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THESIS ABSTRACT

This thesis describes studies on the coordination
chemistry and reactions with metal halides of some unsaturated
organonitrogen compounds. The systems studied included

: . 1.2 . .
various ketimines, R R7 C = NH, and derivatives therecf,

R?R2 C = NH, MXn or RAJR2 C::NMXH_1 containing antimony or
tin atoms attached to the imino-nitrogen atoms. Aspects of
the coordination chemistry of acrylonitrile CH2 s CHC ¢ N
and its methyl derivatives, CH2 : CMe C ¢ N and MeCH : CHC : N
have also been studied as,well as their reactions with
ether/SnCQZ/HCl systems.

The main feature studied in the imine work was the
tendency of compounds (4—XC6H4)2C = NSbCSLn (X = H or

Me, n = 2 or 4) to undergo cyclometallation reaction forming

a new type of antimony ring compound;

¥ I
2 - SbC,Qn - 4 - XC6H3C(4 - XC6H4) = NH

Related cyclometallation reactions are surveyed in chapter 1.
During attempts to prepare other diarvlketimino antimony
tetrachlorides such as o-tolyl, ph C = NSbC24;
rn-toﬂyhph C = NSbCSL4 and (4 - FC6H4)2 C = NSbC&,, no analogous

cyclometallated products were obtained. Instead two

different products were isolated: AryQZCNHggbcfi and
Ary!zzCNI-I‘:z)SbCJL‘:G)° Attempts to prepare t-butyl derivatives

of general formula Ar, But C = NSbCfL4 (Ar = o-tolyl, p-tolyl:;

m-tolyl) afforded arylnitrile, HCL and SbC% probably by

37
elimination of Me2C = CH2° Chloroform solutions of diphenyl-
ketimine and antimony penta- or tri- chloride deposited

@ - + 20 .
phZCNH2 SbCJL6 or (phchH2)2 SbCﬁL5 respectively.



In the nitrile work, using ether/SnC%z/HCQ systems

o
which contain Rzoz{d” o SnCSlB@ and (R20®H)2 o SnC2426,,

addition to the C = C bond of the acrylonitr.le yielded
CQBSn,CHzﬂCHZDCN° Methacrylonitrile and crotononitrile

gave more complicated reactions with ether/SnClz/HCQ systems,
apparently undergoing dimerization to form amidinium

cations containing C = N - CR = NH;D units.

Finally, several complexes were isolated from reactions
between acrylonitrile or its methyl derivatives and the

SbC4L BCZ, CoCQ

4’ 57 3 27 27
. 0 . . _
TlBr4, TaCNS, N1C£2/28bC15 and NlCSLz/ZZnCSLz° Spectro

metal chlorides TiC24, SnCl ZnCa

scopic and conductivity studies of these complexes were

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

A SURVEY OF CYCLOMETALLATION 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, RlRZC = NH, and derivatives thereof, RlRZC =IﬂHﬁ%Xn

or rRIR?%C = NMX  _1» 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 f;ature studied in the imine work 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=5n,5Shb.
X =Cl4Br .

Reactions of this type, in which a metal atom becomes
attached to the aryi residue of one of its ligands, have
acquired some importance in organometallic and coordination
chemistry, particularly where the metal involved 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

TORHAR BRIYERIT >
i 2 MAY 15
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to set the present tin and antimony work in context.




Short surveys of relevant acrylonitrile coordination
chemistry follow in later chapters by way of introduction to
+the acrylonitrile work.

1.2 DEFINITION AND SCOPE OF THIS SURVEY

The term 'cyclometallation' 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:

Y
H - XvvAavY -+ ¥ - \\SM + HZ

Z x”

where X is the atom metallated,

M is the metal concerned,

Y is the donor atom (N,P,As,Sb,0,S)
through which the organic ligand is initially attached to M,
and 7 is the leaving group, which may be a halogen atom or
alkyl or aryl group.

Clearly, reactions of metal ions with chelating ligands
HX~~Y which are protic acids, e.g. acetylacetone (in its
enol form HO - C{Me} = CHC(Me) = O), ethanolamine HOCH,CH,NH,,

or

are examples

Ref. 5b




However, since such reactions normally proceed directly
t0 the chelated derivatives they tend not to be treated as
cyclometalliations. Indeed, the term ‘cyclometallation’ is
normally reserved for systems in which the formation of the
chelate ring is gquite distinct from the initial coordination
reaction, 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 residue attached to

the azomethine grouping >C =N -, e.g.
R
—N

[ -
Sbx, — n= 4,2

Such reactions, which involve metallation of an aryl
group in the ortho position with respect to the group
providing a link to the metal atom, are generally referred to
as ‘orthometallation reactions', and these form an important
category of cyclometallation reactions. It is worth noting
that, in the example cited, the new metal-carbon bond is formed
without simultaneous loss of HX - cyclometallation reactions‘
can occur without 108§ of a "leaving group' if the metal atom
concerned starts by being coordinatively unsaturated,

The present survéy indicates the range of metals that
are known to undergo cyclometallation reactions, 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 reactions.



Useful reviews that discuss the subject of cyclo-
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, phosphoruS , 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-PhCHzNHXMez_X (x = 2, 1 or 0) with platinum (II)
or palladium (II) chlorides illustrate this. The bulky ligand

PhCH.NMe, suffers cyclometallation, whereas the others form

2 2
products containing no metal-carbon @ - bond.



TABLE (1.1)

EXAVPLES OF NITRCGEN DONCR-CYCLOMETALLATED

!
Ry N

SYSTEMS
Al \{ ll\ ]
RN :
M X
Alkylamines 2-(Methylazo) Imines
Propene$S
: 7 M M
G, OO OC
NR? o NR,
0
Benzylamines Azobenzenes Benzoylamines
M
QL)
, _NR
Amino Ferro- Heteroaromatic Benzylidene-
cenes Compounds amines



The susceptibility of a particular C-H bond to metallation
will depend on both steric and electronic factors. Sterically,
the number o0f atoms separating that bond from the donor atom
will determine its proximity to the metal. The C-H bonds of
carbon atoms in a vy position with respect to the donor atom
are particularly susceptible to attack, since cyclometallation

of such bonds affords the favoured 5-membered ring:-

H-é\ <
/

Cyclometallation of R-or & - C—H bonds will be less
likely to occur, because the products of these reactions will

be 4- or 6-membered rings respectively.
~7

A4
H- C
L. .M ; i LnM//
N~y ~Y

N/ \I
H-C JC
L ——= LpM
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), 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° 28 (Sp3) or to 120° (sp?).
The effect of chelate ring size is illustrated by
using different ligands such as PhNMe,, PhCHzNMeZ,
Ph(CH,),NMe,, and Ph (CH,) ;NMe,, in@ cyclopalladation reaction

which would generate 4, 5, 6, or 7-membered rings respectively



by substitution of an ortho-hydrogen of the phenyl group.

