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THESIS ABSTRACT 

This thesis describes studies on the coordination 

chemistry and reactions with metal halides of some unsaturated 

organonitroge~ compo~~dso The systems studied included 

various ketiminesu R1R2 C = NHu and derivatives thereofu 

1 2 1 2 R · R C = NH u MX or R R C = NMX 1 containing antimony or n n-

tin atoms attached to the imino-nitrogen atomso Aspects of 

the coordination chemistry of acrylonitrile CH 2 : CHC ! N 

and its methyl derivativesy CH 2 : CMe C : N and MeCH : CH C 
0 

N 

have also been studied as 1well as their reactions with 

ether/SnC£2 /HC£ systemso 

The main feature studied in the imine work was the 

tendency of compounds (4-xc6H4 ) 2C = NSbC£n (X= H or 

Mey n = 2 or 4) to undergo cyclometallation reaction forming 

a new type of antimony ring compound; 

Related cyclometallation reactions are surveyed in chapter 1o 

During attempts to prepare other diarylketimino antimony 

tetrachlorides such as o-tolyly ph C = NSbC£4 ; 

m-toiyl.,ph C = NSbc£ 4 and (4 - FC6H4 ) 2 c = NSbC£ 4 y no analogous 

cyclometallated products were obtainedo Instead two 

different products were isolated: Ary£2CNH~SbC£~ and 

(;t) e Ary£ 2CNH 2SbC£6 o Attempts to prepare t-butyl derivatives 

t of general formula Ar, Bu C = NSbC£4 (Ar = o-tolyly p-tolyl; 

m-tolyl) afforded arylnitrileu HC£ and SbC£ 3 y probably by 

elimination of Me 2c = CH 2 o Chloroform solutions of diphenyl

ketimine and antimony penta- or tri- chlor~de deposited 

<±> - + 28 ph2CNH 2 SbC£6 or (ph 2C~H2 ) 2 SbC£5 respectively. 



In the nitrile worku using ether/SnC£ 2 /HC£ systems 

. .._. n~ e " e.~ 28 wh1ch con~a1n R20n • SnC£ 3 ana (R2o di 2 · SnC£ 4 r 

addition to the C = C bond of the ac~ylonitr~le yielded 

C£
3
sn.cR 2 .cH

2
.cN. Methacrylonitrile and crotononitrile 

gave nore complicated reactions with ether/Snc£2 /HC£ systems, 

apparently undergoing diroerization to form amidinium 

cations containing C = N - CR = NH ® units. 
2 

Finally, several complexes were isolated from reactions 

between acrylonitrile or its methyl derivatives and the 

metal chlorides TiC£ 4 , SnC£4 , SbC£
5

, BC£
3 

CoC£
2

, ZnC£
2

, 

TiBr 4 , TaC~S' NiC£ 2/2SbC£ 5 and NiC£ 2 /2ZnC£ 2 . Spectro

scopic and conductivity studies of these complexes were 

carried out, and used to deduce their probable structures. 
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CHAPTER ONE 

A S~RVEY OF CYCLOMETA~LATION REACTIONS 

1.1 INTRODUCTION 

This thesis describes studies on the coordination chemistry, 

and reactions with metal halides, of some unsaturated organo-

nitrogen compounds . The systems studied included various 

ketimines, R1R2c = NH, and derivatives thereo~, R1R2c = NHPMXn 

Or R1R2c - NMXn-l' containing metal or metalloid 

atoms M attached to the imino-nitrogen atoms. Aspects of the 

coordination chemistry of acrylonitrile, CH2 = CHC = N, and 

its methyl derivatives, MeCH = CHC ~N and CH2 =C Me C ~N, 

have also been studied. 

The main feature studied in the imine wo=k was the 

tendency of the arylketimino residue, aryl.CR = N, when 

attached to metals like tin or antimony, to undergo cyclo-

metallation reactions, e.g. 

M = Sn 9 Sb · 
X = Cl ~ Br. 

Reactions of this type, in which a metal atom becomes 

attached to the aryl residue of one of its ligands, have 

acquired some importance in organometallic and coordination 

chemistry, particularly where the metal invol7ed is a transition 

metal. Examples involving main group metals or metalloids are 

much rarer. It accordingly seemed appropriate to introduce 

this work by a survey of cyclometallation reactions in order 

to set the present tin and antimony work in context. 
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Short surveys of relevant acrylonitrile coordination 

chemistry follow in later chap·ters by way of .Lntroduction to 

the acrylonitrile work. 

1.2 DEFINITIO~ AND SCOPE OF THIS SURVEY 

The term vcyclometallationv is usually applied to reactions 

of metal complexes in which organic ligands undergo intra-

molecular metallation to form chelate rings. SUch reactions 

may be represented generally as follows~ 

H - X'V'VVVY + M ~ 
I 
z 

(y~ / M +HZ 
X 

where X is the atom metallated, 

M is the metal concerned, 

through which the organic ligand is initially attached to M, 

and Z is the leaving groupr which may be a halogen atom or 

alkyl or aryl group. 

Clearly, reactions of metal ions with chelating ligands 

HXArVY which are protic acids, e.g. acetylacetone (in its 

enol form HO- C~Me)= CHC(Me) = o), ethanolamine HOCH 2cH2NH2, 

or 

8 - hydroxyquinoline, ~ 

of cyclometallation reactions o e.g. OH 

A£3+ + 00 ~NY 
OH 

are examples 

Ref. Sb 
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Howeveru since such reactions normally proceed directly 

to the chelated de~ivatives they tend not to be treated as 

cycloreetallations. Indeedu the term ucyclometallation° is 

normally reserved for systems in which the formation of the 

chelate ring is quite distinct from the initial coordination 

reactionp and moreover is generally restricted to systems in 

which it is a carbon atom that is metallated. It is in 

this sense that the term is used here. 

The cyclometallation reactions studied in the present 

work all entailed metallation of an aryl res~due attached to 

the azomethine grouping 

Such reactionsu which involve metallation of an aryl 

group in the ortho position with respect to Lhe group 

providing a link to the metal atom, are generally referred to 

as .u orthometallation reactions u u and these fo:cm an important 

category of cyclometallation reactions. It is worth noting 

that, in the example citedu the new metal-carbon bond is forned 

without simultaneous loss of HX - cyclometallation reactions 

can occur without lOS~ of a 0 leaving groupu if the metal atom 

concerned starts by being coordinatively unsaturated. 

The present survey indicates the range of metals that 

are known to undergo cyclometallation reactionsu and the 

types of organic ligand known to be susceptible to cyclo-

metallation. An attempt is made to identify the structural 

and electronic factors that facilitate such reactioni. 



useful reviews that d~scuss the subject of cycle-

metallation reactions are to be found in references (1=4). 

1.3 CRGANIC RESIDUES KNOWN TO UNDERGO CYCLOMETALLATION REACTIONS 

To undergo the cyclometallation reaction, the organic 

compound should have a donor atom and a (C-H} bond. The donor 

atom may be nitrogen, oxygen, phosphor~S , sulphur, halogen, 

or the carbon atoms of phenyl, or even alkenyl groups. If 

the organic compound has a nitrogen donor, then the metal will 

attack the CH carbon atom whether this carbon atom is 

saturated as in aliphatic systems or unsaturated as in 

aromatic, olefinic, benzylic and heterocyclic systems. 

Examples of such cyclometallated compounds containing a 

nitrogen donor are given in table (1.1). 

The readiness of systems to undergo cyclometallation 

reactions depends on the nature of both the donor atom and 

the C-H bond. The donor atom needs to coordinate strongly to 

the metal in order to hold the organic residue in a suitable 

position for cyclometallation. The presence of a bulky group 

on the donor atom, provided that it does not seriously weaken 

the coordinate link, may encourage the organic ligand to 

cyclometallate by preventing rotation about the coordinate 

link. The reactions of primary, secondary and tertiary 

benzylamines PhCH 2NH Me 2 (x = 2, l or 0} with platinum (II) x -x 
or palladium (II) chlorides illustrate this. The bulky ligand 

PhCH 2NMe 2 suffers cyclometallation, whereas the others form 
sa 

products containing no metal-carbon @""- bond. 
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TABLE ( L 1) 

EXA.lV...PLES OF NITR.CGSN DCNOR-CYCLOME1'ALLA':'ED 
SYSTEMS 

Alkylamines 

Benzylamines 

Amino Ferro
cenes 

2=(Methylazo) 
PropeneS 

Azobenzenes 

67 
I 
I 

Heteroaromatic 
Compounds 

IV:J t I 
RN I 
~~ 

Imines 

fATM 
~~R2 

0 
Benzoylarnines 

rAf'Mf 
~~R 

Benzylidene
amines 
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The susceptibility of a particular C-H bond to metallation 

will depend on both steric and electronic factors. Stericallyu 

the n~be~ of a~o~s separating that bond from the donor atom 

will determine its proximity to the metal. The C-H bonds of 

carbon atoms in a y position with respect to the donor atom 

are particularly susceptible to attacku since cyclometallation 

of such bonds affords the favoured 5-membered ring:-
\/ ,,.. 

H-C'l /c) 
Ln M " -----? 

lnM 'x ""-x/ 
Cyclometallation of B-or S - C ~ H bonds will be less 

likely to occur, because the products of these reactions will 

be 4- or 6-membered rings respectively. ,, ...... ,. H-/ L M/C7 
LnM--x 

p 

n -.....X 
,, I H-C:J ... c 

LnM-x 
~ LnM/ ~ 

'-x 
The reason for this is that the five-membered rings of 

organometallic intramolecular-coordination compounds can 

generally be formed sterically free from strain due to bond 

lengths, and the bond angles of each atom since the metal 

generally forms four-{square planar)u five-{trigonal 

bipyramidal) and six-{octahedral) coordination structures, 

also the bond angle made by the two bonds containing the 

metal in the centre of two atoms is closer to 90° than to 

109° 28v (Sp 3) or to 120° (Sp 2). 

The effect of chelate ring size is illustrated by 

using .different ligands such as PhNMe
2

, PhCH
2

NMe
2

, 

Ph{CH2 ) 2NMe 2 u and Ph {CH 2 ) 3NMe 2 , in~ cyclopa[tadation reaction 

which would generate 4u 5, 6, or 7-membered rings respectively 
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by substitution of an ortho-hydrogen of the phenyl group. 

Howeveru only the compound with a five-membered ring is 

obtained5a - the other ligands do not undergo cyclometallation. 

In rare casesu a cyclometallated compound containg a 

six membered ring can be formed. For exampleu N-aryl-

amidines or amides can be palladated producing a compound 

containing a six-membered ring 9 (see figure 1.1): 

1Ar 
0 0 
' " rAT Pd~,N_,.. Ph ( 1.1) 

~NHJ'Me 
Electronicallyu the nature of the C-H bond will also be 

important. For example 0 Schiffvs bases coordinated to Rh(I) 

or Ir(I) undergo cyclometallation with a facility that 

decreases in the sequence C-H t. ) C-H 1 ~. . ) aroma ~c o e.L~n~c 

C-Haliphatic
6

' 7 . In orthometallation reactions, the susceptibility 

of the ring to metallation varies markedly with the ring 

substituentso which ideally need to be electron-releasing to 

facilitate cycldrnetalla.tion since the corrdin"l ti vely un-

saturated metal atom functions as an electrophile. For 

example, 

para methylazobenzene 1 Mec 6H4N = NPhu suffers metallation 

(of the tolyl ring) more readily than its para 

chloro counterpart ClC6H5N = NPh, in which the 

chlorinated ring can be metallated only with difficultyu 

using Pd(II) 8 
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1.4 METALS KNOvm TO BE CAPABLE OF CYCLOMETALLATION REACTIONS 

The cyclometallation reaction depends on the type of the 

me~al used and also o~ the group attached to this metal as 

well as the nature of the organic residue. 

To illustrate the effect of metal type we can consider 

the reactions of the complex [RhCl(C
8

H14 ) 2] 2 and its related 

Ir(I) complex with aN-donor ligands in the presence of PPh
3 

as represented in equation (1.1) u in which the Ir(I) metal 

undergoes the cyclometallation reactionu whilst the other 

6 metal, Rh(I) does not . 

=====> 

Ph 

c 
R 

PP~ 
H "- r/ 
C~-M<f-N) 

l " PhP C 
3 

M = Ir (I) ~or Rh{ I) 

( 1.1) 

The influence of metal basicity on the cleavage of (C-H) 

bonds by Rh(T) and Ir(I) in the metal-imine compounds has been 

studied by Vrieze and co-workers 6 using the symmetry rules 

for chemical reactions presented by Pearson. Pearson's 

concept suggests that the chemical reaction will take place if 

compatible symmetry of the highest energy (E
0

) occupied MO(HOMO) 

and a low energy ·(Ek) unoccupied MO (LUMO) leads to positive 

total overlap and thus to the possibility of HOHO-LUMO 

electron transfer. This electron transfer will 

occur more r~adily as I E
0 

- Ek I becomes ,smaller. On 

application of Pearson°s concept of the cyclometallation 

reaction through which the cyclometallated product is formed 

by. (C-H) bond .breaking and (M-B) and (.M-C) borid formation, then 



the HOMO in the nonmetallated compound may be a metal d 

orbital (if M is considered as a nucleophile) and the LUMO 

'~ shoulC. be the a (C:-1) orbitalv since it is the only unoccupied 

orbital posessing the possibility of a sterically favoured 

overlap with the EOMO. The next step of Pearson's concept 

is the overlap between HOMO/LUMO orbitals. There are two 

possible overlaps concerning the metal d orbital as shown 

in figure (1.2- a,b). 

(a) Overlap between the 
metal d 2 and (C-H) 
bonds. 2 

(b) Overlap between the 
metal d and (C-H) 
bond. xz 

Fig. l. 2 Possible HOMOjr.uMO overlaps between the metal 
and (C-H) bond in the cyclometallated 
reactio.ns. 

The most favourable overlap is overlap (a), as strongly 

indicated by the crystal structurallO,ll. data, where the 

A 0 0 
NMC bond angle is closer to 90 rather than to 45 . 

The last step of Pearson's concept, is to recognize 

whether the metal can cyclometallate with the organic ligand 

or not from the IE
0 

- Ekl value. For example,on going from 

Ir(I) to Rh(I) and on changing from very basic to much less 

basic:: coligandu the d
2

2 (dxz) level will move to lower energy, 

i.e. IE
0 

- Ekl becomes larger fo:r:- the (C-H) bond, .leading to a 

lower reactiVity towards the (C-H) bond. This may explain 

the absence of c yclometallation of ~h(I) illustrated 
.,.; •. 
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in equation (1.1) in comparison with Ir(I) complexes. A 

further lowering of the metal d levels in energy, for example, 

going from Rh{I) to Pd(II)u the HOMO-LUMO electron transfer 

* from the metal d orbital to the a (C-H) bond (i.e. nucleo-

philic behaviour) will change over to electrophilic behaviour, 

where the electron transfer will occur from the a (C-H) 

bonding orbital (HOMO) to the metal orbital (LUMO) of 

appropriate symmetry. The corresponding jE
0 

- Ekl value is 

expected to be apparently lower than that for the metal 

* d + a transition. 

* There is a lack of knowledge of the position of a 

(CH) energy levels (E ) for different kinds of CH bonds, i.e. 
0 

aromatic, olefinic, or an aliphatic CH bond. It is therefore, 

difficult to explain the difference in reactivity of Rh(I) and 

Ir(I) towards the different kinds of (C-H) bonds. 

Ihfluence of other ligands on metal. 

The group (s) a·t·tached to the metal has some influence on 

the cyclometallated system and on the cyclometallation ~eaction. 

The more electronegative group(s), the stronger the intra-

molecular coordination bond that can be obtained, as indicated 

from x-ray crystallographic studies. Also, the higher the 

thermodynamic stability of the group leaving the metal upon 

cyclometallation, the easier that metallation can occur. For 

example the relative ease of metallation of azobenzene by MnR(C0) 5 

has been qualitativety established as R = PhCH 2 > Et > Me 

> CH 2 c6 Me~
2 . This is explained on the basis of the higher 

thermodynamic stability of toluene relative to the others. 

Examples of cyclometallated compounds containing nitrogen donor 

atoms are represented in table (1.2) which divides the 
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literature on the basis of metal studied and its position in 

the periodic table. 

1. 5 J:vlECI-~NISM OF CYCLOMETALLATION REACTIONS 

The mechanism of cyclometallation reactions has been 

discussed by Parshall 4 . He suggested that the reaction path 

involves firstly u the coordination of the nitrogen lOne pair 

to the metal to form a a-N metal complexu secondly further 

coordination from the TI-electrons of the ligand unsaturated 

hydrocarbon into thiS metal if the metal is elect.ron

deficient or from the metal into the TI-system if the metal is 

electron rich. The final step is the formation of the 

cyclometallated product by cleavage of the (C-H) bond and 

formation of the (M-C) bond. The way that the metal-carbon 

bond is formed, is still uncertain, since the cyclometallation 

reaction may proceed via different mechanisms, depending on 

the metal and the substrate, or more probably to the balance 

of steric and electronic factors. 

However, Parsh.3.ll has proposed three possible different 

mechanisms to explain the cyclometallation process.. The 

cyclometallation may occur by way of an electrophilic sub

stitution of the metal on the carbon, nucleophilic attack of 

the metal on the aromatic (olefinic) system, or an oxidative 

addition of (C-H) bond on the metal followed by a reductive 

elimination. 

The cyclopalladation of azobenzene is an example of a 

reaction which occurs by way of an electrophilic substitution 

mechanism. The pathway of this react ion is illustrated in 

scheme (1.1) • 
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TABLE 1.2 

EXAMPLES OF CYCLOMETALLATED COMPOUNDS CLASSIFIED ACCORDING TO THE MAIN N~D 
TRANSITION GROUP ELEMENTS OF THE PERIODIC TABLE 

Cyc1ometa11ated Compound 

Group IA : 
<!, ---. 

[L i(C 6H 4c Me 2- CH 2 NMe 2 )] 

,!_. 

[Li(C
6
H

4
cH

2
. NMe

2
)] 

./1------, 
[L i(CH 2C 6H

4
. NMe 2 )] 

-b - --------, 

[L i(CH 2C 6H4cH 2 . NMe 2 )] 

u 
.· -._,I 

o:Li ·. NHMe 

Li 

rf)("~HMe 
~Ln a· 

Ref 0 

1 

2 

3 

3 

4 

5 

Cyc1ometa11ated compound 

~J1Me2 
~~a 

~ Me 

~~~ 
Fe L& 

~ 

~ 
'-T-" o. Li 
F~e ~t.JrE~ 

©S--La 
Group IIA: 

[(But) Be(C 6H4CH = N sJ)J 

[ ( B J ) Pe ( C 
6

H 
4 

C H = N B J) ] 
2 

Ref. 

3~7 

!899 

~" JV 

11 

11 
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Cyc1ometa11ated Compound Ref. CyclometaB~ted co~ Ref 

MgBr O(}-cH2 0 
0-~J 

iB 
n N~B 

HO' 'OH 

[BrMg (C
6
H

4
CH

2 
NM<e

2
)] 13 

··-------, 
[Ph

2 
Al(C

6
H

4
P(ph)

2 
= N Si Me

3
)] 1'3 

Group IIA: [Et
2 

A1(CH 2 .cH2 .cH2 N Et2)] 20 

[HB (C 6H 
4
. (CH 2 ) n NMe)] 14 [Ph

2
Ga (C

6
H

4
P(ph)

2 
= N Si Me

3
)] 19 

Me H [(Me) 
2
T1 (C 

6
H 

4
cH

2
pph

2
)] 21 

rCCN'¥Cl 1 5 [(x)
2 

T1(C
6
H

4
cMe

2
NR

2
)] 22 

B.,....N'Ar 
Cl Group IVA: 

[C1 (Me) (R) s"'i (C 
6
H

4
cH

2 
NMS

2
)] 23 

16 Me 

[l]~:J 2.(, 

[HB ~CH 2 .cH 2 .cH2.cH 2NH)] 17 

[C1 (ph) (Me) Je 
l 

H 
(C 

6
H 

4
cH

2 
NMe

2
)] 23 

o::tp [Ph2Br Sn (C 
6
H 

4
cH

2 
NM~ 2 )] 25 

18 

HO/ 'oH 



Cyc1ometa11ated Compound 

~ j 

[Me
2

BrSn(C 6H
4

cH 2 NMe 2 )] 

[Me. (R). Br Sn (C 6H
4

CH 2 NMe 2)] 

R 

R 

SnCI3 
~I 

N 
H 

~ -- -- ---- - --- -------v 

[SnC1
3 

(CH 2.cH
2

.c(OMe) = 0)] 

Group IB: 

[ 

N~ N Me~ Cct,:cu~, ; (c::: = ~ ~Me2 

r---~ 

[Cu (2-Me 2N c 6H4 )]
4 

(CuBr) 2 .1o5 c 6H6 

Me2 Me Ar N 

62(i!~~~~~~~~ 
N Ar) Me Me2 

14 

Ref. 

2 6 

27 

28 

29 

30 

31 

32 

Cyc1ometa11ated compound 

N~ /N 0 
Mez_ Me:p 
li~ 

Cu Cu 

u __ --...t.
....t----:/1~ \\".. 

N N 
Me 2 ~I.e 2 

Group IIB: 

Vi l 

((CH
3
co 2 ) Hg (C 6H4N = N ph)) 

&------~ 

[Hg (C 6H4N = N Ph) 2] 

Group IIIB: 
'q 

[Sc (C 6H4CH 2 NMe 2 ) 3] 

Group IVB: 

R 

~~_::Ti 
I 

R L 

~~ 

' •""t 

I 

j2 

Ref 

"'~ ..::.:l 

34 0 35 7 36 

37 

38 0 39 

0"' ...; 



Cyc1ometa11ated Compound 

[(C
5

H
5

)C1 Ti (C
6
H

4
CH

2 
NMe

2
)] 

R 

!C5H5l2Ti~ 
\!1- ·---~ 

[(C
5

H
5

)
2 

Ti (C
6
H

4
cH

2 
NMe

2
)] 

'& -- --- ---. 

[ ( C S H S ) T i ( C 6H 
4 

CH 2 NMe 2 ) 2] 

Group VB : 

~ --, 
[ (CS H

5
) (Cl) V (C 

6
H

4
cH

2 
NMe

2
)] 

Group VIB: 

R 

>reo, 
R~o....-cr· 

Me 

[
!C0)4 ~:+cr 

Me i 

t 

15 

Ref. 

41 

42 

38,39 

38 0 39 

41 

43 

44 

Cyclorneta11ated compound 

(CO) C ······· ./..- NE~ 4 r-C 2 

Et! l ..,Ph 
2 - C" 

"-oMe 

.:y 
[Cr (C

6
H

4
cH

2 
NM@

2
) 

2
] 

v;-------. 
[(C5H5 ) M@ (CO·CHRCHRNHR) (C0) 2] 

-.!! __ _ 

[(C 5H5 ) (C0) 2 MO (C 6H4N = Nph)] 

6----- -~ 

[(C
5

H
5

) (C0)
2 

MO(CR = C(CN).C(OR) = NH)] 

(C 5Hsl 

OS61-r0 (C0)2 

N~ 

.} 
'Iff 

[ (C
5

H
5

) (CO) 
2 

Mo (C 
6
H

4
CH = NR) J 

[(C0)
3

(c
5

H
5

) Mo (co.cH
2
·CHi NH

2
)] 

0 
Me\ ~ (C 5H5 ) 

/\-~.~ w/ 
Me NJJ "'-co 

Me 2 

Re 

45 

38;39 

46 

47 

48 

49 

50 

46 

Slu 52 



Cyclometallated Compound 

_.·'/ NE~2 ( c 0} 4 w ..::::.:::.:. t / 
i I ,Ph 

E~2 N- C--oMe 

[(C 5H
5

) (C0)
2 

W {CR = C(CN).C(OR) = NH}] 

-!i I 
- [(C

5
H

5
) (CO) 

2 
W(C

6
H

4
CH = NR)] 

Group VII B : 

[(C0) 4Mn (C 6H 4~ = NC 6H4)11n(CQ)4 ] 

~
H Ph 

\ 
Mn(CQ}J 

(COb 
[(C0) 4Jn (C

6
H

4
N = NPh)] 

."!! I 
[(C0) 3 (~Ph3 )M~ (C 6H4N = NPh)] 

w i 
[(C0) 4Mn(C

6
H4CH = NR)] 

'{! 
[(C0) 4Mn(C

6
H

4
CH = N-N = CHPh)] 

16 

Ref. 

4r5 

48 

50 

53 

53 

47 

47 

54 

55 

Cyclometallated Compound ReL 

o/ - ----, 
[(C0) 4Mn(C 6 H

4
cH 2NR 2 )] 55 

~Me 
'-1 N/ 

/··~ 

Fe Mn .. ::= c ~2 
~ (C0) 4 

- ,. 
:) G 

~--------------~ 
[(C0)

4
Mn(P-(0Me)C

6
H

3
-N = NC 6H 4 (0Me~~P)] 55 

I 

[(C0) 4Mn(C 6F 4N = NPh)J 57 

"J 
[(C0) 4Mn(c

6
F

4
N = NC

6
F

5
)] 57 

~ 

[(C0) 4Mn(C
6

H
4

N = NC 6F 5 )] 57 

[(C0)
4
Mn(CO.CH

2
·CH

2
-NMe

2
)] 4 9 u 58 

0 Me ,, 
>=C/n(COl~ 

Me NMe2 51~ 52 

~ I 
[~n(C 6 H 4cH 2NMe 2 ) 2 ] 381 3 9 



Cyclometallated compound 

a 

t¢
(C0) 

N 

0 

[(C0)4~~<C6H4N = NPh)] 

[(CO~Re(C 6H 4CH = NR)] 

4 

[ {(CO) 4Re (C
5

H
3 
·CH 2NM~ 2 ) }Fe (C 5H5 )] 

[(C0) 4Re(C
6

H4N = NC
6

F 5 )] 

JJ ! 
[(C0) 4Re(C 6F 4N = NC 6F 5 )] 

& I 
[(C0) 4Re(C 6F 4N = NPh)] 

Ref. 

49 

59 

47 

54 

56 

57 

57 

57 

17 

Cyclometallated Compound Ref 

c~O .. "" 

Group VIII B 

Ph!Y 
/

N-Fe(CO' 

tcoJ3FeY '3 

SiMe 3 
60u61 7 62 7 S3 

~·--~~ 

[(C 5H5 ) (CO)Fe(C 6H4N = NPh)] 

[(C
5

H
5

) (CO)Fe(C(CF
3

) ~ N.c;cF
3

) = NH)] 

[(C 5H
5

) (CO) 2Fe (CO.CH 2 ·CH 2 ·NH 2 )] 

I 
[(C

5
H

5
) (CO)Fe(CO.CH 2 ·CH 2 ·NMB 2 )] 

rN 
~ tf 

Fe 

47 

64 

46 

49p58 

65 
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Cyc1ometa11ated Compound Ref. 

(CsHs)~ CO 
~ F 4-

R-N» e...._C=NR 
II I 

PhCH1"C C=NR 

co 
CsHs~~e- C=NR 

1 I 
RN- C-CH3 

H 
~N-N-Ph 

~;p~e(C0)3 
(C0)3 

66 

67 

61? 68 

'{] 

[(C0) 2Fe(C 6H4N = NPh)
2

] 61
1 

68 

,f I 
[(PPh 3 ) (C 5H5 )Ru(C 6H4N = NPh)] 69, 70 

J I 
[(CO) (C 5H5 )Ru(C

6
H

4
N = NPh)] 47 

w I 
[(PPh3 ) (C 5H5 )Ru(C 6H4N = NC

6
F

5
)] 70 

.]; I 
[(PPh3 ) (C 5H5 )Ru(C 6F

4
N = NC

6
H

5
)] 70 

~ I 5 
[R0(C 6F 4N = NC 6F 5 ) (Ph 2Pc 6H4 -~ -C

5
H

4
)]70, 71 

1: i 72, 73 

Cyc1ometa11ated compound 

~ 
[(C0} 2Ru(C

6
H4CH = NR)

2
] 

~ 
[(C0)

2
C£Ru(C 6H

4
N = NPh)]

2 

N {C0) 3 /C) 
~Ru Ru 

Cc/ 1 coJj'N ' 

~ -

[(C0)20S(C6H4CH = NR) 2] 

-r0S(C0)2 

(~:; = 
~ 

I 
!\J /<1 
~[\ 

Pr Lr;; 

;~e~ 

7 LJ 

75v76 

'77 

59 

78 

74 

59 



Cyclometallated compound 

[ (C~ (P-RC 6H3 ·CH 2 · NMe 2 ) 
3 
J 

CF3 1
CF3 

:..... > 
OJ. _,po!COJ(PMePh2J 

~o 
R2 
N~co (COJ2 1\ 

0 

CF3 CF3 
-!; 

[(C0) 3Co(C 6H
4

N = NPh)] 

Jl I 
[(C~Rh(C 6H 4N = NPh) 2] 2 

[(PPh3 ) 2C~Rt(cO.NR.N = ~R)] 

19 

Ref. 

79 

so 

31 

82 

83 

®5 

8® 7 87 

Cyclometallated compound 

oro 
--~ L 

Cl 
... ,·c 
~ 

~ 
[c£ 2Rh(PhNH 2 ) 2 (C

6
H4CH = NPh}] 

v 
[(CO)C£Rh(C 6H4CO.NH)] 

'(/ 

[(C0) 2RhC~ 2Rh(C 6H 4N = NPh) 2] 

l;t G> ~ 
[C£Rh(C 6H4CO.N.NC

5
H5 )] 2 

[C~Rh(C 6H 4 CCR) = N.OH)]
2 

IAYN(-R 
~N~RhHC!L2 

~ C ~ Ci KN) (C--....-C Rh_. ::Rh j N,..---7-
N ......_Ci 'C 

2 

co 
c~, ~ 

Rh::_CI _. Rh ~K.co 

Hef 

88;39 

so 

Sl 

92 

93 

94 

~5 

R 
~'r 
l8-V~ 96 

R OF? 

59 



Cyc1ometa11ated compound Ref. 

[(C0) 2 (PPh
3

) 2Ir(P-RC
6

H
3

N = NH)]e [BF
4
]9 97p98 

~ ' Ea e [(CO) (PPh3
)

2
Ir(C

6
H

3
RNHNHR)] [BF

4
] 99,100 

[C£(C0) (PPh3
)

2
ir(C

6
H

3
RN = ~H)]~[BF 4]6 99,100 

~ \G® 
[C£Ir(C 6H4CO.NNC 5H5 )] 2 101 

[(PR3 ) 2 .H.C£.Ir(C(ph) = CH.CH = NPrn)] 102 

[(PPh3 ) 2 .H.C£.Ir{(PaMec 6H3 )CH = NR)}] 103,104 

~ 
[(C

5
H5 )Ni(C 6H4N = NPh)] 

C\ 
'Ir/-x ?7y 

2 
2 

/Cl 10 
2 

105 

106 

47,107 

20 

Cyc1ometa11ated Compound 

~ 
R yH-N~Ni /:\JCHR2 

R CH- CH:{" '---- Br 

trans-[Ni(C 6H4cH 2NEt 2 ) 2] 

[(C 5H5 )Ji(C 6H4CH = NPh)] 

RN 
10 

N_)CsH5) 
fi~ 

RN= C -c, ,......-CNR 
n Ni 

/ u §? ' 

R~c == N.....-r 'X 
R 

\!f 
[C£Pd(C 6H4CH = NPh)] 2 

[C£~d(C 6 H 4N = NPh)] 2 

[C£$d(C
6

H
4

N!LCRu = kR~')] 2 

He: 

r '"'oo~ 

~._I :0 

109 

110 

110 

:L1~lt2 

1.1..3;114 

:o7ul15 

:16 



Cyc1ometa11ated compound 

\!! --~· -~ 

[C~Pf(C 6H4N = N-C(Me) = C(Me)-N = NPh)] 

[P~(C6H4N = NPh)2] 

[C£Pd{ (P-MeOC
6

H
3

)N(O) = N(P-MeOC
6

H5 )}]
2 

'V 
[(C 5H5 )Pd {(P-Me

2
Nc

6
H

3
)N = N(Ph)}] 2 

.f! I 
[cH

3
co2 )Pd(CH 2C

6
H4NMe 2 )]

2 

[ t£Pf(C 5H3C(Me) = N.NH.C9Me)} 2Fe] 

. 1 
[C~P?{ (P-CH 3c 6H3 )C(Me) = N.NH.C?Me}] 

w e n ~ 
[C~BrPd(C 6 H4C(Me) = N.NHPh)] [BuN] 

4 
~- -- 1 

[Pd(C 6H4 .C(Me) = N.NHPh)] 2 

~ 
[C~Pd(C 6H 4C(Me) = NX)] 2 

[P~C!{ (C 5H
3

CH
2

kMe
2

)Fe(C
5

H
5

)}] 2 

Ref. 

117 

118 

55 

55 

119 

120 

121 

122 

123 

124 

1:Z5 

21 

Cyc1ometa1lated compound 

-u- --- ---------. 
[Pd(aCaC){(C 5H

3
CH 2NMe 2 )Fe(C 5H

5
)}]2 

[PdC~{ (C 5H
3

C(Me) = NMe)Fe(C 5H
5

)}] 2 

[C£Pa(CHR.C(Me) 2CH
2

NMe 2 )]
2 

[C~.P'.Id (CO.CH 2-cH 2-NEt2 ) (Et 2~H)] 

[C£Pd (CH 2 · C (CHRR c) H. CH 2 · NM~)] 2 
,fj I 

[C~Pd{ (C
5

H
3

CHMeNM2
2

)Fe(C
5

H5 )] 2 
.Ji i 

[c~Pd(Co}{c 6 H4c{R) =NOH)J 

I!! I J [Pd(C 6H
4

cH 2NEt 2 ) 2 

Y9 
R2 N-yPo1-Cl 

a I G 
2 

Ref 

12.5 

~26 

127 

128 

129;l3C 

131 

132 

133 

134 
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Cyc1ometa11ated compound Ref. 

135,136 

CH3 

137 

RO 

)OCNEt2 
~ cl 

RO Pd-CI 
~ r ~ 2 

138 

1\ 

(
0 0 ~/OH 

0 Q~n~N 
~OJ Pd-CI 'I 1· 2 

139 

-5.--- - . 
[C£Pd(PPh

3
){(C

5
H

3
CH

2
NMe 2 )Ru(C

5
H

5
)}] 140 

Cyc1ome·ta11ated compound 

~' ~
dCi 

~ ~ 
N) C~y 

.) 

CH3 

0~"-NH 
Jd~ 1}-cHJ 

Cl 0 

Cf'J 
//2 
Pd~ 

OCt:) 
.'5 t 

[(aCaC}Pd(C
6

H
4

CH 2NH 2 )]2 
jJ I 

[C.(Pd (C6H4. C(Ph~ 2.NH2) ]2 

Ref. 

r._ I ... 
~ -I • 

c '~ - ·-~ ij 

!::;~ </~?, 

~fo3 

144 

145 



Cyc1ometa11ated compound 

ct/f _ 
I~ CH3 

o--+~d~o 
~N'- f=!! N 

H 

[C£ (py) Pd (C
6

H
4
c (Me) = N R} ] 

Me2N~ 

n-~-o 
~u--...... N N 

v-- -.. 
[C£Pd(C

6
H4cH 2NMe 2 )] 2 

p~9J 
~N-:f1d4-NMe 2 
~Q. 

- 23 

Ref. 

1369146 

1~7 

148 

143 

149,150 

151 

Cyc1ometa11ated compound 

[~ lo:Lolt r -~e 

~ ·o I <~=--::: Pd .:==.J·Q) I ~~ c~ 1 ~ 
L 

-'> ~ 

Me
2 

~O J H2 

1
Me 

tlo =C ~JJe 

Pd "' ,( ,fi -... C=C~ 
N / " 0 

~
Me2 CF3 CF 

Cl 

3 

~ 
Pd 

2 

Et2~u~NEt2 
~d POl 

~~I 
NE~2 Ci 
~/ 

Pd 
" /CI 

Pd 
/ '• .... 

NEt2 

if ij 

[(CH
3
co 2 )Pd(C 6H4cH 2NR 2)] 2 

~. 'l 

J 

R2f, 

~~2 

"--• ~ .j 

~43015~ 

143,::;_54 

155 



Cyclometallated compound 

Cl 
'\.. 

//Pd 
/ ~N 

~'(CH2){ R 

ooc::rMe2 
Pd 
~I 

yYPh 2 
HQ-N-3>Pd ·I -Cl 

I '2 

:71 

~ 
Pd 

~~;1 2 

OH 

NR 
II 

MePh2P~ /C- C=NR 
Pd I 

I/ ~~=C-CH3 
R 

- 24 -

Ref. 

156 

1§7 

158 

-158 

159 

Cyclometallated compound 

Ar 

Odd-)!rr2 . I 

OH Ct I c ==Kl / CH3- I "' fd 
CH3-C=N;by 

H 

f""h1 
~~ <~ 

x~o9s 

ReL 

~co 

~e r.r;.c 
.d-.... (; j '-'. 

·:s2 

~SJ 

'i:S0 



Cyc1ometa11ated compound Ref. 

w 165 

Cl - Pd«-N-OH 
I! ~2 

165 

t!'f ,e® 
[CX.Pt (C 6H4 .CO. N. NC 5H5 ) ] 2 93,101,142 

7 I 
[C£Pt(C 6H4N = NPh)]2 82 

[CiPt:mme 2 )(CH = C(Me)·C-I 2NMe 2 )] 166 

CHJ~BrPPh3 16 7 

.-A... 

s.A No 
p~&" 

DN/ J /~ 
"J) I S 

168 

25 

Cyc1ometa11ated compound 

9to 

'I! e ®No CH3 Cl Pt-C y--
2 H 

,Jj- - -

cis-jtrans-[Pt(C6H4CH2NEt2)] 

Pt 
/'"/ ~ N, N 

R (CH )IR 
23 

~ ~ e 
[(PPh

3
) 2Pt(CH 2c 6H4 C{X]= NH] [BF 4] 

Ref, 

~ss 

170 

133,.::..7~ 

17 2 

173,174 



Cyc1ometa1lated compound 

@ 0 

[ ./ PPh3] [ l OC;)'t~PPh3 BF 4 

py 

~J 
~~.JJ ~ ~--CH3 

Pz'+-~-~ . 
H l.::::::/ 

Br Cl R ' / / 
Hg N 

8b -\\ 
~t'l2J1 _/j 

N N'\ 
Me2 Ar 

- 26 -

Ref. 

173 

175 

176 
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-c£8 
c-,------~..., 

r CQ. 
l 

P -,.,92-
d.\... '4 + PhN = NPh ~=-c-r~-= 

(B) 

{ c} 

( D) 

{E) 

{ F) 

Scheme (1.1) Proposed pathway of the reaction between 

azobenzene and palladium tetrachloride anion. 
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The reaction of Scheme (1.1) proceeds with evolution of· 

hydrogen chloride and may be accelerated by the addition of 

a base to the IT-edium. 

In contrastQ the reaction of certain eiectron-rich 

metals, such as Mncs
3 

(CO) 5 wi·th subs·tituted azobenzene is 

consistent with the nucleophilic mechanism13 

The cyclometallation of ruthenium triphenyl phosphite 

is believed to occur via an oxidation-reduction mechanism 4 as 

represented in Scheme (1.2). 

- L 

+ L 

Suggested cyclometallation pathway of ------·----,----·-----·---



29 

In Scheme (1.2); the metal atom inserts into the sterically 

favoured ortho-carbon hydrogen bond. The oxidative metal 

hydride adduct would be expected to be unstable and 

elimination of hydrogen occurs. ThiS hydrogen elimination is 

facilitated if a good leaving group e.g. methyl is present 

in which case methane is formed. On the other hand, the 

formation of the metal hydride has been confirmed by observation 

of a V(M-H) stretching frequency band in IR spectra. The 

mechanism in which Ruii changes into RuiV still is unknown 

but the very small deuterium isotope effect noted in the 

substitution of o-deuteriotriphenylphosphine suggests a 

three-center intermediate such as 

M------- --- --c . . . 

x-ray structural analysis has been used to elucidate 

the structures of the cyclometallated product and its 

possible intermediates. In figure (l.3a,b,c), three 

different structures for the products isolated from the 

reaction of azobenzene with palladium halides, are given. 

(0) 



(C) 
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Figure (1.3) X-ray structureSof: 

(a) (PhN = NPh) 2Pdc£ 2 

(b) [o-Pdc£Br(C
6

H
4

C(CH
3

) 

Q 
N 

I ~ 
!7 N Ptl) 

The main feature in the structure of d~chloro-bis-

azobenzene palladiurn(!I) · shown in figure (1.3-a) is the 

nonbonding intramolecular contacts of the palladium atom to 

both the ortho-hydrogens and ortho-carbons of each phenyl. 

The shorter contacts (2.61, 2.60°A) involve the hydrogens on 

0 phenyl rings 1 and 3 while the longer ones (2.89, 2.88 A) are 

to rings 2 and 4. The Pd ..... c distances associated with 

0 these two types of Pd ..... H contact are 2.97 and 3.21 A. 

They support Parshallus suggestion that a o-N metal complex 
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is the first step in the cyclometallation reaction. 

In addition to these nonbonding intramolecular inter-

ac·::ions, the pher..yl ortho-hydrogen atoms are observed to be 

in contact with the chlorine atom (C£2), where the Pdc~2 ... H 

distance is 2.59°A which is shorter than the sum of the 

0 hydrogen and chorine Vander Waals 0 radii of 3.0 A. As a 

result of H ..... c£2 contacts, three changes are observed 

in the molecular structure. Firstly, the (Pd-c£2) distance 

(2.299°A) in which the c£2 atom is involved in c£ ..... H 

interactions becomes longer than (Pd-c£1) distance (2.285°A). 

This lengthening of the (Pd-c£2) distance is believed to allow 

the elimination of a single chloride ion fro.n the metal 

complex as shown in the reaction of intermediate (A) to 

form intermediates (B) - (F) in Scheme (1.1). Secondly, 

phenyl groups 1 and 3 twist out of the Pdc£ 2N2 plane by 

0 22.9 . Finally, the square planar structure about the palladium 

"' distorts slightly from ideality as indicated by the (c£PdN) 

bond angle of 88°. 

The anionic cyclopalladated compound; 
e <:9 

[0-Pdc£Br(C 6H4C(CH 3 ) = N.NHPh] [Bu 4N] 

the structure of which is illustrated in figure (1.3-b) 15 , 

is quite similar to intermediate (E) in Scheme (1.1). In 

this structure 0 the palladium atom is directly coordinated 

to five atoms: c£, Br, C(l), N(l), and one hydrogen of the 
@ 

[Bu4N] cation forming a square prism. The atoms Pd, c£, 

Br, C(l) and N(l) all lie roughly in one plane. 

The last molecular structure(C) in figure (1.3) 16 

shows two square planar coordinated palladil.li"Tl atoms bridged 
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by a pair of chloride ligands. Coordination about each 

platinum atom consists of two a-bonds to a 2-phenylazophenyl 

ligand 1 one to the ortho.carbon atom of a phenyl ring and the 

other to the distant azo nitrogen atom to form a five-

membered chelate ring 1 coplanar with the phenyl metallated 

ring. Another important feature in that structure comes 

from the close contact between the a-hydrogen of the free 

phenyl and the chloride which will be expected to be =l.77°A 1 

if the free ring is coplanar with the molecular plane 

However 1 the actual H(6) ... C~ contact distance is observed 

to be 2.7°A. Closer contact is avoided in two ways~ 

firstly, the free phenyl ring is moved away from the chloride 
A 

such that the Pt- N(2)-C(l} angle is 126° and the 

0 
N(2}-Pt-C~ angle opens to 104.3 • Secondly 1 the free phenyl 

ring is twisted by 39° about the C(l)-N(2) bond with respect 

to the plane of the remainder of the complex - see figure (1.4). 

It is believed .. H)O 
CQ, 0 c Q, . I 

···~~N2 
~'It 
~N1 

Figure (1.4) Structure of half of the dimeric molecule 

[ClPt(c6H4 N = NPh)]
2 

to illustrate the twist 

of the free phenyl ring (39°). 

that the twist angle of the free phenyl ring will be expected 

to increase in solution in comparison with the solid state 0 
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probably because of the interaction of phenyl hydrogens with 

solvent moleculeso 

On the basis of structural data, it is observed that the 

0 bond between platinum and an aromatic carbon atom causes 

a significant trans effect~ since the <Pt-C£) bond trans to 

the metallated carbon is longer than thettrans to N(2). The 

lengthening of the trans (Pt-C£) distance by O·l34°A may 

explain why this dimer is very reactive towards the phosphine 

ligands which can break the (Pt-C£) bridged bonds. 

1.6 REACTIONS OF CYCLOMETALLATED COMPLEXES 

In the cyclometallated systems, the metal atom may 

possess a carbon-metal, halogen-metal, nitrogen-metal, or 

hydrogen-metal bond. These types of metal bonds have 

interesting reactivities towards the other reagents. 

In the next section the reactivity of such metal bonds 

will be discussed as follows: 

L 6 .1 Reactivity of Carbon-Metal Bond 

Generally, the carbon-metal bond in the cyclometallated 

system is remarkably strong, however this bond can be cleaved 

by the way of: 

Insertion : by using carbon monoxide and/or 

t l d . t' 17-20 . l ace y ene erlva lves, , Vlny 

ketones 21 , or molecular oxygen22 , 

(see equations 1.2 -

co? ( 1. 2) 



- Reduction~ 

~~~1 
N::-..... 

"N 
I 
Ph 

1 2 3 
R R C=C{R}COR 

MeO 

Me 

~0 
i ! 

H.N~N-Ph 

Indazotone 

' 
0 

3 
R t1. 4 ) 

( 1. 5 ) 

. l' h. l . . d t . d 23, 24 by uslng lt lum a Uffilnlum eu erl e 

25 26 or molecular hydroge~ gas ' 

(see equations 1.6 and 1.7) 

~0 0 

liAID4 {> Pd 

I 
N 
~N 

I 
Ph 

( 1 0 6) 
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- Halogenations 

- Other reagents 

b hl . . b . t. 27 y c orlnatlon or romlna lon 

- see equation (1.8} 

such as n-butyl lithium~ 8 sub-
21 

stituted vinyl compound 1 and 

metal-S-diketonate 1igands 22 

(see equations 1.9 - 1.11). 
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V?f -, :A 0 ~I 2'::i""·· ~· ( L9} . . . ' ~ v <:Jii'U ._~ 

~B .... r' p· ;;::, y I 

~N~
0 

2 
~ 

~~ ~~ 
I I I • 

Ph Ph Ph 

1 
[OCJ;cr 

Me
2 

( 1.11} 

J 
R = Me Q P r 9 PhCH 2 
x = 1 or 2 



l. 6. 2 Reactivity of the ;:;;alogen-:.\/!.etal Bond 

The halogen-metal bor.d is generally the most react±ve 

linkage in the cyclome~allated compound. The (M-C£) bond 

may exist as a br~dged or non-bridged bond. The halogen-

metal br~dges can be broken by using neutral or anionic 

. 30-39 llgands. . Some examples of such reactions are 

illustrated in equations 1.12-1.17 

Cc-.._ ~ x--.. a--N\ 
N /1 Pd -- X __.::r Pd --- C _) 

L = COp Pyridineu Phosphineu trialkyl or 

2 

triaryl phosphinesp amineu pyrazole. 

