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C h a p t e r 3 d e s c r i b e s r e l a t e d s t u d i e s on t e n m e t h y l e n e -

a m i n o z i n c compounds o f f o r m u l a t y p e s ( R 2 C = N H ) x Z n X 2 , R = P h , 

p - t o l y l , X = C I , x = 2 ; R = B u t , X = C I , x = 1 ; R = p - t o l y l , 

X = P h , x = 1 ; R C N . Z n P h 2 (R = p - t o l y l ) ; ( R . j R 2 C = N Z n X ) , 

R 1 = R 2 = p - t o l y l , X = C I , n = 2 ; R x = R 2 = p - t o l y l , X = P h , 

n = 2 ; R 1 = P h , R 2 = p - t o l y l , X = P h , n = 2 ; R 1 = R 2 = 

p - t o l y l , X = ( p - t o l y l ) 2 C = N . The a s s o c i a t e d s p e c i e s a r e 

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

c o - o r d i n a t e z i n c . 



( i v ) 

C h a p t e r 4 d e s c r i b e s m e t h y l e n e a m i n o and ^ ^ - d i p h e n y l -

and l ^ N ^ - d i - p - t o l y l a c e t a m i d i n o ( A m , Am"'") d e r i v a t i v e s o f 

t i n ( I I ) i n c l u d i n g f o r m u l a t y p e s R 2 C = N H . S n C l 2 , 

( R 2 C = N S n I T C l ) 2 , 

I I -

( R 2 C = N ) 2 S n i : r , A m 1 H 1 > S n I T C i 2 , ( A m 1 S n I I C l ) 2 

- L - L X I I TV" 
( A m n S n J " " L ) , ( A m x

0 S n ) . A m i d i n o d e r i v a t i v e s Am Sn C I , 2 n ' 2 n n ^4-n 

( n = 2 , 3 , 4 ) , A m 1

n S n T V C l 4 _ n ( n = 1 - 4 ) , A m ^ M C ^ ( M = S i , 

Ge ) a r e d e s c r i b e d i n C h a p t e r 5 - A t t e m p t s t o p r e p a r e 

A m ( o r A m 1 ) n M C l ^ _ n ( n = 1 , 3 , 4 ; M = S i , Ge) were u n s u c c e s s f u l 

1 I V 
Am Sn CI-z i s m o n o m e r i c w i t h f i v e c o - o r d i n a t e t i n . The 

3 

a s s o c i a t e d s p e c i e s a r e b e l i e v e d t~> c o n t a i n b r i d g i n g m e t h y l -

e n e a m i n o / a m i d i n o l i g a n d s . 

The f i n a l t w o c h a p t e r s d e s c r i b e w:>rk w h i c h s temmed f r > m 

s t u d i e s o f n i t r i l e - G r o u p I V m e t a l s y s t e m s . I n C h a p t e r 6 , 

t h e u se o f v a p o u r p r e s s u r e / c o m p o s i t i o n s t u d i e s t o m o n i t o r 

t h e weak i n t e r a c t i o n s o f L e w i s a c i d s M C l ^ (M = S i , Ge) w i t h 

v a r i o u s L e w i s b a s e s i s d e m o n s t r a t e d . 

F i n a l l y , t h e h y d r o s t a n n a t i o n o f n i t r i l e s b y t i n ( I I ) 

c h l o r i d e and h y d r o g e n c h l o r i d e i s d e s c r i b e d . The p r o d u c t 

i s c o n s i d e r e d t o be d i m e r i c w i t h an a m i d i n i u m s t r u c t u r e 

C l 3 S n I V C ( R ) = N C ( R ) = N H 2

+ S n I I C l 5 ~ . 



C H A P T E R 1 

INTRODUCTION 



1 . 1 N o m e n c l a t u r e 

V a r i o u s names h a v e "been u s e d i n t h e p a s t f o r compounds 

c o n t a i n i n g t h e C=N - g r o u p . To a v o i d a m b i g u i t y t h e 

C h e m i c a l S o c i e t y and I . U . P . A . C . r ecommend t h a t k e t i m i n e s , 

P ^ C ^ N H , s h o u l d be named as d e r i v a t i v e s o f t h e ( u n k n o w n ) 

p a r e n t compound m e t h y l e n e a m i n e C H - ^ N H . Hence d i p h e n y l -

k e t i m i n e , Ph2C=NH, i s d i p h e n y l m e t h y l e n e a m i n e and m e t a l l o -

d e r i v a t i v e s c o n t a i n i n g t h e u n i t P l ^ C ^ N M a r e c o n s e q u e n t l y 

s p o k e n o f as d i p h e n y l m e t h y l e n e a m i n o d e r i v a t i v e s o f M . 

S i m i l a r l y RCH=NH, f o r m e r l y a l d i m i n e s , a r e c o r r e c t l y t e r m e d 

a l k y l ( a r y l ) m e t h y l e n e a m i n e s . I n t h i s i n t r o d u c t i o n b o t h 

n o m e n c l a t u r e s a r e u s e d , b u t s u b s e q u e n t l y s y s t e m a t i c m m e n -

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

1 . 2 H i s t o r i c a l B a c k g r o u n d 

M e t h y l e n e a m i n o - d e r i v a t i v e s o f m e t a l s h a v e b e e n known 

s i n c e a b o u t 1 9 0 1 when B l a i s e ( l ) d e s c r i b e d , b u t d i d n o t 

i s o l a t e , m e t h y l e n e a m i n o m a g n e s i u m - and m e t h y l e n e a m i n o z i n c 

h a l i d e s R 1 R 2 C = N M X ( M = Mg , Z n ) , as p r o d u c t s o f t h e i n s e r t i o n 

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

o r o r g a n o z i n c - h a l i d e ( e q u a t i o n l . l ) 

I n d e e d t h e m o s t w i d e l y u s e d r o u t e t o t h e s y n t h e s i s o f k e t i m i n e s 

e m p l o y s a n i t r i l e and a G r i g n a r d r e a g e n t (R MX, M = Mg) 

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

o f a n i t r i l e t o an o r g a n o m a g n e s i u m o r - z i n c h a l i d e has b e e n 

u n 

R X C = N + R^MX * R 1 R 2 C = N M X 1 . 1 

1 R"R^C=NH + MX(OH) R"PrC=NMX + H „ 0 
n 

1 . 2 

e x t e n d e d t o t h e p r e p a r a t i o n o f o t h e r r e l a t e d z i n c ( 2 ) , 

l i t h i u m ( 3 ) and a l u m i n i u m ( 2 ) compounds M C to 980 MAY 6 
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I n g e n e r a l , h o w e v e r , i n t e r e s t h a s c e n t r e d on t h e 
p r o d u c t s o b t a i n e d b y t h e c o m p l e t e h y d r o l y s i s o f s u c h 
i n i t i a l i n s e r t i o n i n t e r m e d i a r i e s , i . e . K e t o n e s ( e q u a t i o n 1 . 3 ) 

R V C ^ N M X + 2 H o 0 — » >• R 1 R 1 C = 0 + NH-. + HOMX 1 . 3 
n 2 3 Q 

The f i r s t a l d i m i n o d e r i v a t i v e o f a m e t a l , p r o p y l -

m e t h y l e n e a m i n o d i - i - b u t y l a l u m i n i u m ( P r C ^ N A l B u " ^ ^ , t o be 

i s o l a t e d i n a p u r e f o r m was r e p o r t e d some t w e n t y y e a r s ago 

( 4 ) . I n t e r e s t i n t h i s f i e l d h a s s u b s e q u e n t l y d e v e l o p e d 

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

m e t h y l e n e a m i n o - d e r i v a t i v e s may be s y n t h e s i s e d , t h e i r 

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

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

r e c e n t t i m e h a v e t h e i r s t r u c t u r e s and s p e c t r a b e e n i n v e s t i ­

g a t e d . The w o r k d e s c r i b e d i n t h i s t h e s i s had as i t s b r o a d 

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

d e r i v a t i v e s o f m e t a l o r m e t a l l o i d s . C h a p t e r 2 and 3 d e s c r i b e 

s t u d i e s w h i c h i n v o l v e R2C=NM s p e c i e s ( M = Mg and Zn r e s p e c t ­

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

o r g a n o m e t a l l i c r e a g e n t s w i t h n i t r i l e s . P a r t i c u l a r a t t e n t i o n 

i s p a i d t o t h e s t r u c t u r e o f t h e s e 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 m a g n e s i u m o r - z i n c d e r i v a t i v e s and t o t h e u s e 

o f t h e R2C=N-M u n i t as a p r o b e f o r t h e s t u d y o f m e t a l -

n i t r o g e n i f - b o n d i n g . To t h i s e n d , t h i s c h a p t e r w i l l d e s c r i b e 

l a t e r t h e s p e c t r o s c o p i c f e a t u r e s o f - C = N - M u n i t s t h a t a l l o w 

t h e i r s t r u c t u r e s t o be d e t e r m i n e d . C h a p t e r s 4 and 5 a r e 

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

s e l e c t e d N , N ^ - d i a r y l a c e t a m i d i n o - d e r i v a t i v e s o f t i n i n 

b o t h i t s I I and I V o x i d a t i o n s t a t e s . A d e t a i l e d d i s c u s s i o n 

o f t h i s w o r k i s o f f e r e d i n C h a p t e r 4 . C h a p t e r s 6 and 7 



examine respectively ( i ) interactions between n i t r i l e s 
(and other Lewis bases) and MCl^M = S i , Ge) as monitored 
by vapour pressure measurements, and ( i i ) the behaviour 
of selected systems incorporating a l k y l or aryl n i t r i l e , 
t i n ( i l ^ c h l o r i d e and hydrogen chloride. The present chapter 
includes a survey of n i t r i l e i n s e rtion reactions by which 
methyleneamino- derivatives can be prepared. Other routes 
to methyleneamino- derivatives are also reviewed together 
with the c h a r a c t e r i s t i c spectroscopic features of the 
C=N-M u n i t s . 

1.3 Insertion Reactions of N i t r i l e s 

I n s e r tion reactions of n i t r i l e involve the ins e r t i o n 
of a n i t r i l e t r i p l e bond into a bond A - B such that 
B and A add to the n i t r i l e carbon atom and n i t r i l e nitrogen 
atom respectively (equation 1.4). 

& S"-
RC=N + A — B > RBC=NA 1.4 

The ease with which the reaction occurs r e f l e c t s the strength 
and p o l a r i t y of the bond between A and B. In p a r t i c u l a r , 
n i t r i l e s can inse r t i n t o M-C bonds where M = L i , Mg, Zn and 
Al, f o r example, to give N-metallated methyleneamines 
(equation 1.5)° The majority of reactions l i k e t h i s are 
frequently regarded as 1,2-dipolar additions and proceed 
probably by way of some cyc l i c t r a n s i t i o n state such as that 
in (equation 1.5)° 

R 1C^ +=N^ + R2-^M^+ Xn-
R?--MX 
* ' 1 2 ^ RxR^C=NMXn 1.5 

R"*"-C='N 



Such would also r a t i o n a l i s e those situations where evidence 
exists of the i n i t i a l formation of a n i t r i l e adduct as a 
precursor to the insertion reaction. Some of these adducts 
are isoiabie eg. R 1 ^ . MR^, R1 = Me, R2 = Me, Et, Ph; R1 = Et 
R 2 = Me; R1 = Bu*, R 2 = Me, Ph; M = Al ( 5 ) , and t h e i r i n ­
frared spectra reveal the characteristic increase i n $ (C=N) 
of n i t r i l e on formation of adducts RC=N.MXn ( 6 ) . They do, 
however, often rearrange, and feasibly by a mechanism which 
involves nucleophilic attack, by the migrating group, on 
the carbon of the n i t r i l e (equation 1.6) A study of n i t r i l e -
organoaluminium adducts has indicated that such rearrangement 
occurs less r e a d i l y i f electronic charge i s withdrawn from 
the migrating group and t h i s seems consistent with the pro­
posed mechanism of migration (equation 1.6) ( 5 ) . 

,2 R 

-> K R' R' '2 

R ;2 
R< R: 

C=N 
M<- •NsCR1 

M' 

R̂  M 

RJ 

1. 

Rc R' 

Specific examples of insertion reactions of n i t r i l e s are 
now given, which w i l l not only i l l u s t r a t e the general 
pr i n c i p l e s so f a r established by proving a favoured route 
to various methyleneamino- metal or metalloid derivatives 
but also serve to i l l u s t r a t e the formation of rather 
d i f f e r e n t products. 
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1 2 
Methyleneaminolithium derivatives, R R C=NLi have 

been widely studied in t h e i r own r i g h t and have been 
extensively used i n the preparation of methyleneamino -
derivatives of other electropositive metals, Insertion 
reactions of n i t r i l e s R 1CHN with R 2 L i (R 1= R 2 = Ph ( 7 ) ; 
R1 = R 2 = Bu t ( 8 ) ; R1 = Ph, R 2 = NR2 (9) have been used 

1 2 
to produce R R C=NLi i n good y i e l d , but PhCN gives a very 
low y i e l d of PhMeC=NLi when treated with MeLi because of 
the competing reaction involving the polymerisation of the 
benzonitrile i n the presence of organolithium ( 3 ) . Further­
more, reactions between alkylcyanides, R̂ Ĉ N (eg R"*"=Me, E t ) , 
and l i t h i u m alkyls (eg R =Me, Et) do not normally y i e l d 
dialkylmethylenearainolithium d e r i v i a t i v e s as might be ex­
pected (eg Me2C=NLi) because of the acid character of 
hydrogen atoms attached to the <£-carbon atom of the n i t r i l e . 
Instead the products are an alkane and polymeric materials 
(equation 1.7) - R1=R2=Me, E t ) . Dimethylcyanamide, Me^-C^N, 

R^H^N + R 2 L i > R2H + (R1CH=C=MLi)n 1.7 
whilst not possessing a hydrogen atom on the -carbon atom 
does, none the less behave as a p r o t i c acid toward methyl 
l i t h i u m eliminating methane (7) according to equation 1.8: 

Me^-C^N + MeLi > MeH + LiCH^N^Me)C=N 1.8 
Ac e t o n i t r i l e and excess t - b u t y l l i t h i u m on the other hand, 
react at-78° by p o l y l i t h i a t i o n to give I^CpHN and two equiva­
lents of 2-methypropane„ T e r t i a r y - butyl cyanide ( p i v a l o -
n i t r i l e ) with no d-hydrogen atoms has been reported not to 
react with a l k y l l i t h i u m , RLi,(R=Me, Et, (7) hut nevertheless 
reacts smoothly with t=butyl l i t h i u m i n s e r t i n g at about -20 



(equation 1.9) in quantitative y i e l d . This represents 
the most convenient route to the synthesis of d i - t - b u t y l -
methyleneatninolithium. 

Bu t C=N + Bu t L i ^ B i ^ ^ N L i 1.9 
The i n s e r t i o n of a n i t r i l e into the metal-carbon 

2 
bond of a Grignard reagent, R MgX, has been used to pre­
pare a series of methyleneaminomagnesium derivatives, 
R1R2C=HMgX, (R 1 = Ph, R 2 = Me, Et, PhCH2; R1 = cyclopropyl, 
R 2 = Me, Ph (10) R 1 = R 2 = Ph (11) (equation 1.10.) In a 

RXC=N + R2MgX *> R1R2C=NMgX 1.10 
similar way benzonitrile reacts with diethylmagnesium to 
give ethylphenylmethyleneaminoethylmagnesium (equation l . l l ) 
which i s extensively associated i n benzene. 

PhC^N + Et2Mg t> (EtPhC=NMgEt)n 1.11 
A sim i l a r reaction employing t-butylcyanide, also i n ether 
gave a syrup which yielded a c r y s t a l l i n e derivative with 
tetrahydrofuran (EtButG=NMgEt)xy THP, wh i l s t , by contrast, 
the reaction between di-isopropylmagnesium and t-butylcyanide 
gave a c r y s t a l l i n e adduct Bu^CN.MgPr^" The adduct, again 
showing the c h a r a c t e r i s t i c a l l y high $ (C=N), decomposes i n 
benzene p r e c i p i t a t i n g di-isopropylmagnesium (12). 

Benzonitrile reacts with diphenylzinc to form the 
adduct PhCN.ZnPlu, which rearranges at about 100° to 
bis(diphenylmethyleneamino)zinc, presumably by way 
of the disproportionation of the in s e r t i o n product, 
dimeric diphenylmethyleneaminophenylzinc (13) (equation 
1.12). By comparison, p - t o l u n i t r i l e also forms 
PhCsN + Ph2Zn-^PhC=N.ZnPh2-^(Ph2C=RZnPh)2- (Ph2C=N)2Zn + ZnPh2 

1.12 
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an adduct ̂ p-tolyl^C=N.ZnPh2, and i t s pyrolysis at about 
100 C yields the expected in s e r t i o n product p-tolylphenyl-
methyleneaminophenylzinc dimer |^(p-tolyl)PhC=NZnPh 2 

(equation l . l g ) . This product however, whilst supporting 

2 ̂ p-tolyl)c=N.ZnPh 2 )> j(p-tolyl)PhC=NZnPh 2 1.13 
the l i k e l y reaction route postulated f o r the b e n z o n i t r i l e -
diphenylzinc system (equation 1.12) i s much more re s i s t a n t 
to disproportionation and indeed i t was not possible to 
prepare the bis(methyleneamino)zinc derivative 
£|(p-tolyl)PhC=Nj2Zn n i n t h i s way (see chapter 3)° No 
evidence of int e r a c t i o n was found in studies of the systems 
Bi^CsN- R2Zn (E = Me, Et, Bu*) (13) but benzonitrile i s 
trimerised by zinc a l k y l s , apparently by successive insertion 
of benzonitriLe i n t o zinc-carbon and ul t i m a t e l y z i n c - n i t r o ­
gen bonds, when equimolar mixtures of benzonitrile and 
dimethyl- (14) or diethyl-zinc (13 , 15) are heated i n sealed 
tubes to 100° - 150° (equations 1.14 - 1.15)° Such a mecha­
nism (1.14 and 1.15) i s similar to the 

PhĈ N 
R-ZnR + PhCSN—P R(Ph)C=NZnR 3> R(Ph)ONC(Ph)=NZnR 1.14 

N-1 1 
1 
.C-

ZnR 

Ph 

N N 
+ RZnN=CRPh 1.15 

C. .C N C ,C 
Ph X // \ Ph N N CRPh 
polymerisation of benzonitrile i n the presence of organolithium 
reagents mentioned e a r l i e r (3)» Other substances which cata­
lyse t h i s t r i m e r i s a t i o n reaction include sodium (16 , 1 7 ) , 
organomagnesium compounds (18) and Mê M(M = Al (19), Ga (20). 
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Aldiminoboron hydrides (R1CH=NBH2)n,(21) a l k y l hydrides 
(R1CH=NBHBut)2 (22), and alkyls (MeCH=NER2)2 (23) r e s u l t 
from the insertion of n i t r i l e s i n t o the B-H bonds of BH^, 
BELjBu^ and HBR2 respectively. However, the aldiminoboron 
dihalide, MeCH=BCl2, expected from the reaction of aceto-
n i t r i l e with dichloroborane, or monochloroborane, (equation 
1.16) was not produced. Instead, small traces of aceto-
n i t r i l e . b o r o n t r i c h l o r i d e adduct were obtained and evidence 
of substituted borazines. (24) Whilst aldimine 

MeC=N + HBC12 )(• > MeCH=NBCl2 1.16 
derivatives of gallium are also accessible by an insertion 
of a n i t r i l e i n t o a gallium-carbon bond of GaR^ (25) 
(equation 1.17), i n general the lower r e a c t i v i t y of organo­
boron and organogallium compounds towards the i n s e r t i o n of 
an unsaturated functional group such as n i t r i l e causes 

1 2 3 
ketimine d e r i v i a t i v e s (R R C=NMR ^) to be inaccessible by t h i s 

^ 2 

2PhCN + 2GaEt3 > (PhCH=GaEt2) + 2 0 ^ 1.17 

route. On the other hand both aldimino, R^CH=NA1X2, and 
1 2 

ketimino (R R C=NA1X ) derivatives of aluminium are pre-
2 n 

parable from the n i t r i l e and the appropriate organoaluminium 
compound. 

Such insertion reactions of the n i t r i l e group i n t o aluminium-
carbon (or aluminium-hydrogen) bonds y i e l d methyleneamino-

p 
alanes only when the organo-group R i s an aryl or a l k y l 
group, other than e t h y l , and the n i t r i l e substituent R1 has 
no °̂  -hydrogen atoms (equation 1.18 and 1.19, R̂  = Ph, Bu^; 
R 2 = X = Me, Ph. (5 , 26) R1 = Ph, R2 = H, X = Et (4 , 5 , 26) 
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R1C^N +-i-(R 2AlX 2) 2 > R C=N.A1R2X2 1.18 

n R1C=NA1R2X2 - > (R R 2C=NAlX 2) n 1.19 

Pyrolysis of the b e n z o n i t r i l e . t r i e t h y l a l a n e adduct, 
PhCN.AlEt^, yielded both ketiminoalane PhC(Et):NAlEt 2, 
and aldiminoalane PhCH=NAlEt2 because of concurrent loss 
of ethene and hydrogen (16, 26). A d i f f e r e n t behaviour i s 
observed however, when the n i t r i l e has an d -hydrogen atom 
as i n , f o r example, aceto- and propio- n i t r i l e s . Such 
n i t r i l e s act as weak p r o t i c acids cleaving organic groups 
from aluminium forming alkanes and polymeric products 
(equations 1.20, 1.21), showing tha t , in addition to cleavage 

RCH2C=N + R2A1X2 > RCH2CN. A1R2X2 1.20 

(RCH=NA1X0) + R2H v 2'n 
n RCH0CN.A1R2X ' 1.21 r',iu" ~2- (RCH(AlX 2)CN) n + R2H 

2 
of groups R from aluminium, some rearrangement has also 
occurred. Aldimino derivatives, (R~*"CH=NAlX2)n, are formed 

2 
when R = H or Et, the EtAlX 2 i n the l a t t e r instance acting 
as a source of HA1X2 (5, 17, 18, 26-28) by loss of ethene. 
Methyleneaminoalanes can also arise by the insertion of 
n i t r i l e s i n t o aluminium-nitrogen bonds i n compounds of general 
formula R2R5A1NR^R5 (equation 1.22) (19, 29 - 31). 

R1C=N + R2R5A1NR^R5 *> R 1C(NR\ 5) :NAlR2R5 1.22 
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Methyleneamino-derivatives of Group IV elements 
( S i , Sn, Pb) r e s u l t from the insertion of n i t r i l e s i n t o 
M-N bonds ( S i , Sn, Pb), M-H bonds (M = Si) and M-0 bonds 
(Sn, Pb) as indicated in equation 1,23° 

R1C=N + XMR2 > RLXC=NMR2 1.23 
3 3 

M = Si R1 = Ph, X = H, R 2 = Me (32); R1 = OR, X = NR2, 

NHR, R 2 = Me (33) 

M = Sn R1 = Ph, X = NMe2, R 2 - Me (34- 35); R1 = CCl^, 

X = OMe, R 2 = Bu (36) 

M = Pb R1 = Ph, X = NEt 2, R 2 = Bu (37); R1 = CCl^, 

X = OMe, R 2 = Ph (38) 

The above examples of n i t r i l e i nsertion into M-C and 
M-X bonds show the r e a c t i v i t y of the n i t r i l e functional 
group i s due to two facto r s , viz i t s p o l a r i t y (C = N ) and 
the lone pair of electrons on nitrogen. Moreover when t h i s 
lone pair i s used to co-ordinate with a Lewis acid the 
e l e c t r o p h i l i c character of the n i t r i l e carbon i s enhanced, 
A b r i e f description of the reactions of n i t r i l e s with 
selected substrates, some of which have p a r t i c u l a r relevance 
to the work reported i n Chapter 7, i s now offered. 

The interaction of hydrogen halides, HX, with n i t r i l e s 
has been well documented (39 5 40) the addition of a proton 
being followed or accompanied by co-ordination of halide ion 
at the e l e c t r o p h i l i c carbon atom to give imidoyl halides 

( I - equation 1.24) which themselves are normally s u f f i c i e n t l y 
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"basic to accept a second proton to form n i t r i l i u m salts 
( I I equation 1.24). The weak "basicity of the simple n i t r i l e s 

R-C=N ~ 

R-C=NH 

v 
R-C=NH 

NH 
CI HC1 
=± R-C v R-C 

CI 
* 2 

\ 
CI 

CI 1.24 

may be at t r i b u t a b l e to either the lone pair of electrons 
on nitrogen or (much more r a r e l y ) to the H -electrons of 
the t r i p l e bond. Complexes of n i t r i l e s with various Lewis 
acids are normally bound through the lone pair (6) but 
the enhancement of H -electron a v a i l a b i l i t y i n , f o r example,, 
4-methoxybenzonitrile markedly accelerates the formation 
of the imidoyl chloride s a l t ( I I ) . In addition to the imidoyl 
halides or halide salts ( I and I I ) already referred t o , some 
n i t r i l e s are known to form isolable dimeric hydrochlorides. 
Some of these products are of somewhat uncertain composition 
but the reaction between hydrogen chloride and dimethylcyana-
mide at room temperature i s rather more clear (equation 1.25). 
The c y s t a l l i n e derivative (IV) i s produced which, when heated, 

H C 1 // HC1 
Me NCN »Me^NC N MP NC 

2 2 \ ^ 2 \^ 
C I C I 

NH CI 
f 2 foo° 

NM. 

Me2NCN=C. 
NMe„ 

C I 

CI 

I I I I V 



elimates HC1 and forms (V) i n high y i e l d (41) probably 
by displacement of CI" from (IV) by the nucleophilic 
chloroformamidine base ( I I I ) . The analogous a l i p h a t i c 
imidyi hydrochlorides behave s i m i l a r l y (42) but the 
o(-halogenated monomeric compounds are stable only at low 
temperature, the reactions at room temperature y i e l d i n g 
dimeric N-( <̂  -haloalkylidene ) amidines d i r e c t l y (43). 
Acetimidyl chloride, f o r example ( I I ; R = Me) changes on 
standing to form N-(Chloroethylidene)- acetamidine 
hydrochloride (VI) having the composition 2 MeCN.2HCl. 
(42). The N-(o( -haloalkylidene)amidines (VI) are i n 

+ 

Me-C-N=C 
Me 

CI 
CI R—C-N=C 

R 

SnCl. 
SnCl. 

VI V I I 
general weakly basic and t h e i r salts r e a d i l y release 
hydrogen halide. This may be one explanation f o r the lack 
of agreement regarding t h e i r composition. Chapter 7 gives 
an account of a study of various n i t r i l e - hydrogen chloride 
- t i n ( I I ) chloride systems, i n the presence of di e t h y l 
ether as solvent. The solid waxy products isolated i n the 
four systems studied using d i f f e r e n t n i t r i l e s RCN (R = Me, 
Et, Bu^ and Ph) were also dimeric with an amidinium s a l t 
structure (vTi). Whilst the precise nature of the reacting 
species i n an ethereal solution of hydrogen c h l o r i d e / t i n ( I l ) 
chloride i s debatable - see l a t e r , Chapter 7 - i t seems 
l i k e l y that the reaction with n i t r i l e s proceeds i n a manner 
similar to that described f o r nitrile-hydrogen chloride 



systems. The f i r s t step probably involves the protonation 
of the n i t r i l e followed or accompanied by co-ordination of 
the nucleophilic trichlorostannate ( I I ) ion, SnCl^ , to 
give products ( e q u a t i o n 2 6 ) analogous to I and I I 

+ H SnCl NH H SnCl ^NEL^SnCl^ + RCNH RON RC ^ RC 
\ SnCl 

SnCl 
SnCl 

1 
IX V I I I 

+ H 
N 

R-C \ SnCl SnCl 

(equation 1.24) produced by 1,2-addition of H and Cl~ 
to a n i t r i l e - viz an a l k y l t r i c h l o r o s t a n n y l imine ( V I I I ) 
or iminium s a l t ( I X ) . The f i r s t step t h i s reaction i . e . 
the forming of RC(=NH)SnCl^-analogoUs to the formation 
of an imicfcyl chloride ( I ) - may only be termed a hydrostan-
nation i n the broadest sense since the reacting species 
probably has no Sn=H bonds (contrast Et^SnH) in t o which the 
unsaturated n i t r i l e group might i n s e r t . The dimerisation 
of IX affording X with an amidinium s a l t structure may 

II 2 

R C — •N: C 
R 

•SnCl 3 
SnCl-

well proceed by a mechanism similar to that described f o r the 
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dimerisation of I I but t h i s i s dealt with i n much greater 
d e t a i l i n Chapter 7« 

N i t r i l e s may also be used i n the synthesis of amidines 
by reacting with ( i n s e r t i n g i n t o ) ammonia or amines esta­
b l i s h i n g an equilibrium (equation 1.27)° 

/ NH 
RCHN + m-,-==±Rc^ 1.27 

\ 
NH2 

Conversion to amidine i s favoured by electron a t t r a c t i n g 
substituents i n the n i t r i l e , and indeed very strongly 
activated n i t r i l e s , RCN (R = CClj, (44) CF^,(45)) react 
r a p i d l y with ammonia or amines at low temperatures ?but 
such amidine products react r a p i d l y with additional n i t r i l e 
(equation 1.28) to give unstable imidylamidines. In general, 

2CCl,CsN + NH, »C1-,CC(=NH)-N=C(NH0)CC1, 1.28 

however, most n i t r i l e s i n t h e i r reaction with ammonia/ 
amines give very low yields of amidine, (46) but i f the 
amidine can be st a b i l i s e d as an amidinium s a l t , higher 
temperatures can be used to accelerate the reaction. 
Basically the reaction involves the fusion of an ammonium 
s a l t with the n i t r i l e (equation 1.29) and t h i s scheme 

NH. 
R1CN + R 2R%H 2

+X - R 1 ^ 2 

NR R-5 

1.29 

has been found to be p a r t i c u l a l y useful f o r the synthesis 
of N=substituted amidines from a r y l n i t r i l e s (46). Best 
re s u l t s are obtained at temperatures ranging from 180° -
250°, and employing benzenesulphonates or thiocyanates ( i n 
a large excess). Unsubstituted amidine salts can be prepared 
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however in high y i e l d from a wide variety of n i t r i l e s 
by reaction with ammonium chloride or bromide in the 
presence of ammonia under pressure at 125°-150° (47). 
In adequate reaction rate in the slow step (equation I.30 (a) 
needs to be achieved at a temperature where 

+ NH 
(a) v ^ NH X 

RCN + NH, v RC ^ NH2
 K D J 

NH~ 
<<' 2 

RC / \-NH2 

X + NH, 1.30 3 

the equilibrium concentration of amidine s a l t i s high. A 
high concentration of ammonia promotes the forward reaction 
but too much necessitates an increase i n the s a l t content 
to ensure the protonation of the amidine product (equation 
1.30 (b) I t i s of in t e r e s t to note that the monomeric 
imidyl halide s a l t s ( I I ) , previously discussed, do not react 
with either ammonia or amines to give amidines, but 
rather regenerate the o r i g i n a l n i t r i l e (equation 1.31)-

+ 
y NH2C1 

RCT + 2NH^ »RC=N + 2NH4C1 1.31 
CI 

Following t h i s b r i e f survey of some selected reactions 
of n i t r i l e s , f u r t h e r information on which may be found i n 
the references quoted and in l a t e r chapters of t h i s thesis, 
other methods by which methyleneamino derivatives may be 
prepared are now discussed. 

1.4 The Preparation of H-Metallated Methyleneamines 

Insertion reactions of n i t r i l e s with M-H, M-C, M-N, 
and M-0 bonds and t h e i r u t i l i t y i n affording methyleneamino 
derivatives of various metals or metalloids have already 



been discussed in the previous section. I t i s now pro­
posed to consider other methods by which N=metallated 
amines have been prepared and then to tabulate the known 
methyleneamino derivatives - and the method(s) by which 
they have been made - of selected metals/metalloids. 

(a) Metathetical reactions of a methyleneaminolithium 
(on a methyleneamino-silicon compound) with a metal 
halide. (equation 1.52) 

R2C=NLi + MXX >LiX + R^-NM1 1.32 

This i s the most widely - applicable method f o r the 
preparation of imino derivatives of metals and metalloids. 
Iminolithium compounds in general are most conveniently 
prepared by the reaction between a methyleneamine - which 
i t s e l f i s a product of the p a r t i a l hydrolysis of the product 
obtained from the n i t r i l e i n s e r t i o n reaction i n t o a l i t h i u m 
-carbon bond of an alkyl l i t h i u m - and an a l k y l l i t h i u m 
(equation 1.33)° In the same way that amino-derivatives of 

RVC^H + R^Li » R-h^ONLi + R^H 1.33 

l i t h i u m react with halides of less electropositive elements 
to transfer the amino group to the other element so raethy-
leneaminolithium compounds may be employed to transfer the 
methyleneamino ligand to other less electropositive elements 

1 2 
(equation 1.34 - R =R = p - t o l y l ) . (48) Iminolithium compounds 

R1E2C=NLi + BeCl 2 >-J(R 1R 2C=NBeCl) 2 + LiCl 1.34 
are suitable s t a r t i n g materials when the organometallic 
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product i s soluble i n an appropriate solvent from which 
the l i t h i u m halide may be separated by f i l t r a t i o n . 
Methyleneamino- derivatives of several metals and metalloids 
eg, beryllium, zinc, boron, aluminium, gallium, s i l i c o n , 
germanium, t i n ( I I ) and t i n ( I V ) , and lead (also of a non-
metals phosphorus and sulphur) have been made by t h i s 

1 2 
method. By varying the groups R and R , and the r e l a t i v e 
molar proportions of each reagent, a series of derivatives 
of considerable d i v e r s i t y may be prepared (equations 1.35 -
1.38). 
4Ph2C=NLi + SnCl^ > (Ph2C=N)^Sn + 4L1C1 (49) 1.35 

3Ph2C=NLi + BBr^ *> (Ph 2C=N) 5 B + 3LiBr (7) 1.36 

2But
2C=NLi + ZnCl 2—5> % (Bu t

2C=N) 2Zn + 2L1C1 (50) 1.37 
2 

(p-tolyl) 2C=NLi + PPh2Cl > ( p - t o l y l )2C=WPPh2 + LiCl (5L) 
1.38 

Methyleneamino- derivatives which are only sparingly 
soluble i n an appropriate solvent (eg. toluene) make f o r 
tedious and imperfect separation from the associated product 
l i t h i u m halide. Such i s the case f o r example in the pre~ 
paration, from diphenylmethyleneaminolithium and boron ( I I I ) 
halides, of diphenylmethyleneaminoboron dihalides, f o r whilst 
the iodide, bromide and chloride (Ph2C=NBX2 X=I, Br, Cl) 
can be separated = but with increasing d i f f i c u l t y - from 
l i t h i u m halide, the analogous f l u o r i d e derivatives, 
Ph2C=NBP2, cannot be isolated by t h i s route (24). However, 
analogy with an established route to aminoboranes (equation 
1.39) employing aminosilanes (52), suggested that the 
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nMe3SiNR1
2 + ^ n ^ n >nMe3SiX + (R^N^BR 2^ 1.39 

comparable reaction between the methyleneaminosilane, 
R^C^NSiMe made by the reaction between methyleneamino-
l i t h i u m and trimethylchlorosilane Me^SiCl (equation 1.40), 

RnC=NLi + Me,SiCl * L i C l + R0C =NSiMe, 1.40 
d 3 d o 

and boron ( I I I ) halide might provide a useful alternative 
route to methyleneaminoboron-dihalides as exemplified by 
(equation 1.41). Diphenylmethyleneaminoboron d i f l u o r i d e 

Ph0C=NSiMe, + BX, • MexSiX + i(Ph 0C=]JBX 0) 1.41 
d o 3 o " d d n 

was indeed preparable i n t h i s way (53)• byproduct i n 
t h i s reaction (Me SiX) i s v o l a t i l e and can be separated from 

3 
the desired product by d i s t i l l a t i o n . A fu r t h e r example of 
t h i s method, described i n a general way by (equation 1.42) 
A = L i , SiMe^; X = Y = F, CI, Br; X = halogen, Y = Ph-
E1R2C=NA + XMYn > R1R2C=NMIn + AX 1.42 

i s provided by the reaction between a methyleneaminolithium 
1 2 t 

moiety (eg. R = R = Bu , A = L i ) and a G-rignard reagent 
ethylmagnesium bromide, RMgX (X = Br, H = Et) described 
in Chapter 2. The separation of the desired product, 
But

2C=NLi + EtMgBr • 1 ( But
2C=NMgEt ) Q + LiBr 1.43 

di-t-butylmethyleneaminoethylmagnesium, (Bu^2C=NMgEt)fl -
probably dimeric - from l i t h i u m bromide (equation 1.43) 
proved d i f f i c u l t and accordingly i t was prepared much 
more conveniently by method (b) the pr i n c i p l e s of which are 
now presented. 
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(b) Metathet ical react ion of a methyleneamine wi th a 

metal - a l k y l 03? -hydride (equation 1.44) 

R1R2C=NH + R5MX. * R 5 H + R V C ^ M X 1.44 n n 

This type of react ion involves the e l imina t ion of an 

alkane, or hydrogen, and formation of the N-metallated 

methyleneamine. As wi th the inse r t ion reactions of a n i t r i l e 

group between a metal and a more electronegative element, 

already re fe r red to i n section 1.3, t h i s type of react ion 

i s sui table only f o r compounds RMXfi possessing a s u f f i c i ­

en t ly react ive R~M bond i . e . f o r M = L i , Be, Mg, Zn, B, Al 

and Ga. The most common type of organometallic compound, 

formulated as R^MXn i n equation 1.44, employed to react wi th 

the f r e e methyleneamine to give n=metallated methyleneamines 

i s the metal a l k y l R̂ MR ^ , eg RLi (R usual ly Me, B u n ) , 

R2Be(R = Bu 1 , B u t ) , R2Mg (R = Et see chapter 2 ) , R2Zn (R = 

Me, Et , Ph), R^B (R = Me), R^Al (R = Me, Et , Ph) and R̂ G-a 

(R = Me, Et , Ph). The use of such metal a lky ls f o r the pur­

pose described (eg equation 1.43) p a r a l l e l s i n several i n ­

stances the established route to N-raetallated amines 

(equation 1.46) I" 

Methyleneaminolithium der ivat ives are prepared wi th 

considerable ease i n t h i s way, employing usual ly methyl-

or n -bu ty l l i t h i u m (equation 1.47) 

t (Bu%C=N)^Be 2Bi C=NH + Bu ~Be 2 
+ 2BuxH (54) 1.45 

2 

Me 0NH + P r x Be &> x(Me^NBePrx) + Pr x H (55) lo46 
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R1R2C=NH + RLi • R 1R 2C=NLi + RH 1.47 

R 1 = R 2 = Ph ( 7 ) , p - t o l y l (23 , 56), Bu* ( 5 7 ) , 

MepN (9 , 58) and CF^ (25 , 56) 

Several methylenearainoberyllium compounds have also 

been prepared (equations 1.48 - 1.49) 

R1R2C=NH + R2Be • (R1R2C=NBeR)2 + RH 1.48 

R 1 = R 2 = Ph, R = B u t , Bu 1 ; R 1 = R 2 - Bu*, R = Bu 1 (54) 

+ 2RH 1.49 
2 

R 1 = R 2 = Bu*, R = Bu 1 

In Chapter 2, the preparation of several N-magnesium 

methyleneamines i s described employing diethylmagnesium or 

another Grignard species, RMgBr (R = Et , P r 1 , Ph). Such 

reactions are exemplified by equations 1.50 and 1.51 

+ EtH 1.50 
2 

R1R2C=NH + Pr^-MgBr > i (R1R2C=NMgBr)n + Pr^H 1.51 
R 1 = R 2 = Ph, p - t ^ l y l , Bu*. 

Several N-metallated methyleneamino derv ia t ives of zinc have 

been products of the in t e rac t ion of methyleneamines and 

d i a l k y l - (R = Me, E t ) and d i a r y l z i n c (R = Ph) - see 

references(13 , 50) and Chapter 3 (equations 1.52 and 1.55)° 

R1R2C=NH + R2Zn > •i(R1R2C=NZnR)2 + RH 1.52 

R 1 = R 2 = Ph, R = Me, Et , Ph ( 1 3 ) ; R 1 = R 2 = Bu*, 

R = Me (50) R 1 = R 2 = p - t o l y l , R = Ph 

2RLR2C=NH R2Be £ (R1R2C=N)2Be 

2Bu 2C=NH + Et 2Mg (Bu :

2C=N) 2Mg 
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2ITRt-C=NH + R«Zn (R 1R 2C=N) 0Zn + 2RH 1.53 

2 

R 1 = -R2 = , R = Me (50) 

Boron-carbon bonds are less r ead i l y cleaved by p ro t i c 

acids, so t h i s method i s of l i m i t e d use f o r the synthesis 

of methyleneaminoboranes few of which have been made by 

t h i s course (equation 1.54-)« 

The Ph2C=NH/BMe^ system, which behaves s i m i l a r l y to the 

iY^NH/BMe^. react ion mixture (60) a f fords i n i t i a l l y an un= 

stable but i so lab le so l id adduct which however eliminates 

methane on being heated to give the monomeric diphenyl-

methyleneamino-dimethylborane. No evidence of adduct 

formation was detectable i n studies of the diphenylmethy-

leneamine-BR^ systems (R = Et , Ph) both the alkylboranes 

being weaker Lewis acids than tr imethylborane. Af t e r 

Ph0C=NH-BEt-, mixtures had been held at 160° f o r about a 2 0 

week the only i n v o l a t i l e product isola ted was the N,-sub-

s t i t u t e d ketimine Ph^C^NCHPl^o This somewhat unexpected 

product i n addi t ion to ethene, may be r a t iona l i sed as f o l l o w s . 

Amines, R^NH^, displace ammonia from imines R2C=KH to 

y i e l d N-substi tuted imines R ^ N R 1 (60) . In the Ph2C=NH0 

BEt j react ion some Ph^C^NH may be reduced to the amine 

Ph^CHNH^ by in t e r ac t i on wi th Et-B groups (which i n the 

process lose ethene). Subsequent condensation between 

such an amine and a molecule of Ph0C=NH could a f f o r d 

R1R2C=NH + R,B > R1R2C=NBR0 + RH 
0 2 

R 1 = R 2 = Ph, R = Me ( 5 9 ) ; R 1 = R 2 = Bu*, R = Et (57) 

1.54 
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Pb^C^CHPl^ together wi th some associated material such 

as CEtBNH)Q. A study of other Ph^NH/EX^ systems (X = H, 

NMe2, CMe, E or Cl) wi th the projected purpose of i s o l a t i n g 

diphenylmethyleneamino boranes, Ph2C=NBX2, by the e l imina t ion 

of HX from the i n i t i a l l y formed adduct Ph2C=NH.BX5 proved 

to be unsuccessful. (61) 

Methyleneamino-alanes andgallanes, (E2C=NMX2) M = A l , 

Ga, are obtainable by the react ion between methyleneamines 

and org an o-aluminium or - gall ium compounds v i a adduct 

formation (equation 1 .33) . 

R2C=1TH + R^M >R2C=NH.MR1

3 ——» ^-(R2C=NMR1

2) + R*E 

1.55 

M = Al R = Ph, R 1 = Me, Et , Ph; (62) R = Bu*, R 1 = Me 

Bu3" ( 5 7 ) ; R = Me2N, R 1 = Me, Et (58) 

M = Ga R = Ph, R 1 = Me, E t , Ph (63) 

Cleavage of R̂ "H from the adduct Ph2C=NH.MR^ occurs less 

r e a d i l y as M becomes less e lec t ropos i t ive ( e l ec t ronega t iv i ­

t i e s : B = 2 . 0 1 ; Ga = 1.82; Al = 1.4-7) (64 ) , p a r a l l e l i n g the 

decrease i n M - C bond p o l a r i t y . I t i s of in te res t to note 

that increasingly f o r c i n g conditions are also needed f o r 

the comparable thermal decompostion of the dimethylamine 

adducts M e ^ . A l M e ^ ( 9 0 ° ) (64) , Me^H.GaMe,. ( 1 2 0 ° ) (66) and 

Me2NH.BMe5 ( 3 0 0 ° ) (67) i n t o analogous dimethylamino-metal 

der iva t ives (Me2NMMe2) . T r i s (di-t-butylmethyleneamino) 
t n 

alane, (Bu 2C=N)^Al, has been prepared by react ing aluminium 

hydride (from l i t h i u m aluminium hydride and aluminium 

t r i c h l o r i d e ) wi th three equivalents of di- t-butylmethylene= 
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amine (equation 1.56) (11) . This i s analogous to the 

e l imina t ion reactions used to prepare tr is(amino)alanes 

from aluminium hydride and secondary amines (68) . 

3But

2C=NH + A1H 3 * (Bu t

2 C=N) 3 Al + 3H 2 1.56 

The methods so f a r described represent the most 

general ly used routes to methyleneamino der iva t ives of 

metal or meta l lo ids . Other approaches have also been 

employed i n spec i f i c cases (equations 1.57 - 1 .58) . 

R2C=NH2C1 + NaBPh4 > R2C=NBPh2 + NaCl + 2C 6 H 6 1.57 

R = Ph ( 6 9 ) , p - t o l y l (70) 
B r 0 Mg 

R2C=NH2C1 ^R 2 C=NBr > R2C =NMgBr 1.58 

R = Ph (Chapter 2) 

An extensive survey of many methyleneamino der iva t ives 

of metals and metal loids which have been reported and 

characterised has been provided by the Ph.D. Thesis of 

E. A. Petch of t h i s labora tory . Mater ia l supplementary t o 

t h i s i s provided i n Tables 1.1 = 1.4 which re la te i n p a r t i ­

cular to methyleneamino der iva t ives of magnesium, z inc , 

t i n ( I I ) and ( I V ) , and germanium, t h e i r mode of preparation 

and azomethine s t re tching frequencies £(C=N). Material 

from Chapters 2 and 3 of t h i s Thesis i s included. 
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Table 1.1 

Methyleneamino-Derivatives of Magnesium 

Compound R 
Method 

of 
Preparation 

* 
$(C=N) ^ 

cm 
Reference 

(E2C =NMgBrTHF)2THP 
Ph 

p - t o l y l 

1 ,2,3, 

1 

1630 

1624 

11 and a 

11 and a 

(R2C=NMgBr)2 

Ph 

p - t o l y l 

1,3 

1 

1605 

1602 

a 

a 

(^ 2C-NMgBr) 20Et 2 Bu* 1 1622 a 

j(R2C=N)2Mgj 2THF 

(RpC=N)?Mg 

Ph 

p - t o l y l 

Bu* 

4 

4 

4,6 

1655, 1613 

1661, 1620 

1665, 1613 

11 and a 

a 

11 and a 

(R 2C=lTMg(Et)OEt 2) n 

Ph 

p - t o l y l 

4,5 

4,5 

1619 

1619 

a 

a 

(R2C=NMgEt)n Bu* 4,5 1605 11 and a 

(R2C=NMgPh)n 

Ph 

Bu* 

5 

5 

1618 

1607 

11 and a 

11 and a 

(R2C=NMgEt)2TMED 
Ph 

p - t o l y l 

7 

7 

1620 

1618 

a 

a 

LiMg ( NCR 2 ) ^OE12 

Li 2 Mg(NCR 2 ) 4 

Ph 

Ph 

8 

8 

1623 

1658, 1598 

11 

11 

a: t h i s work 

* Nu jo l mulls 

1 . Methyleneamine and Grignard RMgX. 
2. N i t r i l e and Grignard RM X. 
3. N-bromomethyleneamine aSd magnesium. 
4 . Methyleneamine and dialkylmagnesium. 
5. Methyleneaminolithium and Grignard RMgX. 
6. Disproport ionat ion of (But20=NMgBr)n wi th THF 
7. Methyleneamine and dialkylmagnesium/TMED 
8. Methylene amino l i t h i u m and b i s (d ipheny l -

methyleneamino) magnesium. 
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Table 1.2 

Methyleneamino-Derivatives of Zinc 

Compound R 
Method 

of 
Preparation 

* 
V>(C=N) _ 1 

cm 
Reference 

(R 2C=NH) 2ZnCl 2 

Ph 

p - t o l y l 

1 

1 

1604 

1608 

a 

a 

R2C=NH.ZnCl2 Bu* 1 1613 a 

(R 2C=NZnCl) 2 

Ph 

p - t o l y l 

2 

2 

1604 

1600 a 
2 1608 50 

(R2C=NZnMe)2 

Ph 

But 

3 

3 

1624 

1592 

13 

50 

(R 2C=NZnEt) 2 Ph 3 1611 13 

(R2C=NZnPh)2 

Ph 

p - t o l y l 

3,4-

3 

1607 

\(o\5 

50 

a 

(RC(Ph)=NZnPh)2 p - t o l y l 1605 a 

R2C=NH.ZnPh2 p - t o l y l 3 1607 a 

RCN.ZnPh2 Ph 4 13 RCN.ZnPh2 

p - t o l y l 4 - a 

[~(RpC=N)Zn1 Ph 2 1600 13-
L Jn p - t o l y l 2 (1664), 1607 a 

Bu* 2 1683, 1585 50 

a: t h i s work; 
* N u j o l mulls 

1 . Methylene amine and zinc chloride 
2. Methyleneaminolithium and zinc chloride 
3. Methyleneamines and zinc a l k y l . 
4 . N i t r i l e and zinc a lky l„ 



26. 

Table 1.3 

Methyleneamino-Derivatives of T i n ( I I ) 

Compound R 
Method 

of 
Preparation 

* 

cm 
Reference 

R2C=NH.SnCl2 Ph 1 1594 80 R2C=NH.SnCl2 

p - t o l y l 1 1606 a 
Bu* 1 1598 a 

(R2C=NSnCl)2 

Ph 

p - t o l y l 

2 

2 

1564 

1578 

80 

a 
Bu* 2 1551 a 

Ph 2 1603, 1570 80 
(R2C=N)2Sn p - t o l y l 2 1608, 1589 a (R2C=N)2Sn 

a 1628, 1560 80 

R2C =m(R£ ^NSnCl^Hg Ph 2 1564 80 

( R ^ l D ^ S n ^ l ^ Bu* 3 1552 80 

( R 2 C N ) 5 I 2 S n 5 C l 5 Bu* 3 1534 80 

Li(R 2CN) 3Sn Bu* 2 1619 80 

a: t h i s work 1 . Methyleneamine and t i n ( I I ) chloride 

* Nu jo l mulls 2 . Methyleneaminolithiura and t i n ( T I ) 
chloride 

3. Thermal decomposition of (Bu t

9 C=N) 0 Sn I V Cl 
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Table 1.4 

Some Selected Methyleneamino Derivat ives 

of Germanium and T in ( IV) 

Compound R 
Method 

of 
Preparation 

*(C=N) 
cm 

Reference 

E0C=NGeBr-, 2 3 But 1 1624 49 

R2C=NGeCl5 Ph 1 1609 80 

(R 2C=N) 2GeBr 2 But 1 1646 49 

(R 2C=N) 2GeCl 2 
But 1 1645 49 

Ph 1 1610 80 

(RoC=N),Ge01 ^ 5 
But 1 1652 49 

(R 2C-N) 4Ge Ph 1 1601 49 
p - t o l y l 1 1598 49 

(R 2C=N) 2SnCl 2 Bu* 1 1627 80 (R 2C=N) 2SnCl 2 

Ph 1 1607,1553 80 
(R0C=N)-,SnCl 2 3 Ph 

But 
1 
1 

1612,1535 
1627 

80 
80 

(R2C=N)^Sn Ph 1 1590 4-9 (R2C=N)^Sn 
But 1 1627 80 

(R 2C=N) 6Sn 2 
But 2 1635 80 

R2C=NHSnCl4 Bu b 

3 • 1641 80 

(R2C=NH)2SnCl^ But 3 1662,1583 80 

1 . Methyleneaminolithium and GeX./SnCl 

2 . Li thium t r i s (d i - t -bu ty lme thy leneamino) t in ( . I I ) 
and" t r i s (d i - t -bu ty lme thy leneamino) t in ( IV)ch lo r ide 

3. Methyleneamine and t i n ( I V ) c h l o r i d e 
*Nu jo l mulls 
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1.5 Structures and Bonding of Methyleneamino Derivat ives 

of Metals and Metalloids 

Considerable in te res t has been focused on the shape 

and bonding of the -C=N-M l inkage. Several s tructures are 

wi th the l igand acting as a one or three electron donor. 

A non-linear s t ructure (Figure 1 .1 (a ) - w i th the l igand a c t -
p 

ing as a one electron donor, wi th sp hybr id i sa t ion at N, 
p 

the lone pa i r of electrons fo rmal ly occupying an sp hybrid 

o r b i t a l , and the angle CNM being about 120° - has been 

demonstrated by "̂H-NMR spectroscopy at room temperature f o r 

a number of N-organomethyleneamines, R R C = M ; ( 7 1 - 7 5 ) , and at 

- 30° f o r di-t-butylmethyleneamine (75)« Such a s tructure 

may be expected f o r any der iva t ive i n which there i s no 

bonding-interact ion between the lone pa i r of electrons on 
1 2 

nitrogen and the N-attached substi taent eg i n R R C=NMXn 

where M i s co-ord ina t ive ly saturated. I f the metal how­

ever i s co-ord ina t ive ly unsaturated then saturat ion may be 

possible f o r the N=metallated methyleneamino u n i t (Figure 1.1) 

R 

R 

1 

C=N' 
6> 
\ 

MX. 
n 

Xn 1 R M R y 7 

C=N N= C 
\ 2 R R 

Xn 

(a) (b) 

R 1 
C = N — MX, 

2 ^ n 
R 

(c) 

Figure 1.1 
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achieved by donation of the lone pa i r on nitrogen -

i . e . the es tabl ishing of N-*M dative cT-bonds the ligands 

thereby becoming three electron donors - to a second metal 

atom of an adjacent monomer (Figure 1.1 ( b ) . Formation of 

associated molecules, of ten dimers or oligomers i s a 

consequence. A l t e r n a t i v e l y , p a r t i c u l a r l y when association 

may be prevented because of s t e r i c hindrance between R 1 

2 

and R , co-ordinat ive saturat ion may be achieved by means 

of N-M dative T - b onding (Figure 1.1 ( c ) . An increase i n 

bond order between M and N r e s u l t s , wi th appropriate 

shortening of the bond length from that of a single M-N bond. 

In t h i s instance maximum overlap between the N p = o r b i t a l , 

which contains the lone p a i r , and the vacant p or d o r b i t a l s 

on M i s achieved when the C=N-M u n i t i s l i nea r at N wi th 

modi f ica t ion of hybr id i sa t ion to sp (Figure 1.2 a and b sinws 

cases of (p-»p) and (p-J> djfifbonding r e spec t i ve ly ) . Whilst i t 

has been shown f o r a nitrogen-sil icon'iK-bond that considerable 

0 
(a) ( b ) 

Figure 1.2 
(p—J>d) T - i n t e r a c t i o n i s possible even in a bent or non­

l inea r skeleton (76) , none the less such in t e r ac t i on i s 

maximised by a l i nea r arrangement, and therefore the angle 

at nitrogen may be a s i g n i f i c a n t c r i t e r i o n i n the establishment 
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of dative Tf'-bonding. The inf luence of s t e r i c hindrance 
on s t ructure i s demonstrated i n series of methyleneamino 
der iva t ives of various metals or meta l lo ids . These include 
several bis(methyleneamino)beryllium der ivat ives 

r i 2 i 
(R R C=N)pBe f o r which the degree of association -

L -lr\, 1 2 1 2 polymeric (R = R Ph) t r i m e r i c (R = R = p - t o l y l ) , and 
dimeric (R 1 = p - t o l y l , R 2 = B u t ; R 1 = R 2 = Bu*)- i s reduced 

s i g n i f i c a n t l y as the s t e r i c demands of the groups R"*" and 

R increase (4-8). Crystal lographic data f o r dimeric b i s ( 

di- t -butylmethyleneamino)beryl l ium, (Bu^C^N^BeJ (Figure 1.3) 

M = Be), shows the molecule to contain two types of imino-

group, b r idg ing and t e rmina l . The l a t t e r un i t s have almost 

l i nea r C-N-Be u n i t s , wi th C-N-Be angles 161° , and the bond 

lengths consistent wi th substant ia l N—j>Be(p->p)n -bonding 

(77)- A series of methyleneaminoboranes, R R C=NBPh2, also 
1 2 

evidence the e f f e c t of s t e r i c hindrance f o r when R = R 
Ph, p - t o l y l , p-XC^H^(X = C I , Br) the structures are monomeric 

1 2 

but the der iva t ive wi th R = Ph,R = H i s dimeric v i z . 

(PhCH=NBPh2)2 ( 7 0 ) . S i m i l a r l y i n the bis(methyleneamino) 

magnesium series described i n Chapter 2, £(R2C=N)2Mg yTHF, 

t r i m e r i c s t ructures are obtained wi th co-ordinated THF f o r 

R = Ph, p - t o l y l (x = 3; y = 2) but b is (di - t -butymethylene-

amino)magnesium appears to be dimeric without co-ordinated 

solvent . I t s s t ructure i s assumed to be s imi l a r t f i i t s 

bery l l ium analogue (Figure 1 . 5 M = Mg) wi th both br idg ing 

and t e rmina l ly attached methyleneamino l igands . The bonding 

capacity of the three-co-ordinate magnesium i s presumably 

saturated by N—>Mg dative (p-J>p)lj /bonding and the C=N-Mg 

un i t s are l i k e l y to be near l i n e a r . 
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Bu* Bu* 

\ / 
C 

4- N 4-
Bu* / \ 

C = N — M M f = N = C 

B u ^ \ N ^ 

II 
c 

t / \ t 
Bu r Bu r 

Figure 1.3 

1 2 
When the groups R and R , i n the methyleneamino der iva t ive 

1 2 

R R C=NMXn, are small then the groups attached to the metal, 

v i z X^, may inf luence the degree of associat ion. An i n t e ­

r e s t i ng example of the subt le ty of t h i s inf luence may be 

seen i n the monomeric nature of fluorenylmethyleneaminodi-

phenylborane, C^2HgC=NBPh2, and i t s more associated isomer 

diphenylmethyleneaminof luorenylborane , (Ph2C=NBC-^2Hg)n. The 

increased s t e r i c demand of the f l u o r e n y l group when placed 

nearer to the C=N=B u n i t i s thereby demonstrated. (70) The 

methyleneamines employed i n the course of the studies out­

l ined i n t h i s work were diarylmethyleneamines, R2C=NH(R = Ph, 

p - t o l y l ) , and di-t-butylmethyleneamine, the l a t t e r being 

p a r t i c u l a r l y u s e f u l . I t avoids the problems of ket imine-

enamine tautomerism (equation 1.60) inherent to dialkylmethy-

leneamines possessing °C-hydrogen atoms - the presence of the 

enamine form of the N-organosilyl-methyleneamine, PhMeC=NSiMe^ 

(v i z PhCH^CNHSiMe^) was detected by the presence 

R . R ^ C=NH ^ C-NH2 1.60 

CH^ CH2" 
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of o l e f i n i c protons i n the ^H-NMR spectrum (78) - provides 
bulky substi tuents which discourage association v i a 
methyleneamino bridges, and furthermore furnishes a 
simple ^H-NMR spectroscopic probe. Several methods f o r 
the determination of the l i n e a r i t y of the C=N-M u n i t have 
been explored. The most conclusive technique i s that of 
X-ray crys ta l lographic analysis but as t h i s i s not always 
possible, various spectroscopic means have been employed -
i n pa r t i cu la r , i n f r a r e d , nuclear magnetic resonance and 
u l t r a - v i o l e t . 

1.6 Spectroscopic Studies of Methyleneamino Derivat ives 

1 . 6 . 1 . I n f r a r ed spectroscopy 

The methyleneamine s t re tching frequences ^(C=N) of 

some symmetrical d i - subs t i tu ted methyleneamines Rp^NH are 

provided in Table 1.5 

Table 1.5 

v> (C=N) For Selected Methyleneamines, R9C=NH 

R $ (C=N - 1 cm Reference 

Ph 1603 79 

PMeC 6H 4 1610 a 

P r n 1645 79 

Bu1^ 1604 80 

a : th is work 
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The change i n t h i s value when the N-attached hydrogen i s 
replaced "by other groups has been used to provide s t ruc tu ra l 
data concerning the organometallic der iva t ives i . e . the non-
l i n e a r i t y / l i n e a r i t y of the C=N-M u n i t and consequently the 
extent of N—*M dative TT^-bonding. For a methyleneamino 
d e r i v a t i v e , I^C^NMX^, an increase i n 0(C=N)- r e l a t i v e to the 
parent imine- generally occurs when the C=N-M u n i t approaches 
l i n e a r i t y . Such an increase has been explained i n terms of 
a coupling between the C=N and N—M v ib r a t i ons (maximised by 
the l i n e a r i t y of the cumulative H -bonded system) and the 
observed high energy absorption has been assigned to the 
asymmetric s t re tch ing v i b r a t i o n of the C=N=^M u n i t (81 ) . 
Va l id comparison can be made wi th a s imi l a r increase i n ^(C=N) 
which i s observed on co-ordinat ion of methyleneamines to 
strong Lewis acids eg BF^ ( 8 ) , p a r a l l e l i n g a s h i f t to higher 
energy which occurs on co-ordinat ion wi th n i t r i l e s ( 6 ) . 
The l a t t e r i s believed to arise p a r t l y from the mechanical 
constraint which i s applied to nitrogen on co-ordination 
(82=84), although crys ta l lographic data demonstrates that 
co-ordinat ion r e s u l t s in a s l i g h t increase i n bond order 
and bond strength i . e . a shortening of the C=N bond (85,86) . 
The increase i n ^(C=N) f o r co-ordinat ing methyleneamines 
and l inea r C=N — M un i t s may also r e su l t i n par t from bond 
order changes, though no f i r m evidence of t h i s has been 
obtained. 

Table 1.6 provides azomethine s t re tch ing frequencies 

^(C=N) f o r selected methyleneamino metal der iva t ives whose 

structures have been determined by X-ray crystal lography. 
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Table 1.6 

V (̂C=N) For Some Methyleneaminomet a l Derivat ives 

Compound )(C=N) - 1 v cm Reference 

(Bu t

2C-N) 2Be 
2 

1739, 1637 77 

Ph0C=NB(C rH0Me,) 
2 b d t> 2 

1792 70 

(Bu t

2C=N) B 1730 11 

(Ph2C =NMgBrTHF) THF 
c 
1630 87 

Compounds having more than one absorption may be assumed to 

possess more than one methyleneamino u n i t and i f the two 

absorptions are widely separated these might arise from 

terminal and br idg ing imino groups. In such instances the 

higher value i s assigned to the t e rmina l ly attached l igand , 

the lower value being assigned to the br idg ing l igand . 

Hence f o r dimeric bis(di-t=butylmethyleneamino)beryll ium the 

absorptions due to the terminal and b r idg ing ligands are 

1739cm 1 and 1637cm 1 r espec t ive ly . The argument used f o r such 

assignments i s that l inea r un i t s allow the maximum overlap 

of nitrogen p and metal p/d o r b i t a l s wi th the consequent 

maximisation of N-*M dative fi^bonding. In the methylene-

aminomagnesium de r iva t i ve , (Ph2C=NMgBrTHF)2THF, discussed i n 

greater d e t a i l i n Chaper 2, the single absorption at 1630cm 1 
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i s a t t r ibu ted to br idging l igands. Although no X-ray 

crys ta l lographic studies have been done on methyleneamino 

magnesium compounds possessing both terminal and br idging 

ligands i t i s of in te res t that i n a series of bis(methylene-

amino) magnesium der iva t ives - discussed in d e t a i l in the 

next chapter - a l l of which possess both terminal and 

br idging u n i t s , two absorptions in the azomethine s t re tching 

region are observed. The lower frequency absorption (1605-

1620 cm"'" and the higher frequency absorption (1655-1668 cm"̂ ) 

are assigned to br idging and terminal l igands respec t ive ly . 

In the l a t t e r case there i s good reason to expect a v i r t u a l l y 

l i nea r C=N=* Mg u n i t wi th substant ial N—» Mg (p-p) ii -bonding 

The azomethine s t re tching frequency thus r e f l e c t s the 

ske le ta l geometry of the molecule but other f ac to r s also 

inf luence thechanges i n absorption frequencies. Such fac to r s 

involve a consideration of the nature of M and X f i i n the 

der iva t ives R1R2C=NMXn. 

(a) The nature of the cent ra l metal M 

The manner i n which > (̂C=N) depends upon the nature of M 

is i l l u s t r a t e d i n Table 1.7 where the s tructures of the methy­

leneamino der iva t ives i n each of the two groups of selected 

compounds are believed to be similar- i f not i d e n t i c a l . The 

change i n ^(C=PN) i s influenced by the e l ec t ronega t iv i ty of 

M, i t s mass and i t s capacity to sig:ma—and pi-bond, a l l of 

which f ac to r s may be involved i n frequency changes. Indeed, 

that i t i s not possible to i so la te a single parameter to 

r a t i ona l i s e the changes shown, can be exemplif ied by consi­

dering a single f a c t o r such as the size of the metal. The 
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Table 1.7 

(C=N) Frequencies of Related Methylene amino Derivatives 

of some Groups I I and IV Elements 

Compound M 
)> (C=N)terminal 

- 1 
cm 

v>(C=N)bridging 
cm"'" Reference 

CBu t

2C-N)2I^ 
2 

Be 1732 1627 54 

Mg 1668 1605 a 

Zn 1683 1585 50 

Ph2C=NMPh5 Si 

Ge 

1662 

1633 

78 

78 

Sn 1613 •- 78 

a : th i s work 

extent and e f f i c a c y of o r b i t a l overlap, between the nitrogen 

lone pa i r i n the p-=orbital and a vacant metal p /d , o r b i t a l , w i l l be 

greater when M i s of s imi la r size to N and hence the smaller 

the atom M the more e f f e c t i v e w i l l be the dative V-bonding wi th 

nitrogen and t h i s should be r e f l e c t ed i n the s t re tching frequency 

i) (C=N). Whilst the consequential e f f e c t i s wel l shown f o r the 

three Group IV methyleneamino der iva t ives , Ph2C=NMPhj, M = S i , Ge, 

Sn, the trend observed i n Group I I compounds ^Bu^ 2C=N) 2M ^ 

M = Be, Mg, Zn, i s by comparison inconsis tent . 