However, only the compound with a five-membered ring is

obtained5a - the other ligands do not undergo cyclometallation.
In rare cases, a cyclometallated compound containg a

six membered ring can be formed. For example, N-aryl-

amidines or amides éan be palladated producing a compound

containing a six-membered ring9 (see figure 1.1):

Y

d Ph
‘P SN (11)
M_/J\ e
Electronically, the nature of the C-H bond will also be

important. For example, Schiff's bases coordinated to Rh(I)

or Ir(I) undergo cyclometallation with a facility that

decreases in the sequence C_Haromatic:> C-H1efinic ;>
C_Haliphatic6}7° In orthometallation reactions, the susceptibility
of the ring to metallation varies markedly with the ring
substituents, which ideally need to be electron-releasing to
facilitate cyclometallation since the corrdinatively un-
saturated metal atom functions as an electrophile. For
example,
para mgthylazobenzene, MeC H,N = NPh, suffers metallation

(of the tolyl ring) more readily than its PQra

chloro counterpart C1C6H5N = NPh, in which the

chlorinated ring can be metallated only with difficulty,

using Pd(II) 8°
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1.4 METALS KNOWN TO BE CAPABLZE OF.CYCLOMETALLATION REACTIONSQ

The cyclometallation reaction depends on the type of the_
metal used and alsc on 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(C8H14)2]2 and its related
Ir(I) complex with a N-donor ligands in the presence of PPh3
as represented in equation (1.1), in which the Ir(I) metal
undergoes the cyclometallation reaction, whilst the other

metal, Rh(I) does not6°

PPn

&/PPhB H\ / R
Cl;M‘—ND — UGN (4.1)

PhP H-C Ph P C

3 Ph 3
R A
s /’“‘\ or CA\ , M= Ir(D),orR
- a " 5 = 1)
N? O /N\R \Nzﬂ ) b | (
R

The influence of metal basicity on the cleavage of (C-H)
bonds by.Rh(I) and Ir(I) in the metal-imine compounds has been
studied by Vrieze and Co—workers6 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 (EO) occupied MO (HOMO)
and a low energy IEk) unoccupied MO (LUMO) leads to positive
total overlap and thus to the possibility of HOMO-LUMO
electron transfer. This electron transfer will
occur more readily as |E - E,| becomes smaller. On
application of Pearson's concept of the cyclometallation
reaction through which the cyclometallated product is formed

by (C-H) bond br§aking and (M-H) and (M-C) bond formation, then



the HOMO in the nonmetallated compound may be a metal 4
orbital (if M is considered as a nucleophile) and the LUMO
should ke the o* (CH) orbital, since it is the only unoccupied
orbital posessing the possibility of a sterically favoured
overlap with the ECMO. 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).

Cl

(a) Overlap between the (b) Overlap between the
metal dZZ and (C-H) metal 4 and (C-H)
bonds. bond. <2

Fig. 1.2 Possible HOMQhUMO overlaps between the metal
and (C-H) bond in the cyclometallated
reactions.

The most faVourable'oVerlap is overlap (a), as strongly

indicated by the crystal structurall®s1l

data, where the
Nﬁc bond angie 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 IEO - E, | value. For example,on going from
Ir(I) to Rh(I) and on changing from very basic to much less
basic coligand, the d22 (dxz) level will move to lower energy,
i.e. [Eo - Ek] becomes larger for the (C—H)'bqnd,.leading to a
lower reactivity towards the“(C—H) bond. Thié may explain

A

the' absence of c yclometallétion of Rh(I) illustrated



- 10 -

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 PA(II), the HOMO-LUMO electron transfer
from the metal & orbital to the o (C-H) bond (i.e. nucleo-
philic behaviour) will change over to electrophilic behaviour,
where the electron transfer will occur from the ¢ (C-H)
bonding orbital (HOMO) to the metal orbital (LUMO) of
appropriate symmetry. The corresponding IEO - Ekl value is
expected to be apparently lower than that for the metal
d > 0* transition,

There is a lack of knowledge of the position of o
(CH) energy levels (Eo) for different kinds of CH bonds, i.e.
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.

Inhfluence of other ligands on metal.

The group(s) attached to the metal has some influence on
the cyclometallated system and on the cyclometallation reaction.
The more electronegative group(s), the-strongér the intra-
molecuiar coordination bond that can be obtainéd, 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 Qf azobenzene by MnR(CO)5
has been quqlitcﬁveiy established as R = PhCH2 > Et > Me

12

> CHZ.C6 Me5 .

thermodynamic stability of toluene relative to the others,

This is explained on the basis of the higher

Examples of cyclometallated~compounds containing nitrogen donor

atoms are repreéented 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 MECHANISM OF CYCLOMETALLATION REACTIONS

The mechanism of cyclometallation reactions has been
discussed by Parshall4° He suggested that the reaction path
involves firstly, the coordination of the nitrogen lQne pair
to the metal to form a 0-N metal complex, secondly further
coordination from the m-electrons of the ligand unsaturated
hydrocarbon into thi$S metal if the metal is electron-
deficient or from the metal into the m-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 mechanisme, depending on
the metal and the substrate, or more probably to the balance
of steric and electronic factors.

However, Parshall 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 reaction is illustrated in

scheme (L.1).
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TABLE 1.2

EXAMPLES OF CYCLOMETALLATED COMPOUNDS CLASSIFIED ACCORDING TO THE MAIN AND
TRANSITION GROUP ELEMENTS OF THE PERIODIC TABLE

Cyclometallated Compound Ref. Cyclometallated Compound Ref
Group IA :
5 ' R | O . NMe
[L1(CH,C Me, CH, NMe,)] 1 Lﬁ 2
' 3.7
~e

& = <@ 7
[Ll(C6H4CH2-NM€‘2)] 2 Me
o =T
[Li(cH :
Fe

2C ey NMe,) ] 3 bt 8,9
Gy
& i
[Li(CH2c6H4CH2.NMe2)] 3
>
i O ..
Fe Lt 5
}'Eﬁ
4 —Li
Group IIA:
[Bd) §e(C6H4CH - N By 11

5 [(But ) Be (CH,CH = N BJ)]2 11




Cyclometallated Compound

MoBr
NN

¥
[BrMg (C H,CH,, NMez)]

Group I1IA:

[HB ( C Hp(CH,) » NM@)]

Me E%

“Ar
Cl

HN_BT:&

£, 1
[HB \CH2°CH2-CH2oCH2NM)]

Ref.

12

13

14

15

16

17

13

Cyclometallated Compound

Lo O

\> T

HO™ "OH

\ ! .
[Ph2 Al(C H,P(ph), = N Si Me3)]

¥ T
[E¢, Al(CH,.CH,.CH, N E%,)]

. ¥ N .
[thGa (CeHy P(ph)2 =N Si Me3)]

[ (Me) fl (C H CHzpph ) ]

6 4
[(X)a Tl(C6 4CMe, NR )]
Group IVA:
v,
[cl1 (Me) (R) Si (C H,CH, NMez)]
Me
|
O Si
_ T?
i
2
[(Clh) (Me) de (C H ,CH, NMez)]
[thBr §£(c H,CH, NM@ )]

23

23

25



Cyclometallated Compound

] )]
[M@ZBrSn(C6H4CH2 NMez)]

¥
[Me. (R). Br Sn (C_ H,CH NMe )]

64

2

—
[SnCl; (CH,.CH,.C(OMe) = 0)]

Group IB:
Me
N CN& :e\@\TMez
C CUQ ; C/
1,

[Cu (2-Me N C6H4)]4 (CuBr),.l.5 C H,

Ar iﬂsz
Cu\
'(/ 'BF“-CU

NEU\‘EF ~CG..

Ref.

256

27

28

29

30

31

32

Cyclometallated Compound

Meg  Mey

N

Group IIB:

5
DCH3C02) Hg (C6d4N = N ph)j

V4 ‘ L
[Hg (C H,N = N Ph),]

Group IIIB:

[g’ H., NM ]
c (C6H4C N 62)3

Group IVB:

x
o}
=h

34,35,36

37

38,39



Cyclometallated Compound

[(c H.)Cl Ti (C.H CH, NMe )]

64

R

(el y()

!
[(ceH) T1 (C H,CH, NMe,) ]

\J
[(CSHS) Ti (CH,CH, NMez)zj

Group VB :

4 1
L(cgH ) (Cl) V (C.H,CH, NMe,)]

Group VIB:
R

Ref.