Cc....._ ~Ll 
Pd~ I N_.........7 . --... L 

l 

@ 

(L- L) = ethylene diamine 

+2(L_L) 

e 
+ 2 X 

(1.13) 

0 

(1.12) 

CC....._ ~X-- a--N) [cC, /L 
.-'7 Pd -..._ X __.;v Pd --- C ~ 4 L --7 2 /'1 Pd "-

N N ''L 
-r2X (L14) 

L = Pyr[dine 
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C
C ../"" Ci ..._ N) 

-..._ rf:~ D ~ 
.,;:rP'"' .........._ ::?? • d ...___ c N -- . .____ C: .,...-; 

Tl(aca;/ (L ~5) 

" " 
-7 2 {L-L) 

( 1 0 16) 

I' .1' 

( L- L ) = DjPhenyl Phosphine Ethane 

CC-- ~X......._ ~N) 
N _.;rPd ........._X __.?" Pd --....c 

! E) 
(L 17) 

2 [ c~~Pd<: ] 
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Reagents such as sodium borohydride40 or a sodium metal 

41 42 carbonyl complex ' can be used to break the non-bridged 

halogen-metal bond, eventually forming a metal-hy2rogen 

or metal-metal bond. - see equations 1.18-1.20. 

Cc--..... v L 
p../7' p~ ..__ C! 

'V 

:\a BH4 
------'--~ 

c ~~ C --Pd + Nc:M 
N/7 -......._ c~ 

-NcCI 

( "-Pd~ 
[ 

C L 

N~ ~ PPh 
3 

C L 

C ..._ p~~ 
p.,-7 ........._ H 

Cc--..... ~L 
N ..-.:? Pd -- M ( 1 . 19) 

( 1. 20) 



Both bridged and non-bridged halogen-metal bonds in some 

cyclometallated compounds can be c:eaved by using only a 

single reagent such as NaSPhv sodium o-aminobenzenethio1~te 

potassium or thallium tris (pyrazolyl) boratev or 

E~41\;{S 2CN R2)43
r

44
r

36 as shown in equations lo21 @lnd lo22 

co co 

C
c I ~Cl-...._ I N) 

-- Ru .6: Ru~ 
N __--7 I ----. C i _.;p 1 --.... C 

co co 

~d. o-aminobenzenethiolate 

co s 

cc~)u~ 
N l N 

CO H2 

co ~h co 

Cc .......__ I ~s---. I ~N) 
Ru Ru 

N~~---s~,--c 
co Ph co 

( L 21) 

(1.22) 
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1. 6. 3 Reactivity of the Nitrogen-!.Vleta1 Dative Bond 

Opening of the cyc1ometal1ated ring at the nitrogen-metal 

link can be accomplished using a powerful ligand such as 
3 2 1 3 4 1 381 4.5 - ~ 8 

phosphine, phosphorous trifluoride, or carbon monoxide 

see equations 1.23 and 1.24. 

( C....__ ~X........_ ~ N) 
N .,.....-o/M --- X~ M ............_ C -¢- 4L --> 2 

M = Pd, Pt 

L = Phosphine ( 1. 23) 

(1.24) 

1. 6. 4 Reactivity of the Hydrogen-,Metal Bond 

In certain cyclometa11ated compounds, the hydrogen-metal 

bond may be reactive towards ethylenev generating a metal 

alkyl that undergoes reductive elimination. Equation (1.25) 
49 

illustrates an example of this reaction. 
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The catalytic reaction mechanism of Rh has been suggested 

as follows: 

+ 

c~=CHR 

+ 

Rh-X~ 

N-== C-R 
( I 
N~Rh-H 

I 
X 

(1.25) 
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1.7 SUMMARY 

The presence of a chemical system containing a (C - H) 

bond and a nitrogen donor atom coordinated to a metal (M) may 

lead to the formation of a cyclometallated product via the 

breaking of a (C - H) bond and the formation of a (C - M) 

bond. Such systems will prefer to carry out the cyclometallation 

process when all their main elements (i.e. (C - H), N, M) lie 

in one plane and also when both the (C - H) group and the 

metal lie on one side. Any disturbance in that coplanarity 

of atoms, for example by steric hindrance between the metal 

and the hydrocarbon group or by attraction between the 

(C - H) hydrogen and the electronegative group attached to 

the metal, will inhibit the cyclometallation reaction. 

The abilityof the metal to attack the (C - H) bond can 

be considered as another important factor in the cyclometallation 

reaction. This attack depends on~ (i) nature (coordination, 

oxidation state) of metal atom, (ii) the electronic effect 

of the substituent attached to the metal, to the hydro-

carbon group or to the donor atom, (iii) the position of the 

(C - H) bond relative to the donor atom. 
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CHAPTER TtvO 

ORT:::-:::OM:E':'ALLATION REACTIONS OF KETIMINOANTU10NY 
CHLORIDES 

2o1 INTRODUCTION 
1 

Early work on the preparation of diarylketimino tin 

(IV} trichlorides Ary~ 2 c = NSnC~ 3 has reve~led that these 

compounds have a strong tendency to undergo orthometallation, 

giving rise to 5-membered hclerocycles containing penta-

coordinate tin (IV). The diarylketemino tin (IV) trich-

lorides, which are isolable as ether adducts have been 

prepared through the reaction of the imino-lithium derivatives 

with tin tetrachloride as indicated in the reaction sequence:-

where R = Me, H, C~o 

The structure of the resulting compound (R = Me) has 

been established by X-ray crystallographic studies. It 

is based on trigonal bipyramidal coordination about tin 

with the orthometallated chelate ring bridging between the 

axial (Nitrogen) and equatorial {Aromatic ring) positions. 

The tin atom readily expands its coordination number to six 

by adduct formation with THF. The orthometallated tin 

compounds have been characterised by various spectroscopic 

methods. In their mass spectra, they show a clear parent 

peak which indicates the stability of the molecular ion. 

The IR spectra of these compounds shows the V(N-H) absorption 

in the region 3275- 3335 cm- 1 , accompanied with a shift of 
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y(C=N) to lower energy relative to the parent imine by about 

40 cm- 1 . In the region 900- 675 crn= 1 , the orthornetallated 

-1 
diphenylketirnino derivatives have a new ban~ at 730 em 

which may be assigned to oiC=H} for the metallated ri~g. 

The proton magnetic resonance spectrum shows a clear (N-H} 

resonance, quite sharp consistent with a strongly coordinated 

nitrogen lone pair with an associated low rate of imine 

proton exchange. The spectra also show a low field absorption 

for the proton adjacent to the metallation site, which is 

separated from the other aromatic absorptions. Using the 

M5ssbaur spectroscopic technique, the isomer shifts and the 

quadrupole splittings of the orthometallated compounds 

confirm the 5-coordinate structure around the tetravalent 

tin atom 1 . The mechanism of these orthornetallation 

reactions, the first such reactions to be reported in 

organotin chemistry, has been suggested as involving 

electrophilic attack on the aromatic ring by the coordinatively 

unsaturated Snc~ 3 group. 

Th~.s chapter describes a novel orthometallation process 

for another main group element, antimony by the reaction of 

different ketirnino derivatives with antimony chlorides. 

2.2 DISCUSSION 

New orthometallated compounds could be isolated from 

the reactions of antimony penta-or trichloride with diary-

lketimino lithium or its derivatives. Their formulae are 

shown in Figure 
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In these reactions, the orthometallated co~pounds were not 

the only products obtained, but another two different products 

·have been also ~solated from these reactions, namely 

The conditions under which 

the reaction does involve orthometallation have been explored 

by studying the effect of temperature and solvent used. 

Generally, the precipitation of non-orthom~tallated compounds 

® e ® e such as R2CNH 2 Sbc~ 4 or R2CNH 2 SbC~ 6 always leads to 

subsequent difficulty in isolating the desired ortho-

metallated compound. Moreover, the orthometallated products 

could not be obtained in a high yield. All reactions which 

are described in the experimental work will be discussed 

under the following headings: 

(2.2.1) Reactions yielding orthometallated compounds. 

(2.2.2) Reactions yielding non-orthometallated compounds. 

(2.2.3) Reactions of t-butylarylmethyleneamino lithium with 

antimony pentachloride. 

(2.2.4) Reactions of di-p-tolylmethyleneamino-N-chloride 

with antimony trichloride. 

2.2.1 Reactions yielding orthometallated compounds 

2.2.1.1 Investigation of the p~eparative route: 

As shown from the experimental part, there are three new 

orthometallated compounds of antimony chlorides which could 

only be prepared in a low yield: (see reactions 2.4.1, 

2.4.5 and 2.4.16). They are identified as o-tetrachloro-

stibino diphenylketimine, o-tetrachlorostibino di-p-

tolylketimine, and possibly o-dichlorostibino diphenylketimine 

monotoluene: 
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~ 

I 2-SbC£ 4C 6H 4C(ph~ = NH white/brown solid 

mixture. 
~ . 

II 2-SbC£4 -4-MeC
6

H3C(p-tolyl)=NH ~hite solid 

III 2-Sbc£2C
6

H4C(ph) = NH.C 7H
8 

yellow solid 

Compounds I and II are very stable towards air and moisture. 

In contrast, compound III is very sensitive on exposing to 

air, after which the yellow solid changes to white and a 

-1 
very broad band appears in the IR spectrum at 3400 em 

which indicates that this product absorbs \Jater on exposure 

to air. A sample of Compound I was exposed to air and 

sunlight for 18 months, but no change has been observed in 

the sample (via IR spectrum) . Compound I is very stable 

towards heating. An attempt to sublime this product onto a 

cold finger by heating under vacuum was not successful, but 

instead, a yellow solid was condensed leav~ng the ortho-

metallated compound. The yellow sublimate was identified a 

as Ph2CNH 2@sbc£ 48, considered to be a by-product formed during 

the orthometallation reaction. 

All orthometallated compounds are slightly soluble in 

aromatic hydrocarbons and they are rapidly deposited from 

the solution while it is hot. Ah attempt to grow a single 

crystal of Compound II for X-ray diffraction studies was 

unsuccessful. 

Compound I was prepared by addition of a (1:1) mole 

ratio of antimony pentachloride to diphenylketimino lithium; 

Ph2CNLi in diethyl ether/n-hexane solution after which 

the mixture was pumped under vacuum to dryness, then the 

residue was extracted in toluene and produced a red-brown 

solution over a viscous dark-brown oil (after separation of 



LiC£). The orthometallated solid has been isolated from 

the oil layer in a low yield. The same reaction was repeated 

severa: tines uhder the sane cond~tions but it was observed 

that the o=tho~8tallated cc~pound canhot be isolated in a 

® e 
good yield and insteado a high yield of the ph2CNH 2SbC£4 

salt mainly was obtain~d·@ ~ 

Pirc~C:;~}4t2 S~Cu® 

about the nature of 

the red-brown oil 0 which can be assumed to be an intermediate 

for the orthometallation processv has been considered. In 

one of the repeated reactionso the red=brown oil was pumped 

off to remove most of the toluene solvent. The mass spectrum 

of this oil showed no indication for the orthornetallated 

compound. O=SbC£ 4c 6H4C{ph} = NH (m/e = 441). The main 

fragmentation routes of the red-brown oil are the loss of 

[HSbC£ 4 ] from the hypothesized unstable molecular ion to 

give a peak at m/e = 179 (46%); i.e. (ph2CN-H}e. TheIR 

spectrum of the oil showed three bands at 3260 0 1590 and 

1542 cm= 1 similar to those bands observed in the orthometallated 

compound and which are believed to be assigned probably to 

V(N-H) o Y(C~N) o and ~{c~c) respectively. Another significant 

strong bands were observed at 1860 and 1826 cm- 1 • The 

appearance of such bands at this region may indicate the 

formation of stibonium imine and/or ylid, or the formation 

of (Sb-H) bond. The latter is highly unlikelyv while the 

former is fairly possible. 
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There is a little work which has been reported with 
2J3 

these two stibonium derivatives. Some examples are given 

below~ oe 
phLi @ 6 ph2CO ~ 1 

ph
3

Sb-CH
3 

1> ph
3

Sb-CH
2 
--~> ph

3 
-Sb-CH

2 
--C ph

2 

ph2CH CHO <--

<D e 
ph

3
Sb + phS0

2
NHC.Q,-> ph

3
Sb .....-- NS0

2
ph 

I phLi 
v 

ph
5

Sb 

/>h3Sb 
(equation 2. 1) 

(equation 2.2) 

It has been observed that the stibonium ylids appear to 

afford oxiranes with carbonyl compounds, while the imines 
lo 

afford unsaturated products. 

The red brown oil which may have the two possible 

expected formulae (ph2CNSbC.Q, 4 )n or {O-SbC.Q, 4c 6H4C(ph) = NH)n 

might exist as stibonium imine or ylid as a result of the 

dissociation, polarization, or ionization of 4SbC£ 4 ) group 

into ~s~c£ 3 )c.Q,9. Such a chlorine transfer had been inferred 

from radiochlorine exchange investigations. For example 

the solid SbC£4oc2H5 has been deduced to have the structure 
@ e . 

SbC£ 4 SbC£ 4 (0R) 2 or at least behaved as if it had this, 

because on adding SbC£ 40Et to an acetonitrile solution of 

m e G radioactive chlorine o? ~(C2H5 ) 4 c.e, inactive SbC.Q, 4 (0R) 2 

active SbC.Q, 6
8 have been isolated. The exchange of C.Q,e 

ligands does not take place with the anions, but they interact 
@ 5 

with SbC.Q, 4 as fo-llows: 
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SbCQ.~® v 2 CD-9~> SbCQ.
6
8 

These assumptions are SQ~~arised in scheme (2.1~. TheIR 

spec·cra of those possible inbernedia'tes A:7 B1 and C are 

expected to show a band due to ~(C = N~SbCD- 4 ~ r V(C = N = SbC£3 ) 
e ~ _, 

or ~(C -=-SbCD-3 ) frequency in the region 1900- 1700 em . 

The intermediate (A~ or {B~ is more favoured than inter= 

mediate (C} • The reason for that can be interpreted from 

the comparison between the stibonium imine (A or B) and 

some rnetal=disubstituted methyleneamino derivatives such 
ro · 1 a 

as R2CNBph2 r [ (R2CN) 2Be] n u and [ph2CN ~ Cph2 {~SbCJL69; 

where R = phu p=tolyl u n = 2 u 3 or n. Each of these cornpar= 

ative samples has been reported to absorb in the IR spectrum 

at 1900 - 1700 cm= 1 region as a result of the Vc=N~M frequency. 

See table (2.2~. From table (2.2) it i~ noticed that the 

decreasing frequency of~C=N~Min the sequence M = C)B~Be 

is due to the decreasing N% M bond order in the same 
(±) 

sequence~. According to ~hat sequence; if ph2c = N = SbC£3 

or ph2C = N ~ SbC£4 is assumedu then the (C = N~Sb) bond 

-1 might absorb in IR spectrum near 1845 em Theoreticallyu 

the N~ Sb bond is believed to reflect the overlap between 
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Table (2.2) 

Infrared spectroscopic data for some disubstituted 

~ethyleneamino derivatives. 

Compound ty 'I 
)}C=tJ~}{L1 

-1 ! C=Ncm 
I 

i ph2CNB ph2 1786 

' ! (C 6H4 ) 
2
c ~N B ph2 1766 

(P-MeC
6

H4 )
2 

C:N Bph2 1792 

(P-C£X
6

H
4

) 
2
c = N B ph2 1775 

[(p-tolyl 2CN) 2Be] 3 1626 1731 

'i: 
[ (p-tolyl C (Bu ) = N} 2Be] 2 1637 1739 

[ph
2
c = N = h ]<±) Cp .. 2 1845 

the filled 2p-orbitals of the nitrogen and the vacant 5d-

orbital of the antimony whether or not the chloride ion is 

dissociated from SbC£ 4 group. The red-brown oil is not 

soluble in aliphatic hydrocarbon solvents or even in carbon 

tetrachloride, and is slightly soluble in aromatic hydro-

carbons 1 but very soluble in chloroform, diethyl ether, 

tetrahydrofuran and dimethylsulphoxide .. On the other hand, 

both the acidic and the alkaline hydrolysis of the red brown 

oil yielded a white solid, its IR spectrum was similar to 

that of the authentic sample of benzophenone; ph2co. 

The red-brown oil is sensitive to heat and decomposes 

at high temperature. Under dry nitrogen gas, no products 

were collected at 140°C, but at the same temperature under 

vacuum 1 three products were collected by condensation: a 

colourless oil, a white solid condensate and a yellow oil 

product. After the thermolysis a black solid residue was 

obtained. The most interesting product of these, is the 

colourless oil of which the IR spectrum gave no y(N-H) 
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band. The spectrum showed also three bands at 1660 1 

1600, and 1575 cm- 1 which are probably assigned with 
S; 

v(C = N) and ~{C =C) bands obtained for (ph2CN) 2SiC£ 2 . 

That indicates the possibility for the formation of 

(ph2CN)
2

SbC£
3

u if the ph2CNSbC£
4 

formula is assuned; due 

to the disproportionation of ph2CNSbC£ 4 into (ph2CN) 2SbC£3 

and Sbc£5 (see Scheme 2.2). 

Scheme 2.2 

Ph2CNSbCi4 ~ (Ph2CN) 2SbCi3 -7 SbCI5 

J~ 

The IR spectra of the other thermolysis products showed a 

-1 few weak bands in the 4000 - 250 em region and they are 

probably polymeric products. However, it seems that the 

red-brown oil decomposes at higher temperature due to the 

disproportionation or reduction elimination as shown in the 

above scheme. Unfortunately, no further studies have been 

done for these thermal decomposition products since the 

products were obtained in low yield. In the reaction of 

antimony pentachloride with imino-lithium the initial stage 

of the reaction was carried out and repeated using 

different solvents including diethyl ether, toluene, 

tetrahydrofurane, N-hexane and carbon tetrachloride. One 

attempt has been done to react the yellow solid of the 

imino-lithium with Sbc£
5 

at low temperature {-196°C) without 

using any solvent. In this solid state reaction 1 the yellow 

mixture changed at room temperature into an orange-red 

solidu and then a dark red solid. This Solid exploded at 

0 60 C at the attempt to examine the final products of this 
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reaction failedo 

Howeverr the reaction can be carried out safely under 

mild conditions using a suitable solvent such as diethyl 

ether which was usually used for the orthometallation of 

antimony chlorides in this workr and of the tin tetrachlorideo 

The reaction of the diphenylketirnino lithium with Sbc~ 5 
Et2o yielded after stirring overnight a yelJow solution over 

a buff viscous residue. A sample of the yellow solution 

was pumped off under vacuum to dryness, leaving a mixture 

of a yellow powder and a yellow oil which changed overnight 

to a dark brown residueo Both the intermediates could be 

observed spectroscopically as an ether complexo The IR 

spectrum of the ethereal residue gave an incication of the 

presence of an orthometallated product, since one band was 

-1 
observed at 3270 ern assigned probably with ~(N-H) and 

the ~(C=N) and i(C=C) bands were shifted to lower frequencies 

(1590r 1550 crn- 1 respectively). The asymmetric (C-0-C) 

stretching vibration of coordinated diethyl ether also was 

observed at 1075 crn- 1 (free Et
2

o absorbs at 1129 crn- 1 9 

contact liquid film) o These characteristic bands suggest 

a formula for the ethereal residue intermedi~te as 

(Et 2o.~-SbC£ 4C&H4C(ph) = NH) o 

Although ~l(N-H), and coordinated~ (C-0-C) bands were 
P as 

observed for the buff coloured residue but there were four 

bands in the (1700-1500 cm- 1 ) region (1665r 1610, 1588 and 

1570 cm- 1 ) which were different from that spectrum of the 

residue dissolved in the ether solyt~ono T~ese bands 

were the same as those observed in the spectrum of 

IV 9 
(ph 2CN)

2
M c£ 2 ~ M = Sn, Si, Ge which suggests that this 
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buff residue probably contains a product resulting from 

?or the disproportionation of any 

possible intermediates see scheme (2.4); route A is 

favoured rather than route B and is known to occur easily 

with antimony pentavalent halide which has a high content 

of chlorine atoms. 

Ph 2C~SbC!to. Et20 

-SbCt5j r SbC!s 

{Ph 2CN)2SbC~J. ~J 20 

-SbC~5 ~ ~ SbC\5 
~ i 

(Ph2CN} SbCi.Et20 
4 

-UCt 

Scheme 2.4 

No attempt has been made to isolate SbC£
5 

from the ethereal 

solution, however, in the preparation of the orthometallated 

ketimino-tin trichloride, the snc~ 4 could be isolated from 
I I 

the ethereal solution as an (1 :1) adduct of N, N, N, N-
~ 

tetramethylene-diamine with SnC£ 4 ;TMED.SnC£ 4 . Since the 

yellow powder that resulted from the reaction of diphenyl-
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ketimine with n-butyllithium has been confirmed spectra-

scopically and analytically to have the formula 

~?r CNT . Et c\ 1-h t. f th . . 1. th. . th 
1,. ,'! ....,l.n 

2 
J;r.:l.a ~ e reac lon o e lmlno- l lUm Wl . 2 

antimony pentachloride has been repeated using the yellow 

powder, as an attempt to eliminate any traces of by-

products or unreacted molecules which might complicate the 

orthometallation reaction. For example, these might include 

the formation of the HC~ molecules due to the reaction of 

the unreacted Ph
2

CNH or its orthometallated lithium 

derivative with Sbc~ 5 , the decomposition of the eliminated 

(HSbc~ 4 ) species during the orthometallation, or its 

elimination from the orthometallated compound, see scheme 

(2.5) 0 

Ph 2C NH + SbCl 5 

-Hc~IHc~ Ph 

Ph2CNSbCI4 ~~NLI ~6'c14 
Scheme 2.5 

On the other hand, the hydrogen chloride gas is known to 

attack the corresponding orthometallated compound of tin 

trichloride and form an ionic salt of the type 
G) 28 

{PhfNH2) 2snc.£.
6 

- see reaction (2.3a). 

HC~ (t) 20 
0-Snc.£.

3
. c

6
H4C (ph} = NH ----.!> (ph

2
CNH

2 
)
2 

SnCQ.
6 

equation 2.3a 

Accordingly, the yellow solid of imino-lithiumwas dissolved 

in Et2o to form a clear red solution. The solution was 

0 cooled to -196 C and SbC.£. 5 added in (1:1} molar ratio. 

The red colour of the solution changed to yellow with 

precipitation of a white cloudy mass. The final product 
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was a golden yellow solution with a white precipitate. 

On stirring overnight in ether, the white precipitate 

changed to a brown oily residue under the yellow solution. 

The whole mixture was pumped to remove all the solvent. 

The IR spectrum for the yellow residue (which changed to 

dark brown colour) showed y(N-H) band at 3220 crn- 1 and 

-1 two bands at 1590 and 1540 ern , probably assigned with 

y(C=N) and ~(C=C) respectively. Once again a broad band 

was observed at 1860 crn- 1 which has been observed before in 

IR spectrum of red-brown oil (see page'S) and which has 

been suggested as possibly assigned to V(C=N=M). Also, a 

very broad band was observed at 1050 crn- 1 assigned with~ (C-0-C) · as 

o£ coordinated diethyl ether which acts as a coordinated 

agent and which can block the orthornetallatjon process if 

a formula (ph2CNSbc£ 4 .Et 2o)n is assumed. The concentration 

of diethyl ether is an important factor since this Et 2o can 

facilitate the dissociation of the products, or ionize 

rnetallation is assumed to occur in Et
2

o solution competition 

is expected between the oxygen of Et
2

o and the nitrogen 

of the stibino-irnine for coordination to the metal atom, 

see equation (2.3.b). Also, in diethyl ether solution it 

is expected that the orthornetallated compound 

- B-"" zv, 

undergoes ionization or decomposition 

into 0-chloro diphenylketimine and antimony trichloride. The 
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lat.ter decomposi·tion process is s-:.:qgested in view of the know.n 

reaction of SbC2 5 with aromatic hydrocarbonsu eogo 

to2.uene w:L'ch a!1t.:'..mo21y pe~:tac:;.lcr.:'..de wi-:ici:l afforded 

O~/P=/M~isorners of chloro tolueneu antimony trichloride and 

hydrogen chloride instead of derivatives such as tetra-
~.., 

j~ 

chlorostibino tolueneu see equation ~2o4). 

Another possibilityu it arises from the instability of 

phenylantimony tetrachloride, phSbCi 4 which slowly decomposes 

at room temperature from the pentavalent into trivalent 
15 

oxidation state as shown in equation {2o5) o 

(equation 2. 5) 

Hereu if the latter possibility is assumed, species such 

as o~sbCi(C6H 4C(ph} = NH) 2 and SbCi
3 

and chlorine could be 

obtained~ 

=NH 
\ 

SbC[ ? SfrJCl3 2 
2 

12 
The tetrachloroantimony derivatives 8 RSbCi

4 
where R = 

c6H5 or P-CH3C6H4 have been synthesized from primary 

dichlorostibines 0 RSbCi 2 o and from their complexes with 
(f) 

arenecliazoniurn chloridev [RN 2 ] [RSbCi 3 ]9 8 from stibonic 

acidsu and directly from antimony trichloride as summarised 

below. 
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RSbC£
2 

+ C£ 2-vRSbC£ 4 

HC£ 0 
SbC£

3 
+ RN

2
Ct ~> [RN 2 ] [SbC£ 4 ]8 

Cone. @ 
RSb0

3
H

2 
~ [pyH] 

HCt+py 

EtOH 

The aryltetrachloro antimony {v) compounds have been found 

to react with water, hydrogen chloride, lithium aluminium 

hydride, [PhN
2

J
2 

ZnC£ 4 , and Na gluconate as shown below~ 

RSbC£
4 

RSbC£
4 

RSbC£ 4 

H
2
o;orf> 

-------> RSb0 3H2 

HC£/HI 

so2 

RSbC£ 2 

LiAtH4 RSbH 2 

Nd. gluconate 
------------~?glutonic acid arene stibonate 

Na Salt. 

The most important feature of these tetrachloro derivatives 

is their ability to form complex salts with amines or 

diazonium salts, e.g. [pyH]@Cte + RSbct 4~[pyH]@[RSbct5 ]e. 
The diethyl ether can block the formation of the ortho-

metallated compound, either by trapping SbCt5 molecules 

which will hinder its reaction with the imino-lithium, or 

by trapping the antimony tetrachloro - derivative. The 

(1:1) antimony pentachloride diethyl ether; SbCt
5

,Et2o 

complex is known to dissociate or decompose on careful 

hcatinu <Jiving ethyl chloride similar to those observations 
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of decomposition of the (1:1) Et 2o complex with Nbct
5 

and 
uJ 

Tact
5

. The ~Et 2o.sbct 5 ) complex is stable at room temperature, 

se~sitive to moisture and can be attacked by hydrogen 
ED 

chloride gas to form [Et 20H]SbCt 6
8 . This is suggested by 

UV and molecular magnetic rotation comparison studies with 

ether complexes of BF3 , A1Ct
3

, Znct 2 , TiCt 4 , and Fect3 , 

however the electrical conductivity measure~ents have shown 

@ @ 
[ Et 

2
0H1 [SbCI6] 

~Hcl1~HCI 
~~ ® e 

Et209SbC[ 5~ [Et 20 SbCI)Ci 

£JI 

Scheme ( 2..7 ) 

On the other hand, the possibility of n-but}l lithium to 

attack Et 2o in the synthesis of ph2CNLi the imino-lithium 

11 
derivative is not possible since the reactio~ of BuLi 

with Et
2

o is much slower than that reaction with ph2CNH, 

however, in the reaction of Et20/BuLi, the following reaction 
17 

is only observed: 

in a separate experiment, antimony pentachlo£ide was 

dissolved in excess of diethyl ether as an attempt to 

isolate and characterize the (SbC£5Et
2
0) complex. A 

crystalline solid deposited, but this could not be isolated 
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in a good yield since it was very soluble in the ether. 

Both solution and the crystalline solid cha~ged very 

quickly to a dark brown colour. However, the XR spectrum 

for the product could be obtained which showed bands at 

-1 
1010, 1080, 1290, 1260, 1140, 1180, 900 and 730 em . 

-1 
No band was observed at 4000-3000 em ·, suggesting no 

~{0-H) band in the adduct is formed. Because of the 

possibility that Et 2o may have an effect on the lack of 

formation of the orthometallated compound, an attempt was 

carried out to eliminate all coordinated Et 2o by heating 

the pumped R2CNLi/Sbc~ 5 reaction residue under vacuum, 

where R = ph, p-tolyl, P-FC6H4 . This attempt was only 

successful with the thermodynamically stable Pt2CNSbC1 4 

which yielded the orthometallated compound (II) after the 

extraction by toluene. The reaction of diphenyl ketimino-

lithium with antimony pentachloride in (1:1) molar ratio 

using Et2o as a solvent was repeated as an attempt to 

isolate any product from the ethereal solution. After the 

reaction occurred, the yellow ethereal solution was separated 

by filtration from the buff precipitate - on standing at 

room temperature for three days, the ethereal solution 

afforded a dark red-brown oil from which a brown solid 

deposited. The IR spectrum of this solid suggests the 

formation of an orthometallated compound different to 

-1 compound (I), since the spectrum showed ~(N-H) at 3240 em 

and two ~(C=N)/Y(C=C) bands at 1585 and 1548 cm- 1 the 

analytical data of the solid is in agreement with the 

(ph2CNSbC1 4 )n formula. Both IR and analytical data are 

described below: 
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. i -1 y em (Nujol mull) 
max 

~ 3240 {w), 1585 (w/m), 1570 {vw~ 1 

1 5 4 8 ( w I m ) u 1 3 3 0 ( vw ) u 1 3 1 0 ( vw ) 1 1 2 9 5 ( vw ) 1 1 1 8 8 ( vw 1 s h ) u 

1155 (w), 827 ~vw} u 800 (w}, 789 (w} 1 775 (w/m) 1 745 (w) 1 

715{w/m}u 705(m}u 694(m/s), 665(vw), 650(vw). 

Found : C 34.8u H 3.0; N 2.3, Sb 24.6u C£ 29.6% 

(c 13 H10NSbC£ 4 )n requires : C 35.1, H 2.3 1 N 3.1, 

Sb 27.4, C£ 32.0%. 

-1 
The shift of the Y(N-H) band to a lower frequency by -20 em 

and the difference in the bands in the 1300 - 1100 cm- 1 and 

800 - 600 cm- 1 regions; in comparison with the spectrum of 

compound (I) suggests the possibility of the existence of 

(ph2CNSbC£ 4 )n in different orthometallated structures. Such 

as : 