(b) The nature of the substi tuents on M 

For methyleneamino der iva t ives RpC=NMX the nature of X may 



inf luence the metal-nitrogen bond, and therefore $(C=N), 

"by both II and o e f f e c t s . The -bonding capacity of X may 

be of importance since as wel l as competing wi th the N -

ione pa i r f o r the o r b i t a l s of M, any X—*M "N^-back donation 

would reduce the a b i l i t y of M to accept f u t h e r electron 

density from ni t rogen, so weakening the N-M bond and 

tending to reduce v>(C=N). Electron releasing/withdrawing 

groups also e f f e c t the strength of M-N bond and therefore 

^(C=N). Electron withdrawing groups increase the p o l a r i t y 

of metal-nitrogen <T bond, strengthen the bond and may wel l 

' induce' N-J>M dative ^ -bond ing i . e . increasing >>(C=N)„ 

Electron re leasing groups, on the other hand, w i l l weaken 

the M-N <T -bond by reducing i t s p o l a r i t y and hence reduce 

^(C=N). Table 1.8 shows the azomethine s t re tching 

frequencies of some substi tuted methyleneaminoboranes 

which demonstrate these po in t s . 

(c ) The nature of the a l k y l or a ry l group R 

The azomethine s t re tching frequencies, ^(C=N) f o r 

R1R2C=NH does vary wi th the nature of R 1 and R 2 - see 

reference (8) f o r example, and the degree of v a r i a t i o n i s 

at least comparable wi th that caused by the substi tuent on 

nitrogen already considered. This therefore i s another 

f ac to r which could swamp other influences when spec i f i c 

comparisons are being made. 
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Table 1.8 

Azomethine Stretching; Frequencies, ^(C=N) cm"*", of some 

di-t-butylmethyleneaminoboranes 

Compound ^(C=N) Reference 

Bu t

2C=NBCl 2 1839 92 

Bu t

2C=NBPh2 1820 * 92 

Bu t

2C=NBBu n

2 1821 92 

Bu t

2C=NBEt 2 1818 57 

Bu t

2C=NBF 2 1796 ** 11 

Bu t

5C=NB^ I 1736 11 

NMe 
Bu t

o0=NB 
NMe 

1739 * 11 

* pentane so lu t i on ; ** Nujo l m u l l ; a l l others l i q u i d f i l m s 

1.6.2. Nuclear Magnetic Resonance Spectroscopy 

The "'"H-NMR spectra of methyleneamine der iva t ives may 

in p r i n c i p l e , be used to deduce whether the C=N-M u n i t i s 

l i nea r or bent. For t h i s purpose, in t h i s study, the sub-

stit.uent groups R i n the methylene amine u n i t R0C=N were 
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chosen i n order to give a s ing le t s igna l . I n t h i s context, 

sui table groups chosen were R = Bu , pMe - C^H^ but the 

use of the phenyl group i s spectroscopically disadvantageous 

because of the complexity of the phenyl Ĥ=NMR signals . The 

general basis of the use of the methyleneamino u n i t R£C=N 

as a probe f o r the purpose already described may be i l l u s t ­

rated by reference to Figure 1 . 4 . The l i nea r skeleton 

(Figure 1.4 (a) has both R groups i n magnetically equivalent 

environs,but a bent s t ructure (Figure 1 .4 (b) shows the R 

groups to be magnetically inequivalent . I n the former case 

therefore one s ignal i s expected but i n the l a t t e r case, i n 

p r i n c i p l e , two absorptions would be ant ic ipa ted . 

R 

R 

C = N = = * M-X 
R. 

R 

C=3N 
MX 

(a) 0>) 

Figure 1 .4 

In pract ice however the scope of HMR spectroscopy as a means 

of determi ning the l i n e a r i t y of the C=N—M skeleton i n the 

methyleneamino der iva t ive R2C=K'MXn i s r e s t r i c t e d by the 

r e l a t i v e ease wi th which inversion can occur in the bent 

system and the two signals expected of the skeleton are r a r e l y 

observed at room temperature. Indeed as a r e su l t of the rapid 

inversion between the syn-and anti-isomers, only one signal 

i s observed f o r both R groups despite t h e i r formal magnetic 

inequivalence (Figure 1.5)« The rate of invers ion, however, 



may be reduced on cooling and s u f f i c i e n t l y r e l a t i v e to 

the NMR time scale, to allow reso lu t ion . 

R ^ R ^ ^ MX 

R MX R 

Figure 1.3 

As a cautionary note there fore , i f a s ing le t i s observed 

at the lowest temperature obtainable f o r the sample then 

such may imply e i ther that the C=N~M u n i t i s l i nea r or 

tha t inversion at the nitrogen of a non-linear u n i t i s 

s t i l l occurring at a high r a t e , r e l a t i v e to the NMR time 

scale, despite the low temperature. The topic of syn-ant i 

isomerisation i n methyleneamines has been reviewed by 

McCarty (89) and i t appears that s t e r i c e f f e c t s play a 

s i g n i f i c a n t r o l e i n the isomerisation process. In the 

series MeC(R): NCH(Me)Ph - i . e . N-alkylated or N-arylated 

methyleneamines - where R = Et , P r 1 , Bu* the syn-anti 

isomer r a t i o s were 17:83, 7:93 and 0:100 respect ively ( 7 3 , 

7 5 ) . For the less s t e r i c a l l y hindered Me2C=NCH2Ph, on the 

other hand, the methyl resonances were observed as separate 

signals even at 170°C. The ac t iva t ion energy f o r the 

Invers ion at nitrogen (90) and phosphorus (92) of Group IV 

compounds has been determined and a study of the system 

PhP(R)-MMe3 (91) (R = Me, P r 1 and M = C, S i , Ge and Sn) 

revealed that the ba r r i e r to pyramidal inversion at P i s 

correlatable to the e lec t ronega t iv i ty of M - the higher the 

e l ec t ronega t iv i ty the higher the energy b a r r i e r . Add i t i ona l ly 
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the XH-NMR spectrum of (pCF^CgH^PhC^GeMe^ (90) below 
- 1 1 0 ° consisted of two overlapping s ing le t s corresponding 
to the syn and a n t i forms which coalesced at -108° , 
becoming a. sharp s ingle t at temperatures above -70°C. 

In conclusion therefore NMR spectroscopy has proved 

h e l p f u l i n detect ing bent s tructures of a few methylene-

amino der ivat ives such as the tr imethylgermyl system above. 

I t has also afforded the simple structures expected of 

l i n e a r l y attached systems i n several instances where near 

l i n e a r i t y of the C=N-M skeleton has been subsequently 

established by X-ray crystal lography. However since simple 

spectra could have arisen by rapid inversion of bent s t ruc­

tures NMR evidence of l i n e a r i t y i s never unambiguous. 

1.6.3 U l t r a - v i o l e t Spectroscopy 

The only reported study of the u l t r a - v i o l e t spectra of 

N-metallated methyleneamines has involved an inves t iga t ion 

of a series of diarylmethyleneamino der iva t ives of metals 

and metal loids of Group IV ( S i , Ge and Sn) ( 7 8 ) . The 

f i n d i n g s showed tha t f o r each spectrum, two absorptions 

were observed, a long wavelength band of low in t ens i ty at 

about 350-380myU* and a more intense short wavelength band 

in the range 240-260mytu . The former lower energy absorption 

was a t t r ibu ted to the n *• TT t r a n s i t i o n invo lv ing the 

exc i t a t ion of an electron i n the non-bonding o r b i t a l of 

nitrogen to the antibonding TT - o r b i t a l of the C=N bond, 

wh i l s t the l a t t e r higher energy absorptions corresponds to 

the I T >lf t r a n s i t i o n of the C=N z i M IT-system. The 

q u a l i t a t i v e energy l e v e l diagram of C=N-Si (Figure 1.6) 
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shows that s i l i c o n subst i tuents , SiX^, on the nitrogen 
atom of the methyleneamino group decrease the energy 
required f o r n—*> Tf t r a n s i t i o n s as a consequence of p-»d 
H - i n t e r a c t i o n between nitrogen and s i l i c o n and the e l ec t ro ­
pos i t i ve character of the me ta l l o id . This in t e rac t ion 
would be greatest i f the C=N=fSi skeleton were l inea r and 
therefore the inf luence of the SiX^ group on the n — $ > IT ' 

t r a n s i t i o n s would be greatest i f l i n e a r i t y occurred„ In 
*, 

pract ice however, the n—»ii t r a n s i t i o n frequency f o r a 

series of methyleneaminosilanes, R2C=NSiXn (X various if -

donating sunsti tuents on s i l i c o n eg phenyl, v i n y l , alkoxy 

and amino groups) showed no s i g n i f i c a n t change wi th X, and 

t h i s was in terpre ted i n terms of a non-l inear C=N~Si u n i t , 

w i t h l i t t l e N = i S i I f -bonding* But s i g n i f i c a n t (p-»d) ' l -

bonding has been shown to be possible even i n a bent or non­

l inea r C=N~Si skeleton (76) and therefore , i f the energy of 

the n and V l eve l s are reduced by about the same increment 

as a r e s u l t of subs t i tu t ion at n i t rogen, the observed n—J>7T 

t r a n s i t i o n frequency f o r each compound w i l l be about the 

same. Since (p~*>d) "^ in t e r ac t i on i s possible i n both l i nea r 

and non-linear C=N-Si skeletons, then the r e su l t s may wel l 

accommodate both s t r u c t u r a l types. This has been v e r i f i e d , 

by impl ica t ion at l eas t , by X~ray crys ta l lographic studies 

on s imi la r compounds to those mentioned above v iz (PhpC=N)^M 

(M = S i , Ge, Sn) r e su l t s of which show the molecules to 

have bent s tructures wi th substant ia l ( p - » d ; » bonding i n 

(Ph 2C=N) 4Si (93)-
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2.1 In t roduc t ion 

The work i n t h i s section was prompted by the discovery 

that a methyleneaminomagnesium halide - ether adduct, pre­

pared in an e a r l i e r study (11) , contained one ether molecule, 

the presence of which had not been detected by ana ly t i ca l 

methods, co-ordinated i n a most unusual way. The compound 

i n question was thought to be bis(diphenylmethylenearaino-

magnesium bromide)bis=THF, (Ph 2C=NMgBr) 2(THF) 2, but a c ry -

s ta l lographic study (87 , 90) showed the molecule to contain 

an addi t iona l molecule of te t rahydrofuran wi th unexpected 

fea tures . The s t ructure of t h i s adduct, (Ph2C=NMgBr)2(THF)^ 

i s now described. 

The X-ray Crysta l Structure of the Diphenylmethyleneamino-

magnesium Bromide Tetrahydrofuran Adduct 

Mg 2 Br 2 (THF) 2 ( j^-NrCEhg) O -̂fTHF) 

Crystals of the adduct were prepared as described i n 

section 2.4 ( i ) - page 86 and, on the basis of spectroscopic 

data, i t was thought to possess a t e rmina l ly - co~ordinatd 

methyleneamino group. The c rys ta l lographic study however, 

established the compound as being dimeric wi th br idging 

methyleneamino ligands and a b r idg ing te t rahydrofuran mole­

cule ( I ;F igures 2 .1 and 2 . 2 ) . 

Each magnesium atom of the dimeric molecule, (Ph2C=lTMgBr) 

(THF)j , i s f i v e - co-ordinate, being co-ordinated to both 

a terminal bromine atom and te t rahydrofuran molecule and 

also bridged by two diphenylmethyleneamino un i t s and a 

te t rahydrofuran molecule. The Mg 2N 2 r i n g i s non-planar, the 

two diphenylmethyleneamino un i t s being folded s l i g h t l y away 
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Figure 2 . I 
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from the br idg ing THF molecule (the dihedral angle between 
the MgNMg planes i s 1 5 4 ° ) . A common feature of molecules 
which involve small br idging atoms eg carbon, n i t rogen, and 
oxygen i s the r e l a t i v e l y small cross-r ing metal-metal d i s ­
tances. In t h i s compound the cross-r ing Mg Mg distance 

(2 .89 2.) compares favourably wi th such parameters in other 

molecules v i z , 2.85 2 i n (Bi^OMgBrOEtg) ( 9 5 ) , and 2.94 2 

in (Me2NCH2CH2N(Me)MgMe)2 ( 9 6 ) . Correspondingly, br idging 

through larger atoms such as chlorine and bromine allows 

greater metal-metal separations - 3.73 2 i n |(EtMg2Cl^(THF) 

( 9 7 ) , 3«53 2. i n (EtMgBrNEt^) (98) and 3.20 2 in 

Mg^Brg0(0Et 2 )^ ( 9 9 ) - Where br idging un i t s involve e lec t ron-

d e f i c i e n t a l k y l u n i t s , wi th small br idging angles and con­

sequently smaller metal-metal separations, representative 

Mg Mg distances are 2.67 2 and 2.72 2 i n polymeric d i ­

e thyl (100) - and dimethyl (101) - magnesium respect ive ly , 

s i g n i f i c a n t l y less than the cross distance observed i n t h i s 

s t ruc ture . 

The br idg ing magnesium - oxygen distance (Mg - 0^) of 
o 

2.45 A i s unusually long when compared wi th the Mg - 0^ 

distance of 2.07 2, but s i g n i f i c a n t l y shorter than the min­

imum separation expected f o r non-bonded magnesium and oxygen 

atoms (3*25 2) ( 1 0 2 ) . These br idging Mg - 0 bonds are 

e f f e c t i v e l y opposite to the terminal Mg - 0 bonds, the OMgO 

angle being 1 7 3 ° , and may wel l j u s t i f y the c l a s s i f i c a t i o n 

of t h i s i n t e r ac t ion as being 'secondary' ( 1 0 3 ) . The remain­

ing bonds to magnesium, Mg - 0^, Mg - and Mg = Br are of 

normal length and are s imi la r to those reported f o r re la ted 

organoraagnesium compounds, f o r example (Me2NCH2CH2NMeMgMe)2 
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( 9 6 ) , (EtMgBrNEt ) ( 9 8 ) , E tMg^ l^THF) ( 9 7 ) , PhMgBr(OEt?) 
( 9 9 ) , and MeMgBr(THP)5 ( 1 0 4 ) . Likewise the C=N bond d i s ­
tance l i e s w i th in the range of values normally found in . 
co-ordinated methyleneamino groups, where the N-atom i s 
sp hybridised, such as in dimeric b is (d i=t -butylmethylene-
amino)beryllium ( 7 7 ) . 

This chapter as a whole, supplementing, amending and 

extending some e a r l i e r work of E. A. Fetch (11 ) , describes 

the preparation and propert ies of some methyleneamino-

der iva t ives of magnesium. Their spectroscopic and s t ruc­

t u r a l charac te r i s t i cs are discussed and compared wi th r e ­

la ted compounds. I n general the reactions studied involved 

the use of Grignard species, such as RMgBr (R = P r 1 , Et , 

Ph) and diethylmagnesium, and methyleneaminesR2C=NH(R = Ph, 

p - t o l y l , Bu^) and t h e i r l i t h i u m de r iva t ives . 

The most widely used route to the synthesis of methy-

leneamines has involved the inse r t ion of a n i t r i l e i n to 

the Mg - C bond of a Grignard reagent and subsequent con­

t r o l l e d hydrolysis of the methyleneaminomagnesium product 

(equation 2 . 1 ) . Although methyleneaminomagnesium halides 

RC=N + R ^ X ^RR1C=NMgX > RR1C=NH 2.1 

fea ture as intermediates i n the react ion, l i t t l e a t tent ion 

has been given to the methyleneaminomagnesium species 

involved, and u n t i l t h i s work, the react ions between n i t r i l e s 

and Grignard reagents was the only established route to such 

compounds. In the work about to be described, the two p r i n ­

c i p a l routes to methyleneaminomagnesium der iva t ives involved 

pathways already established i n the synthesis of re la ted 

methyleneamino der iva t ives of both be ry l l ium and z inc . 
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These reactions involved ( i ) methyleneaminolithium and 
metal halides and ( i i ) methylene amine and metal a lky l s = 
The react ion between methyleneaminolithium and Grignard 
reagent - the l a t t e r being the metal hal ide i n the con­
t e x t of t h i s chapter - proceeded at a convenient r a t e , 
although separation of l i t h i u m bromide and the desired 

R2C=NLi + R-'-MgBr » R^NMgR 1 + LiBr 2.2 

R = Ph, p - t o l y l , Bu*; R 1 = Ph, Et 

organomagnesium der iva t ive (equation 2 e 2) was not easy, 

and not always successful ly achieved. The use of methy­

leneamines and magnesium a l k y l der iva t ives involved no 

such complication (equation 2.3) although occasionally 

nR2C=NH + Et 2Mg KR 2 C=N) Q MgEt 2 _ n + nEtH 2.3 

n = 1 , 2; R = Ph, p - t o l y l , Bu* 

the product of the equimolar reac t ion , f o rma l ly the 

methyleneaminoethylmagnesium der iva t ives , evidenced traces 

of the bis(methyleneamino) magnesium complex. Nevertheless 

reactions between alkylmagnesium compounds and methylene-

amines were the most f r equen t ly employed, and indeed 

most successful rou te , to methyleneaminomagnesium compounds. 

Methyleneaminoraagnesium bromide de r iva t ives , f o r example, 

were prepared by the use of i-propylmagnesium bromide 

(equation 2.4) wh i l s t i n preparing methyleneaminoethylmagnesium 

R2C=NH + Pr^-MgBr —j> R2C=NMgBr + PrH 2.4 

R = Ph, p - t o l y l , Bu1 

and bis(methyleneamino) magnesium compounds, diethylmagnesium 

was employed (equation 2 .3 ) ° The preparation of diphenyl-
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methyleneaminomagnesium bromide was also accomplished, 
although i n small y i e l d , by the r e a c t i o n between 
N-bromodiphenylmethyleneamine, made by r e a c t i n g bromine 
w i t h diphenylmethyleneamine hydrochloride (105), and 
magnesium (equation 2 .5 ) ° 

Generally, under the co n d i t i o n s employed, there 
seemed t o be l i t t l e d i f f e r e n c e i n the r e a c t i v i t i e s of 
the three methyleneamines s t u d i e d , R2C=NH (R = Ph, p = t o l y l , 
Bu^), nor i n the y i e l d s of products. 

2.2 Discussion 

The new methyleneaminomagnesium compounds are l i s t e d 
i n Table 2,1. Their azomethine s t r e t c h i n g frequencies, 
9(C=N) are summarised i n Table 2.12 (page 85) and the 

experimental s e c t i o n f o l l o w s t h i s (Section 2.4 page 84 ) . 

C h a r a c t e r i s a t i o n and Spectroscopic P r o p e r t i e s of the Hew 

Methyleneaminomagnesium Compounds To f a c i l i t a t e a comparison of these compounds w i t h 
analogous b e r y l l i u m and zinc systems, the new compounds 
are arranged i n three groups. 

Ph~C=NH 
Mg 

• Ph^C=NH„HCl • Ph~C=NBr • Ph0C=NMgBr 2.5 

t h i s (Section 2.4 e 84 ) 

w 

Table 2.1 

The New Methyleneaminomagnesium Compounds 

Group A: General formula type (R,-,C=NMgBr)2Lx ( I ) 

(Ph 2C=NMgBr) 2(THP) ( I ; R = Ph, L = THP, x = 3) 
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Group A contd. 

|(p-tolyl) 2C=NMgBr|^ (THF)^ ( I ; R = p - t o l y l , L = THE, x = 3) 

(Ph 2C=Nr%Br) 2(THP) 2 ( I ; R = Ph, L = THF, x = 2) 

|(p-tolyl) 2C=NMgBrj 2(THF) 2 ( I ; R = p - t o l y l , L = THE, x = 2) 

(Bu t
2C=NMgBr) 2 0 E t 2 ( I ; R = Bu*, L = OEt 2; x = l ) 

Group B General formula type [R pC=N) p%_ (THE1) ( I I ) 
^ ^ n x 

|(Ph 2C=N) 2MgJ^ (THP) 2 ( I I ; R = Ph, n = 3, x = 2) 

|(p-tolyl) 2C=N| 2Mg (THF), ( I I ; R = p - t o l y l , n = 3, x = 2) 

(Bu r
5C=N) Mg 
d. 2 

( I I ; R = Bu , n = 2, x = o) 

Group C General formula type (R 2C=NMp;X) nL m(III) 

(Ph pC=NMgEt) n(OEt p) ( I I I ; R = Ph, n = m, X = Et, L = 0 E t o ) 
^ 11 ^ n d 

|(p-tolyl) 2C=NMgEt| ( 0 E t 2 ) n ( I I I ; R = p - t o l y l , n = m, X = Et,L=OEt 2 

(Bu t
2C=MgEt) n ( I I I ; R = Bu*, X = Et, m = o) 

(Ph2C=NMgPhi ( I I I ; R = Ph, x = Ph, m = o) 

(Bu 2C=NMgPh)n ( I I I ; R = Bu r; x = Ph, m = o) 

(Ph2C=NMgEt)2TMED ( I I I ; R = P h , X = E t , n = 2 , m = l , L = TMED) 

|(p=tolyl) 2C=NMgEt| 2TMED ( I I I ; R = p - t o l y l , X = Et,n=2 m = 1, 
L = TMED) 

2.2.1 Group A 
The compounds l i s t e d i n t h i s s e c t i o n are the adducts of 
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d i p h e n y l - and di-p-tolyl-methyleneaminomagnesium bromide 
w i t h tetrahydrofuran(THF), v i z (R 2C=N) 2Mg 2Br 2(THF) x 

(R = Ph, p - t o l y l , x = 2 ,3) , and the adduct of d i - t - b u t y i -
methyleneaminomagnesium bromide w i t h d i e t h y l ether, 
( Bu 1

2C =N ) 2 % 2 B r 2 ( OEt 2 ) . 

Diphenyl- and di-p-tolyl-methyleneaminomagnesium 
bromides, R2C=NMgBr (R = Ph, p - t o l y l ) , prepared i n ether 
s o l u t i o n e i t h e r from the appropriate n i t r i l e and PhMgBr, 
or from the parent methyleneamine and Pr 1MgBr, are o f f -
white amorphous s o l i d s which r e a d i l y d i s o l v e i n THF from 
which pale-yellow c r y s t a l l i n e adducts of composition 
(R 2C=N^iyig 2Br 2(THP)^, R = Ph, p - t o l y l , are recoverable- The 
s t r u c t u r e of the diphenylmethyleneaminomagnesium bromide 
THF adduct ( I ; Figures 1.1 and 1.2) has already been d i s ­
cussed i n Section 2.1 and presumably the analogous 
di=p-tolylmethyleneaminomagnesium bromide THF adduct i s 
s i m i l a r . I n both of these t r i s - ( T H F ) adducts, one of the 
THF molecules, presumably the b r i d g i n g one, can be removed 
under reduced pressure, and e v i d e n t l y separates when the 
adduct diss o l v e s i n benzene i n which M, by cryoscopy i s 
379 and 410 ( I r e q u i r e s M, 795 and 841 f o r R = Ph, p - t o l y l 
r e s p e c t i v e l y ) . The r e s i d u a l compounds, ( R 2 C = N ) 2 % 2 B r 2 ( T H F ) 2 

(R = Ph, p - t o l y l ) , which can also be prepared d i r e c t l y from 
equimolar p r o p o r t i o n s of R2C=NMgBr (R = Ph, p - t o l y l ) and 
THF, are also soluble i n benzene, t h e i r molecular weights, 
by cryoscopy, being 496 and 520 r e s p e c t i v e l y . Although 
these values are by themselves i n c o n c l u s i v e - the dimeric 
f o r m u l a t i o n s r e q u i r i n g molecular weights of 713 (R = R i ) 
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and 769 (R = p - t o l y l ) i n f r a r e d evidence, based on the 
established s t r u c t u r e of I (R = Ph) and discussed i n 
gr e a t e r d e t a i l l a t e r , shows the methyleneamino u n i t t o 
be a b r i d g i n g l i g a n d . Accordingly the s t r u c t u r e proposed 
f o r these bis(THF)adducts (R 2C=N) 2Mg 2Br 2(THF) 2, R = Ph, 
p - t o l y l ( I I ) i s shown i n Figure 2.5 w i t h b r i d g i n g 

Br THF 
\ / 

R \ / \ / R 

C = N N = CL 
\ / 

Mg 

Br THE1 

( I I ) Figure 2.5 

methyleneamino l i g a n d s and f o u r - c o - o r d i n a t e magnesium. 
The bis(THP) adduct ( I I ; R = Ph) gives a d i f f e r e n t X-ray 
powder d i f f r a c t i o n p a t t e r n t o I (R = Ph) and r e c r y s t a l l i -
s a t i o n of ( I I ) from THP regenerates I . 

The i n f l u e n c e of the b u l k of the s u b s t i t u e n t s upon 
the a s s o c i a t i o n number of methyleneamino- d e r i v a t i v e s of 
Group I I elements b e r y l l i u m and zinc i s w e l l e s t a b l i s h e d , 
and w i l l be d e t a i l e d i n the next s e c t i o n . Related d i p h e n y l - , 
d i - p - t o l y l - and di-t-butylmethyleneamino d e r i v a t i v e s f r e ­
quently i l l u s t r a t e the r e d u c t i o n i n the degree of association 
of r e l a t e d compounds as the b u l k of R i n the methyleneamino-
l i g a n d , (R 2C=N), increases. The s t e r i c demands of such 
ligands would appear t o f o l l o w the sequence 
( P h o 0 = N ) ^ (p-tolyl)oC=N < < (Bu t

9C=N) and w h i l s t l i t t l e 
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d i f f e r e n c e i s demonstrated "between r e l a t e d d i p h e n y l - and 
di-p~tolyl-methyleneamino d e r i v a t i v e s , s i g n i f i c a n t changes 
occur when the di-t-butylmethyleneamino l i g a n d i s employed,, 
Generally t h i s study of methyleneaminomagnesium compounds 
would endorse t h i s trend and, i n p a r t i c u l a r , the s i m i l a r i t y 
i n the methyleneaminomagnesium bromide THF adducts, 
(R 2C=NMgBrTHF) 2(THF) x (R = Ph, p - t o l y l ; x = 0,1), has 
already been e s t a b l i s h e d . I t was hoped t h e r e f o r e , from the 
r e a c t i o n between di-t-butylmethyleneamine and i-propylmagnesium 
bromide, an organomagnesium d e r i v a t i v e might be prepared 
where the b u l k i e r di-t-butylmethyleneamino l i g a n d might 
s t a b i l i s e magnesium i n a low c o - o r d i n a t i v e s t a t e . The 
r e a c t i o n proceeds smoothly and the product d i - t - b u t y l m e t h y -
leneaminomagnesium bromide, (Bu^ 2C=Nl vlgBr) n, i s ether s o l u b l e . 
This c o n t r a s t s w i t h the i n s o l u b i l i t y of ( R ^ N M g B r ) n R = Ph, 
p - t o l y l ) i n ether and suggest di-t-butylmethyleneamino-
magnesium bromide i s less associated t h a t the corresponding 
phenyl- and p - t o l y l d e r i v a t i v e s . Furthermore (Bu*2C=NlV[gBr)n 

does not form an adduct w i t h THF but instead d i s p r o p o r t i o n a t e s 
t o y i e l d solvated magnesium bromide, MgBr^THF)^ and 
bis(di-t-butylmethyleneamino)magnesium (equation 2.6). 

Bu 2C=NMgBr 

n 

(Bu t
2C=N) 2Mg + MgBr 2 2.6 

Prom the s o l u t i o n of (Bu 2C=NMgBr) n i n e t h e r , yellow etherated 
c r y s t a l s were obtained which, on the basis of a n a l y t i c a l and 
i n f r a r e d evidence, e s t i m a t i o n of co-ordinated ether l i b e r a t e d 
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by p y r o l y s i s and molecular weight determination by 
cryoscopy i n benzene, were formulated as (Bu^C^NMgBr^OE^. 
Such a f o r m u l a t i o n suggests b r i d g i n g (Bu^2 C =N) u n i t s and 
a b r i d g i n g ether molecule, the l a t t e r f e a t u r e causing the 
magnesium atoms t o be f o u r - c o - o r d i n a t e (Figure 2.4). 

Br 
l 

Mg t Bu Bu 
N Et^O N C 

Bu Bu 

Br 

Figure 2.4 

I n benzene, the b r i d g i n g ether may also separate (M by 
cryoscopy 297, f o r m u l a t i o n r e q u i r e s 563)- An X-ray 
c r y s t a l l o g r a p h i c study proved a b o r t i v e , the sample d e t e r i o ­
r a t i n g markedly i n the X-ray beam during data c o l l e c t i o n 
and i t s i n s t a b i l i t y t h e r e f o r e prevented the accummulation 
of adequate i n f ormation (10$. Hence w h i l s t the - t-butylmethy-
leneamino l i g a n d has not established a three co-ordinate 
state f o r magnesium, i t s increased s t e r i c demands and the 
e f f e c t s of such, r e l a t i v e t o the phenyl and p - t o l y l l i g a n d s , 
are evident i n the s t r u c t u r e s of the s e r i e s of methylene­
aminomagnesium compounds discussed thus f a r . 

Spectroscopic P r o p e r t i e s 
The established r o l e of the methyleneamino u n i t as a 

b r i d g i n g l i g a n d i n these compounds ne c e s s a r i l y r e q u i r e s the 
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C=N-M skeleton t o be non-linear., Consequently the 
frequencies of the methyleneamino s t r e t c h i n g absorptions, 
£ (C=lO, i n the i n f r a r e d spectra of the new compounds can 
be assigned w i t h confidence t o b r i d g i n g methyleneamino 
l i g a n d s . These absorptions l i e i n a w e l l defined region 
from 1602 - 1630 cm 1 (Table 2.2). 

Table 2.2 

The Methyleneamino S t r e t c h i n g Frequencies, ^ (C=N) of the 
Adducts of (R 2C=NMgBr) 2 w i t h ( i ) THF, R = Ph, p - t o l y l and 

( i i ) E t 2 0 , R Bul 

Compound V (C=N) cm1 

( N u j o l Mulls) 

(Ph 2C=NMgBr) 2 (THF),. 1630 

(Ph 2C=NMgBr) 2 (THF) 2 1605 

|(p-tolyl) 2C=NMgBrJ (THF)^ 1624 

|( p - t o l y l ) 2C=NMgBr|2( THF ) 2 1602 

(Bu t
2C=RMgBr) 2 OEtg 1622 

I t i s of i n t e r e s t t o note at t h i s stage t h a t a l l the new 
methyleneaminomagnesium compounds discussed i n t h i s 
Chapter have methyleneamino (azomethine) sketching f r e ­
quencies i n t h i s range and consequently t h e i r proposed 
s t r u c t u r e s also contain b r i d g i n g methyleneamino ligands 
(Table 2.12; page 85 ). 
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The d e t a i l s of the ̂H-NMR spectra of these compounds 
are provided i n Table 2.3 

Table 2.3 

The "H-NMR of Some New Methyleneaminomagnesium Compounds 

Compound 
a 

values i n ppm 

( Ph2C ̂NMgBrTHF ) 2THF 

(Ph2C=NMgBrTHP)2 

(p-tolyl) 0C=NMgBrTHF THP 

L J 2 

(p-tolyl) 9C=NMgBrTHF 
d 2 

(Bu t
2C=NMgBr) 20Et 2 

3.0 , 3.12 , 3.45(c)(10); 
6 . 7 0(c), 8.98c (11) 

2.77,3«08,3ol6c (5) ; 

6.62c, 8.92c ( 4 ) 

2.58 , 2 c 7 1 , 3 ° 1 5 , 3.28c(l8) 
8.16s ( 1 2 ) ; 6.56c, 8.88c (24) 

2.67,2.78,3=04,3=23,3o34c ( 1 6 ) ; 
8.19s (13); 6.53c, 8.82c (17) 

8 . 9 5(a); 6.64 - 6.98c; 
8.92, 9=06, 9-20t 

Spectra taken i n CgDg a t ^ ' 4 0 0 C ; s = s i n g l e t ; c = complex; 
t = t r i p l e t . 

a Reference standard employed e x t e r n a l TMS = 10. 
b Poorly resolved spectrum, proton i n t e r g r a t i o n impossible. 

For the adducts (R 2C=NMgBrTHF) 2(THF) x R = Ph, p - t o l y l ; 
x = 0,1, the complex absorptions between 7^(2.58 — 3 = 34) 
are a t t r i b u t a b l e t o protons on the aromatic r i n g whether 
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phenyl or p - t o l y l ; the s i n g l e t peaks due t o the methyl 
protons on the ( p - t o l y l ) u n i t s are about 1* = 8.16 - 8.19, 
w h i l s t the peaks assigned t o co-ordinated t e t r a h y d r o f u r a n 
are i n the r e g i o n s ! ^ (6.53 - 6.70) and Y= (8.82 - 8.98), 
the r e l a t i v e i n t e n s i t i e s of these peaks supporting the 
s t r u c t u r e s already assigned. I n t e r e s t i n g l y the spectra 
of (Ph2C=NMgBrTHF)2 (THF) x ( x = 0,1) are very s i m i l a r 
whatever the value of x, and the same i s t r u e f o r the 
r e l a t e d p a i r of (di-p-tolylmethyleneaminomagnesium bromide) 
THF adducts. Furthermore the two absorptions due t o 
co-ordinated THF i n the f o u r adducts occur at lower f i e l d 
than the corresponding peaks i n unco-ordinated THF, and 
t h i s s h i f t i s i n the same d i r e c t i o n ( i . e . downfield) t o 
t h a t observed i n the spectra of BF^ and BH^ s o l u t i o n s i n 
THF (107). I n such s o l u t i o n s , peaks due t o co-ordinated 
solvent were observed at lower f i e l d than those due t o f r e e 
s o l v e n t . The s h i f t of the peak due t o the hydrogen atoms 
on the oi -carbons of THF (&<*), being s i g n i f i c a n t l y g r eater 
than the s h i f t due t o the hydrogen atoms on the jS -carbons 
(A p ) p a r a l l e l s the observed behaviour i n the BX^/THF 
systems (Table 2.4). 

The spectrum of the di-t-butylmethyleneaminomagnesium 
bromide, already formulated as a dimer w i t h b r i d g i n g 
methyleneamino u n i t s and an a d d i t i o n a l b r i d g i n g ether 
molecule, (Bu t

2C=NMgBr) 20Et 2 (Figure 2.4), i s very p o o r l y 
r e s o l v e d . A s i n g l e t absorption due t o the t - b u t y l groups 
i s c o n s i s t e n t w i t h i t s proposed s t r u c t u r e i n which the 
t - b u t y l groups are magnetically e q u i v a l e n t . There seems 
l i t t l e doubt t h a t the molecule i s solvated - cryoscopic 
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Table 2.4 

1H-NMR Spectroscopic Data Due To THF For The Adducts 

(R 2C =NMgBrTHF) 2(THF; R = Ph, p - t o l y l ; x = 0, 1 

Compound 
T' values ppm ( e x t e r n a l TMS;T'= 10 

Compound 
oC P /3. 6 

THF 7.09 9-16 

( Ph2C =NMgBrTHF ) 2THF 6.70 0.39 8.98 0.18 

(Ph2C=NMgBrTHF)2 6.62 0.47 8.92 0.24 

j ( p - t o l y l )2C=NMgBrTHF^THF 6. 56 0.53 8.88 0.28 

j( p - t o l y l )2C=NMgBrTHF| 6.55 0.56 8.82 0.34 

A l l s o l u t i o n s i n C^D^ at ̂ 40°; c^-)^= hydrogen atoms on oĈ  
carbon atoms. 

s t u d i e s suggest t h a t the ether molecule may w e l l separate 
i n s o l u t i o n - and the complex absorption at 7^(6.64 - 6.98) 
and a more c l e a r l y resolved t r i p l e t at (9°12 - 9.32) -
ha r d l y s h i f t e d from the corresponding peaks i n unco-ordinated 
ether ( f ' = 6.62, 6.74, 6.86, 6.96 quadruplet; Y'= 8.90, 9.02, 
9.14 t r i p l e t ) - may bereasonably assigned t o the e t h y l groups. 
I t was not possible t o measure the r e l a t i v e i n t e n s i t i e s of 
these a b s o r p t i o n s , i n t e g r a t i o n being prevented by high noise 
t o s i g n a l r a t i o s . 
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2.2.2. Group B 

The compounds dis c u s s e d i n t h i s s e c t i o n are the 

bis(methyleneamino)magnesium d e r i v a t i v e s , (R 2 C=N) 2Mg (THF) , 

(R = Ph, p - t o l y l ; x = J , y = 2; R = Bu , x = 2, y = 0. 

The e f f e c t of the bulk of s u b s t i t u e n t s on the s t a t e of 

a s s o c i a t i o n of r e l a t e d methyleneamino d e r i v a t i v e s , already 

r e f e r r e d to, i s p a r t i c u l a r l y marked i n the s e r i e s of 

bis(methyleneamino) d e r i v a t i v e s , | ( R 2 C = N ) 2 M J M = Be; R = Ph, 

Bu t; M = Zn; R = Ph, p - t o l y l , Bu*, of b e r y l l i u m and z i n c 

whose molecular s t a t e i s v a r i a b l y polymeric, t r i m e r i c and 

di m e r i c . An X-ray c r y s t a l l o g r a p h i c study of b i s ( d i - t = b u t y l -

methyleneamino)beryllium dimer, |(Bu* 2 C=N) 2Bej , presumably 

s t a b i l i s e d i n i t s dimeric s t a t e by the s t e r i c demand of the 

t - b u t y l groups, has e s t a b l i s h e d the presence of a f o u r -

membered (Be,^^) r i n g with both ter m i n a l and bri d g i n g 

methyleneamino l i g a n d s ( F i g u r e 2.5a) (77)« The z i n c analogue 

bis(di=t-butylmethyleneamino)zinc, dimeric i n benzene, mono-

meric (by mass spectroscopy) i n the gas phase, with s i m i l a r 

i n f r a r e d and "'"H-NMR sp e c t r o s c o p i c data i s , l i k e l y to have a 

s i m i l a r s t r u c t u r e , (50) as do r e l a t e d dimeric compounds of 

boron, aluminium and ga l l i u m (24, 75, 108). Furthermore, 

the probable s t r u c t u r e s of the bis(diarylmethyleneamino) 

(R 2C=N) 2Mj n R = Ph, d e r i v a t i v e s of b e r y l l i u m and z i n c , 

M = Be; R = Ph, (108) p - t o l y l , M = Zn, a l l polymeric by 

comparison, a l s o involve four membered M 2N 2 r i n g s as shown 

in F i g u r e 2.5 ( b ) . 
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Figure 2.5 

Whilst - | ( R 2 C = N ) 2 M | ( R = Ph, M = Be, Zn; R = p - t o l y l , 
M = Zn) are polymeric, the t r i m e r i c nature of b i s ( d i - p - t o l y l -

me thyleneamino)beryllium K ( p - t o l y l ) 2 C = N j Be r e f l e c t s the 
3 

much smaller size of b e r y l l i u m r e l a t i v e t o z i n c . The l i k e l y 
s t r u c t u r e of the t r i m e r i s shown i n Figure 2.6 (a) which i s 
presented f o r comparison purposes alongside the s t r u c t u r e 
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of a r e l a t e d compound, t r i m e r i c b i s ( d i m e t h y l a m i d o ) b e r y l l i u m , 
(Me^^Be ^, (109 - 111) (Figure 2.6 (b) the s t r u c t u r e of 

which has been established by X-ray c r y s t a l l o g r a p h y . 

CRn CR0 

H 2 I I 2 

R C = W = i B e Be' .Be' N=CR0 \ / \ ' 
N N 
I! II 
CR2 CR̂-

(a) 

Me- Me-
.N .NT 

Me 0NBe Be BeNMe 0 

N N 
Me. Me, 

(h) 

Figure 2.6 

Both bis(diphenylraethyleneamino)magnesium and b i s -
(di-p-tolylmethyleneamino)magnesium are thought t o be t r i m e r i c 
c r y s t a l l i s i n g w i t h two molecules of THF, (R 2C=N) 2Mgj ̂ 2THF 
(R = Ph, p - t o l y l , M by cryoscopy 970 and 10^2 r e s p e c t i v e l y ) . 
Whilst the determined molecular weights are r a t h e r low ( t h e 
t r i m e r i c f o r m u l a t i o n s r e q u i r i n g 1296 and 1464 r e s p e c t i v e l y ) 
t h i s i s believed to be caused by sample decomposition, and 
the 1H-NMR spectroscopic data - discussed i n greater d e t a i l 



l a t e r - supports the proposed f o r m u l a t i o n s . By analogy 
w i t h compounds already discussed these bis(methyleneamino) 
magnesium compounds are assigned a s t r u c t u r e represented i n 
Figure 2.7 (a) again w i t h mutually perpendicular Mg 2N 2

 r^-nS 

CR~ CRq 
II II 

T H F . ' N N . / N \ N : 0 R O 

R 5 C : N ^ / ^ T H F 
^ N N 

II II 
C R 2 C R 2 

(a) 

Bu* 

T H F ^ ° \ , Br 
x>Mg Mg" / X X \ 

Br 0 TH F 

Bu* 

(b) 

Figure 2 .7 

The two d i f f e r e n t t e r m i n a l l i g a n d s probably occupy t r a n s ­
p o s i t i o n s , and o v e r a l l , the suggested s t r u c t u r e i s s i m i l a r 
t o an already e s t a b l i s h e d s t r u c t u r e (X-ray d i f f r a c t i o n ) , 
t h a t of (Bu*0MgBr) 22THF (95) w i t h four-membered planar 
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^ 2 ^ 2 r i n 6 s and the two other species l i n k e d t:> magnesium 
adopting trans p o s i t i o n s i n a plane perpendicular t o the 
Mg2(->2 r^-nS (Figure 2 .7 ( b ) . These proposed s t r u c t u r e s are 
s i m i l a r t o those of other r e l a t e d magnesium d e r i v a t i v e s 
eg (Bu tMgSPr 1) 22Et 20 w i t h f o u r membered Mg 2S 2 r i n g s ( 1 1 2 ) , 
(Pr 10MigBr) 22Et 20 (113) and (EtMgOCEt^)^2THF (114) w i t h Mg 20 2 

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

magnesium were unsuccessful and the yellow-green f l o c c u l e n t 
s o l i d was obtained by complete removal of solvent from the 
r e a c t i o n mixture. The product's molecular weight, by cryo­
scopy i n benzene (M,573) compares fa v o u r a b l y w i t h t h a t 
r e q u i r e d by the dimer (M, 609), and i t s suggested s t r u c t u r e 
possessing no solvent molecules of c r y s t a l l i s a t i o n i s shown 
i n Figure 2.8, being s i m i l a r t o t h a t already descibed f o r 

j^(Bu t
2C=N) 2Be Whilst each of the bis(methyleneamin-)) 

Bu' 

N. 

Bu 2C = N- Mg. Mg CBu 

N 

Bu1 

2 

Figure 2.8 
magnesium compounds discussed has both b r i d g i n g and t e r m i n a l 
methyleneamino l i g a n d s and, f o r the b i s - phenyl and p - t o l y l 



d e r i v a t i v e s , magnesium i n a four- c o - o r d i n a t e c o n d i t i o n , 

the bulky t-=butyl groups have s t a b i l i s e d t h ree-co-ordinate 

magnesium i n the b i s - t - b u t y l compound, (Bu^C^N^Mg- A 

three-co-ordinate s t a t e f o r magnesium, w h i l s t not unusual 

f o r z i n c and b e r y l l i u m , i s not a p r e f e r r e d co-ordinate 

s t a t e , the most common co- o r d i n a t i o n number which magnesium 

e x h i b i t s i n i t s covalent compounds being four„ Three-

co-ordinate magnesium was f i r s t found i n dimeric d i - i - p r o p y l -

araido-i-propylmagnesium (12), ( P r ^ N M g P r 1 ^ , whose proposed 

s t r u c t u r e with corresponding b r i d g i n g amido u n i t s i s shown 

i n F i g u r e 2.9° The s t r u c t u r a l d i f f e r e n c e s h i g h l i g h t e d i n 

P r 1 Mg Mg P r 1 

N ^ 

P r 1 ±r 2 

F i g u r e 2.9 

t h i s d i s c u s s i o n of the bis(methyleneamino)magnesium may w e l l 

be p r i n c i p a l l y r e l a t e d to the covalent r a d i i of the three 

metals Be, Mg and Zn and t h e i r r e l a t i v e e i c t r o n e g a t i v i t i e s . 

The covalent r a d i u s sequence i s MgJ> Zn)> Be (115) w h i l s t with 

e l e c t r o n e g a t i v i t y v a l u e s the sequence i s Zn,) Be/ Mg ( 6 4 ) , 

implying t h a t magnesium may adopt a g r e a t e r co-ordination 

number than z i n c and b e r y l l i u m . These f e a t u r e s w i l l be 

r e f e r r e d to l a t e r i n d i s c u s s i n g the i n f r a r e d data of these 

methylenearainomagnesium compounds. 

The i n f r a r e d s p e c t r a l d e t a i l s assigned to the s t r e t c h i n g 
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v ib ra t ions of the methyleneamim un i t s of the bis(methylene-
amino) der ivat ives of be ry l l i um, zinc and magnesium, and 
already categorised in to br idg ing and terminal methyleneamino 
s t re tching frequencies, are given i n Table 2 .5° U n t i l f a i r l y 
r ecen t ly , although bery l l ium-ni t rogen compounds had been 
widely studied, there was l i t t l e i nd ica t ion that B e ^ = N 
^ -bond ing played any s i g n i f i c a n t ro l e i n their* chemistry. 
The f i r s t i nd i ca t ion that such bonding might influence the 
geometry of a molecule was revealed i n the X-ray d i f f r a c t i o n 
study of |^(Me2N)2Bej 5 , a compound already alluded to e a r l i e r 
(111) . A t r i g o n a l planar arrangement of atoms about the non-
br idging nitrogen atoms was discovered together wi th a 
v a r i a t i o n i n the Be—N distances consistent wi th some mul t ip le 
( N = ^ B e ) . Such an o r i en ta t ion would allow maximum overlap 
between the f i l l e d N - 2 p o r b i t a l s and the vacant o r b i t a l s of 
the terminal Be atom. Studies were also made of some ^ligomeric 

bis(methyleneamino)beryllium der iva t ives (48) , j^(RR^C=N)2BeJ 
i n which s imi la r Be^=N fK-bonding was believed to occur, 
the bery l l ium atoms p a r t i c i p a t i n g i n a l i nea r conf igura t ion 
maximising overlap of the f illed nitrogen and vacant be ry l l ium 
2p-orb i ta l s avai lable f o r such dative N^ :Be onding and 

allowing most room f o r the bulky subst i tuents . Ar is ing 

from the attachment of the terminal methyleneamino un i t s to 

the three co-ordinate bery l l ium atoms are charac te r i s t i c 

i n f r a r ed absorptions, a range of frequency values being 

therefore charac te r i s t i c of the s t re tching v i b r a t i o n of 

l i nea r (C — N:r±.Be)uni ts . I t i s equally possible to assign 

a range of frequencies to a bent (br idging C=N-Be) u n i t , 

and Table 2.3 extends t h i s process by summarising such 



f i n d i n g s f o r a l i m i t e d number of re la ted compounds of the 

Group I I metals. I n a l l cases the d i s t i n c t i o n between the 

absorptions f o r br idging and terminal l igands i s c l ea r ly 

Table 2 . 5 

Terminal and Bridging Azomethine Stretching Frequencies, 
N 1 * 

v (C=N)cm of the Bis(methyleneamino) Derivat ives 

of some Group I I Elements 

M 
^ (C=N) Terminal »(C=N) Bridging 

M 
Ph p - t o l y l Ph p - t o l y l Bu* 

Be 1732 1731 1721 1627 1626 1631 

Mg 1655 1661 1668 1613 1620 1605 

Zn - 1664 1683 1600 1607 1585 

* A l l Nujo l Mul l s . ^(C=N) R2C=NH (H = Ph, p * t o l y l , Bu t ) = 

1603, 1610, 1604cm1 r espec t ive ly . 

seen and the frequencies ^(C=N) of t e rmina l ly attached 

un i t s are s i g n i f i c a n t l y greater than those of br idging u n i t s . 

E a r l i e r , in Section 2 . 2 . 1 , a range of frequencies characte­

r i s t i c of br idging (C=N-Mg) un i t s was j u s t i f i e d , and generally 

a comparison of the data obtained f o r the magnesium systems 

wi th the re la ted systems of bery l l ium and zinc supports the 

proposed structures of the methyleneamino-magnesium compounds 

already discussed. They a l l possess b r idg ing tnethyleneamino 

ligands alone, or i n combination wi th t e rmina l ly - attached 
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methyleneamino l igands . By reference to Table 2 . 5 i t can 

be seen that the va r i a t ions i n s t re tching frequencies of 

t e rmina l ly attached and br idging methyleneamino un i t s do 

not show a simple r e l a t ionsh ip wi th respect to the nature 

of the methyleneamino l igand or the metal, a feature 

expressed e a r l i e r i n the discussion of i n f r a r ed spectra 

(Chapter 1 , page32). Bis(di- t -butylmethyleneamino)beryl l ium 

dimer, wi th both br idging and t e rmina l ly attached methyl­

eneamino l igands, i s known to have f o r the l a t t e r a C-N-Be 

angle of 160.5° ( 7 7 ) i "the d i s t o r t i o n from l i n e a r i t y being 

necessary to accommodate the bulky t - b u t y l groups. The 

near l i n e a r i t y of the terminal C=N-Be u n i t s trongly suggests 

that i n the bis(di-t-butylmethyleneamino)magnesium dimer, 

known to be unsolvated wi th a proposed s t ructure containing 

three-co-ordinate magnesium (Figure 2 . 8 ) , the terminal 

(C=N-Mg) skeleton could be e f f e c t i v e l y l i n e a r , since the 

larger magnesium atom could wel l accommodate without d i s ­

t o r t i o n the t - b u t y l groups. 

I f t h i s i s so, and the ^H-NMR evidence to be presented 

l a t e r would not contradict such reasoning, then the ^(C=N) 

assigned to the t e rmina l ly attached methyleneamino l igand 

might be that of a l inea r (C=N-Mg) skeleton. The same might 

also be true of the bis(methyleneamino) de r iva t ives , 

magnesium, where the a ry l groups are less bulky and the 

co-ordinated THF molecule may not add s i g n i f i c a n t l y to the 

s t e r i c hindrance. Of the new methyleneaminomagnesium 

l02MgJ 2 (M, by cryoscopy Bu" C 573; dimer requires M, 609), 

[ ( R 2 C = N ) 2 J 5 2THF (R = Ph, p - t o l y l ) , w i t h four-co-ordinate 
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compounds studied, only the three bis(methyleneamino) 

magnesium der iva t ives have t e rmina l ly attached methylene-

amino ligands - a l l the others have sole ly br idg ing 

methyleneamino l igands- t h e i r asymmetric s t re tching f r e ­

quencies l y i n g i n the range (1655 - 1668)cm 1. 

The "'"H-NMR spectra of the bis(methyleneamino)magnesium 

der iva t ives show some in t e r e s t i ng fea tures , p a r t i c u l a r l y 

the spectrum of J^Bu^C^^Mgj when compared w i t h those 

of [ ( B u t

2 C = N ) 2 M j 2 M = Be, Zn ( 5 0 ) . The spectrum of 

dimeric bis(di- t -butylmethyleneamino)beryl l ium in toluene 

gives three s ignals , two of which present a poorly-resolved 

doublet C T = 8.69, 8 .71 ) and the other at T = 8 .77 , of 

r e l a t i v e i n t e n s i t i e s 1 : 1 : 2 respec t ive ly . The impl icat ions 

of t h i s are that the methyleneamino u n i t s , t e rmina l ly 

attached, are e i ther permanently non-linear i n a symmetrical 

molecule or near l i n e a r , the l a t t e r being more consistent 

wi th the i n f r a r ed data. Yet there must be some d i s t o r t i o n 

i n the molecule f o r three peaks to be obtained, and i t s 

c ry s t a l s tructure ( 7 7 ) confirms the non-equivalence of the 

t - b u t y l groups on the terminal l igands. The two peaks of 

equal r e l a t i v e intensity f - ,(T^, 8 . 6 9 , 8 .71 ) are therefore 

assignable to t - b u t y l groups i n the d i f f e r e n t environments 

of the terminal ligands and the s ingle t ( T / = 8 .77 ) to the 

magnetically equivalent t - b u t y l groups of the br idging 

u n i t s . The spectrum of (Bu t

2 C=N) 2 Znj ^ i s remarkably s i m i ­

l a r , the l o g i c a l inference being that i t s s t ructure i s 

s imi l a r to i t s bery l l ium counterpart w i t h s imi l a r d i s t o r t i o n 

of the terminal ligands and substant ia l N-*Zn (pTf - p V ) 

bonding ( 5 0 ) - I n contrast to the above spectra of dimeric 
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bis(di- t -butylmethyleneamino)- bery l l ium and z inc , the 

spectrum of bis(di-t-butylmethyleneamino)magnesium gives 

only one s igna l , a r e l a t i v e l y sharp s ing le t at = 8.86, 

w i t h no evidence of f u r t h e r r e so lu t ion on cooling to about 

-50°C. A doublet of equal i n t e n s i t y would not have been 

surpr i s ing since the equivalence of the t - b u t y l groups on 

the terminal ligands - a r i s ing from the probable l i n e a r i t y 

of the (C=N-Mg) skeleton i s more l i k e l y i n the magnesium 

compound, than i n the comparable bery l l ium and zinc der iva­

t i v e s . The symmetrical nature of the s ing le t suggests that 

the t - b u t y l groups i n the b r idg ing and terminal methylene-

amino un i t s are making cont r ibut ions of equal i n t ens i t y -

as they would do were the terminal (C=N-Mg) skeleton l i nea r 

and without d i s t o r t i o n - but the respective signals are so 

close together tha t they have not been resolved. The d e t a i l s 

of the bis(di- t-butylmethyleneamino) der iva t ives of be ry l l i um, 

zinc and magnesium are summarised i n Table 2 .6 . 

Table 2.6 
1H-NMR Spectroscopic Deta i l s f or (Bu t

0C=N) ?M| M M = Be, Zn, Mg 

^ Value 
* 

Compound s p . p o m . 

(BiT nC=N) 0Be 2 2 
8.69 ( 1 ) , 8 .71 ( 1 ) , 8.77 ( 2 ) 

Bu°~C=N)0Zn •L 8.64 ( 1 ) , 8.68 ( 1 ) , 9«03 ( 2 ) 

< Bu°0C=N) Mg 

* YCMe.Si) = 1 0 . 0 0 ppm; 
** 

using TMS as external standard; 
others as i n t e rna l reference. 



The H-NMR spectra of the bis(diarylmethyleneamino) 

^ e s i u a de r iva t ives , [ ( R ^ N ) ^ ] 3 2™F (E . Ph, p - t o l y l ) , 

are recorded i n Table 2 .7° Both spectra show peaks due to 

co-ordinated THE1 at Y values 6.98 - 7 . 1 9 (R = Ph), 6.88 

(H = p - t o l y l ) assigned to the hydrogen atoms of the 

oC -carbon of THF, and Y (8.92 - 9-27) , assigned to the 

hydrogen atoms of the ^ -carbon of THP, i n r e l a t i v e i n t e n ­

s i t i e s appropriate to the above fo rmula t ion . These absorption 

due to co-ordinated THF accur at lower f i e l d than the corre­

sponding peaks i n unco-ordinated THP, a matter discussed 

Table 2.7 

"̂ H-NMR Spectra of Bis(diarylmethyleneamino)magnesium 

2THP, R = Ph, p - t o l y l 

Compound Values p.p.m. 

(Ph2C=N)2Mg^ 2THP 
L J 3 

l (p - t o ly l ) 0 C=Nl Mg 2THP 
( d / 2 3 

2.69, 2 .97 , 3.26c ( 4 ) ; 
6.98 - 7-19 c, 8.93 - 9 . 2 7 c ( l ) 

2 . 5 7 , 2.82, 3.04, 3 .45 c ( 3 ) ; 
6.88, 8.92 c ( 1 ) ; 8.05 (2) 

Me^Si) = 1 0 . 0 0 p .p .m. ; using TMS as external standard; 
solvent C,-D,. 

e a r l i e r i n considerable d e t a i l in r e l a t i o n to the adducts 

of diarylmethyleneaminomagnesium bromide and THP, 

(R2C=NMgBrTHP)2xTHF, R = Ph, p - t o l y l ; x = 0 , 1 . The complex 

absorptions, observed i n both compounds, i n the region 

Compounds, ^R 2C=N) 2%_ 
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1^(2.57 - 3»3 / 0 are a t t r ibu ted to protons on the aromatic 
r ings of phenyl and p - t o l y l groups, wh i l s t a peak due to 
the methyl protons of the p - t o l y l groups i s observed at 

y= 8 . 0 5 . 

2 .2 .3 . Group C 

The seven methyleneaminoethyl(or phenyl)magnesium 

compounds to be discussed comprise ( i ) (R2C=NlVlgEtOEt2)n 

R = Ph, p - t o l y l , ( i i ) (R2C=NMgX)n, R = Ph, X = Ph, R = Bu* 

X = Et , Ph, and ( i i i ) (R2C=NMgEt)2TMED, R = Ph, p - t o l y l . 

I n general, t h e i r precise compositions are less cer ta in than the 

der iva t ives already discussed, because ana ly t i ca l data 

obtained are ra ther ambiguous. A d d i t i o n a l l y , most of the 

compounds are of too low s o l u b i l i t y to obtain r e l i a b l e 

molecular weights by cryoscopy i n benzene. The proposed 

formula t ions , together wi th t h e i r ana ly t i ca l data are 

given i n Table 2 .8 . 

The azomethine s t re tching frequencies, ^(C=N), f o r 

a l l of these compounds f a l l i n the range (1605 - 1620)cm"*" 

- see Table 2.9 - a range appropriate to bridging methylene-

amino u n i t s . These der iva t ives therefore are regarded as 

possessing exclus ively br idging methyleneamino ligands 

and, by comparison wi th analogous Group I I de r iva t ives , are 

probably dimers or small oligomers. Related der ivat ives of 

Group I I metals, a l l unsolvated, of general formula 

(R1R2C=NMX)2 are M = Be: R x = R 2 = Ph, p - t o l y l , Bu*, X = C I ; 

R 1 = Bu*, R 2 = p - t o l y l , X = C I . M = Zn: R± = R 2 = Ph, 

X = Me, Et, Ph; R± = R 2 = Bu*, Ph, p - t o l y l , X = C I . The 

structures proposed f o r these compounds, w i th both bery l l ium 



Table 2.8 

Ana ly t i ca l Data and Proposed Formulations of Methyleneamino 
e thy l (or phenyl) Magnesium Compounds 

Compound Ana ly t i ca l Data C:H:N:Mg; 
Hydrolysable Ethyl (Et ) 

(PhoC=NMgEt.0Eto) ^ ^ n 
C = 73-8 (74 .2) ; H = 8.1 ( 8 . 1 ) ; (PhoC=NMgEt.0Eto) ^ ^ n 
N 

Et 

= 4 .3 (4 .6) Mg = 

= 8.5 ( 9 - 7 ) % . 

8 .1 ( 7 - 9 ) ; 

(p=tolyl) 2C=NMgEtOEt 2 C = 7 1 . 3 ( 7 5 - 2 ) ; H = 8.2 ( 8 . 6 ) ; 
IJ 

N 

Et 

= 4 .1 ( 4 . 2 ) ; Mg = 

= 8.0 ( 8 . 9 ) % . 

= 8.2 ( 7 . 3 ) ; 

(Bu t

2C=NMgEt) n C 

N 

Et 

= 66.6 (68 .3 ) ; H 

= 7-5 ( 7 . 2 ) ; Mg = 

= 14.6 ( 1 5 . 5 ) % . 

= 1 1 . 5 ( H - . 9 ) ; 

= 12.2 (12 .6) ; 

(Ph2C=NMgPh)n C 

N 

= 78.1 ( 8 1 . 1 ) ; H 

= 4 .9 ( 5 . 3 ) ; Mg = 

= 7 .3 ( 5 . 3 ) ; 

= 7-7 (8.6)%. 

(Bu t

2C=NMgPh)n C 

N 

= 71 .2 (74 .6 ) ; H 

= 5-8 ( 5 . 8 ) ; Mg = 

= 8.8 ( 9 . 5 ) ; 

= 10.1 (10.1)%. 

(Ph2C=NMgEt)2TMED C 

N 

= 7 0 . 0 (74 .2 ) ; H 

= 8.8 ( 9 . 6 ) ; Mg = 

= 7.4 ( 7 . 9 ) ; 

: 8.6 ( 8 . 3 ) ; 

Et = 9 .7 (10.3)% M, 561 (583)° 

(p-tolyl) 2C=NMgEt TMED 
2 

C = 7 5 . 1 ( 7 5 . 2 ) ; H = 10.2 ( 8 . 5 ) ; 

N 

Et 

= 8.0 ( 8 . 8 ) ; Mg = 

= 9.2 ( 9 . 9 ) % M, 

7 .6 ( 7 . 6 ) ; 

491 (631)* 

* by cryoscopy i n benzene 
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and zinc i n a three-co-ordinate s ta te , are shown in 

Figure 2 . 1 0 ( a ) . I f the methyleneaminomagnesiun der iva­

t i ve s (E2C=NMgX) , R - Bu*, X = Et; R = Ph, Bu*, X = Ph 

are dimeric, t h e i r s t ruc ture , also containing th ree-co-ord i ­

nate magnesium atoms i s l i k e l y to be s imi l a r (Figure 2 . 1 0 (a); 

M = Mg). I f however these compounds are ol igomeric, t h e i r 

CR2 

II 
N 

X M v ^ M X 

N 

CE2 

(a) 

CR. 

N. 

CR 2 

• X N 

Mg Mg" 

CR. 

N. 

N 

I I 
CR 2 

Mg. 

(b) 

proposed structures (Figure 2 . 1 0 (b) w i l l have both methyl­

eneamino and X u n i t s , in adjacent Mg 2N 2 and Mg 2X 2 f ->ur-

membered r i n g s , acting as bridging ligands wi th both three-

co-ordinate and four -c^-^rd ina te magnesium at^ms. 
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The diarylmethyleneaminoethylmagnesium der iva t ives 

were shown to be etherated by "'"H-NMR studies, and these 

together wi th the estimations of hydrolysable e thy l 

(Section 2 .4 ( x v i i ) ) suggest that they are best formulated 

as (RQC =NMg(Et)OEtQ) R = Ph, p - t o l y l , m probably 2. <- <~ m 
Their proposed s t ructure (Figure 2.11) has four co-ordinate 

magnesium atoms and i s s imi l a r in p r i n c i p l e to the bis(THF) 

Figure 2.11 

adducts of diarylmethyleneaminomagnesium bromide (R^^NMgBrTHF^ 

R = Ph, p - t o l y l , discussed e a r l i e r ( I I ; Figure: 2 . 3 ) . 

By employing a donor molecule, TMED, attempts were made 

to prepare methyleneaminomagnesium complexes, i n which magnesium 

was co-ord ina t ive ly saturated, containing exclusively terminal 

methyleneamino u n i t s . The most common way by which TMED may 

be bonded to an organometallic compound i s as a bidentate 

chelat ing amine eg Me2Be(TMED), Figure 2.12 (a) M = Be. As 

the organic l igand becomes la rger , t h i s bidentate-chelat ing 

ro l e becomes impossible and i n Bu^Be (TMED) the donor base 

i s monodentate i n i t s co-ordinat ion to b e r y l l i u m . Only one 

ni trogen atom i s attached at any one ins tan t and the ^H-NMR 

CR 

Et~0 Et 
Mg Mg 

Et OEt 2 N 

CR 



7 6 . 

spectrum shows rapid exchange between f r e e and co-ordinated 

nitrogen ( 1 1 7 ) . Clear ly the size of the metal atom i s also 

i n f l u e n t i a l since the magnesium analogue, Bu^Mg (TMED) 

(118), i s considered to have the same s t ructure as Me2Be(TMED), 

the donor molecule again acting as a bidentate chelat ing 

l igand - Figure 2 . 1 2 (a) M = Mg. A t h i r d type of bonding 

Me2 

CH0 N R CH N R 

M 

CH R 
Me 

(a) 

CH CH 

Me^ NMe 
H 

Be Be 

H Bu"CH CH^Bu 

(b) 

Figure 2 . 1 2 

emerges where the diamine co-ordinates to a dimeric species 

as an addi t iona l br idging group. Such a s tructure has been 

proposed f o r a lky lbery l l iumhydr ide . TMED complexes, 

(RBeH)2TMED, in benzene where R = Bu 1 ( 1 1 9 ) , Bu tCH 2 ( 1 2 0 ) , 

Et, Bu S , B u ^ nCc-H,, ( 1 2 1 ) - Figure 2112 ( b ) . 
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In order to prepare methyleneaminomagnesium-TMED 

complexes containing co-ordinat ively-satura ted magnesium 

atoms, but wi th exclusively terminal methyleneamino 

l igands, the theo re t i ca l react ion scheme was as fo l l ows 

(equations 2-7 - 2 . 8 ) : M e 

Et . N — CH2 

(E t 2 Mg) n + n Me2NCH2CH2NMe2—> n X M g 2 . 7 

Et^ ^ N — CE0 

Me2

 d 

The react ing species produced, Et2Mg.TMED, containing 

f o u r - co-ordinate magnesium was then reacted i n equimolar 

proportions wi th R.-,C=NH (R = Ph, p - t o l y l , Bu^), the expected 

react ion being as i l l u s t r a t e d i n (equation 2 . 8 ) . 

Me~ Mep 
Et^ ^ N CH2 R 2 C = N ^ ^ N CH2 

R2C=NH + ^ M g ^ | % » Mg 
Et N CH2 E t . . N C H 

Me 
U e 2 Me2 

2 . 8 

2 

In pract ice terminal ly-at tached methyleneaminomagnesium 

complexes were not i so l a t ed . Diphenyl- and d i - p - t o l y l -

methyleneamines reacted smoothly wi th Et2Mg.TMED to y i e l d 

very a i r - s ens i t i ve products, which - on the basis of t h e i r 

azomethine s t re tching frequencies $ (C=N) Figure 2 . 9 -contain 

exclusively br idging methyleneamino u n i t s . By elemental 

analysis, molecular weight determinations by cryoscopy 

and estimations of ethane by control led hydro lys i s , the 

complexes were formulated as (R2C=NMgEt)2TMED, R = Ph, p - t o l y l . 

Their proposed s t ructure (Figure 2 . 1 3 ) contains f o u r -

co-ordinate magnesium and both methyleneamin-> and TMED bridges. 

There was apparently no react ion between d i - t -bu ty lmethy-
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leneamine and Et2Mg«TMED, the only so l id product being 

isolated from the react ion mixture being the d i e t h y l -

magnesium.TMED adduct. 

CH CH 2 

CR Mê N NMe 2 
N 

Mg Mg 

JN Et Et 
I! 