41

42

38,39

38,39

41

43

44

Cyclometallated Compound

oo NER
(CO), crc” 2
f I oh
Et N —c”
N oMe
ECr (CH,CH, NMe ) 5]

[(CoH ) MO (CO.CHRCHRNHR) (CO) ]

1
H N = Nph) ]

&
[(CSHS)(CO)2 MO (Cg 4

[(cgHg) (CO), MO (CR = C(CN).C(OR) = NH)]

(CsHs)
Mo (COl,
AN

D

L(cgHg) (CO), MO(C6H4CH = NR)]

)
- CH -NHz)]

v B
[(c0)3(c5H5) Me (CO-CH, 5

0

Me 1 (CeHg)
o
Me Nﬁ v‘\CO

Me2

Re

45

38,39

47

48

50

46

51,52



Cyclometallated Compound

) NEt,
(CO),OW—“_:_(,:/
i Ph
e
et N—C ~0OMe
\J 1
[(c5H5)(c0)2 W {CR = C(CN).C(OR) = NH}]

T ¥ 1
(CgHZ) (CO), W(C H,CH = NR) ]

Group VII B :

[mO)gh (C HN"—NCI%NWNCOM]

(CO)3

[(co) n C6H4N = NPh)]

_ —
[(CO)3(PPh Mm(C N = NPh)]

3)
g_ C CH
AMn(CeHy

¥
[(CO)4Mn(C6H4CH

6 4
NR)]

[ (co)

1
N-N = CHPh) ]

Ref,

45

50

53

53
47
47
54

55

Cyclometallated Compound

L(coy Mn(C CH,NR )]

Hy

[ (co) Mn(P (OMe)C H,-N = NC6H (OMe) ~P) ]

g —
[ (co) Mn(C6F4N = NPh) ]

ﬂ

[(co) Mn(C6F4N = NC, 5)]
i

[(CO)4Mn(c H,N = NCF.)]

6 4 6
1

¥
'[(CO)4Mn(CO°CH2-CH2-NMe2)]
>~<‘Mn (COl,
NMes
[Mn(CG 4CH,NME ) ]

Ref,

55

49, 58



Cyclometallated Compound Ref. Cyclometallated Compound Ref

©~,

N

Group VIII B :

o
l\//lhn (CO)‘V

ﬂMn (CO), 59

[(CO)4P?e (CHUN = 1'\11?h)] 47
v7 1
(CO),Re (CH,CH = NR {CC),Fe
[(cOyRe (CgH, )] >4 3 SiMes 60,61,62,63
<& \
[ {(CO) jRe(C H, -CH, NMe ) }Fe (CcHc) ] 56 & T
P — [(CSHS) (CO)Fe (C H,N = NPh) | 47
[(CO)4Re(C6H4N = NCF;) ] 57 k7 |
g , I:(CSHS) (CO)Fe(C(CF;) = N.C(CF,) = NH) | 64
[(c0)4Re(c6p4N = NCGFS)] 57 I 1
v - [(CSHS) (cO) ,Fe (COOCHZ-CHZ-NHz)] 46
[(CO)4Re(C6F4N = NPh) ] 57 in )
[(CSHS)(CO)Fe(co,CH -CH -NMez):l 49,58

2 2




Cyclometallated Compound Ref, Cyclometallated Compound Re:
CsHel  __co v ‘a
R N;;Fe C NR 66 |:(CO)2Ru(C6H4CH = NR)2] 74
i ; I
PhCHTC—-—C NR [(cO) ,c2RU(C H,N = NPh)], 75,76
CO
N_{COl3 @\
¢ Hwé’@—c NR (>R ) ( = | 97
. c” (co T\f\s N7 /

-—

-
N—N Ph O
(-Zépe(co)a 61, 68 @ >Ru(CO}2 .

N/‘
(CO)
3 . \/] 492 ,
— RHN
[ (co) Fe(C6 4§= Nph)2]j 61, 68 Qfggb 78
~
[(PPh,) (CcH)Ru(C H,N = NPh)] 69, 70 (CO)QS OS(CO)3
\; 1
[(CO)(C Hg)Ru(C H,N = NPh)] 47 ¥ 1
— [(cO) ,0S(C_H,CH = NR),] 74
[(PPh,) (CH )gh(C6H4N = NCF )] 70 2 64 2
2 ]
[(PPhB)(C g)Ru(C ¢F 4N = NC H )] 70
& - 5
[éﬁ(C6F4N = NC.F;) (Ph,PC_H, -@n —c5? ];g ;é
’ 59




Cyclometallated compound

] —
[(CO(P—RC6H3-CH2gNMe2)3]
CF@ CF

ak:
( CONPMePh,)

CF;  CF,

\'/ !
[(CO)3CO(C6H4N = NPh) ]

&
[ (C&Rh(C H

—
gHgN = NPh), ],

[(Pph3)2cz§%(co,NR.N = &R)]

Ref.

79

81

82

83

85

86,87

19

Cyclometallated compound

v
CH = NPh) ]

g
[CQZRh(PhNHZ)Z(C6H4

[(CO)czﬁh(c H

6 4CO°NH)]

[(co) ,RhC2 Rh(C6H4N = NPh)2]

@

r———————~\C)
[cth(c6H4co N.NC Hg) ],

[cz§£(c6H4CCR) = N,OH)]

ol

RhH CiL,

2

Ref




Cyclometallated compound Ref.
v R e
[(CO)2(PPh3)2Ir(P—RC6H3N = NH) ] [BF4] 97,98
A
[(CO) (PPh,) ,Ir (c6H3RNHNHR)]@[BF4]9 99,100
i
[ce (CO) (PPh3)2§/r(C6H3RN - NH)]@[BF4]9 99,100
9
[CQIr(CGHicooNNCSHS)]Z 101
[(PR3)2.H,C2,Ir(C(ph) = CH.CH = NPr ) | 102
7 )
[(PPhB)Z,H.CR.Ir{(PaMeC6H3)CH = NR) }] 103,104

105

106

v 1
[(CSH JNi(C.H,N = NPh) ] 47,107

20

Cyclometallated Compound

// \

|
RCH—CHy  TBr

N 1
trans-[N1(C6H4CH2NEt2)2]

[(CoHg)Ni(C H,CH - NPh)]

(CHs)

N4

2 3
{cepd (C_H,CH = NPh) ]

6 4
& 1
[CQPd(C6H4N = NPh)]z

2

1
ECdi(c H,NH.CR' = NR")]

6 2

RCH—N~ .~ NCHIRy
i

109

:——J
O

110

211,112

113,114
107,115

216



Cyclometallated compound

[czﬁ@<c6H4N = N-C(Me) = C(Me)-N = NPh)]
(A J

[ﬁﬁ(c6H4N = NPh) ,]

¥ )
[CePd{ (P-MeOC H,)N(0) = N(BMeOC H()}],

v 1
[(CSHS)Pd{(P~Me2NC6H3)N = N(Ph)}]2

KCH3c02)Pd(CH2c6H4Nme2)]2

g o
E-@zgg(c5H3C(Me) = N,kH,C?Me)}zFe]

, @ ]
[cng{(P-CH3c6H3)C(Me) = NQNH,C?Me}]

. ] @
[czBrPé(c6H4C(Me) = &oNHPh)] [B&N]
4

f j 1
[ﬁé(c6H4,c(Me) = N,NHPh)]2

f i
[CePd (C_H,C(Me) = NX) ],

64

¥ l _
{ ; M
[Pdce{ (CoH,CH, NMe,)Fe (CgH,} 1],

Ref .