rA-0NH 
~~~ SoC!2 

HNOOJ 
Returning to the reaction of the imino-lithium yellow solid 

with antimony pentachloride it yielded a dark brown residue. 

The latter residue was extracted in toluene at below 120°C 

forming dark red solution. On continuous heating at 120°C 

for half an hour 1 the colour of the solution changed to 

brown and separated into two phases a dark brown oil 

under a light brown solution. The IR spectrum of the oil 

showed no bands in the region 1900 - 1800 cm- 1 region, but 

-1 
instead two bands at 3260 and 3335 em assigned as y(N-H) 

-1 and three bands at 1660, 1590, and 1560 em probably 

assigned as Y{C=N) and Y(C=C) similar to those observed in 
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(ph
2

CN)
2 

MC£
2

; M = Si, Sn, Ge. This suggests the sensitivity 

of the orthometallated intermediate towards heat which may 

lead to the dissociation of the tetrachloroantimony-imine 

derivative as mentioned before in scheme {2.4) 1 and which 

hindered the formation of desired orthometallated compound 

\Y 
O-SbC£

4
C

6
H4C(ph) = NH. 

The reaction of the imino-lithium with antimony 

pentachloride was repeated using only n-hexane as a solvent. 

The reaction gave a high yield of a dark brown residue which 

seemed to not be soluble in hexane. The solvent was pumped 

off and the brown viscous residue was investigated by the 

IR spectrum. Surprisingly, the spectrum was similar to 

@ ~ 
that of solid ph2CNH 2 SbC£ 6 • The spectrum has been compared 

® e with the sample obtained from the reaction nf ph2CNH2 ·C£ 

with SbC£ 5 which deposited as a crystalline solid from 

CHC£ 3 solution. There was some difference in the bands 

absorbed in the region of 800- 700 cm- 1
1 but the V(N-H) 1 

~(C=N) and y(C=C) bands were similar except that the Y<C=N) 

at 1660 cm- 1 was less intense (relative to ~(C=C) band) 

(!) e than that of the authentic sample of ph
2

CNHL SbC£
6 

. The 

IR data of this residue are given below :~ cm- 1 
max 

3390(w)l 3330(w1), 3260(w) 1 1660(m), 1591(vs), 1560(m), 

1300(w), 1188{w) 1 1163(w/m) 1 1075(vw), 1028(vw), 1000(w), 

978 (vw), 940 {vw), 845 (vw) 1 790 (w/m), 777 (w/m), 765 (w/m), 

740 (w) 1 727 (m), 700 (vs,sh) 1 605 (w), 568 (w) 1 440 (sh). 

This observation suggests that the res~due contains the 

ionized salt ph2CNH2$sbc£6
9 or contains a component such as 

® e 
~C = NH2Sbct6 due to dissociation of o-sbct

4
c

6
H

4
C(ph) = NH 

compound- see Scheme (2.8). 
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Scheme 2.8 

The extraction of this residue in THF at 90°C for 1 hour 

produced a grey precipitate (mainly LiC£) and a dark brown 

solutiono No solid deposited from this solution, on standing 

at room temperature for several days, after which the THF 

was pumped off until a dark black residue was obtained. The 

IR spectrum of that residue showed the ~ (C-0-C) bands of 

coordinated THF at 1045 and 890 cm- 1 [the ~(C-0-C) THF 

bands absorbs at 1075 and 910 cm- 1 ; contact film]. Other 

significant bands were also observed such as V(C=N) and 

~(C=C) at 1633 and 1595 cm- 1 , and an ill-defined ~(N-H) band. 

These characteristic bands were quite similar to that of the 

product obtained from the reaction of SbC£
3 

with ph
2

CNH -

<±> v e see chapter 3, which may suggest that the >C = NH 2 Sb C£ 6 

species, if it is assumed, decomposed on refluxing with THF 

into (jC=~H2 ) 2 (Sb111c£
5

) 2eo The IR spectrum data of the 

extracted THF residue are given below:~ cm- 1 (contact max 

film): 3200(sh), 1633(s), 1595(vs,sh), 1298(w), 1250(vw), 

1190(w,sh), 1170{m/s,sh), 1125(vw), 1045(vs), 1000(w), 

980(vs), 890(vs,sh), 798(m/s) 1 780(m/s), 730(m/s), 705(vs), 

610(w/m,sh}, 570(w/m)o 

Carbon tetrachloride was used as solvent in a repeated 

reaction between the imino-lithium and SbC£5 . The initial 
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reaction was carried out in n-hexane 1 after which the solvent 

was pumped off and then cc~ 4 was added to the dark brown/ 

black residue. On extraction and filtration; a black solid 

was separated from a dark brown solution. The IR spectrum 

of the black solid was similar to that extracted residue 

in THF solution (except the characteristic bands of THF). 

IR spectrum data of the black solid are given below: 

"'~ -1 !I em max {KBY' disc) 3230(sh) u 1640(m 1 br.) 1 1593(m,sh), 

1 3 0 0 ( W } I 1 1 8 8 ( VW g S h ) 1 1 1 6 3 { W g S h } g 1 0 2 5 ( VW) g 9 9 9 ( VW } 1 

860 (w), 840 (vw) 1 792 (m) 1 760 {w/m), 725 (m), 700 {s), 606 (vw}, 

565 (w), 446 (vw) 1 320 {w/m). 

It seems from the extraction of the (ph2CNLi/Sbc~ 5 } 

reaction residue in THF or cc~ 4 that at higher temperatures 

the hypothesized ketimina. -antimony tetrachloride can be 

reduced from the pentavalent into the trivalent oxidation. 

The highly exothermic reaction of the imino lithium with 

antimony pentachloride and the reductance of antimony from 

the pentavalent into the trivalent oxidation state 

(confirmed by MBssbaur spectroscopic studies - see Appendix 

I) 1 may suggest another possibility for the reason of the 

lack of formation of the orthometallated compound. Both 

antimony pentachloride and its tetrachloro derivative are 

known to be sensitive towards heat and may decompose easily 

at high temperatures or even at room temperature to produce 
10 

the chlorine gas and the antimony trivalent derivatives -

see Equations (2.5) and (2.6). 

+ ( 2. 6) 

If the elimination of chlorine is assumed from the ketimino-

antimony tetrachloride derivative, then the passing of 

chlorine gas through the orthometallated reaction inter-
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mediate solution may lead to the formation of orthometallated 

compound. An experiment has been carried out to study the 

effect of passing chlorine gas through the dark brown 

toluene solution resulting from the reaction of imino-

lithium with SbC~ 5 . A poor yellow precipitate was obtained, 

its IR spectrum may suggest the formation of an ortho-

metallated compound since a sharp weak band for ~(N-H) was 

observed at 3230 cm- 1 and the two bands Y(C=N), V(C=C) 

of the parent ketimine were shifted to lower frequencies 

into positions at 1584 and 1535 respectively. Several 

-1 bands were also observed in the region 800 - 700 em 

which were quite similar to those observed in IR spectrum 

of compound (I) ; 2-SbC~ 4c 6H 4C(ph) = NH. 

Unfortunately, the structure of this product could not 

be detetmined because of the lack of analytical, mass 

spectrum and 0H-N.M.R. data. The addition of iodine, instead 

of chlorine judging by the IR spectrum deposited a similar 

product. The IR data of this yellow product are given below: 

,, -1 
J'maxcm (Nujol Mull) : 3230(w), 1584(w/m 1 sh), 1535(m,br) 1 

1182,(vw}, 1157(vw), 1075(vw), 1010(w), 900(w,br) 1 785(w) 1 

t 
r 

772(m}, 762(m), 742("<;-J), 720(vw,sh), 712(w), 690(w/m) 1 

649(vw), 580(vw), 340(vs}. On considering the y(N-H), 

y(C=N), and y{C=C) bands of the previous spe~trum, it 

seems that the chlorine experiment product is similar to 

compound (III); i.e. 2-Sbc~ 2c 6H 4C{ph) = NH which suggests 

the possibility of elimination reduction of chlorine from 

the antimony tetrachloro derivative as pictured in Scheme 

(2.9). 
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~~ 
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=~M 

Sch~me 2.® 
According to the assumption which mentioned before thai 

the antimony tetrachloride ketimine derivative may 

dissociate in the solution to give SbCt5 and R2Sbct3 ; where 

R = ph2CN and/or O-C
6

H4C(ph) = NH 0 the reduction of diphenyl 

ketimino lithium with Sbct5 was repeated 0 in ~2:1) mole 

ratio. The dark red ethereal solution of im~.no=lithium 

faded to yellow and on stirring for 1 houro the final product 

was a yellow solution over a yellowish white precipitate. 

The ethereal solution deposited after one day a yellow oil 

of which a sample was syringed off and transferred into 

another flask. This oil was air-sensitive and its IR 

-1 spectrum showed a band at 3260 em assigned to V(N-H) 

and three bands in the ~(C=N)/V(C=C) region at 1608, 1588, 

-1 and 1565 em were observed. The IR spectrum data for this 

oil are given below: 

\~ -1 , em (Contact Film) : 3260(w) 0 3060(w/m) 0 3030(w), max 

2960{s), 2930(s) 0 2870(s) 0 1608(vs~ 0 1588{vs), 1565(vs) 0 

1160 {w) o 1072 (w 0 sh) o 1030 (w/m} 0 1000 ~w) 0 956 {w) , 940 (w) , 

910(w)o 850~w)o 780(VS 0 Sh)u 740(m}v 700(vs) 0 655{s), 615(vw) 0 

440 (w) • 
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Apar~ from the yellow oil product, the whole initial 

mixture was refluxed in toluene at approximately 100°C 

after pumping off the solvent. Upon filtration a creamy 

precipitate was obtained and a red-brown solution, which 

deposited a very poor yield of solid which was similar to 

the authentic sample of ph
2

CNH
2
esbc£

4
e (identified by 

comparison of IR spectra). No more solid deposited from 

the toluene solution, but on passing dry chlorine gas, the 

solution deposited two different products : A brownish-

yellow and a bright yellow solid. The IR spectrum for the 

® e first product suggests the structure of ph 2CNH 2 SbC£
6 

, 

however the spectrum of the other product was similar to 

that spectrum of the yellow solid precipitated from toluene 

solution of the reaction ph2CNLi/SbC£ 5 , on addition r 2 or 

C£ 2 - see Page {65). As an attempt to explain the ph2CNLi/ 

SbC£ 5 (2:1 Mole ratio} reaction, the appearance of ~(N-H) 

in the spectrum of the yellow oil and the three bands at 

~(C=N)/~(C=C) region suggests that an orthometallation 

process has occurred for the expected (ph2CN) 2SbC£
3 

species which may dissociate in an Et
2
o solution into the 

SbC£ 5 and ketimino-antimony chloride derivatives. This 

assumption is illustrated below as follows: 

OOPh NH 

+ 

4 
.... b. (S) 

Ph 

e SbCi5 ~NH 
SbCis =< ~ SbC~.(S) 

- SbCl5 4 SbC!5 

S ::: So~vent 
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The most valuable point is that both the reactions of 

ph2CNLi/S~C1 5 (1~1) or ph2CNLi/SbC1 5 (2~1) with chlorine 

gas yielded a similar product. The appearance of the 

y(N-H) band in this product and also two bands for~ (C=N) 

and ')/{C=C) which are shifted to lower frequencies supports 

the existence of an identical intermediate; probably 

(S). SbC1
3

(o-c 6H4C(ph) = NH) 2 in the solution. If chlorine 

gas react~ with this hypothesized intermediate 6 it is possible 

to obtain ari orthometallated product such as _ 

(o-S)G1(0-C£C6H4C {ph) = ~H) (C 6H4C (ph) = rm]G)[SbC£ 6 JG which may r 

be suggested as a structure for the yellow product. The 

reaction of that intermediate with chlorine gas is given 

below: 

Ph 2CNli + SbCl 5 

-LiCl (5} 

c~2 

-SbCi s 
"J 

Ph 

~ 

t 

OC,NH 

2 Ph2CNU + SbCl5 

-2LiCilSJ 

( Ph 2CNl2SbC!3.(S) 
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It was interesting to investigate the reaction of benzonitrile 

with antimony peri~~ehloride in benzene solution, since it is 

known that SbC£
5 

reacts with benzene to produce chloro

benzene and it was sug.gested phSbC£ 4 was o;.n intermediate of 

this reaction, which may undergo an addition reaction 

across the nitrile group to produce ph2CNSbC£ 4 . However, 

there is another possibility expected from this reaction, 

in the formation of an~-N complex; (phCN, SbC£ 5 ) which may 

deposit from the benzene solution. The latter expectation 

was observedwhen the reaction was carried out between phCN 

and SbC£
5 

in benzene solution. A high yield of yellow solid 

was obtained and identified by the IR spectrum to be the 

adduct phCN .sbc£
5

, since the spectrum showed the v(C=N) 

band shifted to higher frequency from 2230 and 2260 
-1 

em 

whilst~(C=C) shifted to a lower frequency from 1600 to 

-1 1590 em . Two months later the IR spectrum was re-

recorded for that product which was completely different 

from the first ·spectrum. The )J(C=N) frequency ba!l'\a nearly 

-1 
disappeared leaving a very weak band at 2240 em , three 

strong bands appeared in the ~(N-H) region at 3370, 3300 

and 3220 cm- 1 , and two bands at 1649 and 1594 cm- 1 

assigned with ~(C=N) and ~(C=C}. TheIR spectra data for 

both are given below: 

IR spectrum for the first product: )J -1 
em (Nujol Mull) , 

max 

2 2 6 0 ( v s ) , 1 5 9 0 ( s ) , 1 2 9 0 ( w ) , 1 1 9 8 ( vw) , 1 1 7 5 ~ w I m) , 1 1 6 5 ( w) , 

1 0 2 2 ( w ) , 9 9 6 { vw) , 9 3 3 ( vw) , 7 6 o ( v s , s h ) , 7 o 0 ( vw ) , 6 8 0 ( s ) , 

552(vs), 495(s), 365{vs,br.). 

-1 
IR spectrum for the second product : '))maxcm {Nujol Mull), 

3 3 7 0 ( w} , 3 3 0 0 { w) , 3 2 2 0 ( w I m) , 2 2 4 0 ( v~ , 1 6 4 9 ( v s ) , 1 54 9 ( m) , 
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1510(rn~o 1288(iv/r:!)o 12©©~VW 0 Sh} 0 1169~VW) 0 '1100~vtv} 0 

9321w~ o 865~m) o 773{m} o 768(w} o 760~-w» o 750~w/m} o 719{s 0 sh~ o 

7001rn/S~ 0 675(rr./S 0 Sh~o 5501.vJ} 0 520("1:'1') 0 340(VS~o 

It cannot explain tha~ the solid state changes without con~ 

sideration of the orthometallation processo Generally; the 

first step of the orthometallation process is the formation 

of a~-N· complex after which the metal center attacks the 

phenyl ring at the ortho- position due to the formation of 

a n-complex with the elimination of HCLo This type of 

attack can occur by an electrophilicu nucleophilicv or 

oxidation-reduction mechanism the exact nature of which has 

not been defined yeto The same route can be assumed for the 

change of the phC.N . SbCR-
5 

complex into another different 

product of which the structure unfortunately cannot be 

determined because of the lack of analytical and spectre= 

scopic datao Howeverv this reaction is interesting and it 

is recommended to reinvestigate it againv to study the 

structure of the phCN .sbcR-5 com~1e~ and the effect of 

temperature or visible lighto A possible mechanism is 

suggested as follows: 

Ph 

PhCN.SbCi5 --D )=N-SllCI~ 
Cij 

Attempts have been carried out to obtain orthometallated 

compou~&~ from the reaction of R1R2CNLi with SbCR-5 , where 

Ci,J)= (0-~olylu ph) u ~m=tolylvph} o ~P$ c6H4 ) 2 ; using the same 

method which is normally used for preparation of ortho~ 

metallated cornpoundsu but they have not been successful 

and the only solid products which could be isolatedv were 
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identified as non-orthometallated compounds, having the 

1 2 ~ ,... e 1 2 (!) er formulae R R CNH2 Sb~£ 4 orR R CNH 2 SbC£ 6 .vompound (III); 
v ~ 

2-SbC£ 2c 6H4C{ph) = NH.C 6H5CH 3 was prepared by the method 

v 
used for compound (I); 2-SbC£ 4c 6H4C(ph) = NH; which afforded 

a yellow product; its analytical data are consistent with 

the above formulae. Toluene of crystallisation has also 

been found in the case of some rela~ed tin compounds. The 
13 

formation by Sbc£ 3 of a compound SbC£3 o 1 c 6H5CH 3 suggests 

that weak interaction between the metal atoms and toluene 

may be involved. 

2.2.1.2 Spectroscopic Data: 

~ Mass Spectra 

The mass spectra of the orthometallated diaryl ketimino 

antimony chlorides were recorded (except compound I). The 

results obtained are listed in Table (2.5-a,b). The mass 

spectrum of compound (II) does not show the parent peak; 

at m/e~469; or even the loss of p-tolyl or methyl group 

from the expected molecule 2-SbC£ 4-4-MeC6H3C(4-MeC 6H4} = NH; 

instead loss of hydrogen chloride (100%) and chlorine 

{14%) is ob3erved. The absence of an intense peak for the 
~ 

ion [M-HCZj ; M/e=433 in the mass spectrum suggests the 

unstability of this fragment inside the mass spectrometer. 

However, the most favourable route for the dissociative 

ionization of the orthometallated compound is the loss of 

chlorine atoms which leads to the formation of M-C£, M-2C£, 

M-3C£ and M-4C£ fragments. The relatively high stability 

of these ions are probably due to extensive delocalisation 

of the positive charge over the aromatic ~-system and the 

orthometallated ring. The elimination of methyl, P-tolyl, 
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or hydrogen takes place after the loss of at least one 

chlorine atom from the molecular parent ion (m/e=469) . The 

loss of the organic group~4-MeCsH 3 C(4-MeC 6 H 4 l = NH. Due 

to the cleavage of Sb-C bond is not recorded, however other 

peaks are observed around m/e=208 which indicate the 

formation of d~p-tolylmethyleneamine due to the recombination 

process between 4-MeC 6H3C(4-MeC
6

H4 )CNH and hydrogen fragments. 

Due to the possibility of (p-tolyl) 2CNH formation, other 

peaks are observed as those resulted from th~ fragmentation 

of the parent ketimine such as p-tolyl, CNH 2 , p-tolyl·CNH, ... 

etc. Recombination processes involving metal-containing 

fragments or organic~chlorine fragments are found, such as 
+ + 

+ (p-tolyl)SbC£, (p-tolyl)sb , (p-tolyl)SbC£ 2 , (p=tolyl)C£, 

(p-tolyl) 2CNC£~·· 

All possible fragments of the antimony chlorides and/ 

+ y ~ "' ~ ~ 
or hydrides such as Sb , SbC£, SbCt 2 , SbC£

3
, Sbc£

4
, SbC£

5
, 

~ ~ 

HSb, HSbC1~··· .were observed in the spectrum. The formation 

of the HC1 fragment is possibly due to the recombination of 

hydrogen and chlorine fragments or (f~r less likely) to the 

decomposition of antimony chloro hydride fragments. The 

spectra are complicated by the number of antlmony isotopes; 

antimony has about 20 isotopes (from sb 11~ Sb 133 ). The 

most abundant isotopes are Sb 121 (57.25%) and Sb 123 

(42. 75%) 0 

In the mass spectrum of compound (III); 2-SbC9,
2
c

6
n

4
-

----..... 
; the highest mass is observed at m/e=375/ 

377 (3.12, 2.16%, their ratio is similar to Sb 121 ;sb123 

~1.4} which does exactly fit with the molecular ion 
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(M2 -~H 8 ) - see table 2.5b - bearing in mind that 
35

ct 

37 and C£ are present. The mass spectrum does not show 

toluene to be present in the actual parent ion; 

"' c
7

H
8

•bSbC£ 2c
6

H
4

C{ph)=NH at m/e~463, but the toluene in the 

+ 
postulated formulae could be identified from the c 7H8 

+ peak at m/e=92 (4%) and from the (C
7

H
7

SbC£ 2 +1) peak at 

m/e=283 (7%}. The dissociative paths of the molecular ion 

{M2 ) lead to the loss of chlorine, phenyl, Sbc£ 2 and HC£ as 

those observed in the mass spectrum of Compound (II). The 

appearance of high intensity peak at m/e=177 (100%) may 

suggest the elimination of the (SbC£
2

,3H) fragments from 

the (Me-c
7

H
8

) ion. 

Table {2.5) 

Mass Spectra of Orthometallated Diarylketimino-

antimony Chlorides. 

+ (a) 2-SbC£ 4-4-MeC
6

H
3

C{p-tolyl):::;:NH=M
1
:m/e (Fragment , 

Rel. Intensity%): 434 (!}1
1
-c£,0.7), 399 (M 1-2c£,1.6), 

364(M
1
-3C£,26), 348 (M1-3C£-CH 4 ,16), 329(M

1
-4C£,6), 

313 (M1-4C£-CH4 ,2.3), 296(SbCt5 ,0.4), 282(p-tolyl SbC£2 ,1), 

278(M1-sbct2 ,2.8), 262(HSbC£ 4 ,o.4), 247(p-tolyl SbC£,0.4), 

243(M1-SbC£ 3 ,1.4), 242 (M
1

-HSbCt
3
,0.5), 227(HSbC9.. 3 ,3), 

+ 
210(Pt2CNH 2 ,3), 207(M1-HSbC£ 4 ,4), 191 (SbC£

2
,16), 

156(SbC£,5), 121 (Sb,5), 118 (PtCNH,17), 104(PhCNH,5), 

+ 
(b) 2-SbC£

2
-c

6
H4C(ph) = NH. c 7H8 =M2 ~m/e (Fragment , 

Rel. I%)~ (-75/377 (M2-c7H8 ,3), 332 (M2-c7H8-c£-4, 1.4), 

297{M
2
-c

7
H

8
-2C£-4,1.3), 283(C

7
H7SbC9.. 2+1,7), 227(HSbC£ 3 ,1.6), 

223(M
2
-c

7
H

8
-phH,1.4), 207(pt2CN-1,0.8), 192(HSbC£

2
,1.5} 
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181 (ph2CNH,0.4), 180(ph2CN or c6H4 C(ph) = Nh, 8.5), 

1791M2-C7H8-HSbC£2,13.7) I 177(M2-C7H8-SbC£2-3,100), 

121 (Sb,6), 1041phCNH,2) 1 92{C'1H 80 4), 76(C 6H4 ,100), 

75(C
6

H
3

uSO) 1 74(~6H 2 u25) u 36(HC£u50}. 

(B) Infra-red Spectra 

The IR spectra of the three orthornetallated compounds 

I-III were recorded at the region 4000-250 crn- 1 using mulls 

in R'll.ujol between KBr plates. The spectrum of each compound 

shows some significant bands which may confi~rn the existence 

of the orthornetallated structure as it has been observed 
v 

in IR spectrum of 2-SnC£ 3-4-MeC 6H
3

C(4-MeC 6H4 )=NH. In the 

-1 region 3500 - 3000 ern each spectrum shows only one sharp 

band which is assigned to the ~{N-H) frequency, also, each 

spectrum shows 3-5 bands in the region 1600 - 1500 crn- 1 which 

are assigned to ~(C=X) modes and ~(N-H) def.; X=C or N-

see Table (2.6). The shift of the azornethine stretching 

frequency can be observed from the appearance of no band 
- 19 

in the region 1700 - 1600 ern 1 relative to the parent imine. 

~his shift of the ~(C=N) frequency to lower energy is a 

common observation forthe orthornetallated compounds of 

transition metals, e.g. the orthometallated ~-phenyl
~0 

benzal~irnine derivatives of palladiurn&O-SnC£3c6H4C(ph)=NH 

compound. In these orthometallated compounds, the formation 

of a planar fused aromatic chelated ring will exert a 

strain on the bond angle at the nitrogen, with the result 

that the drainage of electrons towards the SbC~ 4 or SbC£2 

groups may predominate and the weakened (C=N) bond absorbs 

at a lower energy. 
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Table (2.6~ 

Absorptions in ~(N-H), V(C=C) and Y(C=N) region for 

some orthometallated diarylketimino antimony chlorides 
il =1 -1 , Compound \1 {N-H) em ~{C=C)/)I(C=N~cm 

1598,1577,1569, 
I 3280 1540 

1610,1600,1580, 
II 3260 1538,1505 

III 3250 1581,1562,1545 

ph2CNH 3250u3210 1600,1567 

pt2CNH 3260 1605,1590,1548 

A strong absorption at -740 cm= 1 is observed for the ortho-

metallated diphenylketimine derivatives which does not 

appear in the spectra of the parent imine. This band may be 

assigned to <o(C-H) out-of-plane bending modes which absorb 

-1 in the range 900 - 675 em upon the orthomFtallation process, 

and which does not occur for the orthometallated derivative 

of di p-tolylketimineu since there is relatively little 

difference in the spectra of 1,4-disubstituted and 1,2,4-

trisubstituted benzenes. As there is no information about 

the IR spectrum of ArSbc~ 4 to use as a model for comparison 

with the orthometallated compounds (I) and (II), it is 

difficult to make an assignment for v·(Sb-C~) or ))(Sb-C) 

stretching frequency on those bands which ar~ observed 

-1 
below 500 em butu at least they can be regarded as the 

characteristic bands for the c~ 4 sb'"'C) species without 
RN 

specific assignment. The position of the metal-halogen or 

metal-ligand stretching absorption is known to be dependent 

on ser·eral factors such as the oxidation state of metal, the 
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mass of the metal and of the ligand, the coordination number 

of the metalu the basicity of the ligand, the bridging or 

nonbridging character of the ligand, high ligand field 

stabilization energyu counter-ion effect, and the stereo-
21 

chemistry of the complex.By assuming that all of these 

factors are identical for compounds (I) and {II) it is 

expected that the same number of bands with small shift, 

should be present- see Table (2.7). 

Table (2.7) 

ll'N) 
Suggested characteristic IR bands for C£~, species 

c 

Compound ~(Sb-C} ,~(Sb-C£)cm 
_,"ft 

I 483,449,421,382(sh) ,367,340,315 

II 493,435,409,~70,352,335(sh) ,325 

*~(Sb-C£) and V(Sb-C) absorbs in the region 500 - 200 
-1 

em 

For compound (III), in the same region, there are different 

bands as a result of the change in the oxidation state of 

the metal. The spectrum shows only one strong band at 

460 cm- 1 and several shoulders at 485, 465, 425, 365, 

-1 305, and 290 em 

(C) Proton Magnetic Resonance Spectra 

The spectra were recorded on solutions in d 6-DMSO 

and the proton chemical shifts of the various antimony 

compounds (except II) are listed in Table (2.8) and 

illustrated in Figure (2.4 a,b). Each spectrum shows 

similar signals to those observed for the corresponding 

tin-orthometallated .compounds. The (N-H) resonance appears 

in each spectrum as a broad peak (Compound I) or as a very 
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weak triplet peak {Compound III). It is possible to identify 

two factors ~hich lead to this broadness and weakness of the 

(N-H) peak, the first one is the slow or intermediate 

exchange rate of the proton on the nitrogen atom and the 

other is the effect of the electrical quadrupole moment of 

the nitrogen nucleus which induces an efficient spin 

relaxation and thus an intermediate life time for the spin 

states of the nitrogen nucleus. Due to the latter factor 

the proton sees three spin states of the nitrogen nucleus 

which are changing at a moderate rate and the proton responds 
22 

by giving a broad peak. The aromatic resonances for both 

compounds (1() and (III) show remarkable changes in the 

metallated ring in comparison withfue parent imine which 

shows the phen~l resonance at 7.4 ppm. Generally~ they 

consist of a weak low field singlet, and a strong fairly 

broad high field singlet which overlies or separates from 

other singlet weak absorptions. It is considered that the 

strong singlet corresponds to the aromatic protons of the 

unmetallated ring, and the low field absorption is produced 

by deshielding of the aromatic proton which is adjacent to 

the electrophilic Sbc£4 group, the remaining signals from 

the metallated ring underlie the strong absorption or shift 

to lower or higher field. This is consistent with the 

assignment made for the tin orthometallated compound 
1 

O-SnC£3c 6H4C(ph) = NH.C 7H
8 

and for its rela~ed compound 

23 
2-Me 2Br SnC 6H4CH 2NMe 2 (figure 2.5 a~b). 
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Fig. 2.5 

The spectrum of the orthometallated tr~chlorostannyl-

diphenylketimine over the aromatic proton region has been 

reported to give three complex resonances which were assigned 

(in order of increasing field )HEo HA, H88 H2 and H0 . 

Similarly, the spectrum of the related compound shown in 

Figure 2.5(b) has also been assigned with the proton 

adjacent to the metallation site (H6} giving rise to the 

aromatic signal at lowest field while the proton ortho 

to the c-cH
2 

bond i.e.(H3)giving rise to the aromatic 

signal at the highest field. The spectrum of compound (III) 

shows a methyl proton resonance which supports the existence 

of coordinated toluene in the orthometallated structure. 

This coordinated toluene to an orthometallated system has 

"'J 
been observed before in the spectrum of the 0-Snct3c

6
H4ccph)=NH 

compound. 
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Table ( 2.3 ) 

~ 
H-NMR Spectra for some ortho-metallated diphenyl 

ketimino antimony chlorides and diphenyl ketimine 
,f.o r 1-15 
r-.. ~s· -5 3 ,. , 

1 Hz~lf-! 
H' Y "Sb 

H1 Ctlo 

1 
S ppm 

Solvent 
N-H I H 

1 ~ H2 I H3 H4 ~ H5 
~ li ' 

d~DHSOa ·13.0219.091 8.41,8.1 9 7.48,6.97 6.62 ~ 8.1 

I a d~D~SO 10o~3 ~ 7.~3 

III 

m . . 

Solvent 

d~DMlSOb 

i 
! 
l 

N-H H1 

8.6,8.5,8.3 7.9 

b ppm 

H2 I H31 H41 H5 H6 CH
3 

7.63,7.5 7. 1 6 2.28 

a relative to b(THS) = 0 ppm (external reference). 

b relative to b(THS) = 0 (internal reference). 

I 

2.2.2. Reactions yielding non-orthometallated compounds 

2.2.2.1 Preparative routes: 

As mentioned before in the previous section, the 

reaction of diarylketimino lithium with antimony penta-

chloride does not produce only the orthometallated compound 

as it has been observed in a relative reaction between the 

' imino-lithium and tin-tetrachloride of which the resultant 
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orthometallated compound has been establisheCi by X-ray 

crystallographic studies but, there are also two different 

products which could be isolated from the same reaction and 

under the same conditions of temperature and solvent used. 

They are postulated as non-orthometallated compounds and 

probably have the formulae Ar2CNH
2
@sbC£

4
e and Ar 2CNH 2°sbc£6

8 . 

In this section detailed studies have been carried 

out on these two different products as an attempt to 

characterize and identify their structures. Consequently, 

the reaction between diarylketimino lithium (or trimethylsilane) 

and antimony pentachloride was repeated by using other imine 

systems differing from that mentioned in the previous section· 

and by changing the conditions of the reaction. In Table 

(2.10), all products from these attempted reactions and 

their conditions are listed. The general chemical equation 

can be described as: 
SbC£ ~ 2 @ 0 

R1R2CNX S R 1R CNH~and/or 

where X = Li, SiMe
3 

R 
1

R
2 = ph2 ,. (p-tolyl) 2 , (P-FC 6H4 ) 2 , (0-tolyl,ph), 

(m-tolyl, ph) . 

The analytical data for these products (IV-VIII) 

are in good agreement with their formulae. The products 

(IV-VII) are found to be stable towards air and moisture, 

insoluble in all organic solvents (except polar solvents 

such as dimethylformamide and dimethylsulphoxide) , and can 

be sublimed on a cold finger under vacuum. 
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v 

VI 

VII 

VIII 
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Table (2.10) 

Non-orthornetallated products isolated from the Reod~ons Of R
1

R
2

CNX with Sbct
5 

product Reactants of the Conditions 
reaction of the reaction i 

$ e -
Ph 2CNH

2
SbC1

4 
ph

2
CNLi/SbC£ 5 or 

ph2CNSiMe 3 /SbC1 5 

phCH
3

/CHC1
3

/R.T. 

phCH 3/R.T. (white needles) 
€) E) 

(P-tolyl)
2

CNH
2

SbC1
4 

(white solid) 
e e 

(0-tolyl) ,phGNH
2

SbC1
4 

(brown needles) 

® e 
(rn-tolyl) ,phCNH

2
SbC1 4 

(buff solid) 

® 0 
(P-FC6H4 ){NH 2SbC1 4 
{buff needles) 

(P~tolyl) 2CNLi/SbC1 5 
(P-tolyl}

2
CNSiMe

3
/SbC1 5 

(0-tolyl~ ,phCNLi/SbC1 5 
or 
(0-tolyl) ,phCNSiMe 3 /SbCt 5 

(rn-tolyl) ,phCNLi/SbCt
5 

(P-FC
6

H
4

) 2CNLi/SbCt
5 

phCH
3

/CHC1
3

/R.T. 

phCH 3/80°C 

phCH
3

/CHCt
3

/R.T. 

phCH
3

/R.T. 

phCH
3

/CHC£
3
/R.T. 

phCH
3

/CHC£
3

/R.T. 
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Because of the difficulty to dissolve these products 

ir. a suitable solventv their molecular weigh~s could not be 

calculated by using osmometer. The electrical conductivity 

masurements for compound (IV) , show it_ as ionic 

product - see Appendix 1. From the M5ssbaur spectral data 

for compounds (IV-VIII Except VI), it has been shown that 

antimony atom exists in the trivalent oxidation state and 

that its isomer shift is similar to authenti~ samples which 

~ e 
contain the SbC£ 4 anion ~see Appendix 1. Other studies 

such as mass spectra, 0HNMR, 13cNMR, IR will be discussed 

later, confirm that these products are actually non-ortho-

metallated or ionic orthometallated ,compounds. However, the 
@ 0 

success in isolating salts such as ph2CNH 2SbC£ 4 and 

e e ® e 
ph2CNH2SbC£6 from the reaction of ph2CNH2 Cl with SbC£ 3 

or SbC£5 in chlorform may strongly support the ionic structures 

of the R1R2CNX/SbCQ,
5 

products -(the synthesjs of ph2CNH
2
0-

SbCQ,4e and ph
2

CNH
2
@sbc£

6
e salts are mentioned in chapter 

three). In the reaction pathway on which lithio derivatives 

R1R2CNLi are used, the reactions were carried out in toluene 

at their initial stage, after which the solvent was pumped 

off under vacuum and then CHC£
3 

was added, giving brown 

solutions which deposited compounds (IV-VIII), and a high 

yield precipitate. The IR spectrum of this precipitate 

does not show a simple spectrum as expected for LiC£ but 

shows similar bands of those observed in the ph
2

CNH
2
® SbC£

6
6 

sample. This may indicate that during the formation of the 

R1 R2CNH 2°sbc£ 49 product the R 1 R2CNH 2~SbC£ 66 may deposit 

simultaneously. The other reactions in which silyl 

Compounds R1R2CNSl'Me
3 

d f d . t 1 are use , were per orme ln o uene 
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at room temperature (only for compounds IV and VI) and 

deposited yellow solids. In the reaction of (p-tolyl) 2CNSiMe
3 

with Sbc~ 5 the yellow solid did not deposit on sitrring at 

room temperature; but instead two layers were formed : a 

yellow brown solution {upper) and a red-brown oil (lower). 

For that reason the mixture was heated at 80°C after which 

the red-brown oil faded to a yellow-white sclid (V). In 

another experiment, the reacton of 0-tolyl phenyl ketimino 

trimethyl silane with antimony pentachloride was repeated 

without using any solvent in an attempt to identify the 

actual products obtained from this reaction. The 0-tolyl 

phenyl ketimino trimethyl silane system was preferably 

chosen from all ketemine systems since; this system has not 

produced the tin-orthometallated compound, but a product which 

is believed to have the formulae (0-tolyl, ph CNSnc~ 3 .

n solvent)m. The final products of that reaction, after 

about 30 minutes (started from-196°C until R.T. was reached) 

were a dark brown viscous liquid under a yellow liquid. 

The IR spectrum of the latter product is exactly similar 

to that of an authentic sample of trimethyl chlorosilane 

Me 3 SiC~, whilst the IR spectrum of the dark brown liquid shows 

very strong bands at 3340, 3260, 3220 cm-i two medium intensity 

-1 
bands at 1870, 1835 em and three bands at 1665, 1595, 

1550 cm- 1 which are consistent with those bands observed 

in the dark red-brown oil mentioned in the first section. 

On heating the dark viscous liquid under vacuum at 80°C, a 

white solid was sublimed onto a cold finger and was identified 

as antimony trichloride (SbC~ 3 ) by its IR spectrum. The 

remaining residue is a dark brown solid which was not air-
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sensitive, very soluble in chloroform and its IR spectrum 

confirms the existence of the imine system from the 

appearance of ill-defined ~(N-H) band at 3200 crn- 1 and 

y{C=N} and Y(C=C) at 1640, 1590 and 1540 
-1 

ern The 

isolation of Me
3

SiC£ and SbC£ 3 from that reaction intermediate 

suggest the possible pathways as illustrated in Scheme 

(2.11}. 

OC
o.Wl~l 

N"J·· + 
:::>b···/-

2 C[ n· 

Scheme 

The reason why such ionic compounds : R 1 R2 C~H2®sbc~ 48 and 

1 2 e e R R CNH 2 SbC£ 6 are separated from the reaction of 

R1R2CNX with Sbc£5 -which is expected to af~ord either the 

diaryl ketimino antimony tetrachloride or the 0-tetra

chlorostibino diarylketimine may be explained by assuming 
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an interaction taking place between the reactive imino-

antimony tetrachloride intermediates and the toluene. If 

such interaction occursu it will be expected to halogenate 

the toluene and finally to produce the free ketimine, 

hydrogen chloride, and antimony trichloride. The last 

three products are just the starting materials for 

obtaining the diaryl ketiminium tetrachloro antimonate {III); 

R 1 R2CNH2@sbc~ 46 . This assumption is supported by the mass 

spectrum of the toluene solvent after distillaton which 

implies the presence of chlorotoluene derivatives. The 

possible pathways for that interaction are illustrated in 

Scheme ( 2. 1 2} . 

Scheme 

sfbct5 PhMe excess 

VJ 

Ar
2 

CNH ...;- C~ C6H4 Me + 

SbCl 3 + HCi 

2.12 

Ar 

X~~H Y PhMe 
SbCI!o 

SbC's l PhMe excess 

Ar 

X~NH 
/H 

Also it has been taken into account that if a system like 

O-Sbc~ 4xc 6H 3C(Ar) = NH.C 7H8 is assumed to exist, then it 

can be compared with other systems such as phSbC~ 4 or 
12 

p-MeC 6H4SbC£ 4 which have been characterized to react with the 

ionic salts to give very stable complex salts. Some 
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2t-
reactions which yield those complex salts are given in the 

chemical equations {2.7 and 2.8): 
@ e 

p-xc
6

H4N2C£ + p-YC6H4SbC£ 4 

where x = c 2H50,CH3 ,H,Br,N02 

y = H1 CH
3

,No 2 

( 2. 7} 

{ 2. 8) 

If the character of the aromatic antimony tetrachloride is 

considered then it is possible to postulate a series of 

ionic complexes which can be formed in the antimony ortho-

metallation reactions: 

Ar 

~NH 
~s~ 
X C~s 

Ar 
~@ 
~e~NH x srocfi 

2.2.2.2 Spectroscopic data: 

(A) Mass Spectra 

The mass spectra of all compounds (except V) ~ 

e e (p-tolyl) 2CNH
2 

Sbc£ 4 were recorded and their results are 

listed in Table (2.11 - a,b,c,d}. There are no peaks arisin~ 

from fragments of R1R2CNSb(t) or any of its chlorides, indicating 

the absence of any possible orthometallated structure. Most 
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of the peaks which were observed for these compounds were 

. . 1 2 G) either due ~o the organ1c fragment R R CNH2 or the inorganic 

. 1 2 Gl fragment SbC£ 4 0 The organ1c fragment R R CNH 2 itself is 

unstable and may undergo a further series of decompositions 

due to electron bombardment or thermal effect to give more 

12 + 12 + 1 + 2 + 
stable framents such as R R CNH , R R CN , R CNH , R CNH , 

R1 , R2
o In the compound ph2cNH2G>c£8 the mass spectrum does 

~ not show an intensive peak at m/e = ph2CNH 2 , but in contras~ 

the spectrum shows fragments at m/e = 180 (100%), 179 (56%), 

104 {57%}, 77 (41%) 0 

Table ( 2 o 11) 

Mass Spectroscopic 

Compounds (IV and VI - VIII} o 

e e 
(a) for ph2 C~H2 SbC~ 4 (IV) 

+ m/e (Fragment, Ir%): 227(SbC.Q. 3 +1,13); 191 (SbC.Q. 2 ,39); 

183 (ph2CNH 3 ,11); 182(ph2C~H2 ,SO}; 180(ph2CN,100), 158 

(SbC£+2,7); 123(Sb,7}; 121(Sb,9); 104(phCNH,73), 77(ph,62), 

3 6 ( HC £, 3 4) ; 3 5 ( C £, 1 5) . 

@ e 
(b) for o-tolyl, phCNH 2SbC£ 4 (VI) 

369(?,24); 195(o-tolyl, phCNH,25); 194(o-tolyl,phCN,100); 

193(SbC£2+2,14), 178(ph2CN-2H,15); 121(Sb,1.3); 116(o

tolyl CNH-2,13), 91 (o-tolyl,10); 77(ph,12), 36(HC£,83); 

35(C£,7). 

® e 
(c) for m-tolyl, phCNH 2SbC£

4 
(VII) 

272(SbC£
4
+1,1); 226(SbC£3 ,21}; 204(MeSbC£ 2-2,3); 

197(m-tolyl,phCNH3 ,1); 195(m-tolyl,phCNH,49); 194(m-tolyl, 

phCN, 99); 192 (SbC£ 2+1,73); 181 (ph2CNH, 31); 180 (ph2CN, 79); 

121 (Sb,4); 118(m-tolyl CNH,27), 104(phCNH,26); 91 (m-tolyl,100), 

77(ph,23), 36(HC£,74). 
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® e 
(d) for (p-FC

6
H4 ) 2c g NH2 SbC~ 4 (VIII) 

296(SbCQ,
5 

or Sb2C£F,4}; 261 (SbC~ 4 ,1}; 241 (? ,3); 226(SbC~ 3 ,2); 

2'17(~P-FC 6H 4 ) 2CNH,37}; 215{~P-FC 6H 4} CN-H,87); 121 {Sb,100), 
2 

96{,?~FC6H5,15) I 95{P-FC6H4,50~; 36{HC~,64); 35(C£,23}. 

The mass spectrum of diphenyl ketiminium chloride, also shows 

a fragment due to HC~ which was the most si~nificant peak 

1 2 €> e for the compounds R R CNH2 Sbc~4 . The inorganic fragment 

-:-
SbC~4 could not be observed {except for compounds VII and 

VIII) and instead a series of peaks were observed with the 

characteristic relative intensities associaced with the 

presence of one antimony and one, two, or three chlorine 

atoms. In compound (VI), the mass spectrum shows a single 

peak at m/e = 369; this peak does not contain antimony or 

chlorine and it is probably a polymeric organic fragment -due to some recombin ation process. 
~ 

(B) Infra-red Spectra 

The infra-red spectra of compounds (IV-VIII) were 

recorded as Nujol Mulls and their most significant bands 

are illustrated in Table (2.12); together with those of some 

related compounds. 

The spectra strongly resemble those compounds which 

have been identified as diaryl ketiminium chloride Ar 2-

CNH2@c~9 for Ar 2 = ph2 or (o-tolyl,ph) which can easily be 

prepared by passing dry hydrogen chloride gas through and 

ethereal solution of imine. 

The common feature of each spectrum is the appearance 

of a weak band in the region of 3200-3360 crn- 1 followed by a 

gradient down to 3100 cm- 1 which are possibly due to symmetrical 
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and asymmetrical stretching vibrations of NH 2 group. The 

variation in ~(N-H) frequency from one cornp~und to another 

is believed to reflect the variation of the force constant 

of the C=N bond due to the different carbon-attached substituents 

i.e. Hi CH 3 ~ F. 

Each spectrum also shows one or two bands in the region 

1685-1630 crn- 1 which arise from the stretching vibration of 

azornethine group; V(C=N}. Actually in the ~rniniurn chloride 

saltsp Ar 2CNH2~ C£6 the y(C=N) stretching frequency is 

shifted to a higher frequency in comparison with the parent 

imine (due to the i.ncrease of P-character of the hybridized 

nitrogen from the SP 2 to the SP 3 state) p which appear at 

-1 about 1650 ern as very strong single band. The appearance 

of two bands in that region as observed in compounds IV, VI, 

VII, may be explained by the Fermi resonance effect, where 

this characteristic strong band for Y(C=N) frequency inter

act with an overtone resulted from a band [~(C-H) out of 

-1 
plane or ~(NH 2 )]; lie in the region 800- 850 ern and 

after which the fundamental band at~1650 crn- 1 splits into 

-1 
two less intensity bands, one at about 1680 ern and the 

other at ~1630 ern-~ For aromatic system modes, each spectrum 

shows a very strong band at ~ 1595 crn- 1 assignable to the 

V(C=C) stretching frequency. 

In compounds IV and VI the characteristic bands due to 

-1 
the aromatic (C-H) bending vibrations out-of-plane 900-675 ern 

or in-plane 1300-1000 crn- 1 were quite similar in the number 

of bands to those bands observed in the parent irr.ines and/or 

their hydrogen chloride salts. This observation may give an 

indication that no orthornetallation substitution process 

occurs on the aromatic rings. The IR spectra of compounds 
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Table ( 2. 1 2) 

Tentative assignments of the most significant bands for diarylketiminiurn tetrachloro
antimonate (III) derivatives and some of their related compounds. 

--
Compound )l(N-H) ern -1 ))(C=N)cm -1 )>(C=C)crn 

-1 
Aromatic C-H bending mode; ~(sb-~ 1 ~ 
and N-H bending modes* crn-1 - ern 

I 

-:- e 3360 1638,1685 1588 858,825,797,775,725,703,695 
1297,1192,1165,1120,1022 320 (sh) ph

2
CNH 2SbCQ.. 4 
~ e ph

2
CNH 2C.R. 3300 1655 1598 877,854,800,765,729,705(b~)' 

1285;1192,1160,1145,1032,1000 -

* ph
2

CNH 3250;3210 1600 1567 890,850,789,760,720,695, 
1297,1195,1178,1150,1072;1030, 
1000 -

+ e 3330 1630,1685 1588 883,794,768,730 1 714,704tbr) (o-tolyl,ph)CNH 2SbC.R. 4 1290,1195,1168,1160,1127, 
1030 -

+ E> 3300 1645 1600,1590 868,841,790,769;732,710,692, (o-tolyl,ph)CNH2C.R. 
1 2 8 5 1 1 2 0 9 1 'J19 0 ; 11 6 8 g 11 6 0 p 11 4 5 1 

1029 -

* (o-tolyl,ph)CNH 3260,3200 1605 1572 C93,802,782,7~0,730,095, 

1285,1210,1190,1178,1150,1110 
1029 -

(p-tolyl) 2CNH 2 SbC.R.~ 3200 1630 1604 - -
+ e (rn-tolyl,ph)CNH2 SbC£ 4 

3360 1630,1680 1594 - 320(sh) 

l 
I 
i 

I 

" 

' 

'· 

I 
I 

; 
! 

! 
: 
,I 

' ' ·, 

l 

! 
I + e 3320 1640 1593 (P-FC

6
H

4
) 2CNH 2SbCQ.. 4 

- 320 -- I ---------- --

* - recorded as contact film. * - aromatic C-H bending modes are out-of-plane and in-plane bending which may include the modes of 
(N-H) bending: ~(NH 2 ), ~(NH2 }. 
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IV-VIII does not show any significant bands in the region 350-

300 crn- 1 as expected for y{Sb-C~~ stretching frequency of the 

[SbCt~]G species. Howeveru in some spectra a shoulder 
" 

-1 
band was observed at ,_ 320 ern which may be assigned as 

Y(Sb-C~) of SbC£4e 

[C
5

H
5

NH]@[SbC£ 
4 

]G 

as it has been reported for the 
~ G 25,26 

and [Et
4

NJ+[SbC£ 4 ] complexes of which the 

-1 
~{Sb-C£) frequency absorb at ~330 ern further far infra red 

and Raman spectral studies on these compounds should 

elucidate this. 

(C) Proton Magnetic Resonance Spectra 

I 
The HNMR spectra were recorded for all compounds (except 

compound VI), in d
6