CR2 

Figure 2.15 

Absorptions i n the methyleneamino s t re tching region, 

^ (C=N), i n the i n f r a r ed spectra of these compounds are 

shown in Table 2.9 and f o r reasons which have been presented 

e a r l i e r i n considerable d e t a i l , they are ra t iona l i sed as 

being re la ted to br idging methyleneamini u n i t s . Such un i t s 

are present i n a l l the methyleneaminomagnesium- compounds 

discussed in t h i s chapter, the major i ty of which have 

exclusively br idging methyleneamino ligands whose azomethine 

s t re tching frequencies, ^(C=N), are i n the range (1602 -

1630)cm 1. 

The methyleneamino s t re tching frequencies of selected 

be ry l l i um, magnesium and zinc compounds, a l l of which have 

non-linear br idging methyleneamino groups, are shown in 

Table 2.10. Whilst i n several cases the formula t ion of t h i s 

l i m i t e d number of compounds i s not absolutely equivalent, 

nor are the series complete,the azomethine s t re tching 



Table 2.9 

Azomethine Stretching Frequencies, $ (C=N) , 3f Related 
Methyleneaminomagnesium Compounds (as Nujo l Mul ls , in cm 1) 

Compound }(C=N) 

|^Ph 2C-NMg(Et)0Et 2 

n 
1619 

^(p-tolyl) 2C=NMg(Et)OEt 2 

n 
1619 

(Bu t

2C=NMgEt) n 1605 

(Ph2C=NMgPh)n 1618 

(Bu t

2C=NMgPh)n 1607 

(Ph2C=NMgEt)2TMED 1620 

(p-tolyl) 2C=NMgEt 
•> 

, TMED 
2 

1618 

frequencies, ^ (C=N), f o r bridging methyleneamino ligands of 

bery l l i um, magnesium and zinc f a l l i n the ranges (1608-1648), 

1602-1630) and (1585-1624)cm 1 r e spec t ive ly . This trend 

p a r a l l e l s the v a r i a t i o n in the mass of the centra l metal, 

f o r the heavier the metal the lower the s t re tch ing frequency. 

The "*"H-NMR spectra of many of these methyleneamino-

magnesium compounds were recorded using deuterated benzene 

solutions - Table 2 .11 . The spectra of the d i - t -bu ty lmethy-

leneami.no compounds, (Bu^2C=NMgX) X = Ph, Et, n probably 2, 

both show broad s ing le t signals at ' = 9 .05 and 8 .73 

respec t ive ly , due to the t - b u t y l groups, consistent wi th 

http://leneami.no
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Table 2.10 

Stretching Frequencies of Bridging Methyleneamino Ligands, 

Group I I Elements 
* 

Compound M Ph ( p - t o l y l ) Bu t 

(R2C=NMC1)2 Be 1608 1610 1626 

Zn 1604 1600 1597 

R2C=NMEt(0Et2; X Mg 1619 ( x = l ) 1619 ( x = l ) 1605 (x=0) 

(R 2C=NMEt) 2 Zn 1611 - •-

(R2C=NMPh)2 Mg 

Zn 

1618 

1607 

- 1607 

(R 2C=NMBu t) 2 Be 1648 - — 

(R2C=NMMe)2 Zn 1624 - 1592 

[ ( R 2 C - N ) 2 M ] ^ Be 1627 1626 1631 

^ (R 2 C=N) 2 MJ ( T H F ) X Mg 1613 1620 1605 x-0,n=2 

j^(R 2C=N) 2Mj Zn 1600 1607 1585 (n=2) 

* 
As Nu jo l Mulls 



Table 2.11 

H-NMR Spectroscopic Data of Related Methyleneaminoethyl 
(or phenyl)Magnesium Compounds 

Compound 
T ppm 

(7(TMS external r e f . = lO.OOppm)) 

(Ph2C=NMgEtOEt2)n 

-(p- tolyl) 2 C=NMgEtOEt 2 j 
I ' n 

(Bu t

2C=NMgEt) n 

(Bu t

2C=NMgPh)n 

2.55-2.88c; 6 .62-6.97q; 

8 .93-9 .18 t 

2 .50-3 .20c ; 6 .93-7 .28q; 

8 .10s ; 9 - 2 6 - 9 - W 

8 . 7 3 s b r 

2 . 9 6 - 3 . 1 2 c ( l ) ; 9 . 0 5 s ( 4 ) 

n probably 2 ; s = s ing le t ; c = complex; br = broad; 

t = t r i p l e t ; q = quar te t . 

t h e i r proposed s t ructure having br idg ing methyleneamino 

l igands i n which the t - b u t y l groups are i n magnetically 

equivalent s i t u a t i o n s . But wh i l s t abroad complex s igna l , 

2 . 9 6 - 3 . 1 2 ) , due to the protons of the phenyl group i n 

the spectrum of (Bu t

2C=NMgPh)n - both signals being i n the 

appropriate r e l a t i v e i n t e n s i t i e s no signals due to e thy l 

groups were observable i n the spectrum of (Bu*2C=NMgEt)^, 

despite using as concentrated as possible a so lu t i on . 
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S i n c e t h e s i g n a l due t o t h e t - b u t y l g r o u p s was f a r f r o m 

s t r o n g t h e n p e r h a p s i t i s u n s u r p r i s i n g t h a t t h e much l e s s 

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

G e n e r a l l y t h e s p e c t r a o f ( R 2 C = N M g E t O E t 2 ) n , R = P h , p - t o l y l , 

w e r e weak and o f p o o r r e s o l u t i o n . The r a t h e r "broad p o o r l y 

r e s o l v e d m u l t i p l e t s i n t h e r a n g e s ^ ( 2 . 5 5 - 2 . 8 8 ) , R = P h , 

and ( 2 . 5 0 - 3 - 2 0 ) , R = p - t o l y l , e v i d e n c e d a r o m a t i c p r o t o n s 

w h i l s t t h e s i n g l e t a b s o r p t i o n ( / T ^ = 8 . 1 0 ) i s due t o t h e 

m e t h y l p r o t o n s o f t h e t o l y l g r o u p . Two o t h e r g r o u p s o f 

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

Y 6 . 6 2 - 7 . 2 8 (Y= 6 . 6 2 - 6 . 9 7 , R = P h ; Y = 6 . 9 3 - 7 - 2 8 , H = p - t o l y l ) 

and t h e o t h e r a p o s s i b l e t r i p l e t i n t h e r a n g e Y = 8 . 9 3 - 9 . 5 4 

( Y= 8 . 9 3 - 9 - 1 8 , R = P h ; Y = 9 . 2 6 - 9 - 5 4 , R = p - t o l y l o f o v e r a l l 

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

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

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

e t h e r , b e i n g f o u n d d o w n f i e l d as m i g h t be e x p e c t e d , f r o m t h e 

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

(Y = 7 . 2 6 - 7 - 5 1 q , T / = 9 . 4 8 - 9 . 7 1 t ) . H i g h b a c k g r o u n d n o i s e 

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

e t h y l g r o u p s a t t a c h e d d i r e c t l y t o m a g n e s i u m and no u n e q u i v o c a l 

s i g h t i n g was made f o r ( P h 9 C = N M g E t O E t o ) . 

c o m p l e x s i g n a l s a t f ( 9 . 9 0 - 1 0 . 1 0 ) , p o s s i b l y a t r i p l e t , and 

Y ( 1 0 . 2 7 = 1 0 . 4 - 4 ) p o s s i b l y a q u a r t e t , a r e a s s i g n e d t e n t a t i v e l y 

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

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

w o u l d be e x p e c t e d f o r e t h y l p r o t o n s when l i n k e d t o a v e r y 

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

2 ' n 

< 
p - t o l y l ) o C = N M g E t 0 E t F o r t h e compound 

n 
t w o weak 
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e l e c t r o p o s i t i v e e l e m e n t s u c h as m a g n e s i u m and t h e r e s u l t s 

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

m o l e c u l e s s u c h as d i p h e n y i m e t h y l e n e a m i n o - d i e t h y l a l u m i n i u m 

( P h 2 C = N A l E t 2 ) 2 ( 6 2 ) 1" = 8 . 7 t , 9 - 8 q , d i p h e n y l m e t h y l e n e a m i n o -

d i e t h y l g a l l i u m ( P h 2 C = N G a E t 2 ) 2 ( 6 3 ) ' Y = 8 . 8 t , 9 - 5 q , and 

d i p h e n y l m e t h y l e n e a m i n o e t h y l z i n c ( P h 2 C = N Z n E t ) 2 ( 1 3 ) 1^= 8 . 7 " t , 

9 « 5 q = C o n f i r m a t i o n o f ( M g - E t ) u n i t s i n t h e s e m e t h y l e n e -

a m i n o e t h y l m a g n e s i u m compounds was o b t a i n e d f r o m h y d r o l y s i s 

e x p e r i m e n t s e m p l o y i n g 2 - m e t h o x y e t h a n o l . The s o l e v o l a t i l e 

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

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

The r e m a i n i n g m e t h y l e n e a m i n o m a g n e s i u m compounds v i z 

( R 2 C = N M g E t ) 2 T M E D , R = P h , p - t o l y l and ( P h 2 C = N M g P h ) n w e r e 

t o o i n s o l u b l e f o r s a t i s f a c t o r y 1 H-NMR s p e c t r a t o be o b t a i n e d . 

2 . 3 Summary 

F i f t e e n new m e t h y l e n e a m i n o m a g n e s i u m compounds h a v e b e e n 

p r e p a r e d and s t r u c t u r e s p r o p o s e d on t h e b a s i s o f t h e i r "'"H-NMR 

s p e c t r a , i n f r a r e d s p e c t r a , and t h e i r a z o m e t h i n e s t r e t c h i n g 

f r e q u e n c i e s ^ ( C = N ) , and a c o m p a r i s o n w i t h e s t a b l i s h e d s t r u c t u r e s 

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

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

l i g a n d s . On t h e c o n t r a r y a l l t h e compounds p o s s e s s b r i d g i n g 

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

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

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

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

T h e s e b r i d g i n g l i g a n d s a r e t e t r a h y d r o f u r a n i n (R 2 C=NMgBrTHF) 2 THF, 
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R = P h , p - t o l y l , f o r w h i c h a c r y s t a l s t r u c t u r e h a s b e e n 

o b t a i n e d and d e s c r i b e d (R = P h ) , d i e t h y l e t h e r i n 

( B u 2 C = N M g B r ) 2 0 E t 2 , and t e t r a m e t h y l e n e f c i i a T n i n e i n 

( R 2 C = N M g E t ) 2 T M E D . The b i s ( m e t h y l e n e a m i n o ) m a g n e s i u m 

d e r i v a t i v e s l ( R 2 C = N ) 2 M g l ( T H P ) 2 , R = P h , p - t o l y l and 

T t n ^ 

( B u 2 C = N ) 2 M g | ^ h a v e b o t h b r i d g i n g and t e r m i n a l l y c o - o r d i ­

n a t e d m e t h y l e n e a m i n o l i g a n d s , and i t seems l i k e l y t h a t t h e 

t e r m i n a l u n i t s may w e l l h a v e n e a r l i n e a r C=N-Mg s k e l e t o n s 

w i t h some ( N — * M g ) p f T - p l f b o n d i n g . F u r t h e r m o r e as t h e 

s i z e o f t h e a r y l / a l k y l g r o u p i n c r e a s e s , i n t h i s s e r i e s o f 

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

number o f t h e d e r i v a t i v e o c c u r s . The n a t u r e o f t h e m e t h y -

l e n e a m i n o e t h y l ( o r p h e n y l - ) m a g n e s i u m compounds ( R 2 C = N M g ( E t ^ E t . ^ 

R = P h , p - t o l y l ; ( R 2 C = N M g X ) n R = Bu*, X = E t , P h ; R = X = P h , t h e 

s t a t e o f a s s o c i a t i o n b e i n g d i m e r i c o r o l i g o m e r i c ; and 

( R 2 C = N M g E t ) 2 T M E D R = P h , p - t o l y l , i s l e s s c e r t a i n b u t a l l 

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

The t w o r e m a i n i n g d e r i v a t i v e s , a d d u c t s o f THF and d i a r y l -

m e t h y l e n e a m i n o m a g n e s i u m b r o m i d e ( R 2 C = N M g B r T H B ' ) ^ t R = P h , 

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

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

compounds a l r e a d y r e f e r r e d t o , v i z ( R 2 C = N M g B r T H F ) 2 T H F R = P h , 

p - t o l y l . 

2 . 4 E x p e r i m e n t a l 

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

G r i g n a r d r e a g e n t s w e r e made and s t a n d a r d i s e d i n t h e u s u a l w a y . 

D i e t h y l m a g n e s i u m was made b y t h e d i s p r o p o r t i o n a t i o n o f an 

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



T a b l e 2 . 1 2 

The New M e t h y l e n e a m i n o m a g n e s i u m Compounds W i t h T h e i r T e r m i n a l 

a n d / o r B r i d g i n g A z o m e t h i n e S t r e t c h i n g F r e q u e n c i e s ^ ( C = N ) 

Compound 

} ( C = N ) cm - 1 

2 C=N 
T e r m i n a l i>C=N B r i d S i a g 

( P h 2 C = N M g B r ) 2 ( T H F ) ^ 

( p - t o l y l ) 2 C = N M g B r ( T H F ) - , 
2 5 

( P h 2 C = N M g B r ) 2 ( T H F ) 2 

r ( p - t o l y l ) 2 C = N M g B r j ( T H F ) 2 

( B u t 2 C = N M g B r y ) 2 0 E t 2 

( P h 2 C = N ) 2 M g ( T H F ) , 

( p - t o l y l ) 2 C = N j ^ M g ( T H F ) . 

( B u t

2 C - N ) 2 M g 

2 

1 6 5 5 

1 6 6 1 

1 6 6 5 

1 6 3 0 

1624-

1 6 0 5 

1 6 0 2 

1 6 2 2 

1 6 1 3 

1 6 2 0 

1613 

N u j o l M u l l s ; 
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T a b l e 2 . 1 2 C o n t i n u e d 

v> ( C = N ) - m 1 

cm 

Compound 
(C=N) t e r m i n a l ^ ( C = N ) b r i d g i n g 

( P h 2 C = N M g E t O E t 2 ) n - 1 6 1 9 

| ( p - t o l y l ) 2 C = N M g E t O E t 2 | - 1 6 1 9 

( B u t

2 C = N M g E t ) n - 1 6 0 5 

( P h 2 C = N M g P h ) n - 1618 

( B u t

2 C = N M g P h ) n - 1 6 0 7 

( P h 2 C = N M g E t ) 2 T M E D - 1 6 2 0 

| ( p - t o l y l ) 2 C = N M g E t | T M E D - 1 6 1 8 

N u j o l M u l l s , n p r o b a b l y 2 . 

d i o x a n ( 1 : 2 m o l a r r a t i o ) and s y r i n g i n g o f f t h e e t h e r e a l 

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

The e t h e r e a l s o l u t i o n o b t a i n e d was s t a n d a r d i s e d u s i n g s t a n d a r d 

s e c o n d a r y b u t a n o l i n x y l e n e , w i t h 1 , 1 0 - p h e n a n t h r o l i n e as 

i n d i c a t o r . ( 1 2 2 ) 

( i ) The P r e p a r a t i o n o f b i s ( d i p h e n y l m e t h y l e n e a m i n o m a g n e s i u m 

b r o m i d e ) t r i s T H F . 

To a f r o z e n ( - 1 9 6 ° ) s o l u t i o n o f d i p h e n y l m e t h y l e n e a m i n e 
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( 3 . 0 g , 1 6 . 6 m . m o l . ) i n a b o u t 1 0 0 cnl a n h y d r o u s d i e t h y l 

e t h e r was added 1 7 . 3 c ^ o f a 0 . 9 6 M ( e t h e r e a l ) s o l u t i o n o f 

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

r o o m t e m p e r a t u r e a p a l e y e l l o w s o l i d f o r m e d , and a f t e r 

s t i r r i n g o v e r n i g h t and p u m p i n g away s o l v e n t , t h e r e s i d u a l 

c r e a m c o l o u r e d s o l i d was r e c r y s t a l l i s e d f r o m T H F , a f f o r d i n g 

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

a m i n o m a g n e s i u m b r o m i d e ) t r i s T H F , ( p h 2 C N M g B r ) 2 ( T H F ) ^ , 

m . p . 1 7 0 - I 8 0 ° d 

F o u n d : C = 5 6 . 7 ; H = 5 - 6 ; B r = 2 0 . 8 ; Mg = 6 . 2 ; N - 3 .6% 

M , ( b y c r y o s c o p y ) 4 0 0 . 

C 3 8 H 4 4 B r 2 M 6 2 N 2 Q 3 r e < 3 u i r e s c = 5 8 . 1 ; H = 5 . 6 ; B r - 2 0 . 4 ; 

Mg = 6 . 2 ; N = 3 . 6 % M , 7 8 5 . 

V Max ( N u j o l M u l l s ) 1 6 3 0 s , 1 5 9 6 m , 1 5 7 5 m , 1 5 5 0 s h , 1 4 8 6 w , 

1 4 4 3 s , 1 4 0 0 w , 1 3 6 6 w , 1 3 5 0 s h , 1334W, 1 2 9 6 w , 1 2 8 5 w , 1 2 5 1 m , 

1 2 3 9 s h , 1 1 8 2 w , 1 1 5 7 w , 1 1 4 7 w , 1 0 7 4 m , 1 0 2 7 s , 1002W, 9 6 7 w , 

934-m, 922m, 9 l 5 s h , 8 9 8 m , 8 7 3 s , 8 4 1 s h , 7 9 0 s , 7 7 9 s , 7 0 4 s , 

7 2 8 w , 7 0 4 s h , 6 9 9 s , 6 7 3 s h , 6 5 0 s , 6 4 1 s h , 6 1 9 w , 6 0 9 w , 5 0 1 s h , 

4 6 6 s , 402m c m 1 . 

A s o l u t i o n o f i s o p r o p y l m a g n e s i u m b r o m i d e ( 1 7 « 6 c f n , 

0 . 8 5 M , 15 m . m o l . ) i n THF was added t o a f r o z e n s o l u t i o n 

( - 1 9 6 ° ) o f d i p h e n y l m e t h y l e n e a m i n e ( 2 . 7 2 g , 15 m . m o l . ) i n a b o u t 

60c f f j o f T H F . The m i x t u r e was s t i r r e d a t r o o m t e m p e r a t u r e 

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

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

as b i s ( d i p h e n y l m e t h y l e n e a m i n o m a g n e s i u m b r o m i d e ) t r i s THF on 

t h e b a s i s o f i t s i n f r a r e d s p e c t r u m . 
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( i i ) P r e p a r a t i o n o f b i s ( d i - p - t o l y l m e t h y l e n e a m i n o m a g n e s i u m 
b r o m i d e ) t r i s THF 

3 

A s o l u t i o n o f i s o p r o p y l m a g n e s i u m b r o m i d e ( 1 9 . 2 c m , 

0 . 9 8 M , 1 9 . 6 m . m o l . ) i n d i e t h y l e t h e r was added t o a f r o z e n 

( - 1 9 6 ° ) s o l u t i o n o f d i - p - t o l y l m e t h y l e n e a m i n e ( 4 . 1 0 g , 1 9 . 6 m.mol ) 

i n 80ct f j e t h e r . A c r e a m c o l o u r e d s o l i d was f o r m e d on w a r m i n g 

t o r o o m t e m p e r a t u r e w i t h s t i r r i n g , and s t i r r i n g was c o n ­

t i n u e d o v e r n i g h t . S o l v e n t was t h e n pumped away and t h e 

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

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

a m i n o m a g n e s i u m b r o m i d e ) t r i s T H F , j( p - t o l y l ^ C N M g B r j ^ ( T H F ) ^ , 

m . p . 1 9 0 ° d . 

F o u n d : C = 5 9 - 0 ; H = 5 . 9 ; N = 3*3; B r = 1 8 . 0 ; Mg = 6 .3% M 

( b y c r y o s c o p y ) 4 1 0 

C 4 2 H ^ 2 B r 2 M g 2 N 2 0 3 r e q u i r e s C = 5 9 - 9 ; H = 6 . 2 ; N = 3 - 3 ; 

B r - 1 9 - 0 ; Mg = 5 .8%M, 8 4 1 . 

^ Max ( N u j o l M u l l ) 1910V.W , 1804V.W , 1 6 2 4 s , 1 6 0 3 s , 1 5 6 8 m , 

1 5 6 2 s h , 1 5 2 0 s h , 1 5 0 4 m , I 4 2 3 s h , 1 4 0 3 v . w , 1 3 6 7 s h , 1 3 4 6 v . w , 

1 3 1 7 s h , 1 3 0 9 m , 1 2 9 6 s h , 1 2 8 8 m , 1 2 7 3 w , 1 2 5 4 s , 1 2 4 0 s , 1 2 1 7 s h , 

1 2 0 9 m , 1 l 9 2 s h , 1 1 8 3 s h , 1 1 7 9 m , 1158V.W , 1 1 4 1 w , 1 1 1 7 s h , 1109m, 

1 0 7 0 w . b r , 1 0 3 2 s , 1 0 1 9 s , 9 5 7 s h , 9 4 7 w , 919s , 8 7 7 s , 8 4 2 s h , 

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

6 3 1 m , 6 l 7 s h , 6 0 1 s , 576w, 4 8 1 s h , 4 7 2 s , 4 5 5 s h , 4 1 2 s h , 3 8 8 s h , 

365w, 3 ^ 0 s h , 330w c m 1 . 

( i i i ) P r e p a r a t i o n o f b i s ( d i p h e n y l m e t h y l e n e a m i n o m a g n e s i u m 

b r o m i d e ) b i s T H F . 

A s o l u t i o n o f i s o p r o p y l m a g n e s i u m b r o m i d e (20cnl , 

0 . 8 5 M , 17 m . m o l . ) i n THF was added t o a f r o z e n ( - 1 9 6 ° ) 

http://1070w.br


s o l u t i o n o f d i p h e n y l m e t h y l e n e a m i n e ( 3 » 0 8 g , 1 7 m . m o l . ) i n 
3 

80cm THP. A f t e r w a r m i n g t o r o o m t e m p e r a t u r e , s t i r r i n g 

o v e r n i g h t and p u m p i n g away a l l s o l v e n t f r o m t h e p a l e 

y e l l o w s o l u t i o n t h e y e l l o w p o w d e r so o b t a i n e d was i n d e n t i -

f i e d as b i s ( d i p h e n y l m e t h y l e n e a m i n o m a g n e s i u m b r o m i d e ) b i s THF 

m . p . 2 0 0 ° ( d ) . 

F o u n d : C = 5 5 - 8 ; H = 5 . 1 ; B r = 2 2 . 0 ; Mg = 7 = 0 ; N = 3.9%M 

b y c r y o s c o p y , 4-96. 

C 3 4 H 3 6 B r 2 M g p N 2 0 2 r e q u i r e s C = 5 7 - 3 ; H = 5 . 1 ; B r = 2 2 . 4 ; 

Mg = 6 . 8 ; N = 3-9%M, 713-

^ Max ( N u j o l M u l l ) 1 6 0 5 s , 1 5 7 6 m , 1 5 6 5 s h , 1545V.W, 1 5 0 3 s h , 

1 4 9 6 w , I 4 2 8 s h , I 4 l 7 s h , 1 4 0 8 w , 1 3 7 1 s h , 1 3 3 0 v . w , 1295V.W, 

1 2 6 5 v . w , 1 2 4 7 s , 1 2 3 3 s h , 1 1 8 8 v . w , 1162m, 1 1 3 2 v . w , 1108V.W, 

1 0 7 9 w , 1 0 6 3 w , 1 0 3 3 m , 1 0 0 6 w , 9 9 4 v . w , 9 7 3 v . w , 9 6 2 v . w , 912m, 

8 9 1 m , 8 8 0 m , 8 6 5 s h , 8 5 2 s h , 7 9 6 s , 773s , 731m, 711s , 701s , 

6 8 0 s , 6 4 1 s , 5 9 0 s , 590 v . w . b r , 5 7 2 v . w . b r , 5 5 0 v . w . b r , 5 0 0 v . w , 

4 7 4 w , 4 6 0 v . w , 4 5 2 v . w , 4 l 0 w . b r , c m 1 . 

T h i s d e r i v a t i v e was a l s o p r e p a r e d b y t h e f o l l o w i n g 

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

i n f r a r e d s p e c t r u m : 

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

13-Og o f d i p h e n y l m e t h y l e n e a m i n e - h y d r o c h l o r i d e ( 5 9 » 8 m . m o l ) 

was added t o a s o l u t i o n o f 25 .5 s o d i u m c a r b o n a t e / 6 g p o t a s s i u m 

c a r b o n a t e m i x t u r e i n 3 7 5 ^ o f w a t e r t o w h i c h had b e e n added 

39g b r o m i n e ( ~ / 2 4 0 m . m o l , a l i b e r a l e x c e s s ) a t a b o u t - 3 ° C 

The m i x t u r e was s t i r r e d a t r o o m t e m p e r a t u r e o v e r n i g h t and 

c h l o r o f o r m added ( l O O c m ^ , t w o o f 25 cf i i ) w i t h s u b s e q u e n t 

e x t r a c t i o n and t h e c o m b i n e d r e d e x t r a c t s w e r e d r i e d o v e r 

http://4l0w.br
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a n h y d r o u s s o d i u m s u l p h a t e p r i o r t o c o n c e n t r a t i o n u s i n g 

a r o t a r y e v a p o r a t o r . A p a l e - y e l l o w v i s c o u s l i q u i d was 

u l t i m a t e l y o b t a i n e d , t o w h i c h a l i t t l e 4 0 - 6 0 p e t r o l e t h e r 

was a d d e d . C o o l i n g o v e r n i g h t a t c a - 2 0 ° y i e l d e d an o f f 

w h i t e s o l i d w h i c h was washed w i t h c o l d p e t r o l and pumped 

s o l v e n t f r e e . The s o l i d was i d e n t i f i e d as N - b r o m o d i p h e n y l -

m e t h y l e n e a m i n e , P b ^ C N B r . 

F o u n d : C = 6 0 . 0 ; H = 4 . 1 ; N = 5 . 3 ; B r = 3 0 . 6 

C 1 3 H 1 Q N B r r e q u i r e s C = 6 0 . 0 ; H = 3 . 9 ; N = 5 . 4 ; B r = 3 0 . 7 

( b ) 2 . 5 6 g ( 1 0 m . m o l . ) o f PhpCNBr i n a n h y d r o u s e t h e r 

was added t o an e x c e s s o f m a g n e s i u m (r^ 1 g , 4 1 m . m o l ) c o v e r e d 

w i t h e t h e r ; t h e r e was l i t t l e s i g n o f r e a c t i o n d u r i n g t h i s 

a d d i t i o n , o v e r a p e r i o d o f a b o u t 30 m i n u t e s , e x c e p t t h e 

s o l u t i o n b e c o m i n g somewhat c l o u d y . E v e n on w a r m i n g l i t t l e 

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

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

f o r ^ 6 h o u r s and t h e n f i l t e r e d t o r e m o v e e x c e s s m a g n e s i u m , 

t h e f i l t r a t e b e i n g g o l d e n y e l l o w i n a p p e a r a n c e . C o n c e n t r a t i o n 

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

whose i n f r a r e d s p e c t r u m was s i m i l a r t o t h a t o f ( P h ^ C N M g B r X ( T H & ( X 

R e m o v a l o f a l l s o l v e n t f r o m a s a m p l e o f t h e f i l t r a t e 

g a v e ( P h ^ C N i y f c B r ^ T H F ) ^ ( i i i ) a g a i n i d e n t i f i e d b y i t s i n f r a ­

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

t a t e t o f o r m . 

( i v ) P r e p a r a t i o n o f b i s ( d i - p - t o l y l m e t h y l e n e a m i n o m a g n e s i u m 

b r o m i d e ) b i s T H F . 
3 

A s o l u t i o n o f i s o p r o p y l m a g n e s i u m b r o m i d e ( 1 5 . 3 c m , 

0 . 9 8 M , 1 5 m . m o l ) i n THF was added t o a f r o z e n ( - 1 9 6 ° ) 
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s o l u t i o n o f d i - p - t o l y l m e t h y l e n e a m i n e ( 3 » 1 3 g ; 15 m . m o l ) 

i n 60cni T H F . A f t e r s t i r r i n g a t r o o m t e m p e r a t u r e o v e r n i g h t , 

t h e g o l d e n y e l l o w s o l u t i o n was pumped s o l v e n t f r e e and t h e 

y e l l o w s o l i d o b t a i n e d was i d e n t i f i e d as b i s ( d i - p - t o l y l -

m e t h y l e n e a m i n o m a g n e s i u m b r o m i d e ) b i s T H F , 

( P - t o l y l ) 2 C N M g B r | 2 ( T H F ) 2 ? m . p . 180 - 1 9 0 ( d ) . 

F o u n d : C = 5 8 . 6 ; H = 5 . 6 ; B r = 2 0 . 6 ; Mg = 6 . 6 , N = 3-7%M, 

( b y c r y o s c o p y ) 5 2 0 . 

C 3 8 H 4 4 B r 2 M s 2 N 2 ° 2 r e ( J u i r e s c = 5 9 - 3 ; H = 5 - 8 ; B r = 2 0 . 8 ; 

Mg = 6 . 3 ; N = 3 . 6 % M , 7 6 9 . 

^ Max ( N u . j o l M u l l ) 1 9 1 0 v . w , 1 8 0 5 v . w , 1 6 0 2 s , 1 5 8 5 s h , 1 5 6 5 m , 

1 5 5 0 s h , 1 5 4 0 s h , 1 5 1 7 s h , 1510W , 1 4 4 3 s h , 1 4 2 4 w , 1 3 7 0 w , 1 3 4 5 s h , 

1 3 1 8 w , 1 3 1 1 w , 1 3 0 5 w , 1 2 9 5 w , 1 2 5 5 s h , 1 2 4 6 m , 1218m, 1 1 9 5 W , 

1 1 9 0 m , 1 1 8 5 m , 1 1 6 3 w , H 5 5 w , 1 1 2 0 m , 1 1 0 2 v . w , I 0 7 0 w . b r , 1 0 4 2 m . b r , 

1 0 2 8 m , 1 0 0 0 s h , 9 7 5 v . w , 9 5 9 m , 9 3 8 s h , 9 1 9 s , 8 9 7 s , 8 9 0 s h , 8 8 0 s h , 

8 3 7 s , 8 2 2 s , 8 1 0 s h , 788m, 7 ^ 6 s , 7 4 0 s , 7 2 9 m , 6 8 0 m . b r , 6 6 5 s h , 

639m, 6 0 7 w , 5 9 6 m , 5 7 7 m , 5 5 7 w . b r , 4 8 0 s , 4 1 4 w , 374-sh c m 1 . 

( v ) P r e p a r a t i o n o f b i s ( d i - t - b u t y l m e t h y l e n e a m i n o m a g n e s i u m 

b r o m i d e ) m o n o e t h e r a t e . 

A s o l u t i o n o f i s o p r o p y l m a g n e s i u m b r o m i d e ( l 0 . 5 c f n , 

1 . 1 6 M , 1 2 . 2 m . m o l ) i n d i e t h y l e t h e r was added t o a s o l u t i o n 

o f d i - t - b u t y l m e t h y l e n e a m i n e ( l „ 7 2 g , 1 2 . 2 m . m o l ) i n 80cm 

d i e t h y l e t h e r a t - 1 9 6 ° . The m i x t u r e was a l l o w e d t o r e a c h 

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

o v e r n i g h t . The g r e e n - y e l l o w s o l u t i o n was c o n c e n t r a t e d t o 

a b o u t h a l f b u l k , a l i t t l e h e x a n e a d d e d , t h e n s e t a s i d e . 

The y e l l o w c r y s t a l s w h i c h f o r m e d w e r e i d e n t i f i e d as 
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b i s ( d i - t - b u t y l m e t h , y l e n e a m i n o m a g n e s i u m b r o m i d e ) m o n o e t h e r a t e , 
( B u t

2 C N M g B r ) 2 0 E t 2 , m . p . 1 5 0 - 1 5 7 ° ( d ) . 

F o u n d : C = 4 5 . 6 ; H = 9 = 0 ; N = 4 . 9 ; B r = 2 6 . 9 ; Mg = 9»3%M, 

( b y c r y o s c o p y ) 2 9 7 ° 

C 2 2 H 4 6 B r 2 M s 2 N 2 ° r e i 3 u i r e s c = 4 6 . 9 ; H = 8 . 2 ; N = 5 . 0 ; 

B r = 2 8 . 4 ; Mg = 8 . 6 % M , 5 6 3 o 

* Max ( N u j o l M u l l ) . 1 6 6 0 s h , I 6 2 2 s . b r , 1 5 9 5 s h , 1 4 1 2 s h , 1 4 0 6 s h , 

1 3 8 7 s , 1 3 6 8 s , 1 3 5 2 m , 1 3 0 7 w . b r , 1 2 9 4 w . b r , 1 2 6 4 w , 1 2 4 1 W , 1 2 2 6 m , 

1 2 1 3 m , 1 2 0 8 s h , 1 1 9 6 W , 1 l 7 0 s h , 1156m, 1 1 2 3 m , 1094m, 1 0 4 7 s h , 

1 0 4 1 s , 1 0 3 0 s h , 1 0 0 5 m , 9 6 3 s , 9 4 8 s , 9 3 0 m , 9 0 0 m , 8 7 3 m , 8 5 0 w , 

8 3 8 w , 789m, 7 5 1 w , 7 4 0 s h , 726m, 6 8 0 s , 6 7 3 s h , 6 0 4 s , 5 7 2 s h , 

5 5 3 m , 5 1 5 s . b r , 4 9 5 s h , 4 8 7 s . b r , 4 2 1 m , 4 0 7 s h c m 1 . 

The above r e a c t i o n was r e p e a t e d on a 2 2 . 3 m . m o l . s c a l e 

and a f t e r s t i r r i n g a t r o o m t e m p e r a t u r e o v e r n i g h t , a l l s o l v e n t 

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

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

w e r e o b t a i n e d i d e n t i f i e d as b e i n g m a g n e s i u m b r o m i d e ( T H F ) , t . 

F o u n d : C = 3 9 . 5 ; H = 7 . 9 ; N = 0 ; Mg = 5 . 1 ; B r = 33 -9% 

C l 6 H 3 2 M g B r 2 0 4 r e q u i r e s C = 4 0 . 6 ; H = 6 . 8 ; N = 0 ; Mg = 5 . 1 ; 

B r = 3 3 . 8 % . 

A f t e r f i l t e r i n g o f f t h e c r y s t a l s , a l l s o l v e n t was pumped 

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

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

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

t h e u se o f d i e t h y l m a g n e s i u m ( v i i i ) . 
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( P h 2 C N ) 2 M g | ^ ( T H P ) 2 , 

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

t r i m e r - b i s T H F . 

A s o l u t i o n o f d i p h e n y l m e t h y l e n e a m i n e ( 9 » 0 5 g , 5 0 m . m o l ) 

3 o 

i n 80cm e t h e r was added t o a f r o z e n ( - 1 9 6 ) s o l u t i o n o f 

d i e t h y l m a g n e s i u m ( 6 9 . 5 c m \ 0 . 3 6 M , 25 m o m o l ) i n e t h e r . A f t e r 

s t i r r i n g a t r o o m t e m p e r a t u r e f o r ^ 2 4 h o u r s , d u r i n g w h i c h 

t i m e a r e d s u s p e n s i o n f o r m e d , and p u m p i n g o f f a l l s o l v e n t 

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

THF a f f o r d e d deep r e d c r y s t a l s i d e n t i f i e d as b i s ( d i p h e n y l -

m e t h y l e n e a m i n o ) m a g n e s i u m t r i m e r - b i s - T H F , 

m . p . 9 0 ( d ) 

F o u n d : C = 7 8 . 8 ; H = 4 . 4 ; N = 6 . 8 ; Mg = 5-6%M ( b y 

c r y o s c o p y ) , 9 7 0 . 

C 8 6 H 7 6 M g 3 N 6 0 2 r e q u i r e s C = 7 9 - 6 ; H = 5 - 9 ; N = 6 . 5 ; 

Mg = 5 -6%M, 1 2 9 6 . 

^ Max ( N u j o l M u l l ) 1 6 5 5 m , 1 6 1 3 , 1 5 7 5 m , 1 5 6 5 s h , 1 4 8 0 s h , 

1 4 4 0 s h , 1410V.W, 1 3 7 0 w , 1 3 4 5 s h , 1 3 1 0 w , 1 3 0 2 s h , 1 2 8 2 w , 1 2 4 6 m , 

1226W , 1 1 9 6 w , 1 1 7 5 w . b r , 1 1 5 7 w . b r , 1 0 7 5 m , 1 0 6 8 s h , 1 0 3 0 m . b r , 

1 0 0 5 w , 9 7 0 w . b r , 9 4 2 w , 9 3 1 w, 9 0 9 w , 8 9 3 m , 8 5 3 w . b r , 7 9 0 w , 778m, 

7 2 7 w , 7 l 0 s h , 7 0 1 s , 6 8 5 s h , 6 7 2 s h , 650m, 6 4 0 s h , 6 2 8 w , 6 0 5 v . w . b r , 

5 1 2 w . b r , 4 9 0 v . w , 4 7 0 m , 4 5 5 v . w , c m 1 . 

( v i i ) P r e p a r a t i o n o f b i s ( d i - p - t o l y l m e t h y l e n e a m i n e ) m a g n e s i u m 

t r i m e r - b i s THF 

A s o l u t i o n o f d i - p - t o l y l m e t h y l e n e a m i n e ( 4 „ 6 2 g , 

2 2 . 1 m . m o l ) i n 50crr? d i e t h y l e t h e r was added t o a f r o z e n 

( - 1 9 6 ° ) s o l u t i o n o f d i e t h y l m a g n e s i u m ( 3 O . 6 c f i i , 0 . 3 6 M 1 1 m . m o l ) 

i n e t h e r . By a p r o c e d u r e o u t l i n e d i n t h e p r e v i o u s p r e p a r a t i o n 
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( v i ) a deep o r a n g e s o l i d was o b t a i n e d and was i d e n t i f i e d 

as b e i n g b i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) m a g n e s i u m t r i m e r -

b i s - T H F . | ( p - t o l y l ) 2 C N j Mg ( T H F ) p m . p . 1 5 0 - 1 5 4 ° ( d ) , 
3 2 

P o u n d : C = 7 9 = 3 ; H - 7 . 1 ; Mg = 5 . 3 ; N = 6 .3%M ( b y 

c r y o s c o p y ) , 1052 . 

C 9 8 H 1 0 0 M s 3 N 6 Q 2 r e 3 u i r e s 0 = 8 0 . 3 ; H = 6 . 8 ; Mg = 5 . 0 ; 

N = 5-7%M, 1 4 6 4 . 

^ Max ( N u . j o l M u l l ) 1 6 6 1 m , 1 6 2 0 m , 1 6 0 3 s . b r , 1 5 7 0 m , I 5 6 5 s h , 

1 5 0 7 m , 1 4 9 0 v . w , 1 4 4 2 s h , 1407W , 1 3 6 0 s h , 1 3 4 0 s h , 1 3 1 3 w , 

1 3 0 7 w , 1 2 8 9 w , I 2 5 5 s h , 1 2 4 4 m , 1 2 2 9 w , 1212W , 1182m, 1 1 7 7 s h , 

1 1 5 3 v . w , 1 1 4 0 v . w , 1 1 1 8 w , 1 1 1 0 s h , 1 0 7 4 m , 1 0 3 9 m , 1027W , 9 6 0 v . w , 

9 5 3 v . w , 926m, 9 0 9 m , 8 8 8 w , 8 6 2 v . w , 8 2 8 s , 8 0 8 s h , 7S8m, 7 5 0 s h , 

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

5 0 4 v . w , 4 8 3 s , b r , 4 0 2 w , 380m, c m 1 . 

( v i i i ) P r e p a r a t i o n o f b i s ( d i - t - b u t y l m e t h y l e n e a m i n o ) m a g n e s i u m 

A s o l u t i o n o f d i - t - b u t y l m e t h y l e n e a m i n e ( 3 ° 9 3 g > 2 7 - 9 m . m o l ) 

i n 20cm e t h e r was added t o a f r o z e n ( - 1 9 6 ° ) s o l u t i o n o f 

d i e t h y l m a g n e s i u m ( 3 8 . 6 c t f i , O . 3 6 M , 1 3 . 9 m . m o l ) . A f t e r s t i r r i n g 

o v e r n i g h t a t r o o m t e m p e r a t u r e and p u m p i n g o f f s o l v e n t an 

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

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

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

( B u ^ C N ^ M g , m . p . 1 2 0 ° ( d ) . 
2 

P o u n d : C = 6 7 * 0 ; H = 1 1 . 9 ; N = 9 - 3 ; Mg = 8 .3%M ( b y c r y o s c o p y ) , 

5 7 3 . 

C ^ H ^ g M g ^ r e q u i r e s C = 71 • 0 ; H = 1 1 . 8 ; N = 9 » 2 ; Mg = 8 . 1 % M , 6 0 9 
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^ M a x ( N u . j o l M u l l ) 1 7 2 0 s h , 1 6 6 8 s , 1 6 0 5 s , 1 3 9 4 s h , 1 3 8 0 s , 
1 3 7 0 s , 1360m, 1 3 2 4 m , 1 3 0 0 s h , 1 2 6 5 m , 1 2 3 0 s h , 1209m, 1 0 8 0 m . b r , 
1 0 3 8 s , 1 0 2 0 s h , 9 5 3 m , 933m, 9 2 0 s h , 9 0 0 s h , 8 8 0 s , 8 0 5 m , 7 3 6 s h , 
7 2 7 s , 680w, 660m, 6 1 0 s h , 5 8 0 m . b r , 5 5 8 s h , 5 4 5 w , 4 8 4 m , 4 3 5 s h , 
4 0 5 m , c m 1 . 

( i x ) P r e p a r a t i o n o f d i p h e n y l m e t h y l e n e a m i n o e t h y l m a g n e s i u m 

m o n o e t h e r a t e 

3 

2 4 . 3 cm o f e t h y l m a g n e s i u m b r o m i d e ( 1 . 2 3 M , 2 9 . 9 m . m o l ) 

s o l u t i o n was added t o a f r o z e n ( - 1 9 6 ° ) s o l u t i o n o f d i p h e n y l -

m e t b . y l e n e a m i n o l i t h . i u m i n a b o u t 60cfn p e n t a n e / e t h e r . On 

w a r m i n g t o r o o m t e m p e r a t u r e a p a l e - g r e e n p r e c i p i t a t e ' • f o r m e d . 
x 

A f t e r o v e r n i g h t s t i r i n g , s o l v e n t was pumped o f f and t h e 

y e l l o w - g r e e n r e s i d u e was e x t r a c t e d w i t h h e x a n e - e t h e r and 

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

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

m . p . 8 5 ° ( d ) . 

P h 2 C = N M g E t 0 E t , 
n 

P o u n d : C = 7 3 . 8 ; H = 8 . 1 ; N = 4 . 3 ; Mg = 8 . 1 ; h y d r o l y s a b l e 

E t = 8 .5% 

C ^ H ^ M g N O r e q u i r e s C = 7 4 . 2 ; H = 8 . 1 ; N = 4 . 6 ; Mg = 7 . 9 ; 

h y d r o l y s a b l e E t = 9 = 7 % 

^ Max ( N u . j o l M u l l ) 1 6 1 9 s , 1594W, 1 5 7 6 m , 1 5 4 8 v . w . b r , 1490sh . , 

I 4 5 4 s h , 1 3 6 7 s h , 1 3 2 7 v . w , 1 3 0 8 w , I 2 8 ) v . w . b r , I 2 6 0 m . b r , I 2 4 0 s h , 

I 2 2 6 s h , 1193W , 1182W, 1153W , 1 1 4 2 v . w , 1 1 2 5 s h , 1091W, 1 0 7 4 w , 

1 0 4 8 m , 1 0 3 4 s h , 1 0 2 5 s h , 9 9 9 w , 9 6 7 w , 9 3 1 m , 917W, 901m, 8 3 5 w . b r , 

7 9 8 s h , 7 8 8 w , 7 7 7 m , 7 3 6 w , 7 2 2 w , 7 0 0 s , 6 7 7 s h , 621V.W, 5 9 9 w , 

5 1 1 m . b r , 4 6 8 w , 4 3 0 s h c m 1 . 
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A d e r i v a t i v e s p e c t r o s c o p i c a l l y i n d e n t i c a l t o t h i s 
was a l s o p r e p a r e d b y r e a c t i n g d i p h e n y l m e t h y l e n e a m i n e w i t h 
d i e t h y l m a g n e s i u m i n ( 1 : 1 ) m o l a r p r o p o r t i o n s i n d i e t h y l 
e t h e r s o l u t i o n . 

( x j P r e p a r a t i o n o f d i - p - t o l y l m e t h y l e n e a m i n o e t h y l m a g n e s i u m -

m o n o e t h e r a t e 

A s o l u t i o n o f d i - p - t o l y l m e t h y l e n e a m i n e ( 1 . 3 4 - g , 6 . 4 1 m . m o l ) 

i n 30cra e t h e r was added t o a f r o z e n ( - 1 9 6 ° ) s o l u t i o n o f 
3 

d i e t h y l m a g n e s i u m ( 1 8 . 3 c m , 0 . 3 5 ^ , 6 . 4 1 m . m o l ) i n e t h e r . The 

m i x t u r e was a l l o w e d t o warm u p t o r o o m t e m p e r a t u r e and 

s t i r r e d o v e r n i g h t . S o l v e n t was pumped o f f and t h e p a l e - y e l l o w 

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

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

i d e n t i f i e d as d i - p - t o l y l m e t h y l e n e a m i n o e t h y l m a g n e s i u m m o n o -

e t h e r a t e , ( p - t o l y l ) 2 C N M g E t O E t 2 J m . p . 1 0 8 ° ( d ) 

F o u n d : C = 7 1 - 3 ; H = 8 . 2 ; N = 4 . 1 ; Mg = 8.2, h y d r o l y s a b l e 

E t = 8 .0% 

C 2 l H 2 9 M g N 0 r e q u i r e s C = 7 5 - 2 ; H = 8 . 6 ; N = 4.2; Mg = 7 . 3 ; 

h y d r o l y s a b l e E t = 8 .9% 

^ Max ( N u j o l M u l l ) 1 6 1 9 s , 1 6 0 4 s , 1570W, I563sh, I 5 l 2 s h , 

1507s, 1407W , 1 3 8 0 s . b r , 1 3 1 2 s , 1 2 8 9 s , 1 2 6 0 s h , 1 2 4 3 s , 1 2 1 2 s , 

1195sh, 1l90sh, 1 1 8 3 s , 1157w, 1 1 1 8 w , 1093w, 1053w, 1 0 2 5 w , 

1010sh, 955w . b r , 925s, 907sh, 8 2 5 s . b r , 7 8 8 s , 7 4 5 s , 7 2 6 s h , 

679m, 6 3 9 s , 6 0 7 s , 579w, 4 8 0 s . b r , 4 3 9 s , 3 7 6 v . w . b r , c m 1 . 

T h i s compound was a l s o p r e p a r e d b y t h e r e a c t i o n b e t w e e n 

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

http://1380s.br
http://955w.br
http://825s.br
http://480s.br


i n 1 : 1 m o l a r p r o p o r t i o n s i n d i e t h y l e t h e r . I t s i n f r a r e d 

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

( x i ) P r e p a r a t i o n o f d i - t - b u t y l m e t h y l e n e a m i n o e t h y l m a g n e s i u m 

A s o l u t i o n o f d i - t - b u t y l m e t h y l e n e a m i n e ( 2 . 4 3 g , 

3 rt 
1 7 . 2 4 m . m o l ) i n 60cm e t h e r was added t o a f r o z e n ( - 1 9 6 ) 

3 

s o l u t i o n o f d i e t h y l m a g n e s i u m i n e t h e r ( 4 9 . 2 c m , 0.35M, 

17 .24 m . m o l ) . The m i x t u r e was a l l o w e d t o r e a c h r o o m 

t e m p e r a t u r e , s t i r r e d o v e r n i g h t and s o l v e n t was r e m o v e d u n d e r 

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

c r y s t a l l i s e d f r o m e t h e r - h e x a n e . I t was i d e n t i f i e d as 

d i - t - b u t y l m e t h y l e n e a m i n o e t h y l m a g n e s i u m , Bu^pCNMgEt , 

n p r o b a b l y = 2 , m . p . 1 0 4 ( d ) . 

F o u n d : C = 6 6 . 6 ; H = 1 1 . 5 ; N = 7 - 5 ; Mg = 1 2 . 2 ; h y d r o l y s a b l e 

E t - 1 4 . 6 % 

C ^ H ^ M g N r e q u i r e s C = 6 8 . 3 ; H = 1 1 . 9 ; N = 7 - 2 ; Mg = 12.6; 

h y d r o l y s a b l e E t = 1 5 - 5 % . 

^ Max ( N u . j o l M u l l ) 1605s, 1585sh, 1387s, 1363s, 1300w . b r , 

1 2 6 4 m , 1 2 4 5 v . w , 1223sh, 1 2 0 8 m , 1 1 5 3 « , 1223m, 1 1 0 0 s , I 0 6 0 s h , 

1 0 4 5 s , 1023w, 9 5 ^ s , 9 2 4 m , 900sh, 8 9 4 m , 8 0 0 s , 739w, 6 6 6 s , 

6 1 5 s h , 585sh, 580m .b r , 510m .b, 408m, c m 1 . 

T h i s compound was a l s o p r e p a r e d b y t h e r e a c t i o n b e t w e e n 

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

i n 1 : 1 m o l a r p r o p o r t i o n s . 

( x i i ) P r e p a r a t i o n o f d i p h e n y l m e t h y l e n e a m i n o p h e n y l m a g n e s i u m 

3 

1 6 . 5 cm o f p h e n y l m a g n e s i u m b r o m i d e ( 1 . 6 2 M , 2 6 . 7 3 ra.mol) 

i n e t h e r was added t o a p e n t a n e - e t h e r s o l u t i o n o f d i p h e n y l -

m e t h y l e n e a m i n o l i t h i u m ( 2 6 . 7 3 m . m o l ) a t - 1 9 6 ° . As t h e 
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mixture warmed to room temperature with s t i r r i n g i t s 
colour changed from red through brown t o yellow green and 
an off white precipi t a t e was formed. After s t i r r i n g over­
night, removing solvent i n vacuum, the yellowish residue 
was extracted with hot toluene. The toluene extract was 
concentrated under reduced pressure and anhydrous hexane 
added. An amorphous yellow solid was obtained and i d e n t i f i e d 
as diphenylmethyleneaminophenylmagnesium (PhgCNMgPh^, 
m.p. 170°(d). 

Found: C = 78.1; H = 7.3; N = 4.9; Mg = 7.7% 

C-̂ H-̂ MgN requires C = 81.1; H = 5.3; N = 5-3; Mg = 8.6% 

^ Max (Nujol Mull) 1618s, 1601w, 1592sh, 1583sh, 1579m, 
1565sh, 1556sh, 1545sh, 1492W, 1448s, 1418w, 1403sh, 1372sh, 
1316w, 1310sh, 1288w, 1250m.br, 1236w, I231sh, 1198W, 1187w, 
1177w, 1094w, 1081W, 1061m, 1032w, 1018w, 1007W, 997sh, 
978w.br, 946m, 930sh, 912m, 857w, 840w, 794m, 780s, 725s, 
725sh, 702s.br, 684m, 674sh, 655s, 627w, 608w, 591w, 534m.br, 
510m, 472s, 457sh, 441s, cm1. 

( x i i i ) Preparation of di-t-butylmethyleneaminophenylmagnesium 

An ethereal solution of phenylmagnesiumbromide 
(30.8L.m, 1.62M, 49.9 m.mol) was added to a solution of 
di-t-butylmethyleneaminolithium (49.9 m.mol) i n about lOOcfn 
pentane-ether at -196°. A pale yellow suspension slowly 
formed on warming with s t i r r i n g to room temperature. After 
s t i r r i n g overnight, and removal of solvent the residual pale-
yellow solid was extracted with hexane and f i l t e r e d . 
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C r y s t a l l i s a t i o n attempts proved f r u i t l e s s and as a l a s t 
resort a l l solvent was therefore removed. The yellow 
green amorphous so l i d so obtained was i d e n t i f i e d as 
di-t-butylmethyleneaminophenylmagnesium, ^Bu^pCNMgPhy 
n probably 2, m.p. 185 ( d ) . 

Found: C = 71.2; H = 8.8; N = 5.8; Mg = 10.1% 

C^H^MgH requires C = 74.6; H = 9-5; N = 5-8; Mg = 10.1% 

^ Max (Nu.jol Mull): 1622sh, 1609s=br, 1576w, I56lsh, 1495sh, 
1478sh, 1419s, 1390s, 1369s, 1307v.w, 1278w, 1268W, I247sh, 
1233m, 1216w.br, 1198W, 1157w.br, 1095w.br, 1078v.w, 1062m, 
1052m, 1042m, 1029W, 1018W, 1009sh, 997m, 960s, 931m.br, 
9l4sh, 900sh, 888sh, 857w, 838sh, 801w.br, 78lw.br, 768w, 
741m, 708s.br, 680m, 670m, 645sh, 634m, 607sh, 588m.br, 
521w.v.br, 480m.v.br, 443m, 408m.br, cm1. 

( x i v ) Preparation of bis(diphenylmethyleneaminoethylmagnesium) 
TM"FT) 

Diethylmagnesium (70cm\ 0.185M, 12.95 m.mol) i n ether 
was mixed with tetramethylethylenediamine TMED (l.95cm\ 
12.95 m.mol). There was no evolution of heat and t h i s mixture 
was cooled to -196° p r i o r to the addition of diphenylmethyl-
eneamine (2»34g, 2.16cfla, 12=95 m.mol) i n 40c^ ether. 

As the s t i r r e d mixture warmed up the orange brown solution 
gradually deposited a pale yellow s o l i d . The s t i r r i n g was 
maintained overnight and f i l t e r e d , the yellow residue was 
washed with ether and pumped solvent f r e e . I t was i d e n t i f i e d 
as bis(diphenylmethyleneaminoethylmagnesium)TMED, 
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(Ph2CNMgEt)2TMED, m.p. 125 - 35° ( d ) , and showed immediate 
signs of reddening even in the glove box f i l l e d with 
nitrogen. 

Found: C = 70.0; H = 7.4; N = 8.8; Mg = 8.6; hydrolysable; 
Et = 9=7% M (by cryoscopy) 561. 

C56H46Mg2Nz^ requires C = 74.2; H = 7.9; N = 9-6; Mg = 8.3; 
hydrolysable Et = 10.3% M, 583-

^ Max (Nu.jol Mull): 1620V.S, 1605sh, 1580m, 1493m, 1448v.s, 
I457w.br, 1372sh, 1316w, 1300v.w, 1263m, 1248m, 1185v.w.br, 
1160v.w.br, 1127m, 1111w, 1079m, 1052V.W, 1033v.w, 1026V.W, 
1008V.W, 995v.w.br, 976v.w.br, 946m, 935sh, 910m, 897m, 
880s, 8S4v.w.br, 837v.w, 783s, 730w, 708v.s, 690w, 656s, 
623m, 609m, 540sh, 5l2s.br, 470s, cm1. 

(xv) Preparation of bis(di-p-tolylmethyleneaminoethyl-
magnesium)TMED 

The above procedure was followed using diethylmagnesium 
3 3 (38.8cm, 0.35M, 13-59 m.raol), TMED (2.05cm, 13-59 m.mol) and 

di-p-tolylmethyleneamine (2.84g, 13.59 m.mol). The yellow 
product was i d e n t i f i e d as bis(di-p-tolylmethyleneaminoethyl-
magnesium)TMED, |(p-tolyl)2CNMgEt|2TMED, m.p. 110-115° ( d ) . 

Found: C = 75.1; H - 10.2; N = 8.0; Mg = 7-6; hydrolysable 
Et = 9.2% M (by cryoscopy) 491. 

C/ t0 H54 N4 M s2 r e < 3 u l j [ , e s c = 75.2; H = 8.5; N = 8.7; Mg = 7.6; 

hydrolysable Et - 9.9% M, 639. 

^ Max (Nujol Mull): 3260v.w, 1658w, 1617V.S. 1602V.S. 
1574m, 1566sh, 1511m, 1450v.s, 1425v.w, 1419W, 1408w, 1371m, 
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1358w, 1316m, 1292m, 1284m, 1255sh, 1247s,br, 1216m, 1184s, 
1177m, 1166v.w, 1147m, 1131w, 1119m, I099v.w.br, 1080W, 
1045w„br, 1031s, 1007s, 974w, 960m.br, 953m, 925v.s, 898m, 
871w, 843s, 833v.s, 800m, 790s, 746v.s, 728v.w, 687m, 676m, 
639m, 604v.s, 580m, 551s, 535m. "br, 483v.s, 450w, 436w, 
368m, 346 era"'". 

An attempt was made to react di-t-butylmethyleneamine 
with diethylmagnesium and TMED, but unchanged methyleneamine 
was recovered and a solid thought to be an adduct, v i z , 
Et2Mg.TMED. 

(xv'i) A study of the controlled pyrolysis of 
(But

2C=WMgBr)20Et2 

A known mass of sample was heated f o r measured 
lengths of time at 100°C, 130°C, 155°C and 200°C. The evolved 
v o l a t i l e s were separated and condensed out (and weighed) by 
standard vacuum-line techniques. 

Mass of (But
?C=NMgBr)p0Etp taken = 0.75g. 

Temperature °C Time min 
Nature of 
product 

Mass of 
product g. 

100° 
130° 

10 
150 

Et 20 
Et 20 

0.0747 

155° 45 Et 20 0.0142 
200° 60 2-methyl-

propane 

Total mass of Et~0 evolved = 0.0889g 
•: . ^ = 1.20 m.mol. 

1 6 MAY 1980 J 
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Alternative structures considered 

(a) (Bu t
2C=NMgBrOEt 2) 2 Mass taken = 0.75 

1.177 m.mol. 

Calculated mass (maximum) of Et 20 obtainable = 2.36m.mol 

(b) (Bu t
2C=NMgBr) 20Et 2 Mass taken = 0.75g 

1.33 m.raolo 

Calculated mass (maximum) of Et 20 obtainable = 1.33 m.raol 

Summary 

(a) Calculated mass(max) Et 20 obtainable from 0»75g 
(Bu t

2C=NM gBr0Et 2) 2 = 2-36 m.mol. 
(b) Calculated mass (max-) EtgO obtainable from 0.75g 

(Bu t
2C=NMgBr) 20Et 2 = 1.33 m.mol. 

(c) Mass of Et 20 obtained from 0.75g of compound = 1.20 m.mol, 

( x v i i ) Estimations of hydrolysable ethyl i n methyleneamino-
magnesium derivatives, R2C=NMgEt(0Et2; 
p - t o l y l , Bu t; x = 1, 1 and 0. 

, R = Ph„ 

The ready hydrolysis of the Mg-C bond with hydrocarbon 
evolution was used as a basis f o r t h i s analysis. Generally 
a weighed sample was hydrolysed under controlled conditions 
in a small two-necked f l a s k attached to a vacuum l i n e . The 

3 
compounds were hydrolysed i n i t i a l l y by a few cm of meth— 
oxyethanol followed l a t e r by aqueous sulphuric acid. The 
liberated gases were fractionated and weighed. 
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Results: 

(a) (But
2C=NMgEt)n n probably 2. 

Mass of the methyleneaminomagnesium compound taken 
= 0.4600g. 

Mass of ETHANE evolved = 0.0670g 
Theoretical amount of ethane = 0.07138g. 

Number of hydrolysable ethyl groups per mole of magnesium 
= 0.94 

(b) (Ph 2C=NMg(Et)0Et 2) n probably 2 

Mass of methyleneaminomagnesium compound taken = 0.l740g 
Mass of ETHANE evolved = 0.0l473g 
Theoretical amount of ethane = 0.01698g 

Number of hydrolysable ethyl groups per mole of magnesium 
= 0.87 

(c) (p-1 oly1)2C=NMg(Et)OEt 2 7 

n 
n probably 2. 

Mass of methyleneaminomagnesium compound taken = 0.2457g 
Mass of ETHANE obtained = 0.0l965g 
Theoretical amount of ethane = 0.02l98g 

Number of hydrolysable ethyl groups per mole of Mg = 0.89 

(d) Hydrolysable ethyl analyses also performed on 
(R2C=NMgEt)2TMED ( R = Ph, p - t o l y l ) . 

Results 
Number of hydrolysable ethyl groups per mole of magnesium, i n 
(R2C=NMgEt)2TMED are 0.94 (R = Ph) and 0.93 (R = p - t o l y l ) . 



C H A P T E R 5 

METHYLENEAMINO PERIVATIVES OF ZINC 
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5.1 Introduction 

This chapter seeks to repair some omissions which 
remained after e a r l i e r studies of the methyleneamino 
chemistry of zinc, such studies being duly acknowledged 
throughout the te x t (13? 50). I t describes the preparation 
and properties of some new methyleneaminozinc derivatives, 
v i z , ( i ) the adducts (R2C=NH)nZnX2, R = Ph, p - t o l y l , 
X = C l , n = 2 ; R = B u t , X = C l , n = l ; R = p - t o l y l , X = Ph, 
n = 1; and p-tolylCsN.ZnPh 2; and ( i i ) (R-jR^NZnX^, (R = 
Ph, p - t o l y l , X = CI, n = 2; R̂  = R 2 = p - t o l y l , X = Ph, n = 2; 
R1 = Ph, R 2 = p - t o l y l , X = Ph, n = 2, and R̂  = R 2 = p - t o l y l , 
X = R^R2C=N. The attempted reaction of di-t-butylmethylene-
amine with diphenylzinc i s also described. 

Features of theix infrared and ̂ "H-nuclear magnetic 
resonance spectra are discussed and compared - where such 
has not already been done i n Chapter 2 - to related beryllium 
and magnesium compounds. The discussion (Section 3»3) begins 
on page 113 
3.2 Experimental 

5.2.1. Starting Materials 
Anhydrous zinc chloride was made by r e f l u x i n g commercial 

zinc chloride with t h i o n y l chloride f o r about two hours, 
removing the l a t t e r by d i s t i l l a t i o n and then eliminating 
f i n a l traces of t h i o n y l chloride by pumping. Diphenylzinc, 
m.p. 105°C, was prepared by a metal aryl exchange reaction 
between zinc dust and diphenylmercury i n b o i l i n g xylene (123). 
Manipulations were carried out in a conventional vacuum l i n e , 
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nitrogen- f i l l e d glove box, or nitrogen- f i l l e d apparatus 
as appr opr i at e. 

5.2.2. ( i ) Preparation of R?C=NH.ZnCl? adducts (R =Ph, p - t o l y l , 

One description w i l l serve to explain the general 
procedure. 3«05g of diphenylmethyleneamine (16.85 mmol) i n 
40cm5 d i e t h y l ether was cooled to 196° and 14.3cm5 0.5892M 
zinc chloride solution in ether (8.42 mmol) added. The 
mixture was s t i r r e d overnight at room temperature and the 
white solid - which formed almost immediately - was washed 
with ether and pumped solvent - fr e e . I t was i d e n t i f i e d 
as the adduct, bis(diphenylmethyleneamine).zinc(II)chloride, 

Pound: C = 62.9; H = 4.6; N = 5.6; Zn = 13-3; CI = 14.3% 

C .HppNpZnClp requires C = 62.6; H = 4.4; N = 5.6; Zn = 13-1; 

The same product was obtained by the above procedure 
using equimolar proportions (on a 12.32 mm scale). 

^ max (Nu.jol mull) 3298s, 1604s.br, 1573s, I565sh, 1493W, 
1456v.s, 1422v.w, 1398s, 1382s, 1328w.br, 1305w.br, 1282w.br, 
I267w.br, 1241s, I2l0v.w.br, 1191W, 1181W, 1168m, 1161m, 
1082m, 1036m, 1007m, 987w, 979w, 946m, 918m, 900w.br, 873s, 
858m, 797s, 768s, 734-m, 713s, 709s, 702s, 647s, 620w, 594w.br, 
482w, 454w, 435w, cm'1. 

The adduct bis(di-p-tolymethyleneamine).zinc(II)chloride, 
|(p-tolyl) 2C=NHj 2.ZnCl 2 m.p. 205 - 208°, was prepared 
s i m i l a r l y by using 1:1 molar proportions (l6»93mmol scale) 

Bu u) 

(Ph2C=NH)2ZnCl2, m.p. 225 - 230°C. 

CI = 14.2% 
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or 2:1 molar proportions of di=p-tolylmethyleneamine and 
z i n c ( I I ) c h l o r i d e (14.17 and 7.09 mmol) respectively. 

Found: C = 65.1; H = 5-3; N = 5.1; Zn = 11.8; CI = 12.7% 

C 3 QH 3 QN 2ZnCl 2 requires C = 64.9; H = 5-4; N - 5.1; Zn = 11.8; 
CI = 12.8% 

^ max (N.ujol mull) 3300s, 1608s, 1596vs, 1560s, 1550sh, 
1509m, 1424s, 1394m, 1380s, 1370sh, 131?w, 1290w, 1262w, 
1244vs, 1212m, 1196W, 1187vs, 1162m, 1123m, 1094 w.br, 
1043w.br, 1022m, 979w, 965m, 920s, 887m, 877m, 861w, 853w, 
848w, 837vs, 828sh, 821s, 810sh, 774m, 745vs, 725w, 686w, 
679m, 634m, 594s, 568w, 488sh, 483sh, 476s, 409w. cm"1. 

The adduct, di-t-butylmethyleneamine.zinc(II)chloride, 
Bu 2C=NH.ZnCl2 m.p. 137 - 139°, was prepared by reacting 
together z i n c ( H ) c h l o r i d e and di-t-butylmethyleneamine as 
above i n either 1:2 or 1:1 molar proportions respectively. 

Found: C = 38.2; H = 6.0; N = 4.7; Zn = 23.9; CI = 26.1% 

CgH l 9KZnCl 2 requires C = 38.9; H = 6.8; N = 5.0; Zn = 23.6 
CI = 25.6% 

^ max (Nu.jol mull) 3307s, 1613vs, 1597vs, 1487s, 1420m, 
1412sh, 1402m, 1391m, 1376m, 1370m, 1360sh, 1262m, 1240, 
1225s, 1202m, 1050m, 1045m, 1023w, 970vs, 936m, 880s, 867s, 
857s, 843s, 794m, 728m-s, 661wbr, 595mbr, 550w, 485v.w, cm"1. 

