system i n 
studying molecular s t r u ctures and i n t e r 
a c t i o n s " . 

B. POSTGRADUATE INDUCTION COURSE 
I n each p a r t of the course, the uses and l i m i t a t i o n s 

of the various services a v a i l a b l e were explained by 
those responsible f o r them. 
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Departmental o r g a n i s a t i o n 
E l e c t r i c a l appliances and 

i n f r a red spectroscopy 
Chromatography and micro

analysis 
Atomic absorption spectro
metry and inorganic 
analysis 

Mass spectrometry 
N.M. R. spectrometry 
Glassblowing techniques 

Safety matters 
C. RESEARCH CONFERENCES 

"Inte r b o r o n I I I " , U n i v e r s i t y o 
1982. 
Graduate Symposium, Durham, 21 

- Dr. E.J. F. Ross 

- Mr. R.N. Brown 

- Mr. T.F. Holmes 

- Mr. R. Toult 
- Dr. M. Jones 
- Dr. R.S. Matthews 
- Mr. W.H. F e t t i s and 

Mr. R. Hart 
- Dr. M.R. Crampton 

f Leeds, 14th - 16th September 

Lst A p r i l , 1982. 
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