117

118

55

55

119

120

121

122

123

21

Cyclometallated compound

v 7
[Pd (acac) { (CH,CH, NME ) Fe (CgHe) 1],

3

n 1
[Pécz{(c5H3C(Me) = NMe)Fe (C.Hg)}],

2. 1
2
[ClPd(CHROC(Me)ZCHZNM 2)]2

[czﬁé(co,CH

R}
Z—NEtZ)(Et2§H)]

1
Z-NM%)]Z

]
CHMeNmez)Fe(CSHS)]2

[CLPA (CH,-C (CHRR®)H.CH

&
[czpd{(CSH3

rc2pa(co) (cgH,CIR) =NOHY

V.
[Pd (C H,CH,NE%,) ,]

QO

R, N—>Pd~C|
2

12

- B



Cyclometallated compound Ref. Cyclometallated compound Ref,
E@CH
b > 14
7S
Cu
N g
135,136
T21
137
12747472
138

)@

P V———————j
L\/O\J> d Cl [(acac)Pd(CH,CHNH )], 144

139

: B 145
[CiPd(PPh3){(C5H3CH2NMe2)Ru(c5H5)}] 140 [C&Pd(C6H4.C(Ph)2°NH2)]2



Cyclometallated compound

<:>N—e>Pd4—-

/'N\\‘N

& y
[CZ(py)Pd(C H,C(Me) = NR

MEﬂq ::

~

[cePA(C_ H

6 4CH

NMez)]2
Ph
\ Pdé—NMez

./’N

2

Ref.

136, 146

1467

148

143

149,150

151

23

Cyclometallated compound

[(

0]
CH3C

2

)Pd (

C H CH,NR

4

2

21,

(83
(2}

143,154

143,.54

155



Cyclometallated compound

MePhPN, C— C=NR

17 SN=C—CH,

Ref, Cyclometallated compound

156 \AMZ

i57

N2
OH
CP%___? :::&L //C[
Pd
158 CHB-—C :N\/->*
T
H
158
159 %
Pd y
\é’

Ref .

[{»)
-
(&)
B

P
3]
a2

26



Cyclometallated compound Ref. Cyclometallated compound Ref .

(o
165 ‘:5!/
Clth—(uIQ—N‘O CHs
H

165 170
T\ 0
[CﬁPt(C6H4°CO,N,NC5H5)]2 93,101,142 & !
cis-/trans-[Pt(C_H,CH,NE%.,) | 133,27]
c E 674772772
[CQPt(C6H4N = NPh) ], 82
¥ )
[CiPt(NHMe2)(CH = C(Me)-CHzNMez)] 166
172
167
¥ | @ C
168 [(PPh3)2Pt(CH2C6H4 cl{x)= nH] LB:4] | 1737174




Cyclometallated compound

@

| Pi BF,
=N7 T“PPp,

J R
Hg _— N/
<=>h D
& e -
N,;,Ptf’ >N

Ref .

173

175

176

26
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(B)

( D}

(E)

Scheme (1.1)

~ ’7@
e
~cs® | co-pe-ce
St 2 '
PhN = NPh < S.@ !_Ph—N _ N@J
(A)
+C%: C,Q,@
C22Pd<s— N(Ph) = NPh
Eog
Ccf, — Pd 4__;1@
P A
/N:N
Ph ar
W
of)
I H
ce—P
)
N=N
Ph’
U
©
clsz
Lz —Pd
[ 0
Nz N
Ph”,
) -C4 ﬁﬂ+cz
%
Pd /
~
N - [\7; Ccy
L Pn i2

Proposed pathway of the reaction between

azobenzene and palladium tetrachloride anion.




- 28 -

The reaction of Scheme (1l.l) proceeds with evolution of’
hydrogen chloride and may be accelerated by the addition of
a base to the medium,

In contrast, the reaction of certain electron-rich
metals, such as MnCH3(CO)5 with substituted azobenzene is
consistent with the nucleophilic mechanism™ 3

The cyclometallation of ruthenium triphenyl phosphite
is believed to occur via an oxidation-reduction mechanism4 as
represented in Scheme (1.2).

—L

[(C6 P] rRulTHC? —_— [(C6 50 P]3RuIIHc2
+ L
|
i
Cl o
N 2/
E(CBHSO)P»Q RUS Cl_ i H
(C5H50§2 \ i = %--%5())'{-’]2 2
(CGHOO)2 P-0
il
! Ui‘y Cl
10 [y I
[(CGHSO)P] Ru —Hz [(C6H50)P]271
CeHs0l, \o ? (CsHs9,P O
f
-Lq] oL
o
&

%
(CgHs0 )‘2’P\0 o

Scheme (1.2) Suggested cyclometallation pathway of

[(C6H50)3P]4RuHc£
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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-deﬁteriotriphenylphosphine suggests a

three-center intermediate such as

°

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 isclated from the

reaction of azobenzene with palladium halides, are given.




Bu N
4

Figure (1.3) X-ray structureSof: /

(a) (PhN = NPh) _.Pdc$

2 2
& |
(b) [o—PchBr(C6H4C(CH3) = NNHPh) ] Bu

© @

4N

& n
(c) [cz,o—Pd(c6H4N = Nph)j2

The main feature in the structure of dichloro-bis-
azobenzene palladiundll)jw 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, 2,6OOA) involve the hydrogens on
phenyl rings 1 and 3 while the longer ones (2.89, 2,880A) are
to rings 2 and 4. The P4 ..... C distances associated with

these two types of Pd ..... H contact are 2.97 and 3°210A°

They support Parshall's suggestion that a ¢-N metal complex



- 31 -

is the first step in the cyclometallation reaction.

In addition to these nonbonding intramolecular inter-
actions, the nhenyl ortho-hydrogen atoms are observed to be
in contact with the chlorine atom (Cf22), where the Pdcf2...H
distance is 2.59°A which is shorter than the sum of the
hydrogen and chorine Van der Waals' radii of 3.0°A, as a
result of H ..... cf2 contacts, three changes are observed
in the molecular structure. Firstly, the (Pd-cl2) distance
(20299OA) in which the cf2 atom is involved in cf..... H
interactions becomes longer than (Pd-cfl) distance (2.,2850A)°
This lengthening of the (Pd-cl2) distance is believed to allow
the elimination of a single chloride ion froa 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 PchLZN2 plane by
22.90. Finally, the square planar structure about the palladium
distorts slightly from ideality as indicated by the (c2§dN)
bond angle of 880°

The anionic cyclopalladated compound:

1z 5 & _
[O—PchLBr(C6H4C(CH3) = N.NHPh] [:BULON]
the structure of which is illustrated in figure (1,3—b)15,
is quite similar to intermediate (E) in Scheme (1.1). 1In

this structure, the palladium atom is directly coordinated
to five atoms: cf, Br, C(l), N(1l), and one hydrogen of the
[Bu4N] cation forming a square prism. The atoms Pd, c&,
Br, C(1) and N(1l) all lie roughly in one plane.

The last molecular structure{C) in figure (l.3)16

shows two square planar coordinated palladium atoms bridged
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by a pair of chloride ligands. Coordination about each
platinum atom consists of two o-bonds to a 2-phenylazophenyl
ligand, one to the orthocarbon atom of a phenyl ring and the
other to the distant azo nitrogen atom to form a five-
membered chelate ring, coplanar with the phenyl metallated
ring. Another important feature in that structure comes

from the close contact between the o-hydrogen of the free
phenyl and the chloride which will be expected to be =L77OA,
if the free ring is coplanar with the molecular plane
However, the actual H(6) ...Cl contact distance is observed
to be 2¢.7OA° Closer contact is avoided in two ways:

firstly, the free phenyl ring is moved away from the chloride
such that the Pt - N(2)-C(l) angle is 126° and the

N(2)—§t-c2 angle opens to 104.30° Secondly, the free phenyl
ring is twisted by 39° about the C(1)-N(2) bond with respect
to the plane of the remainder of the complex - see figure (1.4).
It is believed H

e’
ce. [/ :2:::]

e

S

Figure (1.4) Structure of half of the dimeric molecule

[cePt(CgH,N = R}Ph)]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,
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probably because of the interaction of phenyl hydrogens with
solvent molecules.