( i i ) Preparation of diphenylmethyleneaminozinc chloride dimer 

An ethereal solution of diphenylmethyleneaminolithium 
(31«3mmol) was added to a frozen (-196°) solution of zinc 
chloride i n ether (62-3cm^ O.503M, 31.3mmol). On warming 
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to room temperature with s t i r r i n g a white suspension 
formed. The mixture was s t i r r e d overnight, solvent pumped 
o f f , and the pale-yellow residue refluxed b r i e f l y with 
toluene p r i o r to the removal of l i t h i u m chloride by f i l t r a t i o n . 
The toluene extract was concentrated under reduced pressure 
and anhydrous hexane added. A pale-yellow, woolly solid was 
formed and was i d e n t i f i e d as diphenylmethyleneaminozinc-
chloride dimer, (Ph^C^NZnCl ) g 

Pound: C = 55.0; H = 4.0; N = 5.0; Zn = 23.4; CI = 11.9%M, 
by cryoscopy, 600 

C 2 6 H 2 0 N 2 Z n 2 C 1 2 r e < 3 u i r e s c = 55-5; H = 3.6; N = 5.0; 
Zn = 23-3; CI = 12.6%M, 562 

^ max (Nu.jol mull) I622sh, I604s.br, 1570m.br, 1562sh, 
I543sh, 1492W, 1452vs, 1400sh, 1367s, 1320w.br, I282w.br, 
1263m.br, 1250sh, 1196m, 1183m, 1162m.br, 1077m.br, I032m.br, 
1005w, 975w.br, 938w.br, 912W, 891s, 855sh, 810sh, 793s, 
758m.br, 742sh, 732m, 726w, 700vs, 673sh, 647m, 627m, 621sh, 
595w.br, 574w.br, 47lw.br, 452w.br, 430w.br, cnf 1. 

( i i i ) Preparation of di-p-tolylmethyleneaminozinc chloride 
dimer 

A solution of di-p-tolylmethyleneamine (3*31g?l%84mmol) 
3 o xn 40cm d i e t h y l ether was cooled to -196 and n-butyl l i t h i u m 

(10.6cm5, 1.49M, 15.84mmol) in pentane was added. The mixture 
was allowed to reach room temperature with s t i r r i n g and then 
s t i r r e d f o r about 30 minutes, before being added to a frozen 
solution (-196°) of zinc chloride i n ether (25.8cm5, 0.6131M, 
l5.84mmol). On warming to room temperature with s t i r r i n g a 
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white suspension was formed. The mixture was s t i r r e d 
overnight, a l l solvent pumped o f f , l i t h i u m chloride being 
removed by f i l t r a t i o n a fter b r i e f r e f l u x i n toluene. The 
toluene extract was pumped free of solvent and the residual 
pale-yellow solid a f t e r r e c r y s t a l l i s a t i o n from toluene/ 
hexane was i d e n t i f i e d as dimeric di-p-tolylmethyleneamino-
zinc chloride, j(p-tolyl) 2C=NZnClj 

Found: C = 56.7; H = 4.6; N = 4.5; Zn = 20.8; CI = 11.8%M, 
by cryoscopy, 660 

C 3 0 H 2 8 N 2 Z n 2 C 1 2 r e q u i r e s c = 58.3; H = 4.6; N = 4.5; 
Zn = 21.2, CI = 11.5%M, 618 

^ max (Nu.jol mull) 1600vsbr, 1570sh, 1565m, 1544sh, 1535sh, 
1522sh, 1506m, 1422w, 1314W, 1290w, 1272s, I247sh, 1215W, 
1195sh, 1187m, 1182sh, 1160w, 1157vwbr, 1100sbr, 1022sbr, 
960wbr, 932sh, 920m, 895m, 880sh, 830sh, 819s, 804s, 742s, 
725w, 707vw, 679w.br, 635w, 600m, 570w, 502sh, 476m cm"1. 

( i v ) Preparation of the di-p-tolylmethyleneamine.zinc 
diphenyl adduct. 

30cm of a toluene solution of diphenylzinc (3-9l5g; 
17 = 84mmol) was added to 3«73g (l7.84mmol) of d i - p - t o l y l -
methyleneamine i n toluene (30cm^) at 0°C. After mixing and 
s t i r r i n g , the solution was warmed to about 40°. A small 
amount of pale-yellow solid was formed at t h i s stage; t h i s 
was removed and i d e n t i f i e d as di-p-tolylmethyleneamine-zinc 
diphenyl adduct, (p-tolyl) 2C=NH.ZhPh 2. 

Found: C = 75-6; H = 5-0; N = 3.1; Zn = 15.6% 
C^IWNZn requires C = 75-6; H = 5.8; N = 3.3; Zn = 15.3% 
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^ max (Nu.jol mull) 3261m, 1603vs br, 1565mbr, 1543sh, 
1507w, 1420s, 1366sh, 1313m, 1300wbr, 1288w, 1246W, 1236vs, 
1214m, 1193m, 1187s, 1173m, 1161s, 1157sh, 1122wbr, 1077s, 
1050wvbr, 1027m, 999w, 981m, 958m, 915vs, 894vs, 873w, 853s, 
848s, 832vs, 821vs, 807w, 788w, 743vs, 733vs, 727vs, 718vs, 
711vs, 679s, 661m, 637m, 627w, 594s, 568m, 477s, 451vs, cm"1 

(v) Preparation of phenyl(di-p-tolylmethyleneamino)zinc. 

After f i l t e r i n g off the di-p-tolylmethyleneamine.zinc 
diphenyl adduct, prepared as described i n ( i v ) the f i l t r a t e 
was concentrated under reduced pressure whereupon off-white 
dimeric phenyl(di-p-tolylmethyleneamino)zinc was precipitated 
(p-tolyl) 2C=NZnPh| 2. 

Pound: C = 72.2; H = 4.7; N = 4.1; Zn = 18.6% M(by cryoscopy), 
620 

C42 H58 N2 Z n2 1 > e q u i j ? e s c = 71-9; H = 5-4; N = 4.0; Zn = 18.7% 
M, 700 

^ max (Nujol mull) 1615m, 1600s, 1564wvbr, 1509w, 1502w, 
1495w, 1427m, 1410W, 1372w, 1316w, 1296m, I27lw.br, 1254w, 
1217W, 1190W, 1184m, 1169w, 1121m, 1079m, I026w.v.br, 1004wbr, 
977w, 964w, 939m, 896w, 861w, 847w, 839s, 832m, 793m, 750s, 
745m, 731m, 711m, 682w, 675w, 666w, 635wbr, 513w, 508w, 
484m, 451m, cm"1. 

( v i ) Reaction between diphenylmethyleneamine and diphenylzinc 

1.65g (9-12mmol) of diphenylmethyleneamine i n toluene 
was added to an ice cold toluene solution of diphenyl zinc 
(2.0g; 9»l2mmol). The mixture was s t i r r e d and at room 
temperature a whitish suspension formed. The white s o l i d 
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was f i l t e r e d o f f , washed with toluene, pumped solvent 
free and i d e n t i f i e d as dimeric phenyl(diphenylmethylene-
amino)zinc, (Ph2C=NZnPh)2, m.p. = 130°. 

Pound: C = 70.3; H = 4.5; N = 3*94; Zn = 20.2% 

C 3 8H 3 QN 2Zn 2 requires C = 70.7; H = 4.7; N = 4.3; Zn = 20.3% 

I t s infrared spectrum was i d e n t i c a l to that reported e a r l i e r 
(13). 

( v i i ) The ef f e c t of heat on Phen.yl(di-p-tolylmethyleneamino) 
zinc. 

Phenyl(di-p-tolylraethyleneamino)zinc, prepared as in 
(v) above, was dissolved i n toluene and refluxed i n a nitrogen 
atmosphere f o r 6-7 hours. There was no change in appearance, 
the solution maintaining i t s yellow colour, nor was any sol i d 
p r e c i p i t a t e d . The solution was concentrated under vacuum and 
the s o l i d recovered, i d e n t i f i e d by i t s infrared spectrum, 
was s t a r t i n g material phenyl(di-p-tolylmethyleneamino)zinc, 
^(p-tolyl) 2C=NZnPhj . The residue was f u r t h e r heated at 
about 200° f o r 5 hours. A small amount of so l i d formed at 
upper part of tube; i t had a zinc content of 28.4% (ZnPh 2, 
an expected product of disproportionation has 29.8% of zinc; 
s t a r t i n g material has 18.6% zinc) but the residual substance 
was essentially unchanged. 

( v i i i ) Attempted preparation of bis(di-p-tolylmethylene-
amino)zinc 

An ethereal solution of di-p-tolylmethyleneaminolithium 
(20mm) was added to a frozen (-196°) solution of zinc chloride 



1 1 1 . 

(17=8 cm5 of 0.5631M solution i n ether, 10mm). On 
warming to room temperature a pale yellow suspension 
formed. The mixture was s t i r r e d overnight and then solvent 
was pumped o f f . The yellow s o l i d l e f t , a f t e r taking i t s 
infrared spectrum, was s t i r r e d with hot toluene and f i l t e r e d 
hot. The yellow f i l t r a t e was concentrated under reduced 
pressure and ul t i m a t e l y a l l solvent was removed leaving a 
small amount of a yellow amorphous so l i d i d e n t i f i e d as 

{ ( p - t o l y l ) 2 C = N | Zn 
„ '2. 

"bis(di-p-tolylmethylene amino) zinc 
(state of association uncertain), m.p. 270°d. 

Found: C = 75.1; H = 5.3; N - 5.3; Zn = 12.6% 
G 3 0 H 2 8 N 2 Z n r e ( 3 u i r e s 0 = 74.8; H = 5.8; N = 5 = 3; Zn = 13.6% 

ft max (Nujol mull) i d e n t i c a l to that of the above mixture 
of bis(di-p~tolylmethyleneamino)zinc and l i t h i u m chloride 

1664w.br, 1623s, 1607s, 1573m, 1508m, 1416w, 1409w, 1345sh, 
1312w, 1290W, I250wbr, 1235sh, 1214W, 1200vw, 1183m, 1158wbr, 
1118m, I092w.v.br, 1042w.br, 1027m, 973w.br, 958w, 926m, 
910W, 898w, 832s.br, 809w, 789m, 74-3s, 737sh, 701w, 678m, 
645sh, 638w, 6l1mvbr, 580w.br, 480s.br, cm"1. 

Small equimolecular quantities (l.14mmol) of d i - p - t o l y l -
methyleneaminophenylzinc and di-p-tolylmethyleneamine 
dissolved i n toluene were mixed at =196°, allowed to warm 
to room temperature and then refluxed f o r 5 hours. The 
pale yellow solution was concentrated under reduced pressure 
and f i n a l l y a l l solvent removed leaving a gummy yellow 
residue i d e n t i f i e d by i t s infrared spectrum as b i s ( d i - p - t o l y l -
methyleneamino)zinc. 

http://1664w.br
http://1042w.br
http://973w.br
http://832s.br
http://580w.br
http://480s.br
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( i x ) Preparation of p - t o l u n i t r i l e zinc diphenyl adduct 
7. 

10cm of a toluene solution of p - t o l u n i t r i l e (1.463g; 
12.49ramol) was added to a suspension of diphenyzinc (2.74g; 
12.49mm) i n toluene (25cm 5) at -78°. The mixture was 
warmed to 20°, f i l t e r e d , and toluene was removed under 
vacuum. The viscous residue was i d e n t i f i e d as the p - t o l u ­
n i t r i l e diphenylzinc adduct pMeCgH^CN.ZnPhp. 
Found: Zn = 19.8% C^H^Zn requires Zn = 19-5% 

^ max (Liquid f i l m ) 3058vs, 3007s, 2980m, 2930w, 
2255vs, 1609vs, 1580W, 1512m, 1501w, 1450m. "br, 1426vs, 
1386w, 1337w.hr, 1318w, 1300w, 1294sh, 1291sh, 1265whr, 
1252m, 1220w, 1212w, 1196W, 1183vs, 1160W, 1127m, 1107sh, 
1084VS, 1062W, 1043w, 1028m, 1002m, 956wbr, 9l0wbr, 860wbr, 
842sh, 820vs, 767w, 730vs 708vs 685w, 668wbr, 557vs, 473w, 
457vs, 440w. cm"1. 

(x) Thermal decomposition of p - t o l u n i t r i l e zinc diphenyl 
adduct; preparation of phenyl(phenyl-p-tolyl-methylene-
amino)zinc. 
A sample of the adduct, (p-tolyl)CN.ZnPh2, was main­

tained at about 100°C under nitrogen f o r about f i v e hours. 
After cooling to room temperature a yellow viscous l i q u i d 
remained. I t was washed several times with toluene and 
f i n a l l y pumped free of solvent. The pale yellow residue 
was i d e n t i f i e d as phenyl(phenyl,p-tolylmethyleneamino)zinc, 

0 Ph(p-tolyl)C=NZnPh 2 m.p. 264°d, 

http://1337w.hr
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P o u n d : C = 71-7; H = 5 . 2 ; N = 3-7; Zn = 19-7% 

M , b y c r y o s c o p y , 6 3 2 

C 4 0 H 5 4 Z n 2 N 2 r e g u i j e s c = 7 1 - 3 ; H = 5 . 1 ; N = 4 . 1 ; 

Z.n = 19.5% M , 6 7 2 

^ max ( N u . j o l m u l l ) 1 6 2 7 s h , 1 6 l 8 s h , 1 6 0 5 s , 1 5 8 0 w , 1 5 7 0 w b r , 

1511W, I 4 5 0 s h , I 4 4 2 s h , 1428W , 1 3 7 2 w . b r , 1316W , 1296W , 1286VW, 

1270w, 1253v.w, 1 2 2 1 w , 1190w, 1163w.br, 1 0 8 0 m , I 0 2 6 w . b r , 

9 7 5 w . b r , 9 6 0 w . b r , 9 4 8 w , 922w, 8 9 5 w , 8 5 7 w , 8 5 2 w , 837m, 8 0 7 w , 

790m, 7 4 1 m , 737m, 720sh, 712m, 707m, 6 8 1 w , 666m, 6 5 1 w , 637w, 

6 0 l w . b r , 5 1 8 w , 4 9 5 s h , 4 9 0 w , 469m, 451w, c m " 1 . 

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

e n e a m i n o ) z i n c ) . 

The m i x i n g o f t o l u e n e s o l u t i o n s o f d i - t - b u t y l m e t h y l -

e n e a m i n e and z i n c d i p h e n y l , i n e q u i m o l a r p r o p o r t i o n s , a t 

r o o m t e m p e r a t u r e and t h e n h e a t i n g t o a b o u t 6 0 ° f o r t h r e e 

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

o f t h e m i x t u r e . The o n l y e v i d e n c e o f any i n t e r a c t i o n was 

t h e s h a r p e r - ^ ( N - H ) a t 3296 cm~^ b u t t h e i n t e n s i t y d i m i n i s h e d 

w i t h t i m e . 

The m i x t u r e was t h e n r e f l u x e d f o r t h r e e h o u r s and t o l u e n e 

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

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

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

r e a c t a n t s . 

3.3 D i s c u s s i o n 

R e f e r e n c e h a s a l r e a d y b e e n made ( C h a p t e r 2 ) t o t h e 

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

http://1372w.br
http://1163w.br
http://I026w.br
http://975w.br
http://960w.br
http://60lw.br
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t h a t o f m a g n e s i u m and " b e r y l l i u m . As t h e m o s t e l e c t r o ­

n e g a t i v e e l e m e n t o f t h e t r i a d , t h e o r g a n o - d e r i v a t i v e s o f 

z i n c a r e r a t h e r l e s s r e a c t i v e t h a n o r g a n o b e r y I l i u m and 

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

t h e t y p e R^M (M = B e , Mg + Z n ) show s i g n i f i c a n t d i f f e r e n c e s , 

f o r w h e r e a s I Y ^ B e and Me 2% a r e p o l y m e r i c s p e c i e s , d i m e t h y l -

z i n c and a l l p r e s e n t l y know d i a l k y l - and d i a r y l z i n c s a r e 

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

means o f Raman s p e c t r o s c o p y ( 1 2 4 ) and X - r a y d i f f r a c t i o n 

(125) . The l a t t e r shows a m e t h y l g r o u p o f a n e i g h b o u r i n g 

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

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

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

( 1 2 5 , 1 2 6 ) and t r i m e t h y l a l u m i n i u m ( 1 2 5 , 1 2 7 ) . I t h a s b e e n 

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

Z n - C - Z n a n g l e w o u l d c a u s e s e r i o u s r e p u l s i o n s b e c a u s e o f 

t h e c l o s e p r o x i m i t y o f n e i g h b o u r i n g z i n c a t o m s ( 1 2 5 ) . 

The f i r s t k n o w o r g a n o z i n c c o - o r d i n a t i o n compounds w e r e 

t h o s e o f d i m e t h y l z i n c w i t h d i m e t h y l - and d i e t h y l e t h e r s ( 1 2 8 ) 

shown i n more r e c e n t t i m e t o be 1:1 a d d u c t s , M e 2 Z n . 0 R 2 ( R = Me, 

E t ) (129). D i m e t h y l z i n c a l s o f o r m s a d d u c t s w i t h c y c l i c e t h e r s 
i 0 1 

C I L ^ C ^ ) CIL), w h i c h h o w e v e r d i s s o c i a t e when d i s s o l v e d i n 

b e n z e n e . As n i n c r e a s e s t h e s t r e n g t h o f t h e b o n d b e t w e e n 

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

l i t y o f 1:2 c o m p l e x f o r m a t i o n , M e £ Z n „ 2 ( e t h e r ) , becomes more 

l i k e l y . W i t h e t h y l e n e - and t r i m e t h y l e n e - o x i d e s ( n = ° , 1 ) 

1 : 1 a d d u c t s a r e f o r m e d , b u t w i t h t e t r a m e t h y l e n e - and p e n t a -

m e t h y l e n e - o x i d e s ( n = 2 , 3 ) , 1:2 a d d u c t s a r e f o r m e d w i t h 

s t r o n g e r c o - o r d i n a t e l i n k s b e t w e e n z i n c and o x y g e n ( 1 2 9 ) . 



115. 

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

f o r e x a m p l e , 1,4 - d i o x a n , 1 , 4 - t h i o x a n (130) , N J N J N 1 ^ 1 -

t e t r a m e t h y l e n e d i a m i n e , 2 , 2 ~ ^ - b i p y r i d y l , 1 , 1 0 - p h e n a n t h r o l i n e 

(131) and g u i n o l i n e (132). S e v e r a l o f t h e c o - o r d i n a t i o n 

c o m p l e x e s can "be e x p o s e d t o t h e a i r f o r s h o r t p e r i o d s 

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

e x a m p l e , t o d i m e t h y l z i n c . W i t h t r i m e t h y l a m i n e , d i m e t h y l z i n c 

f o r m s b o t h 1:1 and 2:1 a d d u c t s , M e ^ N . Z n M e 2 and ( M e ^ N ) 2 Z n M e 2 , 

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

when d i s s o l v e d i n b e n z e n e , t o g i v e t h e 1:1 a d d u c t and f r e e 

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

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

i n b e n z e n e (10 ) . F u r t h e r m o r e w h i l s t z i n c f o r m s r e l a t i v e l y 

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

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

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

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

R 2 Z n ( R = B u n , P h , Cg^c,) and v a r i o u s d o n o r m o l e c u l e s 

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

o - p h e n y l e n e b i s ( d i m e t h y l a r s i n e ) u n d e r w r i t e s t h i s . D i - n - b u t y l -

z i n c , B u n

2 Z n , d o e s n o t c o m p l e x w i t h t r i p h e n y l p h o s p h i n e , b u t 

b i s ( p e n t a f l u o r o p h e n y l ) z i n c , ( C ^ F ^ ) 2 Z n , y i e l d s t h e e x p e c t e d 

a d d u c t v i z . ( C g F ^ ^ Z n . ( P P h ^ ) 2 (133). The i n c r e a s i n g e l e c t r o ­

n e g a t i v i t y o f t h e R g r o u p s i n R^Zn c a u s e s 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 e l e c t r o n a f f i n i t y o f t h e v a c a n t o r b i t a l s 

o f t h e z i n c a tom t h u s i n c r e a s i n g i t s e l e c t r o n a c c e p t o r 

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

- b o n d t o t h e d o n o r a t o m . H o w e v e r , an a d d i t i o n a l 
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c o n s i d e r a t i o n m u s t be a l l o w e d f o r . C o m p l e x e s o f p h o s p h o r u s ^ 

o r a r s e n i c c o n t a i n i n g l i g a n d s may a l s o "be s t a b i l i s e d b y 

d T - d TT b a c k b o n d i n g o f e l e c t r o n s f r o m t h e f i l l e d 3 d -

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

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

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

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

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

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

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

w h i l s t no c o m p l e x e s o f B u 1 " ^ 0 w i t h t r i p h e n y l p h o s p h i n e / t r i -

p h e n y l a r s i n e a r e f o r m e d , t h e c o r r e s p o n d i n g P h ^ Z n c o m p l e x e s 

a r e f o r m e d e a s i l y and a r e s t a b l e . F u r t h e r m o r e , c o m p l e x e s 

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

N o t u n e x p e c t e d l y t h e o r d e r o f s t a b i l i t y o f R2Zn.TMED 

c o m p l e x e s i s Me > E t > P r 1 } B u f o r s u c h a s e q u e n c e i s j u s t i ­

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

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

t h e b o n d o f c o - o r d i n a t i o n b e t w e e n z i n c and t h e n i t r o g e n 

c o n t a i n i n g d o n o r . No f u r t h e r c o n s i d e r a t i o n s a r e r e q u i r e d 

b e c a u s e TMED c a n p a r t i c i p a t e o n l y i n d a t i v e <s~ - b o n d i n g 

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

o f e l e c t r o n d e n s i t y . A c o m p a r i s o n o f t h e s e d i a l k y l z i n c . T M E D 

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

h o w e v e r , shows a c o n v e r s e s t a b i l i t y t r e n d i = e . f o r B.^Lx\ » b i p y 

( E = Me, E t , P r 1 , B u t ) , t h e o r d e r o f s t a b i l i t y i s B u t > P r 1 ) 

E t ) Me ( 1 3 4 - ) . B i p y r i d y l as w e l l as b e i n g aCT - d o n o r i s a l s o 

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

i n t o t h e T T ' - a n t i - b o n d i n g o r b i t a l s o f t h e r i n g s y s t e m . The 

v i e w h a s b e e n e x p r e s s e d t h a t t h e r o l e o f d TC - d f i ' b o n d i n g 

10 
i n d i - t e r t i a r y a r s i n e c o m p l e x e s o f d m e t a l s , r e f e r r e d t o 

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

10 

p o t e n t i a l o f t h e n o n - b o n d i n g d s h e l l o f t h e m e t a l a t o m s 

(135). A c o n t r a d i c t o r y v i e w , e x p r e s s e d t o s u p p o r t t h e 

above d a t a f o r E ^ n . b i p y c o m p l e x e s (134-), s u g g e s t s t h a t 

s i n c e i n d i a l k y l z i n c compounds t h e Zn=C b o n d i s l a r g e l y 

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

p o s i t i v e c h a n g e on z i n c . I n c o n s e q u e n c e t h e i o n i z a t i o n 

e n e r g y o f a 3d e l e c t r o n w i l l be c o n s i d e r a b l y l e s s f o r J ^ Z n 

t h a n f o r Z n ^ + c o m p l e x e s . H e n c e , b e c a u s e o f s y n e r g i s m 

b e t w e e n <S and b o n d i n g t h e o c c u r r e n c e o f any s i g n i f i c a n t 

b a c k d o n a t i o n i n o r g a n o z i n c c o m p l e x e s i s l i k e l y t o be 

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

s t a b i l i t y o f a n a l o g o u s c o m p l e x e s o f 2 , 2 ^ " - b i p y r i d y l and TMED 

i l l u s t r a t e s s u c h a f e a t u r e . O t h e r c h e l a t e c o m p l e x e s , a l s o 

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

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

R 2 Z n (R = a l k y l , a r y l ) w i t h 2 , 2 1 b i - p y r i d y l ( 1 3 6 ) and 1 , 1 0 -

p h e n a n t h r o l i n e (137) . The l o n g wave c h a r g e t r a n s f e r b a n d s 

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

t o v a c a n t H - t y p e l i g a n d o r b i t a l s . W h i l s t t h e r e a c t i o n 

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

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

c h a r a c t e r i s e d . D i m e t h y l z i n c and d i m e t h y l a m i n e i n ( 1 : 1 ) o r 

(1:2) m o l a r p r o p o r t i o n s r e s p e c t i v e l y y i e l d b i s ( d i m e t h y l a m i n o ) 
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zmc, ( M e 2 N ) 2 Z n p r o b a b l y p o l y m e r i c i n n a t u r e ( 1 J 8 ) . 
n 

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

o f m e t h y l ( d i m e t h y l a m i n o ) z i n c , see e q u a t i o n 3°1n r a t h e r 

M e ( M e 2 N ) Z n 
2 

( M e 2 N ) 2 Z n 
n 

+ n M e 2 Z n 3.1 

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

d i m e t h y l a m i n e as f o r m u l a t e d i n e q u a t i o n 3»2, s i n c e i t h a s 

n ( M e ( M e 2 N ) Z n ) 2 + 2 n M e 2 N H t > 2 ( M e 0 N ) 0 Z n + 2n(MeH) 3.2 

b e e n r e p o r t e d t h a t t h e r e l a t e d e t h y l d e r i v a t i v e v i z e t h y l 

( d i e t h y l a m i n o ) z i n c i s s t a b l e i n t h e p r e s e n c e o f d i e t h y l a m i n e 

(139). O t h e r compounds o f a s i m i l a r n a t u r e s u c h as ( a l k y l 

o r a r y l ) ( d i p h e n y l a m i n o ) z i n c , R Z n N P h 2 (R = Me, E t , P r 3 - , 

B u n , P h ) , a l l s t a b l e s o l i d s , and e t h y l ( d i e t h y l a m i n o ) z i n c 

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

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

c o n s i d e r e d t o h a v e t h e s t r u c t u r e shown i n F i g u r e 3»1« S u c h 

R Z n , 

P h 

N 

W 

P h 

2 

2 

Zn R 

F i g u r e 3 ° 1 

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

( Z n N ) 2 u n i t h a s b e e n c o n f i r m e d f o r m e t h y l ( d i p h e n y l a m i n o ) 

z i n c , |*MeZn(NPh2)J ( F i g u r e 3 . 1 ; R = Me) ( 1 4 0 ) . The 

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

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

( F i g u r e 3 . 2 ) b a s e d on a p l a n a r s i x - m e m b e r e d ( Z n N ) ^ r i n g 

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

R R R 1 1 
/ 

Zn C C 

R JN N R 1 1 

Zn Zn 

R R N 

R R 1 1 

F i g u r e 3 - 2 

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

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

t a n t w i t h s u c h a p r o p o s e d s t r u c t u r e . None t h e l e s s , s i x -

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

( R Z n N P h C O N R 1

2 ) 3 and c a r b a m a t e s ( R Z n N P h . C O O R 1 ) ? ( 1 4 1 ) a l l 

t r i m e r i c i n b e n z e n e a l t h o u g h a m i n o z i n c a l k y l s , ( P l X p N Z n R ^ 

R = Me, E t , a r e d i m e r i c , and f o u r membered r i n g s a r e a 

common f e a t u r e o f compounds o f g e n e r a l d e s c r i p t i o n RZnX i n 

w h i c h z i n c i s b o n d e d t o d o n o r a t o m s s u c h as o x y g e n ( 1 4 , 1 3 8 , 

1 4 0 ) , s u l p h u r ( 1 3 8 , 1 4 1 ) c h l o r i n e o r b r o m i n e ( 1 4 2 ) . 

T h a t t h r e e - c o - o r d i n a t e z i n c i s 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 c o n d i t i o n i s e v i d e n c e d b y t h e f a c t t h a t when 

t h e s e c o m p o u n d s , RZnNR p , whose s t r u c t u r e s a r e shown i n 
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F i g u r e 3 » 1 , a r e h e a t e d o r t r e a t e d w i t h p y r i d i n e , d i s p r o -

p o r t i o n a t i o n o c c u r s as shown i n e q u a t i o n s 3 « 1 and 3 » 3 t h e 

l a t t e r v i a R Z n ( N P h 2 ) p y . 

( R Z n N P h 2 ) 2 + 2 p y — - — • p y 2 Z n ( H P h 2 ) 2 + Z n R 2 3.3 

The a l k o x i d e s o f o r g a n o z i n c , (RZnOR ) , so f a r r e p o r t e d 

a r e a l l a s s o c i a t e d s p e c i e s e x e m p l i f i e d b y d i m e r i c (R = E t , 

R 1 = C 6 C 1 5 , C g F ^ , n = 2 ) , t r i m e r i c ( R = R 1 = B u * , n = 3) 

( 1 4 3 ) o r t e t r a m e r i c (R = Me, R 1 = Me , P h , n = 4 ) s t r u c t u r e s 

( 1 3 8 ) . T h e y can be p r e p a r e d b y s l o w a d d i t i o n o f t h e a l c o h o l , 

o r p h e n o l , t o t h e d i a l k y l z i n c - b o t h i n an i n e r t s o l v e n t 

e g . h e x a n e - a t a b o u t -70° w i t h n e g l i g i b l e d i s p l a c e m e n t o f 

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

w o u l d c o n t a i n , b o u n d t o an o x y g e n a tom o f p r o n o u n c e d d o n o r 

c h a r a c t e r , 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 z i n c a tom w i t h 

e n h a n c e d a c c e p t o r c h a r a c t e r ( b y c o m p a r i s o n w i t h d i a l k y l z i n c ) . 

C o n s e q u e n t l y RZnOR w o u l d be e x p e c t e d t o be an a s s o c i a t e d 

s p e c i e s w i t h r e l a t i v e l y s t r o n g c o - o r d i n a t i o n . An X - r a y 

e x a m i n a t i o n o f t h e m e t h y l z i n c m e t h o x i d e t e t r a m e r ( 1 4 0 ) , 

( M e Z n O M e ) ^ , ha s e s t a b l i s h e d i t t o h a v e an e i g h t - m e m b e r e d c u b a n e 

s t r u t u r e w i t h a ( Z n O ) ^ c a g e , t h e z i n c and o x y g e n a toms o c c u p y i n g 

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

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

compounds ( M e Z n O S i M e ^ ) ^ and ( M e Z n N P M e ^ ) ^ ( 1 4 4 - 1 4 6 ) . The 

m e t h y l and e t h y l a l k o x i d e s do n o t b e h a v e as t h o u g h t h e y w e r e 

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 i n c e f o r e x a m p l e t h e y may be 

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

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

w i t h b i s ( 2 , 2 - d i m e t h y l - 3 , 5 - h ( ; x a n e d i o r j a t o ) z i n c , ( B u t C 0 . C H 9 C 0 M e ) 9 Z n , 
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f o r t h e p - d i k e t o n a t e o x y g e n a toms a r e v e r y p o w e r f u l 

e l e c t r o n d o n o r s , t h e v i c i n a l z i n c a tom e n h a n c i n g t h e 

e l e c t r o n d e n s i t y a t t h e o x y g e n s ( 1 4 7 ) . M o r e o v e r i n s o l u t i o n 

m o n o m e r i c b i s ( 2 , 2 - d i m e t h y l - 3 , 5 - h e x a n e d i o n , a t o ) z i n c c o n t a i n s 

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 z i n c a tom and t h e r e f o r e a 

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

The r e l a t i v e s t r e n g t h o f P b ^ N c o m p a r e d w i t h M e ^ and OPh as 

b r i d g i n g l i g a n d s may be s een i n t h e i r d i f f e r e n t b e h a v i o u r s 

t o w a r d s u c h d o n o r s as b i p y r i d y l and TMED. W h i l s t ^ ( H P l L - ^ J j 

d i s s o l v e s i n b i p y r i d y l g i v i n g a c o m p l e x Z n ( K P h 9 ) o ^ i p y ? 

( 1 4 3 ) r e t a i n s t w o b r i d g i n g OPh l i g a n d s . R e p r e s e n t a t i v e 

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

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

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

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

e a c h z i n c and c a r b o n a toms l y i n g n e a r t h e c o r n e r s o f a 

t r u n c a t e d b i s p h e n o i d , g i v i n g r i s e t o 4 - , 6 - , and 8 -membered 

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

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

a t o m s and c o n t a i n s o n l y 4 - and 6 - membered r i n g s ( 1 4 1 ) . 

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

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

t e t r a m e r i c m e t h y l z i n c m e t h o x i d e , (MeZnOMe)^ ( 1 4 0 ) , s i n c e 

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

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

2 ^ 2 

[ (Me2N)2ZnJ ( 1 4 8 ) , s u c h d o e s n o t h a p p e n w i t h F u r t h e r m o r e 
x 

w i t h TMED, t h e c o m p l e x E t Z n H P h 0 T M E D i s p r o d u c e d w i t h 

( E t Z n K P h 2 ) 2 "but w i t h ( E t Z n O P h ) ^ t h e p r o d u c t ( E t Z n O P h ^ T M E D 
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O v e r t h e y e a r s much a t t e n t i o n h a s b e e n d e v o t e d t o t h e 

c o - o r d i n a t i o n c h e m i s t r y o f z i n c and much o f t h e r e f e r e n c e 

m a t e r i a l m e n t i o n e d i n t h i s c h a p t e r , and t h e a d d i t i o n a l 

r e f e r e n c e s q u o t e d t h e r e i n , r e f l e c t t h i s f e a t u r e . R e f e r e n c e 

(14-9) and v a r i o u s r e c e n t O r g a n o m e t a l l i c C h e m i s t r y R e v i e w s 

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

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

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

a g e n e r a l s ense and a l s o m a j o r i n g i n m o n o g r a p h i c f a s h i o n on 

s p e c i f i c s y n t h e t i c a r e a s . So r e f e r e n c e (150) (1975) d e a l s 

s o l e l y w i t h t h e R e f o r m a t s k y r e a c t i o n (151)> a r e a c t i o n o f a 

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

^ C - h a l o e s t e r i n t h e p r e s e n c e o f z i n c m e t a l t o f u r n i s h a f t e r 

h y d r o l y s i s a f> - h y d r o x y e s t e r . S u b s e q u e n t d e h y d r a t i o n i s 

u s u a l l y c a r r i e d o u t t o g i v e an - u n s a t u r a t e d e s t e r . I t 

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

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

on t h e n a t u r e o f i n t e r m e d i a t e s , s i d e r e a c t i o n s , s t e r e o ­

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

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

w e r e w r i t t e n (152-156). The r e a c t i o n o f o r g a n i c ( a n d i n o r g a n i c ) 

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

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

m e t a l , c o n t i n u e s t o r e p r e s e n t an e x t r e m e l y i m p o r t a n t a r e a 

o f c h e m i s t r y . C o n t i n u o u s a t t e m p t s h a v e b e e n made t o i n c r e a s e 

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

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

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

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

b y t h e u s e o f " a c t i v a t e d m e t a l s " . The " a c t i v a t e d m e t a l s " 

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

z i n c c h l o r i d e ) i n h y d r o c a r b o n o r e t h e r e a l s o l v e n t ( e g . 

t e t r a h y d r o f u r a n ) w i t h p o t a s s i u m (157). O t h e r r e v i e w s o f 

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

t h e R e f o r m a t s k y r e a c t i o n , and a l s o , among o t h e r t h i n g s , 

d e s c r i b e i n some d e t a i l f e a t u r e s o f t h e Simmons and S m i t h 

r e a c t i o n b y w h i c h c y c l o p r o p a n e d e r i v a t i v e s c a n be made , and 

( i i ) The s t r u c t u r a l c h e m i s t r y o f o r g a n i c compounds o f z i n c 

( a n d m e r c u r y and c a d m i u m ) c a n be f o u n d i n r e f e r e n c e s 158 

and 159-

E t h e r e a l s o l u t i o n s o f t h e m e t h y l e n e a m i n e s R 2 C = N H 

(R = P h , p - t o l y l , B u ^ ) w e r e t r e a t e d w i t h a s t a n d a r d i s e d 

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

i n b o t h 1:1 and 2:1 s t o i c h i o m e t r i c r a t i o s r e s p e c t i v e l y . 

I n a l l t h r e e c a s e s , w h a t e v e r t h e s t o i c h i o m e t r i c r a t i o s 

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

as b i s ( d i a r y l m e t h y l e n e a m i n e ) z i n c ( I l ) c h l o r i d e , ( R 2 C = N H ) 2 Z n C l 2 

(R = P h , p - t o l y l ) and d i - t - b u t y l m e t h y l e n e a m i n e . z i n c ( I I ) 

c h l o r i d e , f o r m a l l y B u t

2 C = N H . Z n C l 2 ( e q u a t i o n s 3 .4 - 3.7) 

R 0 C = N H + Z n C l ? *- £ ( R p C = N H ) p Z n C l p + ^ Z n C l p 3 = 
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2 R 2 C = N H + Z n C l 2 *~ ( R 2 C = N H ) 2 Z n C l 2 3-5 

R = Ph., p - t o l y l 

B u ' ^ C ^ N H + Z n C l 2 «>- B u ^ C ^ H . Z n C ^ 3-6 

2 B u t

2 C = N H + Z n C l 2 *- B u t

2 C = N H . Z n C l 2 + B u ^ C ^ H 3.7 

B e c a u s e o f t h e i n a d e q u a t e s o l u b i l i t y o f t h e a d d u c t s i n b e n -

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

b u t i t seems l i k e l y t h a t i n a l l c a s e s z i n c i s i n a f o u r 

c o - o r d i n a t e c o n d i t i o n and a t e t r a h e d r a l c o n f i g u r a t i o n . The 

b i s a d d u c t s o f R 2 C = N H (R = P h , p - t o l y l ) a r e p r e s u m a b l y 

m o n o m e r i c and t h e f o u r membered c o - o r d i n a t e s t a t e o f z i n c 

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

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

c u l e o f t h e m e t h y l e n e a m i n e - w h i c h may n o t be e a s y b e c a u s e 

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

c h l o r i n e b r i d g e s , l i k e d i m e r i c a l u m i n i u m c h l o r i d e ( F i g u r e 3«3)° 

H 
N=CBu C I C I 

Zn Zn 

B u " C=N C I C I 2 H 

F i g u r e 3°3 

D i a r y l m e t h y l e n e a m i n o z i n c c h l o r i d e s , ( R 2 C = N Z n C l ) 2 R = P h , 

p - t o l y l , we re made b y t r e a t i n g d i a r y l m e t h y l e n e a m i n o l i t h i u m 

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

d r o u s e t h e r i n e q u i m o l a r q u a n t i t i e s ( e q u a t i o n 3°8)° The 



125. 

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

R 2 C = N L i Z n C l 2 -** - i ( R 2 C = N Z n C l ) 2 + L i C l 

be d i m e r i c i n b e n z e n e , r e s e m b l i n g t h e c o r r e s p o n d i n g 

d i - t - b u t y l m e t h y l e n e a m i n o - d e r i v a t i v e , ( B u * 2 C = N Z n C l ) 2 (50). 

The a z o m e t h i n e s t r e t c h i n g f r e q u e n c i e s , ^ ( C = N ) , o f t h e s e 

compounds - see T a b l e 3«1 - a r e a p p r o p r i a t e f o r b r i d g i n g 

m e t h y l e n e a m i n o u n i t s , and t h e i r m o s t l i k e l y s t r u c t u r e i s 

shown i n F i g u r e 5.4- w i t h f o u r - m e m b e r e d ( Z n N ) 2 r i n g s 

R R 

'C 

/ \ 
Zn Zn 

\ / 
N 

C 

R y R 

R = P h , p - t o l y l , Bu X = C I , Me , E t , P h 

3 . 8 

F i g u r e 3 . 4 

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

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

o f t h e G r o u p I I and G r o u p I I I e l e m e n t s ( 2 4 , 4 8 , 75, 1 0 8 ) . 

I n t h i s s t r u c t u r e z i n c i s t h r e e c o - o r d i n a t e . The p r e p a r a t i o n 

o f b i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) z i n c 

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

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

( p - t o l y l ) 2 C = N L z i -
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b i s ( d i - t - b u t y l m e t h y l e n e a m i n o ) z i n c , | ^ ( B u t

2 C = N ) 2 Z n J , i s 

d i m e r i c and was p r e p a r e d b y t r e a t i n g t h e a p p r o p r i a t e 

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

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

(50 ) . T h i s r o u t e was f o l l o w e d ( e q u a t i o n 3»9) f o r t h e 

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

2 n ( p - t o l y l ) 2 C = N L i + n Z n C l 2 

'2 J n 

f o r w h i l s t t h e e x i s t e n c e o f t h e d e s i r e d b i s - d e r i v a t i v e 

j ( p - t o l y l ) 2 C = N y Z n +2nLiCl 3o9 

( m i x e d w i t h l i t h i u m c h l o r i d e ) was e v i d e n c e d , t h e s e p a r a t i o n 

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

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

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

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

p h e n y l - c o u n t e r p a r t (13) , | ( p - t o l y l ) 2 C = N | Z r j -lb i s p r o b a b l y 

p o l y m e r i c . The c o r r e s p o n d i n g b i s ( d i p h e n y l m e t h y l e n e a m i n o ) z i n c 

d e r i v a t i v e was p r e p a r e d as i l l u s t r a t e d i n e q u a t i o n s 3 .10-3«13 

(R = P h ) (13 ) . 

2R2C=im + 2ZnPh 2 
( R 2 C = N Z n P h ) 2 + 2PhH 

n ( R 2 C = Z n P h ) 2 < 

RC=N 

2 n R C = N 0 Z n P h , 

8 0 o 

• * | ( R 2 C = N ) 2 Z n + n Z n P h . 

Z n P h . 

100 
-> RC=NZnPh. 

( R P h C = N ) 2 Z n + nZnPh . 

3 - 1 0 

3 . 1 1 

3 . 1 2 

3 . 1 3 

-J n 
The k e y f e a t u r e o f t h i s scheme i s t h e r e a d y d i s p r o p o r t i o n -

a t i o n o f d i m e r i c p h e n y l ( d i p h e n y l m e t h y l e n e a m i n o ) z i n c , 

( P h 2 C = N Z n P h ) 2 as shown i n equations3.11 7 3.13. I n t h e l a t t e r 

c a s e i t seems r e a s o n a b l e t o assume t h a t t h e f o r m a t i o n o f t h e 
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b i s ( d i p h e n y l m e t h y l e n e a m i m ) z i n c p o l y m e r i n v o l v e d (Ph 2 C=NZnPh)-> 

as an i n t e r m e d i a t e . T h i s r e a c t i o n p a t t e r n when a p p l i e d t o 

| ( p - t o l y l ) 2 C = N } 2 Z n J ^ t h e a t t e m p t e d p r e p a r a t i o n of 

r e v e a l e d c e r t a i n p o i n t s o f d i f f e r e n c e . The r e a c t i o n b e t w e e n 

d i - p - t o l y l m e t h y l e n e a m i n e and d i p h e n y l z i n c ( e q u a t i o n 3»9; 

R = p - t o l y l ) f o r e x a m p l e , as w e l l as f o r m i n g d i m e r i c p h e n y l 

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

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

z i n c a d d u c t , ( p - t o l y l ) 2 C = N H . Z n P h 2 . F u r t h e r m o r e t h e p r i n c i p a l 

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

z i n c j ( p - t o l y l ) 2 C = N Z n P h J ^ d i s p r o p o r t i o n a t e s much l e s s 

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

3*11i R = P h ) and c o n s e q u e n t l y o n l y a v e r y s m a l l amount o f 

t h e d e s i r e d j ( R 2 C = N ) 2 Z n J n , R = p - t o l y l , was o b t a i n e d . The 

r e a c t i o n b e t w e e n p - t o l u n i t r i l e and d i p h e n y l z i n c ( e q u a t i o n 3.12 

R = p - t o l y l ) y i e l d e d an a d d u c t R C = N . Z n P h 2 , w h i c h when h e a t e d 

a f f o r d e d d i m e r i c p h e n y l ( p h e n y l , p - t o l y l m e t h y l e n e a m i n o ) z i n c , 

( P h ( p - t o l y l ) C = N Z n P h ) 2 - e q u a t i o n 3 . 1 4 . T h i s p r o d u c t , f o r m e d 

2 ( p - t o l y l ) C = N Z n P h 2 • ( P h ( p - t o l y l ) C = N Z n P h ) 2 3 . 1 4 

b y t h e i n s e r t i o n o f n i t r i l e i n t o a Zn - C b o n d , d i d n o t 

d i s p r o p o r t i o n a t e when h e a t e d t o y i e l d t h e c o r r e s p o n d i n g 

b i s ( m e t h y l e n e a m i n o ) z i n c . I t a l s o c o r r e s p o n d s t o t h e p r o p o s e d 

i n t e r m e d i a t e i n t h e o v e r a l l d i s p r o p o r t i o n a t i o n o f t h e b e n z o n i -

t r i l e d i p h e n y i z i n c adduct ( e q u a t i o n 3.13. , R = P h ) (13) . A n o t h e r 

a t t e m p t t o make b i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) z i n c u s e d t h e 

r e a c t i o n b e t w e e n t h e f r e e m e t h y l e n e a m i n e , R 2 C = N H , R <=> p - t o l y l , 

and p h e n y l ( d i - p - t o l y l m e t h y l e n e a m i n o ) z i n c ( e q u a t i o n 3 .15)° 
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T h i s a l s o a f f o r d e d a v e r y l o w y i e l d o f t h e d e s i r e d p r o d u c t . 

n ( p - t o l y l ^ ) = N H + n ( p - t o l y l ) Q C = N Z n P h -
2 L 

J 2 

| ( p - t o l y l ) 2 C = N ^ Z n +nPhH 

J n 

3.15 
T a b l e 3»1 shows i n f r a r e d s p e c t r o s c o p i c d a t a o f t h e s e 

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

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

z i n c ( I I ) c h l o r i d e a d d u c t s , ( R 2 C = N H ) 2 Z n C l 2 (R = P h , p - t o l y l ) 

and R 2 C = N H . Z n C l 2 (R = B u * ) , t h e c h a r a c t e r i s t i c ( N - H ) b a n d 

e v i d e n c e s a c o n s i d e r a b l e s h a r p e n i n g and an i n c r e a s e i n 

^ ( N - H ) c o m p a r e d w i t h t h e p a r e n t m e t h y l e n e a m i n e s . L i t t l e 

c h a n g e was s een i n t h e a s y m m e t r i c s t r e t c h ^ ( C = N ) on 

c o - o r d i n a t i o n o f t h e m e t h y l e n e a m i n e s t o z i n c ( I I ) c h l o r i d e , 

o r i n d e e d when t h e a d d u c t ( p - t o l y l ) 2 C = N H . Z n P h 2 was f o r m e d . 

The b i s ( m e t h y l e n e a m i n o ) z i n c s e r i e s , j ( R 2 C = N ) 2 Z n j 

t 

R = P h , p - t o l y l , Bu , r e v e a l s u n s u r p r i s i n g d i f f e r e n c e s i n 

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

(R = P h , p - t o l y l ) and d i m e r i c (R = B u ^ ) . I n t h e l a t t e r c a s e , 

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

shows t w o a b s o r p t i o n s o f s i g n i f i c a n t d i f f e r e n c e (1683cm" 

and 1585cm ) w h i c h may be a s s i g n e d t o t h e s t r e t c h i n g 

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

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

i m p l i e s a c o n s i d e r a b l e amount o f N = z ^ Zn d a t i v e b o n d i n g . The 

p r o p o s e d s t r u c t u r e o f t h i s compound i s shown i n F i g u r e 3°5 

and h a s b e e n d i s c u s s e d i n c o n s i d e r a b l e d e t a i l i n C h a p t e r 2 . 

The s t r u c t u r e o f t h e p o l y m e r i c b i s ( d i a r y m e t h y l e n e a m i n o ) z i n c 
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T a b l e 3 . 1 

M e t h y l e n e amino D e r i v a t i v e s o f Z i n c 

Compound } ( C = N ) * 

cm™^ 

3(C=N-Zn) 
t e r m i n a l cm 

Refe rence 

( P h 2 C = N H ) 2 . Z n C l 2 1602 - a 

| ( p - t o l y l ) 2 C = N H j Z n C l 2 1608 - a 

B u t C = N H . Z n C l 2 1613 a 

( p - t o l y l ) 2 C = N H . Z n P h 2 1607 - a 

(Ph ? C=NZnCl) 
Z 

1604 - a 

| ( p - t o l y l ) 2 C = N Z n C l J 1600 - a 

( B u t

o 0 = N Z n C l ) 
<L 2 

1608 - 50 

(Ph 2 C=NZnMe) 2 1624 - 13 

(Bu t

Q C=NZnMe) 
^ 2 

1592 - 50 

( P h 2 C = N Z n E t ) 2 1611 - 13 

( P h 2 C = N Z n P h ) 2 1607 13 

| ( p - t o l y l ) 2 C = N Z n P h | 1615 - a 

( P h ( p - t o l y l ) C = N Z n P h ) 2 1605 - a 

j ( P h 2 C = N ) 2 Z n j 1600 - 13 

| ^ | ( p - t o l y l ) 2 C = N | 2 Z n J Q 
1607 ( 1 6 6 4 ) a 

[ ( B u t

2 C = N ) 2 Z n ] 2 1585 1683 50 

*As N u j o l M u l l s ; a : t h i s work 
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compounds £(R2C=N)2Zn R P h , p - t o l y l , i s l i k e l y t o 

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

r a t i o o f b r i d g i n g t o t e r m i n a l methy leneamino u n i t s 

Bu t Bu t 

Bu° 

C N ^ Zn 

C 
II 

N. 

N C. 

Zn 

Bu l 

Bu ' 

Bu' Bu' 

F i g u r e 3 .5 

( F i g u r e 3 * 6 ) . I n such a s t r u c t u r e t h e r e must n e c e s s a r i l y 

Zn 

CR 2 

N 

Zn ' 

N ' 

I I 
CR 

CR. 

N 

W 

I I 
CR 2 

CR. 

Zn Zn 

N 

I I 

F i g u r e 3 ° b 

be two t e r m i n a l me thy leneamino g r o u p a t t a c h e d t o 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 z i n c a tom, b u t t h e i n f r a r e d s p e c t r u m , 

however , o f t h e d i p h e n y l compound shows o n l y one azometh ine 
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s t r e t c h i n g f r e q u e n c y a t 1600cra and t h i s was ass igned 
t o t h e b r i d g i n g l i g a n d ( 1 3 ) • The p - t o l y l d e r i v a t i v e a l s o 
shows a v e r y s t r o n g a b s o r p t i o n , a ss igned t o b r i d g i n g l i g a n d s , 
P (C=N) 1 6 0 7 c m - ^ , and a d d i t i o n a l l y a weak b road a b s o r p t i o n 

i s o b s e r v e d , 0 (C=N) = 1660-1670 , w h i c h may c o n c e i v a b l y be 
a s s igned t o t h e t e r m i n a l l y - a t t a c h e d me thy leneamino l i g a n d . 

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

( R 1 R 2 C = N Z n X ) 2 , R = R 2 = P h , p - t o l y l , B u t , X = C I ; R^ = R 2 = 

P h , X = Me, E t ; R 1 = R 2 = P h , p - t o l y l , X = Ph ; R^ = Ph , 

R 2 = p - t o l y l , X = P h , shown t o be d i m e r i c , by c r y o s c o p y i n 

benzene , have azomethine s t r e t c h i n g f r e q u e n c i e s , ^ ( C = N ) , i n 

t h e r ange (1592 - 1624)cm and these a b s o r p t i o n s are a s s igned 

t o b e n t / b r i d g i n g C=N-Zn s k e l e t o n s . The p roposed s t r u c t u r e 

o f t hese d i m e r i c compounds, w i t h b r i d g i n g methy leneamino 

l i g a n d s , f o u r membered ( Z n N ) 2 r i n g s and t h r e e - c o - o r d i n a t e 

z i n c i s shown i n F i g u r e 3 « 4 (page ' 2 5 ) . I t seems v e r y 

u n l i k e l y t h a t back d o n a t i o n f r o m t h e z i n c 3d o r b i t a l s i n t o 

t h e a n t i b o n d i n g o r b i t a l s o f t h e methy leneamino l i n k p l a y s 

any m a j o r p a r t i n t h e z i n c - n i t r o g e n b o n d i n g i n these 

compounds because any i n t e r a c t i o n o f z i n c 3d o r b i t a l s and 

t h e " ^ o r b i t a l o f C=N- would be maximised when the 

C=N-Zn u n i t i s l i n e a r , and would decrease as t he C-N-Zn 

ang le d e c r e a s e s . 

The H-NMR s p e c t r o s c o p i c d a t a f o r some of t h e new 

m e t h y l e n e a m i n o z i n c compounds, t o g e t h e r w i t h o t h e r r e l a t e d 

examples , i s shown i n T a b l e 3 ° 2 . The s p e c t r a , r e c o r d e d on 

h e x a d e u t e r i o b e n z e n e s o l u t i o n s a t about 4-0°C, were o f some­

what poor r e s o l u t i o n and c o n s e q u e n t l y some ass ignments are 
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r a t h e r i m p r e c i s e . The i n t e r a c t i o n between R2C=NH 

(R = P h , Bu^ and p - t o l y l ) and d i p h e n y l z i n c i s c l e a r l y 

v e r y weak f o r i n t h e cases o f t h e d i p h e n y l - and d i - t - b u t y l -

me thy leneamines no adduct i s i s o l a t e d - and indeed t h e r e 

i s no ev idence o f any r e a c t i o n , under t h e c o n d i t i o n s 

employed , between d i - t - b u t y l r a e t h y l e n e a m i n e and d i p h e n y z i n c -

and o n l y a s m a l l amount o f ( p - t o l y l ) 2 C = N H „ Z n P b . 2 i s i s o l a b l e . 

The m a j o r p r o d u c t i s a lmos t e x c l u s i v e l y d i m e r i c (R2C=NZnPh)2, 

R = Ph , p - t o l y l . D e s p i t e t h e f a c t t h a t t h e R2C=NHZnPh2 

adduc t p r e s u m a b l y decomposes s l o w l y even a t room t e m p e r a t u r e , 

e v i d e n c e o f i n t e r a c t i o n was o b t a i n e d f r o m t h e i n f r a r e d 

( a l r e a d y r e f e r r e d t o ) and H-NMR s p e c t r a o f f r e s h samples. 

The spec t rum o f t h e a d d u c t , i n d e u t e r a t e d c h l o r o f o r m , a l t h o u g h 

n o t w e l l r e s o l v e d , shows s i g n a l s due t o a r o m a t i c p r o t o n s as 

a b r o a d complex a b s o r p t i o n 

f ( 2 . 6 - 2 . 9 ) , t o o b road t o be 

p a r t i c u l a r l y i n f o r m a t i v e . The two s i g n a l s T 7 , 7 . 6 7 and 7 « 7 7 , 

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

b o t h f r e e and c o - o r d i n a t e d methy leneamine i n t h e s o l u t i o n -

a f u r t h e r i n d e x o f t he i n s t a b i l i t y o f t h e adduc t - t h e f o r m e r 

s i g n a l h a v i n g t h e same c h e m i c a l s h i f t as a s o l u t i o n o f t h e 

f r e e methy leneamine R2C=ITH (R = p - t o l y l ) . S ince t h e peak 

due t o t h e ( N - H ) g r o u p i n t h e f r e e methy leneamine i s a t 

- 0 . 5 , i t can be s a i d t h a t t h e peaks due t o t he m e t h y l 

and n i t r o g e n p r o t o n s are s h i f t e d t o h i g h e r f i e l d s - however 

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

The more marked s h i f t o f t h e N - H peak i s moreover i n t h e 

d i r e c t i o n o p p o s i t e f r o m that expec ted on e l e c t r o n i c g rounds 

i n t h a t c o - o r d i n a t i o n t h r o u g h n i t r o g e n s h o u l d r educe t h e 



T a b l e 3 . 2 

H-NMR R e s u l t s f o r S e l e c t e d M e t h y l e n e a m i n o z i n c Compounds 

Compound 
T^ppm * 

( r e l a t i v e t o Me^Si = 1 0 . 0 ) R e f e r e n c e 

( P h 2 C = N Z n C l ) 2 2 . 8 7 - 3 . 1 1 c . a 

j ( p - t o l y l ) 2 C=NZnCl j 2 . 8 0 - 3 . 1 4 c; 8 .12s a 

( B u t

2 C = N Z n C l ) 2 8 .92s 50 

b 
( p - t o l y l ) 2C=NH.Z n P h 2 0 . 7 ; 2 . 6 0 - 2 . 9 0 c ; a ( p - t o l y l ) 2C=NH.Z n P h 2 

7 . 6 7 , 7 .77 

( P h 2 C = N Z n P h ) 2 2 . 8 s 2 . 9 s 13 

| ( p - t o l y l ) 2 C=NZnPh J 2 . 8 - 3 . 1 ( c ) ; 8 .05s a 

( B u t

5 C = N ) 9 Z n 
L J 2 

8 . 6 4 ( 1 ) , 50 

* 

as e x t e r n a l s t a n d a r d ; s, s i n g l e t , c , complex , b r , b road 

a, t h i s w o r k , b i n CDC1 X and o f poor r e s o l u t i o n . 
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e l e c t r o n d e n s i t y i n N - H b o n d . Complete i n t e r p r e t a t i o n 

o f t h e spec t rum i s n a t u r a l l y obscured because o f t he 

d i f f i c u l t y i n a s s i g n i n g resonances i n t h e r e g i o n T^= 2 . 6 -

2 . 9 t o c a r b o n - a t t a c h e d p - t o l y l and z i n c - a t t a c h e d p h e n y l 

g r o u p s . S i m i l a r f i n d i n g s have been made i n systems i n ­

v o l v i n g adduc t s of R ^ A l (R = Me, E t , Ph) and d i p h e n y l m e t h y l -

eneamine i n t h a t a l l t h e peaks due t o t h e donor m o l e c u l e 

are s h i f t e d t o h i g h e r f i e l d s i n t he p resence o f t h e o r g a n o -

a lane ( 6 2 ) . For t h e m e t h y l e n e a m i n o z i n c c h l o r i d e d i m e r s , 

(R2C=NZnCl)2 R = Ph , p - t o l y l , B u \ t h e resonances a s s igned 

t o t h e a r o m a t i c p r o t o n s , complex i n o u t l i n e , are i n t h e 

a p p r o x i m a t e range ^ = 2 . 8 - 3 * 1 - The a r y l m e t h y l - and 

t - b u t y l p r o t o n s are a s s igned t o s i n g l e t peaks a t 8 . 12 and 

8 .92 r e s p e c t i v e l y . I n a l l , t h e "^H-NMR s p e c t r a o f these 

m e t h y l e n e a m i n o z i n c c h l o r i d e d i m e r s are c o n s i s t e n t w i t h t h e 

s t r u c t u r e p roposed f o r these d e r i v a t i v e s . I n t he r e m a i n i n g 

compounds l i s t e d i n Tab l e 3 . 2 t h e b i s ( d i - t - b u t y l m e t h y l e n e -

a m i n o ) z i n c d a t a i s quoted f o r t h e sake o f c o m p l e t i o n , i t 

h a v i n g been d i s c u s s e d i n Chap te r 2 , and a l s o t o h i g h l i g h t 

t h e absence o f d a t a f o r t h e o t h e r b i s ( d i a r y m e t h y l e n e a m i n o ) z i n c 

p o l y m e r s , J^^C^^ZnJ , R = Ph , p - t o l y l , whose i n s o l u b i l i t y 

p r e v e n t e d t h e r e c o r d i n g of t h e i r s p e c t r a . The peaks due t o 

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

(Ph 2 C=NZnPh)2 appear as a s i n g l e t a t X = 2 . 8 , t he o t h e r 

s i n g l e t a t Y = 2 . 9 was ass igned t o t h e p r o t o n s o f the Zn-Ph 

r e s i d u e . T h i s d i f f e r s somewhat f r o m t h e c o r r e s p o n d i n g peaks 

i n t he s p e c t r a o f a l u m i n i u m and g a l l i u m compounds, (Ph2C=NMR2) 

Me = A l , Ga; R = Me, E t , where t he c o r r e s p o n d i n g peaks due 
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t o p r o t o n s of t h e d i p h e n y l m e t h y l e n e a m i n e r e s i d u e had two 
d i s t i n c t complex f e a t u r e s a t t r i b u t e d t o t h e o r t h o and 
met a /pa r a s e t s o f p r o t o n s w h i c h are m a g n e t i c a l l y d i f f e . ^ v u : , 
( 6 2 , 6 3 ) • The r e sonances observed due t o a r y l p r o t o n s o f 

| ( p - t o l y l ) 2 C=NZnPhJ i n t h e range Y= 2 . 8 - 3 . 1 were 

i n s u f f i c i e n t l y r e s o l v e d f o r p r e c i s e ass ignment t o be made, 

and t h e a b s o r p t i o n due t o t h e a r y l - m e t h y l p r o t o n s appeared 

as a s i n g l e t a t Y= 8 . 0 5 , b o t h s i g n a l s b e i n g b u t l i t t l e 

moved compared w i t h t h e comparable a b s o r p t i o n s o f t h e 

p a r e n t m e t h y l e n e a m i n e . 

3 . 4 Summary 

New o r g a n o z i n c compounds have been made v i z ( i ) m e t h y l ­

eneamine adduc t s ( R 2 C = N H ) 2 Z n C l 2 (R = Ph , p - t o l y l ) , 

R 2 C=NH.ZnX 2 (R = B u \ X = C I ; R = p - t o l y l , X = P h ) , 

( i i ) me thy leneamino d e r i v a t i v e s (R^R,->C=NZnX) 2 , R^ = R 2 = 

P h , p - t o l y l , X = C I ; R^ = R 2 = p - t o l y l , X = Ph ; R^ = Ph , 

R 2 = p - t o l y l , X = Ph and ( i i i ) p o l y m e r i c b i s ( d i - p - t o l y l -

m e t h y l e n e a m i n o ) z i n c | (p - to ly l ) 2 C=nJ 2 Znj . D e t a i l s o f 

t h e azomethine s t r e t c h i n g f r e q u e n c i e s , V ( C = N ) , o f these 

compounds are g i v e n ( T a b l e 3 ° 1 ) and are a s s i g n e d , as a p p r o ­

p r i a t e , t o b r i d g i n g o r t e r m i n a l methy leneamino l i g a n d s . 

The d i m e r s ( R ^ R 2 C = N Z n X ) 2 have azomethine s t r e t c h i n g f r e q u e n c i e s 

i n t h e range ( 1 6 0 0 - 1 6 1 5 ) cm , a ss igned t o b r i d g i n g m e t h y ­

l eneamino l i g a n d s , and t h e i r s t r u c t u r e s have f o u r membered 

( Z n N ) 2 r i n g s and t h r e e - c o - o r d i n a t e z i n c a toms. D i m e r i c 

p h e n y l ( d i a r y m e t h y l e n e a m i n o ) z i n c (R^R 2 C=NZnPh) 2 R^ = R 2 = 

p - t o l y l , R^ = P h , R 2 = p - t o l y l are much more s t a b l e t o 

d i s p r o p o r t i o n a t i o n when hea t ed - u n l i k e t h e r e l a t e d 
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( P h 2 C = N Z n P h ) 2 w h i c h a f f o r d s t h e b i s - p r o d u c t - and were 

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

me thy leneamine and ( i i ) p - t o l u n i t r i l e r e s p e c t i v e l y . No 

e v i d e n c e o f r e a c t i o n between d i - t - b u t y l m e t h y l e n e a m i n e and 

d i p h e n y l z i n c was o b s e r v e d . 

P o l y m e r i c b i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) z i n c was p r e p a r e d 

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

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

b i s ( d i - t - b u t y l m e t h y l e n e a m ± n o ) z i n c , where t h e r e i s unambiguous 

e v i d e n c e o f b o t h t e r m i n a l and b r i d g i n g me thy leneamino l i g a n d s 

- i t s i n f r a r e d spec t rum i s domina ted by t h e b r i d g i n g u n i t s . 

N e v e r t h e l e s s t h e p resence o f a weak, b road a b s o r p t i o n 

- 1 

( v ca 1664cm ) i s a s s igned t e n t a t i v e l y t o a t e r m i n a l l y -

a t t a c h e d methyleneamino l i g a n d . I n t h e p o l y m e r i c s t r u c t u r e s ( R 2 C = N ) 2 Z n j R = Ph , p - t o l y l , o f b i s ( d i a r y m e t h y l e n e a m i n o ) z i n c , 

w i t h b o t h t h r e e and f o u r c o - o r d i n a t e z i n c a toms, t h e r e must 

n e c e s s a r i l y be t e r m i n a l l y - a t t a c h e d methy leneamino l i g a n d s 

and , whe ther t h e ass ignment o f t h e weak a b s o r p t i o n t o such 

i s c o n c l u s i v e or n o t , such a C=N-Zn u n i t c o u l d w e l l be near 

l i n e a r w i t h s u b s t a n t i a l (N—>Zn)pTT - p l f b o n d i n g . The 

"'"H-NMR s p e c t r a o f s e l e c t e d compounds, w h i l s t g e n e r a l l y o f 

r a t h e r poor r e s o l u t i o n , s u p p o r t the p roposed s t r u c t u r e s 

o f t h e new compounds. 



C H A P T E R 4 

METHYLENEAMINO- AND ACETAMIDINO-

DERIVATIVES OP T I N ( I I ) 
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4 . 1 I n t r o d u c t i o n 

T h i s c h a p t e r , s u p p l e m e n t i n g and e x t e n d i n g some e a r l i e r 

work o f D 0 G. Othen ( 8 0 ) , d e s c r i b e s t h e p r e p a r a t i o n and 

p r o p e r t i e s o f ( a ) methy leneamine adduc t s and m e t h y l e n e a m i n o -

d e r i v a t i v e s and ( b ) N , N ^ d i e u b s t i t u t e d a c e t a m i d i n e adduc t s 

and N , N ^ ~ - d i s u b s t i t u t e d a c e t a m i d i n o d e r i v a t i v e s o f t w o - c o v a l e n t 

t i n , v i z . 

R 2 C = N H . S n i : C C l 2 

( R 2 C = N S n i : C C l ) 2 

( R 2 C = N ) 2 S n I I 

J n 
I I , MeC(NR)(NHR).Sn- L X Cl 

M e C ( N R ) 2 S n i : i : c l 

MeC(NR) Q Sn 
^ 2 

I I 

R = p - t o l y l , Bu ; 

R = p - t o l y l , B u * ; 

R = p - t o l y l ; 

R = P h , p - t o l y l ; 

R = p - t o l y l ; 

R = P h , p - t o l y l . 

n 

T h e i r s p e c t r o s c o p i c p r o p e r t i e s and p roposed s t r u c t u r e s 

are d e s c r i b e d i n t h e d i s c u s s i o n s e c t i o n ( S e c t i o n 4 . 3 ) , w h i c h 

s t a r t s on page ' 5 £ „ As a p r e f a c e t o such d i s c u s s i o n a 

s h o r t account i s g i v e n o f t h e s t e r e o c h e m i s t r y o f o r g a n o t i n ( I I ) 

compounds; t h i s i s f o l l o w e d by t h e e x p e r i m e n t a l s e c t i o n 

( S e c t i o n 4 . 2 ) . 