-DMSO using tetrarnethylsilane as external 

o~ internal standard. The spectra were simple in comparison 

with those of orthornetallated compounds, particularly in the 

region of the aromatic protons. Each spectrum shows two or 
I 

three signals, one for the aromatic protons { ~8.0 ppm), and 

a second very weak broad signal; difficult to determine which 

+ 
is believed to be assigned to the (C=NM2 ) protons of the 

iminium salt ( ~13.0 ppm), and the third signal is due to the 

methyl-aromatic substituent protons, only for those compounds 

V, VII ( ""'3. 0 ppm). The 1HNMR data for these products (IV-

VII) are listed in table (2.13). 

To see the effect of protonation on the 
I 
HNMR spectrum 

of the parent imineu 
I 

e.g. ph2CNH, the HNMR spectra were 

recorded for ph
2

CNHu 
. e e. 6 

ph2CNH 2C£ 1n d -DMSO. Upon protonation, 

both signals of (N-H) proton and aromatic protons of ph
2

CNH 

were shifted downfield and the signal of NH
2 

protons was 

broad and weak and difficult to determine- see table (2.13). 

This broadness and disappearance of ~CNH2 peak are familiar 

characteristics for the protons of the imine salts, which 
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results from the fast bimolecular rate of exchange of the 
27928 

protons with the medium or by quadrupole relaxation. 

' Another feature of the 'HNMR spectra of these non-

orthometallated products is ~he absence of a spin-spin 

splitting for the aromatic protons. In two cases, however, 

the splitting of aromatic protons were observed (Compounds 

VII and VIII)~ but these splittings are believed to occur as 

a result of coupling with 19F {as in VIII) -see table {2.13). 

Also it is possible to consider the possibility of these 

samples to decompose into Ar 2CNH and the HSbC£ 4 components 

at room temperature. To eliminate this possibility it 

recommended to carry out the NMR spectrum at a low temperature. 

NO. 

IV 

v 

VII 

VIII 

Table {2.13) 

Proton magnetic resonance spectroscopy results for 

compounds IV-VIII and for some relative compounds. 

* Chemical Shifts ppm 

I Aromatic I Compound protons CH
3 

NH 

@ e 
8.05 1 4 . 5 ph2CNH2SbC£ 4 -

<t> e 8.7 3.58 not (p-tolyl) 2CNH 2ShC£ 4 observed 

m-tolyl,phCNH~SbC~~ 7.9,8.03 2.76 11 . 1 

(p-FC 6H 4 ) 2C~H2SbC£~ 7.6,7.8, 
7.95,8.1, 
8.22,8.32 - 12. 4 

ph2CNH 7.43 - 10.43 

® e 7.9 not ph2CNH 2C£ 
observed 

* The chemic~l shifts are determined relative to the external 

TMS except Compound (IV) in which TMS internal is used. 
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(D) Carbon-13 Magnetic Resonance Spectra 

Table {2.14} contains the Carbon-13 chemical shifts for 

the diphenylketiminium salt of tetrachloro antimonate 

(Compound IV), its parent imine; ph2CNH and other relative 

derivatives. The chemical shifts were measured from the 

internal d 6-DMSO which was used as a solvent and then 

converted to the TMS scale using the following chemical 

29 c 
difference: ~TMS = ODMSO + 40.5. 

The chemical shift assignments of the carbon resonances were 

made tentatively by analogy of the sample to be examined with 

the relative imine parent and other iminium salts. Also 
30 

the available 13cNMR assignments book (Johnson and Jankowski) 

and Rosenthal-Fendler Review 29 have been applied to assist in 

the assignments. 

@ e The spectrum of the iminium salt, ph2CNH 2 SbC£ 4 showed 

three sharp signals in the relative intensity ratio (2:2:1) in 

the region 130-135 ppm which are believed to be assigned to 

the non-snbstituted aromatic carbon resonances in comparison 

with the diphenyl-ketone; ph
2
co in the latter compound, the 

o-/m-/p- carbon resonances of the phenyl ring have been 

assigned to the signals 129.2, 127.6, and 131.6 ppm respectively, 

if this sequence is applied for sample (IV) then it might 

be assigned to the signals at 132.38, 129.94, and 136.14 ppm 

with the o-, m-, p- carbon resonance of the phenyl group 

respectively. 

The ~ 13c=N+ resonance was observed at 189.8 ppm as a 

very weak signal which is normally observed for R
2

c = NR2~ 
31 

in the region 155-190 ppm The bridged carbon resonance 

of the phenyl which may be superimposed on the p-carbon 

resonance signal could not be observed. The spectrum of the 



94 

iminium salt (IV} was recorded again after two days and showed 

both the bridged carbon and the iminium group more clearlyu 

but a new series of signals were observed in the carbon phenyl 

resonances. The total number of phen~l resonances was 10 

which may seem to '(?e similar to the same number of signals 

observed for the cyclometallated structure e.g. ~aCaC)o-

J2 
pd-C

6
H4N = Nph. However; this does not mean the formation of 

an orthometallated compound since there were no signals 

observed in the region 145-165 cm- 1 as expected for the 

metal-carbon resonance. The appearance of the new signals 

in the iminium salt spectrum may be explained by the thermal 

decomposition of ph2CNH2°sbc£ 4e upon spinning for a long 

period which may lead to the formation of new dissociative 

components which are in equilibrium with the original 

material, e.g. 

G> e 
~ Ph2CNH2• Solvent · SbCt4 

The possibility~£ the formation of the (C-N) single bond by 

the way of the addition SbC£
4
9 is eliminated since there is 

no signal absorbed in the region 50-80 ppm (i.e. 13c-~~). 
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3 @ G 
~ C chemical sh!f~s of p~2CNH2 SbCi4 
and some other relative derivatives 

Compound lr <b c2 1 h" c3 /~c£o ~~~ 
: 'V~ 

;b~"' ~ ' I -vs=N ~ M=C 

h d\IH®sbC£ e ! 132.38,129.94 0 136.14 i =t l 189.83 -p 2 2 4 
,I observed . I 

I 

ph2CNH 127.05,127.31 0 127.96 139.13 175.91 -
I 129.78,128.74 

p~CO 
® 

129.2 0 127.6 0 131.6 137.0 - -
xyC = NMe2 - = I 155-190 -

>$ ! 
124.1 0 125.6 0 128.2 ~51.2 0 157.1 (aCaC)-o-Pd-c6H4N=Nph - = 
128.6 0 130.7 0 131.1 0 163.8 
131.4 

® e ph2c6NH2SbC£ 4 - 129.39u130.04u130o43 0 137.84 182.93 -
(after 2 days) 131o08u131.86u132o38 

132 o 9 u 133 oSSu 13~o 14 

2.2.3 The reaction of t-butylu arylketirninolithiurn 

with antimony pentachloride 

1Ref. l 
-

-

33 

31 p 

34 

32 

I 

-

Tl' reaction of t-butyl, arylketimino lithium with antimony 

pentachlorideu where aryl = p-tolyl, o-tolylu m=tolyl was 

attempted • ._·The products (except the product of m-tolylo 

t-butyl CNHLi/SbCi5 reaction) are identified analytically as 

[2 But 0 p-tolylCNH]·4HCi o SbC£ 3 (IX) and 

[o-tolylCN] [But,o-tolylCNH].HC1~SbC15 (X)o 

The structure of these produc~s has not been determinedo 

howeveru they are believed to have an ionic salt structure 

such as 
t @ 29 

(Bu 1 2-C£-4-MeC 6H3 oC ~ NH2 ~(SbC1)S or 
t ® e 

(Bu 1 o-tolylqC=N-C{o=tolyl) = NH2 ~SbC£6 • 
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The isolation of ionic salts of the type Ar2C~H 2 SbC£ 49 or 
m e 

Ar 2CNH 2SbC£ 6 has been observedv and reported in the 

previous sections as by-products resulting from the ortho-

metallation reactions. In order to investigate the reason 

for thisv the previous reactions were repeated again. The 

red-brown oil which is usually obtained from such reactions 

was checked by IR spectroscopy. Surprisingly, a strong band 

was observed at 2240 cm- 1 for the intermediate of (X} which 

may be assigned as the V(C~N) stretching frequency. Other 

significant bands were also observed at 3340, 3190, 1668, 

1620, 1600, 1570, and 1540 which are probably assigned with 

the ~(N-H) and ~(C=C)/~(C=N) stretching frequencies and 

b(NH) deformations. The appearance of the Y<C=N) band was 

also observed in the intermediate of the reactions between 

ShC~ 5 and other ketimino systems such as (But,m-tolyl)CNLi 

and Ph,HCNSiMe 3 . If a nitrile compound is assumed to be 
,.... 

one of the red-brown oil componentsu then an oxid ation 

process is suggested in which the methyleneamino group 

> C=N is oxidized into nitrile group; c=N. The possible 

pathway for these reactions are postulated in Scheme (2.13). 

Ar, -UCI 
~/C:: NU + SbCi5 --)> 

Bu 

A~ l 
,C~SbCl4J 

Me2 C~_ \ 
CH2-H 

"\:lSbCl4 

ArC::N 
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Unfortunately, the IR spectrum of the red-brown oil of 

compound (IX) has not been recordedo In Table (2o15), the 

mos~ significant bands of compounds \IX) and (X} such as 

~~N-H), Y(C=C), V(C=N), ~(Sb-CL), and ~(NH) frequencies are 

listed and compared with the parent irnines which was 

different in the case of {X} o 

Table (2o15} 

Infra-red data of the products resulted 

from the reaction Ar, ButCNLi/SbC~~ 

Compound 
))(N-H) ! 'J {Sb-C~) ~ Y(C=C)/y(C=N)/b(N-H} 

-1 I -1 I -1 .. ern ern ) ern 

p-tolyl,ButCNH(C} 3240· - I 1 6 7 5 ( vw) , 1 61 0 ( rn/ s) , 
3210 i 1570(vw) ,1510(w) 

I 
IX (n) 3240· 345 1628,1610,1594, 

3205 1510 

t o-tolyl,Bu CNH(C) 3240· 
3210 - 1615(s) ,1600(w) 

X ( n) 3395 H 340 1700 (w), 1650 (w/rn) 
3320 1630(rn) 1600(w), 
3295 1520(W)o 
3205 

(c) contact liquid film 

(n) nujol rnullo 

,, 
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2.2.4 The Reaction of N-chloro di-p-tolyl ketimine with 

Antimony Trichloride 

This reaction was carried out in order to see if any 

orthometallated product can be p~epared and also to study 

the intermediate of this reaction which might be helpful for 

the reaction between the imino-lithium and antimony pentachloride. 

The reaction between the imino chloride and the antimony· 

trichloride was attempted in two different ways, one of them 

without using any solvent and the other using toluene as 

a solvent. 

In the reaction attempted in the solid state, upon the 

mixing of the initial reactants in the dry box, a rapid 

change occurred. This change was exothermic and the white 

mixture changed into a molten red-brown material. The 

analytical data of that red-brown material corresponded 

approximately to the formula (pt2CNC£} 3 (SbC£ 3 }2 . TheIR 

spectra of that material was recorded as a njuol mull. 

The spectrum was very similar to the starting compound; 

pt 2CNC£ and there was no V(N-H) stretching band observed or 

a significant shift for the y(C=C)/V(C=N) bands. 

In the mass spectrum- see table 2.16- the dark red-

brown substance gives the highest intensity peak at m/e = 194, 

which has been assigned before in the previous sections as 

H3SbC£ 2 . Also the spectrum does not Sive any indication 

of the formation of an orthometallated compound or even 

any fragment corresponding to pt
2

CNSb@ or its chlorides. The 

pt2CNC£ fragment which is normally observed at m/e = 243 

and 245 is not observed. The most interesting feature of the 

mass spectrum is the appearance of several peaks at 
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m/e = 277,418 and 488 which are believed to reflect the 

formation of diantomony chloride fragments such as Sb2C£, 

sb2c~5 and Sb2c~ 7 fragments. 

In another attempt, the same reaction was repeated by 

extraction of the mixture in toluene solution. No change in 

the colour was observed and the solution deposited a micro-

crystalline solid which apparently has the composition 

(pt 2CNH·Sbc~3 ·2HC~). The reason for suggesting this formula 

comes from the analytical data, IR arid mass spectra. In the 

IR spectrum, the Y(N-H} stretching frequency is observed at 

3330 cm- 1 and there is no sign of the appearance of the V(C=N) 

-1 
band as only one pand is observed at 1603 em which may be 

assigned to the V(C=C} aromatic frequency. In the region 

-1 . 
1200 - 1000 em the spectrum is different from the 

(p-tolyl) 2CNC~ spectrumu for exampleu a strong band is 

observed at 1020 cm- 1 which might be consistent with the y(C-N) 

frequency - y{C-N) single bond stretching frequency occurs 
35 

at 1030-1230 cm- 1 for the aliphatic amines. A change is 

-1 observed also in the region 900-600 em , by the appearance 

of new bands particularly at 753 cm- 1 in comparison with the 

i~ino-chloride spectrum, this may be assigned to the 

~(C-C~) stretching frequency. The appearan~e of a band at 

-1 340 em suggests the existence of the tetrachloro antimonate 

(III) anion; Sbc~ 4Q for which Y(Sb-C~) would be expected 

near this frequency. 

The mass spectrum of that white solid is nearly similar 

to that spectrum of the red-~rown solid- see table (2.16). 
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Table (2.16) 

Mass spectral data of pt2CNC£/SbC£ 3 Products. 

~a} for 3 pt2CNC£ - 2SbC£ 3 product 

+ m/e (Fragment , Ir%): 489{Sb2c27 +2,0.6) 1 

2 7 7 { s b 2 c £ F 0 . 4 ) I 2 2 7 ( s bC 2 3 + 1 F 2 8 ) ; 2 0 9 ( p t 2 CNH p 7 ) I 

194(SbC22+3 or pt,phCN 1 100); 192(SbC22 +1 1 74); 157(SbC£+1,7); 

122(SbH,12); 120(ptCNH
3

,20}; 91 (pt,11) 1 36(HC£,56}, 

35(C£,17). 

(b) for pt
2

CNH-SbC£ 3 -2HC£ product:582(?,3), 488(Sb2C£ 7 

+ 1 , 4 ) 1 4 5 ( ? , 1 ) 1 4 2 9 { ? , 1.5 ) , 3 5 9 ( ? , 6 ) 1 2 2 6 { S bC 2 3 , 1 9 ) ; 

191 (SbC£ 2 ,70); 193(SbC£2+2,1©0), 156(SbC£,11 ) , 121 (Sb,18); 

3 6 ( HC £, 2 8} ; 3 5 { C 2, 1 4) . 

It can be concluded from the reaction of N-chloro di-

p-tolyl ketimine with Sbc£3 that the reaction does not yield 

the orthometallated compound hoped for, protably because 

of the formationof&nionic product such as [2pt 2 CNC£.~ 
pt2CN~bC£3 ] [SbC£ 4 ]8 in the case of the solid state reaction 

or due to the interaction of the reactive intermediate with 

the solvent which may lead to the formation of hydrogen 

chloride leading finally to the reduction of the (C=N) 

double bond into (C-N) and the formation of a compound like 

et> e pt2C(C£)NH3 SbC2 4 . The appearance of signals which are 

believed to arise from the diantimony chlorides may suggest 

an intermediate with a mainly metal-metal bond which controls 

the pathway of that reaction. 

2.3 CONCLUSION 

The equimolar reaction of diarylmethyleneamino-lithium 

with antimony chlorides does not produce only the antimony 
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orthometallated compoundso Another two different products 

are isola~ed and identified as iminium salts of tetra-or 

hexachloroantimonateo These salts probably result from the 

interaction of the intermediates with solvents or perhaps 

due to the thermal decomposition of the intermediateso 

The most valuable observation of these reactions is the 

. V III change of the oxidation state of antlmony from Sb to Sb 

which indicates that an oxidation-reduction process occurs 

during the orthometallation reactionso The transference of 

a group such as the azomethine (~C=N-) or chlorine from one 

Sb atom to another may be responsible for such an oxidation-

reduction reactiono In the equimolar reaction of t-butyl, 

arylketimino lithium with antimony pentachlorideg the results 

show an important behaviour in which the azornethine group; 

(C=N} is oxidized into cyano group; (C=N) due to the 

elimination of Me 2C=CH 2 and [HSbc~4 J o All types of the 

reaction between antimony penta-or trichloride and ketimino 

derivatives, carried out in this \vork are summarized in the 

following scheme: 

SbC[5 l R1
R

2
CNX ; 

® e 
[ ~ R2

CNSbCltoJ ---"> R
1 

R
2
CNH2 SbCito 

~ 2 
R=R =Ar 

andjor 
2® e 

R
1 

R CNH2 SbCI6 
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2.4 EXPERIMENTAL WORK 

All reactions were carried out under an atmosphere 

of dry nitrogen. 

2.4.1 Reaction of Diphenylketirninolithiurn with Antimony 

Pentachloride (Mole Ratio 1:1 u Solvent Diethyl 

Ether/Tolueneu Temperature 90°). 

A solution of 22.1 rnrnol. diphenylketirninolithiurn in 

60 crn3 dry ether/hexane was cooled to -196°C and 2.8 crn
3 

antimony pentachloride were added. The mixture was allowed 

to warm to room temperature with stirring. The deep red 

colour of the imino-lithium faded to yellow, and a pale-

yellow precipitate forrnedu which rapidly became sticky and 

coagulated. The mixture was stirred for twenty hours, 

with no change in the colour of the mixture. Then all solvent 

3 was removed under vacuum. 60 ern dry toluene were then added 

to the residue, and the dark yellow mixture was heated for 

one hour at about 90°C. 

A deep red oil deposited beneath the red solution. The 

mixture was filtered while hot 1 yielding a white solid 

(LiC1) and the f~ltrate was separated into two layers; the 

lower was a deep red oil, and the upper was a red solution. 

The upper solution was withdrawn by syringe leaving the oil. 

Both the oil layer and the red solution deposited a bright 

yellOW mirocrystalline solid on standing at room temperature 

for three days. This was identified as ortho-tetra-

i 
chlorostibinodiphenylketirnine; o-c1 4SbC

6
H

4
C(ph} = NH. Some 

of the yellow solid was deposited as brown solid. However 

the analysis and the other spectroscopic analysis showed 

this brown solid as an orthornetallated compound. 
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* Analysis: 
Found : 

N 3.0u Sb 26.5% 

c 13 H 10Nsbc~ 4 requires: 

C 35.2 1 H 2.3 1 C~ 32.1u N 3.2u Sb 27.5%. 

*Infrared spectrum: 'l cm- 1 {Nujol Mull) Ymax 

32SO(m/s)u 3069(m), 3055(m}, 3020{m)u 3010(m), 1960(vw) 1 

1910{v-w} 1 1845(vw), 1690(vw) 1 1664(vw) 1 1615(vw), 1598(m 1 sh) 1 

1 5 7 7 ( W ) y 1 5 6 9 ( m) y 1 5 4 0 ( m ) y 1 5 0 0 ( VW ) y 1 4 9 0 ( W ) y 1 3 2 0 ( VW ) y 

1310(vw), 1300(w), 1282(vw) 1 1260(vw), 1218(w), 1158(w), 

. 1124 (w), 1000 (vw) 1 885 (vw), 848 (vw) 1 824 (vw), 789 (m), 759 (w), 

740(w), 722(m} 1 695(m,sh), 674(w), 650(w,sh), 615(w), 604(m). 

2.4.2 Reaction of Diphenylketiminolithium with Antimony 

Pentachloride (1:1 in Toluene/Chloroform at 15°) 

A solution of 16.5 mmoles diphenylketiminolithiurn in 

3 3 
56 em dry toluene/hexane was cooled to -196°C, and 2.1 em 

antimoni pentachloride were added. The mixture was allowed 

to warm to room temperature with stirring and then stirred 

overnight. The resulting yellow solution over a white yellow 

precipitate was then evaporated to dryness under reduced pressure• 

30 cm3 dry chloroform were then added to the residue and the 

mixture was stirred for -15 minutes and then filtered yielding 

a pale yellow solid (bulkier than would be expected for 

LiC~), and a dark brown solution, which onstanding for two 

days at room temperature deposited a bright ~hite micro-

crystalline solid, which was identified as diphenylketiminium . 
• ® e 

(ph2C = NH
2

) (SbC~ 4 ). 
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Found~ 
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C 35.0 1 H 3.3 1 C£ 32.5 1 N 3.3 1 Sb 28.0% 

c 13H12NSbC£ 4 requires~ C 35.0u H 7..7 1 C£ 31.9, N 3.1, 

Sb 27.3% 

*Infrared spectrum Y cm- 1 (Nujol Mull) max 

3 3 6 0 { m) p 3 1 0 0 { S ) I 3 0 8 6 ( S ) I 3 0 6 0 ~ S ) p 3 0 3 0 ( S ) I 1 9 8 8 { VW ) 1 

1975(vw), 1910(vw 1 sh), 1825{vw,sh), 1775{vw) 1 1685{m), 

1678(m} 1 1603(m} 1 1588(w), 1575{m 1 sh) 1 1500(w), 1485{w), 

1323(w) 1 1308(w), 1297(w/m) 1 1192 (w), 1165(m/s) 1 1120(w), 

1138 (vw) 1 997 {vw) 1 980 (vw) 1 938 (vw), 858 (vw), 845 (w), 

825(m), 797(m,sh), 790(w), 774{m/s), 764(w), 725(m) 1 

703(s), 695(s), 685(w), 664(m), 614(w) 1 602(m), 564(m). 

2.4.3 Reaction of Diphenylketiminotrimethylsilane with 

Antimony Pentachloride (1:1 in Toluene at 18°). 

A solution of 11.85 mmol. diphenylketiminotrimethylsilane 

3 3 in 40 em dry toluene was cooled to -196°C and 1.5 em 

an~imonypentachloride were added by syringe. The mixture 

before reaching room temperature was in two layers; the 

lower was a dark brown solid and the upper was yellow 

solution. Evolution of bubbles from the lower layer was 

observed and the rate of evolution of these bubbles increased 

with approaching to room temperature. On stirring the mixture 

for one hour at room temperatureu the final product was a 

light yellow solid below the yellow solution. This mixture 

was then filtered yielding the yellow powder and a yellow 

solution. The latter solution deposited, on standing at room 

temperature for four days, a bright white microcrystalline 

solid. Its m.p. and i.r. spectrum was identical to that 
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reported for the crystals of reaction {2.4.2) i.e. ph2CNH
2
® 

Sbc~49. However, the i.r. spectrum for the yellow powder 

confirmed the existence of another product. 

Infrared spectrum for the yellow powder~ 

,) cm- 1 (Nujol Mull}. 
V max 

3289(m}, 3260(m), 3060{m), 2720(w), 1815(vw), 1660(w), 

1605{w), 1584(m/s,sh), 1560(m), 1545(m/s), 1485(w), 1300(w), 

1273~w), 1225(w), 1210(vw), 1180(vw), 1165(w), 1072(vw)u 

1029 (vw), 1000 (w), 853 (w) v 838 (w), 789 (w), 778 (w), 763 (w), 

7 3 8 ( w) , 7 2 8 ( w) , 7 0 0 ( s , sh) , 6 55 ( w) , 6 4 2 ( w) v 6 3 2 ( w I m) , 

612(w/m), 602(m). 

2o4.4. Reaction of Diphenylketiminolithium with Antimony 
·lil 

Pentachloride (5:1 in Toluene at 100). 

A solution of 68.4 rnrnol. diphenylketiminolithium in 

approximately 100 ml. dry toluene was cooled to =196°C and 

1.75 ml. antimony pentachloride (4.09 g., 13.68 rnrnol.) 

were added. The mixture was allowed to warm to room 

temperature with sti:rring .• 

The characteristic red colour of the imin~lithium 

=·· 

faded to orange and finally to yellow, and at room temperature 

the reaction mixture consisted of a yellow solution over a 

yellow-white precipitate. The mixture was stirred at room 

temperature for 40 minutes, then heated to-1·00°C with stirring 

and filtered whilt hot to produce a white yellow precipitate 

and a yellow filtrate. On standing at room temperature for 

3 days, this filtrate deposited no solid even on cooling. 

After several weeks standing at room temperature, this 

solution deposited colourless, long needles which were 

collected on a fi~ter stick, washed w~th toluene and dried 
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under vacuum. They were identified as benzophenone oxime. 

ph C = N-OH 
2 

'""Analysis 
Found~ C 81.3, H 5.3, N 6.6, Sb Ou C£ 0, Li 0% 

c 13H
11

NO requires ~ C 79.2 1 H 5.6 1 N 7.1% 

* Infra-red spectrum: \1 crn- 1 (Nujol mull) . 
l max 

3090 (vw) 1 3080 {vw) 1 3050 (w) 1 3020 {w} u 1587 (w) 1 1564 (w) 1 

1320(m/s), 1310(w), 1294(vw), 1270(vw), 1178(w), 1159(vw} 1 

1075{vw}, 1025{w), 999(vw), 982(w), 954{m), 909(w), 775(w/m), 

762(m,sh), 755(w), 749(vw), 723(w), 718(vw) 1 690(vs) 1 

665 (vw), 652 (w/m), 612 (vw}. 

2.4.5 Reaction of Di-p-Tolylketiminol~thium with Antimony 

Pentachloride( 1:1 in Diethyl Ether/Toluene at 

90°C) 

The lithiated di-p-tolylketimine (15.7 rnrnol.) in 60 ml. 

dry ether/hexane was cooled to -196°C and treated with antimony 

pentachlo:ride (2.08 ml. 15.7 mmol). The solution was allowed 

to wa~m up to room temperature during which the very dark 

red solution changed colour to give a clear solution over a 

precipitate. All the solvent was removed u~der vacuum 

leaving a yellow residue which was heated by a hair drier 

under vacuum until all the yellow residue melted and turned 

brown. 45 ml. dry toluene were then added to the brown 

residue, which reaidly dissolved in the toluene. The 

mixture was heated for one hour at about 90°Cu then filtered 

while hot, yielding a white solid (LiC£) and the filtrate, 

which separated inio two layers as observed in reaction (2AJ) 

On standing at room temperature for three days, the brown 

filtrate deposited a white solid which was collected on a 

filter stick, washed with cold toluene and dried under vacuum. 
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This reactionns product was identified as ortho-tetra-

chlorostibinodi-p-tolylketirnine. 

" 0-C£ 4 Sb-P-MeC 6H 3 ~p-tolyl)C = NH 

For the purpose of X-ray differaction analysis, an attempt 

was made to grow a single crystal of the raw material of the 

reaction product by recrystallization of the solid in the 

toluene solution, but it was not successful. 

*Analysis for the recrystallized solid: 

Found: C 38.3, H 2.7u N 2.8, C£ 30.0 o/0 

c
15

H
14

NSbC£
4 

requires: C 38.2, H 3.0, N 3.0, C£ 30.1% 

-1 * Infra-red spectrum: Y Crn (Nujol Mull). max 

3260(rn/s), 1610(w), 1600(rn}, ~580(w/rn), 1538(w/m), 1505(vw,sh), 

1 56 0 ( sh} , 1 41 5 ( vw) , 1 3 0 0 ( vw) , 1 2 9 0 ( vw) , 1 2 7 9 ( vw) , 12 6 0 { vw) , 

1230(w), 1210(w,sh}, 1190(w), 1170(vw), 1145(w/rn,sh), 

1 0 2 0 ( VW 1 S h ) 1 9 3 0 ( VW ) 1 8 5 5 ( VW ) 1 8 3 9 ( W ) 1 8 3 2 ( W ) 1 8 2 0 ( VW ) 1 

7 9 3 ( vw ) , 7 8 0 ( w I rn } , 7 5 6 ~ w I rn ) , 7 2 0 ( vw ) , 6 7 0 ( vw ) , 6 1 2 ( vw ) , 

64v(vw), 630(vw}, 493(vw), 435(vw), 409(vw}, 352(rn/s), 

325 (vs). 

2.4.6 Reaction of Di-P-Tolylketirninolithiurn with 

Antimony Pentachloride (1:1 in Toluene/ 

Chloroform at 18°). 

A solution of 12.9 rnrnol. di-p-tolylketirninol.i thiurn in 

3 
~so ern dry toluene/hexane was cooled to -196°C, and 1.65 rnl. 

antimony pentachloride were added. The mixture was allowed 

to warm up to room temperature with stirring. The de~p 

red colour solution of imino-lithium faded to yellow. The 

mixture was stirred.overnight and the colour changed finally 

to a greenish yellow coLour. All solvent was removed under 

vacuum. The solid was stirred with 40 rnl. dry chloroform 
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for~15 minutes and filtered to remove lithium chloride. The 

dark brown filtrate, on concentrating by vacuum and cooling 

deposited bright pale yellow crystals identified as 

di~p-tolylketirniniurn tetrachloroantirnm1ate (III); 

. <» e 
{p-tolyl) 2C:NH2 SbCk4 

*Analysis 
Found: C 38.0, H 4.2, N 2.7, Sb 26.2, Ck 26.7% 

c
15

H
16

Nsbc£
4 

requires: c 38.0, H 3.4, N 2.9, Sb 25.7, 

C£ 30.0'lo · 

-1 
*Infra-red spectrum: Y ern (Nujol Mull). max 

3200{sh,rn), 3020(s,sh), 1630(rn,sh), 1604(s/vs,sh}, 1189(w), 

1162(rn), 1138(w), 1134(w), 1115(w), 1018(vw), 830(s,sh), 

854(w), 770(w,sh), 738{rn,sh), 672(w), 662(w), 632(w), 

614(w/rn), 549(s). 

2.4.7 Reaction of Di-P-Tolylketirninotrirnethylsilane 

with Antimony Pentachloride (1:1 in Toluene at 

A solution of 11.56 rnmol. di-p-tolylketirninotrirnethylsilane 

3 in 40 ern dry toluene was cooled to -196°C, and 1.48 rnl. 

antimony pentachloride was then added. The mixture was allowed 

to warm up to room temperature, with stirring. The final 

product was a yellow-brown solution and no solid precipitated 

as observed with analagous reactions. However, the evolution 

of bubbles which increased gradually, as the temperature 

approached room temperature, was observed. The solution was 

stirred for one hour. On standing, it separated into two 

layers; a yellow-red solution (the upper layer), and a red~ 

brown oil (the lower layer), and the bubbl~s still evolv~d. 

The two layers were heated with stirring at 40°C and the 

red-brown oil faded to yellow-white oil. At 80°C, the mixture 
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was a dark brown-red solution over a white solid. The 

·mixture was then filtered yielding the yell0w=white solid, 

and the dark red=brown filtrate which deposited further 

crystals. 

The i.r. spectrum of these crystals was identical with 

that spectrum for the product of reaction (2.4.6), i.e. 

@ e p-tolyl2CNH 2 SbC~ 4 . 

2.4.8 Reaction of Di-P-fluorophenylketiminolithium with 

Antimony Pentachloride (1:1 in Toluene Chloroform 
0 

at 18) 

A solution of 17.1 mmol. of di-p-fluorophenylketimino

lithium in 50 cm3 dry toluene/hexane was cooled to -196°C and 

2.18 cm3 antimony pentachloride were then added. The mixture 

was allowed to warm to room temperature with stirring for 

four hours. On standing the mixture was a yellow-white 

precipitate below a deep orange-red solution. All solvent 
. 3 

was removed under vacuum, 30 em chloroform were then added 

to the residue and the mixture was stirred for ~15 minutes 

and then filtered, yielding the yellow-white precipitate 

and a dark brown solution. On cooling and standing, bright 

yellow needles deposited. These were identified as 

di-p-fluorophenylketiminium tetrachloroantimonate (III); 
® e 

(p-FC6H4 ) 2C = NH 2 SbC~ 4 
*Analysis 
Found: C 34.8, H 3.3, F 8.0, N 3.0, Sb 24.3, C~ 28.4% 

c 13 H 10F 2NSbC~ 4 requires: C 32.4, H 2.0, F 7.9, N 2.9, 

sb 25.3, c~ 29.5%. 

') -1 *Infra-red spectrum: Fmaxcm (Nujol Mull). 
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3320(rn) 8 3190(rn 8 sh} o 3070(s) 8 2720{w/rn) 8 1720{vw} 8 1625(w, 

broad} 8 1593!s) 8 1510{W} 8 1500(rn) 8 1246{rn/s 8 sh) 8 1158(s) 8 

1135~W) 8 1110{w) 8 1009(W} 0 967{VW) 0 880(w) 8 851(S 8 Sh), 

832 (w 8 sh) o 789 (w), 749 (w) 8 735 (w/rn), 720 {w), 694 (vw), 

659 (w} o 550 (sush}. 

2.4.9 Reaction of rn-Tolyl, phenylketirninolithiurn with 

Antimony Pentachloride (1:1 in Toluene/ 

Chloroform at 18°). 

A solution of 19.97 mrnol. rn-tolyl, phenylketirnino

lithiurn in-52 crn3 dry toluene/hexane was cooled to -196°C 

and 2.55 crn3 antimony pentachloride were added. The mixture 

was allowed to warm up to room temperature with stirring and 

then stirred overnight at room temperature. The resulting 

dark brown solution over a white-yellow precipitate was 

evaporated to dryness. 30 cm 3 chloroform were then added and 

stirred for~15 minutes and the mixture was filtered yielding 

a pale yellow residue and a dark brown solution which on 

standing at room temperature overnight, deposited a micro-

crystalline buff-colouted solido identified as m-tolyl, 

phenylketiminium tetrachloroantimonate (III); 
@ e 

(m-tolyl,ph)C:NH2SbC£4 . 

*Analysis 
Found: C 36.4, H 3.6, C£ 30.2, N 3.0, Sb 26.8% 

c14H14NSbC£ 4 requires: C 36.5, H 3.0, C£ 30.9, N 3.0, Sb 26.5% 

)} 
-1 * Infra-red spectrum: ern · max (Nujol Mull). 

3360 (w/rn,broad), 3108 (m), 3035 (m), 1680 (w), 1630 (w), 

1594(m), 1300(w), 1266(vw), 1226 (vw), 1192(vw), 1178(vw), 

1153(w 8 sh), 1090(vw}, 1029(w) o 928(vw), 892(vw), 829(w), 

807(w), 790(w)u 780{w), 728(w/m)o 705{m,sh} 8 668(w}, 605(w/rn 8 sh). 
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2.4.10 Reaction of o-Tolyl 1 phenylketiminolithium with 

Antimony Penatchloride (1:1 in Toluene/Chloroform 

A solution of j5.4 mrnoles o-tolyu phenylmetiminolithium 

in~5o cm3 dry toluene/hexane was cooled to -196°C and 1.97 cm3 

antimony pentachloride were added. The mixture was allowed to 

warm to room temperature; with stirring and then stirred 

overnight. The resulting orange-yellow solution over a yellow 

3 white precipitate was then evaporated to dryness.30 em chlor-

form were then added to the residue and the mixture was 

stirred for N15 minutes; and then filtered; yielding a pale 

yellow solid (bulkier than would be expected for LiC~) , and a 

dark brown solution, which on standing for two days at room 

temperature deposited a small yield of bright brown needle 

crystals; identified as o-tolyl, phenylketiminium 
® e 

tetrachloroantimonate (111); o-tolyl, phC = NH2 SbC~4 
* Analysis~ 

Found : C 37.6, H 3.7, N 3.4, Sb 26.7; C~ 31.0% 

c 14H 14Nsbc~4 requires-: c 36.5; H 3.0, N 3.0, Sb 26.5, 

c~ 30.9% 

. ,} -1 * Infra-red sp~ctrum 1 em (Nujol Mull) . . max 

3330(m,broad), 3104(m), 3095(m), 3@65(m), 3010(m), 1685(w), 

1630(w,broad), 1599(w), 1588(m), 1195(vw), 1168(w), 1160(w), 

112 7 ( VW) 1 1 0 9 5 ( VW) p 9 9 8 ( VW) p 9 5 8 ( VW} p 9 3 8 ( VW) 1 8 8 3 ( VW) p 

865(vw), 823(w), 794(w); 768(m), 730(m), 714(w/m), 704(w/m), 
·. ' 

666(w) 9612(w}; 574(w/rri), 475(s). 
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2.4.11 Reaction of o-Tolyl, phenylketimino. trimethyl-

silane with Antimony Pentachloride (1:1 in 

Toluene at 16°}. 

A solution of 7.11 rnrnol. o-tolylphenylmethyleneamino

trimethylsilane in 30 cm3 dry toluene was cooled to -196°C, 

and 0.91 cm3 antimonypentachloride were added. The mixture 

before reaching room temperature formed two layersu the lower 

layer was a dark brown-red oilu and the upper layer was a 

light yellow solution. There were some bubbles evolved from 

the lower layer of which the rate of evolution increased on 

approaching to room temperature. On stirrinq, for one hour 

at room temperature, the mixture was a colourless solution 

over a yellow solid. The mixture was then filtered yielding 

a yellow powder and a colourless solution. This latter 

solution deposited a bright brown microcrystalline solid on 

standing at room temperature for four days. !ts 

i.r. spectr~m was identical to that reported for the product 
® e 

of reaction (2.4.10) i.e. the ketim~nium salt o-tolyl(ph)C.Ntt2SbCI
4 

a 

2.4.12 Reaction of Mesityl, phenylketiminotrimethylsilane 

with Antimony Pentachloride (1:1 in Diethyl Ether 

A solution of mesitylu phenylketimine (2.25 g., 10.07 m

mol.) in 85 cm3 diethyl ether was cooled to -196°C, and 6.4 

ml. n-butyl lithium solution (10.07 mmol. -1.~·7M n-BuLi 

in hexane) were added. On warming to room temperature, this 

gave an orqnge solution of the iminolithium product. On 

stirring the solution for lh.u it started to coagulate forming 

an orange precipitate under a red solution. The mixture was 
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3 recooled ~o ~196°C and 1o3 em antimony pentachloride was 

added" When the mixture was warmed to room temperature with 

stirringo the result was a yellow solution over a yellow 

precipitate and on continuing the stirring overnight, the 

yellow precipitate changed to a dark brown oily residue, under 

the yellow solution" The mixture was then filtered to 

separate the dark solid (LiC~?) from the solution which was 

in two layers: a brown oil in the bottom layer and a yellow 

solution in the upper one. On standing the filtrate for two 

months, a very low yield of yellow crystals deposited, but 

due to the low yield and the stickiness of this sample, and 

the difficulty to handle it, extensive studies on this sample 

could not be carried out" However, the IR spectrum of this 

yellow stickysolid showed three bands at 1610, 1590 and 1563 

cm- 1 which may be attributed to y(C=C) and V(C=N}, also it 

showed a characteristic ether absorption, 1(C-O-C) atN1100 cm- 1 

and no band in the y(N-H) region, consistent with a polyimino-

bridged species of the type (R2C=N-SbC~ 4Et 2o)n" A sample of 

the yellow solution (upper layer) was withdrawn.by syringe and 

transferred into another flask and then dry petroleum ether 

(bopt-120°C) was added" The yellow solution started to go 

turbid and a yellow oil deposited of which the IR spectrum 

was similar to that of the yellow stick~solido 

2"4.13 Reaction of Mesityl, phenylketiminolithium 

with Antimony Pentachlo~ide (1:1 in Toluene/ 

Chloroform at 15°) 

A solution of mesi tyl, phenylketiminoli-..::hium ( 8. 95 mmol.) 

in 80 cm3 toluene was cooled to -196°C, and 1.15 cm3 

antimony pentachloride was added. On allowi~g the·mixture to · 
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warm up to room temperature and on stirring for 1h., the mixture 

was a dark yellow solution over a dark brown oily layer. The 

mixture was pumped under vacuum to remove all the solvents 

and a brown oily residue was obtained. 3 About 30 em dry 

chloroform were added to that residue and a brown solution 

formed which was filtered to isolate the dark white precipitate 

{LiC£) from the dark brown solution which was in two layers 

as observed inthe other experiments. After being left for 

2 months, this filtrate deposited no solid. 

2.4.14 Reaction of t-Butyl,p-tolylketiminolithium with 

Antimony Pentachloride {1:1 in Et 2o at 18°). 

The ketimine was lithiated in the usual way to give a 

yellow solution of t-butyl-p-tolylmethylemeaminolithium 

(18.83 mmol.) in 60 cm3 dry diethyl ether/n-hexane solution. 

The solution was cooled in liquid nitrogen (-196°C) and 2.4 

3 em of antimony pentachlor_de were added. On warming the 

mixture to room temperature 8 a white condensate ~as observed 

in the yellow solution, and on stiiting the mixture ov~rnight 

at room temperature, a yellow solution formed over a buff 

residue. The whole mixture was filtered to ~ive a white 

precipitate {LiC£) and a filtrate consisting of two layers; 

the upper was a yellow ethereal solution and the lowe~ was a 

brown oily layer. Both layers deposited white needles which 

were collected on a filter stick, washed with cool diethyl 

' ether and dried. These needles were identified as t-Butyl-

2-chloro-4-methylphenylketiminium pentachloroantimonate (III) 

@ 29 
[2-C£-4-MeC6H3C(t-Bu) = NH2 J 2 [SbC£ 5J 



*Analysis 
Found ~ 

1 ~ 5 

c24H
34

N
2

SbC£ 7 requires~ C 40.0 0 H 4.7 0 N 3.9 0 Sb 16.9, C£ 34.5% 

*Infra-red spectrum ~ V cm- 1 {Nujol Mull}. max 

3240{w), 3205{m~, 3040{w}, 3060{w}o 1628{m)o 1610(m), 

1593{m), 1510{vw), 1415(w), 1295(vw), 1276(vw), 1220(vw}, 

1200 (w), 1188 (w/m) 1 1120 (vw), 1040 (vw), 1022 (vw), 995 (vw), 

980(w), 930(vw) 1 850(w) 1 820{s,sh)u 815(m), 787(vw), 729(w/m) 0 

705 (vw), 655 (vw), 590 (vw) 0 558 (w/m), 525 (vw), 455 (w), 345 (vs). 

2.4.15 Reaction oft-Butyl, o-tolylketiminolithium with 

Antimony Pentachloride (1:1 in Et20/Toluene at 

90 °) 0 

The t-butyl-o-tolylketimine (4.6g., 26.24 mmol.) in 

diethyl ether (40 cm
3

.) at -196°C was treated with 16.7 ml. 

of n-Butyl lithium 1 then allowed to warm to room temperature, 

There were two immscible layers and on stirring an evolution 

of bubbles was observed and after ~ h. the yellow solution 

started to turbidify forming·a white precipitate after. 

stirring for several hours. Once again the mixture was cooled 

to -196°C and 3.4 cm3 antimony pentachloride were added. On 

warming to ro~m temperature, a vigorous reac.tion took place 

and the white precipitate changed to a dark brown like-tar. 

Both solution and tar were pumped under vacuum to dryness 1 

leaving a dark brown oily residue. Extraction of this residue 

in 50 cm3 dry toluene followed by filtration ~.rh,ile hot 

yielded a precipitate and a dark b~ filtrate which deposited 

a sticky solid of which the i.~~ ·spectrum could not be recorded. 

For this reason, the solid was ~e-extracte4 ln the toluene by 

reflxuing for !h., filtered and the filtrate on standing for 

three days yielded a pale yellow solid. The analytical data 
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of this product confirmed the presence of C, H, N, C£, but 

no Sb could be detected. 

Found~ C 37.6, H 5.0, N 2.7, C£ 34.7, Sb 0.0% 

2.4.16 Reaction of Di Phenylketiminolithium with Antimony 

Trichloride( 1:1 in Et 20/Toluene at 110°). 

3 A solution of 8.3 mmol. diphenylketiminolithium in 40 em 

ether/hexane was cooled to -196°C and a solution of antimony 

trichloride 
3 . 

(1.897 g., 8.3 mmol.) in 10 em diethylether was 

added. The mixture was allowed to warm to room temperature 

with stirring. The deep red colour of the imino-lithium 

faded to yellow-orange. The mixture was pumped under vacuum 

3 to remove all solvent, then 30 em dry toluene were added to 

the residue. The mixture was refluxed for one hour at 110°C 

with stirring. On filtration, a dark red solution was 

isolated from an orange precipitate. On standing the filtrate 

at room temperature, no crystals deposited, but on cooling this 

solution deposited a yellow microcrystalline solid, which was 

coll~ected on a filter stick, washed with cold toluene, and 

dried under vacuum. This yellow product was tentatively. 

identified as o-dichlorostibin y£ (III) diphenylketimine mono-

toluene; 

*Analysis 
Found: C 51.0, H 3.5, N 6.2, Sb 25.5, C.Q, 11.9%. 

c20 H18NSbC.Q, 2 requires: C 51.6, H 3.9, N 3.0, Sb 26.2, C£ 15.3% 

,) -1 
* Infra-red spectrum : ymaxcm (Nujol Mull) . 
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3 2 5 0 ( W) p 1 5 8 1 { S p S h } g 1 5 6 2 ( S ) p 1 5 4 5 ( V S } f 1 3 1 0 ( VW ) 1 1 2 9 2 ( V ) 1 

1221(w), 1189(vw), 1157(vw}, 1122{vw}, 1075(vw}, 1027{vw), 

!OOO~vw}, 954(w), 940{w}, 912(vw), 880fw}, 855(vw), 798(m), 

789{w}, 775(rn), 768{rn), 750{w), 740{rn}, 731(m), 703(vs), 

699 {vs) 1 679 (w/rn), 658 (w}, 637 (w}, 553 {w), 521 {vw), 485 (vw) 1 

460(w,sh). 

2.4.17 Reaction of Di-Phenylketirninolithiurn with Antimony 

Trichloride (3:1 in Et20/Toluene at 90-100°). 

A solution of 13.13 rnrnol. diphenylketirni~olithiurn in 

3 
~ 30 ern dry diethyl ether/n-hexane was added by syringe to 

a solution of lg. anhydrous antimony trichloride (4.38 mrnol.) 

3 in 15 ern dry diethylether at -196°C. The mixture was allowed 

to warm to room temperature with stirring. 'lhe red colour 

of the imino-lithium changed to orange then to dark yellow. 

The mixture was then stirred for 3 hours. 

The solvent was then removed under vacuum and replaced 

3 by 60 ern dry toluene. The mixture was then heated to 

90 - 100°C with stirring and filtered while hot yielding a 

precipitate and a golden yellow solution. The latter was 

left to stand for three months at -20° but no characterisable 

product could be obtained. 

2.4.:8 Attempted Reaction of N-chloro di-p-tolylketirnine 

with Antimony Trichloride (1:1 in Chloroform/ 

Toluene at 80 - 90°). 

0.64 g. anhydrous antimony trichloride (2.8 rnrnol.) was 

added to 0. 68 g. of the N-chloroketirne . ( 2. 8 rnrnol.) inside 

the glove box at room temperature. The white solid mxiture 

rapidly turned to yellow and then darkened to yield a red-

brown viscous liquid which solidi.fied. immediately. The 



reaction was exothermic. The mixture was taken outside the 

glove box and then heated under the dry nitrogen gas by hair 

a"'"L'r :.J an attempt to co:."Gplete this reaction. The solid 

mixture firstly melted and then on cooling to room temperature 

solidified, yielding a dark red brown solid. The infra=red 

and mass spectra of this solid showed no indi~ation for the 

orthometallated compound formation, o~s@c~~-4-MeC6H3C(p-tolyl}=~~ 
and the spectrum was ~uite similar to that of the starting 

material pt 2CNC~. From the analytical datau this product was 

identified as containing a 3g2 molar proportion of N-chloro-

di-p=tolylketimine with antimony trichloride, 3pt2CNC~·2Sbc~3 • 

*Analysis 
Found: C 43.9u H 3.6 8 N 2.5, Sb 28.6u C~ 3L1%. 

{c 15H 14NC~) 3 • (SbC~ 3 > 2 • 1 requires: C 44.6u H 3.5, N 3.5u 

Sb 21.1u C~ 27.3%. 

*Infra=red spectrum: 1} ~1 
em max (Nujol Mull) • 

1600(m}u 1575(sh) 8 1550{sh}u 1315{w), 1298{w) 8 1210(vw) 8 

1182 (w) u 1162 (w) u 1030 (vw) 8 1016 {w) u 970 (vw) u 920 {vw) u 

825 (w) u 780 (vw) u 750 {vw), 725 (w) 8 655 (vw) u 630 (vw), 570 (vw). 

This red-brown product was dissolved in ~7 cm3 dry toluene, 

which gave a clear yellow so1ution after heating with a 

hair dryer. On standing this solution at room temperature 

for 2 months or even on coolingu no solid deposited. The 

solution was then refluxed for one hour at 110 - 120°Cu and 

a red-brown oil deposited. The IR spectrum of that oil was 

similar to the starting material pt29NC~. No further 

investigation has been done for this oil and no solid has 

deposited from it. 
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2.4.19 Attempted Reaction of N-Chloro di-p-tolylketirnine 

with Antimony Trichloride (1:1 in Chloroform/ 

Toluene at 80 - 90°}. 

A solution of 0.3 g. antimony trichloride (1.31 rnrnol.) 

in 5 crn3 chloroform was cooled to -196°C and a solution of 

0.32 g. N-chloro dipxolylketirnine {1.31 rnrnol.) in 5 crn3 dry 

chlorforrn, was added to the cooled solution. The mixture was 

allowed to warrnwith stirring to produce a colourless solution 

at room temperature. The solvent was pumped off under vacuum: 

3 20 ern dry toluene was added and the white suspension was 

heated to 80 - 90°C for half an hour until the white 

precipitate dissolved completely, yielding a light yellow 

solution. On standing for 3 hours at room temperature, a 