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 thdt trans to N(2). The
lengthening of the trans (Pt-C%&) distance by O-l34OA may
explain why this dimer is very reactive towards the phosphine
ligands which can break the (Pt-Cl) bridged bonds.

1.6 REACTIONS OF CYCLOMETALLATED COMPLEXES

In the cyclometallated systems, the metal atom may
poOssess 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:

1.6.1 Reactivity of Jarbon-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

acetylene derivatives,l7—2o, vinyl

ketoneszl, Oor molecular oxygenzz,

(see equations 1.2 - 1.5).

N—Ph
/

N
@( \;N—Ph CO + N O _/Co(co 1.2)

Co (Cfﬁ)zcz
(CO)y CF, C%‘




/‘,\. VK,\ ~ >f‘ﬂ ~ ) - V"}S{ i
\ ;! - s ‘G‘u._'.‘ O:"f o >
\%\\// 3 —1C-,0 Ql 0 15.3)
i I
HN-—N-Ph
Indazolone
veo o
i@ 2
/) 1 > 5 MeQ A 3
Me )C\fd RRC=CR)COR _ A R 1.4
v S AQ R
LV:@2 N

cy
\)%!'L Mes
O & 0, N N

N 0
Me,
. . Sy s . .. 23,24
- Reduction: by using lithium aluminium deuteride
or molecular hydrogen ga525’26
(see equations 1.6 and 1.7)
CL
I/ @ Pd (1.6)
LiAlD, M °
pd > D
N / 2 t
N = N
N x
] N
Ph |



CO,Et cq CO,E:
| / g Me
E‘ECZC)\/\ o N E*:OQC/L‘[
7 TLoT
-.\/?ez g,
- Halcgenations : by chlorination or bromination
- see equation (1.8)
B § T —.
Php "N
3 //C-H
cC — C\
Ph 1 H
' X2
v
' X _PPry CyH
L7773 L3y
/,/Iré————N\
PhyP Nen (1.8)
t CA - /C/
NG
&
|
X PP H
H\. » h3/03 7
P%IR__N\\
Phye™ | o
,/C o CL\
Ph X
- Other reagents : such as n-butyl lithium?gsub—
21

stituted vinyl compound, and

29

metal-f~diketonate ligands“=

(see equations 1.9 - 1.11).

27
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1.8

AN
@ /cz PhACH=CH Q (1.10)
Pd 2 [ “CH=CHPh '
N i
Me, Me,
Me
/O‘(

Me
Me 0 =KX
r N A Dreico), ]
N “s- \/i, L\O < X
N T3 R
Me2 Me2

X X0
n o
- T
®
o .
.‘JT
N‘Tm.
R,
)
(9]
0
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1.6.2 Reactivity of the HYalogen-Metal Bond

The halogen-metal bond is generally the most reactive
linkage in the cyclometallated compound. The (M-CR) bond
may exist as a bridged or non-bridged bond. The halogen-
metal bridges can be broken by using neutral or anionic

30-39

ligands. . Some examples 0f such reactions are

illustrated in egquations 1.12-1.17

— 2<\,/7 1.12]

L = CO, Pyridine, Phosphine, trialkyl or

triaryl phosphines, amine, pyrazole.

Pd L_
T 4, AP ) +2(LL)

| (1.13)
}
®
C L °
2 a 42
A X
i
(L- L) = ethylene diamine
®

g, e~ ) CooM e
CN/?Pd\ P ¢t el —2 | ([ ZRdl | v2x (1

L= Py'ﬁdﬁﬂe



T{Cs Hg ) t.15)

|
Jf/
| (1.16)

C L—L
~— & ~ /C

(L-L) = Diphenyl Phosphino Ethane

C

N/?Pd\x/”Pd ~C— *TZR.NX
\H/ o (1.17)
5 CC\ /X ©
\!/_de\X +2 RN
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Reagents such as sodium borohydride4o

4
carbonyl complexlll"‘2

can be used to brea
halogen-metal bond, eventually forming a

or metal-metal bond. - see eguations 1.18

Oor a scodium metal
k the non-bridged
metal-hydrogen

-1.20.

C i C L
Y ~_, ¢« ~ NgBH, — )
<:P'/7£% ~ ¢ > <:F3/Zj% ~ y (1.78)
C\ /L "'NQCQ CC\ 5 /L
M= ColCO), »Mo{CO15CeHg
C L
\\\F%jé//’
N M
PPha
®@
C L
— (1.20)
\\\.FH‘L hfb
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Both bridged and non-bridged halogen-metal bonds in some
cyclometallated compounds can be cieaved by using only a
single reagent such as NaSPh, sodium o-aminobenzenethiolate
potassium or thallium tris (pyrazolyl) borate, or

EQN(SZCN Rﬂ43’44’36 as shown in equations 1,21 and 1.22

Co Co

C\RI Py Ié_/b\!

Ru
N-" ] T~Ci—~7 | ~¢C

CO CO
qu/ ?‘ \idv o-aminobenzenethiolate
Ph i 0
CO |' CO } C i o !
c s 1 __n C @
~ L TSR N—" | SN
N’/?éo\\\'s/gyﬂ ~C CO H,
I
Ph Co
(UY) | )
-CO | [HBIPz),]
| (1.21)
V
CO
C SR
—
Y @\
0
N BH
1 O
©‘ /iZZEQN(SZCNRg)}
| hd % (1.22)
Nz

Ph
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1.6.3

Reactivity of the Nitrogen-Metal Dative Bond

Opening of the cyclometallated ring at the nitrogen-metal

link can be accomplished using a powerful ligand such as

phosphine,

see equations 1.23 and 1.24.

<TC\\\ A(/J<\\~W[é(/
M = Pd, Pt
L = Phosphine
Q
~~ "
C//i;ﬂ Cl
N
(Rh Cl(CO),),
&
C
45\25 " Cl\*\ é?/ijo
Rh\\\\ /Z7R 3\(:0
g l
c”/
N
1.6.4

32,34,38,65 — 48

phosphorous trifluoride, or carbon monoxide

~

N C /L
LL ——= 2 L;M‘\ .
(1.23)
A
/o
Rh
\\\ (1.24)
N
c_)
RhCI(PR,), 1,
CC\ Cl ,— PF
N
///1 —~ c-7 PF,

C
bN

Reactivity of the Hydrogen-Metal Bond

In certain cyclometallated compounds, the hydrogen-metal

bond may be reactive towards ethylene, generating a metal

alkyl that undergoes reductive elimination.

49

illustrates an example of this reaction.

Equation (1.25)



The catalytic reaction mechanism of Rh has been suggested

as follows:

= ¢c- — C—R
" TR 4 B — CN %
N: H N-———e>Rh__H
l
o X
C — C 7
N——= Rh—X( N——»Th(CZHS)
X
<§=CHR
N
C J + C |
N C2H5 Nﬁth—H
|
X



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 dbilityef 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 TWO

CRTHCMETALLATION REACTIONS OF KETIMINOANTIMONY
CHELORIDES :

2.1 INTRODUCTION

Early worg on the preparation of diarylketimino tin
(IV) trichlorides Arylzc = NSnCJL3 has revecled that these
compounds have a strong tendency to undergo orthometallatioﬁ,
giving rise to 5-membered heterocycles 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:-

Ar CNLi + SnCR

2 4 :

-LiC4%
[t

Ar. CNSnC4 .. E’tzo]

where R = Me, H, C%.
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 y(N-H) absorption

in the region 3275 - 3335 cm_1, accompanied with a shift of



- 45 -

Y{(C=N) to lower energy relative to the parent imine by about
40 cm=1° In the region 900 - 675 cm=1, the orthometallated
diphenylketimino derivatives have a new band at 730 cm-'1

which may be assigned to S§{C-=H) for the metallated ring.