4 . 1 . 1 . S t e r e o c h e m i s t r y o f O r g a n o t i n ( I I ) Compounds 

( a ) Gene ra l f e a t u r e s 
2 1 1 The g r o u n d - s t a t e c o n f i g u r a t i o n o f t i n i s 5s 5 p v 5 p „ and x y 

c o v a l e n t compounds i n t h e 11+ o x i d a t i o n s t a t e c o u l d be f o r m e d 
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s i m p l y by u s i n g t h e two u n p a i r e d e l e c t r o n s f o r b o n d i n g . The 

s t e r e o c h e m i s t r y o f t he m o l e c u l e ao f o r m e d w i l l depend upon 

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

t h e two p o r b i t a l s would r e s u l t i n two c o v a l e n t bonds 

m u t u a l l y a t r i g h t a n g l e s , b u t i f t h e 5s e l e c t r o n s are i n -
2 

c o r p o r a t e d i n sp h y b r i d i s a t i o n - and i t i s unuaua l f o r l o n e -

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

( 1 6 0 ) - t h e bond ang le s h o u l d approach 1 2 0 ° , a t r i g o n a l p l a n a r 

a r rangement o f e l e c t r o n p a i r s ( F i g u r e 4 . 1 ( a ) ) . T h i s e o u l d , 

however , be r educed s i g n i f i c a n t l y by r e p u l s i o n s between t h e 

bonds so f o r m e d and t h e v e r y n e g a t i v e l o n e p a i r o r b i t a l . I n 

t h e gas phase , compounds such as SnF^ and S n C l 2 are o f t h i s 

t y p e ( 1 6 1 ) w i t h bond ang le X - Sn - X ca 9 5 ° . The b o n d i n g 

so f a r d e s c r i b e d , t h a t o f t w o - c o - o r d i n a t e d i v a l e n t t i n , r e p r e ­

s e n t s a s i t u a t i o n where , because o f t h e empty p - o r b i t a l on 

t h e t i n a tom, a s t a t e o f c o - o r d i n a t i v e u n s a t u r a t i o n e x i s t s . 

C o n s e q u e n t l y such compounds are a b l e t o a c t as Lewis a c i d s 

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

s i m p l e s t , are p y r a m i d a l l y shaped and based on sp^ h y b r i d i ­

s a t i o n ( F i g . 4 . 1 ( b ) ) . A g a i n l o n e p a i r - bond r e p u l s i o n s 

have t h e e f f e c t o f l e s s e n i n g t h e bond a n g l e s be low t h e t e t r a -

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

t w o - c o - o r d i n a t e t i n ( I I ) compounds t o p o l y m e r i s e v i a b r i d g i n g 

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

o r b i t a l o f a monomer ( t h e donor m o l e c u l e ) w i t h an empty p 

o r b i t a l o f an a d j a c e n t t i n a tom, so i n c r e a s i n g t h e c o - o r d i n a t i o n 

number t o t h r e e a v e r y common v a l u e i n d i v a l e n t t i n complexes . 

Anhydrous S n C l 2 ( 1 6 2 ) , S n C l 2 . 2 H 2 0 ( 1 6 3 ) , Sn 2 F " ( i n NaSn^BV) 



( 1 6 4 ) , S n C l g . p y ( 1 6 5 ) and ( M e ^ ^ S n . p y ( 1 6 6 ) c o n t a i n t h r e e 

c o - o r d i n a t e t i n ( I I ) . The s t e r e o c h e m i c a l l y = i m p o r t a n t l o n e 

p a i r , c o n f e r r i n g L e w i s "base a c t i v i t y may a l s o be donated 

t o o t h e r L e w i s a c i d s p r o d u c i n g t h r e e c o - o r d i n a t e t i n ( I I ) 
TT 

s p e c i e s such as ( C ^ H ^ ) 2 S n ^ B F ^ ( 1 6 7 ) and 

a* C r ( C O ) 5 ( 1 6 8 ) . 

The e x t e n s i o n o f c o - o r d i n a t e number beyond t h r e e i s 

p o s s i b l e so l o n g as t h e use o f o r b i t a l s o f h i g h e r energy 

(nd o r b i t a l s ) i s p e r m i t t e d and p o s s i b l e a r rangements based 

on sp^d and s p 9 d h y b r i d i s a t i o n s , w i t h one p o s i t i o n i n each 

case o c c u p i e d by a l o n e p a i r o f e l e c t r o n s , are i l l u s t r a t e d 

i n F i g u r e 4 . 1 ( c - e ) . 

I t has been sugges ted ( 1 6 9 ) t h a t i f two o r more o f t h e 

a t t a c h e d l i g a n d s are n e u t r a l donor m o l e c u l e s , and o t h e r s 

are h a l o g e n atoms ( o r X g r o u p s o f s t r o n g a c i d s HX) t h e n 

s e p a r a t i o n o f h a l i d e i o n s may occur as shown i n ( F i g u r e 4 . 1 f - i ) 

b e i n g i o n i c v e r s i o n s o f t h e m o l e c u l a r s t r u c t u r e s ( F i g u r e 4 . 1 

c - e ) S t o i c h i o m e t r i c a l l y ( b ) i f a 1:1 adduc t , ( c ) , ( f ) and 

( g ) are d i f f e r e n t 1:2 adduc t s w h i l s t ( e ) , ( h ) and ( i ) 

r e p r e s e n t v a r i o u s 1:3 a d d u c t s . There are many known examples 

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

oxygen donors such as d i o x a n ( 1 6 5 ) and w a t e r , w i t h n i t r o g e n 

donors such as amines ( 1 7 0 ) , p y r i d i n e ( 1 7 1 ) and ammonia ( 1 7 2 ) , 

'and w i t h s u l p h u r donor s such as t h i o u r e a and i t s d e r i v a t i v e s -

Evidence however c o n c e r n i n g t h e s t r u c t u r e s of adduc t s o f g e n e r a l 

d e s c r i p t i o n S n X 2 . x ( l i g a n d ) i s somewhat i n c o m p l e t e and even 

s c a n t y . E a r l i e r , ( 1 7 3 ) s t r u c t u r e s such as SnCl 2 9NH^ were 

r a t i o n a l i s e d by s u g g e s t i n g t h a t a d d i t i o n a l l i g a n d m o l e c u l e s 

( M e 5 S i ) 2 C H Sn I I 

2 



beyond a c e r t a i n number f o r m a secondary s h e l l around 

M n + , b u t more r e c e n t l y t h e v i e w seems t o be t h a t t i n i n 

i t s 11+ compounds behaves p r i m a r i l y as a m o n o f u n c t i o n a l 

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

t i n , and t h a t any donor m o l e c u l e s beyond t h e f i r s t may n o t 

be d i r e c t l y c o - o r d i n a t e d t o t i n . W h i l s t t h e s t r u c t u r e o f 

SnC^SELp ( 1 6 3 ) s u p p o r t s t h e l a t t e r r a t i o n a l e , and c o n f i r m s 

t h e common t h r e e - c o - o r d i n a t e s t a t e o f t i n , t h e r e i s c o n s i d e r ­

a b l e u n c e r t a i n t y about adduc t s such as S n C ^ . 2 , 2 ^ - b i p y r i d y l 

( 1 6 5 ) where i t i s u n c l e a r whe the r o r n o t one or b o t h n i t r o g e n 

atoms are c o - o r d i n a t e d t o t i n . The h i g h e r c o - o r d i n a t i o n 

s t a t e wou ld seem t o e x i s t i n b i s ( 8 - q u i n o l i n o l a t o ) t i n ( I I ) 

( 1 6 5 ) h u t s e v e r a l p o s s i b i l i t i e s seem u n r e s o l v e d e g . o n l y 

one r i n g m i g h t be c h e l a t e d , t i n - t i n bonds m i g h t be p r e s e n t 

( 1 7 4 ) , o r a f o u r c o - o r d i n a t e s p e c i e s w i t h an e l e c t r o n p a i r 

i n a f i f t h p o s i t i o n c o u l d o c c u r . I n a s t u d y o f SnClp adduc t s 

w i t h secondary amines and h e t e r o c y c l i c n i t r o g e n - c o n t a i n i n g 

bases , such as q u i n o l i n e , p y r i d i n e , p - p i c o l i n e and p i p e r i d i n e , 

adduc t s o f v a r i o u s m o l a r p r o p o r t i o n s o f d o n o r : a c c e p t o r were 

made» 

Such adduc t s as 2 S n C l 2 » p i P i S n C ^ . p i p , and S n C l 2 . 2 p i p 

have been i s o l a t e d and s t u d i e d and on t h e b a s i s o f t h e r m o -

g r a v i m e t r i c , c o n d u c t i v i t y and i n f r a r e d d a t a a comple te 

t r a n s i t i o n a l s e r i e s o f x S n C ^ y ( l i g a n d ) has been p o s t u l a t e d . 

Such s p e c i e s as S n ^ C l I ^ + C 1 ~ p r e s e r v e t h e t h r e e c o - o r d i n a t i o n 

o f t i n ( I I ) and c o r r e s p o n d t o s t r u c t u r e f ( F i g u r e 4 . 1 ) d i s ­

cussed e a r l i e r . 

Much more c o n v i n c i n g e v i d e n c e o f t h e use o f d o r b i t a l s 

i n h y b r i d i s a t i o n e x i s t s f o r t h e b l u e - b l a c k t i n ( I I ) o x i d e ( 1 7 6 ) 



w i t h i t s square - p y r a m i d a l s t r u c t u r e , d e s c r i b e d by sp-'a 

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

c o v a l e n t bonds t o oxygen and a f i f t h o r b i t a l accommodating 

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

Spec ies o f up t o e i g h t c o - o r d i n a t i o n have been 

c h a r a c t e r i s e d . 

( b ) S t r u c t u r a l f e a t u r e s o f t w o - c o v a l e n t o r g a n o t i n compounds 

Prom i n f o r m a t i o n a v a i l a b l e on i n o r g a n i c compounds o f 

d i v a l e n t t i n , one would e x p e c t t o f i n d o r g a n o t i n ( I I ) 

compounds o f t he t y p e R^Sn^. S ince t h e f i r s t compound o f 

t h i s t y p e was made v i z d i e t h y l t i n ( I I ) ( 1 7 7 ) a c o n s i d e r a b l e 

number o f such compounds has been r e p o r t e d . They are 

g e n e r a l l y p o l y m e r i c ; i n a f e w cases , monomeric compounds 

w h i c h s l o w l y p o l y m e r i s e on s t a n d i n g have been o b t a i n e d . 

So, f o r example , d i m e t h y l t i n ( I I ) has two m o l e c u l a r f o r m s , 

l i n e a r c h a i n s o f 10-100 c a t e n a t e d t i n atoms and a s i x -

membered r i n g o f t i n atoms ( 1 7 8 ) . D i e t h y l t i n ( I I ) i s com­

posed p r i n c i p a l l y o f ( E t 2 S n"^)r, , a seven-membered r i n g 

c o n t a i n i n g t i n - t i n bonds , b u t d i p h e n y l t i n ( I I ) has been 

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

b r i g h t r e d , f r o m monomeric t o p o l y m e r i c , f r o m a h i g h l y a i r 

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

b i l i t i e s ( 1 7 9 ) . The p o s i t i o n was c l a r i f i e d when, amongst 

o t h e r t h i n g s , d i p h e n y l t i n ( I I ) , as p roduced by t h e d e h y d r o -

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

monomer u n i t s d i f f e r i n g o n l y i n t h e degree and u n i f o r m i t y 

o f p o l y m e r i s a t i o n ( 1 8 0 ) . W i t h p y r i d i n e as c a t a l y s t t h e 

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



d i m e t h y l f o r m a m i d e a good y i e l d o f pentamer was a l s o 

o b t a i n e d . The marked t endency o f I ^ S n " ^ compounds t o 

p o l y m e r i s e , caused by the p resence o f an empty p o r b i t a l 

on t h e t i n ( I l ) atom and i t s o v e r l a p w i t h a l o n e p a i r 

o r b i t a l o f an a d j a c e n t t i n a tom, r e s u l t s t h e r e f o r e i n 

t h e f o r m a t i o n o f t i n - t i n bonds o f t e t r a v a l e n t t i n -

(Sn ^ 2 ^ n ° 0 n l y a s m a l l number o f monomeric o r g a n o t i n ( I I ) 

d e r i v a t i v e s are w e l l e s t a b l i s h e d . They i n c l u d e d i c y c l o -

p e n t a d i e n y l t i n ( I I ) ( 1 8 1 ) and i t s d e r i v a t i v e s ( 1 8 2 ) , a l s o 

b i s ( p h e n y l - o - c a r b o r a n y l ) t i n ( I I ) v i z . b i s ( 2 - p h e n y l - 1 , 2 -

d i c a r b a - c l o s o - d o d e c a b o r a n ( l 2 ) - 1 - y l ) t i n ( I l ) ( 1 8 3 ) a * -bonded 

o r g a n o t i n ( I I ) compound assumedly s t a b i l i s e d by s t e r i c e f f e c t s 

I t i s on t h i s a r e a - t h e s t a b i l i s a t i o n o f d i v a l e n t t i n i n 

a l o w c o - o r d i n a t i v e s t a t e - t h a t much r e c e n t i n t e r e s t has 

been f o c u s s e d . W h i l s t b i s ( d i m e t h y l a m i d o ) t i n ( I I ) i s d i m e r i c 

i n c y c l o h e x a n e s o l u t i o n ( F i g u r e 4 . 2 ) and monomeric i n t h e 

vapour phase ( 1 6 6 ) t h e ' s e l f - r e a c t i o n * can be b l o c k e d by u s i n g 

more s t e r i c a l l y - demanding l i g a n d s , and as a consequence o f 

Me 2 N 
Me 2 

F i g u r e 4 . 2 

NMe p 

t h i s t h e f o l l o w i n g compounds have been i s o l a t e d and c h a r a c ­

t e r i s e d : ( a ) b i s ( b i s ( t r i m e t h y l s i l y l ) m e t h y l t i n ( I I ) -

I I 
( M e , S i ) ^ C H Sn , monomeric i n b o t h c y c l o h e x a n e and benzene , 
. 0 2 
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but dimeric i n the s o l i d s t a t e (X-ray c r y s t a l l o g r a p h y ) (184); 
(b) b i s ( b i s ( t r i m e t h y l s i l y l a m i d o ) t i n ( I I ) - ( M e ^ S i ) ^ S n 1 1 , 
raonoraeric i n s o l u t i o n (185) although elsewhere a dimeric 
s t r u c t u r e i s po s t u l a t e d (186); ( c ) b i s ( t - b u t y l , t r i m e t h y l -
s i l y l ) t i n ( I I ) - (185) [(Me^CXMe^SDN Sn I I and ( d ) b i s ( 2 , 2 , 
6 , 6 - t e t r a m e t h y l p i p e r i d y l ) t i n ( I l ) (187) ( F i g . 4.5a) both of 
which are monomeric i n s o l u t i o n . The molecular s t a t e of 
S n 1 1 (N(R)Si(Me 2)NR) (Figure 4.5 b) i n s o l u t i o n depends 

N Me. 

(a) 

SiMe, 

(b) 

Figure 4.5 

upon the nature of B, I t i s dimeric (R = P r 1 ) and monomeric 
(R = Bu^) and i n the c r y s t a l l i n e s t a t e has both a monomeric 
and dimeric phase (188). Other examples r e f e r t o a t i n ( I I ) 
carbamate (189), 2 , 2 1 - b i p h e n y l e n e = d i c a r b a m a t o t i n ( I I ) , 
presumed t o be monomeric (Figure 4.4) obtained by the 



145. 

i n s e r t i o n of phenylisocyanate i n t o the tin-oxygen bonds 
of 2 , 2 ^ - b i p h e n y l e n e - d i o x y t i n ( I I ) , and a t i n ( I I ) d i a z o l e 
d e r i v a t i v e (190), Sn N 2C 2Me 5 

2 
which however polymerises 

0 — 0 

0. 
V 

0 

0 I I 
c 

c 

0 Ph 

Sn I I 

Figure 4.4 
over a period of hours t o give an (M-M) bonded t i n ( I Y ) 
polymer. Whilst two-co-ordinate d i v a l e n t t i n i s not e a s i l y 
s t a b i l i s e d , three c o - o r d i n a t i o n i s common and e a s i l y achieved 
by i n t e r m o l e c u l a r b r i d g i n g , and other means mentioned e a r l i e r , 
w i t h t i n a c t i n g as both a donor and acceptor atom. Such a 
common co - o r d i n a t i o n s t a t e i s also achieved by c h e l a t i o n as 

I r f 1 

i n the 1,3-diketonate h a l i d e s ( l 9 l ) of t i n ( I I ) (XSrrO(CR)CHO(CR); 
R = Me). 

Two arrangements are possi b l e f o r the fou r - c o - o r d i n a t e 
s t a t e , one based on a t r i g o n a l bipyramid w i t h the lone p a i r 
occupying an e q u a t o r i a l s i t e eg. b i s ( N , N - d i e t h y l d i t h i o c a r -
b a m a t o ( t i n ( I I ) - Sn I I S 2CNEt 2 

2 
(192), and b i s ( l - p h e n y l -

I I butane - 1 , 3 - d i o n a t o ) t i n ( I I ) - Sn (PhC0.CH.C0Me)2 (193). 
The other p o s s i b l e f o u r - c o - o r d i n a t e arrangement, based on 
a t e t r a g o n a l pyramid w i t h an a p i c a l lone p a i r , i s exemplified 
by t i n ( I I ) phthalocyanine (194) and t i n ( I I ) N,]^ 1- ethylene-
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b i s - a c e t y l i d e n e i m i n e (195) (Figure 4.5)° The t i n atoms i n 
the t)is(thiourea)complex of t i n ( I I ) sulphate (196) are also 
f o u r co-ordinate, l i n k e d t o two sulphate-oxygen atoms and 

Figure 4.5 

to two thiourea-sulphur atoms i n d i s t o r t e d pyramidal s i t e s . 
No less than three d i f f e r e n t types of s i x c o - o r d i n a t i o n 

have "been ch a r a c t e r i s e d . I n dihydrogenethylenediaminetetra-
a c e t a t o s t a n n a t e ( I I ) the t i n atom i s centred i n the r e c t a n ­
g u l a r face of a d i s t o r t e d t r i g o n a l prism, (197) w h i l s t the 
t i n ( I I ) atoms of the mixed valency Sn^O^.CgH^NO^^OTHF 
experience pentagonal pyramidal c o - o r d i n a t i o n , the t i n ' s 
lone p a i r of el e c t r o n s occupying the remaining a x i a l p o s i t i o n 
(198) . I n d i t i n ( I I ) e t h y l e n e d i a m i n e - t e t r a a c e t a t e dihydrate 
(199) however, h a l f the t i n atoms are i n s i m i l a r pentagonal 

hi-pyramidal s i t e s w i t h an equat orial lone p a i r , but the 
remaining t i n atoms are seven co-ordinate i n a r a t h e r complex 
way i n which the lone p a i r i s again sterochemically a c t i v e . 
Eight c o - o r d i n a t i o n has been observed i n Sn^HPOv (200). 
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4.2 Experimental 

I n general methyleneamino- and amidino- d e r i v a t i v e s 
of t i n ( I I ) , i . e . molecules possessing the Sn^-N bond, are 
very s e n s i t i v e t o the presence of atmospheric moisture and 
oxygen, p a r t i c u l a r l y when i n s o l u t i o n . W h ilst a l l r e a c t i o n s , 
and manipulations, were t h e r e f o r e performed under dry 
n i t r o g e n , p a r t i a l sample decomposition was evidenced i n , 
f o r example, the molecular weights, - as determined "by 
cryoscopy- of some of the t i n ( I I ) compounds. 

( i ) Preparation of di-p-tolymethyleneamine t i n ( I l ) d i c h l o r i d e 
adduct. 

4.3089g. of di-p-tolylmethyleneamine (20.62)mm was 
dissolved i n ca 40cm dry toluene and added t o a suspension 
of 3.9089g anhydrous t i n ( I I ) c h l o r i d e (20.62mm) i n 30cm 5 dry 
toluene, w i t h s t i r r i n g . The mixture was r e f l u x e d f o r 
20 hours and the s l i g h t l y cloudy pale yellow s o l u t i o n was 
f i l t e r e d and cooled t o ca -20°C. A mass of o f f - w h i t e s o l i d 
was produced o v e r n i g h t , i t was washed w i t h cold dry toluene 
and then pumped solvent f r e e . The product was i d e n t i f i e d 
as the adduct d i - p - t o l y l m e t h y l e n e a m i n o t i n ( I I ) d i c h l o r i d e 
(p-CH 5C 6H 4) 2CNH.SnCl 2, m.p. 138 - 140°. 

Found: C = 44.1; H = 3.8; N = 3-3; CI = 18.0% 

C^H^NSnClg r e q u i r e s C = 45.1; H = 3.8; N = 3.5; 
CI = 17.8% 

^ max (Nu.jol M u l l ) 3233s, 1606vs, 1580vs, 1548VS, 1540w, 
1504m, 1415m, 1310w, 1290w, 1262vw, 1238vs, 1212m, 1192s, 
1184vs, 1158s, 1120w, 1081wbr, 1019m, 972w, 957m, 916s, 893vs, 



856w, 837vs, 822s, 807w, 782m, 743vs, 730w, 697w, 674w, 
632m, 588s, 562w, 476vs, 417m cm"1. 

( i i ) Preparation of d i - t - b u t y l m e t h y l e n e a m i n t i n ( I I ) d i c h l o r i d e 
adduct. 

5.86 cm^ of di-t-butylmethyleneamine (32.72mm) was 
added t o a suspension of 6.2037g of anhydrous t i n ( I I ) c h l o -
r i d e (32.72mm) i n 60 cm^ dry toluene w i t h s t i r r i n g . The 
mixture was r e f l u x e d f o r 20 hours, f i l t e r e d t o remove a 
small amount of suspended m a t e r i a l , and the f i l t r a t e cooled 
t o ca -20°C. A mass of o f f - w h i t e s o l i d was produced over­
n i g h t and was i d e n t i f i e d as the adduct d i-t-buty1me thy1e n e-
a m i n e t i n ( I I ) d i c h l o r i d e tBu 2CNH.Sn I ICl 2, m.p. 70-72°. 

Found: C = 34.0; H = 6.1; N = 3-9; CI = 21.2%. 

CoH^oNSnCl2 r e q u i r e s C = 32.7; H = 5-8; N = 4.2; 

CI = 21.5% 

^ max (Nu.jol M u l l ) 3290s, 3160s b r , 1676s, 1634m, 1598VS, 
1585vs, 1401s, 1360s, 1320w b r , 1225vs, 1203m, 1155W, 1082w, 
1047m, 1034w, 1023w, 972s, 926m, 908m, 865vs, 846m, 794m, 
729vs, 1096w, 658w, 589m, 551m, 482w, 469m, 410br w, cm"1. 

( i i i ) Preparation of d i - p - t o l y l m e t h y l e n e a m i n o t i n ( I I ) 
c h l o r i d e dimer. 

20.86 mmol. of di - p - t o l y l m e t h y l e n e a m i n o l i t h i u m i n ca 
30cm ether/hexane was added t o a suspension of 3.9543g° 
anhydrous t i n ( I I ) c h l o r i d e (20.86mm) i n 40cm^ dry ether at 
-196°C. The mixture was allowed t o warm t o room temperature 
w i t h s t i r r i n g , then s t i r r e d at room temperature overnight. 
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A l l solvent was then removed under vacuum, replaced w i t h 
3 

ca 100cm dry toluene, r e f l u x e d f o r 30 minutes and f i l t e r e d 
w h i l s t h o t , g i v i n g a white s o l i d ( L i C l ) and an orange 
s o l u t i o n . A f t e r c o o l i n g t o room temperature, the f i l t r a t e 
deposited orange c r y s t a l s of d i - p - t o l y l i n e t h y l e n e a m i n o t i n ( I I ) 
c h l o r i d e dimer, j^pCH 5C 6H 4) 20NSn I IClJ 2 , m.p. 190-198°. 
Found: C = 49.6; H = 4.3; N = 3.6; CI = 9-3% 

M, by cryoscopy 646. 

C 5 0 H 2 8 N 2 S n 2 C 1 2 r e < 3 u i r e s c = 49-7; H = 3-9; N = 3-9 
CI = 9-8%; M 724 

V max (Nu.jol M u l l ) : 1606vs, 1577vs, 1550vs, 1501W, 1492w, 
1405v w b r , 1313w, 1308VW, 1297s, 1258s, 1211m, 1186s, 1181s, 
1156w, 1117m, 1041w b r , 1019m, 982m, 977w, 961w, 936s, 892w b r , 
858m, 823vs, 788m, 7^6vs, 732vs, 696m, 681m, 625s, 493s, 
474s b r , 407w, 362sh cm""1. 

( i v ) Preparation of d i - t - b u t y l m e t h y l e n e a m i n o t i n ( I I ) c h l o r i d e 

A s o l u t i o n of 32.53 mmol of di-t-butylmethyleneamino-
l i t h i u m i n ca 30cm^ ether/hexane was added t o a suspension 

of 6.68g. anhydrous t i n ( I I ) c h l o r i d e (32.53mm) i n 40cm^ dry 
ether at -196°C. The mixture was allowed t o warm t o room 
temperature w i t h s t i r r i n g , and then s t i r r e d o vernight. 
Solvent was removed under reduced pressure, replaced w i t h 

5 
60cm^ dry tol u e n e , r e f l u x e d f o r 10minutes and then f i l t e r e d 
when hot g i v i n g a grey s o l i d ( L i C l ) and a dark brown s o l u t i o n . 
Cooling of the f i l t r a t e gave a yellow m i c r o c r y s t a l l i n e s o l i d 
i d e n t i f i e d as di°t°butylmethyleneaminotin(II)chloride dimer, 
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Bu t
2CNSn I ICl m.p. = 75 - 78°C, 

2 
Found: C = 36.9; H = 6.4; N = 4.5; CI = 12.1% 

M, "by cryoscopy, 471 = 

C^H^NgSngClg r e q u i r e s C = 36.7; H = 6.1; N = 4.8; 

CI = 12.1% M, 589. 

^ max (Nu.jol M u l l ) 1592w b r , 1551VS b r , 1390sh, 1376sh, 
1261W, 1207s, 1040m, 962s, 923w, 832w, 795w, 733w, 721w, 
656m, 600s, 490s, 383sh cm"1. 

( v ) Preparation of b i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) t i n ( I I ) 
dimer. 

A s o l u t i o n of 21.91 mmol di-p-tolylmethyieneamino-
l i t h i u m i n ca 70cm 5 etlier/hexane was added t o a suspension 
of 3.1736g. of anhydrous t i n ( I I ) c h l o r i d e (10.95mm) i n 40cm 5 

dry ether at -196°C. I t was allowed t o warm t o room tempe­
r a t u r e w i t h s t i r r i n g , and then s t i r r e d overnight g i v i n g an 
orange-red suspension. A l l solvent was removed under 
reduced pressure replaced w i t h 50cm dry toluene, warmed 
t o r e f l u x temperature, and f i l t e r e d w h i l s t hot. The deep 
red f i l t r a t e was concentrated and cooled overnight at 2o°C 
at which temperature i t deposited a deep red m i c r o c r y s t a l l i n e 
s o l i d , b i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) t i n ( I I ) dimer, 

;(p-CH 3C 6H 4) 2CN J S n 1 1 , m. p. 118 - 125°. 
2 

Pound: C = 67.6; H = 5»3; N = 5.2; Sn = 21.9% 
M, by cryoscopy, 865. 

C 6 QH^ 6N 4Sn ? r e q u i r e s C = 67.3; H = 5.2; N = 5.2; 
Sn = 22.1; M, 1069. 
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^ max (Nu.jol M u l l ) 1609vs, 1589vs b r , 1558 s b r , 1502m, 
1409m b r , 1360s b r , 1307m, 1288s, 1260s b r , 1211s, 1193W, 
1179vs, 1150m, 1112s, 1038m b r , 1021s, 951m, 922s, 891s, 
826vs b r , 803s, 782s b r , 734vs, 671s b r , 630s, 604s b r , 
586m, 471VS, 365sh cm"1. 

( v i ) Preparation of N, N ^ d i p h e n y l a c e t a m i d i n e t i n ( I I ) 
d i c h l o r i d e adduct 

2.92g. of anhydrous t i n ( I I ) c h l o r i d e (15.45mm) was 
mixed w i t h 3.2494g, N,N^-diphenylacetamidine (15.45mm) i n 
40cnr dry toluene at room temperature w i t h s t i r r i n g . Whilst 
p a r t i a l s o l u t i o n occurred, the r e a c t i o n mixture was r e f l u x e d 
f o r 18 hours and the s l i g h t l y cloudy s o l u t i o n was f i l t e r e d 
h o t . To the c o l o u r l e s s f i l t r a t e 10cnr dry hexane was added 
and then cooled t o -20°C. A white s o l i d was produced over­
n i g h t and was i d e n t i f i e d as N,N"*~-diphen.ylacetamidine-tin(II) 
d i c h l o r i d e , CH^CCNPh)(NHPh).SnCl2, m.p. 107-109°C. 

Found: C = 41.6; H = 4.0; N = 7.1; CI = 17.6% 

C 1 4H l Z j_N 2SnCl 2 r e q u i r e s C = 42.0; H = 3.5; N = 7.0; 

CI = 17.8% 

^ max (Nu.joi M u l l ) 3275vs, 1638s, 1602s, 1597s, 1570vs, 
1500s, 1486s, 1423m, 1400vs, 1258w, 1226W, 1216m, 1172w, 
1148vw, 1076W b r , 1040m, 1025m, 1005m, 998vw, 969m, 856m, 
822vw, 812m, 765s, 748s, 728w b r , 698vs, 670m, 638v w b r , 
614w, 563w, 537w, 521w, 517w, 508vw, 495m, 452m, 430m, 
397s, cm"1. 
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( v i i ) P r e paration of N,N - d i - p - t o l y l a c e t a m i d i n e t i n ( I I ) 
d i c h l o r i d e adduct. 

2.49g. of anhydrous t i n ( I I ) c h l o r i d e (18.41mm) was 
1 ^ mixed w i t h 4.3858g. N,N - d i - p - t o l y l a c e t a m i d i n e i n 45cnr 

dry toluene at room temperature w i t h s t i r r i n g . The r e a c t i o n 
mixture was r e f l u x e d f o r 20 hours, f i l t e r e d w h i l s t hot and 
the f i l t r a t e cooled t o -20°C. A white s o l i d was formed 
overnight and i d e n t i f i e d as N , N ' L - d i - p - t o l y l a c e t a m i d i n e - t i n ( I I ) 
d i c h l o r i d e , CH 5C(NC 6H 4pCH 5)(NHC 6H^pCH 5). SnCl 2 m.p.= 127-131°C. 

Found: C = 45.4; H = 4.6; N - 6.0; CI = 17.0% 

C 1 6H 1 8N 2SnCl 2 r e q u i r e s C = 44.9; H - 4.2; N = 6.5; 
CI = 16.6%. 

^ max (Nu.jol M u l l ) 3272vs, 1638m, 1608sh, 1588vs, 1564vsbr, 
1512s, 1500s, 1408s, 1395s, 13^7m, 1317w b r , 1285vw, 1232m, 
1204m, 1187w, 1175w, 1108w, 1037s, 1027m, 1019m, 972vs, 
947w, 939m, 866s, 850s, 840m, 824s, 819VS, 806s, 780m, 757m, 
730w, 714s, 696vw, 677s, 644m, 632m, 623vw, 617vw, 572m, 
564m, 523vs, 502vs, 469w, 451s, 442s, 415vw cm - 1. 

( v i i i ) The Preparation of N , N 1 - d i - p - t o l y l a c e t a m i d i n o t i n ( I I ) 
c h l o r i d e dimer. 

20.20mmol of N ^ ^ - d i - p - t o l y l a c e t a m i d i n o l i t h i u m i n ca 
lOOcm^ ether/hexane was added t o a suspension of 3°83g= 
anhydrous t i n ( I I ) c h l o r i d e (20„20mm) i n 30cm^ dry ether at 
-196°C. The mixture was allowed t o warm t o room temperature 
w i t h s t i r r i n g , and s t i r r i n g was continued overnight. Solvent 
was removed under pressure, replaced w i t h 30cm^ dry toluene, 
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r e f l u x e d b r i e f l y and then f i l t e r e d w h i l s t h o t . A f t e r 
-A 

cooling to room temperature, 15cm dry hexane was added 
t o the c o l o u r l e s s f i l t r a t e which was then cooled t o -20°C. 
A white m i c r o c r y s t a l l i n e s o l i d formed r a p i d l y and was 
i d e n t i f i e d as N , - d i - p - t o l y l a c e t a m i d i n o t i n ( I I ) c h l o r i d e , 
CH 5C(NC 6H 4p.CH 5) 2Sn I 3 :ci] , m.p. = 250 - 270° ( d ) . 

Found: C = 50.1; H = 4.2; N = 7.1; CI = 9=2% 
M, by cryoscopy, 656. 

C 3 2 H 3 4 N 2 S n 2 C l 2 r e q u i r e s C = 49.1; H = 4.3; N = 7.1; 
CI = 9.1; M, 782. 

^ max (Nu.jol M u l l ) I638w, 1610W b r , 1569W, 1502VS, 1491VS, 

1410vs, 1364vs, 1312m, 1290s, 1271m b r , 1250w b r , 1220s, 
1174w, 1110m, 1040w b r , 1033W, 1078m, 986w, 960w, 939w, 
854vs, 845m, 830w, 820w, 807s, 790w, 750w, 724w b r , 710m, 
662w, 654w, 642vw, 629w b r , 587vw, 572m, 561m, 524s, 510W, 
498w, 436w, 415w, 377w, cm"1. 

( i x ) Preparation of b i s ( N , N ^ d i p h e n y l a c e t a m i d i n o ) t i n I I 

20.01 mmol of N,N 1=diphenylacetamidinolithium i n ca 
lOOcm^ dry ether/hexane was added t o a suspension of 1.8979g. 
of anhydrous t i n ( I I ) c h l o r i d e (10.00mm) i n 30cm^ dry ether 
at -196°CO The mixture was allowed t o warm t o room tempe­
r a t u r e w i t h s t i r r i n g , and s t i r r i n g was continued overnight. 
Solvent was removed under pressure from the buff=coloured 
suspension, replaced w i t h 60cnr dry toluene and r e f l u x e d 
f o r 5 minutes p r i o r t o f i l t r a t i o n . The pale-yellow f i l t r a t e 
was concentrated and a l i t t l e anhydrous hexane added. A 
white m i c r o c r y s t a l l i n e s o l i d was formed and i d e n t i f i e d as 
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b i s ( N , N ^ - d i p h e n y l a c e t a m i d i n o ) - t i n ( I I ) , 

m.p • 220-226 . 
CH^CCNPh)^ Sn I I 

Pound: 62.2; H = 4.9; N = 10.0; Sn - 22.. 

C 2 8 H 2 6 N 4 S n r e 3 u i r e s c = 62.6; H = 4.8; N = 10.4; 
Sn = 22.1% 

^ max (Nu.jol M u l l ) 1630m, 1592vs, 1573w, 1530VS b r , 
1486vs b r , 1414s b r , 1355w, 1332w, 1306w, 1287m, 1268s, 
1246W b r , 1220vs, 1170m, 1167m, 1154m, 1112vw b r , 1071s, 
1026s, 1003m, 977m, 962w, 956w, 9Hw, 907s, 902s, 870vw b r , 
829vs, 812m, 772s, 753s, 743vs, 700vs, 694vs, 661m, 649w, 
618w, 605yw b r , 574w, 561m, 520vs, 486w, 425m cm - 1. 

(x ) The Preparation of b i s ( N , N 1 - d i - p - t o l y l a c e t a m i d i n o ) t i n ( I I ) 

22.62 mmol of K ^ N ^ - d i - p - t o l y l a c e t a m i d i n o l i t h i u m i n 
ca 80cm 5 ether/hexane was added t o a suspension of 2„1462g„ 
anhydrous t i n ( I I ) c h l o r i d e (11.31mm) i n 20cm 5 dry ether at 
=196°C. The mixture was allowed to warm t o room temperature 
w i t h s t i r r i n g , and s t i r r i n g was continued overnight. Solvent 
was removed under reduced pressure, replaced w i t h 40cm 5 dry 
toluene, r e f l u x e d f o r a few minutes and then f i l t e r e d w h i l s t 
h o t . The yellow f i l t r a t e was cooled t o -20° and o f f - w h i t e 
c r y s t a l s were formed ov e r n i g h t , i d e n t i f i e d as bis(N,U 1-di-p-

t o l y l a c e t a m i d i n o ) t i n ( I I ) , 
205 - 213°C. 

CH 3C(NC 6H 4pCH 5) 2j Sn I I m.p, 
-J n 

Pound; C = 64.7; H = 5.7; N = 9.6; Sn = 20.0% 

C 3 2 H 3 4 N 4 S n r e 9 u i r e s c = 64 = 8; H = 5.7; N = 9.4; 
Sn = 20, 
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^ max (Nu.jol M u l l ) 1635w b r , 1610m, 1566m, 1528s b r , 
1510vs b r , 1498VS b r , 1352s, 1357s, 1300s, 1245sh, 1219VS, 
1173m, 1104s, 1015w b r , 978w, 955w, 933w, 852vs, 839vs, 
826w, 815m, 798ra, 778w br , 747m, 727w, 722w b r , 707m, 
650w, 622w, 546s, 516vs, 493m, 450w b r , 417w b r , 365m cm"1. 

4.3° Discussion 

4„3«1« Preparation and s t a b i l i t y of the new t i n ( I I ) 
compounds. 

Compared w i t h other main group 4 elements, the chemistry 
of t i n ( I I ) compounds has been a r e l a t i v e l y neglected area 
of research. L i t e r a t u r e perusal r e v e a l s few we l l - d e f i n e d 
covalent t i n ( I I ) compounds and i n p a r t i c u l a r the t i n ( I I ) -
n i t r o g e n bond has been very e l u s i v e . Indeed the f i r s t 
unequivocal i d e n t i f i c a t i o n and c h a r a c t e r i s a t i o n of the t i n ( I I ) 
- n i t r o g e n bond was claimed when b i s ( d i m e t h y l a m i d o ) t i n ( I I ) 
was synthesised i n 197^ (166). The p r i n c i p a l cause of 
i n a c t i v i t y i n the f i e l d of t i n ( I I ) compounds i s considered 
t o be, i n the f i r s t major review of the chemistry of b i v a ­
l e n t t i n , the p r e p a r a t i v e and a n a l y t i c a l d i f f i c u l t i e s a r i s i n g 
from the ease of o x i d a t i o n of the element i n i t s lower 
o x i d a t i o n s t a t e (161). 

Despite the extreme care taken i n the handling of the 
new compounds which comprise t h i s present work, the evidence 
of p a r t i a l decomposition, w h i l s t at a v a r i a b l e r a t e , was 
compelling. S e n s i t i v i t y t o atmospheric o x i d a t i o n i s en­
hanced i n s o l u t i o n , and molecular weight determinations, by 
cryoscopy, where such were p o s s i b l e , gave rise t o values 
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which, were c o n s i s t e n t l y low although g r e a t e r than the 
value a t t r i b u t a b l e t o the monomeric species. Some of 

IT 
the compounds were h i g h l y coloured eg (R oCl0 oSn , R = Ph., 
p - t o l y l ) caused presumably by the i n t e r a c t i o n of the Sn^-N 
bond w i t h the C=N group and subsequent m o d i f i c a t i o n of the 
i\ -system of the attached aromatic r i n g s , r a t h e r than an 
N > Sn ( p — K 3 ) e l e c t r o n i c t r a n s i t i o n . Exposure t o the 
a i r f o r short periods of time caused h y d r o l y s i s t o the 
parent methyleneamine or amidine, indeed the i s o l a t i o n of 
Ph 2CNH(Ph 2CNSn I ICl) 2Cr 7H 8 w h i l s t preparing the dimeric 

I I 
d i p h e n y l m e t h y l e n e a m i n o t i n ( I I ) c h l o r i d e , (Ph2CNSn C l ) 2 , was 
a consequence of such p a r t i a l h y d r o l y s i s ( 8 0 ) . During 
exposure t o a i r coloured compounds r a p i d l y whiten, and 
a f t e r longer exposure there i s evidence i n some instances 
of a very broad band i n the i n f r a r e d spectrum at (520-

—1 
560)cm , assignable t o a tin-oxygen s t r e t c h i n g v i b r a t i o n 
(201). I n a d d i t i o n t o the h y d r o l y s i s of the h i g h l y r e a c t i v e 

I I 
t i n - n i t r o g e n bond, some d i r e c t o x i d a t i o n by oxygen may 
also occur, a behaviour t y p i c a l of d i a l k y l a m i d o - t i n ( I I ) With the exception of the simple adducts of t i n ( I I ) 
d i c h l o r i d e and the appropriate methyleneamines and amidines, 
the new compounds were prepared e x c l u s i v e l y by r e a c t i n g the 
corresponding l i t h i o d e r i v a t i v e w i t h t i n ( I I ) d i c h l o r i d e , 
u s u a l l y i n anhydrous ether, w i t h the e l i m i n a t i o n of l i t h i u m 
c h l o r i d e (equation 4.1 - 4.2). 

SnCl 2 + n AmLi > Am nSnCl 2_ n + nLiCl 4.1 
(Am represent the N,N^-diphenylacetamidino group 

compounds eg ^Me^Siy N 
2 2 J. 2 

Sn I I ( 186). 

MeC(NPh) 0) 
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SnCl 2 + nR 2C=NLi -» (R 2CN) nSnCl 2_ n + nLiCl 4.2 

Such a route employing N - l i t h i a t e d reagents has been used 
q u i t e e x t e n s i v e l y as a means of synthesising Metal -
n i t r o g e n bonds and examples of these include PhC(NMe)„MPh? 

^ 3 (202) (M = S n I V, S i ) , 

Me 5SiN-(CH 2)-NSiMe 3 (n = 2,3,4) (186), 

(CH 3) 2N S n 1 1 (166) 

(CH(SiMe,) 0 

3 2 
Sn I I 

Sn 
» # 

(184) and Sn I I NCMe 2(CH 2) 3CMe 2 

2 
(187) 

I t was hoped t h a t i n the new compounds synthesised, the 
ligands employed, i . e . methyleneamino and amidino groups, 
would have a s t e r i c requirement s u f f i c i e n t t o s t a b i l i s e 
d i v a l e n t t i n i n a two-co-ordinate c o n d i t i o n but t h i s was not 
achieved. A l l the new d e r i v a t i v e s i n f a c t a t t a i n a c o - o r d i ­
n a t i o n s t a t e g r e a t e r than two by means which include the 
use of n i t r o g e n bridges. The new compounds are l i s t e d i n 
Table 4.1 and t o f a c i l i t a t e discussion they are arranged 
i n two groups. 

Table 4.1 

The New T i n ( I I ) Compounds 
Group A: Methyleneamino- d e r i v a t i v e s 

I I / (p-tolyl) 2CNHSn C l 2 

Bu t
2CNH.Sn I ICl 2 

(p-tolyl) 2CNSn- L XCl 

Bu t
2CNSn I IClj 

| ( p - t o l y l ) 2 C N | 2 S n 

2 

I I 
. 2 

White S o l i d 

White S o l i d 

Orange C r y s t a l s 

Yellow M i c r o c r y s t a l l i n e 
S o l i d 

P.ed M i c r o c r y s t a l l i n e 
S o l i d 



Group B: N,N^-diaryacetamidino- d e r i v a t i v e s 

CH : ?C(NPh)NHPh„Sn I ICl 0 

3 CL 

CH^CCNCgH^pMe)NHC6H4pMe.SnIICl, 
IT, CH^C(NC gH^p Me) 2Sn CI 

CH5C(WPh)2J Sn 
2 

CH-,C(NCcH,lPMe) 

2 
I I 

•Sn 
2, 

n 
I I 

White S o l i d 

White S o l i d 

White S o l i d 

Off-White Micro-
c r y s t a l l i n e S T i d 
Off-White Micro-
c r y s t a l l i n e S o l i d 

4.3*2. C h a r a c t e r i s a t i o n and spectroscopic p r o p e r t i e s of 
methyleneamine adducts and methyleneamino 
d e r i v a t i v e s of t i n ( I I ) c h l o r i d e 

The adducts R 2C=NH„SnCl 2 (R = Ph, (80) p - t o l y l , Bu*) 
were prepared by r e f l u x i n g ( i n toluene) equimolar mixtures 
of the appropriate methyleneamine and anhydrous t i n ( I I ) 
c h l o r i d e f o r about 24 hours, followed by cooling t o about 
-20°. Whilst no evidence of t h e i r molecular s t a t e was 
obtained, they are l i k e l y t o be monomers w i t h t h r e e - c o - o r d i ­
nate t i n . 

A previous study, of a series of d i - and t r i - s u b s t i t u t e d 
1 2 >̂> 

methyieneamines (R~R C=NR-"j, (8) on the e f f e c t of co - o r d i n a t i o n 
t o a proton or b o r o n ( I I I ) f l u o r i d e has shown t h a t the azo-
methine s t r e t c h i n g frequencies, 0(C=N), increased n o t i c e -

1 2 
ably by amounts which depended upon the nature of R , R 
and R . The s h i f t of the C=N s t r e t c h i n g frequency upon 
c o - o r d i n a t i o n i s i n the opposite sense t o t h a t observed w i t h 
co-ordinated phosphine oxides, sulphoxides, ketones and other 
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donor groups. Indeed the co - o r d i n a t i o n of ketones R 200, 
(203-205) or other carbonyl compounds RCOX, (204-206) t o 
Lewis acids MX^ through the carbonyl oxygen i s u s u a l l y 
accompanied by a marked decrease i n the carbonyl s t r e t c h i n g 
frequency ^(C=0). The g e n e r a l i t y of t h i s f i n d i n g has been 
used not only t o i d e n t i f y the co - o r d i n a t i o n s i t e i n com­
pounds w i t h more than one p o t e n t i a l donor atom (204,207), 
but also as a guide t o the r e l a t i v e a c i d i t i e s of a series 
of Lewis acids (206). The increase i n ̂ (C=N) of methyl-
eneamines on co - o r d i n a t i o n may be compared w i t h the increase 
which i n v a r i a b l y occurs i n $ (C= N ) of n i t r i l e s ( 6 ) on the 
formation of adducts RCHNMX^. Although t h i s increase i s 
thought t o ar i s e i n p a r t from the mechanical c o n s t r a i n t 
applied t o the n i t r o g e n of the co-ordinated n i t r i l e (208), 
there i s X-ray c r y s t a l l o g r a p h i c evidence (209) t o suggest 
t h a t c o - o r d i n a t i o n i s accompanied by a shortening of the 
C=N bond i . e . a f r a c t i o n a l increase i n i t s bond order. 
There may w e l l be a comparable f r a c t i o n a l increase i n the 
C=N bond order of methyleneamines on c o - o r d i n a t i o n . 

When methyleneamines are co-ordinated t o weak Lewis 
acids, the change i n the azomethine s t r e t c h i n g frequency 
9(C=N) i s much le s s pronounced. Co-ordination of 
diphenylmethyleneamine, Ph2C=NH, t o boron ( 5 9 ) , aluminium 
(62) or g a l l i u m (63) a l k y l s revealed i n s i g n i f i c a n t changes 
i n ^(C=N), r e s u l t s which were considered t o be consistent 
w i t h very weak c o - o r d i n a t i o n . 

S i m i l a r observations are made w i t h the adducts of 
vari o u s methyleneamines w i t h t i n ( I I ) c h l o r i d e (see Table 4.2). 
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Table 4o2 

Methyleneamine S t r e t c h i n g F r e q u e n c i e s ^ (C=N) o f t h e Pa r e n t 
Methyleneamine, t h e i r H y d r o c h l o r i d e s and t h e i r B o r o n ( I I I ) 

C h l o r i d e and T i n ( I I ) C h l o r i d e Adducts 

R2C=NH R2C=NH=HC1 R0G=NHBF-, ^ 3 R 2C=NHSnCl 2 

R = Ph 1603 acm~ 1 1653cm" 1 1628cm" 1 1594cm" 1 

R = p - t o l y l 1610cm" 1 1643cm" 1 1626cm" 1 1606cm" 1 

R = Bu 1604 acm" 1 1670cm" 1 1672cm" 1 

* 
(1670) 1598cm" 1 

a l i q u i d f i l m ; a l l o t h e r f i g u r e s r e f e r t o N u j o l M u l l s . 

caused hy Bu 2C=NH 2 

I t may be seen t h a t ^(C=N) f o r c o - o r d i n a t e d molecules 

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

may c o n c e i v a b l y be rega r d e d as a r i s i n g f r o m t he d i f f e r e n t 

p h y s i c a l s t a t e o f t h e samples. S m a l l , b u t u n s p e c i f i e d , 

changes are a l s o r e p o r t e d f o r c o r r e s p o n d i n g adducts o f 

t i n ( I l ) c h l o r i d e and q u i n o l i n e , p y r i d i n e , p - p i c o l i n e and 

p i p e r i d i n e , w h i l s t i n t h e compound (Ph 2C=N)^HSn 2Cl 2Cr 7Hg 

( 8 0 ) t h e s t r e t c h i n g f r e q u e n c y )> (C=N) assigned t o the 

c o - o r d i n a t e d methyleneamine molecule i s 1600cm . I n a l l , 

s i t u a t i o n s i n which t h e weak Lewis a c i d s t i n ( I I ) c h l o r i d e 

c o - o r d i n a t e s t o n i t r o g e n - c o n t a i n i n g bases, as o u t l i n e d above, 



c o n t r a s t s h a r p l y w i t h t h e change of ̂  (C=N) t o h i g h e r 

e n e r g i e s as observed when s t r o n g Lewis bases, i n c l u d i n g 

t i n ( I V ) c h l o r i d e , are s i m i l a r l y c o - o r d i n a t e d . 

W h i l s t t h e g r e a t e s t a t t e n t i o n has been g i v e n t o t h e 

e f f e c t of c o - o r d i n a t i o n on the azoraethine s t r e t c h i n g 

f r e q u e n c y , v>(C=N), the band a s s i g n a b l e t o the N-H 

s t r e t c h i n g f r e q u e n c y a l s o undergoes change. 

C o - o r d i n a t i o n t o t i n ( I I ) c h l o r i d e causes t h i s band t o 

sharpen and move t o s l i g h t l y lower f r e q u e n c y , b u t the 

broadness o f these bands i n some o f the p a r e n t methylene-

amines p r e v e n t s p r e c i s e measurements of such changes. 

W h i l s t t h e ̂ H-NMR s p e c t r a of t h e adducts seemed un­

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

r e c o r d e d as s o l u t i o n s i n CDCl^ a t about 42°C ( T a b l e 4.3) 

The Ĥ -NMR s p e c t r a of t h e m e t h y l e n e a m i n e - t i r ( I I ) 

c h l o r i d e adducts are r e l a t i v e l y s i m p l e . A l l t h e peaks i n 

the methyleneamine s p e c t r a r e f e r r e d t o appear t o be moved 

t o l o w e r f i e l d s on c o - o r d i n a t i o n t o t i n ( I I ) c h l o r i d e , t h e 

changes b e i n g , i n g e n e r a l , most marked i n t h e case of t h e 

N-H peak. These chemical s h i f t s on c o - o r d i n a t i o n are i n 

the d i r e c t i o n expected on e l e c t r o n i c grounds s i n c e 

c o - o r d i n a t i o n t h r o u g h n i t r o g e n should r e s u l t i n d e s h i e l d i n g 

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

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

observed i n t h e organoaluminium- ( 6 2 ) and o r g a n o g a l l i u r a -

d iphenylmethyleneamine (63) systems a l r e a d y mentioned. 

Mass s p e c t r a were o b t a i n e d f o r each of these compounds b u t 

no t i n - c o n t a i n i n g fragements were g e n e r a t e d . 



Table 4.3 

H-NMR S p e c t r o s c o p i c Data For Some Meth,yleneamino-tin( I I ) 

C h l o r i d e Adducts 

Compound 
*Y a v a l u e s ppm 

Compound 

AT* H CH-, 3 N H 

Compound 

CH-, 3 

Ph 2C=NH 2.07, 2.14, -0.16s ( 1 ) 

2.18, 2.3, 

2.4(m) (10) 

Ph 2C=NH.SnCl 2 
1.90, 2.0, - -0.45s ( 1 ) 

2.08, 2.2 

(m) (10) 

( p - t o l y l ) 2 C = N H 2.07, 2.18, 7o27s(6) 0.12s ( 1 ) 

2.52, 2.83 

(m) ( 8 ) 

(p-tolyl 2C=NH„SnCl 2 1.80, 1.93, 7o12s(6) - 0 . 5 3 s b r ( l ) 

2.03, 2.28, 

m ( 8 ) 

Bu t
0C=NH - 8.10s - 0 . l 5 s b r ( l ) 

( 1 8 ) 

Bu t
2C=NH 0SnCl 2 - 8.07s - 0 . 3 0 s b r ( l ) Bu t
2C=NH 0SnCl 2 

( 1 8 ) 

R e l a t i v e i n t e n s i t i e s i n p a r e n t h e s e s ; a: r e l a t i v e t o T(TMS) 
= 10ppm ( e x t e r n a l 

s = s i n g l e t ; b r = broad r e f e r e n c e ) 

m = u n r e s o l v e d m u l t i p l e t 
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For t he m e t h y l e n e a m i n o t i n ( I I ) d e r i v a t i v e s , 

( R 2 C = N S n T I X ) n R = Ph, ( 8 0 ) p - t o l y l , Bu 1^ X = C I , t h e 

evidence t a k e n o v e r a l l suggests t h a t t h e y are p r o b a b l y 

d i m e r i c . I n a l l cases the d e t e r m i n a t i o n of m o l e c u l a r 

w e i g h t , by cryoscopy i n benzene, was hampered by sample 

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

l e s s t h a n t h a t r e q u i r e d by t h e d i m e r i c m o l e c u l e s , were 

s i g n i f i c a n t l y g r e a t e r than t h e monomeric v a l u e s . The 

i n f r a r e d s p e c t r a of these compounds shows o n l y one azo-

methine s t r e t c h i n g f r e q u e n c y £ (C=N), and t h i s i s assigned 

t o a b r i d g i n g methyleneamino u n i t ( T a b l e 4.4-). The "'"H-NMR 

s p e c t r o c o p i c d a t a f o r these compounds are r e c o r d e d i n 

Table 4.5 and are i n accordance w i t h t h e i r proposed s t r u c t u r e 

( F i g u r e 4.6 ; R = Ph, p - t o l y l , B u t , X = C I ) i n which s t a b i l i t y 

has been gain e d by i n t e r m o l e c u l a r Sn-N b r i d g i n g bonds ( o f 

Sn = halogen b r i d g e s i n the a s s o c i a t e d c y c l o p e n t a d i e n y l - t i n 

( I I ) - c h l o r i d e and - b r o m i d e ) ( 2 1 0 ) . Such b r i d g i n g bonds 

CR 

JN 

Sn Sn 

N X 

CR 2 

F i g u r e 4-P6 

p r e c l u d e p o l y m e r i s a t i o n v i a t i n - t i n bonds w i t h t he f o r m a t i o n 

of t i n ( I V ) s p e c i e s . Such a s t r u c t u r e has been c o n f i r m e d 

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



Table 4.4 

Azomethine S t r e t c h i n g F r e q u e n c i e s , ^ (C=N), For Some New 
Methyieneamino D e r i v a t i v e s of T i n ( I I ) 

Compond 
l) (C=N) -1 

cm 
Compond 

T e r m i n a l B r i d g i n g 

Ph 2CNSn I : ECl 
- 2 

( 8 0 ) - 1564 

( p - t o l y l ) p C N S n i : i : C l 
? 

- 1578 

Bu t
2CNSn I ICl 

( P h 2 C N ) 2 S n I : E 

2 

2 

(8 0 ) 
1600 

1551 

1570 

| ( p - t o l y l ) 2 C N | S n 1 1 

2 

1608 1589 

( B u t
2 C N ) 2 S n 1 1 

(so: 
1628 1560 

n 

A l l s p e c t r a were r e c o r d e d as N u j o l M u l l s 
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( P h 2 C = N S n i : : c i ) 2 , by X-ray c r y s t a l l o g r a p h y ( 2 1 1 ) . I t 

r e v e a l s i n p a r t i c u l a r a b a s i c four-membered ( S n N ) p r i n g , 

a t h r e e - c o - o r d i n a t e p y r a m i d a l environment of t h e t i n 

atoms and t h e absence of m e t a l - m e t a l bonds. The mass 

s p e c t r a of t h e m e t h y l e n e a m i n o t i n ( I I ) compounds are d i s c u s s e d 

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

The b i s ( m e t h y l e n e a m i n o ) t i n ( I I ) d e r i v a t i v e s , (R 2C=NSnX) n 

R = Ph ( 8 0 ) , p - t o l y l , BvP ( 8 0 ) , X = R 2CN, a l s o showed 

evidence of p a r t i a l sample d e c o m p o s i t i o n . N e v e r t h e l e s s the 

determined m o l e c u l a r w e i g h t s , by c r y o s c o p y , suggest a d i m e r i c 

s t r u c t u r e e x i s t s i n s o l u t i o n f o r (R 2C=N) 2Sn R = Ph, 

p - t o l y l , b u t t h e v e r y low v a l u e f o r b i s ( d i - t - b u t y l m e t h y l e n e -
I I 

a m i n o ) t i n - c o n s i s t e n t l y below the monomeric f o r m u l a 

w e i g h t - a l l o w s the f e a s i b i l i t y of a monomeric s t a t e f o r 

t h i s compound. However, t h e i n f r a r e d s p e c t r a of these 

b i s ( m e t h y l e n e a m i n o ) t i n ( I I ) d e r i v a t i v e s show two azomethine 

s t r e t c h i n g f r e q u e n c i e s , $ (C=N), which are assigned t o 

b r i d g i n g and t e r m i n a l methyleneamino l i g a n d s ( T a b l e 4.4-) 

o b s e r v a t i o n s which are q u i t e c o n s i s t e n t w i t h t h e proposed a s s o c i a t e d s t r u c t u r e f o r t h e compounds (R 2C=N) 2Sn 
2 
, R - Ph, 

p - t o l y l , Bu ', i n t h e s o l i d s t a t e ( F i g u r e 4.6. page 16 3 ) . 

Few assignments f o r Sn^^-N s t r e t c h i n g f r e q u e n c i e s have been 

r e p o r t e d . For b i s ( d i m e t h y l a m i d o ) t i n ( I I ) , (Me 2N) 2Sn I I 

-1 I I a band a t 440cm has been assigned t o Sn -N s t r e t c h i n g 

| ( M e 3 S i ) 2 N | Sn I I ( 1 6 6 ) , and i t has been suggested t h a t f o r 

and some r e l a t e d compounds, ^ ( S n ^ - N ) l i e s a t (350-400) 
as -1 -1 cm w i t h t h e symmetric v i b r a t i o n some 10-22cm below 

2 

t h i s , ( 1 8 6 ) . W h i l s t L i ( B u t
2 C N ) 3 S n T I , ( B u t

2 C N ) 2 S n I I ( 8 0 ) 
-i n 



and ( p - t o l y l ) 2 C N S n i : r C l do show r e a s o n a b l y w e l l d e f i n e d 

a b s o r p t i o n s a t 406, 388 and 407 cm r e s p e c t i v e l y , no 

such bands were found i n t h e s p e c t r a of t h e o t h e r me t h y .1-

eneamino d e r i v a t i v e s of t i n ( I I ) . For ( B u ^ C N S n ^ C I ) 2 and 

[ ( p - t o l y l ) 2 C N ] Sn I I 
on 

2 
s h o u l d e r s are seen at 383 and 365 

-1 - - 2 

cm r e s p e c t i v e l y . A b s o r p t i o n s of medium i n t e n s i t y would 
be c o n s i s t e n t w i t h t h e c o n s i d e r a b l e p o l a r i t y expected f o r 

I I 
t h e Sn -N bond and t h e r e f o r e t h e i n c o n s i s t e n c y of t h e 
d a t a p r e v e n t s t h e d e r i v a t i o n of f i r m c o n c l u s i o n s c o n c e r n i n g 

I I 
t h e p o s i t i o n of $ (Sn -N) i n these compounds. The 

"̂ H-NMR d a t a f o r these b i s - compounds s u p p o r t t h e proposed 

s t r u c t u r e s , f o r as Table 4.5 shows, t h e b i s ( d i - p - t o l y m e t h y -

l e n e a m i n o ) t i n ( I I ) dimer g i v e s b u t one m e t h y l resonance a t 

ambient t e m p e r a t u r e ( c a 42°) and t e m p e r a t u r e s down t o -45°. 

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

b r i d g i n g methyleneamino g r o u p s , possesses m o i e t i e s i n non-

e q u i v a l e n t s i t e s . Presumably, exchange i s o c c u r r i n g a t a 

h i g h enough r a t e , compared w i t h t h e NMR t i m e s c a l e , f o r 

t h e i n e q u i v a l e n c e of t h e p - t o l y l groups not t o be d e t e c t e d . 

The spectrum of t h e d i - t - b u t y l m e t h y l e n e a m i n o compound 
(Bu^o0N)Sn~I~"'", a l r e a d y shown t o be a s s o c i a t e d ( p r o b a b l y 

d 2 
d i m e r i c ) i n t h e s o l i d s t a t e , w i t h b r i d g i n g and t e r m i n a l 

methyleneamino u n i t s , b u t f e a s i b l y i n a monomeric s t a t e 

when d i s s o l v e d i n benzene ( c r y o s c o p y ) , evidences a s i n g l e 

t - b u t y l resonance a t 42° s i m i l a r t o t h e spectrum of 
(Bu* ClQ-Mg 2' see Chapter 2. T h i s c o n t r a s t s , however, w i t h 

J 2 t 
(Bu 2CN) 2M th e r e s u l t s o b t a i n e d f o r t h e compounds (M = Be, 

2 
Zn) whose s p e c t r a d e t e c t t h e n o n - e q u i v a l e n c e of b r i d g i n g 



Table 4.5 

'H-NMR S p e c t r o s c o p i c Data f o r M e t h y l e n e a m i n o t i n ( I I ) 

D e r i v a t i v e s R^CNSn 1 1! —^ , R = Ph, p - t o l y l , Bu ; 

X = C I , R2CN 

Compound 

Ph 2CNSn I : ECl 
J 2 

(80 ) 

( p - t b l y l ) 2 C N S n i : E C l j 
2 

Bu t
2CNSn I ICU 2 

( p - t o l y l ) 2CNy Srr 
2 J 2 

( B u t
2 C N ) 2 S n 1 1 ( 8 0 ) 

J n 

""[" v a l u e s ppm 

Ar - H 1.95m b r 

Ar - H 2.15m b r ( 4 ) 

CE-, 7.05s b r ( 3 ) 

C - H 7=94br 

Ar - H 2.41m ( 4 ) 

CH^ 7.24s b r ( 3 ) 

C - H 8.77s b 

R e l a t i v e i n t e n s i t i e s i n pa r e n t h e s e s 

a: r e l a t i v e t o f ( T M S ) = 10ppm ( e x t e r n a l r e f e r e n c e ) 
8 o b: p a r t i a l l y r e s o l v e d ( d t o l u e n e ) a t -100 C as d o u b l e t 

s e p a r a t i o n O.IOppm^ 

A l l o t h e r s p e c t r a i n CDCl^ s o l u t i o n 

s: s i n g l e t ; m: u n r e s o l v e d m u l t i p l e t ; b r : broad 
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and t e r m i n a l methyieneamino groups even a t ambient 

temperatures ( 5 0 ) . For t h e t i n ( I I ) compound t h e t - " b u t y l 

resonance i s p a r t i a l l y r e s o l v e d i n t o two s i g n a l s a t 

-100°C and these may be p r o b a b l y assigned t o t e r m i n a l 

and b r i d g i n g methyieneamino groups. T h i s t h e r m a l dependence 

of t h e spectrum i s s i m i l a r t o t h a t observed f o r d i m e r i c 

b i s ( d i m e t h y l a m i d o ) t i n ( I I ) ( 166) which g i v e s a met h y l 

s i g n a l r e s o l v a b l e i n t o a d o u b l e t a t -40° c o r r e s p o n d i n g 

t o t h e b r i d g i n g and t e r m i n a l dime t h y l a i n i d o g r o u p s . These 

groups undergo exchange a t t o o r a p i d a r a t e f o r t h e i r 

i n e q u i v a l e n c e t o be d e t e c t e d a t a t e m p e r a t u r e of 42°, b u t 

at -40° t h e reduced r a t e of exchange i s d e t e c t a b l e . T h i s 

i s l i k e l y t o be t h e e x p l a n a t i o n of t h e ̂ H-NMR spectrum of 

(Bu"k 2C=N) 2Sn"^ r a t h e r t h a t t h e e x i s t e n c e of a dimer^r^monomer 

e q u i l i b r i u m , p a r t i c u l a r l y when (Bu t
0CN) 0BeJ i s d i m e r i c 

i n b o t h t he s o l i d s t a t e and i n s o l u t i o n . 

I t seems l i k e l y t h e r e f o r e t h a t b i s ( d i ~ t - b u t y l m e t h y l -

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

t h e s o l i d s t a t e and i n solution«, 

For t h e few mass s p e c t r a of compounds c o n t a i n i n g an 
I I 

Sn -N bond so f a r r e p o r t e d , t h e f r a g m e n t a t i o n p a t t e r n s 

would seem t o a r i s e p r e d o m i n a n t l y v i a cleavage of t h e t i n -

n i t r o g e n bonds. I n t h e mass spectrum of d i m e r i c b i s ( b i s | ( M e 3 S i ) 2 N j Sn 1 3 1 ( t r i m e t h y l s i l y l ) a m i d o ) t i n ( I I ) f o r example, 

th e h i g h e s t observed i o n ( a t 70eV) i s 2P + w i t h s e v e r a l 

p o l y i s o t o p i c d i t i n f r a g m e n t s between P + and 2P + c o r r e s p o n ­

d i n g t o t h e l o s s , i n v a r i o u s c o m b i n a t i o n of Me, Me^Si, and 

N ( M e ^ S i ) 2 ( 1 6 6 ) . The spectrum of d i m e r i c b i s ( d i m e t h y l a m i d o ) 

1 

2 
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t i n ( I I ) , S n I i : ( N M e 2 ) 2 however showed no peaks beyond 

S n ( N M e 2 ) 2 b u t c o n s i s t e d a l s o of two c l u s t e r s of o v e r ­

l a p p i n g peaks. These correspond t o HSnNMe 2
+, SnNMe 2

+ 

and SnK(CH^)CH 2
+ and a l s o t o t h e o v e r l a p of SnH + and Sn + 

( 1 6 6 0 ) ( t h e evidences of SnH i o n s b e i n g e v i d e n t l y w e l l 

known f o r o r g a n o t i n compounds ( 2 1 2 ) . 