bright white microcrystalline solid deposited, which was 

collected on a filter stick, washed with toluene and dried 

under vacuum. This solid was identified as containing 

equirnolar proportions of the reagents, pt 2CNC£.SbC£
3 

*Analysis 
Found: C 37.7, H 3.8, N 2.5, Cl 34.5, St 24.3% 

c15H14Nc£ 4Sb requires: C 38.2, H 3.0, N 3.0, Cl 30.1, 

Sb 25.7%. 

-1 *Infra-red spectrum: )P ern (Nujol Mull} . max 

3329(m), 3090(rn), 3070(rn), 3025(rn), 1660(w,br.), 160S(s,sh), 

1515(w), 1189(rn), 1162(rn), 1088(w), 1018(~h,rn), 893(w,sh), 

850 (w), 842 (w), 832 (w), 824 (w/rn), 774 (w), 753 (w), 738 (w), 

725 (w), 705 (w), 690 (w), 675 (w), 663 (w), 632 (rn), 615 (rn). 
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2.4.20 Reaction of Diphenylketirninolithiurn with Tin 

Tetrachloride ~1~1 in Et 2o Chloroform at 20°}. 

A solution of 16.55 mrnol. diphenylketirninolithium in 

N50 cm3 dry diethyletherlhexane was cooled to -196°C and 

3 1.94 ern tin tetrachloride were added. The ,mixture was 

allowed to warm to room temperature with stirring. The resulting 

yellow solution over a white precipitate was then evaporated 

to dryness. 3 50 ern dry chloroform were added to the residue 

and stirred for ten minutes, yielding a golden yellow solution~ 

over a white precipitate (LiCi) which was separated from the 

solution by filtration. On standing ihe golderi filtrate 

overnight no solid deposited but on cooling a white solid 

deposited which was collected on a filter stick,washed with 

the chloroform, and dried under vacuum. From the analytical 

data and the infrared spectrum, this product (white powder) 

was found to have the forrnul~e (ph2CNH.SnC1 4.Jn; n = 1, or 

2. The IR spectrum showed the characteristic bands of 

Y(N-H), and Y(C=~, V(C=N} shifted to lower frequency, 

-1 relative to the parent ketirnine, and a band ~t 1675 ~rn 

which probably assigned to ~(~H 2 ) o 

*Analysis 
Found: C 36.5, H 3.4, N 3.5%. 

c 13H11 Nsnc1 4 requires : c 35.3, H 2.5, N 3.2%. 

-1 
*Infra-red spectrum: 'Yrnaxcrn (Nujol Mull) 0 

3330(w), 3190{s), 3060{vw}, 1675(w), 1602(wlrn), 1585(mls,sh}, 

1 5 6 5 ( m I s , s h ) , 1 4 1 9 ( w ) 1 1 2 9 9 ( vw ) , 1 2 5 4 ( w I rn ) , 1 2 1 4 ( vw ) 1 1 1 8 8 ( vw ) • 

1160 (w}, 1074 (vw) 1 999 (w) 1 930 (vw), 910 (vw), 877 (w), 862 (rn), 

841(vw), 805(vw), 777(s), 760(s,sh), 728(w), 701(s,sh)·, 

6 6 5 ( vw) , 6 4 9 ( w) , 6 0 6 ( vw) , 59 0 ( vw) , 5 6 5 ( vw) , 5.2 0 ( s I in) , 4 8 8 ( vw) , 

462 (w), 435 (vw). 
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CHAPTER THREE 

REACTION OF DIPHENYLMETHYLENAMINE WITH 

ANTIMONY CHLORIDES 

3.1 INTRODUCTION 

This chapter describes the study of the reaction between 

diphenylmethylenarnine (Ph 2c == NH) ~ith antimony penta - or 

trichloride in order to investigate whether s-1ch reactions 

involve orthometallation. Initially, the ketimine Ph2CNH is 

expected to coordinate to the antimony atom via the nitrogen 

lone pair, forming a a-N complex (I). If, in the adductu one 
I 

of the phenyl planes lies coplanar with the conjugated >C = N-9?M 

plane, then the antimony atom will have the chance to attack 

the ortho-position of the phenyl ring, and forming an 

orthometaliated compound (II) and eliminating HC£ as described 

in equation (3.1). The orthometallation reaction will be 

less likely if bot4 phenyl rings are twisted out of the 

skeletal plane in which case the adduct Ph 2c = NH, SbC£n(I) 

al Ph SbCln , 0 Ph -cHCl ;oo. 0 Ph ~ n=3,5 ~ 'YY <J.ll 
SbC!t-NH Cln.1 Sb~NH ~NH 

{!) (Til 
is likely to be the final product. Alternati\·ely, the adduct 

(I) may decompose into the imino-antimony derivative Ph 2CNSbC£n-l 

by elimination of hydrogen chloride. In the following 

sections, the reactions of ammonia and amines with metal halides 

will be briefly surveyed, followed by reactions of diphenylmeth-

yleneamine with boron halides, and finally the chemistry of 

antimony penta-and trichloride towards the organonitrogen 

compounds. 
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Reaction of Ammonia and Amines with Metal or 

Metalloid Halides 

When a metal halide is mixed with ammonia, two different 

types of reaction can be observed (depending on the experimental 

conditions)~ one involving adduct formation and the other 

involving ammonolysis. The two types of reaction can be 

summarized by the general equations (3.2 and 3.3) · 

MXrn + yNH 3 ----::;:> MXn, yNH 3 
(f) 

MXn + 2yNH 3~MXn"'y (NH 2 )y + yNH 4x9 

(3.2) 

(3.3) 

Generally, Ammonolysis of metal halides which can be 

detected by the formation of ammonium chloride depends on 

the metal or metalloid and halide involved1 • For example, boron 

trichloride, -bromide, and -iodide undergo complete ammonolysis 

when they react with liquid ammonia 2 ·, forming the amide vlhich 

decomposes to the imide-see equation (3.4). On comparison, 

-3NH
3 

>B2 (NH) 3 ( 3 0 4) 

boron trifluoride forms a simple adduct; BF
3

<?NH
3

, which .does 

not undergo ammonolysis even at 50° 3 • This difference between 

the fluoride and the other three halides reflects the high 

metal-fluorine bond strength. In addition, the tetrachlorides 

of silicon and Germanium are completely arnrnonolyzed with liquid 

ammonia at -33.5° 1 ·, whereas tin tetrachloride is not com-

pletely amrnonolyzed, even when an excess of liquid ammonia is 

added~ in the final product one tin-chlorine bond remains 

intact4 · In equations (3.5, 3.6 ·and 3. 7), the reactions of 

metal chlorides of gEoup IVB are summarized. 

·~. 
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NH3 

SiC£ 4 
S? Si (NH

2
) 

4 
3.5 

. NH3 _ -2NH 
3 

GeC£ 4 > Ge(NH
2

) 
4 

~ [Ge (NH) 2]n 3.6 

NH 3 
SnC£ 

4 
~ [SnC£ (NH

2
) 3]n 3.7 

usually the extent of the ammonolysis increases when the 

temperature increases. However, this is not the situation for 

the ammonolysis of tin tetrachlorideu where three moles of 

ammonium chloride can be detected at -63°, but when the 

temperature is raised to -45° or -36°, only one mole is found. 

An explanatBon for this has been suggested by Fowles 1
·u who 

proposed that the higher temperature gives a more concentrated 

solution of ammonium chloride which is capable of breaking 

down the polymeric structure of SnC£(NH
2

)
3

, with the formation 

of complex anions 4 -see equation (3.8). A polymeric 

structure for SnC£(NH
2

)
3 

has been suggested since 

-63° 9 
SnC£

4 
+ 6NH

3 
> SnC£(NH 2 )

3 
+ 3NH

4
C£e 

3.8 
2e EE> e 

~ (NH 2 ) 3] + NH 4C£ 

This produ~t was found to be insoluble in ammonia and soluble 

in ammonium halide/ammonia solutions. The mode of poly-

merization in SnC£(NH
2

)
3 

is expected to arise through 

bridging of any one of the types (II I) to (VI) , or a mixture 

of these. 

H2 H H 
C.Q, 

N\ /\ 
\ 

I ~ N-H······C£ 
srf sn I ' Sn 3n Sn Sn Sn Sn 

' I \j \I \ I C£ N C£·····H -N 
H2 

N 
~ H 

(III) (IV) (V) (VI) 
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By extending the reaction to amines, aliphatic amines react 

with metal halides to give similar products although there 

are several important differences. Thusu on going along the 

series NH
3

, NH 2Ru NHR2 u NR3 {where the amine gets less 

ionizing as a solvent) the extent of aminolysis becomes less 

and adduct formation becomes more important. As an exampler 

tin tetra-chloride forms quite stable adducts SnC£ 4. 2L with 

L = primary 0 secondary and tertiary aliphatic amines 5 , 

although aminolysis takes place with excess of primary amine -

see equations (3.9r 3,10 1 and 3.11). 

3.9 

SnC.~ 2 (NHMe) 2 · 2NH 2Me 

NHMe 2 
Snc~ 4 > Snc~ 4 2NHMe 2 3.10 

NMe 3 
Snc~ 4 )P SnC~ 4 · 2NMe3 3.11 

The coordinating power of amines towards metal halides 

is influenced by electronic and steric properties of the alkyl 

groups. Firstly, the inductive effect -of the alkyl groups 

is expected to increase the nitrogen donor FOWer, and secondly, 

the increase in size of the alkyl groups attached to nitrogen 

may result in steric strain which should wea~en the donor- . 

acceptor bond, or reduce the coordination number of the metal. 

An additional factor that characterizes amine reactions is 

the tendency for the metal to be reduced to a lower valence 
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state. This reduction does not occur with ammonia or primary 

amines but occurs more effectively with secondary and tertiary 

amines. Some transition metal halides have been observed 

to suffer such reductions. For example, titanium tetra= 

chloride and-bromide both react initially with trimethylamine 

to give 1:1 adducts which are monomeric and hence five-

coordinate in benzene solution 8 but reduction to the terv-

alent state takes place rapidly (especially with the bromide) 

and compounds Tix
3

·2NMe
3 

are formed. The oxidation products 

have not been characterized although it is known that the 

r 
halogen "lost" by the titanium appears quantit .atively as the 

-..,/ 

trimethylammonium salt 6 . It is especially jnteresting to 

note the reactions of trimethylamine with bo'th molybdenum 

pentachloride and tungsten hexachloride in which the 1:1 

adducts, Moc~ 5~NMe 3 7 and wc~ 6~NM~ 3 8 respectively are formed. 

Excess of the amine brings about the reduction of Mo and W 

metal to the quadrivalent state and the formation of the 
(f) e Ef> 

complex salts: [Me 3NH][Moc~ 5-NM.e 3] and [Me 3 t~nj[WC9, 6]8 In 

the wc~ 6 reaction, the following reduction mechanism has 

been suggested8 on the basis that the hydrogP.n atom found 

ultimately attached to nitrogen can only have come from a 

methyl group 

WC£c~NMe2 ~ . , I _____;:;;,. 
CH 2 
~--r H • 

The radical formed could dimerize or react further with 

solvent or with excess of amine. 
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Finally, it is interesting to point out the reaction of 

tellurium tetrachloride with the amino derivative R
2

NSiMe 3 

(R 2 = Et 2 or c 4E8 ) in which the expected product R2NTec~ 3 
was not obtained but instead (R 2~ 2 ) 

2
TeC9.

6 
29 was always 

obtained - see equations (3.lla and 3.llb). Furthermore, 
IV 

it has been observed that Et 2NLi will reduce Ar 2Tec~ 2 · II 9 
(Ar = ph qp-cH

3
oc6H4 ) to Ar 2Te 

C6H6 
--~~ Me3SiC~ + [(R 2N)Tec~ 3] 

N2 
:Llla 

3.llb 

3.1.2 Reaction of Diphenylmethyleneamine with Boron 

Halides 

These reactions will be discussed in detail, since they 

are related to the title of this chapter. 

As in the reactions of ammonia and amines, diphenyl-

methyleneamine reacts with boron halides to give two different 
10 

products. Borontrifluoride forms a simple adduct ph
2

CNH,BF
3 

in which its coordinate link is strong enough to allow 

vacuum sublimation at 100-120° in comparison with boron 

trichloride which undergoes complete irninolysis to form the 

imino-boron derivative, (ph2CN)
3

B11 . TheIR spectrum of 

ph 2CNH,BF 3 adduct showed an increase in the !}(C = N) stretching 

frequency from 1603 (for the free imine) to 1628cm-1 , an 

increase that may be attributed to coupling of the C = N and 

N-v-B vibrations, although some rehybridization, and increase 

in the C = N bond order, may also contribute. 
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In the boron trichloride system; it is believed that 

diphenylmethyleneamine coordinates firstly to boron trichlorideQ 

bu~ ~he adduc~ formed is not stable even at -78° and readily 

undergoes iminolysis by elimination of hydrogen chloride. Two 

imino-boron chloride produc~s; (Ph 2CN)
3

B (VII) and (Ph 2CNBC£2) 2 

(VIII) can be isolated. The compound (Ph
2

CN)
2

BC£ is difficult 

to isolate since it disproportionates into (VII) and (VIII) . 

The IR spectra of the. isolated imino-boron compounds (III) 

and (IV) are identical to those of samples prepared previously 

from the reaction of diphenylmethyleneamino triffiethylsilane 

with boron trichloride 12 as given in the general equation 

(3.12). 

------Y (Ph
2

CN) BC£
3 

+nMeSiC.Q. 
n -n 3 

(3.12) 

In contrast to the diphenylmethyleneamino derivatives 

of tin trichloride and antimonytetrachloride, Ph
2

CNBCt
2 

does 
,... . 

not undergo the orthometallation intr amolecular rearrangement . v 

but it associates with another molecule to form a dimeric 

molecule (Ph 2CN-BC£ 2 ) 2 with a (BN) 2 ring structure as shown 

in (IX) . 

C£2 
Ph 

/B 
Ph 

""" / 
/c = N ~N = c 

'-...../ '-..... 
Ph B Ph 

C£2 

(IX) 
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3.1.3 The Chemistry of Antimony penta-and tri=Halides 

towards the organonitrogen Compounds 

It is important to demonstrate briefly the reactions of 

antimony penta- and tri-chloride with organonitrogen compounds. 

Both Sbct
3 

and Sbct
5 

are capable of forming (1:1) 

adducts with nitrogen donors, but some antimony trihalides 

can accept more than one ligand, for example Sbi
3 

reacts 
13 

with alkyl or arylamines to give the (1:3) adducts Sbi
3

.3RNH2 . 

Some (1:1) adducts could be isolated such as 
14 15 

Ph
2

NH
2

,sbct
3 

and s
4

N
4

, Sbct
5 

The structures of these 

adducts have been confirmed by x-ray crystallographic studies 

as shown in (X) and (XI) . The most 

(X) 

C£ 

ct I ct 
-....._Sb--

C£.-- t -..C£ 

S4N4 

(XI) 

important feature of these structures is that the (Sb~N) 

coordinated link in (X) is longer than that in (XI) which 

reflects the difference beb1een the covalent radii of Sb (III) 

and Sb(V). 

The antimony-chlorine bond in SbCt
5 

and Sbct
3 

can be 

cleaved on treatment with an organonitrogen compound, forming 

compounds with (Sb-N) bonds. For example, triorganosilylazides 

react with antimony pentachloride in ( 1: 1) mole ratio to form 

th f mb d l 'b 16 d 'b d . . e our-me ere eye ostl azane as escr1 e 1n equat1on 

( 3.13). The structure of this product is supported by 
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molecular weight determination~ infrared and Raman spectra. 

The antimony-nitrogen heterocyclic ring can be destroyed 

by triphenylphosphine. 

e 
R

3
Si - N 

~ 
N _ N 

@ 
N - N 

R31 si @ 
+ Sbc£ 5 -$> 

'-..,_N N - N 
C.Q.Sbe' 

5 -

(3.13). 

Aminolysis of the trihalides of arsenic 1 antimony and 

b . th t k 1 b . . d d . 17 1smu can a e p ace y us1ng pr1mary an secon ary am1nes 

The aminolysis of Sbi 3 is an interesting case. In this reaction 

as mentioned before, the Sbr 3 ,3RNH 3 adducts (R =alkyl or 

aryl) are formed first of all and upon boiling in acetonitrile 

are converted into a tetrameric products (ISbNR) 4 which may 

have 8-membered ring or cubane type structures - see equation 

(3 .14) 0 

-RNH.HI 
2 

---___:)> ( ISbNR) 
4 (3.14) 

In addition, ammonia interacts with Sbr
3 

by ammonolysis. The 

reaction yields (NH 2 ) 2Sbi as an intermediate which is 
@ e 18 

transformed to (SbN)x in liquid ammonia by loosing NH 4r. 

Temperature-dependent 0H n.m.r. spectroscopy has been 

used to study R
2
Sb - NR

2 
type compounds, where R =But, 

,. 
Me; R = SiMe 3 r GeMe

3
v SnMe 3 v Me. The results suggest that 

the rotation hinderance about the (N - Sb) bond is due to 

the steric considerations and not pn-dn inte~actions 19 . 
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Since both antimony penta- and tri-chloride have a high 

tendency to accept one or more chloride anion, a number of 

complexes containing Sbc~96 p SbC~~eu or Sbc~;e anion can be 
::> 0 

obtained as arnrnoniurnu pyridiniurnu or iminiurn salts. In 

table (3.1) p some examples of the different types of antimony 

halidesu as well as their type of study are given. Some 

mixed-valent antimony halide complexes are also included in 

the table. These mixed-valence complexes are characterized 

by their dark colour which may change to a light colour on 

cooling. It is believed that the charge transfer between 

the two mixed oxidation states of antimony is responsible 

for the dark colour. 

3.2 EXPERIMENTAL 

3.2.1 Reaction of Diphenylmethylene amine, Ph 2CNH 

with Antimony Pentachloride, Sbc~ 5 (1:1 ratio 

in toluene at 120°C) . 

A sample of 2.75 ml of antimony pentachloride (21.5 mmol) 

was added to a frozen solution of diphenylmethyleneamine 

(3.9g, 21.5mmol) in 50 ml. dry toluene. The mixture was 

allowed to warm to room temperature with stirring. The final 

mixture was a red solid suspended in a yellow solution. This 

was heated for 2 hours at 120°C, after which it separated into 

two layers; the upper was a yellow coloured Jolution, and 

the lower was a dark red-brown oil which solidified immediately 

at high temperature. The upper yellow solution was withdrawn 

by syringe. On standing for two days at room temperature, 

it deposited yellow needles. 
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Table (3.1) Some Examples of Organonitroge~ Salts with 

Antimony Halides Anions 

Salt Type of Study Ref. 

E9 e 
C£ 2c = NH 2SbC£

6 
IR 20 

$ e 
Ph2c = NMeHSbF

6 
mNMR 21 

$ e 
( c 5H5NH)SbC£ 4 

X-Ray 22 

$ 28 
(NH 4) 2 SbC£

5 
X-Ray 23 

3G;l 38 
[co (NH

3
) 

6
] [SbC£

6
] X-Ray 24 

@ III 38 
(C

5
H5NH) 

3
. ( Sb

2 
Br

9
) . (Br) X-Ray 25 

2 

@ v e e 
(C 6H7NH) i (Sb Br 

6
) . (Br 

3
) X-Ray , 26 

$ .38 
(·R4N) 3 (Sb 2I

9
) Analysis 27 

Et) III 38 v 9 
( C5H5NH) 6·(Sb Br 

6
) . 3CSb Br 6 ) x-ray 28 
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These yellow needles were isolated from the solution 

by filtrationu washed with cold dry toluene and dried. They 

were identified as the diphenylmethyleneamine adduct (1~1) of 

antimony pentachloride; (Ph 2cNHISbC2
5
). 

Analysis 
Found: C 31.3, H 2.3, N 2.9 

Sb 26.7, C2 35.9% 

c
13

H11Nsbc2 5 requires~ c 32.5 1 ·H 2.3, N 2.9 

Sb 25.4 1 C2 36.9% 

Infra-red spectra: )} em -l (Nujol Mull). max 

3396 (w), 3340 (w), 3280 (m), 3260 (Sh) 1 1660 (m). 1595 (s) 1 

1570 (w) 1 1540 (vw) 1 1520 (vw) 1 1300 (W ,Sh), 1283 (vw), 1260 (vw) 1 

l220(w), 1190(vw) 1 1160(w,Sh) 1 1125(w) 1 l030(vw) 1 lOOO(vw) 1 

980 (vw) 1 965 (vw), 920 (w) 1 885 (vw) 1 850 (vw) 1 790 (s) 1 780 (w) 1 

760 (w) 1 720( s) 1 698 (s) 1 650 (w) 1 606 (w) , 656 (·JW) , 520. (vw) 1 

488(vw) 1 450(vw), 423(vw), 368(s) 1 340(vs) 1 320(vs). 

3.2.2 Reaction of Diphenylmethyleneamine, Ph 2CNH 

with Antimony Pentachloride 1 SbC£ 5 (1:1 ratio in 

chlqroform) . 

Diphenylmethyleneamine (2.7g, 14.89 m mol) was diSsolved 

in 15 ml. dry chloroform which then was cooled to -l96°c and 

1.9 ml antimony pentachloride were added. On allowing the 

mixture to warm up to room temperature with ~ti.rring 1 the 

colour changed from yellow to greenish yellow and finally 

to deep red-brown. On continuing the stirring for 1 h., a 

dark yellow precipitate was formed below the deep red solution. 

The mixture was then filtered to produce the yellow powder, 

and the deep red solution which deposited no crystals on 

standing overnight. Addition of more chloroform to the solution 
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deposited yellow crystals immediately which were collected 

on a filter stick, washed with dry chloroform and dried. 

These yellow crystals were identified as diphenylrnethylene

amrnoniurn hexachloroantimonate (v); [Ph 2CNH 2]@[sbc£
6

]
8 

Analysis 
Found: C 30.3, H 2.5, N 2.2% 

c13H 12Nsbc~ 6 requires: c 30.2, H 2.3, N 2.7% 

Infra-red Spectra ))max 
-1 <Nujol Mull) : ern 

3389 (vs), 3330(vs), 3255 (vs), 3055 (w) , 2000 (vw) , 1976 (vw), 

1938 (vw) 1 1913 (vw) , 1820 (vw) , 1780(vw) 1 1732(vw), 17 21 (vw) 1 

1658 (vs), 1603(w/rn), 1591 (vs), 1515 (m/s), 1496 (rn), 1483 (w), 

1300(w/rn), 1189 (w), 1180(w) 1 1165(S,Sh), 1128 (vw), 1080(vw,Sh) 

1027 (vw), 997(w), 974(vw), 940(vw), 86q vw), 842(w,Sh), 796 (w) 1 

7 7 9 ( v s ) , 7 50 ( v s ) , 7 2 8 ( s ) , 7 2 0 (rn) , 7 15 ( w ) , 6 9 8 ( v s ) , 6 7 0( rn Is , S h ) , 

600 (m/s), 568 (rn), 450 (w), 430 (vw), 400 (w/m), 345 (vs), 328 (Sh). 

3.2.3 Reaction of Diphenylmethylenearnine, Ph 2CNH with 

Antimony Pentachloride, SbC~ 5 (1:1 ratio in CC~ 4 
(toluene) . 

To a cold solution (at -196°C) of diphenylmethylenearnine 

(2.4g, 13.24m mol) in 15 ml. dry carbon tetrachloride, about 

1.7 ml antimony pentachloride were added. On allowing the 

mixture to warm to room temperature with stirring, the 

reactiDn was vigorous and exothermic, and the colour changed 

from yellwo to greenish yellow. On stirring for two·hours, 

a greenish yellow solid was formed under the yellow solution. 

The carbon tetrachloride was pumped off leaving a greenish 

yellow residue, to which 30 ml. of dry toluene was added 

and the mixture was stirred overnight which yielded a dark 

brown solution over a yellow solid. This yellow precipitate 

was collected on a filter stick, washed, with cold toluene 
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and dried under vacuum. The resulting yellow powder was 

~dentified 2s diphenylmethylenearnrnonium hexachloroantimonate 

( V):; [Ph 2CNH 2]~SbC£6j9 
Analysis 
Found: C 31.5 1 N2.7 1 H 2.3 1 Sb 24.0, C£ 41.2% 

c 13H12NSbC£ 6 requires: C 30.2 1 N 2.7, H 2.3 1 Sb 23.6, C£ 41.2% 

The IR Spectrum was the same as the one observed from the 

previous reaction 3.2.2. 

3.2.4 Reaction of Diphenylmethyleneamine Hydrochloride, 

Ph 2c~H 2c£8 with Antimony Pentachloride, Sbc£ 5 (1:1 

ratio in Chloroform) . 

1.47 ml. antimony pentachloride (11.5 m mol) was added 

dropwise with stirring to a suspension of diphenylmethylene-

amine hydrochloride (2.5 g, 115. m mol) in 30 ml dry chloroform 

at room temperature. A yellow precipitate formed immediately 

under a very pale yellow solution. The prec~pitate was 

filtered off, washed with chloroform, and pumped dry. The 

resulting yellow powder was identified as diphenylmethylene

arnrnonium hexachloroantimonate (V) [Ph 2CNH 2]~[SbC£ 6]G 
Analysis 
Found~ C 30.8, H 2.4 1 N 2.4, Sb 23.4, C£ 41.0% 

c 13H12NSbC£ 6 requires: C 30.2, H 2.3, N 2.7, Sb 23.6, C£ 41.2% 

The infra-red spectrum showed similar bands to those observed 

in the IR spectrum of the previous product. 

Experiments in which Ph 2CNH and Sbc£ 5 were allowed to 

react in chloroform solution in 1:2 molar ra~io, or in 

diethylether in 2:1 molar ratio yielded further samples of 
e e 

Ph 2CNH 2Sbc~ 6 salt. 



1 3 5 

3.2.5 Reaction of Diphenylmethyleneaminer Ph 2CNH 

with Antimony Trichloride, SbC£ 3 (1:1 ratio in 

chloroform) . 

A solution of 0.84 g anhydrous antimony trichloride 

0 3.68 m mol) in 15 ml. dry chloroform was cooled to -196 C 

and a solution of diphenylmethylenearnine (0.62 ml 1 3.68 m mol) 

in 15 ml. dry chloroform was added. The mixture was allowed 

to warm with stirring. At room temperature during 30 

minutes, the clear yellow solution deposited a yellow micro-

crystalline solid. This was isolated by filtration, washed 

with cold chloroform, and dried under vacuum. The analytical 

data showed that this product might be the diphenylmethylene-

ammonium salt of the pentachloroantirnonate (III) anion; 

GPh 2 CNH 2]~ [SbC£ 5] 
29 

Analysis 
Found: C 46.3, H, 4.0 8 N 4.9, Sb 20.3 8 C£ 23.7% 

c26H
24

N
2

SbC£
5 

requires: C 47.0, H 2.0 8 N 4.2, Sb 18.4 1 C£ 26.7% 

IR Spectrum: ~ crn-l (Nujol Mull). . max 

3210 (Sh), 1632 (S,br) 8 1590(S 1 Sh) 1 1300(w,Sh), 1185 (vw,Sh), 

1159 (m 8 Sh) 1 1115 (vw,br) 1 1020 (vw) 8 996 (vw), 859 (w/m), 840 (w), 

793 (m/s), 745 (vw), 725 (m/s), 700 (s) 8 689 (m), 608 (w), 565 (w), 

448 (vw), 432 (vw). 

3.2.6 Reaction of Diphenylmethyleneamine, Ph 2CNH with 

Antimony Trichloride, SbC£
3 

(2:1 ratio in 

chloroform) . 

A soluti~n of diphenylmethyleneamine (0.94 ml, 5.6 m mol) 

in 20 ml. dry chloroform was added to a solution of 0.64 g. 

anhydrous antimony trichloride (2.8 m mol) in 20 ml. dry 

chloroform at -196°C. The mixture was allowed to warm to 
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room temperature with stirring after which a clear light 

yellow solution was obtained. This slowly deposited a yellow 

microcrystalline solid with an IR spectrum of similar to that 

of the product of the (1~1) mole ratio react~on between the 

diphenylmethyleneamine and antimony trichloride, which may 

suggest that this product had the chemical formula: 

[ ~ 29 Ph 2CNH 2] 2 [sbc£ 5] . 

3.2.7 Reaction of Diphenylmethyleneamine Hydrochloride, 

Ph 2c~H 2c£e with Antimony Trichloride, Sbc£ 3 (1:1) 

ratio in chloroform). 

A solution of 1.06 g. anhydrous antimony trichloride 

(4.6 m mol.) in 10 ml. dry chloroform was added to a suspension 

of diphenylmethyleneamine hydrochloride (1 g., 4.6 m mol.) in 

40 ml. dry chloroform which had been cooled to -196°C. The 

mixture was allowed to warm with stirring, then stirred at 

room temperature overnight. A bright white microcrystalline 

SOlid under a pale yellow clear solution w~s produced. On 

filtration, the bright white solid was isolated, washed with 

chloroform and dried under vacuum and identified as diphenyl-
0 

methyleneammonium tetrachloroantimonate (III); [Ph 2CNH 2]~(SbCI4] 

Analysis 
Found: C 36.3, H 3.0, N 3.7, Sb 27.3, C£ 31.0% 

c 13H12NSbC£
4 

requires: C 35.0, H 2.7, N 3.1, Sb 27.3, C£ 31.8% 

Infra-red Spectrum: V cm-l (Nujol Mull). max 

3355 (vw), 3100 (s) 1 1685 (m), 1630 (m), 1589 (m;'s), 1498 (vw) 1 

129~ w) u 1190 (w), 1182 (vw) u 1163 (m/s) u 1120 (vw), 1024 (vw), 

·998(vw), 938(vw), 859(vw), 825(m), 798(m/s), 775(s,Sh), 

728(m), 70l{vs), 695(s), 663(w) 1 602 (w) u 562 (w), 445(w), 

435 (w). 
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The same procedure was used to prepare the diphenyl-
@ 28 

methyleneammonium pentachloroantimonate (I II) ; (Ph
2

C:::--JH 
2

) 
2 

SbCt
5 

9 
from Ph 2CNEC28 and Sbc~ 3 in chloroform in a 2:1 molar 

ratio. 

3.3 RESULTS AND DISCUSSION 

3.3.1 Reactions of Diphenylmethyleneam~ne with 

Antimony Pentachloride 

When antimony pentachloride was added to a chloroform 

solution of diphenylmethyleneamine in a (1:1) molar ratio, a 

yellow solid deposited from a dark red-brown solution at 

room temperature. The IR spectrum of this yellow solid 

showed the same bands recorded for the diphe.1y lmethylene-
1@ e 

ammonium hexachloroantimonate ( V) , Ph 2CNH 2sbc~ 6 , which strongly 

suggests the same formula for the yellow solid. Moreover, 

the analytical data, also supports the iminium structure for 

the yellow product. 

@ e 
The iminium salt 6 Ph2CNH 2SbC9., 6 has been prepared 

previously from the reaction of diphenylmethyleneammonium 

chloride with antimony pentachloride as described in equation 

(3.18). 

The salt 

+ SbC~S 
R.T. 

@ e 
Ph 2CNH 2SbC~ 6 

(3.18) 

is very stable towards air and 

moisture, and insoluable in most organic solvents except 

highly polar solvents such as dimethylsulphoxide. The salt 

has a high melting point (151°, sealed tube), at which it 

decomposes into a dark brown residue. The absence of a dark 

colour in the iminium salt may suggest the presence of one 
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valent oxidation state for antimony~ i.e. Sbv, whereas the 

dark brown colour observed in the solution ;r upon the thermal 

~ e decomposition of Ph 2C~H 2Sbc~ 6 salt may suggest the existence 

of two different mixed oxidation states for antimony i.e. 

Sbiii /Sb V. 
G) e 

The IR spectra of both samples of Ph 2CNH 2sbc£
6 

(figure 

3.1) showed the V(C = ~stretching band which occurs at~ 

1600 cm-l in the free imine, to be shifted t.o a higher energy 

1 ~ e 
(at~ 1660 em- ) . The same shift was observed for the Ph 2CNH 2c£ 

salt, but with less absorption intensity and higher half band 
ffi 

width. Thus, this indicates the presence of )c = NH 2 group 

in the isolated salt. The shifted of >c = NH group to a 

higher frequencies on protonation has been observed and~ 

reported for several unsubstituted and substituted methylene-
€9 0 29 • ~ 0 3o 

as H2c = NH 2Sbc~ 6 , (CH 3 ) 2c = NH 2SbC~ 6 , ammonium salts such 
·· @ e 21 

and Ph 2CNH 2SbF
6 

The NH stretching frequnncies were 

observed at 3585, 3330 and 3255 cm-1 . Two of them are expected 

for symmetrical and asymmetrical (NH
2

) stretching, but the 

extra third band may be due to hydrogen bonding. The band 

-1 ( observed at 1602 em maybe assigned to an 0 NH
2 

deformation. 

The aromatic bands in the region 800 - 700 cm-l did not show 

any significant changes as compared with the iminium hydro

chloride salt. The band observed at~ 1590 cm-1 , which is 
@ 

very close to the corresponding band in Ph 2CNH 2c~9 at ~ 

1600 cm~ 1 , is assigned to ~(C =C) aromatic. Antimony

chlorine stretching bands were observed at 348 and 333 cm-l 

as expected for (Sbc~ 6 )9 31,3 2 
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The mass spectral data for the yellow product and the 

assignments are listed in table (3.2). The data are con
~ e 

sistent with t~e salt~like structure Ph 2CNH 2sbc~ 5 . There 

are no indications for the form<:.tion of an orthometallated 

product or an imino-antimony chloride fragment. The most 

characteristic feature of the spec·trum is the loss of 

hydrogen chloride< m/e = 36 (100%}, from the salt which 

arises from the thermal decomposition shown in equation 

(3.19). The other peaks are less important; 

(3.19) 

they result from the fragmentation of Ph 2CNH or Sbc~ 5 units. 

Ef) e 
Table ( 3.2) Mass spectral Data for Ph 2CN~Sbc£ 6 

m/e Relative Intensity% 

226 22 

191 53 

181 9 

180 19 

121 5 

105 12 

77 11 

38 32 

36 100 

35 11 

Assignment_ 

SbC£
3 

SbC£ 2 
(C

6
H

5
) 2CNH 

(C
6

H5 ) 2cN 

Sb 

c 6H5CNH 2 
C6H5 
HC~ 37 

HC£ 35 

C£ 

The 0H NMR spectrum of the yellow product was recorded in 

d 6-DMSO using TMS as external reference- see figure. (3.2). 

The spectrum showed only two signal~ at the chemical shifts . \ w 
7. 69 and 4. 69 ppm. The uni1 

1
c = NH 2 would be expected to 

give an absorption at about 11 ppm30 
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$ 
Formation of the iminium salt Ph 2CNH 2SbC£~ from the reaction 

of Ph 2CNH with Sbc£ 5 may be explained on the basis of dis

proportionation of the probable intermediate Ph 2CNHvSbC£ 5 ~-

Ph2CNH + SbC£ 5 > [Ph 2CNH vSbC£ 5] --?> 

@ e 
~ Ph 2CNH 2SbC£ 6 + ~ Ph 2CNSbC£ 4 (3.20) 

To find out the pathway of this reaction two different 

imine systems were allowed to interact with antimony penta-

chloride: Ph 2CNHu and o~tolylu PhCNH. The first imine is 

known to suffer orthometallation 0 while the second notv as 

indicated from the R2CNLi + SnC£ 4 react·ion. The two reactions 

were carried out in a (1:1) molar ratio at rQ@m temperature 

without using any solvent to eliminate the protonation of the 

reaction components by the solvent. Since the two reactions 

were very vigorous under nitrogenv and since they were then 

out of controlu the reactions were carried out under vacuum. 

In the case of the o-tolylv PhCNH/SbC£ 5 reactionv three 

products could be isolated: HC£ 1 SbCl~ and a high yield of 

a brown oily residue. The f irs.t two products were identified 

by IR spectra. No attempt has been done to identify the 

structure of the brown residuev but the production of Sbc£ 3 

in this reaction may suggest that SbC£ 5 was reduced by the 

imine to the trivalent oxidation stater as has been observed 

in the reactions of transition metal halides with the bulky 

trialkyl or dialkylamines. The mechanism of such redox 

reactions is still not known and neither the oxidation nor 

reduction products could be identified. The characteristic 

features of such redox reactions are~ firstlyv the high 

ability to proceed with the more bulky organnnitrogen 

compoundsv e.g. R3N, where there will be a high steric strain 
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around themetal atom~ and secondly~ the formation of an organa-

nitrogen hydrochloride salt as a by-product, The latter~ 

which can be isolated, is believed to be responsible for the 

loss of the halide on the reduction of the metal. 

In the case of Ph2CNH/SbC1 5 reaction, i~ was observed 

that it follows the same pattern as the o-tolyl,PhCNH 

reaction. No orthometallated compound could be obtained from 

the reaction which is believed to undergo an oxidation-

reduction process. The latter process may explain the 
~ 

formation of the Ph 2CNH 2SbC1~ salt obtained from the reaction 

of Ph 2CNLi with Sbc1 5 , as described in chapt~r two. 

By using different solvents the reaction of Ph 2CNH with 

SbC1 5 was repeated at room temperature. On extraction of a 

(l:l) mixture of the two reagents in toluene, two phases were 

formed: a dark brown residue and a brownish yellow solution. 

The latter deposited a yellow microcrystalline product in 

low yield on standing for several days. The analytical data 

suggest a formula Ph 2CNH,SbC1
5 

as indicated by the Sb:C1 

ratio ("-' 1:5) but surprisingly the IR spectrum showed the 
G) 

same spectrum as that of the Ph 2CNH 2SbC1~ salt. The main 

product, a dark brown residue solidified and faded in colour 

on cooling to room temperature, its IR spectrum shows the 
@ 

same bands observed for the salt Ph 2CNH 2SbC1~. No attempt 

was made to characterize this product, however the change 

of its colour from darkness to light is a common observation 

for the mixed-valence antimony chloride compounds (Sb 111;sbv) 

in which a charge transfer is believed to occur between the 

two metals, and which is responsible for the colour and its 
34 

changes with temperature 
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In carbon tetrachloride, the reaction of Ph 2CNH wifh 

Sbc£
5 

yielded a yellow greenish viscous liquid which was 

immiscible with the solvent. No solid cou~d be isolated 

from that reaction, but on treatment of the residue left, 
,.. 

after pumping off the cc1
4 

with dry toluene yielded insolu .ble 

yellow solid. The analytical data and IR spectrum were 
e e 

similar to the authentic sample, Ph 2CNH 2sbc1 6 . 

3.3.2 Reactions of Diphenylrnethyleneamine with Antimony 

TJr! -.chloride 

When antimony trichloride was treated with diphenyl-

rnethyleneamine in ( 1:1), or (1:2) molar rati:::>s in chloroform 

solution a yellow product was deposited. The IR spectrum of 

this product showed the same spectrum recorded for bis-

diphenylrnethylenearnrnoniurn pentachloroantirnon~te (III); 
G) 20 

(Ph 2CNH 2 )
2

(sbc1 5 ) which was synthesized from the reaction 

of the irnrniniurn chloride salt and antimony t.cichloride in a 

{2:1) molar ratio as described in equation (3.21). 
G) e CHC£ 3 $ 2G 

2 Ph2CNH2C1 + SbC13 . . ?> (Ph2CNH2) 2(SbC15) 

RT 

( 3. 21) 

By comparison of the IR spectra and from the analytical 

data, we can. deduce the same structure as th:1t for the 
~ 29 . 

yellow product, i.e. (Ph 2CNH 2)i SbC£ 5 ) . The pentachloro-

antirnonate ( III) salt is very stable towards air and 

moisture and its IR spectrum (see figure 3.3) showed a 

-1 e 
strong broad band at "' 1630 ern , assignable to V (C = NH 2 ) 

stretching:frequency. Tal;>le (3.3) gives the frequencies of 
$ 

the V {C = NH 2 ) stretching bands for some of che iminiurn salts 

isolated in this work are given. 
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~able (3.3} The ~(C = NH 2 ) stretching Frequency for some 

Iminium Salts 

Y(C 

1660 

1660 

l690ul630 

1630 

@ 

* -1 b.Y\C = N) em 

60 

60 

30 

*b.~ (C = N) = ~(C = NH 2 ) - Y(C = NH) where 

-l where y (C = NH) rv 1600 em 

(:i) 
NH 2) stretching frequency 

-1 salts occurs at rv 1660 em . 

This band splits into two bands of equal intensity in the 
GJ e 

Ph 2CNH 2Sb~t 4 salt at 1690 and 1630 cm-1 . This splitting 

may be explained as a result of coupling between the 

fundamental ') (C = N) stretching vibration and probably the 

o(NH
2

) bending vibration which is known as the Fermi resonance 
33 6) 

effect In (Ph 2CNH 2 ) 2 (sbct 5 )28 the rnethyleneammonium 

stretching frequency gave only one broad band at 1630 cm-1 , 

the broadness of which may be due to the Fermi resonance 

effect. The reason for the doublet appearance of the 
GJ @ e 

Y<c = NH 2 ) stretching in 
@ 28 

Ph 2CNH 2sbct 4 as compared with 

(Ph 2CNH 2 ~(SbCt 5 ) may be interpreted from the effect of the 

negative electrostatic change of the anion attracted to the 

organic iminium species. As an example to support this the 

relative jntensity of the Fermi resonance doublet bands of 
t 

Y(C = 0) stretching in cyclope1anone have been found to 
33 

depend on the dielectric constant of the solvent used 

The IR spectrum also showed an ill-defined band at 
-1 3210 em , assigned to ~(N - H) stretching frequency. The 
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aromatic vibration modesu such as y(c =C) stretch, and 

o(C- H) out-of-plane deformation were assigned to 1590u and 

793, 725, 700 cm-l respectively which do not differ from 

the corresponding bands in the other iminiurn antimony 

chloride salts except the band at 755 cm-l which could not 

be observed in the spectrum. 

28 Mass spectral data for the yellow product; (Ph 2CNH 2 ) 2SbC1
5 

are listed in table (3.4) with their suggested assignments. 

The main fragments observed in the spectrum were due to 

loss of HC1, SbC1
3 

(m/e = 226, 100%) and Ph 2CN-H(m/e = 

179, 95%); which are expected due to the thermal decomposition 
Ee 

of the (Ph 2CNH
2

)
2

(SbC1
5

) 28 salt. There was no indication of 

the presence of any of the stable orthometallated fragments. 

The weak peaks observed at m/e = 333, 395, 486, 488 may arise 

e from di-nuclear anionic impurities such as Sb 2c1
7 

. 

Table (3.4) 

486,488 

401 

333,395 

227 

191 

179 

177 

121 

105 

77 

36 

35 

Relative Intensity 

1,1 

3 

2,2 

100 

75 

95 

20 

9 

100 

100 

100 

95 

% Assignments 

Sb 2c1 7 
? 

? 

SbC9" 3 
SbC9. 2 
Ph 2CN-l 

Ph2CN-3 

Sb 

PhCNH 2 
Ph 

HC1 

C1 
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The proton NMR spectrum of the yellow product was 

recorded in d 6- DMSO, using TMS as internal reference. The 

spectrum {figure 3.4) showed only two signals~t 7.66 and 12.6 

ppm as expected for the nuclear magnetic resonances of phenyl 
@ 6 

and c = NH 2 protons. The downfield shift of C = NH 2 signal 

as compared with the parent imine (6 = 9.9) may support the 

(9 28 
(Ph 2c = NH 2 ) 2sbc£

5 
structure for. th:e yellow product. 

From the above results it seems that the iminolysis 

process is responsible for the formation of such antimony 

chloride salts which do notdissolve in a chloroform solution. 

On the other handQ the possibility for the f~rmation of 

orthometallated compound is unlikely since these Ph 2CNH/Sbc£ 3 

reactions were carried out at RT, whilst the results of the 

Ph 2CNLi/Sbc~ 3 reaction showed that the formation of an ortho

metallated compound occurs at high temperatures - see 

chapter two. 

3o4 CONCLUSION 

The reaction of diphenylmethyleneamine with antimony 
Ef) 

pentachloride yielded the ionic salt Ph 2CNH 2SbC£~. The 

formation of such a salt may result from the presence of 

hydrogen chloride in the reaction medium or from the dis-

proportionation of the Ph 2CNH,SbC£ 5 adduct. Since no ortho

metallated compound or imino-antimony chloride derivatives 

could be obtained from that reaction, it seems that antimony 

pentachloride undergoes reduction when it inter~acts with 
'V 

imines. In the case of the Ph 2CNH/SbC£@ reaction in (1:1) 

molar ratio, the isolation of the (Ph 2CNH 2 ) 2 (sbc£ 5 )~ salt 

suggests that antimony trichloride interacts with the imine 

by iminolysis or by an orthometallation process. However, 
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no products from the latter processes could be isolated. 

appropriate molar ratios. 

$ e 
Ph

2
CNI' 

2
sbC£ 

6 
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CHAPTER FOUR 

THE REACTION OF 'l'IN DICHLORIDE AND HYDROGEN 
CHLORIDE WITH SOME HETHYL DERIVATIVES OF 

ACRYLONITRILE 

4.1 INTRODUCTION 

The reaction of hydrogen chlor~de gas and tin dichloride 
0 

in diethyl ether has been reported to yield the acids Et2o~ SnC~~ 
E9 2G (1) 

and (Et 20H ) 2SnC1 4 : 

SnCX. 2 -HC1 

The reactivity of these products towards unsaturated organic 

compounds such as alkenes and nitriles has proved interesting. 

In a number of published papers~ it has been stated that the 

chlorostannic (II) acid reacts with 0{-alkenes to give the 

corresponding organotin compounds; equation (4.1). 

------~r SnC1 3cH 2cH 2R 
-HC1 

{4 0 1) 

R =alKyl, H, co2Me, C.: N 

Moreover, in a iecent study 1 it has been shown that 

.saturated aliphatic or aromatic nitriles react with chloro

stannic (II) acid in diethyl ether to yield che dimeric 

product I - a,b. 

I a 

R =Me, Et, BU 1 Ph. 

Ib 

e 
ShC1

3 

0 ~·- ~-====-----
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This amidinium-like structure was proposed on the basis of 

the analytical information which showed that the percentage 

ratio of the nitrile : Sn (total) : Sn(II) is consistent 

with the above dimeric structure I, i.e. 2:2:1, and also of 

the observation of two types of ethyl group in the 1H-NMR 

spectrum of the product (where R = Et); N- (ethyl, trichloro-

stannylmethylene) propionamidinium trichlorostannate(II). 

The aim. of this work was to study the effect of 

replacement of a methyl group in the«- or ~- position of 

the acrylonitrile when it interacts with the acid H2snc.Q, 4-2Et2o. 

Thus, reactions of acrylonitrile, methacrylonitrile and 

crotononitrile with the SnC.Q, 2/HC.Q, system were carried out. 

The products obtained were studied analytically and 

spectroscopically. 

Before discussing this work it is helpful to survey b.he 

reactivity of nitriles towards protic acids in general. 

4.2 .THE REACTIVITY OF NITRILES TOWARDS PROTIC ACIDS 

In the presence of a protic acid, such as hydrogen 

halide or sulfuric acid, the nitrilegroup suffers protonation 

on the nitrogen atom, forming the nitriliurn ion; equation 

(4. 2). 

HX (j) e 
R - c - N <1 > R - c ~ NH X ( 4. 2) 

G) 
The presence of the nitriliurn ion, RC ~ NH in the nitrile-

hydrogen chloride system, has been claimed on the basis of 

l t . l d. t . . l.o,S e ec rlca con uc lVlty measurements. Some of these nitriliurn 

E> 20 
SbC.Q,

6 
, SnC.Q,

6 
· , salts have been isolated with 

e · 6,7 
BF 4 anions from the reaction of the corresponding nitrile -

FeC.Q,~ and 
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Lewis acid complex with hydrogen chloride at low temperature. 

The linear configuration of the nitrilium ion has been 

13 15 . 
revealed from proton, C and N NMR stud1es and it has 

been concluded that only a limited contribu.:.ion is made by 

the imino Carbonium ion~ 

e e 
R - c = NH __ <j;;:._-"» R - c = NH 

However, pr0tonation of the nitrogen atom will have the 

effect of making the nitrile carbon atom slightly more 

positively charged, as electron density is shifted towards 

the site of protonation. The nitrile carbon atom is therefore 

made more susceptible to nucleophilic attack. 

The nitrilium ions are not thermally stable, for example 

the nitrilium salt of hexachloroantimonate (V) disproportionates 

at room temperature to give the iminium salt and the starting 

complexes: 

e e 
2 R.C = NH SbCt 6 

e 
SbCt 6 

+ R.CNSbCt 5 

In general, therefore the formation of a nitrilium ion 

in the reaction of a cyano compound with a protic acid has 

been recognized as the first step for further reactivity of the 

cyano group at the carbon centre. The nitrilium species are 

subjected to nucleophilic attack either by the anion of the 

protic acid to form the imine or the iminium derivatives, or 