The proton magnetic resonance spectrum shows a clear (N-Hj
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
Mossbaur spectroscopic technique, the isomer shifts and the
guadrupole splittings of the orthometallated compounds

confirm the 5-coordinate structure around the tetravalent

tin atom ! . The mechanism of these orthometallation
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 SnCf, group.

3
Thi.s chapter describes a novel orthometallation process
for another main group element, antimony by the reaction of

different ketimino derivatives with antimony chlorides.

2.2 DISCUSSION

New orthometallated compounds could be isolated from
the reactions of antimony penta-or trichloride with diary-

lketimiro lithium or its derivatives. Their formulae are

shown in Figure (2.2).




In these reactions, the orthometallated compounds were not
the only products obtained, but another two different products
"have been also isolated from these reactions; namely
RZCNH?SbCQ% and RZCNH2®SbCJL6O° 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-orthometallated compounds
such as R2CNH2OSbC24<9 or RZCNHZC%bCR;D aiways 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)vReactions yielding non-orthometallzted 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 preparative 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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v u

I 2—SbCR4C6H4C(ph) = NH white/brown solid
mixture. |
W 1
Iz 2~SbC2Q=4—YeC6H3CQp=tolyl)=NH vhite solid
111 z—Sbczzc6H4c(ph} = NH°C7H8 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
very broad band appears in the IR spectrum at 3400 cm-1
which indicates that this product absorbs wvater on exposure
to air. A sample of Compound I was exposed to air and
sunlight for 18 months, but no change has keen 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.ing the ortho-
metallated compound. The yellow sublimate was identified a

&)

e (=)
2 Sbczé“, considered to be a by-product formed during

the orthometallation reaction.

as PhZCNH

All orthometallated compounds are slightly soluble in
aromatic hydrocarbons and they are rapidly deposited from
the solution while it is hot. An 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;
PhZCNLi 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 o0il (after separation of
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LiC%). The orthometallated solid has been isclated from

the oil layer in a low yield. The same reaction was repeated
several times under the sane conditions but it was cbserved
that the orthomestallated ccmpound cannot be isclated in a
good yield and instead, a high yield of the phZCNézstRJQ

salt mainly was obtained.

Ph,CENH, S5CT,

-~ pnganti ¢ SbeL bl Red -Brown @;@ e

U@WC‘AU%H Snﬁﬁ{@ )
LRy S0,

The need to find more information about the nature of
the red-brown cil, which can be assumed to be an intermediate
for the orthometallation process, has been considered. In
one of the repeated reactions, the red-brown oil was pumped
off to remove most of the toluene solvent. The mass spectrum

of this o0il showed no indication for the orthometallated

compound. O=SgC24C6H4C(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. (phZCN-H)Cn The IR
spectrum of the 0il showed three bands at 3260, 1590 and

1542 cm'=1 similar to those bands observed in the orthometallated
compound and which are believed to be assigned probably to
Y(N-H) , Y(C=N), and Y (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 unlikely, while the

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

2,3
these two stibenium derivativesﬁ Some examples are given
below: 0%®
phLi @ © ph,CO &) {
phBSb-CH3 :>ph38b—CH2——-————9=ph3—5bﬂCH2-———C ph2
/Jh-38b
. L
ph,CH CHO €&——— |ph,C - CH (egquation 2.1)
2 2 2
N/
0
@ ©
ph3Sb + phSOzNHC£-$>ph3Sb +———NSO2ph
! phLi
v
phSSb (equation 2.2)

It has been observed that the stibonium ylids appear to
afford oxiranes with carbonyl compounds, while the imines
afford unsaturated products.

The red brown o0il which may have the two possible
expected formulae (phZCNSbCSL4)n or (O—SbCZ4C6H4C(ph) = NH)n
might exist as stibonium imine or ylid as a result of the

dissociation, polarization, or ionization of 4SbC24) group

©

®
into -+SbC23)C2 . Such a chlorine transfer had been inferred
from radiochlorine exchange investigations. For example

the solid SbC24OC2H5 has been deduced to have the structure
C%bc24¢98bcz4(OR)2 or at least behaved as if it had this,

because on adding SbCf ,0Et to an acetonitrile solution of

4
@ ©
radiocactive chlorine of eh(C2H5)4CﬂD inactive SbCSL4(OR)2
© ©

6 have been isolated. The exchange of C%

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

active SbCQ

® 5
with SbCQ4 as follows:
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soce,® + 2 el spC2 ©
These assumptions are summnarised in scheme (2.1). The IR
spectra of those possible intermediates A; B; and C are
expected to show a band due to PIC = N=5SbC£4), Y(C = N = Sbc23)
or V(CC1==EZCR ) frequency in the region 1900 - 1700 cm .
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

= %4\ 1
phg \ vd&) ——r

_'ﬂb @ o)
PhyC=N—SbCL, Cl
T
0l o
PhyC=N==5bCLCl
(B)

Seheme 2.1

some metal-disubstituted methyleneamino derivatives such
' -7 8
e,

6
CNBph [(RZCN)ZBe]n” and [phZCN ¢ Cph ]ngCQG

2 27
where R = ph, p-tolyl, n = 2,3 orn. Each of these compar-

as R

ative samples has been reported to absorb in the IR spectrum

at 1900 - 1700 cm=1 regibn as a result ¢f the frequency.

vC=N£M
See table (2.2). From table (2.2) it is noticed that the

- decreasing frequency OfﬂvC=NéMin the sequence M = C»B>»Be

is due to the decreasing N== M bond order in the same

@
sequences, According to that sequence; if ph2C =N = SbCR,3

4 is assumed, then the (C = N =Sb) bond
might absorb in IR spectrum near 1845 cm—1° Theoretically,

or ph,C = N = SbCR

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

Infrared spectroscopic data for some disubstituted

nethyleneamino derivatives.

E Compound chNcm_1 ‘ »E=N£Mcm_1£
‘phZCNB ph2 ‘ - ﬁ 1786 }
| (CgH,) ,C:N B ph, | - E 1765 |
(P-MeC H,), C:N Bph, f_ - ; 1792
(P=C2X H,) ,C = N B ph, | - 1775
[ (p-tolyl,CN) ,Be], 1626 1731
[(p-tolyl C(BU ) = N),Bel | 1637 1739
[ph,Cc = N = Cph2]® - i 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 SbCJL4 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, but very soluble in chloroform, diethyl ether,
tetrahydrofuran and dimethylsulphoxide.. On the other hangd,
both the acidic and the alkaline hydrolysis of the red brown
0il yielded a white solid, its IR spectrum was similar to
that of the authentic sample of benzophenone; phZCO,

The red-brown oil is sensitive to heat and decomposes
at high temperature., Under dry nitrogen gas, no products
were collected at 14OOC, but at the same temperature under
vacuum, three products were collected by condensation: a
colourless ©0il, a white solid condensate and a yellow o0il
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,
1600, and 1575 cm_1 which are probably assigned with

9
V(C = N) and Y(C = C) bands obtained for (ph,CN} ,5iCL,.

That indicates the possibility for the formation of

3 2CNSbCSL4 formula is assumed; due

to the disproportionation of phZCNSbCR

(phZCN)ZSbCQ if the ph

into (phZCN)ZSbCR

4 3

and SbCSL5 (see Scheme 2.2).

Ph Scheme 2.2

SN = PrCNSbCi, = [Ph,CN),SbCL, + SbClg

'“TwlgbCU
ép - 4 ir

.@CSH%%W«;— [HSBCi,) (Ph £N}, SbCl + SbCls
The IR spectra of the other thermolysis products showed a
few weak bands in the 4000 - 250 cm_1 region and they are
probably polymeric products. However, it seems that the
red-brown o0il decomposes at higher temperature due fo 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 SbCQ5 at low temperature (—1960C) without
using ahy solvent. In this solid state reaction, the yellow
mixture changed at room temperature into an orange-red
solid, and then a dark red solid. This Solid exploded at

60°C at the attempt to examine the final products of this



reaction failed.