I n g e n e r a l t e r r a s , t h e mass s p e c t r a of t h e new m e t h y l -

eneamino t i n ( I I ) compounds were d i s a p p o i n t i n g l y u n p r o d u c t i v e . 

For t h e adducts R 2CNH.Sn i : rci 2 (R = Ph ( 8 0 ) , p - t o l y l , Bv^) , 

( R 2 C N ) 2 S n I : [ 

J 2 
and t h e b i s ( m e t h y l e n e a m i n o ) t i n ( I I ) d i m e r s , 

R = Ph, p - t o l y l , t h e mass s p e c t r a d i d n o t show any t i n -

c o n t a i n i n g f r a g m e n t s even when r e c o r d e d u s i n g a low source 

t e m p e r a t u r e and low a c c e l e r a t i n g p o t e n t i a l . However, the 

r e p o r t e d mass s p e c t r a of ( B u t
p C N ) p S n 1 1 and (ph 9CNSn I ICl) 
^ d Jn K d '1 

do have t i n - c o n t a i n i n g f r a g m e n t s ( 8 0 ) . I n t h e case of 
b i s ( d i - t - b u t y l m e t h y l e n e a m i n o ) t i n " 1 " " 1 ' , t he t i n - c o n t a i n i n g 

f r a g m e n t s g e n e r a t e d were m o n o t i n - s p e c i e s and i n c l u d e d 

( B u t
2 C N ) 2 S n + , Bu t

2CN.Bu t
2Sn +, Bu t

2CN.Bu tCNSn + and subsequent 

break-down f r a g m e n t s . W h i l s t t h e r e were peaks w i t h m/e 

r a t i o s g r e a t e r t h a n t h e monomeric v a l u e , eg. (Bu^ 2CN)^Sn +, 

these were assumed t o be t h e r e s u l t of r e c o m b i n a t i v e 

processes r a t h e r t h a n b e i n g c o n f i r m a t i v e of t h e d i m e r i c or 

a s s o c i a t e d s t a t e of t h e compound. I n t h e spectrum of 

d i p h e n y l - m e t h y l e n e a m i n o t i n ( I I ) c h l o r i d e dimer however, 

(ph 2CNSn i : ECl) t h e s t r o n g evidence of i t s d i m e r i c n a t u r e 

was f u r t h e r r e i n f o r c e d by i t s mass spectrum, and f u r t h e r ­

more t h e presence of f o u r d i - t i n f r a g m e n t s (one of c o n s i d e r ­

able i n t e n s i t y ) was re g a r d e d as r e f l e c t i n g t h e s t a b i l i t y 
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o f t h e Sn-N-Sn b r i d g e when t i n i s bonded t o e l e c t r o n 

w i t h d r a w i n g groups such as c h l o r i n e . W h i l s t t h e i n f r a ­

r e d and 1H-NMR d a t a f o r d i - p - t o l y l m e t h y l e n e a m i n o t i n ( I I ) 

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

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

from i t s mass spectrum was much l e s s c o n c l u s i v e . The 

d i t i n f r a g m e n t s , p a r t i c u l a r l y , are u n i f o r m l y :>f low 

i n t e n s i t y and t h e m/e v a l u e s quoted ( T a b l e 4.6) are 

n e c e s s a r i l y i m p r e c i s e . 

A l t h o u g h f r a g m e n t s such as ( p ~ t o l y l ) 2 C N S n 2 C l 2 + s u p p o r t 

th e e x i s t e n c e o f methyleneamino- b r i d g i n g s p e c i e s , t h e i r 

low r e l a t i v e i n t e n s i t i e s cannot be used t o s u p p o r t t h e 

view t h a t t h e Sn-N-Sn b r i d g e i s s t a b l e when t i n i s bonded 

t o a n , e l e c t r o n e g a t i v e element such as c h l o r i n e . The mass 

spectrum t h e r e f o r e of d i m e r i c d i - p - t o l y l m e t h y l e n e a m i n o t i n ( I I ) 

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

i t s p h e n y l analogue, and no f r a g m e n t s c o r r e s p o n d i n g t o t h e 

d i m e r i c i o n were g e n e r a t e d . However, subsequent a t t e m p t s 

t o reproduce t h e mass spectrum of t h i s compound were un­

s u c c e s s f u l , t h e o n l y t i n - c o n t a i n i n g f r a g m e n t s b e i n g S n C l2 + 

and S n C l + . T h i s suggests t h a t t h e d i f f e r e n c e between the 

p h e n y l and p - t o l y l compounds, ( P ^ C ^ S n ^ C l ) 2 R = Ph, p - t o l y l , 

may be apparent r a t h e r than r e a l , and m i g h t be caused by 

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

4.3°3° N,N"*"-disubstituted a c e t a m i d i n o d e r i v a t i v e s o f 

t w o - c o v a l e n t t i n 

Before t h e c h a r a c t e r i s a t i o n 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 t h e new a c e t a m i d i n o t i n ( I I ) d e r i v a t i v e s are d e s c r i b e d 



Table 4.6 

Major Metal-Containing; Fragments i n t h e Mass Spectrum 

of D i - p - t o l y I m e t h y l e n e a m i n o t i n ( I I ) c h l o r i d e dimer,^ 

( p - t o l y l ) 9 C N S n I I C l 0 

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

518 0.5 
+ 

( p - t o l y l ) 2 C N S n 2 C l 2 

363 0.5 ( p - t o l y l ) 2 C N S n C l + 

211 20 ( p - t o l y l ) S n + 

208 100 ( p - t o l y l ) 2 C N + 

190 5 S n C l 2
+ 

132 100 p - t o l y l . N C . C H 5
+ 

120 5 Sn + 

m/e v a l u e s r e f e r t o t h e peaks c o n t a i n i n g Sn and " ^ C l 

t h e most abundant i s o t o p e s . 



( p a r t ( b ) b e g i n s on page 179)* a " b r i e f d e s c r i p t i o n i s 

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

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

T h i s i n t r o d u c t i o n i s a l s o i n t e n d e d t o serve as a background 

t o the n e x t c h a p t e r (Chapter 5) concerned w i t h new 

N , N ^ - d i a r y l a c e t a m i d i n o d e r i v a t i v e s of Group IV elements, 

p r i n c i p a l l y t i n , i n an o x i d a t i o n s t a t e of +4. 

( a ) I n t r o d u c t i o n 

By comparison w i t h t h e methyieneamino l i g a n d the 

s y m m e t r i c a l l y S ^ N ^ - d i s u b s t i t u t e d amidino l i g a n d (RNCR^NR) 

has a v a i l a b l e a g r e a t e r v a r i e t y of bonding p o s s i b i l i t i e s . 

Of i n t e r e s t i s i t s i s o e l e c t r o n i c r e a l t i o n s h i p w i t h b o t h 

a l l y l and c a r b o x y l a t o - groups and i t s a b i l i t y t o adopt 

b i d e n t a t e or b r i d g i n g bonding modes c h a r a c t e r i s t i c of b o t h 

of these g r o u p s . The range of bonding p o s s i b i l i t i e s i s 

summarised i n F i g u r e 4.7 ( a - g ) . 

The l i g a n d can f u l f i l a one e l e c t r o n or t h r e e e l e c t r o n 

donor r o l e t o a s i n g l e m e t a l atom, or may b r i d g e between 

two atoms, as F i g u r e 4.7 shows, b o t h l o c a l i s e d and d e l o c a l i s e d 

arrangements b e i n g known. S t r u c t u r e s i n v o l v i n g t h e l i g a n d s 

i n monodentate d e r i v a t i v e s ( a ) , proposed on t h e b a s i s of 

s p e c t r o s c o p i c d a t a , i n c l u d e M ( P P h j ) 2 (pMeCgH^CMCgH^pMe^l 

where M = Pd, P t , a p p a r e n t l y s t a b l e i n t h e s o l i d s t a t e b u t 

decomposing i n s o l u t i o n (213)° Proton=NMR s p e c t r a suggest 

a r e v e r s i b l e f l u x i o n a l b e h a v i o u r such as t h a t shown i n 

e q u a t i o n 4.3° Another i n t e r p r e t a t i o n proposes a l o c a l i s e d 

<r , IT- bonding i n which an M-N <3~-bond i s s u p p o r t e d by an 
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Bonding p o s s i b i l i t i e s f o r N , F ^ - d i s u b s t i t u t e d amidino l i g a n d s 

R 
I 

x \ 1 
M C R 

N 

R 

a) 

R R R 

V 1 M- M R R C M R 
X / / i / 

JN 

R R R 

b) ( c ) ( d ) 

R R R 

N M N M N \ \ 1 M C R R (J C R 

/ M M N 

R R R 
e) ( f ) ( g ) 

F i g u r e 4-„7 
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Cl Pd -

L 

4.3 

Cl Pd CH 

o l e f i n i c - t y p e b onding t h r o u g h t h e C=N double bond ( e q u a t i o n 

4.4-) T h i s v i o l a t e s however t he p r e f e r r e d f o u r - c o - o r d i n a t i o n 

C l — P d ^ X C H 

L 

L 
N. 

Cl- Pd CH 
y 

L I 

L 

C l — P d CH 4 

of Pd ( I I ) i n i t s complexes, and a l s o c o n t r a s t s w i t h a 

r a t i o n a l e proposed f o r t he c l o s e l y - r e l a t e d t r i a z e n i d o complex, 

P t ( P P h 3 ) 2 ( PMeC 6H^N-N=NC 6H 4Mep) 2 ( 5 6 ) . 

W h i l s t a nother example i n which t h e l i g a n d may be 

a c t i n g i n a monodentate manner ( F i g u r e 4.7a) i s t h e u n s t a b l e 

adduct (R-NH-CH=NR)2 C u ( 0 A c ) 2 ( R = Ph, p - t o l y l ) ( F i g u r e 4 . 8 ) , 

a s t r u c t u r e proposed p u r e l y on t h e b a s i s of m o l e c u l a r weight 

R=NH-CH=KR 

Cu(OAc) 
t 

R-NH-CH=NR 

F i g u r e 4.8 
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d e t e r m i n a t i o n and chemical r e a c t i v i t y w i t h o u t any s p e c t r o ­

s c o p i c evidence ( 2 1 4 ) , i t would seem t h a t u n i d e n t a t e 

amidine groups are g e n e r a l l y formed o n l y w i t h r e l u c t a n c e . 

T h i s p r e s e n t s a sharp d i s t i n c t i o n between amidino and 

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

resemblances, f o r the l a t t e r seems t o p r e f e r t o adopt a 

monodentate or b r i d g i n g c o n f o r m a t i o n as i n Mn(CO)^OCOR 

(215, 216) and Rh(CO) 2(OCOR) 2 ( 6 0 ) r e s p e c t i v e l y . The 

few examples of b i d e n t a t e c a r b o x y l a t o groups bonded t o 

t r a n s i t i o n m e t a l s i n low v a l e n t complexes seem t o be m o s t l y 

c o n f i n e d t o t h e h e a v i e s t m e t a l s o f the s e r i e s eg. I r or Os 

( 2 1 8 ) . 

Most of t h e r e p o r t e d N - m e t a l l a t e d amidino d e r i v a t i v e s 

are of t r a n s i t i o n m e t a l s and t h e m a j o r i t y of these compounds 

c o n t a i n c h e l a t e b i d e n t a t e l i g a n d s , p r o b a b l y of t h e ^ t f ' - t y p e 

w i t h t h e m e t a l atom i n t h e p l a n e of t h e CN 2 u n i t ( F i g u r e 4 ,7* 

c and d) a l t h o u g h t h e p r e c i s e mode of attachment may n o t be 

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

( 1 f - C 5H 5)M(C0) 2R 1NC(R)NR 1 (219) (M = Mo, W; R = Ph; 

R 1 = H, Ph, p - t o l y l ) i s t h e d e l o c a l i s e d one ( F i g u r e 4 .7c ) 

w i t h t h e l i g a n d s t r i c t l y comparable w i t h b i d e n t a t e c a r b o x y l a t e 

groups. F u r t h e r examples of t r a n s i t i o n m e t a l amidine 

d e r i v a t i v e s i n c l u d e those of P t and Pd (219), Mn ( 2 2 0 ) , Fe 

and Co, (221) N i (219, 2 2 2 ) , Mo (219, 2 2 3 ) , W ( 2 1 9 ) , Cr (223), 

Rh ( 2 2 4 ) , Ta and Nb (225) and Cu and Ag (222 , 2 2 6 ) . 

The amidine groups can a l s o a c t as a b r i d g i n g l i g a n d 

between two m e t a l atoms ( F i g u r e 4.9) s i m i l a r t o the c l o s e l y 

r e l a t e d t r i a z i n i d o (227-228) or c a r b o x y l a t e l i g a n d s ( 2 2 9 ) . 
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R 

N 

R 

C < 

•N M N' 

R R 

R = pMeCgH^ 

Figure 4.9 

Examples of such d e r i v a t i v e s includejpd(pMeCgH^N CH NC^H^Mep) 
(230) and Mop {phNCPhNPhl (223) but the n i c k e l d e r i v a t i v e 

r -i 4 

^(C^H^Ni PhN.C(Ph)NPh| might w e l l be polymeric v i a 
b r i d g i n g amidino groups (219)• D e r i v a t i v e s of copper ( I ) 
and s i l v e r , eg copper(l)N,N^-di-p-n=butoxyphenylformamidine, 
are known which are t e t r a m e r i c i n benzene and may also have 
b r i d g i n g amidino l i g a n d s (Figure 4.10) (222). Some molybdenum 

Si 

R- N 

R 

Cu ( o r Ag) 
t 
N CH*=N-R 

C.u 

Figure 4.10 

and rhenium (224) d e r i v a t i v e s e x i s t where a metal-metal 
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bond i s bridged by two or more amidine groups-
The Group IV d e r i v a t i v e s if N ̂ "'"-disubst i t u t e d 

benzamidine which have been reported are MeNC(Ph)NMe.MMe^ 
(M = S i , Sn) and Me ̂ S iNC(Ph)NMeMMe^ (M S i , Ge, Sn, Pb) 
(202)= I n the former compounds the amidino group i s 
predominantly a one e l e c t r o n donor, but w h i l s t ̂ H-NMR 
shows the equivalence of the N-methyl groups at ambient 
c o n d i t i o n s , the N-methyl s i g n a l i s r e s o l v a b l e i n t o two 
components at -60°C. This r e s u l t was i n t e r p r e t e d i n favour 
of a very r a p i d e q u i l i b r i u m (equation 4.^) r a t h e r t h a t the 
existence of one de l o c a l i s e d species. I n the l a t t e r s e r i e s of 
compounds, Me^SiNC(Ph)NMe. MMê  (M = S i , Ge, Sn, Pb) an 

Me Me 
NMe ' ^ / / n e N N~MMe, 

V // x / 3 

PhC x Ph-C - MMe-.~ ^ PhC ̂  ., c 

N N N MMe-
Me Me-( '3 

Me 
e q u i l i b r i u m also appears t o e x i s t g i v i n g r i s e t o a mixture 
of isomers (equation 4.6). Again, l o c a l i s e d and delo c a l i s e d 

SiMe^ 

/' \ 
Ph-C [ MMe, 

N 
I 
Me 

4.6 

SiMe, / / SiMe, 

yN N-MMe, 
Ph-C^ x Ph-C \ v — — N-MMe, N N 

I 5 I 
Me Me 



forms are i n evidence, the former being p r e f e r r e d f o r 
M = S i , and the l a t t e r f o r M = Ge, Sn, Ph. 

Considerable i n t e r e s t has also been shown i n the 
chemical p r o p e r t i e s and mode of c o - o r d i n a t i o n of the 
i s o e l e c t r o n i c 1 , 3 - d i a r y l t r i a z e n i d o - (ArNNNAr) l i g a n d . The 
bonding p o s s i b i l i t i e s f o r t h i s l i g a n d (Figure 4.11) are 
s i m i l a r t o those already described and discussed f o r the 
N , N 1 - d i s u b s t i t u t e d amidino l i g a n d , and s t r u c t u r e s i n v o l v i n g 
the 1 , 3 - d i a r y l t r i a z e n i d o l i g a n d i n monodentate (231), 
chelate (232) and b r i d g i n g d e r i v a t i v e s (231, 233) (Figure 
4.11 a,b-d and e r e s p e c t i v e l y ) have been proposed on the 
basis of spectroscopic data. X-ray studies on mononuclear 
Co(PhN]mPh)5C7H8 (227) and b i n u c l e a r Ni(PhNNNPh) 2 (227) 

M 
N, 

M ' N 
N 

/ X 

M * N 

(a) (h) (c) 

A 
(d) 

M 

M 

I 

- N 
I 

( e) 

M <r 

( f ) 

Figure 4.11 
and Cu2(PhOTOT3h)2 (234) have confirmed the presence of 
chelate and b r i d g i n g <f-bonded li g a n d s (Figure 4.12 b and e 
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r e s p e c t i v e l y . Furthermore., s t r u c t u r e s (a) (213, 230, 235) 
and ( c ) (236) have been suggested f o r the t r i a z & n i d o 
complexes of the platinum metals, t h e i r f l u x i o n a l behaviour 
being i n t e r p r e t e d as occurring through a type (b) or ( f ) 
intermediate (213, 235-237)• The t r i a z i n i d o t i n d e r i v a t i v e s 
Me 2Sn(dpt) 2, PhSn(dpt) 2C1, and Ph^Sndpt (dpt = 1,3-diphenyl-
t r i a z i n e ) are monomeric and proabably contain b i d e n t a t e 
l i g a n d s (238). 

(b) The c h a r a c t e r i s a t i o n and spectroscopic p r o p e r t i e s of 
the new amidine adducts and amidino d e r i v a t i v e s of 
t i n ( I I ) c h l o r i d e 

The compounds discussed i n t h i s section comprise 

R = p - t o l y l , X = CI, n = 2; R = Ph, p - t o l y l , X = RNC(Me)NR. 
The simple 1:1 adducts of t i n ( I I ) c h l o r i d e and N,^-

di a r y l a c e t a m i d i n e , v i z MeC(NR)NHR.SnCl2 R = Ph, p - t o l y l , 
were prepared by r e f l u x i n g a mixture of the reagents ( i n 
1:1 or 1:2 molar p r o p o r t i o n s r e s p e c t i v e l y ) i n toluene f o r 
about 24 hours f o l l o w e d by the a d d i t i o n of anhydrous hexane 
and c o o l i n g t o ca -20 oC No evidence of t h e i r molecular 
s t a t e was obtainable by cryoscopic measurements because of 
t h e i r sparing s o l u b i l i t y i n benzene, and t h e i r proposed 
s t r u c t u r e i s based almost e n t i r e l y on f e a t u r e s of t h e i r 
i n f r a r e d spectra. Their i n f r a r e d spectra, together w i t h 
those of the parent amidines, and t h e i r adducts w i t h 
hydrogen c h l o r i d e and b o r o n ( I I I ) f l u o r i d e - made f o r reference 
purposes - are recorded i n Table 4.7° Because of hydrogen 
bonding, the i n f r a r e d spectra of the parent amidines show 

I I I I MeC(NR)NHR.SnJ-1-Cl0 (R = Ph, p - t o l y l ) , MeC(NR)0Sn X 
n 
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a very broad, and t h e r e f o r e imprecise, absorption 
assignable t o the( N-H) s t r e t c h i n g frequency. Hence 
although c o - o r d i n a t i o n t o Lewis acids causes a considerable 
sharpening of the absorption band and indeed an increase 
i n * (N-H) - the (N-H) absorption i n the adduct N,N 1-di-
phenylbenzamidine . Cr(CO)^, compared t o the parent amidine, 
i s higher by 100cm-'1 (223) - i n these instances ^ ( N - H ) 
could not be measured. A t t e n t i o n t h e r e f o r e was focused on 
the change i n s t r e t c h i n g frequency of the (NCN) u n i t , 
9(NCN), upon c o - o r d i n a t i o n , and Table 4.7 r e f l e c t s t h i s 
emphasis. Various values have been assigned t o ^(NCN) and, 
f o r example, d e r i v a t i v e s of tantalum and niobium such as 

which range from 1635 - 1647 cm" (of weak t o medium i n t e n ­
s i t y ) o f t e n w i t h two or three other bands i n the 1500 - 1600 
cm" region (225). A medium i n t e n s i t y absorption at 1630cm" 

Ph, p - t o l y l ; R = Ph), a band l i t t l e removed from t h a t of 
the f r e e amidines, was assigned t o a b i d e n t a t e d e l o c a l i s e d 
(NCN) attachment (219). For a number of t r a n s i t i o n metal 
carbonyl systems the r e l e v a n t v i b r a t i o n s , both symmetric 
and asymmetric, were considered t o l i e i n the region 
1300 - 1500 cm (239). Consequently, i n the examination 
of the i n f r a r e d spectra of amidine d e r i v a t i v e s of t i n ( I I ) 
any bands which vary from d e r i v a t i v e t o d e r i v a t i v e , i n the 
range (1300 - 1645) are assumed t o be associated w i t h the 
(NCN) s t r e t c h i n g frequencies. 

F^NR-C ( Me ) =N rJ ( R = P r x , CCH,,)> have v (NCN) v a l MCI ues 6 11 4 

found f o r (7T-C 5H 5)M(CO) 2R 1NC(R)NR i (M = Mo, W; R = H, 
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The general p a t t e r n which emerges from the 
i n f r a r e d spectra of the adducts (Table 4.7) p a r a l l e l s 
the f i n d i n g s f o r the methylenearaine adducts and endorses 
the r e l a t i v e weakness of t i n ( I I ) c h l o r i d e as a Lewis 
ac i d . Because the amidine l i g a n d can co-ordinate i n many 

Table 4.7 
* 

^(NCN) of the N ,N 1 - D i s u b s t i t u t e d Amidines and Their 
Adducts With HC1, EF, and S n I : E C l 9 

R-N=C(Me)-NR Amidine Amidine.HCl Amidine.BP, 3 Amidine. SnC^ 

R = Ph 1629vs 1640vs 1640vs 1637m 
1535vs 1568m 1570sh 1568m 
1338vs 1347m 1355w 1334vwbr 

R = p - t o l y l 1635vs 1641vsbr 1645vs 1638m 
1532vsbr 1570vsbr 1570sh 1564m 
1323s 1355sbr 1355w 1318w 

As Nujo l mulls 

varied ways (Figure 4.7), i t s precise mode of co-ord i n a t i o n 
i s not e a s i l y r e s o l v e d . B o r o n ( I I I ) f l u o r i d e i s necessarily 
a monobasic Lewis acid and t h e r e f o r e the amidine.BE-, adducts 

3 
must have amidine u n i t s co-ordinated as monodentate l i g a n d s . 
I n t h e parent amdines the highest P (NGN) i s assigned t o 
)) (C=N) and the presence of such a band i n metallated d e r i v a ­
t i v e s , l i t t l e removed from those i n the f r e e amidine, may 
r e f l e c t e i t h e r the presence of f r e e N,N-disubstituted 
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amidines or, i n the absence of associated (N-H) absorptions, 
some vestiges of remaining d e l o c a l i s e d (C=N). The l a t t e r 
may of course be r e a l i s e d by the c o - o r d i n a t i o n of the 
amidine or amidino l i g a n d i n a mono- or b i d e n t a t e manner. 

The spectra of the amidine- Lewis acid adducts are a l l 
very s i m i l a r , and t h i s could mean t h a t the a m i d i n e - t i n ( I I ) 
c h l o r i d e adducts also possess monodentate amidine l i g a n d s . 
Such an arrangement would preserve the commonly p r e f e r r e d 
three-co-ordinate s t a t e of two-covalent t i n . 

The Ĥ-NMR spectra of the adducts were recorded, 
together w i t h the parent K^N^-disubstituted amidines, as 
s o l u t i o n s i n CDCl^ at ambient temperatures (Table 4.8). 
As w i t h the methyleneamine.Sn^C^ adducts, the above adducts 
y i e l d r e l a t i v e l y simple spectra at 42°, unchanged on c o o l i n g 
t o about -40°, r e v e a l i n g downfield movement of a l l peaks 
on c o - o r d i n a t i o n t o t i n ( I I ) c h l o r i d e . The most s i g n i f i c a n t 
s h i f t i s t h a t of the (N-H) peak, the size of such s h i f t 
being considerably greater than i n the corresponding methyl-
e h e a m i n e - t i n ( I I ) c h l o r i d e adducts, suggesting stronger 
c o - o r d i n a t i o n between the amidine-nitrogen and t i n . These 
chemical s h i f t s , as a whole, on c o - o r d i n a t i o n are i n the 
d i r e c t i o n expected on e l e c t r o n i c grounds r e f l e c t i n g i n 
p a r t i c u l a r the strong d e s h i e l d i n g of the nitrogen-attached 
p r o t o n , because of c o - o r d i n a t i o n through n i t r o g e n t o t i n . 

Mass spectra were obtained f o r the a m i d i n e - t i n ( I I ) 
c h l o r i d e adducts but no t i n - c o n t a i n i n g fragments were 
generated. 
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Table 4.8 

H-NMR Spectra of Some A m i d i n e - t i n ( I I ) c h l o r i d e Adducts 

Compound 
"J"" a values ppm 

Compound 

Ar-H Amidine-Me p-tolyl-Me N-H 

AmH 2.29 br 7.64sbr - 3.2s 

AmH.Sn T ICl 2 2.2 
2.3 br 
(10) 

7.50s (3) - 0.17S(1) 

Am1H 2.43, 
2.45, 
2.48, 
2.50 

7.63s 7.27s 3.91s 

Am 1H.Sn I ICl 2 2.23sbr 
(8) 

7.45s (3) 7.07s 
(6) 

0 .05s(l) 

a: r e l a t i v e t o T(TMS) = 10 ppm ( e x t e r n a l r e f e r e n c e ) ; 
r e l a t i v e i n t e n s i t i e s i n parentheses; 

s = s i n g l e t ; m = unresolved m u l t i p l e t ; 
br = broad. 

Am = MC(Me)NPh; AmL = pMeCgH^NCCMe )NC6H4pMe. 
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As mentioned e a r l i e r , compounds of general formula 
RNC(Me)NRSnX~] R = p - t o l y l , X = C 1 , n = 2 ; R = P h , p - t o l y l , 

X = RNC(Me)NR, were prepared by r e a c t i n g the appropriate 
a m i d i n o l i t h i u m w i t h anhydrous t i n ( I I ) c h l o r i d e ( i n d i e t h y l 
e t h e r ) at l i q u i d n i t r o g e n temperatures i n mole- r a t i o s 1:1 
or 2:1 r e s p e c t i v e l y (equation 4.1). A f t e r warming t o room 
temperature, w i t h s t i r r i n g , separation of the met a l l a t e d 
amidine from l i t h i u m c h l o r i d e was e f f e c t e d by b r i e f r e f l u x i n g 
w i t h toluene and subsequent f i l t r a t i o n . The a m i d i n o t i n ( I I ) 
d e r i v a t i v e s c r y s t a l l i s e on c o o l i n g . The b i s ( a m i d i n o ) t i n ( I I ) 
compounds, |MeC(NR)2J Sn R = Ph, p - t o l y l , were too i n -
soluble f o r molecular weight determinations, by cryoscopy, 
t o be made. The values obtained, by cryoscopy, f o r the 
chloro-compounds, MeC(NR) 2Sn I : ECl R = Ph, p - t o l y l however, 

n 
were somewhat lower than the dimeric formula weights, yet 
s i g n i f i c a n t l y higher than the monomeric values [ _ , „ jMeC(NR) 2SnCl| 
R = PhjM, by cryoscopy 551 - monomeric value 363=5 ( 8 0 ) ; 
R = p - t o l y l ; M by cryoscopy 656 (monomer, 391). These 
a m i d i n o t i n ( I I ) c h l o r i d e s are t h e r e f o r e regarded as being 
dimeric i n s o l u t i o n . Furthermore i t seems t h a t an associated 
molecular c o n d i t i o n , evidenced i n s o l u t i o n , p e r s i s t s i n the 
s o l i d s t a t e , f o r on s t e r i c grounds a monomeric s t r u c t u r e 
f o r these a m i d i n o t i n ( I l ) c h l o r i d e s seems most u n l i k e l y . 
Such a s t r u c t u r e f o r RNC(Me)NRSni:rCl w i t h three-co-ordinate 
t i n and a t e r m i n a l l y attached, presumably b i d e n t a t e , amidino 

l i g a n d would r e q u i r e a very small NSnN angle - the NSuN 
angles i n the monomeric PhNC(Me)NPhSn T VCl 5 and ( P h ^ N S n 1 

are about 61° and 75° r e s p e c t i v e l y (211). Hence a dimeric 



1 

s t r u c t u r e w i t h b r i d g i n g amidino l i g a n d s i s more probable. 
The i n f r a r e d evidence concerning (RNC(Me)NRSn'I~'I"Cl)n, 
R = Ph, p - t o l y l , shows t h a t absorptions assignable t o the 
s t r e t b h i n g frequencies of the (NCN) group are confined t o 
the regions (lS20-1530)cm~ 1 and (1312-1332)cm" 1. These 
frequency ranges are assigned t o amidine b r i d g i n g ligands 
since the spectrum of monomeric N,N^diphenylacetamidinotin 
( I V ) t r i c h l o r i d e , PhNC(Me)NPh.Sn I VCl 5, known t o have t e r m i n ­
a l l y attached b i d e n t a t e ligands has no such absorptions (80) 
The i n f r a r e d spectroscopic date (Table 4.9) t h e r e f o r e 
endorses the associated nature of these c h l o r o - d e r i v a t i v e s . 

Their 1H-NMR spectra (Table 4.10)in deuterated c h l o r o -
form showed no changes whether run at ambient or sub-ambient 
temperatures and are i n accord w i t h an associated, probably 
dimeric, s t r u c t u r e . The magnetic equivalence of the 
p-methyl s u b s t i t u e n t s i n (p-tolylNC(Me)Np-tolyl . S n I : E C l ) 2 , 
down t o ca - 50°C, may mean t h a t the molecule i s symmetrical 
The s t r u c t u r e proposed f o r these dimeric c h l o r o - d e r i v a t i v e s 
RNC(Me)KRSnCl - R = Ph, p - t o l y l , i s shown i n a s i m p l i f i e d 
form i n Figure 4.12, w i t h b r i d g i n g amidino ligands and 

CI N N 

Sn Sn 

N N CI 

Figure 4.12 
three co-ordinate t i n . The extent of d e l o c a l i s a t i o n of the 
b r i d g i n g (NCN) u n i t s i s very d i f f i c u l t t o gauge, but the 



(NGN) f o r 

'Table 4-.9 

I I , ENC(Me)mSn Z R = Ph, p - t o l y l ; X = CI, 

RNC(Me)NR . 

Compound \> (NCN)cm -1 

(PhNC(Me)NPhSn1IC1) 2 

( pM e C ^ )NC (Me ) N( CgH^pMe ) Sn I : EC1 

(PhNC(Me)NPh)2Sn I I 
n 

|(pMeC6H4)NC(Me)NC6HZj_pMe| Sn 

PhNC(Me)NHPh 

I I 

( pMeC6H^)NC( Me)NH(C^pMe) 

1523vs, 1332vw 

1530vs b r , 1312m 

1630m, 1530vs b r , 
1332w 

1635m b r , 1528s b r , 
1300w 

1629vs, 1535vs, 
1338vs 

1635vs, 1532vs b r , 
1323s 

as Nujol mulls 
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Table 4.10 

H-NMR Spectra For Some I ^ N ^ d i s u b s t i t u t e d Acetamidinj-

t i n ( I I ) D e r i v a t i v e s 

Compound T 
a 

values ppm 

AT - H Amidine Me p - t o l y l Me 

(AmSn I ICl Q 2.33c (10) 7.63s (3) -

(Am 1SnCl) 2 2.33, 2.38 
2.5m (8) 

7.55s ( 3 ) 7.12s (6) 

(Am 2Sn I 3 :) n 2.33, 2.43c 
(10) 

7.58s (3) -

(Am 1
2Sn) n 2.25, 2.42, 

2.55, 2.69 
(8) 

7.62s ( 3 ) 7.16s (6) 

AmH 2.29 br 7.64s br -

Am-'-H 2.43m 2.45, 
2.48, 2.50 

7.63s 7.27s 

a: r e l a t i v e t o TMS ( e x t e r n a l r e f e r e n c e ) ; r e l a t i v e i n t e n s i t i e s 
i n parentheses. A l l opectra run on CDCl^ s o l u t i o n at 
about 42°C; s = S i n g l e t ; m = m u l t i p l e t ; c = complex; 
br = broad. Am = PhNC(Me)NPh; Am1 = (pMeC6H4)NC(Me)N(C6H^pMe) 



eight-membered b r i d g i n g r i n g would be expected t o be 
considerably puckered t o reduce br>nd angle s t r a i n and 
s t e r i c i n t e r a c t i o n s w i t h the t i n ( I I ) lone p a i r s of 
e l e c t r o n s t o acceptable l e v e l s . This means t h a t the C=N 
"IT^-systems would be h i g h l y l o c a l i s e d , f o r d e l o c a l i s a t i o n 
would demand the existence of a planar SnNCNSn frame­
work and such would provoke severe angle s t r a i n because 
of the nearness of the two t i n atoms. 

The mass spectrum of dimeric N,N^-di-p-tolylacetamid-
i n o t i n ( I I ) c h l o r i d e was somewhat d i s s i m i l a r t o t h a t reported 
f o r the analogous phenyl d e r i v a t i v e ( 8 0 ) . Fewer t i n -
c o n t a i n i n g fragments were generated and no fragments were 
obtained which could be assigned t o the dimeric ion ( s i m i l a r 
t o the mass spectrum of dimeric p - t o l y l m e t h y l e n e a m i n o t i n ( I I ) 
c h l o r i d e discussed e a r l i e r ) . Again the major f a c t o r i n 
t h i s d i s p a r i t y may be the v a r y i n g degrees of decompositions 
of the two samples. The p r i n c i p a l fragments i n the mass 
spectra of (RNC(Me)NRSnCl)2, R = p - t o l y l , are shown i n 
Table 4.11. 

Because of the i n s o l u b i l i t y of the bis(N,N"'"-diaryl-
a c e t a m i d i n o ) t i n ( I I ) compounds, (RNC(Me)NR) 2Sn i : C R = Ph, 

n 
p - t o l y l , no evidence f o r t h e i r molecular s t a t e was obtained 
by cryoscopy. Their i n f r a r e d spectra (Table 4.9) show 
absorptions which are appropriate t o the presence of both 
b r i d g i n g and t e r m i n a l l y attached amidino l i g a n d s . The 
absorptions of medium i n t e n s i t y , l i t t l e removed from the 
d(NCN) i n the parent amidine, are not regarded as being 
due t o amidine i m p u r i t y because of the absence of absorptions 
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Table 4.11 

Mass Spectrum of N , N ^ d i - p - t o l y l a c e t a m i d i n o t i n ( I I ) c h l o r i d e 

Dimer 

ra/e R e l a t i v e 
I n t e n s i t y 

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

Assignment 

664 0.1 Am 1
?SnCl 2

+ 190 2 S n C l 2
+ 

392 37 Am 1SnCl + 132 100 Cr7Hr7NCMe+ 

237 21 Am1+ 119 0.8 

C 7H 7NCH 2
+ 

208 0.9 C r 7 H y N C C y H r ?

 + 105 1 

196 1 91 32 °7 H7 + 

associated w i t h the (N-H) s t r e t c h i n g v i b r a t i o n . The 
i n f r a r e d spectrum of N , N 1 - d i p h e n y l a c e t a m i d i n o t i n ( I V ) t r i -
c h l o r i d e , PhNC(Me)NPhSn I VCl 3 ( 8 0 ) , shows an absorption of 
very weak i n t e n s i t y at ca 1645 cm not f a r removed from 
the highest energy absorptions evidenced i n these b i s ( a m i d i n o ) 
t i n ( I I ) compounds. The former compound i s known, by X-ray 
c r y s t a l l o g r a p h y (211), t o have a t e r m i n a l l y attached 
c h e l a t i n g araidine l i g a n d , and consequently the absorptions 



—1 —1 
at 1630cm and 1635cm f o r phenyl and p - t o l y l d e r i v a t i v e s 
r e s p e c t i v e l y , ^ ( R N C C M e ) ] ^ ) ^ 1 1 R = Ph, p - t o l y l are 

n assigned t o t e r m i n a l l y attached amidino u n i t s . Since 
PhNC(Me)KPhSn I VCl 5 has no absorptions i n the region 1300-
1600cm due t o amidine groups then the absorptions of the 
b i s d e r i v a t i v e i n the ranges (1528-1530)cm" 1 and (1300-1332) 
cm are assignable t o b r i d g i n g amidino u n i t s . The b i s -
d e r i v a t i v e s t h e r e f o r e are associated molecules w i t h both 
b r i d g i n g and t e r m i n a l amidino l i g a n d s . Possible s t r u c t u r e s 
f o r such molecules include those shown i n s i m p l i f i e d dimeric 
form i n Figure 4.13° 

N 

N 
Sn 

•N 

N 

N. 

N 
Sn 

N 

N 

Me 
C 

(a) 

(b) 

Figure 4.13 
I I No unambiguous assignment of Sn -N s t r e t c h i n g 

frequencies f o r the a r a i d i n o t i n ( I I ) d e r i v a t i v e s was possible, 
T i n - n i t r o g e n s t r e t c h i n g frequencies f o r the analogous 
a m i d i n o t i n ( I V ) compounds (Chapter 5) f a l l i n the range 
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(653-677)cm" but a comparison of these spectra w i t h compounds 
of the lower o x i d a t i o n s t a t e gave u n r e a l i s t i c r e s u l t s . 

The Ĥ-NMR spectra of these b i s ( a m i d i n o ) t i n ( I I ) 
d e r i v a t i v e s (Table 4.10) showed small chemical s h i f t s when 
compared w i t h those of the parent amidine. At both ambient 
and sub-ambient temperatures, s i n g l e t s i g n a l s corresponding 
t o the methyl protons whether acetamidino, i n the range 
Y (7»58-7=62), or t o l y l , at Y = 7-16, were obtained. A 
s l i g h t broadening of the s i g n a l s at about -50°C was regarded 

as being caused by the p r e c i p i t a t i o n of some s o l i d complex. 
A possible i m p l i c a t i o n i s t h a t throughout t h i s temperature 
range the amidine groups co-ordinated t o t i n have i d e n t i c a l 
magnetic and chemical environments, such being i n c o n s i s t e n t 
w i t h one p o s s i b l e s t r u c t u r e , v i z Figure 4.13 ( b ) , where the 
b r i d g i n g and t e r m i n a l l i g a n d s , b i d e n t a t e ^ r e s p e c t i v e l y , have 
very d i f f e r e n t environments. Cooling t o about -50° should 
freeze out any i n v e r s i o n processes which could conceivably 
be operating at ambient c o n d i t i o n s - so making d i s s i m i l a r 
environment appear t o be i d e n t i c a l . Whilst the evidence 
i s not compelling, i t seems l i k e l y t h a t the s t r u c t u r e s of 
these b i s ( a c e t a m i d i n o ) t i n ( I I ) compounds, (ENC(Me)NE)0Sn"1"1 

R = Ph, p - t o l y l are associated molecules, probably p o l y ­
meric, w i t h a symmetrical s t r u c t u r e such as shown i n Figure 

amidino ligands and f o u r - c o - o r d i n a t e t i n atoms. 
The mass spectra of these compounds gives no help i n 

the f o r m u l a t i o n of t h e i r s t a t e of a s s o c i a t i o n f o r n e i t h e r 
generated i d e n t i f i a b l e fragments c o n t a i n i n g more than one 

n 

, having both b r i d g i n g and t e r m i n a l bidentate 
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t i n atom or amidine u n i t . I n the spec t ra of the m e t h y l -

eneamino t i n ( I I ) compounds discussed e a r l i e r , r e l a t i v e l y 

few t i n - c o n t a i n i n g f ragments were evidenced and o v e r a l l the 

spec t ra were dominated by the methyleneamino l i gands or 

t h e i r breakdown p roduc t s , the most abundant of which 

were o f t e n R + , RCNH+ and R 2 C N + . The f ragment p a t t e r n s of 

the a m i d i n o t i n ( I I ) d e r i v a t i v e s are s i m i l a r l y swamped by 

amidino l i gands and t h e i r extens ive breakdown p roduc t s , 

because of the g r ea t e r v a r i e t y of decomposit ion courses 

open t o such l i g a n d s . The major p r imary processes could 

w e l l i n v o l v e stepwise los s of amidino groups , cleavage of 

such groups at n i t r o g e n w i t h lo s s of R° or RN», lo s s of 

Me and the f o r m a t i o n of R 2 N fragments by the e l i m i n a t i o n 

of the s t ab le molecule a c e t o n i t r i l e „ Not a l l of these 

poss ib l e processes have been observed i n these a m i d i n o t i n 

( I I ) compounds and i t i s pos s ib l e t h a t the s ta te of 

decomposit ion of the m a t e r i a l s has been of considerable 

i n f l u e n c e . The major f ragments f o r the b i s ( a m i d i n o ) t i n ( I I ) 

compounds are recorded ( a f t e r Sect ion 4 . 4 ) i n Table 4.12 

( a and b ) . 

4 . 4 Summary 

(a ) Methyleneamino d e r i v a t i v e s of t i n ( I I ) 

A l l the new m e t h y l e n e a m i n o t i n ( I l ) compounds r e f e r r e d 

to i n t h i s chapter v i z R p C = N H . S n I I C l p (R = p - t o l y l , Bu*) , 

R = p - t o l y l , X = R 2C=N, con ta in two-cova len t t i n i n a 

c o - o r d i n a t i o n s t a t e of three or more. The compounds 

and 
2 3 E.C=NSn 1 C I , n 2 R = p - t o l y l , Bu 2 n 
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(R C = N S n I I X ) n R = p - t o l y l , Bu*, are s i m i l a r t o the 

analogous phenyl d e r i v a t i v e b o t h i n a s soc i a t i on number 

(80) and s t r u c t u r e ( 2 1 1 ) . They are probably d imer ic bo th 

i n the s o l i d s t a t e and i n s o l u t i o n , and t h e i r proposed 

s t r u c t u r e conta ins b r i d g i n g methyleneamino l i g a n d s and 

four-membered (SnN) 2 r i n g s . B i s ( d i - p - t o l y l m e t h y l e n e a m i n o ) 

t i n ( I I ) i s probably d imer ic i n bo th the s o l i d s t a t e and i n 

s o l u t i o n , and l i k e i t s phenyl and t - b u t y l analogues 

jR 2C=KSn I : Exj R = Ph, B u t , X = R2C has b o t h b r i d g i n g and 

t e r m i n a l l y co-ord ina ted methyleneamino l i g a n d s . I n the 

l a t t e r case there i s l i t t l e evidence of a l i n e a r C=N=3Sn'1'^ 

ske le ton w i t h i t s associated ( p - k l ) N — ^ n 1 1 d a t i v e I f ' -bond ing 

presumably because V - o v e r l a p between the 2p o r b i t a l s of 

the N-atom and 5<3 o r b i t a l s of t i n i s too s m a l l . 

( b ) Acetamidino d e r i v a t i v e s of t i n ( I I ) 

The p r e f e r r e d c o - o r d i n a t i o n s ta tes of two-cova len t t i n 

i n the N,N^"-diarylacetamidino d e r i v a t i v e s discussed above 

are th ree - i n the simple adducts RNC(Me)NHR.SnCl2 R = Ph, 

(80) p - t o l y l and i n the a m i d i n o t i n ( I I ) c h l o r i d e dimers 

(RNC(Me)NRSn I : C Cl) 2 R = Ph, p - t o l y l - and f o u r as i n 

b i s ( a c e t a m i d i n o ) t i n ( I I ) . The N , N ^ - d i a r y l a c e t a m i d i n o t i n ( I I ) 

c h l o r i d e d imers , (RNC(Me)NRSn i : E Cl) 2 R = Ph, (80) p - t o l y l , 

are d imer i c species w i t h b r i d g i n g amidino l i gands and probably 

an e i g h t membered Sn 2 C 2 N^ r i n g . The b i s - amid ino d e r i v a t i v e s , 

R = Ph, p = t o l y l , are probably p o l y -(RNC(Me)NK) 2Sn I : E 

n 

meric and have bo th b r i d g i n g and t e r m i n a l l y attached b i -

dentate amidino l i g a n d s . 



Table 4.12 

194-, 

The Mass Spectra of b i s ( N , N 1 - d i a r . y l a c e t a m i d i D o ) t i n ( I I ) 

(HNC(Me)jNK) 2Sn I 3 :

 q R = Ph, p - t o l y l 

( a ) (PhNC(Me)NPh)0Sn 

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

329 10 AmSn+ 

210 100 Am+ 

194- 65 PhNCKPh+ 

168 100 P h ? N + 

i 

118 100 PWTCMe+ 

105 100 P h N 2

+ 

91 100 PKN+ 

77 100 Ph + 

Am = PliNC(Me)NPh 



( b ) (pMeC 6H^NC(Me)NC 6H 4pMe) 2Sn I I 

m/e -Relative I n t e n s i t y Assignment 

* 
512 0.2 ( C 7 H 7 ) 2 N ) 2 S n + 

357 40 Am 1Sn + 

237 60 

232 100 C ? H 7 NCNC 7 H 7

+ 

196 100 ( c ^ ) ^ • 

132 70 C 7H 7NCMe+ 

119 80 C 7 H ? N 2

+ 

105 90 

91 90 C 7 H 7

+ 

Am1 = pMeC^NCCMe )NC6H4pMe 

a very t e n t a t i v e es t imat ion /ass ignment , of very low 

i n t e n s i t y 
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111. I n t r o d u c t i o n 

This chapter extends e a r l i e r work i n t h i s f i e l d (80) 

and descr ibes the synthes is of new t i n ( I V ) and, to a much 

l e s se r e x t e n t , germanium and s i l i c o n d e r i v a t i v e s of 

symmetr ical M^N^-d i subs t i t u t ed acetamidines , MeC(:NR)„NHR v i z : 

N , N 1 - d i - p - t ? l y l a c e * a m - d i m t i n ( I V ) t r i c h l o r i d e MeC(N(y^p]^SnXl 5 

b i s ( N ,N^-d ipheny lace tamid ino)d ich lo ros tannane , 

MeC(KPh)2~j S n I V C l 2 

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

MeC(NC 6H 4pMe) 2 S n I V C l 2 , 

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

S iC l , MeC(NC6H^pMe)2"| 
1 

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

^MeC(NC6H4pMe)J GeCl 2 

t r i s (N,N" 1 "-d iphenylace tamidino)chloros tannane , [^MeC(NPh)2J S n i V C l 

t r i s ( N , N ^ - d i = p - t o l y l a c e t a m i d i n o ) c h l o r o s t a n n a n e , 

[^MeC(NC6H^pMe)2J S n ^ C l 

t e t r a k i s ( N , N ^ = d i p h e n y l a c e t a m i d i n o ) t i n , 

^MeG(NPh)2J S n I V 

t e t r a k i s ( N , N 1 - d i - p - t o l y l a c e t a m i d i n o ) t i n , 

MeC(NC 6H 4pMe) 2 

The i n f r a r e d spec t ra , ^"H-nuclear magnetic spec t ra and 

mass spec t ra of these d e r i v a t i v e s are i n t e r p r e t e d , so f a r 

as i t i s p o s s i b l e , i n terms of t h e i r s t r u c t u r a l i m p l i c a t i o n s , 

A b r i e f d i scuss ion of the s t r u c t u r a l chemis t ry of organo-

t i n ( I V ) d e r i v a t i v e s precedes the exper imenta l and d i scuss ion 

sec t ions of t h i s chapter ( t he l a t t e r , Sec t ion 5 ° ^ begins 

IV , 

Sn IV 
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on page 208). A more d e t a i l e d and ex tens ive account of 

t h i s may "be found i n va r i ous reviews ( 8 0 , 169, 240-243) 

and other more comprehensive works (244-246) . 

5 . 2 . Stereochemist ry of O r g a n o t i n ( I V ) D e r i v a t i v e s 

The ground s ta te outer e l e c t r o n i c c o n f i g u r a t i o n of 
2 2 

t i n v i z 5s , 5P , a l lows t i n t o form compounds i n bo th 

the +11 and +IV o x i d a t i o n s t a tes - the fo rmer having been 

discussed i n Chapter 4 . A q u a l i t a t i v e d e s c r i p t i o n of the 

way i n which the +IV o x i d a t i o n s ta te i s formed i n v o l v e s 

the uncoupl ing of the s e l e c t r o n s and the promot ion of one 

of these t o a h igher energy l e v e l s© a f f o r d i n g an sp-̂  

c o n f i g u r a t i o n . Thus the f o u r equ iva l en t cova len t bonds 

of t i n ( I V ) can a r i s e f r o m t h i s , the f i r s t e x c i t e d s t a t e 

of the t i n atom. Expansion of the c o - o r d i n a t i o n s t a t e 

beyond f o u r may a r i s e "by making use of the empty 5d o r b i t a l s 

which are of s i m i l a r energy t o the v a l e n c e - e l e c t r o n o r b i t a l s , 

and t h e r e f o r e may be inc luded w i t h ease i n the h y b r i d i s a t i o n 

process . Examples of c o - o r d i n a t i o n s t a t e s f r o m f o u r t o 

e i g h t are known. 

Four -co -o rd ina t e t i n w i t h a t e t r a h e d r a l c o n f i g u r a t i o n 

occurs f o r example i n R^Sn (R = a l k y l , a r y l ) , the t i n ( I V ) -

h a l i d e s (no t SnF^ which has a s t r u c t u r e based on oc tahedra l 

t i n (247) ) and - h y d r i d e s . But w h i l s t the Lewis a c i d i t y of 

t i n i n R^Sn i s weak, i t i s enhanced when at tached t o e l e c t r o n 

wi thdrawing groups . Therefore the p o s s i b i l i t y of a s soc i a t i on 

e x i s t s , w i t h a t tendant increase i n c o - o r d i n a t i o n number, 

and t h i s i s r e f l e c t e d i n the s t r u c t u r e of such compounds. 

Never theless some v e s t i g e of a t e t r a h e d r a l molecular u n i t 
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may s t i l l p r e v a i l , as f o r example i n d i m e t h y l t i n d i c h l o r i d e 

where the po lymer ic s t r u c t u r e formed by the b r i d g i n g of a 

c h l o r i n e atom t o t i n , shows an oc tahedra l c o n f i g u r a t i o n 

at t i n , but d i s t o r t e d s u f f i c i e n t l y t o a l l ow the molecular 

u n i t t o be e v i d e n t l y der ived f rom a t e t r a h e d r a l arrange­

ment (24-8). Many examples of compounds w i t h pen ta -co -o rd ina te 

t i n are known, f o r autocomplex f o r m a t i o n (when a group 

attached t o t i n acts as a Lewis base t o another t i n atom, 

w i t h accompanying a s soc i a t i on and increase i n c o - o r d i n a t i o n 

number) i s very common i n compounds of the type R^SnX. The 

t r i g o n a l b i p y r a m i d a l c o n f i g u r a t i o n i n t h i s pen taco-ord ina te 

c o n d i t i o n o f t e n has the more e l e c t r o n e g a t i v e s u b s t i t u e n t X 

and the organic groups R i n a x i a l and e q u a t o r i a l p o s i t i o n s 

r e s p e c t i v e l y . Examples inc lude t r i r a e t h y l t i n ( I Y ) f luoride (24-9) 

and t r i m e t h y l t i n ca rboxyla tes ( 2 5 0 ) . I t i s however, of 

i n t e r e s t t h a t a s soc i a t i on i n the t r i a l k y l t i n c a rboxy la t e s , 

R^Sn02CR1, i s i n h i b i t e d when the a l k y l groups R are b u l k y 

or when the ca rboxy la te oxygen atoms are rep laced by su lphur . 

Hence R^S^XYjCR 1 (R o P r 1 , R 1 = Me , X = Y = 0; R = R 1 = Me, 

X = S, Y = 0; R = R 1 = Me, X = Y = S) i s monomeric w i t h t i n 

r e v e r t i n g t o i t s f o u r - c o - o r d i n a t e s t a t e , bu t a number of 

compounds of the type ClR 9Sn0 oCMe, which are a lso monomeric, 

con ta in a c h e l a t i n g ca rboxy l group and f i v e - c o - o r d i n a t e t i n 

(251)<. Other examples of monomeric f i v e co -o rd ina t e t i n 

i nc lude the simple adducts formed between an o rgano t in 

compound and a donor molecule . I n genera l compounds RSnX^, 

f o r example, r e a d i l y fo rm such complexes, the l ower ing i n 

the acceptor s t r e n g t h of t i n on ly becoming at a l l s t r i k i n g 
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when weak donors are i n v o l v e d , a l k y l su lphides g i v i n g 

adducts w i t h SnCl^ but not w i t h PhSnCl^ (252-3)= T y p i c a l 

of a l a rge number of 1:1 adducts w i t h f i v e - c o - o r d i n a t e 

t i n i s Me^SnCl.py, an X-ray c r y s t a l s tudy of which has 

shown t h a t the molecule i s a t r i g o n a l b ipy ramid w i t h the 

p y r i d i n e u n i t and the c h l o r i n e atom l y i n g on e i t h e r s ide 

of the plane of the three methyl groups (25^-) = For com­

pounds of the genera l f o r m u l a R 2 SnX 2 where X has donor 

p r o p e r t i e s , the p o s s i b i l i t y of t i n ach iev ing a s i x - c o - o r d i n a t e 

s t a t e by autocomplex f o r m a t i o n a r i s e s . The polymer ic f l u o ­

r i d e s R^Snl?^ ( e S » R = Me (255) ) have oc tahedra l c o - o r d i ­

n a t i o n at t i n and the s t r u c t u r e of d i m e t h y l t i n b i s ( f l u o r o -

s u l p h a t e ) , Me 2Sn(FS02.) 2 , i s based on a d i s t o r t e d form of the 

Me 2ShF 2 s t r u c t u r e having f l u o r o s u l p h a t e b r i d g e s . The d i -

c a r b o x y l a t e s , R 2 , S n ( 0 2 C R 1 ) 2 , a l t e r n a t i v e l y , are monomeric 

and i t i s suggested t h a t the s i x - c o - o r d i n a t i o n s ta te of t i n 

i s achieved by the two c h e l a t i n g ca rboxy l groups (251,256)= 

A simple s i x - c o - o r d i n a t e s t r u c t u r e i s p o s s i b l e f o r many 

adducts of tinTV" compounds w i t h b i d e n t a t e ( 1 : 1 ) or mono-

dentate ( 2 : 1 ) donor molecules . One excep t ion t o t h i s i s 

b i p y . Ph 2 Sn(NC0) 2 i n which t i n i s f i v e - co -ord ina te and 

b i p y r i d i n e i s a c t i n g as a b r i d g i n g group (257) • There are 

fewer examples of compounds c o n t a i n i n g t i n i n a c o - o r d i n a t i o n 

s t a t e g rea t e r than s i x . Compounds of genera l f o r m u l a RSnX^ 

where X i s a c h e l a t i n g l i g a n d and t i n i s seven-co-ordinate 

might be expected t o have a s t r u c t u r e based on a pentagonal 

b i p y r a m i d . Such a s t r u c t u r e has been proposed f o r the 

a l k y l t i n t r i c a r b o x y l a t e s , RSn(0 2 CR 1 )^ (242) and has been 



es t ab l i shed f o r MeSn(NO^)^ ( 2 5 8 ) , t r i s ( t ropolona to)mono-

c h l o r o t i n (259) and the e t h y l e n e d i a m i n e t e t r a c e t i c acid 

complex S n I Y ( E D T A ) „ H o 0 ( 2 6 0 ) . 

E i g h t - c o - o r d i n a t e t i n i s a much r a r e r c o n d i t i o n , but 

e x i s t s i n b i s ( p h t h a l o c y a n i n a t o ) t i n ( I V ) , which has a 

s t r u c t u r e based on a square a n t i - p r i s o m of n i t r o g e n atoms 

( 2 6 1 ) , and t i n ( I V ) n i t r a t e , having a s t r u c t u r e based on a 

dodecahedron of oxygen atoms, the f o u r n i t r a t e groups 

being arranged symmet r i ca l ly and b i d e n t a t e t o the c e n t r a l 

t i n atom ( 2 6 2 ) . 

The exper imenta l work about t o be descr ibed i n v o l v e s 

almost e x c l u s i v e l y the systems MC1^(M = Sn, Ge, S i ) and 

l i t h i o - a m i d i n e s , MeC(NR) 2Li (R = Ph, p - t o l y l ) . The nature 

of the N , N ^ - d i s u b s t i t u t e d amidine l i g a n d and a b r i e f r ev iew 

of symmet r i ca l ly s u b s t i t u t e d N-meta l l a t ed amidines has 

a l ready been presented i n Chapter 4 - Sect ion 4 . 3 » 3 ( a ) 

pages 170 t o . 

5«3» Exper imenta l 

A l l the r e a c t i o n s were c a r r i e d out under an atmosphere 

of dry n i t r o g e n . The t e t r a h a l i d e s of t i n and s i l i c o n were 

p u r i f i e d by vacuum d i s t i l l a t i o n but germanium(IV) c h l o r i d e 

was used d i r e c t l y as a f r e s h commercial sample. 

( i ) React ion of N , E " 1 - d i - p - t o l , y l a c e t a m i d i n o l i t h i u m w i t h 

t i n t e t r a c h l o r i d e , (mole r a t i o ( 1 : 1 ) ) 

21.78 mmol of N , N 1 - d i - p - t o l y l a c e t a m i d i n o l i t h i u m (made 

by r e a c t i n g 5 ° 1 6 g , 21.78 mmol of N ^ - d i - p - t o l y l a c e t a m i d i n e 

i n 100cm^ anhydrous ether w i t h 12.1 cm^ of 1.8M B u n L i at -
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- 1 9 6 ° , and s t i r r i n g t o room temperature f o r about 30-4-5 
7. 

minutes) suspended i n about 100-I20cm ether/hexane was 

cooled t o - 1 9 6 ° C T ' in ( IV) c h l o r i d e was added ( 2 . 5 5 c n r , 

21.78 mmol) and the mix ture was al lowed t o warm t o room 

temperature being s t i r r e d c o n t i n u o u s l y . I t was s t i r r e d 

o v e r n i g h t , and a l l so lven t was then removed under reduced 

pressure f r o m the creamy suspension. Anhydrous to luene was 

added (50cm^) and r e f l u x e d f o r 20 minutes f o l l o w e d by 

f i l t r a t i o n of the hot suspension. The y e l l o w f i l t r a t e 

a f t e r concen t r a t i on deposi ted a y e l l o w powdery s o l i d i d e n t i ­

f i e d as N , N ^ - d i - p - t o l y I a c e t a m i d i n o t i n ( I V ) t r i c h l o r i d e , 

MeC(NC 6 H^pMe) 2 Sn I V Cl 3 , mp 1 7 0 - 1 7 5 ° . 

Found: C - 4-2.4-; H = 3 .5 ; N = 5«9 ; CI = 23.0% 

M, 441 

C 1 6 H l 7 N 2 S n C l 3 r e q u i r e s C = 4 1 . 5 ; H = 3 .7 ; N = 6 . 1 ; 

CI = 23.0% M, 462 

J max(Nu,jol M u l l ) 1638v.w, 1579m, 1504v.s , 1489v.s , 1408v.s , 

1370v.s , 1318m, 1300m, 1280w, 1211m, 1118sh, 1106m, 1033m,1021s, 

937s, 859v.s, 804v . s , 773s, 764w, 723w°.^r, 708s, 665s, 643w, 

633m, 583s, 5 1 8 V S , 502m, 456s, 387s, 368sh, 337m cm" 1 . 

( i i ) React ion of N , N ^ - d i p h e n y l a c e t a m i d i n o l i t h i u m and t i n 

t e t r a c h l o r i d e (mole r a t i o 2 :1) 

The" procedure as o u t l i n e d i n ( i ) was f o l l o w e d i n most 

of the r e a c t i o n s conducted, and consequently only e s s e n t i a l 

d e t a i l s are subsequently o f f e r e d . Th i s r e a c t i o n employed 

21.92 mmol of N ^ ^ - d i p h e n y l a c e t a m i d i n o l i t h i u m and 10.96mmol 

of t i n ( I V ) c h l o r i d e . The work-up procedure was as above and 



the concentrated toluene e x t r a c t was cooled ove rn igh t t o 

about -20°= A whi te amorphous s o l i d was obtained and 

. i d e n t i f i e d as b i s ( N , N " - d i p h e n y l a c e t a m i d i n o ) t i n ( rV")dichlor ide , 

[MeC(NPh) 0 i S n I V C l ra.p. 228-230°C, 

Pound: C - 5 4 . 1 ; H = 4 . 4 ; N = 8 .7 ; CI = 12.1% 

M, by cryoscopy 691 

C 2 8 H 2 6 N 4 S n C 1 2 r e < 3 u i r e s C = 55=3; H = 4 . 3 ; N = 9 .2 ; 

CI = 11.7% M, 608 

^ max(Nu,jol M u l l ) I660vwbr, 1595s, 1580m, I563sh , 1540sbr, 

1519s, 1508sh, 1496vsbr, 1445s, 1417vs, 1376s, 1320m, 1304s, 

1281s, 1219s, 1182w, 1175w, 1160m, 1075m, 1031m, 1019m, 

1005w, 963w, 918m, 909m, 846m, 835m, 768m, 745vs, 740sh, 

725sh, 704m, 690vs, 672m, 630vwbr, 588m, 582m, 518s, 480vw, 

428m, 380sh, 350sh, 340w c m " 1 . 

( i i i ) React ion of N ^ ^ d i - p - t o l y l a c e t a m i d i n o l i t h i u m w i t h 

t i n t e t r a c h l o r i d e (mole r a t i o 2 :1 ) 

The above procedure was f o l l o w e d us ing 32.57 mmol 

a m i d i n o l i t h i u m and 16.28 mmol t i n ( I V ) c h l o r i d e . A whi te 

m i c r o c r y s t a l l i n e s o l i d was obtained and i d e n t i f i e d as 

b i s ( N , N 1 - d i - p - t o l y l a c e t a m i d i n o ) t i n ( l V ) d i c h l o r i d e , 

(MeC(NC.H,.pMe) J S n I V C l ^ 
I 6 4- 2 > 2 ^ 

m . P o 300°d, 
-J 2C 

Pound: C = 57=6; H = 5 .4 ; N = 8 .4 ; CI = 10.3% 

M, by cryoscopy 827 

C 3 2 H 5 4 N 4 S n C 1 2 r e ( 3 u i r e s 0 = 57 = 9; H = 5 = 1 ; N = 8 .4 ; 

CI = 10.7% M, 764 

^ max(Nu,jol M u l l ) 1645vwbr, 1578W, 1550sh, 1543sh, 1538s, 

1510vs b r , 1495vs, 1412vs, 1379s, 1368s, 1312m, 1300s, 12?8W, 
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1246W, 1219s, 1178w, 1126vwbr, 1108s, I042wbr, 1025m, 

1011m, 939w, 864s, 853m, 837wbr, 818w, 804s, 790w, 757w, 

732w, 710m, 700w, 658m, 633w, 580s, 522vs, 499w, 470vw, 

430vw, 385m, 358sh, 322wbr, c m " 1 . 

( i v ) React ion of N ^ N ^ - d i - p - t o l y l a c e t a m i d i n o l i t h i u m w i t h 

s i l i c o n t e t r a c h l o r i d e (mole r a t i o 1:1 or 2 :1) 

The above procedure was f o l l o w e d on a molar r a t i o of 

1:1 (17«7 mmol of each reagent ) and 2 :1 (25 .3 mmol of ami-

d i n o l i t h i u m - 12.6 mmol of s i l i c o n ( I V ) c h l o r i d e ) . The 

whi te m i c r o c r y s t a l l i n e product was i d e n t i f i e d , i n bo th 

systems, as b i s ( N , N ^ - d i - p - t o l y l a c e t a m i d i n o ) s i l i c o n ( I V ) d i -

c h l o r i d e , MeC(NC 6H 4pMe) 2(, S i C l 2 

2 
m.p 2 4 2 ° - 2 4 6 ° . 

x 

ffound: C = 65 .7 ; H = 6 .4 ; N = 9 .9 ; CI = 12.3% 

M, by cryoscopy, 658. 

C^gH^N^SiClg r e q u i r e s C = 67 .0 ; H = 5 .6 ; N = 9 .8 ; 

CI = 12.4% M, 573. 

9 max(Nu,jol M u l l ) 1646w, 1610W, 1578sh, 1560vsbr, 

1508vsbr, 1412vs, 1378s, 1368s, 1320s, 1311s, 1305s, 1278w, 

1226VS , 1212m, 1174m, 1108VS , 1042sh, 1034m, 1028s, 1011s, 

968vw, 944s, 886s, 860s, 846vw, 832vw, 822m, 809vs, 798sh, 

770w, 733w, 720w, 711s, 700vw, 662w, 650m, 620sh, 600vs, 

560vs, 525vs, 505m, 476vs, 460s, 430s, 408s, 388m, c m " 1 . 

( v ) React ion of N ^ ^ - d i - p - t o l y l a c e t a m i d i n o l i t h i u m w i t h 

germanium t e t r a c h l o r i d e (mole r a t i o 1:1 or 2 :1) 

The above procedure was f o l l o w e d on b o t h a 1:1 and a 

2 :1 molar r a t i o bas i s (18 .1 mmol of each and 25.2 mmol 



a m i d i n o l i t h i u m : 12.6 mmol germanium TV c h l o r i d e r e s p e c t i v e l y ) 

The white s o l i d i s o l a t e d i n "both cases was i d e n t i f i e d as 

b i s (N ,N"*" -d i -p - to ly l ace t amid ino )ge rman ium( IV)d i ch lo r ide , 

, MeC(NC 6lLpMe) 2 GeCl 2 I ra.p. 240° - 245° d . 

Pound: C = 62 ,0 ; H = 5 . 1 ; N = 9 .0 ; CI = 11.3% 

M by cryoscopy 770 

C 3 2 H 3 4 N 4 G e C l 2 r e q u i r e s C = 62 .2 ; H = 5 .5 ; N = 9 . 1 ; 

CI = 11.5% M, 617.5 

) max(Nu,jol M u l l ) 1646m, 1608w, 1575m, I561sh , 1552VS, 

1510VS b r , 1480vs b r , 1412s b r , 1380s, 1368s, 1314s, 1303, 

1281W, 1265w, 1250VW, 1220VS, 1173*» to, 1107s, 1024s, 1011m, 

940m, 870vs, 852s, 818m, 804vs, 790m, 760m, 734m b r , 717m, 

709s, 697w, 659w, 647w, 586vs, 524vs, 509m, 500w, 462m, 

438m, 400vs, 338w, 322w, c m " 1 . 