by the cyano or imidoyl nitrogen leading to the dimerization, 

or oligomerisation of the nitrile : 



-HC.Q, RCN 

R 

" C ,,--:-.. NH 2 ,, @ 
N \ "\ c 

/ " R X 

e 
X 

Dimerization 

150 

tr imerization (cycli z at ion} 

RCN or @ e R' 
RC;NHX ----P / C = 

RC(X)=NH X 

R 

"' c 
(II a) / 

X 

NH 

(IIb) 

As examples, the reactions of hydrogen halides with aromatic 
89 

nitriled give either the arylhaloniurn halides (structure IIb) 
10 

at low temperature, or the amidiniurn salts ~structure IIb) 

at higher temperatures by the way of dimerization. The 

aryl amidiniurn salts at elevated temperatures undergo further 

reaction to form heterocyclic products, such as 2,4,6-

triaryl-S-triazines. Differential thermal analysis showed 

that a tetrameric product has been involved during the 

pyrolysis process of the amidiniurn salt whic~1 undergoes the 

11 
cyclization after losing nitrile. 



(IIa) .6. s;,. 
-2HC~ 

15'l 

= ArCN 

- 4HC~ 

e 
C! 

The structure of the iminium salt CH 3CN o 2HC~ has been 

investigated by x~ray diffraction analysiJ
7
and structure 

(IIIa) has been proposed rather than structure (IIIb) on 

the basis of the normal bond lengths observed for the (single) 

carbon-chlorine and (double) carbon=nitrogen bonds: 

III a 

R 

\ e 
C ~ NH 2Ct 
I, " 

CR. f ~ 

IIIb 



In the case of the nitriles which have ~ - hydrogen atoms 
~(2~3 . %E":§~~&. 

such as disubstituted or monosubstitutea acetoni~rile, formation 

of amidinium salts was also observed Jt the resulting 

dimeric product loses hydrogen chloride to give the alkenyl 

arnidinium salt~ 

R 

R 

u 

"' CH-C - N 
2/ 

RD 
HCR- ~ 

--'7? CH 

R 
2/ 

Ro 
/ =HCt 

c <~~-

' 2 R 

Ct 

(R 0 ,R
2

) = (Ct, H), (Ct, CR-CH 2 ), (Ct, Ct), (CR-CH
2

, Ct) 

(CH 
3

, Ct) 

The structure of this salt has been revealed on the basis 

of proton NMR, Mass Spectroscopic and IR Spectroscopic 

. n 
stud~es. The hydrolysis of the dimeric salts has been used 

to identify the products, which form diacylamines 1 R 0 R2cH

CO-NH-CO-CHR2Ro or N-acylenamines, R.CO.NH.C{CR,) = CR'R2 
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The experimental result~ show that the dimerization 

of cyano compounds by protic acids to form amidiniurn salts 

depends on the reaction temperature, concentration of acids, 

and the type of cyano compounds and acids involved. For 

instance, the dissociation constants PKHX of hydrogen chloride 

and hydrogen bromide in acetonitrile have been determined 
1S 

to be 8.9 and 5.5p respectively suggesting ~hat hydrogen 

halides are incompletely ionized and retain their covalent 

bonding in dilute solution. On the other hand, at low 

temperature and at high acid concentration nitriles may 
1~ 

associate with more than one mole of HCl. Thus low concentrations 

and low temperatures are not favourable for dimerization 

reactions. The reactions of nitriles with hydrogen iodide 

and hydrogen bromide, in contrast to hydrogen chloride, lead 

to precipitation of the iminium bromides w:i!.tl. no inter-

molecular dimerization. Furthermore, the melting points of 

the iminium salts indicate that the iminium iodide and bromide 

are more stable than the chloride which reflects the order 

of electron donating ability of halogen atoms. The presence 

of electron-withdrawing groups bonded~ to nitriles activates 

the dimerization reaction of the nitriles. 

4.3 EXPERIMENTAL 

4.3.1 Reaction of Acrylonitrile with Hydrogen Chloride 

and Tin Dichloride 

Anhydrous hydrogen chloride was passed through a slurry 

of 33.8 g. of anhydrous tin dichloride (178.27 mmol) in 

140 ml. dry diethyl ether at o0 c. After one hour all the 

tin dichloride had dissolved completely. The hydrogen 

chloride gas flow.was terminated and the solution was allowed 
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to warm to room temperature. The clear pale yellow solution 

deposited no pale yellow oil like that observed in an earlier 
2 

study of this system. However, the solution was stirred for 

10 minutes to remove the excess of hydrogen chloride. Once 

again, the solution was cooled to 0°C and about 70 ml. dry 

acrylonitrile (1063 rnrnol) were added. The acrylonitrile 

was miscible with the ethereal solution which was stirred 

for one hour at o0 c and then allowed to warm to room 

temperature. The solution was subsequently stirred overnight. 

All volatile components were then pumped off under vacuum 

to leave a mixture of a pale yellow solution over a white 

precipitate. The solution was distilled in vacuo at 40°C/ 

1 rnrn Hg. The distillation process afforded a pale yellow 

solid and about 125 ml. colourless distillate. The latter 

was identified as 3-chloropropanonitrile; C£ CH 2cH
2

CN by 

comparison of its IR and 0HNMR spectrum with that of an 

authentic sample. Overnight, the colourless distillate 

acquired a pink colour. The yellow solid residue was then 

extracted with 120 ml. dry toluene for one hour at about 

150°C. Most of the solid dissolved in the toluene upon 

heating, giving a pale yellow solution and a heavy brown oil. 

On filtration of the hot mixture, the brown precipitate 

which solidified at room temperature, separated from the 

pale yellow filtrate. The filtrate deposited pale yellow 

crystals while the solution was hot, and on standing over-

night a high yield of the crystals was obtained, which was 

isolated by filtration, washed with chilled toluene, dried 

under vacuum, and identified as 3-cyanoethyl tin trichloride; 

SnC£ 3 - CH2 - CH2CN 
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* 
Analysis 

Found 

* 
IR Spec truro: 

-1 
~max em (Nujol Mull). 

3420(vw) u 3330(vw) u 3260(vw) u 3190(vw) u 2280(vs) u 1650(w) u 

1560(vw) 1 1410(m/s) 1 1320(vw) 1 1280(sh) 0 1260(VW) 1 1245(sh) 0 

116 0 ( w p s h ) Q 11 3 9 ( w) u 112 0 ( vw) p 1100 ( vw) u 1019 ( w ) u 9 7 0 ( s h ) u 

910 (w) u 890 (w) u 800 (vw) u 722 (w) u 690 (w/m) , 628 (w). 

* 
Far IR Spectrum 

-1 
~max em (Nujol mull). 

387 (w;tn) , 38 3 (m) u 375 (m) u 369 (m/s) u 365 (m) , 350 (m) u 338 (w) u 

320(m/s)u 313(vs), 309(vs 0 sh)u 287(w/m}u 27'J(w/m), 275(w), 

247(vw), 237(vw) r 233(vw) y 219(vw) p 217(vw) y 212(vw) f 

203{vw), 176(vw} 0 170(w} 1 154(w), 150(W) 0 136(w), 132(w), 

114 (vw) u lOO(vw) u 84 (vw), 72 {m/s). 

* 
Raman Spectrum : '1.0 -1 

ll'max em 

2279 (vs), 1422 (v'w) u 1165 (s) u 1412 (vw) u 1025 (w), 920(vw), 

633(s), 616(vw) 0 580(vw) 1 472(m) 1 357(vs), 32l(Mfs), 290(vw), 

275 {vw) y 2 39 (w) u 162 (w/m) y 132 (m) q 96 {w) u 83 (w) r 37 (s) 0 

4.3.2 Reaction of Methacrylonitrile with ~ydrogen 

Chloride and Tin Dichloride (SnC£2/HC.R. system 

prepared in Et2o). 

Dry hydrogen chloride gas was passed through a slurry 

of 25.2 g of anhydrous tin dichloride ( 133 m mol.) in 150 mL 

dry diethyl ether for about one hour with stirring at o0 c 

until all the tin dichloride dissolved completely in the 

ether solution.. The solution was allowed to warm to room 
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temperature. No pale yellow oil deposited as expected. 

However, the solution was cooled again to 0°C and about 25 ml. 

dry methacrylonitrile (:9.99 g. 1 298m mol.) were added by 

syringe to the solution with stirring. It was miscible with 

the solution and after ten minutes 1 the solution separated 

into two layers; the lower layer was pale yellow oil and the 

higher one was a whiteturbid solutiono The mixture was 

stirred for one hour at o0 c and then stirred at room 

temperature overnight. The resulting mixture contained 

three layers : top layer was a colourless ethereal solution; 

the middle layer was white, a suspension of solid and the 

lower layer was a pale yellow oil. The vvhole mixture was 

pumped (to remove the excess hydrogen chloride, diethyl 

ether and all other volatile components) under vacuum leaving 

a pale yellow viscous solution and a white solid. This 

residue was distilled in vacuo to remove 3-Chloro-2-methyl

propanonitrile which was collected as a colourless liquid a~ 

67°/0.l mm.Hg and identified by IR, 0HNMR and mass spectrum 

by comparison with an authentic sample. The remaining white 

residue after distillation was of a waxy consistency a sticky 

solid. On extraction of this solid in dry toluene for two 

hours at ll0°C most of the residue did not dissolve in the 

toluene and the white residue turned to a pale yellow colour. 

The filtration of the mixture yielded a pale yellow 

amorphous solid and a filtrate which was in two layers a 

poor yield of the pale yellow oil was present under a 

colourless solution. The pale yellow solid was washed with 

cold toluene and dried under vacuum. No further purification 

was done for this product which was difficult to dissolve in 
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organic solvents ~except. polar solvents) • However, from the 

analytical data (mentioned below) and the other spectroscopic 

analytical methods such as IR, 0HNMR and Mass spectra, this 

product was tentatively identified as~ 

N-(3=Chloro-2-methyl=l~trichlorostannyl propenyl) 

3-chloro-2-methyl propylamidiniurn trichloro 

stannate (II) 

*Analysis~ 

c 
I 

SnC.Q.
3 

Found : C 16.4, H 4.5v N 5.4v C.Q. 43.5% 

e 
SnC.Q.

3 

c 4~ 7N SnC.Q.4 requires : C 14.6, H 2.1, N 4.2, C.Q. 43.1% 

*Infra-red spectrum : ~ cm-l (NuJ'ol Mull) - max 

3330(sh) 1 3200(VSvSh) v 1680(VW) 1 1647(w/m,sh', 1575(vs,br) r 

1400(w) r 1335(sh ) r 1300(sh), 1260(vw) r 1205(vw), 1160{w/m) r 

1090(w) r 1058 (w/m), 1012 (vw) r 995 {vw) p 926 (m/s) r 853 (m), 

799(w)v 722(w/m), 570(sh). 

The filtrate gave white fumes on exposure to air. The two 

layers were separated. The colourless toluene solution was 

transferred by syringe into another empty flctsk undery dry 

nitrogen gas leaving the pale yellow oiL No solid deposited 

from the toluene solution on standing overnight, after which 

dry pyridine (py) was added, and a white preciptate deposited 

immediately. This white solid was isolated by filtration after 
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washing with toluene and drying under vacuum, and was identi

fied as an adduct (1:2) tin tetrachloride pyridine, SnC£ 4 .2py 

from the IR comparison with an a~thentic sample. 

hand the pale yellow oil could not be identified. 

the IR spectrum of this oil showed a band at 2288 

On the other 

However, 

-1 
em 

which could be assigned to Y(C = N) frequency. Other bands 

were observed in V(N-H) and ~(C=C)/~(C=N) stretching region. 

This may suggest that some of the amidinium salt decomposed 

on heating generating the original nitrile, hydrogen chloride 

and tin tetrachloride. Further studies are needed to identify 

the decomposition products. 

*Infra -red spectrum of the pale yellow oil 

(Nuj ol Mull) . 

~max 
-1 em 

3330(w/m), 3260(w/m), 3200(w/m), 2288 (m,sh), 1690(sh), 

1650(vs), 1595(w/m,br.), 140l(vw ), 1320(vw), 1302(m), 

1277(vw), 1260(vw), 1200(vw), ll80(vw), ll30(vw), lll3(w), 

1090(vw), 1068(vw), l042(vw), l020(vw), lOlO(vw), 94l{w), 

906(vw), 88l(vw), 865(vw), 819(vw), 792(w/m), 742(m), 69l(w/m), 

570(vm), 540(vw), 528(vw), 470(vw), 320(vs). 

4.3.3 Reaction of Methacrylonitrile with Hydrogen 

Chloride and Tin Dichloride (Sn~£ 2 /HC£ System 

prepared in petroleum Ether-Et
2
o). 

Dry hydrogen chloride was passed through a suspension of 

3.51 g. of anhydrous tin dichloride (18.5 m mol.) in 50 ml. 

dry petroleum ether (B.pt = 120°C) at 0°C with stirring for 

half an hour. The tin dichloride solid did not dissolve in 

the petroleum ether and then 10 ml. dry diethyl ether were 

added, and on passing the hydrogen chloride gas again at 



1 59 

o°C 0 a white suspension was observed in thepetroleum ethereal 

solution and a few oily drops which were immiscible with 

the solution deposited. Since all the tin d~chloride did 

not dissolve in the solution a further 30 ml. diethyl_ 

ether were added and once again the hydrogen chloride gas 

was passed for l~h. at o0 c with stirring until all the tin 

dichloride was dissolved in the solution. On standing, the 

0 solution deposited a pale yellow oil which was kept at 0 C 

since it decomposed easily at room temperatu~e and formed a 

white solid (Snc£ 2 ). The colourless upper layer solution was 

syringed off and about 15 ml. dry methacrylonitrile (11.99 g., 

179m moL) were added, after which a white precipitate 

deposited immediately and on stirring, the white precipitate 

started to dissolve into the solution forming a pale yellow 

solution 1 then the solution was stirred overnight at room 

temperature. The resulting solution was warmed gently and 

pumped under vacuum to remove all volatile components, leaving 

a pale yellow solution over a white precipitate 20 .rnl. dry 

benzene were added to the mixture and refluxed for one hour 

with sitrring. On filtration >:..rhile hot a white solid was 

separated from the pale yellow filtrate which deposited a 

white microcrystalline solid on standing at room temperature 

for two days. This microcrystalline product was isolated 

by filtration, washed with cold benzene, dried under vacuum, 

identified as 3-trichlorostannyl -2-methylpropanonitrile : 

SnC£ 3 .cH 2 .CHMeCN. 

*Analysis ~ 

Found~ c 16 • 3 , H 2 o o , N 4 o 6 , c £ 3 6 • 3% 

C4H6NSnC£3 re~uires ~ C 16.3, H 2.0 0 N 4o7~ C1 36.3% 
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-1 
*Infra-Red Spectrum : Y em (Nujol Mull). max 

3438(s)u 3335(s); 3265(m/s); 3195(m/s)u 2275(m/s), 1652(s); 

1568(m/s); 1405(m)u 1314(w); 1288(w/m); 1268(wush), 120Q(w)u 

1178(w), ll60(w); 1124(w), lllO(w), llOO(w), 1088(w), 

1040(w), l015(w), lOOO(VW;Sh), 920(vw), 925(vw,sh), 896(VW;Sh), 

810(vw); 790(vw), 762(vw), 745(m), 733(m), 688(w/m), 645(vw); 

587(w) 1 570(w/m); 552(w;sh) u 510(vw) r 478(vw) r 400(vw,sh), 

382(s); 370(s)u 357(vs). 

-1 
*Far Infra-red Spectrum: W em (Nujol Mull). 

max 

383(vs)r 380(vs); 372(vs) 0 365(s); 356(s)u 313(s), 306(s); 

2 5 4 ( vw) u 2 5 3 ( vw) u 2 3 2 ( vw ) , 2 2 7 ( vw ) , 2 21 ( vw) , 211 ( vw) u 2 o 3 ( vw) , 

194(vw), 188(vw); 177(vw), 170(vw), 156(w/m), 150(w/m), 

143 (w/m), 132 (w), 127 (w/m) u 107 (vw) u 101 (vw), 95 (vw), 88 (vw), 

73 (m), 65 (w) u 55 (vw) o 

*Raman Spectrum : ~ max 
-1 em 

2995(m/s), 2975(m/s)u 2930(m/s), 2915(m/s), 2875(m); 

2270{s); 1163(s)r 656(m); 578(w/m) 1 512(w), 478(w,sh), 382(m), 

375 (m) 1 357 (m) 1 310 (w/m), 213 (vw) r 205 (vw), 200 (vw), 145 (w/m), 

135 (m) 1 90 (w/m) u 52 (w/m), 40 (w/m) o 

4.3.4 Reaction of Cis-/trans-Crotononitrile with Hydrogen 

Chloride and Tin Dichloride (SnC£ 2 /HC£ System 

Prepared in Et
2
o). 

Dry hydrogen chloride gas was passed through 200 mlo 

dry diethyl ether mixed with 49.0 g. anhydrous tin dichloride 

(258m mol.) for one hour at 0°C with sitrring until all tin 

dichloride completely dissolved in the solution. The solution 

was allowed to warm to room temperature for. !.; hour but no 
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oil deposited. The solution was then stirred for ~ hour to 

remove the excess of the hydrogen chloride gas. The solution 

was recooled to o0 c and about 70 ml. dry cis-/trans-Crotono-

nitrile (57.67 g., 859 m mol.) were added with stirring for 

one hour. The ethereal solution was miscible with the crotono-

nitrile. It was then stirred overnight at room temperature 

after which the solution on standing, separated into two 

phases; the upper phase was a colourless solution and the 

lower phase was pale yellow viscous solution. A sample of 

the upper phase was withdrawn by syringe and transferred 

into another empty flask under dry nitrogen. It was pumped 

under vacuum leaving a pale yellow viscous residue. The IR 

spectrum of this residue was identical to that of an authentic 

sample of 3-chlorobutanonitrile Ct CH(CH 3).CH 2 .CN. The 

extraction of this residue from toluene for ~ hour at l20°C 

produced a brown solution from which no solid was deposited. 

Another sample was taken from the lower phase for test 

experiments. This viscous solution, on standing at room 

temperature for one week produced white needles of which the 

IR spectrum was identical with that of the white precipitate 

deposited from the solution.after pumping off under vacuum. 

TheIR spectrum showed bands at the region of v(N-H), V(c=c), 

and V(c=N) bands. 

A third sample of the initial solution was transferred 

into another empty flask, pumped under vacuum to remove all 

volatile components using a warm water bath thus leaving a 

pale yellow solution over a white precipitate. The resulting 

mixture was distilled at 85°C at 0.1 mrn. Hg to remove all 



3=chlorobutanonitrileo The final residue was a yellow solido 

This residue was extracted from the toluene at about 60°C 

for ~ hour but there was not much solid dissolved in the 

solutiono The solution was filtred leaving a yellow solid 

on the filter stick and a filtrate which deposited pale 

yellow oiL The IR spectrum of this oil showed a band for 

)J(C=N) shifted to higher fre,quency. 

Apart from these test experirnentsu the whole remaining 

mixture (two phases) was pumped off under vacuum, distilled 

tinder vacuum u as mentioned before, to remove all the 3-

chlorobutanonitrile which was identified from the IR 

spec:t.rurn by comparison with an authentic sample 9 leaving 

a yellow solid. On continuation of the heating at Ool mrn.Hg 

the yellow solid started to melt at 43°C and to change to a 

dark colour at 50-55°Cu then a white solid started to 

sublime inside the condenser. This solid was heated using 

a hair drier until it melted and it was collected in an 

empty distillation flask. From the analytical data and, IR 

spectrum, this solid was identified as an adduct (2:1) of 

3-chlorobutanonitrile tin tetrachloride: 

*Analysis: 

Found: C 23.2u H 2.2u N 6.2, Ct 44.5% 

*Infra-Red spectrum of the fungisolid: -1 
~ ern · (fused max 

contact film). 

2290(m) v 1442 (w), 1400(w}, 1382 (w), 1338 (vw) v 1273(w), 

1255 (w v sh) v 1210(vw) v 1190 {vw) 0 1109 (w), 1078 (w) , 1010 (w/rn) , 
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950 (vw); 925 (w) u 885 (vw) u 850 (vw), 710 (vw); 655 (w) , 62 3 (w/m), 

605 (w/m). 

4.3.5 Reaction of cis-/trans-Crotononltrile with Hydrogen 

Chloride and Tin Dichloride (Snc~ 2 /HC~ system 

prepared in petroleum Ether-Et2o). 

30 ml. dry petroleum ether was added by syringe to 2.18 g. 

anhydrous tin dichloride (11.5 m mol.), followed by 22 ml. of 

dry diethyl ether. Dry hydrogen chloride gas was allowed 

to bubble through the solution for 2~ hours at 0°C with 

stirring until all the insoluble white solid of tin 

dichloride had dissolved completely in the solution and the 

pale yellow oil had been deposited. The petroleum ether/ 

etheral solution was syringed off and then 23 ml. of cis-/ 

trans-Crotononitrile (18.94 g., 282m mol.) was added at 

o0 c with stirringu it was miscible in the solution and a pale 

yellow clear solution was produced. It was stirred overnight 

at room temperature. All volatile components were pumped 

off under vacuum leaving a high yield of a white solid 

which was extracted - without distilling - in 80 ml. dry 

benzene for one hour at 110°C. Most of the white solid did 

not dissolve in the hot benzene. On filtration the high 

yield of the white solid was isolated, washed with benzene 

and dried under vacuum. The analytical data and the IR 

spectrum showed that this product had the formula similar 

to that product obtained from the reaction of methacrylonitrile 

with Snc~ 2 /HC~ System (prepared in Et
2
o), i.;. c 4H 7Nsnc~ 4 

and therefore the product was tentatively identified as: 

N-(3-chloro-1-trichlorostannyl butenyl) 



1 64 

3-Chloro propyl amidinium trichlorostannate(II) 

H 

" ........-c 
Me-CH 

/ 
CSI, 

*Analysis 

= c -
! 

SnC2 3 

C7H7N Snc£ 4 requires 

*Infra-red spectrum 

/Me 

~H2 - CIL_ CSI, 

HN - C - NH SnCSI, 6 
-~--=----· 2 3 

G:> 

C l4.6v H 2.1 0 N 4.2 0 C£ 43.1% 

-1 
~max em (Nujol Mull) • 

3370 (w) 1 32 40 (w/m) u 3125 (mubr.) u 1690 (w/m) u 1632 (m) v 

l410(vw), l323(VW) 0 l308(vw)v l290(vw) 0 l26G(VW)v l230(m/s), 

l220(m/s)v llOO(sh) 0 l065(w)v l040(VW) 0 963(m), 923(vw)v 

843(w) v 830{w) v 810(vw) u 780(w/m) v 724(vw) v )75{w/m), 507(vw), 

470(vw). 

4.4 DISCUSSION 

4.0 4.1 The Reaction of Tin Dichloride with Hydrogen 

Chloride 

1 
Previous studies have shown that when hydrogen chloride 

is passed through a suspension of anhydrous tin dichloritle .in 

diethyl etheru a yellow oily liquid separated out. The 

analytical and spectroscopic data for this yellow oil 

suggested that this product consists largely of etherated, 

strongly ionized dihydrogen tetrachlorostannate (II), with 

arbitrary amounts of hydrogen trichlorostannate (II) -

see equation 4.3a 
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e e HC£/Et2o 
HC£ + SnCR- 2 + Et2o~ Et20Ho SnCR- 3 

The presence of a strongly ionized proton h2s been detected 

from the signal at S ~ 12 ppm in the 0H-NMR spectrurn,which 

is similar to that observed in the Et
2

0/HCR- System (o ~ 6 ppm)o 

The tin atom in this reaction is not oxidised from the divalent 

oxidation state to the tetravalent on the t~eatment with 

He£ to give for example the trichlorostannane (IV); HSnct
3

o 

This is confirmed by the IR spectrum of the yellow oil 

which shows no ~(Sn-H) stretching frequency band in the 

1700 - 2200 cm-l regionu and also from its 119sn Mossbauer 

parameters which is consistent with those parameters observed 

1 
for tin (II)-compounds. 

The complexes in the yellow oil are not stable and they 

tend to dissociate into SnCR- 2 and HCt on aduition of more 

Et20 7 or of inert apolar solventsu and on evaporation of 

diethyl ether and/or hydrogen chlorideo In addition to that, 

the complexes decompose slowly at room temperature as a 

result of diethyl ether cleavageu yielding ethanol and 

ethyl chloride, together with traces of ethyl tin trichlorideo 

In this work, the reaction of tin dichloride with hydrogen 

chloride was carried out 1 firstly, in diethyl ether, but no 

yellow oily liquid separated out and only a clear colourless 

solution was obtainedo However 1 on repeating this reaction 

in a mixture of Et
2
o and an inert solvent such as petroleum 

ether (Bopt = 120°) u the oily liquid could be separated at 

0 
0 C and Snct 2 was found to immediately precipitate at room 

temperatureo 



4.4.2 The Reaction of Chlorostannate (II) with 

Acrylonitrile 

The reaction of acrylonitrile with the SncZ 2 /HCZ System 

(prepared in Et20) yielded a pale yellow solid which is 

identified analytically and spectroscopically as 2-cyano-

ethyl trichlorostannane (IV) 1 Sncz 3cH 2cH 2CN. This product 

is very soluble in the demineralized water and its aqueous 

solution gives no precipitate on treatment with mercury 

dichloride (equation 4.4), which indicates that the tin atom 

in this product exists in the +4 oxidation state, rather 
·20 

than +2. 

II IV 
Sn + HgCZ 2~ Sn cz 2 + Hg! (4.4). 

grey or black ppt. 

The mass spectral data of this product and their 

assignments are shown in table (4.1). The spectrum supports 

strongly the presence of tin-containing organic fragments 
(;!) 

since the protonated parention; Sncz 3cH2cH2CNH is observed 

at m/e ~ 280. 

Table (4.1) ~ Mass Spectral data of Sncz 3 .cH2 .cH2 .CN = M 

+ m/e {Fra.gment, Ir%) : 280(M+l, 0.7), 278 (M-1,1.2), 

276(M=2, 0.7), 244 (M-CZ,2.5), 243(M-HCZ, 0.7), 225 (SnC9_
3
,32), 

190(Sncz2 ,10), 155(SnCZ,34), 120(Sn,8), 89 (HNCCH 2cH 2C£,17), 

54(HNCCH: CH 2 ), 49(C 4H, 100), 36(HCZ,l0). 

TheIR spectrum (Figure (4.1)) showed a very intense 

absorption at 2280 cm-l which is characteristic for v<c=N) 

stretching frequency. This nitrile band shifted to lower 

-1 . 
frequency (~ 2250 em ) , when the trichlorostannane (IV) 



167 

product was exposed to airo The characteristic bands of 

absorbed waterv ioeo Y(O=H) stretchu o(HOH) bendp were 

-1 observed at 3600 and 1610 ern respectively. This change 

in Y(C=N) frequency indicates that (C=N) bond is co-

ordinating with the tin atom by the nitrogen lone pair. On 

comparison with the analogous B-Cyanoethyl derivative; 
2'1 

C£ CH 2cH 2CNu the IR spectrum showed other bands at 1410, 

1323 1 1162 and 911 cm-l which could be assigned to the CH 2 

bending modes 1 ineo the scissoring 1 twisting, wagging and 

rocking modes. Other weak bands were observed at 1645 and 

1540 cm-l which they are not expected. These two bands will 

be discussed lateru in the next section. 

The far IR and Raman spectra (figures 4.2 and 4. 3 

respectively) of the sample of 2-cyanoethyl tin trichloride 

were recorded in an attempt to characterize the stereo-

chemistry apout the tin atom. Each spectrum displayed three 

bands in the region 500-250 cm-l at ~ 470, ~ 363 and at ~ 
-1 317 em which are expected for the stretching modes of 

y(Sn-C) 1 ~(Sn-C£) and y(Sn-N) respectively. These assign-

ments are proposed using ethyl tin trichloride as a com-

parative model. In the literatureu the lat~er compound has 

been reported to give bands at 520 

to ~(Sn-C) and ~(Sn-C£) stretching 

-1 and 370 em corresponding 
22 

frequencies respectively. 

On co-ordination of the tin with 2,2°-dipyridyl, both bands 

of )l·~sn-C) and )I(Sn-C£) were shifted to lower frequency with 

the 

the 

appearance of a new band at 349 cm-l corresponding to 
23 

j(sn-N) stretching. 
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Further evidence for the structure of t~1e trichloro-

stannane (IV) is provided by 0H-NMR spectroscopy ~ see 

figure 4a4o The spectrum showed (Table 4.2) two triplets 

which were similar to the spectrum recorded for C£CH 2cH 2CN. 

The upfield triplet is assigned to the a-methylene group by 
2.!o 

comparison with R2SnC£2 and the down field triplet to the 

6-(CH2 ) groupo 

Table (4.2) 

Solvent a(CH 2 ) 6(CH 2 ) 

CDCQ..
3 2.95t 2.46t 

D20 3.40t 2.38t 

*Ref. external TMS (o = 0), t =triplet. 

The 13c-NMR Spectrum (figure 4.5) was recorded in n2o 

using 1,4-dioxane as an internal Reference. The chemical 

shift obtained, then converted to oTMS scale by using the 

relation : oTMS = o 4 . + 66.5. The spectrum displayed l, D1oxan 

a signal at 8121.5 ppm corresponding to the nitrile group and 

two other signals at 633.2 and 813.2 ppm corresponding to 

SnCQ..
3

cH2 - and N - CCH
2 

carbons respectively. 

4.4.3 The Reaction of Chlorostannate (1I) with 

Methacrylonitrile 

[a!- The reaction of methacrylonitrile with the 

SnCQ.. 2 /HCQ.. system (prepared in Et2o) yields a product of the 

composition CH 2c MeaCN.H 2snc£ 4 • The structure of this new 

product i.s believed to be N-(3-chlo.ro-2-methy·I-1-Lr.i<..:hl.oro-

stannyl propenyl) 3-chloro-2-methyl propylam:dinium 



trichlorostannate (II) - see st~ucture IV. 

Me 
I 

I 
C£CH 2- C 

I 
-- C ~-NH 

e 
Snc£ 3 /, ~, ~ --. 2 

H HN' CH C£ 
\ / 2 

/C=~ 
SnC£ 3 Me 

IV 

Surprisingly~ the analytical data for the C,H and N 

percentages was consistent with the composition CH2CMeCN. 

HSnC£ 3 ~ but the latter has been rejected on the basis of the 

higher content found for %C£. Furthermore, the mass spectrum 

of the sample gave evidence for the presence of traces of 

toluene which may explain the higher carbon percentage. The 

analysis of tin (24%) was not accurate but it is observed 

to be more than the expscred value of total tin (36%). 

The product obtained is characterized to be non-air 

sensitive, very soluble in water, and insoluble in aromatic 

solventsu particularly, benzene and toluene. In aqueous 

solutions, this product gives a grey precipitate with HgC£ 2 

indicating the presence of Sn(II). 

The mass spectral data of the amidinium salt product 

and their assignments are summarized in table (4.3). The 

spectrum showed no peak for the parent n<On Except for the 

E9 peak at m/e = 280, the highest mass peaks are due to snc£ 4 ® 
or Snc£ 3 ions. The peak at m/e = 280 is probably due to the 

formation of a stable heterocyclic fragment such as 

~ 
SnC£ 3 - CH = N-CH = NH ion. In practice, it has been observed 

that trichlorostannyl heterocyclic compounds such as 
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O=Snc£
3

C6H
4 

Cph = NH are stable inside the mass spectro

metero The formation of such fragrnent 1 probably as a result 

of the decomposition of the parent ion 1 can be considered as 

evidence supporting the existence of amidinium structureo 

Table (4a3)o Mass Spectral data for 

m/e (Fragment~~ Ir%) = 280 (SnC£ 3 CH = N- CH = NH 1 Oa3) r 

260 (SnCJI: 41 L5) 1 225(SnC£ 31 5) 1 155 (SnC£ 1 lo4) 1 120 (Sn,L4) v 

102 (CH2CMeCN + HC£ 1 6) 1 68 (CH 2CMeCNH 0 100) u 51 1 49 

(C£CH 21 17 1 41) 1 4l(C
3
H51 23) u 36(HC£ 111) o 92(C 7H8 ,46) 0 

91 (C
7

H
7 1 55) o 

Apart from the peak at 280 1 it seems that the amidinium 

salt product obtained from this reaction is not stable on 

the mass spectrometer probe and it does decompose to give 
e G) 

simple fragments such as CH 2CMeCNH, C£CH
2

C(Me) = C = NH 1 

$ 
C£CH 21 HC£ and the tin chlorideso 

The infrared spectrum of the substituted propenyl 

propylamidinium salt shown in figure (4o6), showed no 

absorption in the nitrile stretching region 1 and instead 

three bands were observed in both the v<N-H> stretching (at 

3570, 3320 and 3180 cm- 1 ) and in the Y(C=N)/~'C=C) stretching 

region (at 1645 1 1680 and 1580 cm- 1 )o These absorption 

bands are consistent with the amidinium salt structure which 

is pictured in structure IV 1 since it is expected three 

stretching vibrations arising from NH
2 

and NH groUPSo On 
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the other hand it is expected that there should be two 
(§ 

.,_.,...._ ... _~...,...- ---
stretching vibrations from the arnidinium group; NH 2- C- NH 

(at 1580 cm- 1 ) and from the (C=C) bond (at about 1645 crn-l) 

and also one bending vibration from the NH 2 group (at 

1580 crn-l)o Similar bands have been observed before for 
12 

some amidinium salts such as 

C£-CH o Me 
2 

v 

e 
C£ 

which showed three bands at 1690; 1600 and 1530 cm-l The 

same three bands were observed for the products obtained from 

the reaction of alkyl and aryl nitriles with the hydrogen 
3 

chlorostannate (II) 0 Clearly the observation of several 

bands in the range 4000 - 1500 cm-l eliminates the ketiminic 

structure 

C£CH
2 

Me 
\ 

CH 

"'-c 
/ 

SnC£ 3 

.. 
= NH 

since this should give only two bands in the same range as 

referred toV(N-H) andV(C=N) stretching frequencieso 

The proton NMR spectrum of the sample (figure 4o7) was 

recorded at room temperature using d 6-oMSO as a solvent 

and TMS as internal referenceo The spectrum showed two 

signals for the methyl protons at the chemical shifts lo8 

and 3o6 in almost the same ratiou and another two signals 
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for the methylene protons at the chemical shifts 3o4 and 

5.0 in the same ratio. HovJeverv the signal of the expec-t;ed 

methine proton could not be observed probably because of 

the overlap with the Me or CH2 signals. The NH protons were 

observed at the chemical shifts 7.7 and 8.9 which are 

····--~--···· 
expected .for amidinium protons HN- C-NH2 • The upfield 

signal was broad and it is believed to belong to the 

partially double bond 'c·.:.::..::.··-:tm protons 1 and the low-
/ 2 

field signal which was sharp is believed to belong to the 

highly acidic proton of the partial c·.:.:.:·NH double bond. Such 

a feature of the NMR spectrum has been reported previously 

for some related compounds of the general fnrmulae 
12 

N-(a-chloroalkenyl) alkylamidine hydrochloride VI: 

R1R2C ·-·----~---·-· c£e = C. C9.. .NH~C -NH2 

l 
R1R2CH 

VI 

The NMR spectrum was recorded also usir.g D2o as a 

solvent 1 but the spectrum showed different signals to those 

observed in the d~DMSO solution which indic~tes that this 

sample undergoes hydrolysis with o2o. The sensitivity of 

this amidinium salt towards water can be assumed on the 

basis of previous studies on the dimeric salt V which 

reacts with the water to give N-(3-chloro-2-methyl-propionyl) 

-N-methacryloylamine through partial dehydrochlorination of 
12 

bis (3-chloro-2-methyl propionyl) amine: 
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EN 

" c 
I 

CQ, Me 

1 n I! 

CQ,-CH- CH - C - NH - C - C = CH2 2 I I 
Me Me 

The amidinium product obtained from this reaction might 

be thermally unstable. This was apparent when an attempt 

was carried out to extract this product in t~luene. The 

product did not dissolve in the solutionp howeverp a low 

yield of yellow oily liquid separated out from the solution. 

The IR spectrum of this oil showed a band at 2288 cm-l 

assignable to the y(C=N) stretching frequency. Other bands 

were also observed at 3330, 3260, 3200p 1650 and 1595 -1 em 

as observed for the initial arnidinium sample. Moreover, the 

immiscible toluene solution deposited the white solid 2PY/ 

SnCQ,4 adduct when pyridine was added. The analogous dimeric 

salts, N-(a-chlonalkenyl) alkylamidinium chlorides VI 

resulting from the reaction of saturated nitriles and hydrogen 

chloride have been reported to be unstable to heat, and they 

decompose to the starting nitriles and hydroyen chloride 
25 

with formation of traces of s-triazines" 

~- The same reaction of methacrylonitrile with the 

chlorostannate (II) was repeated. This time, the methacrylo-

nitrile was added to the oily liquid of the chlorostannate 

(II) which separated out when a mixture of petroleum ether/ 

Et2o was usedp and which could not be isolated from the 
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ethereal solutiono The mixing of the two reagents was carried 

out at o0c and the mixture Wg? stirred for several dayso 
was 

The resulting solution whichAhomogeneousp was pumped on to 

remove all the volatile materialso The resulting residue 

was then extracted in benzerre without isolat~.on of the 
gg 

expected by=product 3-chloro-2-methyl propanonitrileo A 

high yield of white solid did not dissolve in the hot benzeneo 

The IR spectrum of the insoluble product showed similar 

bands to those observed for the isolated product shown in 

structure IVv ioeo this product has the amidinium salt 

structureo Another interesting product was isolated from 

the extracted benzene solution in low yield as a white 

microcrystalline solido This product is identified as 

3-trichlorostannyl-2-methyl propanonitrile; Snct 3cH 2CHMeCNo 

The analytical data are consistent with the formula 

cH: 2CMeCNoHSnct 3 o The product is very soluble in water and 

gives no precipitate with mercuric chloride ~ ·hich imp lies 

that this product contains Sn(IV) rather than Sn(II)o 

The IR spectrum (Figure 4o8) showed a sharp band at 2275 

cm-l assignable to the expected coordinated cyano stretching 

groupo Howeverp several bands were observed in the ~(N-H) 

stretching region (at 3438, 3335 and 3265 cm- 1 ) v and also in 

the~ (C=N)/Y(C=C) stretching region (at 1652 and 1586 cm-l)o 

These bands may be related to some mixed impurities of an 

amidinium or a chloroiminium salt or even trichlorostannyl 

imine o Both FIR and Raman spectra (Figures 4 0 9 and 4 0 10 

respectively) showed in the region 500 - 200 cm-l three 

similar bands to those observed for the 2-cyanoethyl tin 

trichloride sample at 478 cm-l (fori}(Sn-C) stretch)v 
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-1 ~I -1 457 ern (for v(Sn-C£) stretch) and 313 ern (for Y(Sn-N) 

stretch) o Once again the impurities showed another band 

in this region at 375 crn-l probably corresponding to another 

Sn-C£ stretching vibration. 

The mass spectrum supports the structure of 3-t~ichloro-

stannyl-2-rnethyl propionitrile since it shows the parent ion 

peaks at rn/e 293 and 294. The other fragmentation ions 

observed in the mass spectrum are given in table (4.4). As 

in the case of Snc£ 3cH 2cH2CN 1 the loss of chloride ions, 

HC£ 1 Me, HSnct 3 and other fragments was observed. Once again 

the presence of impurities in the sample may explain the 

reason for a peak at~+ HC£ (m/e = 329). 

Table (4.4) ~ Mass Spectral Data for Sn~£ 3cH2CHMeCN(M) 

rn/e(FragmentEt>1 Ir%) ~ 326(M + HC£,09) 1 292(M,2.9), 

293(M + lp 0.8) 1 294(M + 2~ 2.8), 280 (Sfic£ 3CH=N-CH=NH, 

26) u 282(Stc£ 3CH=N-CH=~H + 2 1 llo2), 284 (SnC£ 3CH=NCHNH + 4 1 

5o3), 260(SnC£ 41 6.7) 1 258 (M-C£, 12.7) 1 257 (M-HC£,4), 

227 (SnC£ 3 + 2 1 20) 1 226 (SnC£ 3 + 1 1 7) 1 222 (M-2C£,28), 

190 (SnC£ 21 9) 1 155 (SnC£), 188 (M+ l-3C£ 17) 1 120 (Sn, 17.6) 

68 (M-SnC£
3

, 60), 4l(C
3
H51 100) 1 36(HC£,60). 

The C-13 NMR spectrum of the sample (figure 4.11) was 

recorded in 1,4-dioxane which was used as aP internal 

reference. The chemical shifts were then converted to the 

TMS scale as indicated earlier. The spectrum clearly showed 

one signal at o 124 for the nitrile carbon which was a 

singlet even without the decoupling. The methylene carbon 

was observed as a singlet at o 43.2 in the same ratio of the 
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Cyano Signalo The doublet signals observed at b2lol and 

b34o6 (in 3gl intensity ratio) probably correspond to the 

methyl and methine carbonso Using GHNMRu the sample exhibits 

in d 6-DMS0 three sets of signals at ~8o9 (doublet ; vw) u 

3o 1 (quartet u w) u and L 3 (triplet + doublet.u m/s) ~ see 

figure (4ol2)o The first signal is suggested to be for the 

(N~H) proton of the impurities; the second for the (C-H) 

proton which is coupled with the methyl protonsu and the last 

one is probably due to CH 3 u CH2 and CH protonso No signals 

for the d 6-DMSO could be observed at ~2o5o To avoid the 

solvent signalsu the spectrum was re-recorded in n2oo The 

spectrum r figure 4 o 13) showed the methyl protons as a doublet 

at <b L 95 and the (C=H) proton as a quartet at ~ 3o 7 0 Another 

set of signals centred at o2o4 was observed and they probably 

correspond to the CH2 and CH protonso 

4o4o4 The Reaction of Chlorostannate (II) with Cis-/ 

trans-Crotononi trile 

The reaction of the isomeric mixture of cis-/trans

crotononitrile with the Snc~ 2 /Hc~ system prepared either in 

Et2o or in a mixture of petroleum ether and diethyl ether 

forms one producto This product is identified as N-(3-Chloro-

1-trichlorostannyl butenyl)-3-chlorobutylamidinium trichloro-

stannate (II) = see structural formula VIIo 

CQ. 

Me ~c 
C£ 

/ ~ 
H c- Me 

/'-
= c H 

\ 
H 

VII 



Another product was isolated during the distillation 

and it is believed to be the (C~CHMe CH2CN ~)nC~ 4 adduct. 

The latter product was obtained as a white solid which gives 

white fumes on exposure to air. The IR spectrum showed the 

stretching band of C~CHMe CH 2CN (at 2255 crn- 1 ) shifted to 

-1 the higher frequencies (at 2290 ern ) as expected for o-N 

complexes. Additionally, the I~ spectrum showed nearly 

the same bands observed for the free 3-chlorubutanonitrile 

which has been previously prepared by passing HC~ gas 

through the crotononitrile. The adduct exhibits in the mass 

spectrum no peak for the organotin fragment, but instead it 

exhibits simple fragments such as tin chlorides, MeCHCHciH 

and C~CHMeCH2C~H - see the mass spectral data of the adduct 

in table (4.5). 

Table (4.5} Mass Spectral Data of (C~CHMeCH2CN} 2 / 

Snc~ 4 
(±) 

rn/e (Fragment, Ir%): 260(Snc~ 4 , 4.2), 223{Snc~ 3 -1,29), 

226 (SnC~ 3 + 1, 5.4), 227 (SnC~ 3 + 2,22), 190(Snc~ 2 , 1.5), 

155(SnC~, 5o3) u 120 ~Sn,6o0), 68 (MeCHCHCNH,6o8) ,63 

( C ~CHMe, 7 9 o 8) , 6 5 ( C ~CHMe + 2 , 2 5 o 6) , 4 1 ( C 
3 

H 
5

, 1 0 0) , 3 6 ( HC ~, 1 4 . 4) , 

35(C~,6.9). 

Apart from the by-pr(l)ducts, the same product was 

obtained in Et2o alone as in the mixed solvent system 

petroleum ether-diethylether. 

In order to support structure VII, the analytical data 

is consistent with the empirical forrnulalMe-CH = CH CN.H 2SnCiJ. 
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TheIR Spectrum (figure 4.14) does not show the Y(C = N) 

st~etching band of the starting material, but instead, it 

shows clearly several bands mainly at 3370, 3330; 3220 and. 

-1 3180 em (assignable to y(N- H) stretching frequencies); 

and also four bands are observed at 1690u 1632u 1570 and 

1515 cm- 1 assignable to the Y(C = N)/Y(C = C} stretching and 

NH 2 bending modes. The mass spectrum of the sample does 

not show any indication for the presence of the molecular 

ion MeCH = CHCNoH 2snc£ 4 or the expected molecular ion shown 

in structure VII. The spectrum only shows peaks resulting 

from the tin chloride ions or resulting from the fragmentation 

of the organic residue; crotononitrile. The mass spectral 

data are listed in table (4o6). 

Table ( 4. 6) 

0 m/e (Fragment ,I~%) 

Mass Spectral Data for N-(3-chloro-1~ 

trichlorostannyl butenyl)~l-chloro-

butylamidinium trichlorostannate (II). 

268, 270 (SnC£ 4 , L4, 2.8) 225 (SnC£ 31 

6) 1 190 (SnC£ 21 9o4) 1 155(SnC£ 1 23), 120 (Sn, 6.1) 1 78 

(C6H6 I 63) I 77 (C6H5 I ll 0 7); 68 (CH3CHCHCNH, 12.4) I 69 

(Ch3CHCHCNH2' 15.5} I 41 (C3H5, 16) )~36(HC£, 100) 1 35(C£, 23.?). 

, The 1HNMR spectrum of the sample was recorded in both 

d 6-DMSO and o2o (Figure 4.15) using TMS as internal or external 

reference. The spectra showed three broad signals at the 

chemical shift 8.0, 7.2 and ~2 which can be assigned to the 

NH·protons of the amidinium group. These three broad signals 

have been observed in the NMR spectrum of the dimeric salts 
~2 

of N-(a-chloroalkenyl) alkylamidinium chlorides VI. The 

spectrum also showed three sets of doublets for the methyl 
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protons at the chemical shifts 1.6, 1.5 and 1.4 in the ratio 

1:2:1. This ratio suggests a coupling between the methyl 

groups due to the presence of a bute~yl group as a mixture 

of Cis- and trans= almost in equal proportions. the signal 

observad at 64.5 corresponds to the proton attached to the 

unsaturated (C = C) double bond. Another signal was 

observed at 62.6 which is probably due to the methylene 

protons. The spectrum recorded in o2o was different from 

that in d 6-DMSO which implies that this product is hydrolyzed 

by water. 

4.5 MECHANISTIC ASPECTS 

FroM the previous discussion sectionsr one can conclude 

that the acrylonitrile reacts with the tin dichloride and 

hydrogen chloride in a different manner to the methyl 

derivatives of acrylonitrile; i.e. methacrylonitrile and 
i 

crotononitrile. The former reaction afforded mainly 3-
.......... 

trichlorost:annyl propanonitrile, whilst the other reactions 

arforded mainly a dimeric product linked through the cyano 

groups as illustrated in the reactions below. 

+ 

MeCH 

H
2

SnC£
4 

CH . C :N > SnC£
3 

o CH
2

• CH
2

• CN 
-HC£ 

= c -
I 

SnC£ 3 

e 
Htl_-:::S_:-::-:_~H 2 SnC £3 

e 

H 
C£ - c - r.Ie 

I 

~ ¥ yH2 e 
Me ~c~c = C-HN-C--NH SnC£ 

i . / -·-·-·-·-·-·-·-- 2 3 
C,Q, SnC£

3 
@ 
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These equations indicate that there are two different ways 

for the auS-unsaturated nitriles to react with dihydrogen 

tetrachlorostannic (II) acid. The reaction may occur at the 

(C = C) bond to give the cyano trichlorostannyl derivative, 

or may occur at the (C ~ N) bond to give the amidinium salt. 

The mechanism of these reactions can be proposed in the 

following steps~ 

1 - It is strongly believed that the first step of these 