However, the reaction can be carried out safely under
miid conditions using a suitable solvent such as diethyl
ether which was usually used for the orthometallation of
antimony chlorides in this work, and of the tin tetrachloride.

The reaction of the diphenylketimino lithium with SbCQ,5
Et20 yielded after stirring overnight a yellow 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 o0il which changed overnight
to a dark brown residue. Both the iﬁtermediates could be
observed spectroscopically as an ether complex. The IR
spectrum of the ethereal residue gave an incdication of the
presence of an orthometallated product, since one band was
observed at 3270 cm_1 assigned probably with 9(N-H) and
the y(C=N) and Y{C=C) bands were shifted to lower frequencies
{1590, 1550 cm“1 respectively). The asymmetric (C-0-C)
stretching vibration of coordinated diethyl ether also was
observed at 1075 cm | (free Et,0 absorbs at 1129 cm™ Vs
contact ligquid film). These characteristic bands suggest
a formula for the ethereal residue intermedinate as
(Et,0.e-SbCL,C H,C(ph) = NH).

Although 4)(N-H), and coordinated ), _(C-0-C) bands were
observed for the buff coloured residue but there were four
bands in the (1700-1500 cm-1) region (1665, 1610, 1588 and
1570 cm—1) which were different from that spectrum of the
residue dissolved in the ether solution. Taese bands

were the same as those observed in the spectrum of

9
(phZCN)2MIvC22: M = Sn, Si, Ge which suggests that this
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buff residue probably contains a product resulting from
the disproportionation of (phZCNSbCQAQEtZO) or (Etzoo

¢=SbC% Clph) = NH. PFor the disproportionation of any

165
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,CNLI + ShCig

BE J{/A
v

Ph
Ph,CNSDCl,. EL,0 @NH
SbCi,-Et,0

=—SbC15j r SbClg

~SbClg| | SbCls

Ph
[Ph,CN1,SbCl3. Et,0 /@/\NH
WSbClB Et,0

A
-SbCl ileCs —3SbCl (sbelg
3 > Ph
(PhQCN) SbCiEt,0 O XN
A SbCLELRL0

Scheme 2.4

No attempt has been made to isolate SbCZ5 from the ethereal

solution; however, in the preparation of the orthometallated

ketimino-tin trichloride, the SnCf, could be isolated from

4

7 ]
the ethereal solution as an (1:1) adduct of N, N, N, N-
S
tetramethylene-diamine with SnC24§TMED,SnCQ4, Since the

yellow powder that resulted from the reaction of diphenyl-
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ketimine with n-butyllithium has been confirmed spectro-
scopically and analytically to have the formula

”thN i nEtZC\mg the reaction of the imino-lithium with
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 HCL molecules due to the reaction of
the unreacted Ph_CNH or its orthometallated lithium

2

derivative with SbC2 the decomposition of the eliminated

57
(HSbC£4) species during the orthometallation, or its
elimination from the orthometallated compound, see scheme

(2.5).
Ph,CNH + SbClg

'HCQ r HC! Ph Ph

—CgH,CIPni= N%m__m_ Ph,CNSHCl, — \MN’-? TN
-Selly SBCl,, ch C! /
N

Scheme 2.5 n

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

@ .
(Phimmz)zsncz6 - see reaction (2.3a).
r: 1 HC? ® 20
O—SnCQB-C6H4C(ph) = NH ———éb(ph2CNH2)ZSnCQ6 eguation 2.3a

Accordingly, the yellow solid of imino=lithium was dissolved

in Et20 to form a clear red solution. The solution was

cooled to —1960C and SbCR. added in (1:1) molar ratio.

5

The red colour of the solution changed to yellow with

precipitation of a white cloudy mass. The final product



was a golden yellow solution with a white precipitaté,

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 vellow residue (which changed to
dark brown colour) showed ¥y (N-H) band at 3220 cm-1 and

two bands at 1590 and 1540 cm—1, probably assigned with
y(C=N) and y (C=C) respectively. Once again a broad band
was observed at 1860 cm_1 which has been observed before in
IR spectrum of rea—brown 0il (see page 48 ) and which has
been suggested as possibly assigned to Y (C=N=M). Also, a
very broad band was observed at 1050 cm ! assigned with »;S(C—O—C)
of coordinated diethyl ether which acts as a coordinated
agent and which can block the orthometallation process if

a formula (ph2CNSbCR4.Et20)n is assumed. The concentration
of diethyl ether is an important factor since this Et2O can
facilitate the disscciation of the products, or ionize

the (1:1) adduct of (phZCNSbCQ °Et20)n° If the ortho-

4

metallation is assumed to occur in Et. O solution competition

2

is expected between the oxygen of Et. 0O and the nitrogen

2

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

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

is expected that the orthometallated compound

( ECuation 2.3 b)

undergoes ionization or decomposition

into O-chloro diphenylketimine and antimony trichloride. The
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latter decomposition preocess is suggested in view of the known
reaction of SbCRS with aromatic hydrocarbons, e.g.

toluene with antimony pentachleride which afforded
0=/P=/M-isomers of chloro toluene, antimony trichloride and

hydrogen chloride instead of derivatives such as tetra-

an
Iy

chlorostibino toluene, see equation (2.4).

) %)
FUA ci ZHOL TS I X
Equation 2.4

Another possibility, it arises from the instability of
phenylantimony tetrachloride, pthCZ4 which slowly decomposes
at room temperature from the pentavalent into trivalent

13
oxidation state as shown in equation {2.5).

X i o

2 pthC24~i>phZSbC£ + SbCﬂ.3 + ZCJL2 (equation 2.5)

Here, if the latter possibility is assumed, species such

as o—é%cz(ceﬁécaph) = NH), and SbCf, and chlorine could be

obtained:

The tetrachloroantimony derivatives, RSbCf%, where R =

4
CGHS or P=—CH3C6H4 have been synthesized from primary

dichlorostibines, RSbCQZ, and from their complexes with
@ .

arenediazonium chloride, [RNZJ[RSbC23]ez from stibonic

acids, and directly from antimony trichloride as summarised

below.



RSbCR. + CL.—>RSbCY

2 2 4
HCR ©) o EtOH
SbCZ, + RN.C{ —> [RN.][SbC%,] —> RSbCL, + N
3 2 2 4 4 2
CuCSL2
Conc. @ o
RSbO3H2 —_— [pyH] [RSbCQSJ
’ HCL+py

The aryltetrachloro antimony {v) compounds have been found
to react with water, hydrogen chloride, lithium aluminium

hydride, [PhN2]2 ZnC#% and Na gluconate as shown below:

41’
H,0/01>
RSbCL, —*——3 RSbO,H,
HCR/HI
RSbC{, —————= RSDbCY
4 2
SO
2
LiA2H4
—_—s
RSbCQ,4 RSbH2
[phN,1, ZnC%,
RSbCEL4 = RZSbCSL3
N& gluconate
RSbCSL4 =>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]®C2@ + RSbCS&4——9[pyH]@[RSbC25]e.
The diethyl ether can block the formation of the ortho-
metallated compound, either by trapping SbCJL5 molecules
which will hinder its reaction with the imino-lithium, or
by trapping the antimony tetrachloro - derivative. The
(1:1) antimony pentachloride diethyl ether; SbCRS,EtZO

complex is known to dissociate or decompose on careful

hecating giving ethyl chloride similar to those observations
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of decomposition of the {1:7) EtZO complex with NbCQ5 and
13

TaC£5° The (EtZOOSbCRS) complex is stable at room temperature,

sensitive to moisture and can be attacked by hydrogen
® &
2OH]SbCQ6 .