( v i ) React ion of N ^ - d i p h e n y l a c e t a m i d i n o l i t h i u m and t i n 

t e t r a c h l o r i d e (mole r a t i o 3»1) 

The above procedure was f o l l o w e d employing 29.7 mmol 

of a m i d i n o l i t h i u m and 9°9 mmol of t i n ( I V ) c h l o r i d e . The 

whi te powder obtained was i d e n t i f i e d as t r i s ( N , N ^ - d i p h e n y l ~ 

a c e t a m i d i n o ) t i n ( I V ) m o n o c h l o r i d e , 

183° - 193° 

| M e C ( N P h ) 2 | S n I V C l mp, 
x 

Found: C = 63 .2 ; H = 5 .4 ; N = 10 .4 ; CI = 4.8% 

C 4 2 H 5 9 N 6 S n C 1 r e ( 3 u i r e s c = 6^ .8; H = 5 = 0; N = 10 .8 ; 

CI = 4.6% 

^ max(Nu,jol M u l l ) 1653m b r , 1590s, 157^s, 1563sh, 1538s b r , 

1520m b r , 1492v s b r , 1445m, 1417vs, 1378s, 1318w, 1303m, 

1280m, 1262W, 1218m, 1182W, 1173w, 1156W, 1070m b r , 1030m, 



205. 

1015m, 1005w b r , 960w, 916m, 907m, 840m, 768m, 74-6vs, 

738w, 728w, 700sh, 690vs, 670m,br, 615v w b r , 586m, 518m, 

468w, 428w, 405w, 332w, c m " 1 . 

( v i i ) . React ion of N ^ ^ - d i - p - t o l y l a c e t a m i d i n o l i t h i u m and 

t i n t e t r a c h l o r i d e (mole r a t i o 3 ; 1 ) 

A s i m i l a r procedure t o t h a t e s t ab l i shed above was 

f o l l o w e d us ing 26.87mmol of a m i d i n o l i t h i u m and 8.96mmol 

t i n ( I V ) c h l o r i d e . The whi te powder obtained was i d e n t i f i e d 

as t r i s ( N , N 1 - d i - p - t o l , y l a c e t a m i d i n o ) t i n(rV ) m o n o c h l o r i d e , 

MeC(NC 6H 4pMe) 2 I S n I V C l m.p. 235 - 245 d . 
3C-

ffound: C = 6 6 . 1 ; H = 6 .6 ; N = 9 ° 3 ; CI = 4.0% 

C 4 8 H^ 1 N 6 SnCl r e q u i r e s C - 66 .6 ; H = 5-9; N = 9-7; 

CI = 4 . 1 % 

? max(Nu,jol M u l l ) 1645m b r , 1610W b r , 1580sh, 1560s b r , 

1512VS b r , 1483vs, b r , 1413s b r , 1378s, 1369s, 1221m, 

1312m, 1305m, 1226m, 1210W, 1172w, 1105m, 1040w, 1030w, 

1025m, 1010m, 940m, 883s, 858m, 820m, 806s, 795w b r , 765w.br, 

730vw b r , 708m, 698vw, 658m b r , 646vw, 598s, 588w, 568s, 

522s, 517w, 502m, 473s b r , 458w, 426m, 405s, 400w, 384m, 

363sh, 350sh, 330sh, 3 l0sh c m " 1 . 

( v i i i ) React ion of IN ^ ^ d i p h e n y l a c e t a m i d i n o l i t h i u m and 

t i n t e t r a c h l o r i d e (mole r a t i o 4 : 1 ) 

The standard procedure o u t l i n e d was f o l l o w e d us ing 33.53 

mmol of a m i d i n o l i t h i u m and 8.38 mmol of t i n ( I V ) c h l o r i d e „ 

The whi te s o l i d produced was i d e n t i f i e d as t e t r ak i s (N ,N" L = 

d i p h e n y l a c e t a m i d i n o ) t i n ( I V ) , |MeC(NPh) 2 j S n I V m.p 245=255°d, 

http://765w.br
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Found: C = 71 .5 ; H = 6 . 1 ; N = 11 .9 ; Sn = 11.9% 

C ^ H 3 2 N 8 S p r e q u i r e s C - 70 .4 ; H = 5 .5 ; N = 11 .7 ; 

Sn = 12.4% 

max(Nu,jol M u l l ) 1655s "br, I625sh, 1592vs, 1572vs, 

1550vs b r , 1490vs, 1445sh, 1412vs b r , 1379vs, 1366vs, 

1324m b r , 1312W, 1290m, 1268s, 1255sh, 1221VS, 1212sh, " 

1182vw, 1171m, 1154w, 1100w, 1085sh, 1072 , 1028vs, 10 l9sh , 

1004m, 975v w b r , 962w, 908s, 837vs, 802m, 790vw, 767m, 

746vs, 726m, 693vs, 653m b r , 617w b r , 575m, 520vs, 488w, 

467w, 424w, 380sh, 360sh, 332sh, 310vw c m " 1 . 

( i x ) The r e a c t i o n of N , N 1 - d i - p - t o l y l a c e t a m i d i n o l i t h i u m and 

t i n t e t r a c h l o r i d e (mole r a t i o 4 : 1 ) 

Using 29=59 mmol of a m i d i n o l i t h i u m and 7«39 mmol of 

t i n ( I V ) c h l o r i d e the whi te powder, i s o l a t e d was i d e n t i f i e d 

as t e t r a k i s ( N , N 1 - d i - p - t o l y l a c e t a m i d i n o ) t i n l V , 

|MeC(NC6HZ4_pMe ) 2 ^ S n T V m.p. 260° -280°d , 
x. 

Pound: C = 70 .6 ; H = 6 .4 ; N = 10 .3 ; Sn = 11.1% 

C 6 4 H 6 8 N 8 S n r e ( 3 u i r e s 0 = 72 .0 ; H = 6 .4 ; N = 10 = 5; Sn = 11.1% 

^ max(Nu.jol M u l l ) 1652m b r , 1635v w b r , 1597m, 1572w, I535sh. 

1507vs, 1493vs, 1414s b r , 1378s, 1366s, 1331m, 1311m, 1298m, 

1275W b r , 1242W b r , 1218s, 1172m, 1107s, 1035w b r , 1022m, 

937w, 863s, 850m, 818w, 806s, 790w, 657m, 631vw, 575s, 579vs, 

490w, 396w, 386m, 322m b r , c m " 1 . 

( x ) Attempted p repa ra t ions of MeC(im)2 i ^ V n ( M = S i , 
n Ge, n = 5, 4 ) . 

P o l l o w i n g the procedure a l ready o u t l i n e d i n r e a c t i o n s 
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o f a m i d i n o l i t h i u m and s i l i c o n / g e r m a n i u m ( I V ) c h l o r i d e i n 

3 : 1 and 4 : 1 molar r a t i o s were s t u d i e d . I n a l l cases , 

p r o d u c t s were o b t a i n e d w h i c h were i d e n t i f i e d , by means 

o f t h e i r i n f r a r e d s p e c t r a , as t he b i s - a m i d i n o - d e r i v a t i v e s 

|MeC(NR) ? 0 M C 1 0 . There was no ev idence ->f h i g h e r sub -2 1 W X 2 ' 

s t i t u t i o n p r o d u c t s , 

( x i ) R e a c t i o n between I ^ N ^ - d i - p - t o l y l a c e t a m i d i n e and 

t i n t e t r a c h l o r i d e 

4 , 7 8 7 5 g o f N , N 1 - d i - p - t o l y l a c e t a m i d i n e ( 2 0 , 0 9 mmol) i n 

60cra^ anhydrous t o l u e n e was mixed w i t h 5 -2314g t i n ( I V ) 

c h l o r i d e ( 2 0 . 0 9 mmol) and the y e l l o w s o l u t i o n was r e f l u x e d 

f o r about 24 h o u r s . The o f f - w h i t e suspens ion f o r m e d was 

f i l t e r e d o f f , washed w i t h t o l u e n e and pumped s o l v e n t f r e e , 

and i s o l a t e d as p r o d u c t A, The y e l l o w f i l t r a t e a f t e r 

c o o l i n g f o r m e d a y e l l o w amorphous mass B , r e c o g n i s e d by 

i t s i n f r a r e d spec t rum as b e i n g N , N ^ - d i - p - t o l y l a c e t a m i d i n o -

t i n ( I Y ) t r i c h l o r i d e , MeCCNCgH^pMe^SnCl^. 

The a n a l y s i s o f A gave t h e f o l l o w i n g d a t a : 

C - 4 6 . 5 ; H = 4 . 7 ; N = 7 - 0 ; C I = 26,3% 

The i n f r a r e d spec t rum sugges t A i s a m i x t u r e of 
-, + = 

N , N - d i - p - t o l y l a c e t a m i d i n i u m c h l o r i d e , MeC(NHC 6 H 4 pMe) 2 C I 

and N , N 1 - d i - p - t o l y l a c e t a m i d i n e , t i n ( I V ) c h l o r i d e a d d u c t , 

MeC(=NC 6 H 4 pMe)NHC 5 H^pMe,SnCl 4 , i n t h e a p p r o x i m a t e t m l a r 

r a t i o o f 2 : 3 

Found C = 4 6 . 5 ; H = 4 . 7 ; N = 7=0; C I * 26 .3% 

C 1 6 H 1 9 N 2 C 1 r e ( 3 u i r e s 0 = 6 9 ° 9 ; H = 6 . 9 ; N = 1 0 . 2 ; c l = 12.9% 

C 1 6 H l 8 N 2 S n C 1 4 r e q u l r e s 0 = 3 8 , 5 ; H = 3=6; N = 5 » 6 ; C l = 28,5% 
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A m i x t u r e o f t hese two p r o d u c t s w i t h t h e s t o i c h i o m e t r y 

sugges ted would have a c o m p o s i t i o n C = 4 6 . 7 ; H = 5 » 0 ; 

N = 6 . 8 ; C I = 24 .3%. 

S e c t i o n ^ . 4 D i s c u s s i o n 

( a ) P r e p a r a t i o n and s t a b i l i t y o f t h e new N - m e t a l l a t e d 

- a c e t a m i d i n o d e r i v a t i v e s 

The new compounds are t a b u l a t e d i n T a b l e 5=1» t h e 

a b b r e v i a t i o n s Am and Am"1" b e i n g used t o r e p r e s e n t t h e 

N , N 1 - d i p h e n y l a c e t a m i d i n o , MeC(NPh) 2 , and t h e N ^ - d i - p - t o l y l -

a c e t a m i d i n o , MeCCNCgH^pMe) 2, u n i t s r e s p e c t i v e l y . 

T a b l e 5 . 1 

New N ^ ^ - d i a r y l a c e t a m i d i n o Compounds of S i l i c o n , 

Germanium and T i n . 

Am n S n I V C l ^ _ n n = 2 , 3 , 4 Whi t e s o l i d s 

A m 1

n S n I V C l 4 _ n n = 1 Y e l l o w s o l i d -
n = 2 , 3 , 4 Whi t e s o l i d s 

( A m 1

2 S i C l 2 ) x Wh i t e s o l i d 

( A m 1

2 G e C l 2 ) y Wh i t e s o l i d 

The o n l y s u c c e s s f u l p r e p a r a t i v e r o u t e t o these compounds 

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

m e t a l h a l i d e ( e q u a t i o n 5 ° 1 ) ° 

n Am(or A m 1 ) L i + MCI . j> n L i C l + AmCorAm 1) M C I . 

The r e a c t i o n between t h e a c e t a m i d i n o l i t h i u m , AmLi ( 8 0 ) 



209 c 

or A m ^ L i , and (M = S i , Ge) i n 1 :1 m o l a r p r o p o r t i o n s 

y i e l d s t h e b i s ( a c e t a m i d i n o ) m e t a l d i c h l o r i d e s , A n ^ M C ^ or 

Am^pMClp, f e a s i b l y by a r o u t e i n v o l v i n g t h e d i s p r o p o r t i o -

n a t i o n o f t he i n i t i a l l y f o r m e d a c e t a m i d i n o m e t a l t r i c h l o r i d e 

(eg;. E q u a t i o n 5 - 2 ) . These b i s ~ d e r i v a t i v e s were a l s o t h e 

2 A m 1 M C l 3 3> A m 1

2 M C l 2 + MCl^ 5 » 2 

p r o d u c t o f t h e r e a c t i o n ( e q u a t i o n 5 - 1 ) wha teve r t h e r e l a t i v e 

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

The d i r e c t a m i n o l y s i s o f MC1^(M = Sn) by N ^ - d i p h e n y l -

a c e t a m i d i n e (AmH) ( 8 0 ) and N , N ^ - d i - p - t o l y l a c e t a m i d i n e (Am^H) 

a f f o r d e d a m i x t u r e o f t h e a m i d i n i u m c h l o r i d e and a m i d i n o t i n 

( I V ) - t r i c h l o r i d e ( e q u a t i o n s 5 « 3 - 5 ° 4 - ) 

Am ~̂H + S n C l ^ . ^ A m 1 H . S n C l 4 5 . 3 

2 A m 1 H . S n C l 4 A m 1 S n I V C l 5 + A m 1 H 2

+ C l + SnCl^ 5.4-

As w i t h t h e me thy leneamino and a c e t a m i d i n o t i n ( I I ) 

compounds d i s c u s s e d i n Chap te r 4-, a l l t h e new compounds are 

a i r and m o i s t u r e s e n s i t i v e . D e c o m p o s i t i o n i s i n d i c a t e d by 

t h e appearance i n t h e i n f r a r e d spec t rum o f bands a t ( 3 2 0 0 = 

3400)cm~ 1 and ( 1 6 2 9 - 1 6 3 5 ) c n T 1 c o r r e s p o n d i n g t o ^ ( N - H ) and 

(C=N) o f t h e f r e e a m i d i n e s r e s p e c t i v e l y . M o l e c u l a r 

w e i g h t s as d e t e r m i n e d c r y o s c o p i c a l l y - where such was p o s s i b l e -

gave v a l u e s w h i c h were c o n s i s t e n t l y l o w , p r e sumab ly a c o n ­

sequence o f sample d e c o m p o s i t i o n . 

( b ) C h a r a c t e r i s a t i o n 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 t h e 

new N , N ^ - d i s u b s t i t u t e d a c e t a m i d i n o d e r i v a t i v e s 

, N 1 - d i p h e n y l a c e t a m i d i n o t i n ( I V ) t r i c h l o r i d e , A m S n ^ C l ^ , has N 



"been shown t o be monomeric b o t h i n s o l u t i o n and i n t h e 

s o l i d s t a t e ( 8 0 ) . A c r y s t a l s t r u c t u r e d e t e r m i n a t i o n ( 2 1 3 ) 

shows i t t o c o n t a i n f i v e - c o - o r d i n a t e t i n w i t h a c h e l a t i n g 

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

scopy a l s o c o n f i r m s t h e monomeric n a t u r e o f A m ^ S n ^ C l - , i n 
3 

s o l u t i o n ( M , 4 4 1 ; monomer r e q u i r e s 4-62). I t s i n f r a r e d , 

^"H-NMR and mass s p e c t r a - a l l d i s c u s s e d i n g r e a t e r d e t a i l 

l a t e r are s i m i l a r t o t hose o f t h e p h e n y l ana logue and i s 

t h e r e f o r e j u d g e d t o have a s i m i l a r s t r u c t u r e ( F i g u r e 5 « 1 ) . 

Me 

C 

M JN Me 

Sn 

C I C I 
CI 

F i g u r e 5 -1 

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

( A m 1

2 M C l 2 ) n (M = S i , Ge, Sn) and . ( A m 2 M C l 2 ) (M = Sn) are 

r a t h e r ambiguous , t h e d e t e r m i n e d v a l u e s b e i n g 658 , 7 7 0 , 691 

and 827 (monomeric v a l u e s r e q u i r e d are 5 7 3 , 6 1 7 ° 5 608 and 

764-) r e s p e c t i v e l y . I t may be t h a t a l l o w i n g f o r sample d e ­

c o m p o s i t i o n , a l l o f t hese b i s - a m i d i n o d e r i v a t i v e s are 

d i m e r i c i n s o l u t i o n . However w h i l s t t h e ^H~NMR spec t rum = 

t a k e n a t about 4-2° - o f ( A m ^ M C l ^ (M = S i ) can be i n t e r ­

p r e t e d i n t e rms o f a d i m e r i c s t r u c t u r e 7 t h e o t h e r s p e c t r a 

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

even when c o o l e d t o ca - 5 0 ° . I t i s p o s s i b l e t h e r e f o r e t h a t , 



2 1 1 . 

i f ( A m ^ G e C l ^ n ( ^ J n 2 ^ o r - A m ^ 2 ^ E l < ^ 1 2 ^ n 3 X 6 ^ i m e r i c i - n 

s o l u t i o n , an e q u i l i b r i u m between d i m e r i c and monomeric 

f o r m s c o u l d e x i s t ( e q u a t i o n 5 - 5 ) ° Such an e q u i l i b r i u m 

c o u l d o f f e r a d d i t i o n a l e x p l a n a t i o n f o r t h e apparen t 

C I . x C I 

N N N N 

C I C I 

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

compounds. The i n f r a r e d s p e c t r a o f ( A m 1

2 M C 1 2 ) n M = S i , 

Ge are v e r y s i m i l a r and p re sumab ly t h e y have s i m i l a r s t r u c t u r e s 

i n t h e s o l i d s t a t e . B o t h b i s - d e r i v a t i v e s have two a b s o r p t i o n s 

w h i c h may be a s s igned to t h e M-Cl s t r e t c h i n g f r e q u e n c y , 

\ ) ( M r - C l ) , c o r r e s p o n d i n g t o symmet r i c and asymmetr ic s t r e t c h i n g 

v i b r a t i o n s . A s t r u c t u r e i n v o l v i n g a l i n e a r u n i t C l - M - C l i s 

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

s t r e t c h i n g v i b r a t i o n would be i n a c t i v e i n t h e i n f r a r e d . B o t h 

s p e c t r a show a b s o r p t i o n s o f medium i n t e n s i t y a t about 1540cm 

i . e . i n t h e r e g i o n a p p r o p r i a t e t o \) (C=N) - a b s o r p t i o n s 

w h i c h are absent f r o m t h e i n f r a r e d s p e c t r a o f A m S n ^ C l ^ ( 8 0 ) , 

A m 1 S n I V C l 5 , ( A m 2 S n I V C l 2 ) n and ( A m 1

2 S n I V C l 2 ) n . T h i s sugges t s 

t h a t a d i f f e r e n t mode o f b o n d i n g f o r t h e a m i d i n o - l i g a n d s i s 

p o s s i b l e . Indeed t h e p resence o f such an a b s o r p t i o n , o f 

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

need o f w h i c h m i g h t be expec ted t o be i n v e r s e l y p r o p o r t i o n a l 

t o t he s i z e o f M, and d i r e c t l y p r o p o r t i o n a l t o t h e number 

o f c o - o r d i n a t e d amid ine g r o u p s . So w h i l s t a d i s t o r t e d 

s i x - c o - o r d i n a t e s t r u c t u r e , shown i n s i m p l i f i e d f o r m i n 

F i g u r e 5 . 2 - ana logous t o t h a t f o u n d f o r M e 2 M ( C N ) 2 , M = S i , 
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Ge, Sn ( 2 6 3 ) - canno t be e x c l u d e d c o m p l e t e l y , an a l t e r n a t i v e 

p r o p o s a l - d i s c u s s e d more f u l l y l a t e r - f o r ( 0 M G 1 ~)0 

F i g u r e 5 ° 2 

shown i n F i g u r e 5 ° 5 has b i d e n t a t e b r i d g i n g amid ine g r o u p s , 

monodentate t e r m i n a l amid ine g r o u p s and f i v e c o - o r d i n a t e 

atoms o f M ( M = S i , G e ) . 

N 

N N ' 

N 

/ 
M 

C I 2 

N 

F i g u r e 

No ev idence f o r t h e m o l e c u l a r s t a t e o f t h e t r i s - and 

t e t r a k i s - amid i n o t i n ( I V ) compounds ( A m ^ S n ^ C l , A m ^ S n ^ C l , 

Am^Sn and A m ^ S n ) was o b t a i n e d by c r y o s c o p y or f r o m "^H-NMR 

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

t h e i r s t r u c t u r e s are n e c e s s a r i l y t e n t a t i v e . A l l t h e s p e c t r a 

have a b s o r p t i o n s o f medium i n t e n s i t y i n t h e r ange ( 1 6 4 5 - 1 6 5 5 ) 
- 1 

cm w h i c h may r e f l e c t t h e p resence o f a monodentate a m i d i n o 

l i g a n d . A p o s s i b l e s t r u c t u r e f o r t hese d e r i v a t i v e s , i f t h e y 
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are monomer ic , i s shown i n s i m p l i f i e d f o r m i n F i g u r e 5 ° ^ ( a ) 
t h e g roup X r e p r e s e n t i n g a c h l o r i d e atom or monodentate 

N 
N 

Sn N 

N 

N 

a ) 

N 
N N N 

Sn Sn 

N N N N N N 

( b ) 

F i g u r e 5 ° 4-

amid ine g r o u p . I f t h e compounds are a s s o c i a t e d , a p o s s i b l e 

s t r u c t u r e expressed i n d i m e r i c t e r m s , a g a i n w i t h s i x - c o - o r d i ­

na t e t i n , i s shown i n F i g u r e 5«4 ( h ) . W h i l s t t h e i n f r a r e d 

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

i n t e r p r e t p r e c i s e l y , i t would seem t o f a v o u r an a s s o c i a t e d 

s t a t e f o r t r i s - and t e t r a k i s - amid ino d e r i v a t i v e s o f t i n . 

The 1H-NMR s p e c t r a o f t h e new N , N 1 - d i a r y l a c e t a m i d i n o 

compounds o f t i n ( I V ) , s i l i c o n and germanium i n CDCl^ 

s o l u t i o n a t about 4-2° are t a b u l a t e d i n T a b l e 5 ° 2 
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T a b l e 5 .2 

H-NMR S p e c t r a o f Some N , N ^ - d i a r y l a c e t a m i d i n o D e r i v a t i v e s 

o f Group 4 E lements 

Chemica l S h i f t s T^ppm a 

Compound 
A r - H amidine-CH-, 

3 
t o l y l - C H 5 N - H 

* 
AmSn I V Cl- , 

3 
2 . 1 , 2 .2c 7 . 3 s - -

A m 1 S n C l , 
3 

2 .63c ( 8 ) 7 . 7 3 s ( 3 ) 7 .33s ( I ) -

A m 2 S n C l 2 2 . 2 8 , 2 . 4 8 c (10) 7 . 6 3 s ( 3 ) - -
A m 1

2 S n C l 2 2 . 6 2 , 2 . 7 5 c ( 8 ) 7 . 7 9 s ( 3 ) 7 - 3 3 s ( 6 ) -
A m 1

2 S i C l 2 2 . 3 8 s b r ( 8 ) 7 = 6 8 s b r ( 3 ) 7 . 1 2 . 
7 . 1 7 ( 6 ) 

-

A m 1

2 G e C l 2 2 . 3 2 , 2 . 4 4 7 « 7 0 s ( 3 ) 7 .18s ( b ) — A m 1

2 G e C l 2 

2 .52c ( 8 ) 

A m . S n I V C l 
3 

2 . 1 8 , 2 . 3 6 C ( 1 0 ) 7 . 5 7 s ( 3 ) - -
A m 1 . , S n I V C l 

3 
2 . 7 8 , 3 o 1 3 c ( 8 ) 8 . 0 3 s ( 3 ) 7 .31s ( b ) -

Am^Sn 2 . 4 3 , 2 . 8 9 
2 . 9 3 , 3 » 0 2 c ( 1 0 ) 

7 . 8 7 s ( 3 ) - -

Am 1^Sn 2 . 2 8 , 2 . 5 2 

2 . 6 7 , 3 = 0 8 , 

3 . 1 6 c ( 8 ) 

7 . 9 3 s ( 3 ) 7 .25s ( b ) 

AmH 2 . 2 9 c 7 .64s b r - 3.07s 

Am 1H 2 = 4 3 , 2 . 4 5 , 
2 . 4 8 , 2 „ 5 0 m 

7 = 63s 7 .27s 3 .91s 

* 
v e r y poo r r e s o l u t i o n ; s: s i n g l e t ; d : d o u b l e t ; m: m u l t i p l e t ; 

c: complex 

a: r e l a t i v e t o TMS as e x t e r n a l r e f e r e n c e Y = 1 0 . 0 ppm 
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A l l t h e s p e c t r a , b u t one , showed two sharp s i n g l e t s 

o 
when r e c o r d e d on CDC1-, s o l u t i o n s a t about 42 C, one 

t> 

a t t r i b u t a b l e t o t h e a m i d i n o - m e t h y 1 p r o t o n s and t h e o t h e r 

t o t he p - t o l y l - m e t h y l p r o t o n s . B o t h showed s i g n s o f 

s l i g h t b r o a d e n i n g when the s p e c t r a were r e c o r d e d a t - 5 0 ° C . 

B i s ( N , N ^ - d i p h e n y l a c e t a m i d i n o ) s i l i c o n d i c h l o r i d e , ( A m 2 S i C l 2 ) n 

n p r o b a b l y 2 , i s r e p o r t e d as showing two peaks o f r e l a t i v e 

i n t e n s i t i e s 1:1 w h i c h p r o b a b l y c o r r e s p o n d t o b r i d g i n g and 

n o n - b r i d g i n g a m i d i n o g r o u p s ( 8 0 ) . F u r t h e r m o r e on c o o l i n g 

t o —40° , t h e l o w e r o f t h e two m e t h y l r e sonances was r e s o l v e d 

i n t o a d o u b l e t . T h i s was e x p l a i n e d by assuming t h e t e r m i n a l 

l i g a n d t o be monodentate ( F i g u r e 5 - 5 ) t he appearance o f 

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

s y n - a n t i i s o m e r s , b e i n g c o n s e q u e n t i a l upon t h e f r e e z i n g of 

t h e i n v e r s i o n p r o c e s s a t t h e i m i n e n i t r o g e n . The "'"H-NMR 

spec t rum o f b i s ( N , N 1 - d i - p - t o l y l a c e t a m i d i n o ) s i l i c o n d i c h l o r i d e , 

( A m x

2 S i C l 2 ) n n p r o b a b l y 2 , a l s o d i f f e r s f r om t h e s p e c t r a o f 

t h e b i s ( a m i d i n o ) t i n ( I V ) d e r i v a t i v e s i n showing a t ambien t 

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

p r o t o n s , a l t h o u g h o n l y one s i g n a l - a b road s i n g l e t -

c o r r e s p o n d i n g t o t he a m i d i n e - m e t h y l p r o t o n s . I t would seem 

t h a t even a t 42°C t h e a m i d i n o l i g a n d s are d i s t i n g u i s h a b l e and 

c o r r e s p o n d t o n o n - b r i d g i n g and b r i d g i n g u n i t s . C o o l i n g t o c a -50 

d i d n o t f r e e z e o u t t h e s y n - a n t i i s o m e r s , b u t t h e s i n g l e t 

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

a b l y . I t seems p o s s i b l e t h e r e f o r e t h a t ( A m ^ " 2 S i C l 2 ) 2 has 

t h e s t r u c t u r e sugges ted i n F i g u r e 5 » 3 w i t h f i v e c o - o r d i n a t e 

s i l i c o n , b r i d - g i n g - b i d e n t a t e and t e r m i n a l - m o n o d e n . t a t e 
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l i g a n d s . S ince t h e i n f r a r e d s p e c t r a o f (Am 2^012)2 

Me = S i , Ge , are v e r y s i m i l a r t h e n such a s t r u c t u r e canno t 

"be r u l e d o u t ( d e s p i t e t he absence o f s u p p o r t i n g ^H-NMR 

d a t a ) f o r t h e c o r r e s p o n d i n g germanium compound.-

The o t h e r s p e c t r a l d a t a ( T a b l e 5 ° 2 ) p r o v i d e s l i t t l e 

f u r t h e r i n f o r m a t i o n c o n c e r n i n g the s t r u c t u r e s o f these 

compounds. I t shows t h a t i n a lmos t a l l cases t he m e t h y l 

g roup o f t h e p a r e n t amid ines i s s l i g h t l y more d e s h i e l d e d , 

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

t h e m e t a l l a t e d compounds. The c h e m i c a l s h i f t o f t h e t o l y l -

m e t h y l p r o t o n s , on t h e o t h e r hand , i s v e r y s m a l l when t h e 

p a r e n t a m i d i n e , N , N ^ - d i - p - t o l y l a c e t a m i d i n e , i s m e t a l l a t e d . 

The bands i n t h e i n f r a r e d s p e c t r a a s s o c i a t e d w i t h 

NCN s t r e t c h i n g v i b r a t i o n s , (NCN) , are g i v e n i n T a b l e 5 » 3 « 

V a r i o u s a ss ignments have been made f o r t h e s t r e t c h i n g 

v i b r a t i o n s o f t h e NCN u n i t i n N - m e t a l l a t e d a m i d i n e s . A 

weak band a t about 1640cm t o g e t h e r w i t h o t h e r bands i n 

t h e r e g i o n (1500=1600)cm" ' 1 were a s s igned t o ^ (NCN) f o r a 

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

number o f b i d e n t a t e N ^ N ^ - d i s u b s t i t u t e d a m i d i n e s . On t h e 

o t h e r hand t h e symmet r i c and asymmet r i c modes o f t h e (NCN) 

u n i t were c o n s i d e r e d t o l i e i n t h e r e g i o n ( 1 3 0 0 - I 5 0 0 ) c m 

f o r a number o f t r a n s i t i o n m e t a l - c a r b o n y l systems ( 2 3 9 ) » 

Some molybdenum and t u n g s t e n d e r i v a t i v e s o f N j N ^ - d i p h e n y l -

a c e t a m i d i n e show an a b s o r p t i o n o f medium i n t e n s i t y a t c a . 

1630cm"' 1 and t h i s was a t t r i b u t e d t o ^ (NCN) and was 
clS 

c o n s i d e r e d t o be c o n s i s t e n t w i t h a b i d e n t a t e c h e l a t i n g 

a m i d i n o g roup ( 2 1 9 ) - I n g e n e r a l t e r r a s , any bands p r e s e n t 
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i n t h e i n f r a r e d s p e c t r a o f t hese new compounds i n t h e 

r ange (1300-1660)cm , w h i c h show v a r i a t i o n f r o m d e r i v a t i v e 

t o d e r i v a t i v e , are r e g a r d e d as c a n d i d a t e s f o r ass ignment 

as (NCN) s t r e t c h i n g f r e q u e n c i e s . T a b l e 5 - 3 shows the r e s u l t s 

o f a p p l y i n g such a p r i n c i p l e . The NCN s t r e t c h i n g f r e q u e n c i e s 

o f t hese d e r i v a t i v e s f a l l i n t o t h r e e r e g i o n s , v i z ( 1 3 1 0 -

1 3 3 2 ) c m " 1 , ( 1 5 3 3 - 1 5 6 6 ) c m - 1 and ( 1 6 4 5 - 1 6 5 6 ) c m " 1 . An X - r a y 

c r y s t a l l o g r a p h i c s t u d y o f monomeric N , N " ^ - d i p h e n y l a c e t a m i d i n o -

tin(TV) t r i c h l o r i d e , AmSnCl^ ( 2 1 3 ) , shows t h a t t h e m o l e c u l e 

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

i n f r a r e d spec t rum shows no a b s o r p t i o n s i n t h e ( 1 5 3 3 - 1 5 6 6 ) c m 
—1 

r e g i o n and o n l y a v e r y weak a b s o r p t i o n a t 1326cm . I t may 

be t h e r e f o r e t h a t t h e a b s o r p t i o n s o f s i g n i f i c a n t i n t e n s i t y 

a t (1533-1566) and (1310-1322)cm may be a s s igned t o t hose 

o f b r i d g i n g a m i d i n o l i g a n d s . I n t h e i n f r a r e d spec t rum o f 

AmSnCl^ t he weak a b s o r p t i o n a t 1645cm - i n t h e absence 

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

may t h e n f e a s i b l y be a s s igned t o a b i d e n t a t e c h e l a t i n g 

a m i d i n o u n i t , b u t t h i s i s u n c e r t a i n . The i n f r a r e d spec t rum 

o f monomeric N , N " L - d i - p - t o l y l a c e t a m i d i n o - t i n ( I V ) t r i c h l o r i d e , 

Am^SnCl^, t o g e t h e r w i t h i t s o t h e r c h a r a c t e r i s t i c s a l r e a d y 

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

t o t h a t o f AmSnCl , . 
3 

I f t h e a b s o r p t i o n s a t ( 1 3 1 0 = 1 3 3 2 ) c m - 1 and ( 1 5 3 3 - 1 5 6 6 ) c m " 1 

are a s s igned t o b r i d g i n g a m i d i n o l i g a n d s , t h e n i t would seem 

t h a t t he b i s - a m i d i n o compounds ( A n ^ M C l p ) ^ ( A m ^ M C ^ ^ M = S i , 

Ge, Sn, t he t r i s - a m i d i n o compounds ( A m ^ S n C l ) n and ( A m ^ S n C l ) n , 

and t h e t e t r a k i s a m i d i n o d e r i v a t i v e s Am^Sn amd Am^Sn are 
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T a b l e 5 .3 

V (3fCN) f o r Some N , N 1 - d i p h e n . y l - and N . ^ - d i - p - t o l y l -

a c e t a m i d i n o D e r i v a t i v e s o f t h e Group I V E lemen t s S i l i c o n , 

Germanium and T i n 

Compound $ (NCN)cm 1 R e f e r e n c e 

AmSnCl^ 
3 

1645w 80 

An^SnCl-, 
3 

1645w b 

( A m 2 S n C l 2 ) n 1540s , 1319m b 

( A m 1

0 S n C l 0 ) v 2 2 ' n 1538s , 1312m b 

( A m 2 S i C l 2 ) n 1647w, 1566VS , 1332m 80 

( A m 1

2 S i C l 2 ) n 1646m, 1560vs , 1320s b 

( A m 2 G e C l 2 ) n 1650w, 1554VS, 1324w 80 

( A m 1

2 G e C l 2 ) n 1646m, 1553vs , 1314s b 

( A m 3 S n C l ) m 1650m, 1538s , 1319m b 

( A m 1

2 S n C l ) 3 m 1645m, 1540m, 1310m b 

( A m 4 S n ) m 1655m, 1545s v b r 1320w b 

( A m \ s n ) m 1656m, 1533s , 1311m, b 

AmH 1629vs , 1535VS , 1338vs b 

Am 1 H 1635vs , 1532vs , 1323s b 

a: N u j o l M u l l s , n , probaht .y 2 ; b : t h i s work 
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a l l a s s o c i a t e d i n t h e s o l i d s t a t e . The i n f r a r e d s p e c t r a 

o f t h e d e r i v a t i v e s A m 2 M C l 2 , A m ^ M C ^ (M = S i , Ge) and 

A m n S n C l ^ _ Q , Am 1 SnCl^ ( n = 3, 4 ) show an a b s o r p t i o n 

o f medium, i n t e n s i t y a t ( 1 6 4 6 - 1 6 5 6 ) c m ™ 1 . W h i l s t t h e 1H-NMR 

s p e c t r u m o f d i m e r i c A m 2 S i C l 2 , d i s c u s s e d e a r l i e r , i n d i c a t e s 

t h e n o n - b r i d g i n g a m i d i n o l i g a n d s t o be monodenta te i n t h i s 

compounds ( 8 0 ) such ev idence c o u l d n o t be r e p r o d u c e d f o r 

A m ^ 2 S i C l 2 . None t h e l e s s i t seems r e a s o n a b l e t o p o s t u l a t e 

t h a t t he appearance o f an a b s o r p t i o n a t ( 1 6 4 6 - 1 6 5 6 ) c m " -

a p p e a r i n g as i t does when t h e s t e r i c demands o f t h e sys tem 

i n t e n s i f y , ( e i t h e r as t he number o f a m i d i n o l i g a n d s i n c r e a s e s 

o t t h e s i z e o f t h e c e n t r a l atom dec rea se s ) may e v i d e n c e a 

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

A m 2 S n C l 2 and A m 1

2 S n C l 2 t h e a p p a r e n t absence o f a h i g h energy 

b a n d , even o f l o w i n t e n s i t y , a t ( 1 6 4 5 - 1 6 5 6 ) c m " c o r r e s p o n d i n g 

t o a l o c a l i s e d monodenta te a m i d i n o g roup ( o r t o a b i d e n t a t e 

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

I n such a s i t u a t i o n , a l l t h e a m i d i n o l i g a n d s c o u l d t h e n be 

b r i d g i n g ( F i g u r e 5 . 5 ) ° 

C I CI 
N N N N 

Sn Sn 
N JN N 

C I C I 

F i g u r e 5 ° 5 

M e t a l - c h l o r i n e s t r e t c h i n g f r e q u e n c i e s f o r t h e compounds 

A m n S n C l 4 _ n , A n f ^ S n C l ^ ( n = 1 , 2 , 3 ) , A m 2 M C l 2 and Am^MCl 

(M = S i , Ge) are g i v e n i n T a b l e 5 ° 4 . On ly one band i s 
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T a b l e 5°4-

^ ( M - C l ) F o r Some N ^ ^ - d i a r y l a c e t a m i d i n o D e r i v a t i v e s o f 

S i l i c o n , Germanium and T i n 

Compound 
)> ( M - C l ) cm 

Compound 
as s 

AmSnCl^ ( 8 0 ) 353 
; -

A m 1 S n C l , 
3 

336 -

A m 0 S n C l 0 335 310 

A m 1

2 S m C l 2 323 298 

A m 2 S i C l 2 ( 8 0 ) 4-92 4-36 

A m 1

2 S i C l 2 4-76 4-29 

A m 2 G e C l 2 ( 8 0 ) 360 34-0 

A m 1

2 G e C l 2 34-0 322 

AnuSnCl 
3 

334 

A m 1

x S n C l 
3 

332 
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quo ted f o r each o f t h e monomeric N , N ^ - d i a r y l a c e t a m i d i n o -
t i n ( I V ) t r i c h l o r i d e s , t h e two o t h e r bands expec ted are 
p r o b a b l y o u t s i d e t h e range s t u d i e d . Two bands are quoted 
f o r t h e b i s - a m i d i n o d e r i v a t i v e s A m 2 M C l 2

 a n d A m ^ M C l g 
(M = S i , Ge, Sn) and t h i s i m p l i e s t h a t t h e i r m o l e c u l e s 
( p r o b a b l y d i m e r i c ) c o n t a i n a n o n - l i n e a r C l - M - C l a r r a n g e ­
ment . The t r e n d i n f r e q u e n c i e s v i z S i y Ge ^-Sn i s c o n s i s t e n t 
w i t h t h e p redominance of t h e mass e f f e c t . 

I n T a b l e 5 » 5 are l i s t e d t h e f r e q u e n c i e s of bands 

a s s i g n a b l e t o M-N s t r e t c h i n g v i b r a t i o n s . The ass ignment 

must be r e g a r d e d as t e n t a t i v e and m o s t l y r e l a t e t o o n l y 

one o f t h e M-N s t r e t c h i n g a b s o r p t i o n s expec t ed f o r t hese 

compounds. The f r e q u e n c i e s show t h e e x p e c t e d v a r i a t i o n 

w i t h M and appear t o be i n l i n e w i t h o t h e r M-N a b s o r p t i o n s 

( 2 6 4 ) . 

W h i l s t AmSnClj and A m 2 M C l 2 (M = S i , Ge) gave good 

mass s p e c t r a , each showing p a r e n t peaks c o r r e s p o n d i n g t o 

t h e monomeric u n i t s and s e v e r a l peaks c o n t a i n i n g one m e t a l 

a tom, t h e mass s p e c t r a o f t h e new compounds were d i s a p p o i n t i n g l y 

u n p r o d u c t i v e . S e v e r a l d e c o m p o s i t i o n cou r se s are open t o 

a m i d i n o l i g a n d s , eg ( M e C ( N R ) 2 , t h e p r i n c i p a l ones p r o b a b l y 

i n v o l v i n g c l eavage a t n i t r o g e n w i t h l o s s o f R - o r R N * , l o s s 

o f Me, and t h e f o r m a t i o n o f R 2 N by e l i m i n a t i o n o f a c e t o n i t r i l e . 

The m a j o r f r a g m e n t s f o r t h e new compounds are g i v e n i n 

Tab l e 5 ° 6 a - f . Three o f t h e new a m i d i n o d e r i v a t i v e s , 

A m 1

2 M C l 2 (M = S i , Ge) and Am^SnCl, g e n e r a t e d no m e t a l -

c o n t a i n i n g f r a g m e n t s and t h e o t h e r s p e c t r a showed o n l y a 

s m a l l number o f m e t a l - c o n t a i n i n g f r a g m e n t s each w i t h one 
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Tab l e 5 .5 

(M-N) For Some N ^ - d i a r y l a c e t a m i d i n o D e r i v a t i v e s o f 
S i l i c o n , Germanium and T i n 

Compound $ (M-N) c m " 1 

AmSnCl-, 
3 

677 

A m 1 S n C l , 
3 

665 

A m 2 S n C l 2 672 

A m 1

2 S n C l 2 658 

A m 2 G e C l 2 ( 7 3 4 ) 

A m 1

2 G e C l 2 717 , ( 5 0 9 ) 

A m 2 S i C l 2 8 6 8 , 566 

A m 1

2 S i C l 2 8 6 0 , 560 

AnuSnCl 
3 

675 

A m 1 , S n C l 
3 

658 

Am^Sn 653 

Am1

Z)_Sn 657 
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T a b l e 5 . 6 

M a j o r Fragments i n t h e Mass S p e c t r a o f Some N,N~*~diar.ylaeet-

a m i d i n o D e r i v a t i v e s o f S i l i c o n , Germanium and T i n 

( a ) Axn 1 SnCl 7 

m/e E e l a t i v e 

I n t e n s i t y 
Ass ignment m/e R e l a t i v e 

I n t e n s i t y 
Ass ignment 

629 2 A m 1

2 S n C l + 238 100 1 + 

Am 1 

532 0 . 2 
i + 

Am ± SnCl 2 NCr ? Hr 7 225 100 
+ 

S n C l , 
D 

497 0 . 2 A m 1 S n C l N C 7 H 7

+ 208 25 C 7 H 7 N C C 7 H 7

+ 

4 6 3 . 5 20 A n r L S n C l , + 

0 
196 31 ( C ^ ) ^ 

427 15 A m 1 S n C l 2

+ 155 63 S n C l + 

392 17 Am^nCl" 1 " 132 100 C 7 H 7 NCMe + 

357 10 A m 1 S n + 105 52 

351 8 ( C r 7 H 7 ) 2 N S n C l + 91 100 
° 7 H 7 + 

260 1 S n C l 4

+ 

m/e v a l u e s r e f e r t o t h e peaks c o n t a i n i n g t h e most abundant 

i s o t o p e s ( 1 2 0 S n , ^01). 



( b ) A m 2 S n C l 2 

m/e Relative Intensity Assignment 

608 3 
+ 

Atn 2SnCl 2 

573 14 
+ 

Am2SnCl 

210 2o2 AmH* 

209 67 
+ 

Am 

5 PhHCKPli+ 

27 SnCl + 

118 100 PhNCMe+ 

92 6 PhNH^ 

91 10 PM 

77 91 Ph + 



225 . 

( c ) A m 1

o S n 0 1 o 

tn/e R e l a t i v e I n t e n s i t y Ass ignment 

664 6 A m 1

2 S n C l 2 

237 30 Am 1 + 

222 2 C 7 H 7 1TCNC 7 H 7

+ 

155 12 SnCl + 

132 100 C^H^NCMe"1" 

106 18 C 7 H 7 N H + 

91 24 
^ 7 ^ 7 + 

( d ) A m ^ S n C l 

m/e R e l a t i v e I n t e n s i t y Ass ignment 

664 5 A m 1

2 S n C l 2

+ 

392 30 A m 1 S n C l + 

237 25 A m 1 + 

222 2 C ? H 7 N C N C 7 H 7

+ 

155 30 S n C l + 

132 100 C 7 H 7 NCMe + 

119 7 C 7 H 7 N C t 2

+ 

106 3 

91 74 
^ 7 ^ 7 + 
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( e ) Am„Sn 

m/e R e l a t i v e I n t e n s i t y Ass ignment 

329 6 AmSn + 

209 84 Am + 

194 2 PhNCNPh+ 

168 9 P h ^ 

118 100 PhlTCMe+ 

104 5 

91 PhN + 

77 100 P h + 

( f ) A m ^ S n 

m/e R e l a t i v e I n t e n s i t y Ass ignment 

357 5 A m 1 S n + 

237 19 A m 1 + 

132 100 Cv7H7NCMe+ 

118 5 C H NCH + 

7 7 
105 3 

91 87 C 7 H 7 + 
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m e t a l a tom. P a r e n t peaks c o r r e s p o n d i n g t o monomeric u n i t s 

were o b t a i n e d f o r AmgSnC^ a n ( 3 -Am"'" 2SnCl 2but g e n e r a l l y t h e 

s p e c t r a are swamped by t h e a m i d i n o l i g a n d s and t h e i r breakdown 

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

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

b e i n g due t o v a r y i n g degrees o f sample d e c o m p o s i t i o n . 

5 .5 Summary 

S e v e r a l new m e t a l l a t e d - N ^ ^ d i a r y l a c e t a m i d i n e d e r i v a t i v e s , 

( I ; { M e C ( N E) 2l M C I . ] , R = Ph , p - t o l y l , M = S i , Ge, S n ) , 

have been p r e p a r e d . W h i l s t m o n o - a c e t a m i d i n o d e r i v a t i v e s o f t i n 

(IV) are s t a b l e d ; R = P h , p - t o l y l , M = Sn, n = l ) , t h e ana logous 

s i l i c o n and germanium compounds are n o t because t h e y are 

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

d i n o ) m e t a l - d i c h l o r i d e s ( I ; R = Ph , ( 8 0 ) p - t o l y l ; M = S i , 

Ge, n=2). A t t e m p t s t o p r e p a r e t r i s ( a c e t a m i d i n o ) -

and t e t r a k i s ( a c e t a m i d i n o ) - s i l i c o n and germanium d e r i v a t i v e s 

( I ; R = P h , p - t o l y l ; M = S i , Ge; n = 3 , 4 ) were u n s u c c e s s f u l , 

b u t t h e whole r ange o f a c e t a m i d i n o d e r i v a t i v e s ( I ; R = Ph , 

p - t o l y l ; M = Sn; n = 1-4) o f t h e l a r g e r t i n atom are i s o l a b l e . 

B o t h t h e monoace tamid ino d e r i v a t i v e s o f t i n , A m S n ^ C l ^ ( 8 0 ) 

and A m ^ S n ^ C l j are monomeric and p r e s u m a b l y o f s i m i l a r 

s t r u c t u r e . A c r y s t a l s t r u c t u r e o f t h e f o r m e r ( 2 1 3 ) shows 

i t t o c o n t a i n f i v e - c o - o r d i n a t e t i n , and a b i d e n t a t e c h e l a t i n g 

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

p o s i t i o n i n a d i s t o r t e d b i p y r a m i d a l s t r u c t u r e „ 
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A l l t h e b i s - a m i d i n o d e r i v a t i v e s ( I ; R = P h , p - t o l y l ; 
M = S i , Ge Sn; x. p r o b a b l y 2 ) appear t o be a s s o c i a t e d i n 
b o t h t h e s o l i d s t a t e and i n s o l u t i o n . I n t h e l a t t e r 
i n s t a n c e an e q u i l i b r i u m between monomeric and d i m e r i c 
f o r m s i s f e a s i b l e . The s o l i d s i l i c o n and germanium 
compounds may a l s o be d i m e r i c w i t h f i v e - c o - o r d i n a t e m e t a l 
a toms, and f u r t h e r m o r e t h e n o n - b r i d g i n g a m i d i n o g r o u p i s 
p r o b a b l y monodenta te t o t he m e t a l . The s o l i d b i s - a m i d i n o -
t i n compounds may w e l l be p o l y m e r i c w i t h b i d e n t a t e - b r i d g i n g 
a m i d i n o g r o u p s and s i x c o - o r d i n a t e t i n a toms. No f i r m 
ev idence was o b t a i n e d f o r t h e s t r u c t u r e s o f t h e t r i s - and 
t e t r a k i s - a m i d i n o d e r i v a t i v e s o f t i n , b u t t h e y are p r o b a b l y 
a s s o c i a t e d i n t h e s o l i d s t a t e , and appear t o have b i d e n t a t e -
( t e r m i n a l and b r i d g i n g ) and t e r m i n a l m o n o d e n t a t e - a m i d i n o 
l i g ands . 
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6 . 1 I n t r o d u c t i o n 

W h i l s t ca rbon t e t r a c h l o r i d e shows no tende.ncy t o 

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

Group I V e l emen t s are ab l e t o c o - o r d i n a t e w i t h one or 

two m o l e c u l e s o f L e w i s bases ( e q u a t i o n 6 . 1 ) . Indeed 

L L 
M C l ^ — M C l ^ . L v ^ MC1 22L 6 . 1 

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

t h e f a c t t h a t t h e i r L e w i s a c i d i t y i n c r e a s e s i n t h e sequence 

S i C l 4 , G e C l 4 , SnCl^ ( 6 , 2 6 5 - 2 7 3 ) - C a l o r i m e t r i c s t u d i e s 

( 2 6 5 , 2 6 6 ) , f o r example , o f t h e i r r e a c t i o n s w i t h p y r i d i n e 

and i s o q u i n o l i n e have shown t h a t t h e h e a t e v o l v e d i n c r e a s e s 

p r o g r e s s i v e l y i n t h a t sequence and t h a t t h e t i n ( I V ) c h l o r i d e 

f o r m s a wide r ange o f r e l a t i v e l y s t a b l e a d d u c t s , S n C l 4 „ 2 L , 

w i t h bases such as e t h e r s ( 2 6 7 , 268) o r n i t r i l e s ( 6 , 8 2 , 

8 3 , 273 - 2 7 6 ) . These adduc t s are commonly i s o l a b l e as 

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

degrees o f d i s s o c i a t i o n ( 8 2 , 8 3 , 276 , 2 7 7 ) - The r e l a t e d 

s i l i c o n and germanium a n a l o g u e s , however , S i C l 4 . 2 L and 

G e C l 4 . 2 L are much f e w e r i n number and, where t h e y e x i s t , 

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

o f l e s s hea t ( 2 6 5 , 266, 2 7 1 , 273 , 2 7 8 ) . W h i l s t adduc t s 

o f ge rmanium- o r s i l i c o n - t e t r a c h l o r i d e s w i t h n i t r i l e s o r 

e t h e r s have never been i s o l a t e d , a f e e b l e i n t e r a c t i o n 

between t h e c h l o r i d e and weak d o n o r s such as n i t r i l e s and 

e t h e r m o l e c u l e s has been assumed, such as would cause t h e 

a c id -base m i x t u r e s t o have r e l a t i v e l y l o w vapour p r e s s u r e s . 

However, vapour p r e s s u r e c o m p o s i t i o n s t u d i e s on l i q u i d 



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

w i t h a range of L e w i s bases ( a l l o f w h i c h were known t o 

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

o r g e r m a n i u m - t e t r a c h l o r i d e s ) h a v e shown t h i s a s sumpt ion t o 

be f a l s e . I n d e e d , w i t h t h e e x c e p t i o n s o f germanium 

t e t r a c h l o r i d e ( t h e s t r o n g e r L e w i s a c i d ) and t e t r a h y d r o -

f u r a n ( t h e s t r o n g e s t L e w i s b a s e ) , p o s i t i v e d e v i a t i o n s have 

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

These f i n d i n g s are d i s c u s s e d i n S e c t i o n 6 . 4 w h i c h 

b e g i n s on page 2lf8 a f t e r t h e e x p e r i m e n t a l s e c t i o n . The 

d i s c u s s i o n a l s o i n c L u d e s an e v a l u a t i o n o f t h e use i f t h e 

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

base systems as a c r i t e r i o n by w h i c h r e l a t i v e Lewi s 

b a s i c i t y can be e s t a b l i s h e d . 

6 . 2 E x p e r i m e n t a l 

6 . 2 . 1 . Reagents 

The Group I V t e t r a c h l o r i d e s were p u r i f i e d by vacuum 

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

P o 0 c u n t i l l i t t l e o r no c o l o u r change o c c u r r e d i n t he P 0,-
2 5 ° 2 5 

A c r y l o n i t r i l e was p u r i f i e d by b e i n g t w i c e d i s t i l l e d f r o m 

c a l c i u m h y d r i d e . D i e t h y l e t h e r and t e t r a h y d r o f u r a n were 

d r i e d over sodium w i r e and m o l t e n p o t a s s i u m r e s p e c t i v e l y 

and e t h y l a c e t a t e was p u r i f i e d by f r a c t i o n a l d i s t i l l a t i o n . 

The n i t r i l e s and t h e e s t e r were s t o r e d o v e r 3A m o l e c u l a r 

s i e v e . 

6 . 2 . 2 . Vapour p r e s s u r e measurements 

R i g o r o u s l y anhydrous c o n d i t i o n s were m a i n t a i n e d 

t h r o u g h o u t t h e e x p e r i m e n t a l work by w o r k i n g under an 
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a tmosphere o f d r y n i t r o g e n o r by s t a n d a r d vacuum l i n e 

t e c h n i q u e s . Vapour p r e s s u r e s were d e t e r m i n e d m a n o m e t r i -

c a l l y . A c i d - b a s e m i x t u r e s o f known c o m p o s i t i o n were made 

by d i s t i l l i n g weighed p o r t i o n s o f base i n t o a f l a s k 

c o n t a i n i n g a measured q u a n t i t y o f t he a c i d , and t h e vapour 

p r e s s u r e s o f such m i x t u r e s were measured a f t e r v i g o r o u s 

s t i r r i n g a t 0 ° C . The v a l u e s r e p o r t e d are c o n s t a n t e q u i l i ­

b r i u m v a l u e s , n o r m a l l y r eached a f t e r s t i r r i n g a t 0°C f o r 

about one h o u r . R e p r o d u c i b i l i t y was checked by c o n d u c t i n g 

i ndependen t r u n s s t a r t i n g w i t h f r e s h samples o f M C l ^ . Care 

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

o f s i d e r e a c t i o n s such as HC1 and c h l o r o e t h a n e . I n t h e 

sys tem S i C l ^ and E t 2 0 , f o r example , known to r e a c t s l o w l y 

a t o r about room t e m p e r a t u r e t o g i v e E t C l and S i C l ^ O E t ( 2 7 9 ) , 

c a r e f u l m o n i t o r i n g was p e r f o r m e d , by l o w t e m p e r a t u r e vapour 

p r e s s u r e measurement and by t a k i n g gas-phase i n f r a - r e d s p e c t r a , 

t o ensure t h a t no such s i d e r eac t i ons had o c c u r r e d . 

The m i x t u r e s were t h e n a l l o w e d t o expand i n t o a l i n e 

o f known volume ( c a . 3dm^) and t h e p a r t i a l p r e s s u r e s o f a c i d 

and base i n vapour samples were d e t e r m i n e d by measur ing t h e i r 

vapour d e n s i t i e s (known volumes were weighed under e s t a b l i s h e d 

t e m p e r a t u r e s and p r e s s u r e s ) , c a l c u l a t i n g t h e i r appa ren t 

m o l e c u l a r w e i g h t s , w h i c h were t h e n used t o compute t h e 

mole f r a c t i o n s o f a c i d and base ( e q u a t i o n 6 . 2 ) „ 

% p = < M L • m f L ) + < M M C 1 4 • m f M C l ^ 6 ' 2 

M = m o l e c u l a r w e i g h t , mf = mole f r a c t i o n , L = L e w i s base 

and MCl^ i s S i C l ^ or G e C l ^ . 
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The p a r t i a l p r e s s u r e o f ba se , P^ was t h e n c a l c u l a t e d 

u s i n g ( e q u a t i o n 6 . 3 ) . 

P L = m f L . P 6 .3 

P = t o t a l p r e s s u r e 

The r e l i a b i l i t y of t h i s method , w h i c h depends upon 

t h e r e b e i n g n e g l i g i b l e i n t e r a c t i o n o f t h e components i n 

t he gas phase was e s t a b l i s h e d by a compar i son w i t h t o t a l l y 

gaseous m i x t u r e s made f r o m measured q u a n t i t i e s o f L and 

M C l ^ , when t h e t o t a l p r e s s u r e was f o u n d t o be t h e sum o f 

t h e p a r t i a l p r e s s u r e s . An a l t e r n a t i v e method o f d e t e r m i n i n g 

P-^, t he p a r t i a l p r e s s u r e o f L e w i s base , by measu r ing t h e 

i n t e n s i t i e s o f c h a r a c t e r i s t i c bands i n t h e i n f r a r e d spec t rum 

o f a sample of t h e v a p o u r , had been t r i e d f o r t h e a c r y l o -

n i t r i l e - MCl^ systems (£80) b u t was f o u n d t o be i n a d e q u a t e , 

and much l e s s i n f o r m a t i v e t h a n vapour d e n s i t y measurements . 

6 .3 R e s u l t s 

The raw r e s u l t s f o r t h e e i g h t b i n a r y systems s t u d i e d 

i n t h i s work are g i v e n i n T a b l e 6 . 1 - 6 . 8 and t h e vapour 

p r e s s u r e - c o m p o s i t i o n c u r v e s f o r t h e t e n systems s t u d i e d , 

i n c l u d i n g t h e systems MCl^ and CH2CHCN ( 2 8 0 ) , are g i v e n i n 

F i g u r e s 6 . 1 - 6 . 5 ° The d e v i a t i o n s f r o m i d e a l i t y , st immarised 

i n Tab l e 9 are f o u n d by l i s t i n g ( i ) t h e e x p e r i m e n t a l l y 

observed vapour p r e s s u r e s , P j ^ p ^ i of 1:1 m i x t u r e s o f MCl^ 

and L , ( i i ) t h e vapour p r e s s u r e s , P J J J E ^ ? expec t ed f o r i d e a l 

1:1 m i x t u r e s ( 2 P I D E A L = p

M c l 4 + P L ) , and ( i i i ) t h e p e r c e n t a g e 

d e v i a t i o n f r o m i d e a l i t y ( e q u a t i o n 6 . 4 ) . 

% d e v i a t i o n = ^OC^EXPT ~ ^IDEAlP ^"^ 

P I D E A L 
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A l l f o u r n i t r i l e systems MCl^.C^CHCN ( F i g u r e 6 . 1 ) 
and MCl^ - MeCN ( F i g u r e 6 . 2 ) show pronounced p o s i t i v e 
d e v i a t i o n s f r o m i d e a l i t y . The n i t r i l e s d i f f e r i n t h e i r 
b e h a v i o u r t o w a r d s i l i c o n - and g e r m a n i u m - t e t r a c h l o r i d e s 
i n t h a t w h i l s t a c r y l o n i t r i l e i s m i s c i b l e w i t h b o t h t h e 
Group I V t e t r a c h l o r i d e s over t he whole c o m p o s i t i o n range 
d e s p i t e t h e i r e v i d e n t l a c k o f m u t u a l a f f i n i t y - a c e t o n i t r i l e 
and MCl^ f o r m two l i q u i d phases a t 0°C ove r t h e app rox ima te 
c o m p o s i t i o n r anges 15-80 mole % (M = S i ) and 10-70 mole % 
(M = G e ) . Between such l i m i t s t h e measured vapour p ressures 
c o r r e s p o n d t o s a t u r a t e d s o l u t i o n s o f MeCN i n MCl^ ( t h e 
Group I V c h l o r i d e i s t h e more v o l a t i l e component i n b o t h 
t h e a c r y l o n i t r i l e systems a l t h o u g h t h i s i s somewhat m a r g i n a l 
i n t h e system GeCl^ - MeCN). 

The e t h y l a c e t a t e sys t ems , S i C l ^ / M e C O ^ t and G e C l ^ / 

MeC0 2 Et ( F i g u r e 6 . 3 ) a l s o show p o s i t i v e d e v i a t i o n s f r o m 

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

t h a n i n t h e n i t r i l e systems ( F i g u r e 6 . 1 ) . 

Toward t he e t h e r s , E t 2 0 and THF, t h e d i f f e r e n t a f f i n i t i e s 

o f S i C l ^ and GeCl^ r e f l e c t t h e g r e a t e r L e w i s a c i d i t y o f t h e 

l a t t e r . W h i l s t S i C l ^ and E t 2 0 show a s l i g h t p o s i t i v e 

d e v i a t i o n f r o m i d e a l i t y , GeCl^ and E t 2 0 e x h i b i t i d e a l 

b e h a v i o u r ( F i g u r e 6 . 4 ) . I n t h e t e t r a h y d r o f u r a n systems 

( F i g u r e 6 . 5 ) < t h e s l i g h t p o s i t i v e d e v i a t i o n ev idenced by 

S i C l ^ may be c o n t r a s t e d w i t h t h e s l i g h t n e g a t i v e d e v i a t i o n 

shown by G e C l A . 
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T a b l e 6 . 1 

Vapour P r e s s u r e : C o m p o s i t i o n D a t a f o r t h e System S iC l . -MeCN 

Mole % 

MeCN 
T' K Mass 

Condensate g App P 
mm 

P T L mm 

0 - - - 7 6 . 9 0 

2 . 4 293 2 .5896 165 .09 8 2 . 2 1 3 .07 

5 .78 293 2 .7135 156 .80 9 0 . 7 0 9 . 2 

10 .85 2 9 2 . 6 2 .8446 151 .27 9 8 . 4 2 14 .23 

15-5 292 2 .8514 150 .10 9 9 . 2 2 1 5 . 2 4 

2 4 . 7 292 2 .8385 148 .68 9 9 . 7 2 16 .42 

35-4 2 9 2 . 6 2 .8156 147 .93 99-62 1 6 . 9 8 

5 8 . 8 2 9 2 . 6 2 .7999 147 .02 1 0 0 . 2 1 7 . 8 

7 0 . 2 291 2 .7690 1 4 6 . 0 9 8 . 7 4 1 8 . 3 1 

8 2 . 6 293-6 2 .7107 143 .84 9 8 . 9 7 2 0 . 0 1 

8 9 . 9 2 9 3 . 2 1.9727 137 .09 7 5 . 4 7 19 .22 

9 3 . 6 2 9 2 . 6 1.5963 130 .67 6 3 . 9 4 19 .5 

9 6 . 2 293 .3 1.2572 117 .47 56 .15 22 .85 

100 - - - 23 .43 23 .43 
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T a b l e 6 .2 

Vapour P r e s s u r e : C o m p o s i t i o n D a t a f o r t h e System GeCl.-MeCN 

Mole % 
MeCN 

T K Mass 
Condensate g App P 

mm L mm 

0 - - - 2 4 . 3 0 

4 . 3 296 .3 1.1338 170 .33 3 5 . 2 8 8 .97 

7 . 4 296 .5 1.2668 159-21 4 2 . 2 0 13 .43 

1 1 . 6 2 9 6 . 5 1.2655 143 .69 4 6 . 7 1 19 .05 

2 5 . 7 2 9 6 . 5 1.2544 142 .49 4 6 . 6 9 1 9 . 3 6 

3 9 . 3 2 9 6 . 3 1.2310 140 .43 4 6 . 4 6 1 9 . 8 2 

5 8 . 1 2 9 6 . 6 1.2075 138 .16 4 6 . 3 7 2 0 . 4 

7 1 . 9 2 9 6 . 4 1.2045 137 .63 4 6 . 4 0 20 .55 

8 4 . 1 2 9 6 . 3 1.1429 135 .18 4 4 . 8 1 2 0 . 4 8 

9 1 . 4 2 9 6 . 2 1.0101 128 .23 4 1 . 7 5 20 .75 

9 5 . 8 296 0 .7075 104 .7 3 5 . 7 8 2 2 . 6 4 

100 - - 2 3 . 4 3 23 .43 



Tab le 6 .3 

Vapour P r e s s u r e : C o m p o s i t i o n D a t a f o r t he System SiCl^-MeCQ-Et 

Mole % 
E s t e r T K Mass 

Condensate g App mm P T L mm 

0 - - - 7 6 . 7 9 0 

288 2 .4038 162 .5 76 .20 6 .89 

16 = 81 289 2=3864 162 .32 7 6 . 0 0 7 . 0 4 

2 4 . 5 7 290 2 .3220 159 .79 7 5 . 3 8 9 . 3 1 

36 .00 288 2 .2270 157 .81 7 2 . 7 0 1 0 . 7 5 

4 5 . 2 7 292 2 .0545 152 .88 70 .19 1 4 . 6 0 

5 8 . 3 3 2 9 2 . 6 1.8046 148 .74 63-50 1 6 . 4 3 

7 1 . 5 0 292 .3 1.5561 1 4 4 . 2 6 56 .40 1 7 . 7 0 

8 2 . 4 0 293 .5 1.2666 134 .20 4 9 . 5 5 1 9 . 4 6 

8 9 . 4 0 292 .5 0 .9318 125 .50 38 .85 2 1 . 1 

9 7 . 0 1 2 9 2 . 6 0 .6017 105 .29 2 9 . 9 1 23 .63 

100 - - 24 .10 2 4 . 1 0 
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T a b l e 6 . 4 

Vapour P r e s s u r e : C o m p o s i t i o n Da t a f o r t h e System GeCl^-MeCQ^Et 

Mole % 
E s t e r T K Mass 

Condensate g App P 
mm 

P T L mm 

0 - - - 2 4 . 3 0 0 

6 .99 291 1.0888 204 .54 2 7 . 7 1 2 . 1 7 

16 .39 291 .3 1.0422 188 .63 2 8 . 7 9 5 - 8 7 

2 5 . 7 2 2 9 1 . 3 1.0155 176 .32 3 0 . 0 1 9 .05 

4 0 . 2 5 2 9 1 . 7 1.0082 170 .19 3 0 . 9 1 1 0 . 8 2 

5 4 . 5 2 9 1 . 7 1.0017 165 .87 3 1 . 5 1 1 2 . 1 1 

6 5 . 4 3 2 9 2 . 1 0 .8927 149 .07 31 .29 16 .18 

83-47 2 9 2 . 1 0 .6777 125 .85 28 .03 1 9 . 6 6 

92 .05 291 0 „ 5 8 7 1 112 .45 27 .27 2 a . 02 

100 - - - 2 4 . 1 0 2 4 . 1 0 
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Table 6.3 

Vapour Pressure: Composition Data f o r the System SiCl^-Et o 0 

Mole % 
Ether T K Mass 

Condensate g App P 
mm L mm 

0 - - - 79-.-90 0 

10.17 295 06 2.4376 140.48 91.75 28.18 

15-90 296 2.5054 133.91 99.06 37.23 

21.3 294.8 2.5231 125.52 106.00 49.11 

33.15 295.1 2.8711 123.72 122.50 59.06 

46.59 294.8 2.8650 111.25 135.80 83.15 

58.75 294.7 2.9087 102.40 149.74 105.53 

71.35 295.9 2.8720 94.25 161.29 127.39 

81.90 296.4 2.8473 86.21 175.12 153.01 

87«02 296 2.8704 84.67 179.50 159.73 

96.06 296 2.7384 79.81 181.66 170.87 

100 - - 183.23 183.23 
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Table 6.6 

Vapour Pressure: Composition Data f o r the System GeCl.-Eto0 

Mole % 
Ether T K Mass 

Condensate g App P 
mm L mm 

0 - — — 24.3 0 
10.04 295.8 1.1683 153-28 40.33 17.60 
11.50 295.2 1.1844 147.16 42 .50 20.40 
13.^2 295.5 1.2590 144.80 45 .96 22.83 

15*55 297 1.3001 137.15 50.36 27.79 

22.34 295.2 1.5507 130.14 62.92 37.86 

29.45 295.2 1.5591 114.30 72.03 51.50 

32.06 295.6 1.5560 109.52 75.12 56.27 

34.62 295.6 1.6151 108.10 79.00 59.98 
48.78 294.7 1.9005 98.22 102.00 84.64 
57.40 294.5 1.9^85 89.24 115.02 102.82 
66.55 294.7 2.1894 88.08 131.03 118.22 
74.00 296.5 2.4009 87.78 145.06 131.18 
81.04 296 2.4220 82.63 155.20 146.06 
87.4 296 2.5242 81.01 164.98 157.18 
93.86 296 2.4732 75.75 172.88 171.20 

100 — — 183.23 183.23 



Table 6.7 

Vapour Pressure: Composition Data f o r the System SiCl.-THF 

Mole % 
THF T K Mass 

Condensate g App P 
mm 

PT L mm 

0 - - •- 76.90 0 

7.7 292 2.4200 164.43 76.87 4 .30 

18.7 292 2.3515 159.09 77.20 8.53 

33.1 292 2.1125 148.61 74.25 16.16 

52.6 292 1.7098 128.96 69.25 28.29 

65.6 292 1.4430 117.86 64.17 34.15 

77-0 292.1 1.3237 110.06 62.84 38.46 

85 = 5 292.1 1.1439 100.86 59.26 41.84 

91.2 292.6 1.0045 92.28 56.97 45.22 

95.1 292.1 0.8498 81.88 54.23 48.82 

100 - - - 50.29 50.29 



Table 6.8 

Vapour Pressure: Composition Data f o r the System GeCl.-THF 

Mole % 
THP T K Mass 

Condensate g App P 
mm L mm 

0 - - - 24.3 0 

7.9 293 0.9664 202.60 25.00 2.07 

14.9 293 0.9686 188.65 26.91 4 .87 

25.9 294.2 0.9174 168.10 28.72 9.35 

37.1 293.3 0.9576 159.49 31.50 12.16 

47.8 293.3 0.8740 140.66 32.60 16.90 

57.9 293.7 0.8246 122.12 35.47 23.00 

68o9 293 0.7143 97.13 38.54 31.77 

82.1 294.3 0.6786 83.72 42.67 39.19 

94.5 291 0.7372 78.79 48.64 46 .32 

100 - - - 50.29 50.29 

NB The volume of the vac-line used was 3.486 dm 
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Figure I 
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Figure 6.3 
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Figure 4.it-. 
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Figure &>.S. 
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Table 6 .9 

Vapour Pressures of 1:1 Mixtures of MC1;| and L at 0°C 

Deviations from I d e a l i t y 

Mixture PExpt. ^ mm - mm 

$ *• R 
% Deviation 

S i C l 4 , CH2CHCN 96.6 54.4 + 76.92 

GeCl^, CH2CHCN 46.8 30 + 56.0 

SiCl^, MeCN 100 50 + 100 

GeCl^, MeCN 46.43 24 + 93.45 

S i C l 4 , MeC02Et 67.5 5 0.05 + 34.86 

GeCl 4, MeC02Et 31.2 24.2 + 28.92 

SiCl^, Et 20 141.5 130 + 8.84 

GeCl 4, Et 20 104 104 0 

SiCl^, THP 69.5 64 + 8.59 

GeCl^, THP 33.4 37.4 - 10.69 

immiscible at t h i s composition ( at 0 C); 

P i d e a l = ^ ( PMC1 4
 + P l P ' 

% deviation = 100 ( P E x p t - p
i d e a l V (equation 6.4) 

PIDEAL 



6.4 Discussion 

This study of the value i f the vapour pressure -
composition curves as a cri t e r i o n f o r the assessment of the 
degree of inte r a c t i o n between Group IV tetrachlorides and 
a series of Lewis bases was sparked o f f by the observation 
that whilst SnCl^ evolves heat when mixed with a c r y l o n i t r i l e 
(forming the c r y s t a l l i n e adduct SnCl^.2CH2CHCN) (276, 280) 
SiCl^ and GeCl^ by contrast have such a small a f f i n i t y f o r 
t h i s base that they absorb Jaeat when mixed with i t . The 
res u l t i n g mixtures have vapour pressures at 0° greater than 
would be predicted from Raoult's Law - i. e . the Lewis acid 
and base molecules have less a f f i n i t y f o r t h e i r opposite 
numbers than they have f o r molecules of t h e i r own kind. A 
preliminary report of these observations has already been 
made (280) within which i t was suggested that positive 
enthalpies of mixing and positive deviations from i d e a l i t y 
might characterise binary systems of SiCl^ or GeCl^ with 
other Lewis bases such as n i t r i l e s , esters or ethers. The 
present work summarised graphically i n Figures 6.2 - 6.5 

and also in Table 6 .9 f u l l y substantiate t h i s prediction, 
and show furthermore that i n a l l the systems explored, 
SiCl^ i s a weaker Lewis acid than GeCl^. A l l the f i v e bases 
studied form stable adducts with SnCl^ (6, 268, 270-273, 82, 
83, 274-277, 281-284) and the res u l t s therefore confirm the 
gradation of Lewis a c i d i t i e s , SiCl^ < GeCl^ < SnCl^, 
already indicated by e a r l i e r work (6, 265-273). The resul t s 
are also consistent with increasing donor character towards 
MCl^ i n the sequence MeCN, CH2CHCN, MeC02Et, Et 20 and THP. 
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The positive deviations from i d e a l i t y observed in 
most of these binary systems are not t o t a l l y without 
precedent, f o r similar positive deviations f r m i d e a l i t y 
have been reported without comment in some SiCl^-ether 
systems (eg di-n-propylether) , and SiCl,, (or SiHCl-,)-

4 3 
^-chloroethyl ether (285), but the deviations from 

i d e a l i t y in the systems reported he r e i n are novel. Other 
phase studies have tended to focus attention on the s o l i d -
l i q u i d rather that the liquid-gas t r a n s i t i o n s as i n e a r l i e r 
studies on ether systems (267, 268) and some more recent 
studies on phosphoryl chloride-MCl^ systems (286-288) from 
which the a t t r a c t i v e or repulsive nature of the interactions i 
the l i q u i d phase i s very d i f f i c u l t to assess, p a r t i c u l a r l y i n 
the absence of data r e l a t i n g to interactions i n the solid 
state eg. l a t t i c e energies. 