reactions is the formation of the nitrilium ion since these 

unsaturated nitriles show a high tendency to coordinate with 

the Lewis acids as will be demonstrated in the next chapter. 

R1 R2 
~J> 

R1 R2 

'\ I 
" 

/ RtR
2
= H,Me 

c = c c = c '< ~H® / " / ' H c~ H c 
N ~-

cis or trans NH 
@ 

2 - The formation of a positive charge on the nitrogen 

atom is not favoured because of its higher electronegativity 

in comparison to the carbon atoms. Consequently, this positive 

charge tends to delocalize on carbons 2 and 4 through the 

conjugated unsaturated bonds. 

/2 
= c 

3'\. 
2C 

~ ~ NH 
@ 

cis or trans 

NH .. 

R2 

" Oo C=C=NH 
/ 

R~CH 
1 -

@ 
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3 - The next step is the addition of the nucleophiles 

snc~ 38 or c~e (or probably the anion snc~ 4 ~) on the electron

deficient carbon centers. This addition wi~l be expected to 

occur kinetically on carbon-4 and thermodynamically on Carbon-2, 

as it has been reported in the reaction of t~e analogous 
26927 

system, vinyl acetylene with hydrogen chloride. The reason 

for this comes from the energy difference which has been 

estimated to be 14 KCal/mole 1 as a result of the presence of 

the highly destablized allenic system in coh~arison with the 
28929 

resonance-stabilized butanoid system. 

,, H 
\ I I 

\ I ~ -c c = c ::: NH ~c - c - c - N 
I 

...... , 
c = c X I---,, ,\ xe 

X 

® ',c 
' \~ 

'.NH I .. 
;c = c - c = NH 

I 
X 

On the basis of the experimental results, it can be 

concluded that there is competition between the anions Snc~ 38 
and c~8 on carbon-4. In the acrylonitrile system the carbon-4 

e 
cation clearly shows a higher tendency to select Snc~ 3 rather 

than c~8, whilst in methacrylonitrile and crotononitrile, the 

e e same cation prefers to select C~ rather than Snc~3 . The 

reason for this may be explained electronically and/or 

sterically from the introduction of the methyl group near 



the carbonium ion. Thusf 

2eH2:cMe.CN + 2H 2 Snc~ 4 ----~ SnC~ 3eH2CHMe·LN + 

C~CH2CHMeeN + H2snc~ 4 

MeeH = eHCN + H 2 SnC~ 4----?:> e~l\ieCHeH 2CN + HSnC~ 3 • 

4 - The next step is the interaction of the remaining 

It seems that the He£ and/or HSne~3 with the cyano group. 

addition of sne£3
9 is favoured {than e£8 } 

as no product such as Sne~ 3 R 1 eHeHR~ C(e~) = 

on the C = N bond, 
00 1 2 
NH, C £ · eR H . eHR -

-e(e~) = NH, or their iminium salts were is6lated. The only 

products could be obtained were the amidinium salts which are 

expected due to the interaction of the nitrolium ion with the 

3-chloronitrile derivatives or with the imidoyl tin trich-

loride or its enamine tautomer. 

R1 R2 R'V R2 

" I HSnC~ 3~ ""' I ® 
Sne~~ H-e - e - e - N H-e e e :: NH 

/ I I I 
e£ H e~ H 

~~ 
R'V R2 

+H(i) 
R1 R2 

" I ® " I .. 
d H--e - e - e = NH H-e - e - c = NH =::--JtP I I I / I I 2 

e~ H Sne~ 3 e~ H Sne~ 3 

~~ 
@ ~~ 

R1 R2 R1 R2 .. 
/NH3 NH2 

" ! " I I 
H--e - c = c· H--e - c = ~ / " I 

c~ Sne~3 e~ Sne~ 3 



1 
R 
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H-C 

I 
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R2 

R2 

I 
- c - c 
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,, 
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'\ 

R 
1 

C = 
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H/1 
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<=== 
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e 

R1 R2 

" ~ .. 
H-C - c - c = NH 

/ i 

I Ci H 
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4.6 CONCLUSION 

The reaction of acrylonitrile with the SnCi2 /HCt system 

shows a different pathway to that of its methyl derivatives; 

methacrylonitrile and crotononitrile. Clearly the results 

show that the dihydrogen tetrachlorostrannate (II} adds to 

acrylonitrile at the (C = C) double bond to form the 2~ 

cyanoethyl tin trichlorideu whereas the methacrylonitrile 

and cis-/trans- crotononitrile undergoes a dimerization 

process (after the saturation of the {C = C) bond by HCt) 

through the cyano groups to form new amidinium salts of the 

type N-(3-chloro~1-trichlorostannyl alkenyl) 3-Chloro 

alkyl amidinium trichlorostannate (II). The replacement of 

a hydrogen atom in acrylonitrile by a methyl group is 
Q 

suggested to be responsible for the difference. 
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CHAPTER FIVE 

SYNTHESES AND PROPERTIES OF SOME METAL HALIDE 

COMPLEXES OF ACRYLONITRILE~ METHACRYLONITRILE 

AND CROTONONITRILE 

5o1 INTRODUCTION 

In the previous chapter it was concluded that acrylonitrile 

reacts with the SnC£ 2/HC£ system in a different way from 

methacrylonitrile and crotononitrileo This discrepancy has 

prompted a study of the coordination chemistry of some 

acrylonitrile derivatives, in particular its methyl derivativeso 

In general acrylonitrile derivatives have attracted 

considerable interest as Lewis bases because they possess 

two functional groups 1 the cyano group -c = N and the alkene 

link C = C , through either or both of which they can 

coordinate to the metal centreo In several published papers, 

it has been reported that acrylonitrile itself CH 2 :CHCN may 

1 2 coordinate to metal atoms in five different ways. ' 

Acrylonitrile may act as a mono dentate ligand either by a-

bonding from the lone pair electrons in the nitrogen atom 

of the cyano group (I), or by n-bonding from the C = C 

double bond (II) or from the C ~ N triple bond (V) 0 On the 

other hand acrylonitrile may also act as a bidentate ligand 

using both the nitrile and the olefin groups for coordination 

with a central metal as shown in (Ill) and {IV). 
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However, in practice, only three of these possible types 

(I - III) have been isolated and identified. These familiar · 

modes of coordination for the acrylonitrile derivative will 

be briefly surveyed through the next three sub-sections. 

Finally, the purpose of this work is to prepare, identify, 

and study properties of some metal halide complexes with 

acrylonitrile, methacrylonitrile, and cis-/trans~crotononitrile. 

5.1.1 Adducts Bonded through the Nitrile Nitrogen. 

In principle the coordination of acrylonitrile derivatives 

by way of the nitrogen lone pair is generally favoured when 

the electron density on the central metal acceptor is not 

very high. Examples of such types of complexes are enormous 

as has been reported in references 1 and 2. Some of these 

complexes ~ave been investigated by X-ray crystallographic 

diffraction. For example, x-ray analysis elucidated the 

structure (VI) for the [Ni(NCCHCH 2}
6

] 2®[zn
2
ct

6
] 29 complex 1 

~n which acrylonitiile ligands are arranged about the Ni 2+ 
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in an octahedral structure through the lone pair electrons 

of their nitrile groups. 

r 
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The average (C = N) distance in structure (VI}has been 

found to be 1.13 pm, shorter than that found in the 

3 corresponding free acrylonitrile bond (1.164 pm) . A similar 

shortening of the C = N bond on coordination to a Lewis acid 

4 has been also reported for the BF 3 ,NCMe adduct . 

Methacrylonitrile, like acrylonitrile is capable of 

coordinating to Lewis acids through the nitrogen lone pair. 
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5 The crystal structure of CuBrNCCMeCH 2 adduct has been 

determined as cu2Br 2 [CuBro2NCCMeCH2 ] 2 (structure VII} o In 

this structure the Cu atoms have tetrahedral coordination ~ 

Cu(11 with four Br atomsu Cu{2) with two Br and two N atoms; 

the crystal structure can be described as [cu4Br4 l steps 1 

bonded to each other by two C~-Br bondsu with two methacryl-

onitrile ligands on each of the external Cu atomso On comparison 

of the C ~ N bond distance of structure (VI) with that of 

(VII) o 

'}-
,() 

~ ~, 

.l/ 
Br--- Cu(2) 

, , 
, 

I 

, , 

/ , , 
I I 

I I' 

, 1,' ' 
I, /ll,, 

'C. 
I / 

...... Cu (1 1------·-Br·--- · )( 
I 

(VII) 
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it appears that the substitution of a hydrogen in the 

acrylonitrile by a methyl group does not particularly affect 

the a-bonding between the {C = N} group and the metal atom. 

The configuration of the methacrylonitriie in structure 

VII is given in VIII. The most important feature of VIII 

is the negligible deviation of the Cu + N = C - C chain from 
A F' 

linearity. The bond angles for CuNC and NCC are equal to 

176° and 178° respectively. 

{VIII) 

The formation of a cr-N complex between t~e acrylonitrile 

derivative and a Lewis acid can be detected from their IR 

spectra. In general, the IR spectra of such complexes show 
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characte~istic increases in the nitrile stretching frequency; 

V(C = N} compared to the free ligandv accompanied by 

unchanging or a very slight shift to lower frequency of the 

C = C double bond stretching frequency. For examplev the 

C - N stretching frequencies for CH
2

:CHCiN (~t 

and for CH
2

:CMec:N (at 2235 cm- 1} were shifted 

-1 2230 em ) 

on coordination 

-1 
to Snc£ 4 r TiC£ 41 and ZnC£ 2 to higher frequencies by 25-50 em 

whilst their y(C = C) stretching band (at~ 1620 cm- 1 ) 

were shifted to lower frequency by only ~ 5 em 
-1 6 

This increase of ~(C = N} can be attributed to two 

effects. One is the coupling of the (C = N) vibration with 

that of the new dative N~metal bond with which the C = N 

bond is co-linear 1 and which will be compress~d as the 

(C = N) bond is stretched. The other is the slight 

strengthening of the C = N a-bonding as the weakly anti-

bonding character of the nitrogen lone pair orbital decreases 

7-10 when it becomes the N+metal bonding orbital 

The shift to higher frequency of the nitrile stretching 

absorption varies markedly with the Lewis acid MXn involved. 

In some complexesv the nitrile stretching frequency decreases 

relative to that of uncoordinated ligand. Significantlyv 

such complexes, which involve soft Lewis acidsu are capable 

of back n-bonding to the nitrile to a sufficient extent to 

offset the frequency-increasing factors already described. 11 

The two possible bonding interactions of a ni..:rile group with 

a metal centre are represented in IX and X by analogy w~th 

the bonding scheme in metal carbonyls. 
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SP + nd IX 

nd \-) X 

C---N M 

(j(}-C\?) 
As an illustrative example 1 the decrease in )I (C = N) 

2<!) 1 2 1 3 observed in the [Ru(NH
3

)
5

.NCCHCH 2 ] • complex cannot 

exclude the possibility of o-N-bonding since the n.m.r. 

spectrum showed the a-hydrogen of the vinyl group to be 

deshielded (due to interaction with the cation) whilst the 

terminal hydrogens appear upfield from the free acrylonitrile. 

The latter shielding of terminal hydrogens can be explained 

by strong back donation from d metal orbitals to the n* orbital 

of the nitrile as represented in X. 

Further characteristic changes from the uncoordinated 

ligand can be observed in the IR spectrum of the a-N 

complexes: firstly, the decrease in the alke1 e stretching 

frequency; V(C =C) due to the reduction in the (C =C) bond 

order and secondly, the splitting of the out-of-plane hydrogen 

deformations of the alkene group (i.e. ~(CH2 ) twisting and 

~{CH2 ) wagging vibrations of the methylene group) which cannot 
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be observed in the uncoordinated ligand. This splitting of 

o(CH
2

) modes is due to the increase of the inductive effect 

of the nitrile on coordination giving rise to the following 

bonding contributions 
~ e 

CH 2 = CHC - N -+ MX E1 <:::H? CH 2 - CH = c - N-+MX 
n 

Thus the methylene twist frequency is expected to drop 

and the wag to increase. For example, the two vibrations of 

the methylene group in the TiC£ 4 · 2NCHC H2 adduct, which 

coincide in the free lig~ndv are found split into two bands 

at 990 cm- 1 (W{CH
2

}) and at 958 cm- 1 (1:(CH
2

}) 14 , 15 • On the 

other hand, the amount of splitting can provide a useful 

direct measure of relative Lewis acidity 16 • 

Further information on N-bonded compl~xes of acrylonitrile 

derivatives has been obtained from nuclear magnetic resonance 

studies. For example, chemical shifts for the olefinic 

6 protons of ZnC£ 2 adducts ; ZnC£ 2 .2NCCHCH 2 anG ZnC£ 2 .-

2NCCMeCH2 were shifted slightly (as compared with the free 

ligands) downfield by values of 0.42 ppm, and 1.05 ppm 

respectively for the a-hydrogen or for the a-methyl and by 

0.62, 0.35 ppm for the B-hydrogens respectively. A similar 

shift of the a-hydrogen resonance on coordination is shown by 

saturated aliphatic nitriles and is attributed to the 

electron withdrawing and inductive effect of the Lewis acid. 

In addition to that nuclear magnetic resonance has been used 

as a useful technique to decide if the acrylonitrile derivative 

is coordinating to the metal of MXn through the nitrogen lone 

pair or through the olefin n-electrons, particularly if the 

IR spectrum shows a lower shift in the ~(C ~ N} as reported 
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Some metal halides suffer ionization on coordination 

with the acrylonitrile derivative through the nitrogen lone 

pair. For example aluminium trichloride is known to undergo 

solvolysis in acrylonitrile. Q 27 H and A~ n.m.r. spectro-

scopic studies have indicated the presence of such ions as 

17a The possible complexity 

of such systems has been revealed by a careful study of the 

A~c~3 -acetonitrile 17 b system by 1H, 27A~ n.m.r., infrared, 

Raman spectroscopy, and X-ray crystallography which indicated 

that many solution species were involved and that the adduct 

A£C~3 .3NCMe isolated from solution, instead of having a 

covalent mer-octahedral structure as might have been expected, 

actually has the structure 

5.1.2 Adducts Bonded through the C = C Double Bond 

As an unsaturated ligand, the acrylonitrile derivative 

may use its olefinic bond to coordinate with a metal centre 

to form an olefin-metal n-complex. Such types of complex have 

been widely studied and comprehensively reviewed in reference 2. 

Most olefin-metal n-complexes are formed by transition 

metals of groups VI, VII, VIII and I, where their valence 

shells contain electron rich d-orbitals (d5-d10 ). This is 

because the alkene complex stability depends not only on the 

capacity of the ligand to release electronic charge to the 

metal atom from its n-bonding MO as illustrated in {XI) 

but also on its capacity to withdraw electronic charge from 

the d-orbitals of the metal into its n* antibonding MO as 

pictured in {XII}. 
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c 

c 

1lf -+ nd nd -+ n* 

(XI) (XII) 

In other words the stability of the alkene-metal n-complex 

depends on the balance between the basic and ,r-acidic 

properties of the alkene function. It appears that the latter 

property, n-acid, is a very important factor for the stability 

of metal n-complexes as indicated by the very few known 

complexes of the metals with fewer d~electrons, i.e. main 

group IIIB - VB metals. 

The olefin-metal bond strength depends ou two .factors. 

Firstly, the nature of the metal atom which in turn depends 

on both the energy levels of the metal d-orbitals, and on its 

oxidation state which influences the d-electron density. 

Thus the closer the metal d-orbital energy level is to the 

n* antibonding level of the alkene group, the greater the n-

acid character in the coordinated olefin-metal bond. For 

example, stable mono-olefin complexes have been obtained from 

simple metal halides of rhodium (d7 ), 18 whilst the presence 

of a strong acceptor ligand such as carbon monoxide, the 

cyclopentadienyl ring, or tertiary phosphines are required to 
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confer additional stability on all n-mono olefin complexes 

f h 1 f h h . 1 9 20 d . t . d 21 o t e meta s o t e c romlum , manganese an lron rla s 

(d
4
-d6}. In addition, the ligand attached to the metal has 

some influence on the stability of the alkene complex. For 

example, in acrylonitrile n-complexes ArCr(C0} 2-cH 2 = CHCN, 

where Ar = hexamethylbenzene, mesitylene, or benzene, the 

stability decreases as the electron-donating properties of 

the aromatic ring Ar decrease in the order Ar = c
6

Me 6 > 
22 C6H3Me

3 
> c

6
H

6 
. 

Secondly, the nature of substituents attached directly 

to the olefinic (C = C} double bond define the energy levels 

of the olefin. Furthermore, the efficiency of overlap may 

be affected by the steric influence of substituent groups 

on the olefin or of other ligands at the metal. 

The introduction of a substituent to replace one hydrogen 

atom in ethylene will enhance or hinder the formation of an 

alkene metal n-complex. If this substituent has an electron-

withdrawing character such as C ~ N, CO, CF
3

, F, then this 

will cause an inqrease in the electron acceptor character of 

the alkene. On the other hand, substituents of electron-

donating character (Me, NR2 ; OR) will be expected to increase 

the donor properties of the olefin. This has been reflected 

by the equilibrium constants for reaction (5~) for a variety 

of olefins 23 

NiL
3 

+ olefin {olefin) NiL 2 + L 

(50 1 ) 
L = P(O-tolyl)

3 

The order of stability for olefin complexes in equation (5.1) 

is: 
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CHCN > CH 2 

CHF > CH 2 CHph 

~cH 2 = CHC£ > CH 2 CHCH3 ~ CH 2 CHCH 2CH3 ~ 

CH 2 : CH(CH2 }3CH3 > CH 2 CHC(CH3 ) 3 > CH 2 : CHO(CN2) 3cH
3 

Replacement of a further hydrogen atom of the mono-

substituted olefin system will increase the n-acid or the n-

base properties of the alkene link if the two substituents 

are similar~ otherwise the effect of one substituent will be 

offset or reduced by the other one if they aru dissimilaro 

Thus the stability of metal n-complexes of trans-NCCH = CHCN 

is much higher than that of complexes with trans-phCH = CHph 1 

trans-FCH = CHF and (CH
3

) 3C CH = CHC(CH
3

)
3 

as indicated from 

the kinetic studies 23 o On the other hand 1 complexes of the 

bis(acrylonitrile) nickel type could not be prepared from 

a-methacrylonitrile or from crotononitrile 24
0 In contrast 

to acrylonitrile 1 no metal n-complex could be isolated from 

the reaction of CuBr with a-methacrylonitrileo 25 , 26 ~ 5 

With cyclic alkenes, the stability of the metal TI-

complex has been found to depend on the strain energies of 

the ringso For example, norbornene has a much higher strain 

energy than cyclo-hexene (~ 10 times)~ consequently the 

norbornene in contrast to cyclohexene forms a more stable 

l 'th N'
0 23 d A@ 27 'd db h comp ex Wl 1 an g as ev1 ence y spectrop oto-

metric measurements of equilibrium constants for olefin 

n-complex formationo 

The introduction of third and fourth substituents into 

the olefin affects the donor-acceptor properties of the 

olefinic double bond 1 but one difference is that the ligand 

may behave as an oxidizing or reducing agent for the metal 
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atom. As an exmaple, the high electron affinity of tetra-

cyanoethylene (CN) 2c = C(CN) 2 can lead to oxidation of the 

cu~ 28 and Cr0 29 to cu 2~ and Cr@ on its reaction with CuC£ 

or Cr(C
6

H
6

)
2

. In the case of [Cr{C
6

H
6

} 2J@[(CN) 2C = C(CN) 2)6 

e the characteristiC absorptions of both ions Cr(C 6H
6

) 2 and 

[{CN)
2

c = C(CN) 2 j6 could be identified from IR, UV and ESR 

spectra. In contrastu the tetrakis (dimethylamino) 

ethylene; ((CH
3

) 2N} 2c = C(N(CH3 } 2 } 2 which is known to be a 

good n-base, does not form metal n-complexes, but instead 

it forms tetrakis.dimethylamino ethylene salts of metal 

30 carbonylate anions such as the following 

2e e [ (Me 2N) 
2

c = C(Me2N) 2J [Co(CO) 41
2

, 

2e e [(Me 2N) 2c = C(Me 2N) 2 ] [V(C0) 6J2 , 

2e e [(Me 2N) 2 C= C(Me
2

N) 2J [C 5H5Mo(C0)
3

J 2 , or 

29 e [(Me 2N) 2C = C(Me 2N) 2 ] [C 5H5W(C0) 3 J 2 . 

The coordination of a metal atom to the qcrylonitrile 

alkene function can be detected by investigation of 

y(C =C) which decreases relative to that of the free ligand, 

accompanied by the appearance of Y(C = N) at a slightly lower 

frequency without change in intensity or fine structure. 

As an example, the ~(C =C) and ~(C- N) frequencies in 

-1 CuC£.CH 2 = CHCN complex decrease by 100 and 1~ em 

t . l d "th th f f l "t "l 25 respec 1ve y as compare Wl ose o ree aery on1 r1 e . 

The ma9nitude of the V(C =C) shift varies markedly 

with the Lewis acid involved. The nitrile stretching frequency 

may also decrease slightly because of back n-bonding from the 

electron rich d-orbital of the metal into the alkenyl n* 

orbital. The IR spectrum may also exhibit a ~hift of the 

(C - H) out-of-plane vibrations and/or an appearance of a 
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new band in the CsBr region (1100 - 385 cm- 1 ) which can be 

assigned to the asymetric stretching vibration of the metal 

31 olefin bond, as has been observed for Ni(CH 2 = CHCN) 2 

In the proton magnetic resonance spectrau the deshielding 

of the olefinic protons due to n-coordination can be detected 

by their shift to higher field as compared with those of the 

free ligand. Thus the vinyl protons of acrylunitrile have 

been found to be shifted upfield by ~ 4ppm on coordination to 

the c 6~ 6cr(C0} 2 residue 
22

• 

X-ray crystallographic analysis has been used to determine 

the structures of some acrylonitrile ·IT-complexes such as 

Fe(C0)
4

{cH 2 
= CHCN) 21

• The structure of this monameric 

complex consists of a trigonal bipyrarnid of ligands around 

the iron center with the acrylonitrile molecule in the 
I I 

equatorial plane. The N = C - C = C - unit of the coordinated 

acrylonitrile molecule is bent by 13.6°, probably to increase 

the orbital overlap between iron d-orbitals and the (C = C) 

n-systern. 

~1.16 
0 

{XIII) 
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The coordination of the acrylonitrile to the iron metal 

has led to a significant changesin bond lengths and in bond 

angles. Thus on coordination of the~rylonit~ile, the (C = C) 
0 0 

bond length increases from 1.34A to 1.40A while the C = N 
0 0 

bond length increases from 1.16A to 1.20A. Tte change in the 

C = C - C bond angle from 122° to 116° can be explained on 

the basis of a change in hybridization of the central carbon 

atom. 

5.1o3 Adducts Bonded through both of the Nitrogen and 

the (C = C) Double Bond. 

The presence of a free cyano group in metal n-complexes 

of the acrylonitrile derivative introduces a new coordination 

centre with the result that intramolecular chelation, or 

alternatively, intermolecular bridge formation becomes 

possible. In the case of chelation which can be postulated 

to occur through the (C = N) and the ~C = C) n-systems, 

no example, however of a chelating bidentate acrylonitrile 

ligand has been ever isolated. A possible reason for this may 

be seen from consideration of the molecular orbital co-

efficients of the highest occupied molecular orbital, 

(HOMO) and the lowest unoccupied molecular, (LUMO) of 

l 't 'l 32 aery on~ r~ e 
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HOMO lUMO 
The molecular orbital coefficients are largest on the olefinic 

carbons in both HOMO and LUMO leading to goou overlap at 

the (C = C) double bond both for donation of electron 

density from the HOMO to the metal d orbitals and also for 

back donation from the metal d orbitals to the LUMOo This 

side on (TI) bonding through the nitrile group is not to be 

expectedo 

In the case of bridge formation, the acrylonitrile 

derivative may coordinate to the metal centers to give a 

dimeric product with rr-olefin-o-nitrile bridging functionso 

For.example, bis (acetonitrile} dicarbonyl di-tributyl

phosphine molybdenum (0) 33 ' 34 reacts with acrylonitrile to 

give an unstable N-bonded complex which rapidly loses 

acetonitrile and dimerizes to form the complex (5o2) ~> 
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- 2NCMe 
IJ 

2 (PBu
3

) 
2 

{CO) 
2 

Mo(NCMe) {NCCH:CH
2

) 

1- 2NCMe 

Mo{C0)
2

{PBu
3

)
2

(u-CH
2 

= CHCN:)
2

Mo(C0)
2

(PBu
3

)
2 

(50 2) 

The molecular structure of the above dimeric product has 

been determined by X-ray diffraction analysis 33 and is 

illustrated in XIV. 

PBu3 

1&4 Ql 0 ° ' ~ v1'3, c·· ,. . . ~ 0 N~c4 
Uto PB 0 ou 

0 3 

XIV 
In structure XIVY distances of the N-C-C-C chain are 

ind~cative of appreciable electron transfer. The coordinated 

double bond (1.46°A) is now longer than the other (single) 

bond in the chain (1.45°A) though the triple bond distance 

is not altered very much. A similar d~meric structure can 

be found in bis (u-acrylonitrile}-bis-{tricarbonyl-iron) 35 • 



202 

The most interesting feature in the reaction Sa2 above -

if series of acrylonitrile derivatives are concerned ~ is 

that the formation of dirners with methacrylonitrile and 

cinnamic acid nitrile occurs less readily th~n with 

acrylonitrilev whilst in the case of crotononitrile no 

d .. . t. 34 1mer1za 1on occurs " This observation may reflect the 

difficulty for both methacrylonitrile and crotononitrile to 

coordinate to the metal atom by way of the (C = C) double 

bond and this may explain why the SnC£2 /HC£ system adds to 

the alkene bond of acrylonitrile itself wherl·:as it has 

proved difficult to add HSnC£ 3 across the alkene bond of 

acrylonitrile methyl derivatives" Thereforeu it is suggested 

that the intermediate XV may be formed in the case of 

acrylonitrile only and that this led to the formation of the 

H, / H 
( n e 
~ SnG2<}n] 

'H 
n = 1 or 2 = 

XV 
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The spectra of some complexes do not provide clear 

indications ciftho~ structures. For exampleu the proton NMR 

spectrum indicates that the cyano=olefin ligand in 

[Fe(C0) 3 ~cH 2 :CHCN}J 2 complex is TI-bondedu whereas theIR 

spectrum shows the V(C = N) frequencies (2244 and 2218 cm= 1 ) 

. 35 
are not compatible with free cyano groups . 

5.2 EXPERIMENTAL 

Starting Materials : Tin tetrachloride, titanium 

tetrachloride, antimony pentachloride and boron trichloride 

were purified by vacuum distillation. Since the coro~ercial 

zinc chloride is a very hygroscopic material, Znct2 was 

prepared by dissolving Zn metal in diethyl ether saturated 

with hydrogen chloride, the solution of ZnC1 2 was filtered 

to remove unreacted Zn metal and the ether pumped off. 

Titanium tetrabromide and tantalum pentachloride were 

used without purification since th.~~Y"' infra-red spectra showed 

them to be anhydrouso 

Cobalt dichloride and nickel dichloride were prepared 

from hydrated commercial samples by refluxing with thionyl 

chloride for 24 hours. 

Acrylonitrile was purified by refluxing with calcium 

hydride for 6 hours and then fractionally distilled onto 

freshly activated 3A molecular sieve. Acrylomitrile was 

0 

stored in a flask enclosed in a black plastic bag to prevent 

UV initiated polymerization in the absence of stabilizer. 

The purification of methacrylonitrile anj cis~/ 

trans-crotononitrile (which have higher boiling points than 

acrylonitrile) by fractional distillation was not su6cessful. 

The polymerization of these nitriles on heating could be 
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observed from the recorded IR sp~ctra of the di?tillates. 

For that reason, both methacrylonitrile and cis-/trans~ 

crotononitrile were used without purification and stored 

over activated 3A molecular sieve. 

Manipulations were carried out using a conventional 

vacuum line, dry nitrogen line, or dry nitrogen-filled 

glove box. 

Preparation of Complexes 

Since the methods used for the preparation of complexes 

of the acrylonitrile derivatives are similar, all experiments 

described below are classified according to the type of 

metal halide. The term ligand, L is used to denote acrylo

nitrile, methacrylonitrile, or cis-/trans-crotononitrile. 

Analytical data are given in table (5.1) below. 

TiC£ 4 , 2L : about 2.5 ml. of TiC£ 4 was added by 

syringe to 10 ml. ligand in a cooled flask 9 the yellow 

suspension was redissolved by warming with a hair drier 

until a clear solution obtained. On standing for 15 

minutes, the solution deposited yellow cryst~ls which were 

collected on a filter, washed with cold ligand and dried 

ln a stream of dry nitrogen. 

TiC£ 4 , L: In (1:1) mole ratio about 5 ml.of titanium 

tetrachloride was added slowly by syringe to a stirred 

solution of the ligand in 40 ml. benzene at room temperature. 

A yellow solid deposited which was redissolv1,d by heating 

until a clear orange solution was obtained. On standing 

at room temperature, the solution afforded a yellow micro

crystalline solid which was filtered, washed with cold 

benzene and dried under a stream of nitrogen. 



* 'TABLE 5.1 ~Analysis for Nitrile-Metal Halide Adducts 

COin£OUnd %C %H %N Other 

.TiCt4 .2NCCHCH2 24.7 {24.3) 2.4 (2.0) 9.5 (9.5) 

TiCt4 .NCCHCH2 15o9 (14.8} 1.7 ( 1 . 2) 5o5 (50 8 }. c~~54.3 (58o5) 

TiBr4 o2NCCHC H2 15.6 (15o2) 1.4 ( 1 0 3) 5.8 (5.9) 

BC~3 oNCCHCH2 18o3 (21.2) 1.1 ( 1 0 8) 8o2 ( 8 0 2) C£~54o3 ~62o6) 

SbCt5 oNCCHCH2 11.6 {10o2) 1.2 ( 0 0 9) 4o4 (4o0) C£~48o9 (50o4) 

4 TaCt5 o5NCCHCH2 10.7 {10.6) 1.2 { 0 0 9) 4o8 ( 4 01) Ct d4. 8 ~41 o8) 

Coct
2

.NCCHCH
2 

20.5 (19.7) 2.4 ( 1 0 6) 7o7 p 0 7) - N 
0 
Ul 

Snct4 o2NCCHCH
2 19 0 2 (19o6) 2 0 1 ( 1 0 6} 7o5 (7 0 6) c~~38o8 D8o n 

TiC~4 o2NCCMeCH2 28o3 {29.6) 3o2 ( 3 0 1 ) 8o1 {8o6) C£~41.3 ~43.8) 

TiCt 4 .NCCMeCH2 1 9. 1 (18. 7) 3. 1 {2o0} 5o4 (5.5) C£:51o2 ~55o3) 

TiBr4 o2NCCMeCH2 21.8 < 19 0 n 2o4 ( 2 0 0} 6o5 (50 6) 

BC~ 3 oNCCMeCP2 26o1 (")601} 2.5 (2o7) 7o7 { 7 0 6) CP~57o0 {57o8) 

SbCt5 oNCCMeCH2 1 2 0 5 (13o1) 1.7 ( 1 0 4) 3o6 (3o8) C£:47o4 {48o5) 

4 Tact5 o3NCCMeCH 2 8o8 (8o8) 1.0 { 1 0 0) 2o9 (2o6) Ct dO o 3 {43.4) 

SnCt4 o2NCCMeCH2 24o0 (24o2) 3o6 ( 2 0 5) 7. 1 (701) C~:37o0 (35o8) 

CoCt2 .NCCMeCH
2 25o2 (24.4) 2.5 ( 2 0 5} 7.4 ( 7 0 1 ) C£:34o7 06 01 ~ 



Compound %C %H %N Other 

ZnC£ 2 .2NCCMeCH 2 36.1 (35.5) 5. 1 ( 3 . 7) 9o2 (10.4) C£:22.1 {25o3) 

Ni (SbC1J 2 o 6NCCMeCH2 26o8 (25.5) 3o2 ( 2 . 6) 6o5 ( 7 0 4) C£:34o0 D7 0 n 
NiZn 2c£ 6 o6NCCMeCH2 32o2 (35o8) 3o9 ( 3 0 7) 9o2 (10o4) C£:22o7 (26o5~ 

Zn:18o4 (16o3} 
Ni:3o7 ( 7 0 3} 

TiC£4 o2NCCHCHMe 29o2 (29.6) 3o5 ( 3 0 1 ) 3o7 ( 8 0 6) C£:40o3 {43o8} 

TiC£ 4 oNCCHCHMe 20 0 1 (18o7) 2o5 ( 1 0 9) 506 ( 5 0 5) C£:52o6 {55o3} 
N 
0 

TiBr 4 o2NCCHCHMe 19o3 '1 9. n 2o0 (2o0) 5o6 ( 5 . 9) 0'\ 

BCi3 oNCCHCHMe 24o8 (2601} 2o7 ( 2 0 7) 704 ( 7 0 6) C£:54o0 (57o8} 

SbC£ 5 oNCCHCHMe 13. 3 ( 13 0 1} 1.3 ( 1 0 4) 4 0 1 ( 3 • 8) C£:45.5 ~48o5) 

TaC£5 oNCCHCHMe 1 0. 8 (11.3) 1 . 3 ( 1 0 2) 3 0 1 ( 3 0 3) C£:29.7 (41 o 7} 9 Ta:45o7(42.5) 

SnC£ 4 .2NCCHCHHe 23o4 (24o2) 3 0 1 ( 2 0 5) 6o2 ( 7 • 1 ) 

ZnC£2o2NCCHCHMe 34.8 (35.5) 4o3 ( 3 0 7) 11 . 6 (10o4) 

Ni(SbC16 ) 2 o6NCCHCHMe 26.2 (25.5) 3o0 ( 2 0 6) 8 0 1 ( 7 . 4) 

NiZn 2c£6 o6NCCHCHMe 39o7 (35.8) 4o9 ( 3 0 7) 11 . 5 ( 1 0 4) C£:22.1 (26o5) 
Zn:14.6 (16o2) 
Ni:5o7 {7 0 3) 

* Required in parentheses. 
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TiBr4 v 2L ~ 20 ml. of the ligand was added to about 4g. 

of titanium tetrabromide in a cooled flask {=196°C). On 

warming the mixture to room temperature? the yellow solid of 

TiBr4 dissolving easily in the ligand on stirring? yielding 

a deep red solution. No crystals deposited on standing at 

room temperature, but on cooling the solution afforded a 

red microcrystalline solido 

Snc£4 , 2L ~ 4 ml. of dry tin tetrachloride was added by 

syringe to 20 ml. of the ligand in a cooled flask (-196°C). 

On warming to room temperature an immediate white precipitate 

formed which redissolved by warming the solution by a hair 

drier. On standing the clear solution at room temperature, 

white crystals started to deposit after which the container 

was shaken very slowly to deposit a microcrystalline solid. 

These microcrystals were filtered, washed and dried. 

BC£3 , L ~ Sg. of boron trichloride was condensated under 

a vac,mm in a cooled flask (-196°C) then 30 ml. of dry n

pentane was added after flushing the flask with dry nitrogen 

gas. The mixture was warmed to room temperature to allow 

BC£3 to dissolve in the pentane. An equivale..nt molar weight 

of the ligand was added to the cooled colourl~ss BCZ3 1n-pentane 

solution at -196 °C. On warming to room temperature a white "' 

solid precipitated which was filtered, washed with dry 

n-pentane, and dried under a stream of dry nltrogen. 

SbC£5 , L ~ 4 ml. of dry antimony pentachloride was add~d 

by syringe to 10 ml. of the ligand in a cool0d flasK (-196°C). 

On warming to room temperature a very strong exothermic 

reaction occurred and an immediate white solid preciptated 

from the solution. This precipitate was redissolved by 
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warming the solution with a hair drier until a clear yellow 

solution was obtained. After five minutes, the solution 

deposited a white crystalline solid which was isolated by 

filtration, washed with cold ligand and dried. The yellow 

filtrate on standing for one day at room temperature changed 

to a dark brown solution. 

Tac£
5

/L : About 5 g. of tantalum pentac~loride was 

refluxed in 25 ml. of the ligand for one hour. On filtration, 

the undissolved Tac£
5 

was isolated from the clear yellow 

solution which deposited, on cooling, a white microcrystalline 

solid. This solid was collected on a filter and dried. 

Coc£2 , L : About 2 g. of dry cobalt dichloride was 

refluxed with 20 ml. of the ligand for one huur. The mixture 

was filtered to remove the excess undissolved CoC£ 2 from 

the dark blue solution, which deposited (exce?t cis-/trans

crotononitrile solution} a purple amorphous solid on standing 

at room temperature. This purple solid was separated by 

filtration, washed with the dry ligand, and dried under a 

stream of dry nitrogen. An attempt to preci~itate a solid 

from the cis-/trans-crotononitrile solution by evaporation 

of the solvent and/or cooling the solution wa3 not successful. 

Znc£2 , 2 L : About 1 g. of anhydrous zinc dichloride 

was dissolved in 5 ml. of the ligand (only methacrylonitrile 

and cis-/trans-crotononitrile) at room temperature yielding 

a clear colourless solution which on cooling deposited white 

needles (from the methacrylonitrile solution) and a colourless 

damp solid (from the crotononitrile solution). These products 

were collected on a sinter and dried in dry nitrogen. 
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NiSb2c~ 12 , 6 L ~ 5.68 g. of anhydrous nikel dichloride 

was refluxed with 11.2 ml. of dry antimony pentachloride 

dissolved in 90 ml. of the ligand (only methacrylonitrile and 

crotononit~ile) for 26 hours with stirring. The excess 

undissolved NiC~2 was removed by filtration yielding a dark 

brown solution which on cooling deposited brown crystals. 

These brown crystals on separation and washing with the cold 

ligand turned to a purple colour. 

NiZn2c~6 , 6 L ~ 5.39 g. of anhydrous nickel dichlor~de 

and 7.43 g. of anhydrous zinc dichloride were ground together 

in a glove box and refluxed with 100 ml. of theUgand (only 

the methacrylonitrile and the crotononitrile) for 5 hours, 

after which the yellow slurry had turned the liquors blue. 

Excess nickel dichloride was filtered from the hot liquid and 

on cooling a purple solid and sky blue solid preciptated from 

cis~/trans-crotononitrile solution and methacrylonitrile 

solution respectively. These precipitates were filtered 1 

washed, and dried under a stream of dry nittogen. 

5.3 RESULTS AND DISCUSSION 

About thirty complexes have been prepared from the 

reactions between acrylonitrile and its methyl derivatives 

(methacrylonitrile and cis-/trans-crotononitrile) and the 

metal halides TiC~ 4 , TiBr 4 v SnC~4 v BC~3 , SbC~S' TaC~S' CoC~2 v 

Znc~2 v Ni(SbC~6 ) 2 and NiZn2 c~6 . The analytical data of these 

compleXe$ are listed in table (5.1). Their stoichiometry 

has been found either as (1~1) adducts L, MXn (as in complexes 

of Tic~ 4 r Coc~2 v BC~3 and Sbc~ 5 ), (2~1) adducts L2MXn (as 

in complexes of TiC~4 r TiBr4 , Snc~ 4 and Znc~2 ), or (6:1) 
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adducts L
6

Mxn (as in complexes of Ni(SbC~6 ) 2 and Nizn 2 c~ 6 }. 

No further investigations have been done for Tac~ 5 complexes 

or for NiZn2 c~ 6 complexes with methacrylonitrile {except to 

record their infrared spectra) since their Analytical data 

were not as expected for (1~1) or (6~1) adducts respectively. 

In Tac~5 complexes, the solids precipitated from the ligand 

solution after refluxing with Tac~ 5 were not consistent with 

{1~1} adduct as have been observed in Sbc~ 5 complexes. The 

reason for that can be attributed to the bringed structure 

of TaC£5 molecules which cannot easily stoichiometrically 

bond to the ligand but may trap or intercalate the ligand 

molecules. Furthermore, the low content of chlorine in these 

complexes suggests that Ta2c~ 10 may be reduced by the nitrile 

N . 
to form (1~1) adducts of Tac~4 as observed 1n the reaction 

of some halides of transition metals with ni":riles 36 . 

In our attempt to characterize these new complexes we 

studied their IR, ~H NMR 9 Raman Spectroscopy, their electrical 

conductivities and vapor pressure. 

5.3.1 Infrared Spectra 

Infrared spectra of the nujol mulls of these complexes 

were recorded from 4000 to 250 cm- 1 using KB~ plates. The 

assignments of the most important characteristic bands for 

the free acrylonitrile 37 , methacrylonitrile38 and cis-/ 

trans-crotononitrile39 and their complexes are given in table 

(5.2}. The later table also includes the absorption shift 

of the nitrile and the olefin stretching frequencies; 

6v(C = N) and Av(C =C) which can be defined as the difference 

in frequency forthe functional group before and after coordination. 

The importance of 6v values is to define the change in the 



TABLE 5.2 

Infrared spectral Datat for Acrylonitrile derivatives and their Complexes 

Out-of-plane 
Compound v{C=N) v {C=C} def. of olefinic 

hydrogens fr 
Others 0 6v {C=N) 6v (C=C) 

CH =CHC=N (L 1 } 
f 

2223 m 2 
1608 w 962 vs 1410 VS, 1090 Wu 870 Wu 685 S 

1 2312 vs 1596 s 945 vs 1992 vw, 1411 VSv 1100 mush 89 -12 BC£3 .L 
996 vs 

~ 
2270 s 1605 m 960 rns 1974 VWu 1405 S, 1098 Wu 893 Wu 47 - 3 SnC£4 .2L 
2305 w 990 rns 680 (m) 

~ l\..) SbC£
5

.L 2240 w 1600 vw 960 m,sh 1410 wm, 1088 VWu 890 VWu 680 W 37 -8 -' 

2260 w -' 

TiC£4 .2L~ 2265 vs 1600 w 955 SuSh 1955 VW 1 1970 VWu 1409 Su 42 -8 
2300 w 960 sh 1090 (vw) 1 885 msu 675 rn 

985 s 
978 vs 

TiC£
4 
.L~ 2270 vs 1597 vw 953 wm 1970 VW, 1405 Wffi 1 1090 Wu 47 -11 

2295 w 986 m 890 w, 677 vw 

. 2 ~ 2248 s,br 1595 w 948 s 1944 VW, 1400 mu 1080 VW, 25 TiBr
4

• L -13 
2288 w 9n. s 86:.5 wu 670 m. 

~ 
2260 s 1599 wm 952 rns 1944 VW, 1400 Sg 1085 VWu CoC£2.L 37 -9 
2280 w 958 rns 885 vw, 670 w 

968 m 
972 m 

1 
2260 s 1593 rns 950 VS 1968 VW, 1896 VW, 1404 Su TaC£5.L 37 -15 
2300 m 984 vs 1088 w, 820 br, 671 s 



Out-of-plane 
Corrpound v (C=N) v(C=C) def. of olefinic Others !:::.v (c=N) !:::.v(C=C} 

hydrogens'i/J 

f 
OI =CMeC=N (L 2) 2233 ms 1629 y 940 vs 1268 m, 752 w, 1048 sh, 1022 w. 2 

2 2308 vs 1608 w 840 vs,sh 1680 vw, 11£90 vw, 1260 w, BCR-3 .L 
970 vs 730 vs,br.,sh, 1045 vw, 1015 vw 75 -21 
960 vs 

2 2255 vs,br. 1610 s,sh 925 vs 1932 vw, 1910 vw, 1850 vw, 22 -19 SnC£4.2L 
938 vs 1260 vs, 768 s 0 746 w.m, 731 m, 
955 vs 720 wm, 1049 vw, 1020 m 
965 vs 

2 2270 m,br. 1620 w 946 ms 1910 vw, 1920 vw, 1265 w, 37 -9 SbC£5 .L 
960 ms 780 m, 757 w, 725 w, 1046 vw, N _, 

1017 w. N 

TiC£4.2L2 2265 vs 1613 m 948 VS 1907 vw, 1895 vw, 1263 m, 791 vs, 32 -16 
955 s 771 vs, 736 vs,sh, 1049 vw, 1019 
965 s 

TiCR-4 .L
2 2255 s 1608 vw 950 sh 1908 vw, 1916 vw, 1253 vw, 22 -21 

957 s,sh 770 m, 732 m, 1045 vw, 1012 vw. 

TiBr4.2L2 2263 m 1613 vw 948 w 1925 vw, 1918 vw, 1260 wm, 30 -16 
960 wm 782 ms, 743 vs, 725 sh, 1043 vw, 

1013 w 

2 2275 m 1625 vw 952 w 1937 vw, 1923 vw, 1269 w, 42 -4 CoCR-2 .L 
967 wm 775 vw, 725 w, 1019 w 

2 2270 vs 1618 w 929 wm 1945 vw, 1264 w, 775 wm, 37 -11 ZnC£2.2L 
962 m 752 w, 724 w, 1047 vw, 1014 w 
973 rn 

2 2270 vs 1620 vw 823 s 1930 vw, 1265 w, 775 rn, 735 w, TaCR-5.L 
968 s 725 w, 1048 vw, 1015 w 37 -9 



Out-of-plane 
Compound v(C=N) v(C=C) defo of olefinic 

hydrogens* 
Others t,v(c=m 6v(C=C~ 

Nizn2ct6o6L2 2275 vs 1623 wm 955 vs,br. 1265 rn, 775 w, 724 rns, 1045 vw, 
0 

1018 wm 42 -6 

Ni(SbC£6}2o6L
2 

2270 vs 1620 w 929 rns 1900 vw, 1264 w, 776 w, 738 sh, 
955 s,sh 1045 vw, 1017 w 37 -9 
947 vs 

M€CH=CHc=N 2223 s 1635 rn 958 rns 1227 vw, 1022 vw, 895 vw, 
· (Cis-/trans- f 1627 wrn 780 vw 1310 vw 
mixture) {L3) 727 rns 

3 
2300 vs 1620 vs 1008 w,sh 1306 w, 1226 vw 77 -15 BC£3 oL 

1610 vs 740 vs -17 
942 rn 

[.\J 
_. 3 2255 rn,br. 1628 rn %9wm 1225 vw, 905 w, 1308 vw 32 -7 
w SnC£4 o2L 

1615 rn 778 vw -12 
955 :m 
722s 

SbCt5oL3 
2255 vs,br. 1622 spbr. 953 rns 1302 w 32 -13 

721 vw or -5 

TiC.X. 4 o 2L 3 
2250 vs 1621 rn 968 wrn 1225 vw, 1000 vw, 905 w, 1303 w 27 -14 

1612 rn 775w -15 
949 rns 
721 5 

Tic;4 oL3 
2250 vs 1622 s 962 rns 1218 vw, 1032 rns, 900 rn, 1295 w 27 -13 

1608 s 795 vs -19 
946s 
718 vs 

TiBr4 o2L3 
2248 wm 1619 w 963 vw 900 vw, 1298 vw 25 -16 

1610 w 944 w -17 
722s 



Out-of-plane 
Compound v(C=N) v(C=C) def. of olefinic Others 6v {C=N) 6v(C=C) 

hydrogens {:! 

ZnC£
2

.2L3 2265 Spbr. 1630 s,br. 990 m 908 s, 1300 w 42 - 5 
780 w or +3 
955 s 
725w 

3 2260 w 1625 vw 948 vw 1020 vw, 1303 vw 37 TaC£
5

.L -10 
1590 w 722 m -37 

NiZn
2
C£

6
.6L

3 2263 vs 1628 vs 962 vs 1021 w, 907 rns, 1300 w 40 0 
1635 sh 778 w + 1 

962 vs 
762 w 

Ni(SbC£
6

) 
2

.6L3 
2270 s 1632 rns 958 rns 1020 sh, 908 vw, 1305 vw 47 - 3 

778 vw or +5 
725w 

* In the case of acrylonitrile and methacryloni·trile the out-of-plane deformations are referred to twisting- and 
wagging of the methylene group, but in crotononitrile this is referred to syrrrrn- and unsymn- of CH ~ CH group 
for cis- and trans-isomers. 

t IR data are given in am-1 • 

f the spectrum was recorded as contact film. 

N __,. 
.s;,. 
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force constant of the functional group after coordination; and 

from which the coordination site of the ligai.ld and the possible 

geometry of the whole adduct can be determined. 

Acrylonitrile and Methacrylonitrile Complexes 

FF©ffithe 6v values given in table (5.2) p all adducts of 

acrylonitrile and methacrylonitrile show an increase by 22=89 

cm- 1 for (C=N) stretching frequencyp and a decrease for 

(C=C) stretch by 3-21 cm- 1 • This observatioi •. suggests that 

the metal halide in these complexes is coor~inated either 

by the nitrogen lone pair onlyp forming an a-N complex or by 

both of the nitrogen lone pair and the alkene n-electrons 

forming a/n bridging structure. If an a-coerdinate bond is 

formed by the nitrogen lone pair onlyp then the force 

constant of (C=N) stretch is expected to inc1ease while the 

(C=C} stretching frequency is expected to decrease due to the 

shift of its n- electrons towards the coordinating atom. Con-

sequently, it is expected that the greater the Lewis acidity 

of the metalv the greater the positive shift value £or 

6v(C~N) stretch which should be directly proportional to the 

negative shift of 6v(C=C), i.e. the order of Lewis acidity 

for metal halide adducts should be reflected in both 

6v(CEN) and 6v(C=C) values. 

In an attempt to measure the relative Lewis acidities of 

the metal halides involved in this workv the amount of 

splitting of the CH 2 out-of-plane deformations twisting and 

wagging [which they are coincide at 962 cm- 1 for the free 

acrylonitrile and at 940 cm= 1 for the.uncorrdinated methacryl

oriitrile] has been determined. These amounts of splitting 

for the acrylonitrile derivative adducts are given in 



216 

table (5.3). The 1(CH 2 ) and w(CH 2 ) frequencies are 

identified from their overtones in the 2000 - 1800 cm- 1 

region. In acrylonitrile complexesp the si~e of splitting 

is ranged from 20 to 51 cm~ 1 whilst in methacrylonitrile 

complexes is from 7 to 145 cm- 1 . In some cases the splitting 

found in the methylene group generated more than two bands 

where each component of the CH 2 out-of-plane deformation 

absorption was split into two bands. These ~ere observed 

in the acrylonitrile complexes of TiC£ 41 Coc£
2 

and znc£
2 

and in methacrylonitrile complexes of BC£ 3 ~snc£ 4 pznc£ 2 and 

Ni(SbC£
6

)
2

. 

According to the data given in table (5.3), one can 

define the relative Lewis acidity for the metal halides 

used in this work which was found in the orcer: 

TaC~S > BC£
3 

>> ZnC£
2 
~ SnC£ 4 > Ni(SbC£ 6 ) 2 > SbC£

5 

~ CoC£
5 

ru CoC£
2 

~ TiBr
4 

> TiC£
4

. 

The above order does not agree with the order of 6v{c=N) 

increase and with 6v(C=C) decrease which may suggest that 

the nitrogen lone pair of the a,B-unsaturated nitrile is 

not the only site which coordinates to the L£tal atom. 

In addition to that it seems that the back bonding donation 

from dn orbitals of the metal into the vacan~ antibonding 

* TI orbital of the c=N bond is not an important factor to 

explain the above order, since the (1:1) complexes of BC£
3 

and TiC£ 4 which do not have d electrons showed a shift in 

the c=N stretch consistent with the order or the Lewis 

acidity but however showed a similar shift in the C=C 

stretching frequency {6v (C=C) for (cH
2

=CHClt-=-12 and for 

(CH
2

C{CH
3

)CN)=-21). 
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TABLE (5o3} 

Shifts in the frequencies of characteristic vibrations 

of Derivative Adductso 

CH2 : CHCN CH 2 : CMeCN MeCH:CHCN 
Complex 

6[w(CH
2

)--r(CH
2

)J 6 [W(CH
2

) =1 (CH
2

)] 6v(CH:CH) 

BCS/..
3 51 130 66 

SnCS/.. 4 30 40 14p56 

SbCSI.. 5 - 14 -
TiCS/..

4
(2:1) 30 7 19,54 

TiCS/.. 4 (1:1) 33 7 16q77 

TiBr4 24 12 19 

CoCS/.. 2 20 15 -
ZnCS/.. 2 - 44 35,55 

TaCSI.. 5 34 145(?) -

NiZn 2cfl.. 6 - - 55 

Ni(SbCS/..
6

)
2 - 26 53 
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-1 . 
The decrease of 3-21 ern 1n the C=C stretching frequency 

upon coordination of the ligand to the metal halide studied 

in this work is not the same magnitude as that observed 

40 -1 for olefin metal n-cornplexes of AgBF4 (6v(C=C) ~ 40-70 em ) 

and of AuC.Q, 41 , 42 (6v(C=C) = 115-136 cm- 1). Ho.vever, this 

does not imply that the C=C double bond is not a coordination 

site, particularly for those complexes in which the metal 

coordination sphere is not complete. 

Interestingly, the order of 6v(c=N) for both acrylonitrile 

and methacrylonitrile complexes was the reverse of the order 

of 6v(C=C) as shown in table (5.4). 

TABLE (5.4) 

The order of (c=N) and (C=C) stretching absorption 

frequency shifts for Acrylonitrile and Metha

crylonitrile adducts 

Ligand 6.}}{C:: N) AV(C=C) 
--

CH 2 :CHCN BC.Q,
3

>SnC.Q, 4 ~ Tact
5 

> T:t.Br 4 > 

TiCt
4

(1:1) > SbCt 5> BCt 3 >TiCt 4 (1:1)>CoC£ 2 > 

TiCt 4 (2:1) ~ TaC£ 5~ TiCt 4 (2:1) ~ SbC£
5

> 

CoC£ 2 > TiBr4 SnC£ 4 

CH 2 :Ct-ieCN CoC£ 2 ~ NiZnCt 6 > TiC .Q, 4 ( 1 : 1 J > SnC£ 4 
ZnC£ 2 ~ TaC£ 5~SbC£5 > TiC£ 4 (2:1) ~ TiBr 4 
~ NiSb2c£

12
>TiC£

4
(2:1) > ZnC£ 2 ~ TaC£ 5 

> TiBr 4 >SnC£ 4~TiC£i > SbC£
5 

~ NiSb 2C£ 12 ( : 1 ) 
> NiZn2Cis> CoCt2 
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Cis-/trans-Crotononitrile Complexes 

Since a mixture of cis- and trans= isomers of crotono-

nitrile was used for the syntheses of the crotononitrile 

complexes, the products are expected to be mixtures of 

cis-/trans- crotononitrile adducts. The infrared spectrum 

of the free ligand shows one band at 2223 crn- 1 for v(c=N) 

stretching frequency and two bands for v (C=C) stretching at 1\S27{CiS) & 
1635 crn- 1 for the trans- isomer. On coordination, the 

-1 
v(C~N) band shifted to higher frequency by 25-77 ern and 

both bands of v{C=C) shifted to lower frequency by 3-37 

-1 
or increased by 1-5 em or suffered no change~t · all. 

Since the values of 6v(C=N) and 6v(C=C) frequencies of 

-1 ern 

crotononitrile complexes are similar to those obtained for 

rnethacrylonitrile complexes (see table (5.2)), it can be 

suggested that crotononitrile complexes have similar 

structuresto the rnethacrylonitrile complexes and also that 

the cis-/trans- crotononitrile ligand has a similar basic 

character to that of methacrylonitrile. 

The symmetrical and unsymmetrical out-of-plane olefinic 

hydrogen atom deformation qf crotononitrile isomers have ' 

been well characterized by Potts and Nyquist 13 • The cis-

crotononitrile absorbs strongly in the infrared spectrum 

at 724 and 950 cm- 1 due to HCCH symmetrical and un-

symmetrical deformations respectively. In the trans

crotononitrile, the isomer absorbs strongly at 927 cm- 1 

(assigned to unsymmetrical deformation) and very weakly at 

788 cm- 1 • The latter symmetrical (HCCH) out-of-plane 

defo~~aticin band is not expected to produce a significant 
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dipole change
44

. 

In practicev the IR spectrum of the cis-/trans-

crotononitrile mixture shows the HCCH symmetrical deformation 

-1 
for both isomers at 780 and 727 em . Howeverv one band 

has been observed for the unsymmetrical deformation mode 

which suggests that these two bands coincide in the un-

coordinated ligand (see table (5.2)). Upon coordination, the 

dipole moment of the qlefinic bond in the trans-isomer will 

be expected to increase more than that in the cis-isomer 

which will lead to a splitting in the unsymmetrical HCCH 

deformation band into two bands. The amount of that 

splitting - see table (5.3) - which ranges from 14 to 66 
-1 

em 

can be used to determine the order of relative Lewis acidities 

which are found in the order: 

BC~ 3 > ZnC~ 2 > TiC~ 4 ~ TiBr 4 ~ Snc~ 4 
5.3.2 Proton Magnetic Resonance Spectr~ 

0H NMR spectra have been recorded only for complexes of 

acrylonitrile derivatives with BC~3 , TiC~ 4 , TiBr 4 , Snc~ 4 and 

Sbc~ 5 in benzene solution using TMS as external standard 

reference. The changes in the 8HNMR spectra of free ligands 

upon coordination to the concerned metal halide are summarized 

in tables (5.5- 5.7). 

In acrylonitrile complexes each signal of the vinyl 

protons is shifted upfield by 0.63- 1.49 ppw after coordination 

to the metal halide. In methacrylonitrile and cis-/trans-

crotononitrile complexes, analogous upfield shifts are 

observed for both the vinyl and methyl protons by 0.07 -

1.25 and 0.21 - 0.8 ppm respectively. 



TABLE (50 5) 

0HNMR Spectral Data for Acrylonitrile Complexes 

CH 2 :CHCN (L 1 ) TiC£4 • 2L 1 TiC£ 4 .1J TiBr4 o2L1 1 1* 1 1 
PPm SnC£4 .2L Snc£ 4 .L BC£3 oL SbC£

5
or.· 

5.0 .4 0 23 4o0 4o06 4o32 4.21 3o98 3o53 

5. 16 4. 42 4o19 4. 22 4.52 4o4 4o13 3o73 

5.26 4.52 4.3 4.3 4.61 4o5 4o27 3o83 

5.46 4o72 4.5 4o5 4.8 4o68 4.47 4o03 

0 5o 52 4o98 4.8 4.72 50 1 4o95 4o98 4a 51 
:\.) 

N 

5o 56 5.18 SoO 4o91 5.21 50 1 5.02 4.68 
__, 

5.7 5.49 5o28 5.02 5o 52 5o4 5.20 4o73 

5o74 - - 5.3 - 5.44 5.27 4o97 

5.94 

5.99 

o average 5,53 4 79 4o04 4.62 4.9 4o83 4o66 4o25 

66 average - - 0.74 - 1. 49 - 0.91 - 0.63 - 0.70 - Oo87 - 1o28 

* Measured for {1:1) mola~ solution in Bz. 



ppm 

6(CH3 ) 

6 (H)c 

6 (H)t 

66(CH 3 ) 

6 6 <H>c 

116 ( H t 

TABLE (5.6) 

~HNMR Specral Data for Methacrylonitrile Complexes 

2 CH 2 :CMeCN(L ) 

1 0 6 

5.3 

5.4 

-

TiC£ 4 .2L 2 TiC£
4

.L 2 TiBr4 .2L 2 

1.1 0.80 1. 09 

4 .a a 4. 52 4.62 

5.08 4.82 5.16 

-0.5 -0.8 -0.51 

-0.42 -0.78 -0.68 

-0.32 -0.58 -0.24 

Ht ,Me 
(c-=c 

H/ 'eN 

2 SnC£ 4 .2L 

1.23 

5.00 

5.16 

-0.37 

-0.3 

-0.24 

SnCQ, L2* 4 0 

1 0 0 6 

4.83 

4.98 

-0.54 

-0.47 

-0.42 

2 BC9.,
3

.L 

0.92 

4.93 

-0.68 

-0.37 

-

2 SbC9.,
5

.L 

0.82 

4.67 

4.83 

-0.78 

-0.63 

-0.57 

l\.) 

l\.) 

N 



TABLE (50 7) 

nHNMR Spectral Data for cis-/trans-Crotononitrile 
Complexes 

r.ieCH : CHCN. ( L 3 ) Tict4 .2L3 TiCt 4 .L3 TiBr4 .2L3 3 3* 3 
Sbct5 .L3 ppm Snct4 .2L SnCt 4 .L BCt

3
.L 

1. 33 0.88 0.74 ·o.79 1.1 0.89 0.96 Oo55 

6(CH
3

) 
1.46 Oo98 0.88 0.96 1.2 1. 01 1. 08 0.68 

1.60 1. 29 1.19 1. 09 1. 42 1. 21 1 0 1 4 L 13 

1. 72 1. 40 1.2 1. 41 1.55 1.33 1.29 

4o6 4.08 3.92 4.25 4.25 4o00 3.83 3.41 N 
N 

4.71 4.22 4.08 4.37 4.41 4o16 4 0 1 3.68 w 

6 H 
4.9 4.35 4o23 a 4.52 4.5 4o25 4.28 

4.95 4.40 - - 4.6 4o32 

5.63 5.43 5.45 5o38 5.62 5.38 5o45 5o01 

5.76 5.49 5.53 5.5 5.73 5.49 5o6 5.15 

5.82 5.55 5.59 5o69 5o87 5o60 5.73 5.31 

5.87 5o60 5.65 5.72 5.9 5o62 5o88 

6 H G 5.93 :,.68 5.7 5.8 6.02 5.71 - 5.44 

6o05 5o73 5.75 5.92 - 5.75 - 5.56 

6.20 5o79 5.8 - - 5.81 

5.82 5.89 - - 5.89 

5.92 5.92 - - 5.92 

6o00 
". 

66(CH
3

) - - 0.39 - Oo52 - 0.46 - 0.21 - 0.41 - 0.41 - 0.74 · aveg. 
66 (H) . ..· · - - 0.53 - 0.72 - 0.41 - 0.35 - Oo61 - Oo72 - 1.25 ave g. ~ol) 
66 (H) - - 0.23 - 0.20 - 0.23 - 0.07 - O.i8 - 0.23 - 0.60 · aveg.(~l 
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The shift of the alkene protons for those complexes 

to the upfield is not as expected for the o-N nitrile 

complexes which show an increase in the c=N frequency and 

a decrease in C=C frequency in the IR spectra. This suggests 

the presence of an intermolecular interaction between the 

C=C n-system and the o-N metal complex probably through 

dimerization, oligomerization or polymerization process. 

The order of chemical shifts in the olefinic protons for all 

these complexes was observed to decrease in the sequence: 

CH 2 :CHCN > CH3CH:CHCN ~ CH 2 :C(CH3 )CN 

which may reflect directly the order of the stability for 

complexes of acrylonitrile and its methyl derivatives. 

On correlating these results with the reaction of acrylo

nitrile and its methyl derivatives with the Snc~ 2 /HC~ 

system it seems that all of these a,S-unsaturated nitriles 

can coordinate with the tin atom via the C=C n-electrons 

but the kinetic stability of metal n-complexes against 

nucleophilic attack by, for example, c~e is less with 

methacrylonitrile and crotononitrile. 

In all complexes of Tic~ 4 , the chemical shifts 

to the upfield for the 1:1 adducts were slightly higher 

than that of 2:1 adducts. The same observation occurs with 

the Snc~ 4 complexes which were prepared in benzene solution 

in 1:1 and 1:2 molar ratio. This may indicate that the 

addition of a further mole of the free ligand to the 1:1 

adduct breaks down the weak metal/C=C interactions in these 

adducts. However, a more likely explanation is that the 2:1 

adducts on dissolving in the benzene solution undergo 

dissociation to give (1:1) adducts and free nitriles: 
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MC£ 4 ,L + L 

The mixture is expected to display the proton signals at 

the average of the coordinated and free ligand. 

5.3.3 Electrical Conductivity Measurements 

Electrical conductivities of 10- 4 - 10-6M solutions of 

TiC£ 4 , SnC£
4 

and NiSb2c£ 12 complexes were determined in dry 

nitrobenzene at room temperature (20 ± 2°C). The experi-

mental data are represented in table ( 5.8) as: 

The weight of the sample used (Wt.), the assumed 

molecular weight of the complex (M.Wt.), the volume of the 

solvent to dissolve the complex (v), the molar concentration 

(CM) , the specific conductance (K) given by conductivity 

meter and finally the molar conductivity (AM). The molar 

conductivity of each solution was calculated from the equation 

= -1 2 -1 Ohm . em .Mole 

The results in table (5.8) show that those complexes of 

TiC£4 and Snc£ 4 are non-electrolyte in nitrobenzene as 

compared with 1:1 electrolytes which usually have M values 

-1 2 -1 45 in the range 20 - 30 ohm . em. mole . This rules otllt the 

2m ze possibility for ionic species such as [MC£ 2 (L 4 )J ~c£ 6 . 

The molar conductivities of NiSb2C£.~ complexes gave values 
IL. 

-1 2 -1 of 142 ohm. cm.mole for methacrylonitrile and 114 

ohm~ 1 cm~mole- 1 for cis-/trans-crotononitrile which indicates 

that these complexes are electrolytes in nitrobenzene. 

The molar conductivities for the solutions of NiSb 2c£ 12 

complexes were plotted against the root of the solution 

concentration. The results which are given in Table (5.9) 

gave a good straight line for the plot (figure 5.1) with 



TABLE (50 8) 

Electrical Conductivity data for SnC£ 4 , TiC£ 4 and NiSb 2c£ 12 
complexes 

Complex wt. gm M.wt. I-1x10- 3 3 -5 -1 -1 2 -1 
v em CHx10 _ 3 L ~ohm 1\Mohm. em .mole 

mole.cm 

SnC£4. 2CH 2CMeCN Oo9618 394.68 2.4 47 5. 18 40o3 Oo8 

SnC£4.2MeCHCHCN Oo6724 394.68 1 0 7 48 3o55 51 0 3 1 0 4 

SnC£4.2CH2CHCN 0.8189 366.62 2.2 48 4o65 44.5 1.0 

TiC£4.2CH 2CHCN 0.3039 295.83 1 • 0 44 2o33 28.85 1.2 [\..) 

[\..) 

TiCQ.4. CH 2CHCN Oo4404 242.77 1.8 45 4o03 54o95 1.4 
0'1 

TiCQ.4.2CH 2CMeCN Oo2567 323.89 0.8 44 1. 80 33.5 1.9 

TiCQ.4.CH
2

CMeCN Oo3953 256.8 1.5 46 3o34 49.2 1 . 5 

TiCQ.4. 2MeCHCHCN 0.3573 323.89 1.1 47 2o35 32.6 1 . 4 

TiCQ.4. MeCHCHCN Oo2804 256.89 1.1 44 2o48 28o6 1 0 2 

NiCQ, 2 .2SbC£ 5 o6CH~~MeCN Oo20945 1130 2 0.2 48 Oo39 549 142 

NiC£ 2 .2SbC£ 5 .6MeCHCHCN Oo46105 1130.2 Oo4 48 0.85 969o5 11 4 



227 

-1 2 -1 A
0 
of~ 200 ohm. cm.mole o This value is inconsistent 

with the typical (2~1} electrolytes measured in nitro-

-1 2 -1 benzene (50 - 60 ohm. cm.mole ) p but however it is close 

to that of (2~1) electrolytes measured in acetonitrile 

160-200 ohm: 1 cm~mole- 1 45 
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TABLE (5.9) 

Conductance Data for NiSb2c~ 12 Complexes 

(a) for methacrylonitrile compound 

eM 
A 

M 
-3 mole ern 

K -1 
1J. ohm 

-1 2 -1 ohm. cm.rnole 

0.06088 
0.05848 
0.05636 
0.05538 
0.05357 
Oo05192 
0.05041 
0.04932 
0.04834 
0.04741 
0.04640 

546.00 
511.50 
480.00 
460.00 
443.00 
420.00 
400.00 
387.00 
374.00 
363.25 
349.50 

(b) for cis-/trans-Crotononitrile compound 

0.09033 967.75 
0.08712 924.50 
0.08469 884.75 
0.08246 846.50 
0.08039 810.25 
0.07847 789.50 
0.07501 741.00 
0.07345 707.00 
0.07197 685.00 
0.07104 671.50 

A 198 
-1 2 -1 = ohm . ern. mole 

0 

~~7.31 
149.56 
151.11 
149.98 
154.36 
155.80 
157.40 
159.09 
160.05 
161.60 
162.33 

118.60 
121.80 
123.35 
124.49 
125.37 
128.21 
131.69 
131.04 
132.24 
133.05 
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5.3.4 The Stability of Adducts 

The stability of the adducts prepared i1 this work, to 

either thermal dissociation or chemical attack were studied 

to determine the strength of the coordinate hond formed 

between the metal halide and the acrylonitrile derivative. 

These adducts on exposing to air and moisture change 

either in their colour or in their IR spectra by showing 

-1 
characteristic bands for H20 at 3400 and 160J em assigned 

to v(O-H) stretch and 6 (HoH) deformation. They are soluble 

in benzene except complexes of CoC£ 2 , TaC£5 , NiSb2c112 and 

NiZn 2c1 6 , and their IR spectra in the solution do not 

significantly differ from those spectra recorded for the 

solid complexes. Antimony pentachloride complexes react 

wit~ SiMe 4 in benzene solution and deposit a brown oily 

liquid which is immiscible with the benzene solution. 

The vapour pressure for these adducts were measured 

manometrically by using a cathetometer at r6om te~perature. 

The results which are sun~arised in table (5.10) showed that 

these adducts are volatile solids (with the exception of 

~bc£ 5 and Tac1 5 complexes) and they have vapour pressure 

in the range 8.91 - 0.04 mm.Hg. 

To identify the volatile components, sam.: adducts such 

as TiC£4 , SnC1 4 and BC13 complexes were pumped and the 

resulting volatile products were then collected at U-trap 

at -196° or 0°C. The results of the dissociation experiment 

are summarized in table (5.11). 
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TABLE (5.10) 

Vapour Pressure data for Complexes of 

Acrylonitrile derivatives in mrn.Hg at room 

temperature. 

TiC£
4

(1:1) 

TiC£ 4 (2:1) 

TiBr4 

BC£
3 

SnC£ 4 

ZnC £
2 

CoC£ 2 

SbC £
5 

TaC£
5 

NiSb 2c£ 12 

NiZn 2c£ 6 

CH
2 

:CHCN 

2.52 

1. 34 

1. 04 

1 0 0 1 

3.12 

1 • 4 3 

0.00 

0.00 

CH 2 :CMeCN 

2.95 

3.41 

0.05 

0.59 

8.31 

8.91 

Oo36 

0.00 

OoOO 

2o88 

MeCH:CHCN 

3o68 

1 0 1 5 

0.04 

Oo52 

Oo22 

1 0 00 

OoOO 

0.00 

3.66 

2.02 



Complex 

TABLE ( 5. 11} 

Experimental Dissociation Results for Tic~ 4 u Snc~ 4 u BC~3 Complexes 

Temperature °C Temperature Components Collected 
of pumped flask of U-trap °C at U-trap 

* 

TiC~4 .2NCCHCH2 RT - 196 CH
2

CHCN + TiC~ 4 .NCCHCH 2 
TiCQ. 4 .2NCCHeCH2 

50 - 196 CH 2CMeCN + TiCQ. 4 .NCCMeCH2 
The initial product+ TiC~4 .2NCCHCHJ'I.le 60 - 196 

TiCQ. 4 .NCCHCH2 
RT - 196 00 OJ 

TiCQ. 4 .NCCMeCH2 
RT - 196 00 00 

TiCQ. 4 .NCCHCHMe RT .... 196 " " + 

SnCQ. 4 .2NCCHCH2 
RT -196u 0 00 " 

SnCQ. 4 .2NCCMeCH2 40 0 00 00 

SnC~ 4 .2NCCHCHMe 60 0 10 '0 + 

BC~3 .NCCHCH 2 RT 0 10 " 
BCQ.

3
.NCCMeCH2 

RT 0 vo " 

BCQ.
3

.NCCHCHMe RT; 60 0 00 00 + 

* The products were identified analytically and by IR Spectra. 

+ The products of Crotononitrile complexes were collected in two different phasesu one 

is solid and the other is sticky or viscous liquid. 

N 
w _. 
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Only two of these complexes; TiC£
4

.2NCCHCH
2 

2nd TiC£
4

.2NCCMeCH
2 

showed tendency to dissociate into the free ligand and the 

corresponding (1~1) adduct. The temperature required for 

that dissociation was higher in the case of the rnethacrylo-

nitrile complex than in the case of the acrylonitrile complex. 

5.3.5 Raman and Far infrared Spectra 

The study of Raman and Far IR spectra w~ll be con-

centrated only on (2:1 ) adducts of TiC£
4 

with both metha

crylonitrile and cis-/trans-crotononitrile and also on the 

adduct TiBr
4

.2NCCMeCH
2

• In these complexes two possible 

configurations based on octahedral coordination are given 

in figure (5.2) and by assuming the nitrile ligand as a 

point mass. 

C£ 

L I C£ 
'$Ti/ 

L/ ........._ C£ 

C£ 

(XVI) Cis 

Figure ( 5. 2) Possible structures 

L 

c£,T~/c~ 
C£/ t '- C£ 

L 

(XVII) trans 

for TiC£ 4 .2L Complexes. 

In the cis configuration the TiC£ 4 unit has c 2v symmetry 

while the trans configuration has o4h. On a~plication of 

46 group theory to those two symmetries one can deduce the 

number of vibrational modes expected for the structures 

(XVI) and (XVII). These vibrational modes (which are 15 

for the cis and 11 for the trans) and their distributions 
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are given in the equations below~ 

~is = 

~ans 

2A
1 

+ B
1 

+ B2 

+A1 + B1 

+3A
1 

+ 3A2 + 2B
1 

+ 2B 2 

= A + B1g + E 
1g u 

+A1g + A2u 

+B2g + E + A2u + B2u g 

Ti=C£ vibrations 

Ti-L vibrations 

Deformations 

Ti~C£ vibrations 

Ti-L vibrations 

+ 2E u Deformations 

The mode.s which are active in the IR or Raman can be known 

from the character tables for the point groups c2v and D4h. 

In the cis case 13 IR-active (A 1 v B1 v B2 ) and 15 Raman active 

vibrations (A1 , A2 , B1 , B2 ) are expected while in the trans 

case, only 5 IR active (Eu, A2u) and 6 Raman-3.ctive vibrations 

(A1g, B1gv B2g, B2u, Eg) are expected. 

The main diff~rence between the aboVe t~o structures 

is that the trans structure has a centre of symmetry~ 

There will therefore be no coincidence betweenthe IR and 

Raman spectra for the trans configurationv while there will 

be 13 coincidences for the cis. Thus the far IR and Raman 

Spectra (Fig. 5. 2 - 5. 7) were recorded for the concerned 

TiC£ 4 and TiBr 4 complexes as nujol mulls and ~n the region 

500- 50 cm- 1 • The spectra are tabulated in table (5.12). 

The results showed that both the complexes TiCt 4 .2NCCMe~H2 
and TiC£ 4 .2NCCHCHMe have a similar structure to the cis 

configuration as indicated from the similarity in the specta 

and from the observed coincidences between IR and Raman. 



TABLE ( 5 " 1 2) 

FIR and Raman spectra (cm- 1 ) for 1:2 complexes of TiC~ 4 and TiBr
4 

TiC~ 4 .2NCCMeCH2 TiC~ 4 o2NCCHCHMe TiBr4 o2NCCMeCH
2 

FIR Raman FIR Raman FIR Raman 

415 sh 419 wm 420 sh 417 m 389 ms 296 w 
392 s 398 VS 394 s 384 vs 385 ms 197 s 
387 s 383 vw 392 s 321 s 381 ms 158 w 
382 vs 378 vw 388 s 268 vw 341 ms 107 w 
332 m 370 vw 381 vs 242 vw 332 s 67 m I 

315 ms 333 vw 319 m 225 vw 3 21 s 
277 w 319 wm 302w sh 208 vw 315 s 
272 w 277 w 295 w 175 w 304 m 
206 wm 272 w 280 wm 180 wm 281 m 
195 wm 210 vw 

233 wm 
112 m 258 m 260 w 

183 m 174 w 205 wm 60 s 212 ms 
166 Jm 155 wrn 187 wm 10m 170 ms 
145 vw 132 wm 172 w,sh 72 m 
131 vw 90 sh 166 w 50 w 
125 vw 80 sh 160 w 
104 vw 77 sh 145 vw 

83 vw 50 m 139 vw 
72 vw 180 vw 125 vw 

104 vw 
83 vw 
72 m 
62 vw "I 

[\_) 

w 
>!:» 
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spectra at ~ 420u 320 and 270 
-1 em In contrast; no coin-

cidences could be obsesved for the TiBr4 complex which may 

suggest the trans configuration for this compound. 

5.4 CONCLUSION 

From the above discussion one can conclude the following: 

OJ- Acrylonitrile and its methyl derivatives coordinate to 

the metal l1alide MXn (M = TiiVv Sniv, Znii, -Coiiv Ni 2
+, 

SBv, Tav, X = C1, Br) generally from the nitrogen lone pair 

site to form o-N complex. This is confirmed from the shift 

of v(C = N) stretching to the higher frequencies and from 

the lower shift in the v(C = C) stretching frequency. 

GU- Intermolecular interactions between the o-N complex 

molecules involving the (C = C) site may occ~r in complexes 

of stoichiometry (1:1). This is inf ·erred from the upfield 

shift of the olefinic protons in the 1HNMR Spectra after 

coordination. 

Cil - TiC£ 4 and Snc£
4 

adducts are nonelectrolytes in nitrobenzene 

solution at room temperature while NiSb
2
c1 12 complexes are 

electeolytes. 

GO- In solution, both TiC£ 4 and SnC£ 4 (2:1) adducts dissociate 

at room temperature into the corresponding (1:1) adduct and 

the free ligand as indicated by the chemical shifts for the 

free ligand, (2:1) and (1:1) adducts. 

~ - In the solid state and with the exception of SbC£ 5 and 

TaC£ 5 all adducts are volatile at room tempeLature and only 

the (2:1) adducts of TiC£
4 

with acrylonitrile and rnetha

crylonitrile show a tendency to dissociate in the vapour 

into the (1:1) adduct and free ligand. 
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~- Raman and Far IR studies for TiC~ 4 (2:1) and TiBr 4 

adducts suggest a cis-octahedral structure for the first and 

a trans-structure for the second~ 



APPENlDIX 

M5ssbauer and electrical conductivity d-.ta of some 

ortho- and non-orthometallated antimony compounds. 

(i} Mossbauer Spectral Data ~ 

The mossbauer spectra of several antimony compounds 

described in this thesis have been recorded ~y Dr. R.V. 

Parish of UMISTu Manchester. The results obtained are listed 

in table (A1. 1). 

The orthometallated compound; o-Sbc£ 4c
6

H
4
C(ph) = NH 

shows a positive isomer shift (b) within the range expected 

for antimony (pentavalent) chlori&e compounds. The ortho-

metallated compound also shows a positive quadrupole coupling 

-1 constant of about 10~ms indicating an excess of negative 

charge on the z axis of a similar magnitude ~xpected for one 

carbon atom bonded to antimony pentachlorideu pentafluoride ... 

etc. So the mossbauer spectrum is consistent with the 

structure: 

The isomer shift is more positive than its closest analogues 

e b -1 2 -1 (1) 
[phSbC£5 ]; ~ 4.06- 4.47 mms e qQ: 11.28- 12.3 mms . 

However this is expected since the ortho-metallated compound 

would be neutral, hence a lower electron density than the 
~y2 

salts measured by Greenwood. 



The non-orthometallated compounds which have the general 

® e 
formulae R 1 R2CNH2 Sbc~ 4 ; where (R

1
R

2
) = (ph) 2 u (p-tolyl) 2 , 

~P-FC 6H 4 ) 2 u (m-tolyluph) u are characterised by their very 

large negative isomer shifts indicating that they are all 

antimony trivalent compounds. The m-tolyl, phenylketiminium 

compound shows a weak absorption at 8.4 roms This indicates 

some antimony pentavalent oxide type of impurity, e.g. a 

hydrolysis product of SbC~5 • The other samples show only one 

absorption envelope in the antimony trivalent region of the 

spectrum. 
@ e 

In the iminium compounds. ph2CNH 2sbc~ 4 and m-tolyl,-

@ e 
phCNH 2sbc~ 4 , they show similar Mossbauer spectra, typical 

of a one site antimony in the trivalent oxidation state. 

The quadrupole coupling constants are all po5itive as one 

would expect antimony trivalent compounds to have V
22 

axis 

being in the same direction as the lone pair. The parameters 

obtained for these two compounds are similar to those 

e 
previously reported for other (Sbc~ 4 ) salts see table (A1.2}. 

The spectrum for the di-p-tolylketiminium salt, however, at 

first sight appears to show a large negative quadrupole 

coupling constant which is very unusual for antimony trivalent 

compounds, although not known: 

Na 2SbF
5 

2 -8.3 -1 Ref. 3 e qQ = roms 

Na 2SbF
5 

2 
qQ +15.4 -1 Ref. 4 e = roms 

The reason for the discrepancy between the two reports for 

Na 2SbF 5 is not known. 

However, an attempt to get a good fit for the data 

obtained for a negative value for e
2

qQ for values of ~ 

between 0 and 1 has failed~ so the data was fitted to two 



sites with positive e 2qQ which has given a reasonable fit to 

the data, thus it appears that there could be two unresolved 

antimony trivalent sites of roughly equal proportions. Site 

1 shows similar Mossbauer parameters to thobe in the other two 

antimony trivalent compounds, whereas site 2 is quite similar 

to antimony trichloride, although bearing in mind the variety 
e 

in structures found in antimony halide chemistry a SbC£ 4 

structure with two sites is feasible. 

In the di-p-P.phenylketiminium salt, it was difficult to 

obtain a completely satisfactory fit for either a positive or 

negative quadrupole coupling constant, the peak being almost 

symmetrical. The best fit was obtained with a large asymmetry 

parameter, which causes the peak to be more symmetrical. 

For such a large asymmetry parameter the sign of the quadrupole 

coupling constant obtained from the spectrum becomes meaningless, 

~nee a positive e 2qQ, and a negative e 2qQ will both give very 

similar spectra for large values of the asymmetry parameter. 

By analogy with the other para-substituted phenyl compound, 

this one might have two antimony trivalent sites, which could 

give rise to such a spectrum. 

Thus all the 

contain sbm 
seems feasible. 

compounds of the iminium salts definately 
® e 

and from the analyses, a formula Ar 2CNH 2 sbc~ 4 



TABLE (A 1 • 1) 

Mossbauer parameters for some ortho and non-orthoilletallated 
compounds of ketimino antimony chlorides. 

Site 1 I' 
I 
' 

Site 2 

Compound Normalised "l _1 1
: Area ratio l 

S;rnms 
-1 e2qQ ;rnms-1 r;rnms _, b/rnms -1 e2qQ /roms -1 Chi r/rmns : Site 1 /Site 2 :. 

a 
il 
I 

~ 2-SbC£4c6H4C(ph)=NH +5.29 9.55 2.2 1 . 15 - ~ 

@ 0 
!Ph2 CNH2SbC£ 4 -8.11 +9.6 2.49 0.90 -

® e 
(p-tolyl) 2CNH2SbC£4 -7.99 +9.55 2.67 1. 26 - +8.41 - 3.06 6.07 

® e 
(p-FC6H4}2CNH2SbC£4 -7.79 +7.8 2.44 1 . 11 - -5.3 +12.0 2.23 1.18 

® ... e -7. ·;6 +9.5 . 2.52 1.04 0.99 

! 
I (m-tolyl,ph) 2CNH2SbC.2.4 __ L I 

::t:' 
0 

.!::> 

i 



Table {A1.2) 

Mossbauer parameters for various antimony 

trivalent chloride complexes 

2 
Compoufld ~ 'b/rnms- 1 e qQ/rnrn-1 r;mm-1 

CO(NH
3

) 5SbC£
6 -11 . 2 ~ 3 . 1 

-20.2 +6.8 3.7 

K3SbC£6 
I - 9.7 - 3.5 

Cs 3sbc£6 - 9.6 - 3. 6 

(NH 4 ) 3SbC£ 6 - 8.7 - 4.3 

( NH 4 ) 2 S bC £ 5 - 6.52 + 11 . 2 2. 9 

Et 4NSbC£ 4 - 8.17 + 8.9 

- 7.47 +10.6 
I 

pyHSbC£ 4 - 8.1 + 11 . 3 

- 7.98 + 9. 1 

SbC£3 - 5.9 13.9 

SbC£3 .aniline - 6.3 12 0 0 

SbC£ 3 .ph2Co - 5.8 1 4. 0 

Ref. 

5 

6 ! 
5 

5 

5 

7 

8 

3 

8 

3 

9 

9 

9 



I 

(ii) Electrical Conductivity data : 

The conductances of six nitrome~ solutions each of 

\1' 
the orthometallated compound : o-SbC£

4
c

6
H

4
C{ph) = NH and 

the ketiminium salt ph
2

CNH
2

SbC£
4 

, concentrations of between 

0.3 x 10.- 3 and 8 x 10-3 mol. dm- 3 were measured in a cell 

fitted with platin!4m electrodesu using a "Cambridge 

Instruments Conductivity bridge". The molar conductivities 

of the solutions were then plotted against the root of the 

101n 
solution concentration. The results of the orthometallated 

compound gave molar conductivities of between 12 and 13 

2 -1 s-cm. mol with no significant change with increasing con-

centrations indicating a non-electrolyte. The results for 

the iminium salt gave a good straight line for the plot with 

2 -1 ]l
0 

value of 81.4 s.cm. mol and a slope of -279 (Jlm 

at 1 0- 3 mol. dm - 3 
= 71 . 6 s. cm2. mol- 1-interpolation) . This 

indicates that this compound is a (1:1) electrolyte. 

Results : Cell constant = 0.2109 cm- 1 

'~2 
Solution CONCx1~~ conductance x 10

4 molar 
'12 

Cone. 
cond~ivities &!?12 No. mol.dm s s. ern. 1-1 mol 

2 0.1271 0. 77 12.78 0.0356 

3 0.07625 0.45 12.44 0.0276 

4 J.2542 1.57 13.02 0.0504 

5 0.3813 2.33 12.87 0.0617 

6 0.5083 3 0 13 12.98 0.0713 

7 C.6354 3.3 12.61 0.0797 

- for ph2CN!~SbC£~ compound .(Fig.A2) 
1 0.1.3416 22.35 55.99 0.0917 

2 0.505 14.85 62.01 0.0711 

3 0.303 9.35 65.07 0.0550 

4 c. 1818 5.95 69.01 0.0426 

5 0 0 1091 3.75 72.49 0.0330 

6 0.0545 1 0 95 75.39 0.0234 
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Infrared Spectra 

Fig. 2.; 

Fig. 2.5 

Fig. 2.6 

Fig. 2. 7 

Fig. 2.8 

Fig. 2. 9 

Fig. 2.15 

Fig. 2.16 

Fig. 2.17 

Fig. 3.1 

Fig. 4.1 

IR Spectrum for 
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IR Spectrum for 
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the reaction of But~ o-tolyl CNLi with SbC~ 5 • 

IR Spectrum for 
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IR Spectrum for 
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IR Spectrum for 
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Nuclear Magnetic Resonance Spectra 

Fig. 2.4a 

Fig. 2.4b 
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Far Infrared and Raman Spectra 

Fig. 4o2 

Fig. 4.3 
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APPENDIX 5 

Electrical Conductivity Measurements Graphs 

Figo So 1 

Figo A1 

Fig. A2 

Graph of molar conductance vs. concentration for 

~A) [Ni {NCCMeCH 2 } 
6

] 2 
(f) [SbC£ 6 ]~ 

(B) [Ni {NCCHCHMe) 6 ] 2G) ] SbC£ 6 ]~ 
.! 

Graph of molar conductance vso concentration 2 

for 

l 

Graph of molar conductance vs. concentration~ 

for 
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APPENDIX 6 

General Experimental Details 

Many of the compounds described in this thesis were 

moisture sensitive. Therefore all operations were carried 

out under an atmosphere of nitrogen or under vacuum. Liquids 

and solutions were transferred by syringe against a counter 

current of nitrogen. Air sensitive solids were handled in 

a nitrogen filled glove box. 

Nitrogen gas 

This was supplied as boil off from a tank containing 

liquid. Traces of oxygen were removed in a heated copper 
0 

tower at 300 C and water was removed by a liquid nitrogen 

trap followed by a tower packed with P 2o5 • The nitrogen 

was delivered to a glove box and a multiple outlet system 

on the bench by glass or nylon tubing to minlmize 

diffusion of oxygen into the system. 

The glove box atmosphere was maintained by continuous 

purge whilst the box was in use and continuous recycling 

through a KOH tower, a heated copper tower and a P2o
5 

tower 

to remove acid gases, oxygen and water respectively. All 

external tubing was of nylon or glass with joints sealed 

with silicone rubber. 

Vacuum System 

Evacuation was effected using a rotary oil pump. 

Access to the system was possible at four points using B14 

and S19 sockets. This vacuum system was used for separation, 

purification of volatile materials by distillation, vapour 
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pressure measurements, drying of involatile materials and 

storage of the volatile compounds. The system also was 

connected to two traps maintained at -196° to collect all 

volatile compounds. 

Elemental analysis 

Carbon, Hydrogen and Nitrogen were determined using a 

Perkin-Elmer 240 Elemental Analyser. Sample3 were sealed 

into preweighed aluminium capsules in a glove box. Chlorine 

was determined by oxygen flask combustion followed by 

potentiometric titration of the chloride ions. Metals 

were analysed by oxygen flask combustion followed by Atomic 

Absorption spectrophotometry. 

Spectroscopic Analysis 

Infra-red spectra were recorded on Perkin-Elmer 477 

and 577 spectrometers in the range 4000 - 250 cm- 1 and 

-1 4000 - 200 em respectively. Liquid samples and solid 

samples as nujol mulls were pressed between KBr, Csi or 

NaC~ plates depending on the region to be studied. 

The mass spectra of solid compounds were measured on an 

AEI MS9 mass spectrometer using electromagnetic scanning, 

an accelerating voltage of 70 eV and a probe temperature of 

180 - 200°C. The spectra of liquids were measured by 

direct injection into a V.C. Micromass 12B Spectrometer. 

The spectra were recorded using conventional UV chart 

recorder or later a V.G. Datasystem 2000 which enabled 

automatic counting and plotting of the spectra by means of 

PDP8/3a minicomputer, a Descope visual display unit and a 

Bryans X-Y plotter. 



nHNMR spectra were recorded on Varian A60/56D spectra-

meter operating at 60 MHz and also a fourier transform Bruker 

1 3 HX90E spectrometer operating at 60 MHz. CNMR spectra were 

recorded using the same Bruker machine operating at 

2 2 I 6 3 5 0 MH z 0 ~HNMR spectra were also recorded recently on 

Varian EM-360L NMR spectrometer system. 

The specific conductances were measured by using a 

conductivity cell and PTI-18 digital conductivity meter. 

The conductivity cell was immersed in a water bath thermo-

stated at 20°C. Because of the sensitivity of the samples 

for air and moisture, all solutions were prepared in the 

dry box and measurements were carried out under an atmos-

phere of dry nitrogen. The conductivity meter was cali-

brated using a standard normal aqueous solut~on which was 

prepared from dissolving research grade KC£ in 

demineralized water. 

Solvents 

Diethyl ether, 1,4-dioxan, toluene, benzene and 

other hydrocarbon solvents were dried with sodium wire. 

Tetrahydrofurane was dried by refluxing with potassium 

metal, nitrobenzene and carbon tetrachloride were distilled 

from P 2o5 • Chloroform was dried with anhydrous Cac£ 2 and 

distilled and was protected from direct sunlight. Benzo-

nitrile was purified by distillation from P2o
5

. 

Starting Materials 

Diphenylketimine was prepared from benzvnitrile and 

phenylmagnesium bromide in diethyl ether. Anhydrous 

methanol was then added and the resulted inorJanic solid 

was removed by filtration. Diethyl ether was distilled 



off and the residual liquid was distilled under vacuum; 

discarding the first 5 mlo The other ketimine systems were 

prepared by an exactly analogous method and from the 

corresponding starting materialso n-BuLi was prepared by 

the reaction of n-butyl chloride with lithium metal in n

pentaneo Ketiminolithium systems were prepared by the 

action of n-BuLi on Ketimines in diethyl ethero Ketiminium 

hydro-chloride was prepared by passing dry hydrogen chloride 

gas into solution of Ketimine in diethyl ethero N-chloro 

di-p-tolyl ketimine was prepared from the re~ction of the 

Ketiminium hydrochloride with sodium hypochlorite at 0°Co 
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APPENDIX 7 

(a) Lectures and Seminars organised by the Department of Chemistry 
during the period 1978-1981. 

(* denotes those attended}. 

15th September 1978 

Professor W. Siebert (University of Marburg, West Germany) u 

"Boron Heterocycles as Ligands in Transition Metal Chemistry". 

* 22nd September 1978 

Professor T. Fehlner (University of Notre Darr'2, U.S. A.) . 
"Ferraboranes : Syntheses and Photochemistry". 

* ~2th December 1978 

Professor C.J.M. Stirling (University of Bangor). 
"

1 Parting is such sweet sorrow 1 -the Leaving Group in 
Organic Reactions". 

* 14th February 1979 

Professor B. Dunnell {University of British Columbia), 
"The Application of NMR to the study of Motio_1s in Molecules". 

16th February 1979 

Dr. J. Tomkinson (Institute of Laue-Langevin, Grenoble). 
"Properties of Adsorbed Species". 

14th March 1979 

Dr. J.C. Walton (University of St. Andrews), 
"Pentadienyl Radicals". 

20th !vlarch 1979 

Dr. A. Reiser (Kodak Ltd.)v 
"Polymer Photography and Mechanism of Cross-line Formation 
in Solid Polymer Matrices". 

25th March 1979 

Dr. S. Larsson (University of Uppsala), 
"Some Aspects of Photoionisation Phenomena in Inorganic 
Systems". 

25th April 1979 

Dr. C.R. Patrick (University of Birmingham}, 
"Chlorofluorocarbons and Stratospheric Ozone 
of the Environmental Problem". 

An Appraisal 



1st May 1979 

Dr. G. Wyman ~European Research Office, US Army), 
"EXcited State Chemistry in Indigoid Dyes". 

2nd May 1979 

Dr. J.D. Hobson (University of Birmingham), 
"Nitrogen-centred Reactive Intermediates". 

*8th May 1979. 

Professor A. Schmidpeter (Institute of Inorganic Chemistry, 
University of Munich), 
"Five-membered Phosphorus Heterocycles Containing 
Dicoordinate Phosphorus". 

9th May 1979. 

Dr. A.J. Kirby (University of Cambridge) 1 

"Structure and Reactivity in Intramolecular and Enzymic 
Catalysis". 

9th May 1979 

Professor G. Maier (Lahn-Giessen) 1 

"Tetra-tert-butyltetrahedrane". 

10th May 1979 

Professor G. Allen 1 F.R.S.u ~cience Research Council), 
"Neutron Scattering Studies of Polymers". 

16th May 1979. 

Dr. J.F. Nixon (University of Sussex), 
"Spectroscopic Studies on Phosphines and their Coordination 
Complexes". 

23rd Nay 1979. 

Dr. B. Wakefield (University of Salford) 1 

"Electron Transfer in Reactions of Metals and Organometallic 
Compounds with Polychloropyridine Derivatives". 

* 13th June 1979 

Dr. G. Heath (University of Edinburgh), 
"Putting Electrochemistry into Mothballs - (Redox Processes 
of Metal Porphyrins and Phthalocyanines)". 

* 14th June 1979 

Professor I. Ugi (University of Munich), 
"Synthetic Uses of Super Nucleophiles". 



* 20th June 1979 

Professor J.D. Corbett (Iowa State UniversitJ, Ames, Iowa, 
U.S.A.), 

nzinti Ions : Synthesis and Structure of Homo-polyatomic 
Anions of the Post-Transition Elements~. 

27th June 1979 

Dr. H. Fuess (University of Frankfurt), 
"Study of Electron Distribution in Crystalline Solids by 
X-ray and Neutron Diffraction". 

21st November 1979 

Dr. J. Muller (University of Bergen), 
"Photochemical Reactions of Ammonia". 

28th November 1979 

Dr. B. Cox ·(University of Stirling), 
"Macrobicyclic Cryptate Complexes, Dynamics and Selectivity". 

5th December 1979 

Dr. G.C. Eastmond (University of Liveprool), 
"Synthesis and Properties of some Multicomponent Polymers". 

12th December 1979 

Dr. C.I. Ratcliffe (University of London), 
"Rotor Motions in Solids". 

19th December 1979 

Dr. K.E. Newman (University of Lausanne), 
"High Pressure Multinuclear NMR in the Elucidation of the 
Mechanisms of Fast, Simple Reactions". 

* 20th January 1980 

Dr. M.J. Barrow (University of Edinburgh), 
"The Structures of some Simple Inorganic Compounds of Silicon 
and Germanium- Pointers to Structural Trends in Group IV". 

* 6th February 1980 

Dr. J.M.E. Quirke (University of Durham), 
"Degradation of Chlorophyll-a in Sediments". 

23rd April 1980 

B. Grievson B.SC., (University of Durham), 
"Halogen Radiopharmaceuticals". 



14th May 1980 

Dr. R. Hutton (Waters Associates, U.S.A.), 
11
Recent Developments in Multi-milligram and Hul ti-gram 

Scale Preparative High Performance Liquid Chromatography". 

* 21st May 1980 

Dr. T.W. Bentley {University of Swansea}, 
"Medium and Structural Effects in Solvolytic Reactions". 

10th July 1980 

Professor P. des Marteau {University of Heidelburg), 
"New Developments in Organonitrogen Fluorine Chemistry". 

* 7th October 1980 

Professor T. Felhner {Notre-Dame University, U.S.A.), 
"Metalloboranes -Cages or Coordination Compounds?". 

15th October 1980 

Dr. R. Adler (University of Bristol), 
"Doing Chemistry Inside Cages - Medium Ring Bicyclic 
Molecules". 

12th November 1980 

Dr. M. Gerlach (University of Cambridge), 
"Magnetochemistry is about Chemistry". 

19th November 1980 

Dr. T. Gilchrist (University of Liverpool), 
"Nitroso Olefins as Synthetic Intermediates". 

3rd December 1980 

Dr. J.A. Connor (University of Manchester), 
"Thermochemistry of Transition Metal Complex"'s". 

18th December 1980 

Dr. R. Evans (University of Brisbane, Australia), 
"Some Recent Communications to the Editor of the Australian 
Journal of Failed Chemistry". 

18th February 1981 

Professor S.F.A. Kettle (University of East Anglia), 
"Variations in the Molecular Dance at theCrystal Ball". 

25th February 1981 

Dr. K. Bowden (University of Sussex), 
"The Transmission of Polar Effects of Substi t'lents". 



4th March 1981 

Dro S. Craddock (University of Edinburgh}, 
~Pseudo-Linear Pseudohalides". 

11th March 1981 

Dro JoF. Stoddard {IoC.I. Ltd./University of Sheffield~ u 

"Stereochemical Principles in the Design and Function of 
Synthetic Molecular Receptors~. 

17th March 1981 

Professoi Wo Jencks (Brandsis University, Massechusetts), 
"When is an Intermediate not an Intermediate?". 

* 18th March 1981 

Dr. P.J. Smith (International Tin Research Institute}, 
"Organotin Compounds - A Versatile Class of Organometallic 
Compounds". 

9th April 1981 

Dr. W.H. Heyer (RCA Zurich); 
"Propertias of Aligned Polyacetylene". 

6th May 1981 

Professor M. Szware, F.R.S., 
"Ions and Ion Pairs". 

10th June 1981 

Dr. J. Rose (I.C.I. Plastics Division), 
"New Engineering Plastics". 

17th June 1981 

Dro P. Moreau (University of Montpellier), 
"Recent Results in Perfluoroorganometallic Chemistry". 

(b) Conferences attended during the period 1978 - 1981 

i. Annual Congress of theChemical Society and the Royal 
Institute of Chemistry, Durham University, April 1980. 

(c) Firs~ year induction course (October-November 1978). 

A series of one hour presentations on the services available 
in the department. 

i. 
ii. 
iii. 
iv. 
v. 
vi. 

Departmental organisation. 
Safety matters. 
Electrical appliances. 
Chromatography and microanalysis. 
Library facilities. 
Atomic absorption and inorganic analysis. 



vii. Mass spectrometry. 
viii. Nuclear magnetic resonance spectroscopy. 
ix. Glassblowing technique. 
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