The observed departure from i d e a l i t y may be rationalised 
in the following way. In t h e i r unco-ordinated state, the 
Group IV tetrachlorides have too l i t t l e space between t h e i r 
chlorine atoms to allow easy access of L to M without 
d i s t o r t i o n of MCl^ - the space between the chlorine atoms 
of MC14 has a diameter of 24pm, 32pm and 80pm (M= Si, Ge, Sn) 
respectively. In order to co-ordinate a Lewis base L to 
form an adduct MCl^.L ( i . e . to allow a bond L — > M to form) 
a Group IV t e t r a c h l o r i d e must change from a tetrahedral to 
a pyramidal arrangement (Figure 6.6). Unless the energy 
of t h i s new L >M dative bond, E(L-»M), exceeds the 
reorganisation energy required to deform MCI,,, AH 

° 4' reorg 
(see Figure 6.7) adduct formation w i l l not occur. Such 
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binary l i q u i d mixtures w i l l then have vapour pressures 

+ L M a 

which f u l l y r e f l e c t the lack of mutual d i s t o r t i o n or of 
mutual a f f i n i t y which non-polar, tetrahedral or pseudo-
spherical MCl^ molecules are l i k e l y to have f o r polar, non= 
spherical base molcules L. 

Figure 6.7 i l l u s t r a t e s q u a l i t a t i v e l y the difference 
between SiCl^, GeCl^ and SnCl^ i n t h e i r behaviour (265, 266) 
towards strong Lewis bases such as pyridine or isoquinoline. 
A l l the Lewis acids form adducts with these bases although" 
the enthalpy change, & H ,, f o r the co-ordination reaction 

O O OX U. 

i s progressively less exothermic i n the sequence SnCl^, 
GeCl^ and SiCl^ (265, 266) - see Table 6.10. 

This enthalpy change may be represented as shown i n 
equation 6.5° 

AH , = E(L P M) - &H 6.5 
coord v / reorg y 
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Enthalpy_chgnqes in the formation of MCi; ,L 

M=Si 
-s 

A B 

M=Ge 

B 

a. 

vjr Sn & 
™ MCI4 

J — a 

B 

-MCI/ 

MCl4.L 

MCI^=the reorganised [trigonal pyramidal] MCI^ 
molecule 

A = A H r e o r g 
B=E[L-»M] 
C=AH C 0 0 r d 

i aom • (o. 7. 
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Table 6.10 

Physico-chemical Data f o r the Group IV Chlorides, MCI 

Data Sn Ge Si Reference 

Electronegativity 1.72 2.02 1.74 289 
(Pauling) 

d(M-Cl)pm 231 208 201 290-292 

AHf(M-Cl)KJmoT1 414 343 476 289 
* 

A H c o o r d K J r a o T l M C V P y 100 83 76 278 
* * 

^ H c o o r d K J m o T l M C 1 4 2 i ( 3 95 85 no 
1 ; 

278 

* * * 
py = pyridine; isoquinoline 

The energy of the new L — * M dative bond, E(L—>M) may 
be expected to increase with the e l e c t r o p h i l i c character 
of M i n MCl^, i . e . i n the sequence M = Si < Ge < Sn, whilst 

^ i s expected to decrease as the M-Cl bonds become 
longer and weaker i.e . in the sequence SiCl^ > GeCl^ > SnCl^. 
Consequently the enthalpy change,AH ^ ,, represented by 

coord 
the difference between E(L~»M) and H becomes less 

re org 
exothermic in the sequence M = Sn, Ge, S i . 

The stepwise changes i n H
c o o r ( p going from SnCl^ to 

GeCl^, and from GeCl^ to SiCl^, are l i k e l y to vary with the 
nature of the Lewis base, L. For instance, when L = pyridine 
the steps are about 17 and 7 kJmol respectively 
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( A H ^ , ̂  100 kJ. mol~ 1 f o r SnCl,,, 83 kJ mol" 1 f o r 
coord 4' 

_/\ 

GeCl^ and 76 kJ mol f o r SiCl^) whilst when L = isoquino-
—1 

l i n e the steps are about 10 and 6 kJ mol respectively ( A H , ̂  95 kJ mol"'1 f o r SnCl,, , 85 kJ mol" 1 f o r GeCl,, coord 4' 4 
—1 

and 79 kJ mol f o r SiCl^) (266). Nevertheless i t appears 
tha, unless the formation of a t i n t e trachloride adduct 
SnCl^ L, i s accompanied by the evolution of at least 20 kJmol 
possible considerably more, than the co-ordination of the 
same base L to GeCl^ or SiCl^, i.e. the formation of adduct 
GeCl^L and SiCl^L, i s u n l i k e l y . 

Binary systems such as SiCl^ or GeCl^ with some base L 
(THF or MeCOpEt), which when mixed with SnCl^ evolves less 
than about 40 kJ mol , are l i k e l y to e x h i b i t v i r t u a l l y ideal 
behaviour or pos i t i v e deviations from Raoult's Law. The 
reported values of ̂ ^- c o o v^ f° r the formation of the adducts 
SnC1^2THF and SnCl42MeC02Et are 59 kJ mol" 1 and 44 kJ mol" 1 

respectively (282). Furthermore i t may follow that a negative 
deviation from Raoult's Law can only be expected in the 
systems MCl^ - L (M=Si, Ge) when L mixed with SnCl^ evolves 
50 - 60 kJ mol or thereabouts. I t should be noticed, 
however, that a l l the available thermochemical data f o r these 
systems i s related to solid adducts. The implications of 
t h i s may help to reconcile the d i s p a r i t y between the above 
values, f o r examination of a relevant Born- Haber cycle 
indicates that ^^-QQQ^,^ i s a composite term incorporating 
the Lattice Energy of the adduct (Figure 6.8). 

Accurate comparisons can only be made, therefore, by 
using the values of A H c o o r ( j ( g ) , the heat of formation of 
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t h e gaseous a d d u c t , d e r i v a b l e by means o f ( e q u a t i o n 6 » 6 ) 

A H coord ( g ) = A H 
E A 

+ 2 A H ™ + A H , - A H T „ 6 0 6 EB coord LE 

A H E A 

M C l 4 ( g ) 

A 

M C L 4 ( 1 ) 

F i g u r e 6 .6 

+ 
A H , ( g ) 

2 L ( g ) C O O r d » M C l 4 2 L ( g ) 

EB 

A H 
2L 

( 1 ) 
c o o r d 

LE 

*- M CV L(s) 
& H 

E A ' 
A H •EB Heat o f V a p o u r i s a t i o n o f t he L e w i s 

a c i d ( A ) o r base ( B ) 

^ H ^ - g = L a t t i c e Enei^y 

W h i l s t L a t e n t Heats o f V a p o u r i s a t i o n o f L e w i s a c i d s and 

bases ( A H ^ and ^Hg-g r e s p e c t i v e l y ) are u s u a l l y known, 

t h e L a t t i c e Energy p a r a m e t e r i s b u t r a r e l y d e t e r m i n e d . Hence 

a compar i son o f A H , seems a l l o w a b l e o n l y when t h e e coo rd ^ 

adduc t s concerned have c l o s e l y s i m i l a r s t r u c t u r e s . The 

e x t e n t t o w h i c h such an as sumpt ion i s v a l i d i n t h i s s i t u a t i o n 

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

t h e minimum e n t h a l p y change necessa ry i n t h e S i C l ^ - L 

systems as a c r i t e r i o n f o r p r e d i c t i n g t h e b e h a v i o u r if 

t h e b i n a r y systems S i C l ^ - L and G e C l ^ - L . I n v i e w i f 

t h e l i m i t a t i o n s p l a c e d upon t h e u s e f u l n e s s o f A, H , 
^ e coord 
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v a l u e s as c r i t e r i a f o r i n t e r p r e t a t i o n and p r e d i c t i o n , 

as o u t l i n e d above, a s t u d y o f 1:1 mola r m i x t u r e s o f 

S i C l ^ - L e w i s "bases has been made. The degree o f d e v i a t i o n 

f r o m i d e a l i t y ( c f . Tab l e 6 . 9 ) has been q u a n t i f i e d , and 

used as a b a s i s f o r t h e e s t a b l i s h m e n t o f t h e r e l a t i v e 

b a s i c c h a r a c t e r o f a s e r i e s o f L e w i s ba se s . These r e s u l t s , 

summarised i n T a b l e 6 . 1 1 , i l l u s t r a t e t h e u n c e r t a i n i t y o f 

t h e method p a r t i c u l a r l y when a p p l i e d t o a number o f bases 

o f w i d e l y - d i f f e r e n t s t r u c t u r e s . W h i l s t t h e r e seems t o be 

i n s u f f i c i e n t c o m p a r a t i v e d a t a , i t has t o be a d m i t t e d t h a t 

t h e method does n o t d i s c r i m i n a t e c o r r e c t l y between two 

s i m i l a r bases EtgO and t h e s t r o n g e r base THP, n o r does the 

appa ren t g r e a t e r b a s i c s t r e n g t h o f POCl^ over MeCC^Et agree 

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

6 . 5 Summary 

The e x t e n t o f t h e d i f f e r e n c e i n t h e b e h a v i o u r o f SnCl^ 

and i t s s i l i c o n and germanium ana logues has been demons t r a t ed 

by vapour p r e s s u r e measurements o f b i n a r y l i q u i d systems 

M C l ^ - L ( L = a c e t o n i t r i l e , e t h y l a c e t a t e , d i e t h y l e t h e r or 

t e t r a h y d r o f u r a n ) . W h i l s t a l l f i v e L e w i s bases f o r m adduc t s 

w i t h SnCl^ t h e S i C l ^ and GeCl^ systems show g e n e r a l l y 

p o s i t i v e d e v i a t i o n s f r o m i d e a l i t y , a l t h o u g h G e C l ^ - E t 2 0 ( i d e a l ) 

and GeCl^-THF ( n e g a t i v e ) are e x c e p t i o n s . The d e v i a t i o n s 

f r o m i d e a l i t y are c o n s i s t e n t w i t h t he a c i d sequence 

S i C l ^ < GeCl^ < SnCl^ and base sequence MeCN < CH2CHCN < 

MeC0 2 Et < E t 2 0 < THF. An a t t e m p t , however , t o e s t a b l i s h 

r e l a t i v e L e w i s b a s i c i t i e s of a wide range o f donor m o l e c u l e s , 

by t h e i r degree o f d e v i a t i o n f r o m i d e a l i t y , was• u n s u c c e s s f u l 

a f f o r d i n g anomalous v a l u e s . 



T a b l e 6 . 1 1 

Vapour P r e s s u r e s o f 1:1 M i x t u r e s o f S i C l , & L e w i s Base a t 

0 ° C . D e v i a t i o n s f r o m I d e a l i t y 

1 
Rank 

Order 
L e w i s 
Base 

P r e s s u r e 
E * t * m m 

P r e s s u r e 
I d e a l 

mm 

* 
% D e v i a t i o n 

1 Me,N 
3 

336 380 -12 

2 E t 2 0 141 .5 130 9 

3 THF 69.5 64 9 

4 POCU 56 48 17 

5 MeC0 2 Et 68 50 36 

6 Bu t CN 64 47 36 

7 CH 2:CHCN 97 55 76 

8 PhCN 69 37 86 

9 MeCN 100 50 
* * 

100 

10 EtCN 107 46 
* * 

133 

C.H.N 
5 5 

f o r m a t i on o f adduc t o c c u r r e d 

Me oS0 ev idence o f c h e m i c a l r e a c t i o n 

i i n descend ing L e w i s "base s t r e n g t h 

* % d e v i a t i o n = 7 -.^ - 7. , . 
obs i d e a l X 100 

i d e a l 

i m m i s c i b l e l i q u i d s 



C H A P T E R 7 

A BRIEF STUDY OF SOME N I T R I L E -

T I N ( I I ) CHLORIDE - HYDROGEN CHLORIDE - SYSTEMS 
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7.1 I n t r o d u c t i o n 

The proposed p r o d u c t o f t he r e a c t i } n between t i n ( I I ) 

c h l o r i d e and hydrogen c h l o r i d e i s a s o l v a t e d t r i c h l o r o -

s tannane s p e c i e s , f o r m a l l y r e p r e s e n t e d as HSnCl^ . L 

( L = s o l v e n t ) . Such a p r o d u c t , H S n C l ^ ^ E ^ O ( o b t a i n e d by 

c o o l i n g an aqueous s o l u t i o n o f t i n ( I I ) c h l o r i d e , a l r e a d y 

s a t u r a t e d w i t h hydrogen c h l o r i d e ) has been r e p o r t e d ( 2 9 3 ) , 

and c o n d u c t i v i t y s t u d i e s have a l s o ev idenced o t h e r s p e c i e s 

i n c l u d i n g H^SnCl^ . ( 2 9 4 ) . The d e t e r m i n a t i o n o f t h e 

f o r m a t i o n c o n s t a n t s o f c h l o r o s t a n n a t e ( I I ) i o n s ( 2 9 5 ) 

( e q u a t i o n 7 - 1 ) , means o f eraf d a t a f r o m c o n c e n t r a t i o n 

c e l l s , shows f a v o u r a b l e thermodynamic d a t a f o r t h e e x i s t e n c e 

o f t h e t r i c h l o r o s t a n n a t e ( I I ) i o n S n C l ^ ~ , b u t sugges t s t h a t 

4 
2 

t h e c o n c e n t r a t i o n o f t e t r a c h L o r i s t a n n a t e ( I I ) i o n , SnCl 
2+ - 2 -n 

Sn + nCl » SnCl 7.1 
n ' 

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

i o n c o n c e n t r a t i o n are h i g h . The p resence o f S n C l , . - i n t h e 

e t h e r e a l e x t r a c t o f a t i n ( I I ) c h l o r i d e - h y d r o c h l o r i c a c i d 

s o l u t i o n i s a l s o p roposed on t h e b a s i s o f Raman s p e c t r a l 

d a t a (296). 

Workers s t u d y i n g the b e h a v i o u r o f HGeC1^.2Et,-,0, t r i -

c h l o r o g e r m a n e - d i e t h e r a t e , t o w a r d s a lkenes and a l k y n e s 

(297-299), have p roposed t h e i n i t i a l f o r m a t i o n o f an e l e c t r o n 

d e f i c i e n t s p e c i e s , a p s e u d o - c a r b e n e , ( e q u a t i o n 7.2) w h i c h 

s u b s e q u e n t l y r e a c t s as summarised i n ( e q u a t i o n 7°3)° 
HGeCl^ . n ( 0 E t 2 ^ ^ G e C l 2 + E t 20H + C I 7 . 2 
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H 2 C=CH 2 + G e C l -

H 0C — 
2 \ / 

Ge 

CH 2 

C I C I 

X C l 2 G e C H 2 C H 2 G e C l 5 + -•CH^CH^GeC ^ G e C L j -

n 

X = H , C I 7.3 

However , t h e c l a i m t h a t t h e ana logous t r i c h l or o s t anna t e 

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

e x p l i c i t l y c o n t r a d i c t s a r e p o r t t h a t tL -a lke .nes do indeed 

a f f o r d adduc t s ( 5 0 0 ) ( e q u a t i o n 7 .4 - ) . 

HSnCl^ + H2C=CHR > C l j S n C H ^ H ^ R = H, a l k y l 7 -4 

The r e a c t i o n o f t h e system t i n ( I I ) c h l o r i d e - h y d r o g e n 

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

p o t e n t i a l l y - r e a c t i v e s i t e s i s a l s o o f i n t e r e s t . W i t h 

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

^ - c y a n o e t h y l t i n t r i c h l o r i d e ( 3 0 1 ) ( e q u a t i o n 7 . 5 ) •> a s i m i l a r 

p r e f e r r e d a d d i t i o n ac ross t h e c a r b o n - c a r b o n doub le bond b e i n g 

observed i n t h e r e a c t i o n s w i t h ^ - u n s a t u r a t e d compounds such 

HSnCl^ + C H 2 = C H - C H N • C l ^ S n C H ^ C H ^ ^ N 7 .5 

as a c r y l i c e s t e r s and amides ( 3 0 2 , 303) ( e q u a t i o n 7 » 6 ) t h e 

HSnCl^ + CH 2 =CHC0 2 Me > C I ^ S n C H ^ H ^ O ^ e 7 . 6 

P ~ s u b s t i t u t e d t i n t r i c h l o r i d e s b e i n g f o r m e d i n h i g h y i e l d . 

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

t i n , hydrogen c h l o r i d e and a c r y l i c e s t e r s , has a l s o been 

d e s c r i b e d ( e q u a t i o n 7 « 7 ) ( 3 0 3 - 3 0 5 ) , H 2 S n C l 2 o r HSnCl b e i n g 

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

5HC1 + 3Sn + 3CH 2 =CHC0 2 Me-i>Cl 5 SnCH 2 CH 2 C0 2 Me + C l ^ n X C H ^ H ^ C p M e ^ 

7 .7 
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Recent work ( 3 0 6 ) has c o n f i r m e d t h e r e s u l t s o f e a r l i e r 
f i n d i n g s ( 2 9 7 - 2 9 9 ) t h a t anhydrous t i n ( I I ) c h l o r i d e d i s s o l v e s 
r a p i d l y i n a s a t u r a t e d s o l u t i o n o f hyd rogen c h l o r i d e t o 
g i v e an e t h e r a t e H „ S n C l 0 , x E t o 0 w h i c h s e p a r a t e s o u t as a 
y e l l o w o i l y l i q u i d ( e q u a t i o n 7 - 8 ) i n s o l u b l e i n t he c l e a r 
c o l o u r l e s s s u p e r n a t a n t l i q u i d . A t h e r m o d y n a m i c a l l y c o n t r o l l e d 

nHCl + S n C l 2 + x EtgO ^ - S H n S n C l 2 + n x EtgO 7-8 

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

d i e t h y l e t h e r causes p r e c i p i t a t i o n o f t i n ( I I ) c h l o r i d e w h i c h 

r e d i s s o l v e s on p a s s i n g hydrogen c h l o r i d e . S i m i l a r l y , a d d i t i o n 

o f i n e r t p o l a r subs tances such as t o l u e n e o r t e t r a m e t h y l s i l a n e , 

o r e v a p o r a t i o n o f d i e t h y l e t h e r a n d / o r hydrogen c h l o r i d e , 

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

^"H-NMR s p e c t r o m e t r y o f t he s u p e r n a t a n t sugges t a c o m p o s i t i o n 

s i m i l a r t o t h a t o f hydrogen c h l o r i d e e t h e r a t e s , w h i l s t t h e 

d a t a f o r H n S n C l 2 + n . x E t 2 0 show a s t r o n g l y i o n i s e d p r o t o n w i t h 

a c h e m i c a l s h i f t , r e l a t i v e t o t e t r a m e t h y l s i l a n e ~f = 10 , v a r y i n g 

between 7" ( - 2 . 8 t o = 0 . 8 ) . I n t e r a c t i o n o f t h i s p r o t o n w i t h 

t h e d i e t h y l e t h e r oxygen atom i s r e f l e c t e d by t he d o w n f i e l d 

s h i f t o f t he me thy lene and m e t h y l p r o t o n s . Comparison w i t h 

t h e d a t a f o r H G l . E t 20 and H C 1 . 2 E t 20 ( 2 9 8 ) Cf = 3 . 2 ) shows 

t h e c o n s i d e r a b l y i n c r e a s e d i o n i z a t i o n caused by t h e i n t e r ­

a c t i o n w i t h t i n ( I l ) c h l o r i d e . I t seems most l i k e l y t h a t 

H n S n C l 2 + n x E t 2 0 i s n o t a s i n g l e w e l l - d e f i n e d s u b s t a n c e , b u t 

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

by ( e q u a t i o n 7 ° 9 ) w i t h a p p r o x i m a t e l y one m o l e c u l e o f d i e t h y l 

e t h e r p e r p r o t o n . 
HCl /E tpO 

HC1 + S n C l 2 + E t 2 O ^ ^ H S n C I 5 . E t 2 0 ^ = ^ H 2 S n C 1 ^ . 2 E t 2 0 7 . 9 
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No (Sn -H) s t r e t c h i n g f r e q u e n c y c o u l d "be d e t e c t e d i n 

t h e i n f r a r e d spec t rum a t ( 1 7 0 0 - 2 2 0 0 ) c m 1 - E t C l 2 S n H shows 
A 

an (Sn-H) a b s o r p t i o n band ( 3 0 7 ) a t 1934cm - and f u r t h e r -
A A q " 

more y Sn Mossbauer d a t a show t h a t t h e p r o d u c t t o be 

a t i n ( I I ) compound r a t h e r t h a n a t i n ( I V ) s p e c i e s . O v e r a l l , 

t h e r e f o r e , t h e p r o d u c t s o f i n t e r a c t i o n between hydrogen 

c h l o r i d e and t i n ( I I ) c h l o r i d e i n e t h e r seems t o be b e s t 

d e s c r i b e d as b e i n g s t r o n g l y i o n i z e d e t h e r a t e d hydrogen 

t r i c h l o r o s t a n n a t e ( l l ) and d i h y d r o g e n t e t r a c h l o r o s t a n n a t e ( I l ) 

r a t h e r t h a n t r i c h l o r o s t a n n a n e ( I l ) , HSnCl^ , o r t e t r a c h l o r o -

s t a n n a n e ( I ) , H 2 S n C l ^ . T h i s i s summarised i n ( e q u a t i o n 7 « 1 0 ) 
HC1 

HC1 + S n C l 2 + x E t 2 0 ^ H S n C l 5 . x E t 2 0 = ± E S n C l ^ . ^ O 

7 . 1 0 

E t 2 0 H + + S n C l ^ " E t 2 0 H + + S n C l ^ " 

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

m o n o f u n c t i o n a l n i t r i l e s RC=N (R = Me, E t , B u t , Eh) w i t h 

t i n ( I I ) c h l o r i d e and hydrogen c h l o r i d e i n anhydrous e t h e r e a l 

s o l v e n t . Such systems undergo h y d r o s t a n n a t i o n b u t i n a 

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

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

and i s f o r m u l a t e d as 

C l 5 S n I V C ( R ) : NC(R) : N H 2

+ S n ^ C l ^ ( I ; R = Me, E t , B u ^ P h ) . 

A more d e t a i l e d d i s c u s s i o n o f these systems ( S e c t i o n 7 « 3 ) 

f o l l o w s t he e x p e r i m e n t a l s e c t i o n , and b e g i n s on page Z(o>4~. 

7*2 E x p e r i m e n t a l 

A l l compounds were h a n d l e d under n i t r o g e n . Hydrogen 

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



p u r i f i c a t i o n . Anhydrous t i n ( I I ) c h l o r i d e ( B . D . H . ) was 

a l s o used d i r e c t l y , i t s i n f r a r e d spec t rum h a v i n g shown, 

and c o n t i n u i n g t o show, t h e absence o f m o i s t u r e . A l l 

o t h e r r e a g e n t s and s o l v e n t s employed were d r i e d by s t a n d a r d 

methods . The e s t i m a t i o n o f t i n ( I I ) depends upon i t s 

o x i d a t i o n , i n aqueous s o l u t i o n , by i o d i n e t o t i n ( I V ) 

a c c o r d i n g t o e q u a t i o n 7 » H » I t was n o t p o s s i b l e t o e s t i m a t e 

S n 2 + + I 2 5> S n ^ + + 2 1 " 

t i n ( I I ) i n t h e p r o d u c t o f t h e system t i n ( I I ) c h l o r i d e -

hydrogen c h l o r i d e - 2 , 2 - d i m e t h y l p r o p i o n i t r i l e because o f 

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

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

o x i d a t i o n s t a t e ( + I V ) by b o i l i n g t he a c i d i f i e d s o l u t i o n 

w i t h a r e d u c i n g agent such as l e a d and t h e n e s t i m a t i n g a l l 

t h e t i n ( I I ) as above . The t o t a l t i n v a l u e s as e s t ima ted 

i n t h i s way were u n i f o r m l y l o w , p r e s u m a b l y because o f t h e 

l o s s o f some t i n as v o l a t i l e t i n ( I V ) c h l o r i d e . 

( i ) The p r o p i o n i t r i l e - t i n ( I I ) c h l o r i d e - h y d r o g e n c h l o r i d e 

s y s t e m . 

3«17g S n C l ^ ( l 6 . 7 m .mo l ) was added t o 10c til p r o p i o n i t r i l e 

and HC1 gas was passed i n t o t h e m i x t u r e k e p t a t 0°C f o r 

some 12 h o u r s . D i s s o l u t i o n o f SnCl^ was comple te a f t e r 

about 3 h o u r s , a s t r a w c o l o u r e d s o l u t i o n b e i n g o b t a i n e d . 

The m i x t u r e was a l l o w e d t o s t and f o r a week a t about 0°C 

by w h i c h t i m e a y e l l o w p r e c i p i t a t e had f o r m e d w h i c h , a f t e r 

f i l t e r i n g , washing w i t h p r o p i o n i t r i l e and pumping s o l v e n t 

f r e e appeared as a waxy s o l i d . I t was i d e n t i f i e d as b e i n g 
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N ( e t h y l , t r i c h l o r o s t a n n y l m e t h y l e n e ) p r o p a n a m i d i n i u m - t r i c h l r > r o -

s t a n n a t e ( I I ) , ( C ^ H g N S n C l ^ n p r o b a b l y 2 , m . p . 8 4 ° ( d ) . 

Found : C = 1 2 . 6 ; H = 2 . 6 ; N = 4 . 9 ; C I = 39«4 ; S n ( t o t a l ) = 3 5 . 3 ; 

S n 1 1 = 20=9% 

C^HgNSnCl^ r e q u i r e s C = 1 2 . 8 ; H = 2 . 2 ; N = 5-0; C I = 3 8 . 9 ; 

S n ( t o t a l ) = 4 2 . 2 ; S n 1 1 = 2 1 . 1 % 

^Max ( N u . j o l M u l l ) 3510sh, 3320s, 3220s , 1678s , 1648s , 

1612m, 1570m, 1480m, 1455m, 1405s , 1390s , 1360s, 1308m, 1245w, 

1175w, 1150m, 1125m, 1100m, I 0 7 0 s h , 1 0 l 0 s h , 1000m, 875w, 835m, 

800m, c m 1 . 

The example o u t l i n e d above i s t o i l l u s t r a t e t h e method 

employed f o r each o f t h e f o u r systems u s e d . A c c o r d i n g l y 

t h e r e f o r e o n l y e s s e n t i a l d e t a i l i s now g i v e n f o r each o f 

t h e r e m a i n i n g sys t ems . 

( i i ) The 2 , 2 - d i m e t h y l p r o p i o n i t r i l e - t i n ( I I ) c h l o r i d e - h y d r o g e n 

c h l o r i d e s y s t e m . 

The same r e a c t i o n scheme t o ( i ) was f o l l o w e d e m p l o y i n g 

15*3 m.mol o f S n C l 2 and p a s s i n g HC1 gas f o r about 6 h o u r s , 

t h e n f i l t e r i n g e t c , a f t e r s t a n d i n g a t about 0°C o v e r n i g h t . 

The p a l e brown powder i s o l a t e d was i d e n t i f i e d as 

N ( 2 , 2 - d i m e t h y l p r o p y l , t r i c h l o r o s t a n n y l m e t h y l e n e ) 2 , 2 - d i m e t h y l -

p r o p a n a m i d i n i u m - t r i c h l o r o s t a n n a t e ( I I ) , (C^H^QNSnCl^) n 

n p r o b a b l y 2 , m . p . 1 8 5 ° ( d ) 

Found: C = 1 9 . 7 ; H = 3 . 8 ; N = 4 . 5 ; 01 = 3 5 . 6 ; S n ( t o t a l ) = 2 7 - 7 % 

Sn^ n o t o b t a i n e d . 

C ^ H 1 Q N S n C l 3 r e q u i r e s C = 19*4; H = 3 . 2 ; N = 4 . 5 ; C I = 3 4 . 4 ; 

S n ( t o t a l ) = 38.5% 
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^ Max ( N u . j o l M u l l ) . 3 3 2 0 s . b r , 3220s , 3 1 8 0 s . b r , 1690s , 
1540m, 1480m, 1400s , 1118m, 1080w, 1040w, 1025w, 870s , 
728w, c m 1 . 

( i i i ) The b e n z o n i t r i l e - t i n ( I I ) c h l o r i d e " h y d r o g e n c h l o r i d e 

sy s t em. 

A s i m i l a r p r o c e d u r e was employed as i n ( i i ) t h e 

w h i t e powder i s o l a t e d b e i n g i d e n t i f i e d as N ( p h e n y l , t r i c h l o r -

s t a n n y l m e t h y l e n e ) b e n z a m i d i n i u m t r i c h l o r o s t a n n a t e ( I I ) , 

( C 7 H 6 N S n C l 5 ) n n p r o b a b l y 2 , m . p . 1 8 0 ° ( d ) . 

Found: C = 2 3 . 6 ; H = 1 . 7 ; N = 4 . 3 ; C I = 32 .7 ; S n ( t o t a l ) = 3 2 . 6 ; 

S n 1 1 = 17.9% 

C 7 H 6 N S n C l ; r e q u i r e s C = 2 5 - 5 ; H = 1 .8 ; N = 4 . 3 ; C I = 32.4; 

S n ( t o t a l ) = 3 6 . 0 ; S n 1 1 - 18.0% 

^ Max ( N u . j o l M u l l ) . 3 3 1 0 s , b r , 3 1 6 0 s . b r , 2215w, 1 7 2 0 s . b r , 

I 6 6 0 s . b r , 1600s , 1580w, 1545m.b r , 1460sh , 1450s , 1445sh , 

1330m, 1315m, 1220s , 1185m, 1162w, 1055w, 845sh , 838s , 

790s , 765w, 710w, 700w, 685w, 588w, 550w, 450m, 435w, c m 1 . 

( i v ) The a c e t o n i t r i l e - t i n ( I I ) c h l o r i d e - h y d r o g e n c h l o r i d e 

sy s t em. 

By a p r o c e d u r e common t o t h a t d e s c r i b e d a l r e a d y , t h e 

p r o d u c t o b t a i n e d , a w h i t e s o l i d was i d e n t i f i e d as N ( m e t h y l , 

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

( C 2 H 4 N S n C l 5 ) n n p r o b a b l y 2 , m . p . - 9 2 ° ( d ) . 

Found: C = 9 . 2 ; H = 2 . 3 ; N = 5 . 3 ; 01 = 39=7; S n ( t o t a l ) = 4 0 . 1 ; 

S n 1 1 - 21.4%. 

C 2 H 4 N S n C l 3 r e q u i r e s C = 9 . 0 ; H = 1.9; N = 5 . 2 ; C I = 39-7; 

S n ( t o t a l ) = 4 4 . 2 ; S n I I C = 2 2 . 1 % 

http://3320s.br
http://3180s.br
http://3160s.br
http://1720s.br
http://I660s.br
http://1545m.br
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^ Max ( N u . j o l M u l l ) 334-Os.br, 3 1 8 0 s , b r , 1 6 7 5 s . b r , 1550s, 
1480s , 1420s , 1388s , 1370m, 1350s , 1300m, 1260m, 1230w, 
1140m, 1115s, 1040m, 1028m, 990s , 922m, 792m, 750s , 680s , 
525s c m 1 . 

7-3 D i s c u s s i o n 

( i ) C h a r a c t e r i s a t i o n and S p e c t r o s c o p i c P r o p e r t i e s 

The p r o d u c t s o f t h e systems RCN(R = Me, E t , B u * , P h ) -

SnClg - HC1 are s o l i d s w h i c h are e x t r e m e l y m o i s t u r e s e n s i t i v e . 

They are waxy, d i f f i c u l t t o m u l l and t h e i x s t a b i l i t y v a r i e s 

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

example , da rkened s l o w l y y i e l d i n g obscure d e c o m p o s i t i o n 

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

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

d a t a ( C , H , N and C l ) are c o n s i s t e n t w i t h t h e i r f o r m u l a t i o n 

as 1 : 1 adduc t s o f t r i c h l o r o s t a n n a n e and RON, and t i n e s t i ­

m a t i o n s showed t h e m e t a l t o be b o t h two - and f o u r c o v a l e n t . 

A n a l y s i s o f t o t a l t i n gave l o w r e s u l t s , b u t t i n ( I I ) 

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

show t h e r a t i o t i n ( I V ) : t i n ( I I ) t o be a l m o s t 1 :1 . T h e r e f o r e , 

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

as S n C l 2 o r , more l i k e l y , S n ^ ^ C l ^ " . The p r o d u c t s a t t h e i r 

s i m p l e s t are r e g a r d e d as b e i n g d i m e r i c , and o f g e n e r a l 

f o r m u l a C l 5 S n C ( R ) = N C ( R ) N H 2

+ S n C l ^ " ( I ; R = Me, E t , Bu* 7, P h ) . 

T h e i r p roposed s t r u c t u r e s are shown i n F i g u r e 7°1« 

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

t h a n o t h e r s p e c t r a l d e t a i l t o be p r e s e n t e d s h o r t l y . Because 

o f ext reme m u l l i n g d i f f i c u l t i e s and t h e r e f o r e p o o r l y - r e s o l v e d 

http://1675s.br
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s p e c t r a , o n l y g e n e r a l s t r u c t u r a l i n f e r e n c e s are p e r m i s s i b l e . , 

A l l s p e c t r a show two o r t h r e e b r o a d , h i g h i n t e n s i t y a b s o r p t i o n s 

a t $ ( 3 2 0 0 = 3 5 0 0 ) c m 1 , s i m i l a r t o t h e s p e c t r a o f a n i l i n e ( 3 0 8 ) 

and some d i a l k y l a m i n e h y d r o c h l o r i d e s ( 3 0 9 ) » These a b s o r p t i o n s 

are ass igned t o ( N - H ) s t r e t c h i n g f r e q u e n c i e s o f s t r o n g l y 

hydrogen-bonded s p e c i e s . I n t he r ange $ (1400-1700)cm' ' 

t h r e e bands are a s s i g n e d t o ) ( C = N ) s t r e t c h and £ ( N H 2 ) s c i s s o r i n g . 

W h i l s t i t would be t e m p t i n g t o r e g a r d t h e l o c a l i s e d s t r u c t u r e 
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more f a v o u r a b l y t h a n t h e d e l o c a l i s e d s t r u c t u r e ( F i g u r e 7 « 1 ) 
( a ) and ( b ) r e s p e c t i v e l y ) , because t h e l a t t e r m i g h t c o n ­
c e i v a b l y have a g r e a t e r number o f bands i n t h i s r e g i o n , t h e 
p o o r q u a l i t y o f t h e s p e c t r a makes such a d i s t i n c t i o n 
u n j u s t i f i a b l e o A b s o r p t i o n s a s s i g n a b l e t o t h e SnCl^ g r o u p s 
s h o u l d be a t ^ ( 2 0 0 - 4 0 0 ) c m 1 ( 8 0 , 310) b u t t h i s i s o u t s i d e 
t h e r ange scanned i n t h i s s t u d y . 

The mass s p e c t r o s c o p i c d a t a l i s t e d i n T a b l e 7 - 1 a - d , 

show n e i t h e r peaks c o r r e s p o n d i n g t o p a r e n t i o n s nor 

o r g a n o - t i n f r a g m e n t s . The h i g h e s t peaks are a s s igned t o 

S n C l ^ + o r S n C l ^ + , and are b o t h p r e s e n t i n t h e s p e c t r a o f 

two o f t h e p r o d u c t s (R = Me, E t , T a b l e 7 . 1 a , b ) . The 

S n C l ^ + f r a g m e n t c o u l d a r i s e by an i o n - i o n r e c o m b i n a t i o n 

p r o c e s s a n d / o r by sample d e c o m p o s i t i o n w i t h t h e e l i m i n a t i o n 

o f t i n ( I l ) - and t i n ( I V ) c h l o r i d e s ( e q u a t i o n 7 . 1 2 ) . The 

c a r b e n o i d s p e c i e s (RCtNH^^NCR) w h i c h may accompany such 

an e l i m i n a t i o n r e a c t i o n would be a v e r y r e a c t i v e e l e c t r o n -

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

a s p e c i e s i s f o u n d i n t h e mass spec t rum o f t h e m e t h y l 

d e r i v a t i v e , F i g u r e 7 ° 1 ( a ) , n o f r a g m e n t s r e l a t e d t o i t s 

c o m b i n a t i o n p r o d u c t s were i d e n t i f i e d . The s p e c t r a do n o t 

o f f e r f i r m ev idence i n s u p p o r t o f t h e p roposed s t r u c t u r e 

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

( T a b l e 7 ° 1 a.), i s t h e r e observed a ' d i m e r i c ' backbone 

( R C ( : N H 2 ) C N ( R ) + ; R = M e ) . I n f a c t t h e g e n e r a l breakdown 

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

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

m e t h y l e n e a m i n o - and a c e t a m i d i n o - t i n ( I I and I V ) d e r i v a t i v e s 

( C h a p t e r 4 and 5 ) , f> - c y a n o e t h y l t i n t r i c h l o r i d e and 

t r i - n - b u t y l t i n t r i c h l o r i d e ( 3 0 1 ) . 
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The H-NMR d a t a i s summarised i n T a b l e 7 . 2 . S ince 

t h e compounds are i n s o l u b l e i n weak ly p o l a r s o l v e n t s such 

as c h l o r o f o r m , t e t r a c h l o r o m e t h a n e and t o l u e n e , t h e s p e c t r a 

were r e c o r d e d a t ambien t t e m p e r a t u r e s as s o l u t i o n s of 

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

s p i n number 1 = 1 and a c c o r d i n g l y s h o u l d cause a p r o t o n 

a t t a c h e d t o i t t o show t h r e e ( i . e . 21 + l ) peaks o f e q u a l 
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T a b l e 7 . 1 

P r i n c i p a l Fragments i n t h e Mass S p e c t r a o f 

R C ( S n C l 3 ) : NC(R) : N H 2

+ SnCl ~ 

a ) JR = Me 

m/e R e l a t i v e I n t e n s i t y Ass ignment 

260 4 S n C l 4

+ 

225 5 S n C l x

+ 

190 3 S n C l 2

+ 

155 11 S n C l + 

120 4 S n + 

84 2 MeC(NH 2)NC Me + 

59 68 M e C ( N H 2 ) N H 2

+ 

58 41 MeCCNH^rNH 4" 

42 100 MeCNH+ 
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( b ) R = E t 

»- - mm .jm 

m/e R e l a t i v e I n t e n s i t y A s s i g n m e n t 

2 6 0 3 S n C l 4

+ 

2 2 5 3 2 S n C l - / 
3 

218 6 -

1 9 0 3 4 S n C l 2

+ 

1 5 5 7 0 S n C l + 

-120 1 0 S n + 

1 1 0 1 ( E t C =IT) 2 

7 3 5 E t C ( N H 2 ) : N H 2

+ 

5 7 5 E t C N H 2

+ 

56 8 E tCNH* 

36 1 0 0 H C 1 + 



R = B u t 

m/e R e l a t i v e I n t e n s i t y A s s i g n m e n t 

2 2 5 3 S n C l , + 

3 

1 9 0 3 S n C l 2

+ 

1 5 5 1 7 S n C l + 

1 2 0 7 S n + 

9 8 6 B i ^ C C N ) : N H + 

2 B u t C N H + 

7 0 

5 7 

3 8 

5 1 



= P h 

m/e 

2 2 5 

1 9 0 

1 5 5 

1 2 1 

1 2 0 

1 0 5 

104-

78 

3 6 

R e l a t i v e I n t e n s i t y 

8 0 

1 0 0 

3 6 

4 8 

A s s i g n m e n t 

S n C l 

S n C l , 

SnCl" 

+ 

+ 
P h C ( N H 2 ) : N H 2 

+ 

PhCNH. 

Phcircr4" 

PhH' •+ 

HC1 + 
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i n t e n s i t y b e c a u s e o f s p i n - s p i n c o u p l i n g , , The p r o j e c t e d 

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

v i z . t h e r a t e o f e x h a n g e o f t h e p r o t o n on t h e n i t r o g e n a t o m 

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

I f t h e p r o t o n s on a n i t r o g e n a t o m u n d e r g o r a p i d e x c h a n g e , 

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

s u c h as i s t h e c a s e f o r many a l i p h a t i c a m i n e s - f o r t h e 

( N - H ) p e a k r e s u l t s . A t a somewhat s l o w e r r a t e o f e x c h a n g e , 

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

o f a b r o a d s i n g l e t N - H p e a k . O n l y i f a s l o w r a t e o f e x c h a n g e 

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

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

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

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

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

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

and t h u s an i n t e r m e d i a t e l i f e s p a n f o r t h e t h r e e s p i n s t a t e s o f 

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

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

be o b s e r v e d . 

The compounds u n d e r d i s c u s s i o n h e r e , v i z 

C l 5 S n C ( R ) : N . C ( R ) : N H 2

+ S n C l - " ( I ; R = E t , B u * , E h ) , 

s u r p r i s i n g l y r e v e a l t r i p l e t a b s o r p t i o n s o f e q u a l i n t e n s i t y 

a s s i g n a b l e t o t h e p r o t o n s o f t h e C-.ML^* u n i t . S u c h 

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

a t o r a b o u t t h e same l v a l u e s - T a b l e 7 ° 2 - w h a t e v e r t h e 

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

( J = 5 0 . 7 , R = E t ; J = 5 2 , R - B u * , P h ) s u g g e s t i n g v e r y 
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T a b l e 7 ° 2 

i + 

H-NMR S p e c t r a o f R C ( S n C l , ) : N C ( R ) : N H Q S n C l 

Compound T a 

1 v a l u e s ppm 

R = Me Sample d e c o m p o s e d i n t h e s o l v e n t 

R = E t 
1.96, 2 . 8 0 , 3 « 5 4 t ( 2 ) ; 5 - 5 0 , 5 - 5 8 , 5 - 6 4 , 

5 . 7 5 q ( 2 ) 8 . 5 1 , 8 . 6 3 , 8 . 7 5 t ( 3 ) ; 

7 . 1 6 , 7 -28 , 7 . ^ 0 , 7 o 5 2 q ( 2 ) 8 . 7 3 , 8 . 8 5 , 

8.97t ( 3 ) 

R = Buf 1 . 8 5 , 2 . 7 2 , 3 . 5 9 t ( 2 ) 8 .97s .h r . (9) 

R = P h 

2 . 0 , 2 . 8 7 , 3 » 7 4 t ( 2 ) 

2 . 2 0 - 2 . 3 0 c o m p l e x ( 2 0 ) 

a r e l a t i v e t o i n t e r n a l s t a n d a r d , TMS * f = 1 0 

t = t r i p l e t ; q = q u a r t e t ; r e l a t i v e i n t e n s i t i e s p a r e n t h e s i s e d . 

http://97s.hr
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e f f e c t i v e c o u p l i n g - t h e c o u p l i n g c o n s t a n t s compare 

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

ammonium s a l t s ( 3 0 8 , 3 1 1 ) ( J ( N - H ) b e i n g 4 - 0 - 6 8 ) 0 Whereas 

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

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

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

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

J r e m a i n e d u n c h a n g e d . The i n e v i t a b l e i n f e r e n c e m u s t be 

t h a t ( d e s p i t e t h e l i k e l i h o o d o f s t r o n g h y d r o g e n b o n d i n g 

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

14-

and t h e n u c l e a r q u a d r o p o l e o f N , a l r e a d y r e f e r r e d t o , 

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

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

b e t w e e n t h e n u c l e u s and p r o t o n s o f t h e C = N H 9 u n i t . 

F o r t h e e t h y l d e r i v a t i v e , C l ^ S n C t R ) : N . C ( R ) : N H 2

+ S n C l ^ " 

(R = E t ) , t w o m a g n e t i c a l l y d i f f e r e n t e t h y l g r o u p s a r e 

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

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

d o w n f i e l d t h a n t h e r e l a t e d m e t h y l t r i p l e t s i g n a l ( T a b l e 7 » 2 ) . 

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

a l k y l (Bu"k) o r a r y l ( P h ) g r o u p s w i t h o u t cL - h y d r o g e n a t o m s , 

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

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

a t ' T ( 2 » 2 0 - 2 . 3 0 ) . Hence b y c o m p a r i s o n w i t h t h e e t h y l 

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

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

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

f o r t h e t - b u t y l d e r i v a t i v e . 
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The p r o d u c t o f t h e s y s t e m s RCN - S n C l 2 - HC1 

(R = Me , E t , B u \ P h ) i n a n h y d r o u s e t h e r e a l s o l v e n t , 

c o r r e s p o n d i n g a n a l y t i c a l l y t o t h e a d d u c t RCN. H S n C l ^ , h a s 

b e e n f o r m u l a t e d as R C ( S n I V C l - J : N C ( R ) : NH + S n i : C C l ~ -

3 ^ t> 
w i t h t i n i n o x i d a t i o n s t a t e s + I I and + I V - and some 

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

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

a r i s e i s now t o be d i s c u s s e d . 

( i i ) A m e c h a n i s t i c r a t i o n a l e 

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

e t h e r e a l s o l u t i o n o f t i n ( I I ) c h l o r i d e and h y d r o g e n c h l o r i d e 

t o g i v e f J ~ c a r b o m e t h o x y e t h y l t i n t r i c h l o r i d e , C l ^ S n C ^ C H ^ C O ^ M e 

( e q u a t i o n 7 « 6 ) , h a s b e e n e x p l a i n e d i n t e r m s o f a h y d r o -

s t a n n a t i o n ( 3 0 2 = 3 0 4 ) , i . e . a r e a c t i o n i n w h i c h an u n s a t u r a t e d 

u n i t i n s e r t s i n t o a t i n - h y d r o g e n b o n d . I n v i e w o f t h e e a r l i e r 

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

t i n ( I I ) c h l o r i d e - h y d r o g e n c h l o r i d e - e t h e r s y s t e m ( S e c t i o n 7 . 1 ) 

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

( e q u a t i o n 7 « 8 and 7 . 1 0 ) a p p e a r s t o be v e r y u n l i k e l y . 

C o n s e q u e n t l y i n t h e s y s t e m s RCN - S n C l ^ - HC1 i n a n h y d r o u s 

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

a p p e a r s t o be e q u a l l y i m p r o b a b l e . An a l t e r n a t i v e m e c h a n i s m 

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

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

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

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

k n o w n t o be a s u b s t a n t i a l b y - p r o d u c t , i t h a s no r e a c t i o n 

7 . 1 4 H o w e v e r , w h i l s t t h e a d d u c t C l C H p C ^ C O p M e i s 
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HC1 + CH 2 =CHC0 2 Me * C l C H 2 C H 2 C 0 2 M e 7 . 1 3 

S n C l 2 + C l C H 2 C H 2 C 0 2 M e ) ( — P C l ^ S n C I ^ C I ^ C C ^ M e 7 . 1 4 

w i t h t i n ( I I ) c h l o r i d e u n d e r t h e s e c o n d i t i o n s . I t seems 

p r o b a b l e t h e r e f o r e t h a t , n o t w i t h s t a n d i n g t h e ready-

f o r m a t i o n o f t h e i n i t i a l a d d u c t o f RCN and HC1 = an 

i m i d o y l c h l o r i d e ( e q u a t i o n 7 « 1 5 ) , ( 3 1 2 - 314-) an a n a l o g o u s 

m e c h a n i s m f o r s y s t e m s R C N - S n C l 2 - HC1 ( e q u a t i o n s 7 . 1 5 - 7 . 1 6 ) 

HC1 
RC=N + HC1 » R - C ( C l ) : NH > R C ( C 1 ) : N H 2 C l ~ 7 . 1 5 

S n C l 2 + R C ( C 1 ) : N H 2

+ C I - — # — > C I ^ S n C ( R ) : N H Q

+ C l " 7 . 1 6 

i s u n l i k e l y . F u r t h e r m o r e , no d i m e r i s a t i o n p r o d u c t s o f s u c h 

i m i d o y l c h l o r i d e s , R C ( C l ) : N H , - d i s c u s s e d i n g r e a t e r d e t a i l 

l a t e r - a r e e v i d e n c e d i n t h e s y s t e m s s t u d i e d . The m e c h a n i s m 

p r o p o s e d f o r t h e s e RCN = S n C l 2 - HC1 s y s t e m s i n v o l v e s t h e 

h i g h l y i o n i z e d s p e c i e s o f h y d r o g e n t r i c h l o r o s t a n n a t e ( I I ) , 

v i z E t 2 0 E f S n C l ^ = ( e q u a t i o n 7 . 1 0 ) ° The i n i t i a l s t e p 

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

and s u b s e q u e n t l y an a l k y l ( o r a r y l ) t r i c h l o r o s t a n n y l i m i n e ( I I I ) . 

The l a t t e r may t h e n be p r o t o n a t e d t o g i v e an i m i n i u m s a l t ( I V ) . 

T h i s i s shown i n ( e q u a t i o n 7 . 1 7 ) ° H o w e v e r , t h e p r o p o s e d 

H * + S n C U H + + 
R C = N - >• RC=NH 2 _ j > C l 3 S n C ( R ) :NH ^ * C l ^ S n C ( R ) : N H 2 7 . 1 7 

I I I I I I V 

p r o d u c t s o f t h e s e s y s t e m s a r e d i m e r i c w i t h t w o - and f o u r -

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

as shown i n e q u a t i o n s 7.18 ° 7.19. The p r o d u c t as f o r m u l a t e d , 

C l . S n C ( R ) : N H + 
3 

I I I 

C l - , S n C ( R ) : N H + 
3 

+ 
C l - , S n T C ( R ) = NH„ * C l - , S n C ( R ) = N H 0

+ S n C l " 
3 / c- t> £ 3 

57 
I V 

RC=NH C l 3 S n C ( R ) : N H C ( R ) :KH 

7-18 

I I I I I S n C l . 

C l 3 S n C ( R ) : l T C ( R ) : NH^ S ° C 1 ; 

7 . 1 9 

+ 
C l 5 S n C ( R ) : N C ( R ) : N H 2 S n C l ^ ~ ( I ) r e p r e s e n t s t h e t e r m i n a l 

compound f o r a l l t h e s y s t e m s s t u d i e d , and o v e r a l l t h e 

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

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

o f h y d r o g e n c h l o r i d e ( 3 1 3 - 3 1 6 ) . H e r e i m i d o y l c h l o r i d e s , 

R C ( C l ) : N H ( e q u a t i o n 7 * 1 5 ) d i m e r i s e u n d e r r e l a t i v e l y m i l d 

c o n d i t i o n s y i e l d i n g N ( a l k y l c h l o r o m e t h y l e n e ) a l k y l a m i d i n i u m 

s a l t s ( V E q u a t i o n 7 ° 2 0 ) . F o r n i t r i l e s w i t h o u t ° £ - h y d r o g e n 

R C ( C 1 ) = N H C l - j - C ( R ) = N H 2 C l " 
- H C 1 

• > R C ( C 1 ) = N — C ( R ) = N H 2 C 1 = 
7 . 2 0 

a t o m s , RON (R = P h , MeCgH^, E t S , ( 3 1 5 ) M e ^ ( 3 1 7 ) ) V i s t h e 

t e r m i n a l p r o d u c t , b u t when pC - h y d r o g e n e x i s t s t h e n V u n d e r g o e s 
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r e a r r a n g e m e n t ( e q u a t i o n 7 . 2 1 ) t o g i v e an N ( ° ^ - c h l o r o a l k e n y l ) 

a m i d i n i u m c h l o r i d e ( V I ) ( 3 1 3 ) . A c e t i m i d o y l c h l o r i d e , 

M e C ( C l ) : N I ^ C I , f o r e x a m p l e , c h a n g e s s l o w l y on s t a n d i n g 

Met 
* > «W v ^ 7-2/ 

I I 
c 

H 

t o g i v e N ( c h l o r o e t h y l i d e n e ) - a c e t a m i d i n i u m c h l o r i d e ( V I ; 

R 1 = H , R = Me) ( 4 2 ) p r e s u m a b l y v i a t h e d i m e r V (R = Me) 

as s h o w n . I n t h e p r e s e n t s t u d y , t w o o f t h e f o u r s y s t e m s 

e x a m i n e d c o n t a i n e d n i t r i l e s , R C N t w i t h °i. - h y d r o g e n a toms 

( R = Me , E t ) and w h i l s t a n a l o g u e s o f V I a r e f o r m a l l y 

p o s s i b l e , no s u c h c o m p a r a b l e r e a r r a n g e m e n t p r o d u c t h a s 

b e e n c h a r a c t e r i s e d . , I n a l l c a s e s t h e t e r m i n a l p r o d u c t 
+ 't­

was C l ^ S n C t R ) : N C ( E ) : NIL , S n C l ^ ( I ; R = M e , E t , Bu , P h ) 

b e i n g t h e a n a l o g u e o f V ( C I = S n C l ^ ) . I f s u c h r e a r r a n g e ­

m e n t d o e s n o t o c c u r i t may be t h a t t h e t r i c h l o r o s t a n n a t e ( I I ) 

i o n , S n ^ ^ C I j " , i s a b e t t e r n u c l e o p h i l e ( i . e . p o o r e r l e a v i n g 

g r o u p ) t h a n C l ~ . C o n s e q u e n t l y t h e m e c h a n i s m b y w h i c h s u c h 

d i n e r s ( I ) a r i s e i s more l i k e l y t o be t h a t w h i c h does n o t 

I I — 

p o s t u l a t e Sn C l ^ as a l e a v i n g g r o u p , e q u a t i o n 7 ° 1 9 b e i n g 

p r e f e r r e d t h e r e f o r e t o e q u a t i o n 7 ° 1 8 . 
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7 ° 4- Summary 

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

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

i o n i z e d h y d r o g e n t r i c h l o r o s t a n n a t e ( I I ) and e f f e c t i v e l y 

t h e r e a c t i v e s p e c i e s a r e and S n C l ^ ~ „ R e a c t i o n t a k e s 

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

s u b s e q u e n t l y d i m e r i s e s t o g i v e an N ( a l k y l ( o r a r y l ) t r i c h l o r o -

s t a n n y l m e t h y l e n e ) a l k y l ( o r a r y l ) a m i d i n i u m t r i c h l o r o s t a n n a t e ( I I ) , 

C l 3 S n I V C ( R ) : N C ( R ) : N H 2

+ S n C l ^ ( I ; R = Me, E t , B u * , P h ) . 

I t c o n t a i n s t i n i n o x i d a t i o n s t a t e ( I I ) a n d ( I V ) and i s t h e 

t e r m i n a l p r o d u c t i n a l l t h e s y s t e m s s t u d i e d , t h e r e b e i n g no 

e v i d e n c e o f any f u r t h e r r e a r r a n g e m e n t r e a c t i o n s e v e n when 

t h e n i t r i l e s p o s s e s s e d oL - h y d r o g e n a t o m s . T h e i r i n f r a r e d , 

mass and H-NMR s p e c t r a a r e d i s c u s s e d and t h e l a t t e r r e c o r d e d 

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

c o u p l i n g b e t w e e n and p r o t o n s o f t h e C = N H Q u n i t . 
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1 . G e n e r a l • 

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

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

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

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

s e n s i t i v e s o l i d s w e r e h a n d l e d i n a g l o v e b o x and l i q u i d s 

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

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

2 . N i t r o g e n S u p p l y 

N i t r o g e n was d r a w n o f f f r o m a t a n k c o n t a i n i n g l i q u i d 

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

f u r n a c e c o n t a i n i n g r e d u c e d w i r e - f o r m c o p p e r a t a b o u t 4 0 0 ° . 

W a t e r was r e m o v e d b y a t r a p c o o l e d b y l i q u i d a i r and a 

^ 2 ^ 5 " t o w e r . The g a s was t h e n d e l i v e r e d t o a m u l t i p l e t o u t ­

l e t s y s t e m . 

3 . G l o v e B o x 

The n i t r o g e n was p u r i f i e d as d e s c r i b e d above and when 

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

t h r o u g h h o t ( 4 0 0 ° ) c o p p e r t o w e r s , and c o o l i n g t r a p s , a t 

^ 1 ^ 6 ° , a ^ 2 ^ 5 "tower and a KOH t o w e r . P h o s p h o r u s p e n t o x i d e 

was a l s o p l a c e d i n t h e g l o v e b o x . 

4 . I n f r a r e d S p e c t r a 

I n f r a r e d s p e c t r a i n t h e r a n g e ( 4 0 0 0 - 2 5 0 ) c m ^ w e r e 

r e c o r d e d on a P e r k i n E l m e r 4 5 7 s p e c t r o m e t e r . Samples w e r e 
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i n t h e f o r m o f N u j o l m u l l s o r n e a t l i q u i d s b e t w e e n K B r p l a t e s . 

5 » ^"H- N u c l e a r M a g n e t i c R e s o n a n c e S p e c t r a 

T h e r e w e r e r e c o r d e d a t 6 0 MHz on a V a r i a n A 5 6 / 6 0 D 

s p e c t r o m e t e r . S a m p l e s w e r e p r e p a r e d as s o l u t i o n s i n b e n z e n e , 

d e u t e r o b e n z e n e , d e u t e r o c h l o r o f o r m and d e u t e r a t e d d i m e t h y l -

s u l p h o x i d e as a p p r o p r i a t e . T e t r a m e t h y l s i l a n e (TMS) was 

commonly u s e d as an e x t e r n a l r e f e r e n c e s t a n d a r d . S a m p l e 

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

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

6 . Mass S p e c t r a 

T h e s e w e r e r e c o r d e d on an A E I MS9 mass s p e c t r o m e t e r 

a t 7 0 e v and an a c c e l e r a t i n g p o t e n t i a l o f 8 k v w i t h a s o u r c e 

t e m p e r a t u r e a t 1 5 0 ° - 2 5 0 ° and e l e c t r o m a g n e t i c s c a n n i n g . 

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

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

f i l l e d t u b e a t t a c h e d t o t h e p r o b e . 

7 - M o l e c u l a r W e i g h t s 

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

a Beckman a p p a r a t u s o f c o n v e n t i o n a l t y p e . The b e n z e n e , o f 

a n a l y t i c a l r e a g e n t p u r i t y , was d r i e d o v e r s o d i u m w i r e and 

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

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

a p p a r a t u s . 



8 . S o l v e n t s 

H y d r o c a r b o n s o l v e n t s and d i e t h y l e t h e r w e r e d r i e d and 

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

d r i e d o v e r KOH f o l l o w e d b y p o t a s s i u m m e t a l , and was f r e s h l y 

d i s t i l l e d b e f o r e u s e . D e u t e r a t e d s o l v e n t s f o r "*"H-NMR w o r k 

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

9 . S t a r t i n g M a t e r i a l s 

A n h y d r o u s t i n ( I I ) c h l o r i d e and g e r m a n i u m ( T V ) c h l o r i d e 

w e r e f r e s h c o m m e r c i a l s a m p l e s . T i n ( I V ) -= and s i l i c o n ( I V ) 

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

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

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

1 , 1 0 - p h e n a n t h r o l i n e as i n d i c a t o r ( 1 2 2 ) . The m e t h y l e n e a m i n e s 

( 6 8 , 3 1 8 ) and N , N ^ - d i a r y l a c e t a m i d i n e s ( 3 1 9 ) w e r e p r e p a r e d as 

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

1 0 . A n a l y t i c a l M e t h o d s 

C a r b o n , h y d r o g e n and n i t r o g e n w e r e d e t e r m i n e d u s i n g a 

P e r k i n - E l m e r 2 4 0 E l e m e n t a l A n a l y s e r . N i t r o g e n was a l s o 

d e t e r m i n e d b y t h e K j e l d a h l m e t h o d . 

C h l o r i n e was d e t e r m i n e d b y ( i ) f u s i o n o f t h e compound 

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

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

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

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

b a s i c a l l y i n v o l v e d t h e d e c o m p o s t i o n o f a s a m p l e t o t i n ( I V ) 

o x i d e . 



Z i n c and m a g n e s i u m w e r e d e t e r m i n e d b y d e c o m p o s i n g 

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

p e r c h l o r i c a c i d s . The l i q u i d s w e r e h e a t e d u n t i l c l e a r , 

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

s o l u t i o n d e t e r m i n e d u s i n g a P e r k i n - E l m e r 4 0 3 A t o m i c 

A b s o r p t i o n S p e c t r o p h o t o m e t e r . 
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