UV and molecular magnetic rotation comparison studies with

chloride gas to form [Et This is suggested by

ether complexes of BF ALCY ZnCy TiCQ and FeC%

37 37 27 4’ 37

however the electrical conductivity measurements have shown

that these comples have ionic character which suggests

14 ® 15,18
)GBCSEe or [2 Et.0=SbCQ [SbCSL6]e:

a formula (Et.OSbC% 5 41

2 4
® @
[ Et,0H] [SbClg]
-HCy [HC
® C
SbClg + Et,0 &= Et,0,SbCi=[Et,05bCi JCi

Al Et,0,SbCl,
= oo

EtCl+ EtOSbCl ©
’ “ [Et,0 .Sbcw@[sas Clgl

Scheme ( 2.7 )

On the other hand, the possibility of n-butyl lithium to

attack Et20 in the synthesis of ph2

n
derivative 1is not possible since the reaction of Buli

CNLi the imino-lithium

with EtZO is much slower than that reaction with ph2CNH,

however, in the reaction of EtZO/BuLi, the following reaction
17
is only observed:

O—CH, = CH, + C,H.OLi +nBuH

nBuli + (C,Hg), 2 2 2Hg

in a separate experiment,»antimony pentachloride was
dissolved in excess of diethyl ether as an attempt to
isclate and characterize the (SbCQgEtZO) complex. A
crystalline solid deposited, but this could not be isolated



in a good yield since it was very soluble in the ether.
Both solution and the crystalline solid changed very
quickly to a dark brown colour. However, the IR spectrum
for the product could be obtained which showed bands at
1010, 1080, 1290, 1260, 1140, 1180, 200 and 730 cm_jq
No band was observed at 4000-3000 cm_j, suggesting no

Y {0=H) band in the adduct is formed. Because of the

possibility that EtZO may have an effect on the lack of

formation of the orthometallated compound, an attempt was
carried out to eliminate all coordinated Et,0 by heating

the pumped R.,CNLi/SbCf. reaction residue under vacuum,

2 5

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

successful with the thermodynamically stabie PtZCNSbCR4
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 Et, 0 as a solvent was repeated as an attempt to

2
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
compound (I), since the spectrum showed ) (N-H) at 3240 cm"‘l
and two Y(C=N)/Y(C=C) bands at 1585 and 1548 cm | the
analytical data of the solid is in agreement with the

(phZCNSbCR formula. Both IR and analytical data are

4)n

described below:
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Y cm | (Nujol mull) = 3240(w), 1585(w/m), 1570 (vw),
1548 ({w/m), 1330(vw), 1310(vw), 1295(vw), 1188 (vw,sh),
1165 (w), 827 (vw), 800(w), 789(w), 775(w/m), 745 (w},
715 (w/m), 705(m), 694(m/s), 665(vw), 650 (vw).

Found : C 34.8, H 3.0, N 2.3, Sb 24.6, C% 29.63%

(C, . H, .NSbCL

13710 4)
Sb 27.4, C& 32.0%.

requires : C 35.1, H 2.3, N 3.1,

The shift of the Y {(N-H) band to a lower freguency by ~ 20 cm_1

and the difference in the bands in the 1300 - 1100 cm_1 and
800 - 600 cm—] regions, in comparison with the spectrum of
compound (I) suggests the possibility of the existence of

(phZCNSbCQ in different orthometallated structures. Such

4)n

SbCl,

Returning to the reactibn 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, 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_‘l region, but
instead two bands at 3260 and 3335 cm | assigned as ) (N-H)
and three bands at 1660, 1590, and 1560 cm—1 probably

assigned as Y (C=N) and Y(C=C) similar to those observed in
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(phZCN)2 MCYQ M = Si, Sn, Ge. This suggests the sensitivity

2?
of the orthometallated intermediate towards heat which may
lead to the dissociation of the tetrachloroantimony-imine

derivative as mentioned before in scheme (2.4), and which

hindered the formation of desired orthometallated compound

O—gbC£4C6H4C(ph) = &H,

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

o
6 -

with the sample obtained from the reaction of ph

The spectrum has been compared

® .0
5 Ch

that of solid phZCNég'SbCQ
2CNH
with SbCIL5 which deposited as a crystalline solid from
CHCJL3 solution. There was some difference in the bands
absorbed in the region of 800 - 700 cm—1, but the Y (N-H),

y (C=N) and y(C=C) bands were similar except that the ) (C=N)
at 1660 cm_ | was less intense (relative to Y(C=C) band)
than that of the authentic sample of phZCNH;DSbCRga. The
IR data of this residue are given below :W)max cm-1
3390(w), 3330(w1), 3260(w), 1660(m), 1591(vs), 1560 (m),
1300(w), 1188(w), 1163(w/m), 1075(vw), 1028 (vw), 1000 (w),
978 (vw), 940(vw), 845(vw), 790(w/m), 777(w/m), 765(w/m),
740(w), 727(m), 700(vs,sh), 605(w), 568(w), 440(sh).

This observation suggests that the residue contains the

ionized salt phZCNHZOSbCJLg9 or contains a domponent such as
AN ‘ ® S . . R & 1
;C = NstbC26 due to dissociation of O—SbC£4C6H4C(ph) = NH

compound - see Scheme (2.8).



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
solution. 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 9 {C-0-C) bands of
coordinated THF at 1045 and 890 cm_1 [the Y (C-0-C) THF

bands absorbs at 1075 and 910 cm_1; contact film]. Other
significant bands were also observed such as Y{(C=N) and

Y {C=C) at 1633 and 1595 cm—1, and an ill-defined Y (N-H) band.
These characteristic bands were quite similar to that of the

with phZCNH -

®..v. 0
2 Sb CQG

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

III 20
5) 5 (8BTTTCAL)

extracted THF residue are given below:'ﬂmaxcm_1 (contact

product obtained from the reaction of SbCSL3

see chapter 3, which may suggest that the >C = NH

into ()CégH . The IR spectrum data of the
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), 780(m/s), 730{m/s), 705(vs),
610(w/m,sh), 570(w/m).

Carbon tetrachloride was used as solvent in a repeated

reaction between the imino-lithium and SbCSL5° The initial
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reaction was carried out in n-hexane, after which the solvent

was pumped off and then CCL, was added to the dark brown/

4
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:

Y _.cm | (KBr disc) : 3230(sh), 1640(m,br), 1593 (m,sh),
1300(w), 1188(vw,sh), 1163(w,sh), 1025(vw), 999(vw),

860(w), 840(vw), 792(m), 760{(w/m), 725{(m), 700{s), 606 (vw)},
565(w), 446{vw), 320(w/m).

It seems from the extraction of the (phZCNLi/SbCQB)
reaction residue in THF or CCI&4 that at higher temperatures
the hypothesized ketimine. -antimony tetrachloride can be
reduced from the pentavalent into the trivalent oxidation.
The highly exothermic reaction of the imino lithium with
antimqny pentachloride and the reductance of antimony £rom
the pentavalent into the trivalent oxidation state
(confirmed by M&ssbaur spectroscépic studies - see Appendix
I), 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
the chlorine gas and the antimony trivalent derivativego—
see Equations (2.5) and (2.6).

SbCl. &= SbCh,y + CL, o (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 sclution resulting from the reaction of imino-

lithium with SbC25° A poor yellow precipitate was obtained,
its IR spectrum may suggest the formation of an ortho-
metallated compound since a sharp weak band for Y (N-H) was

1 and the two bands Yy (C=N), Y {C=C)

observed at 3230 cm
of the parent ketimine were shifted to lower fregquencies
into positions at 1584 and 1535 respectively. Several

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

which were guite similar to those observed in IR spectrum

v
of compound (I) ; 2-SbC&,C_H C(ph) = NH.

4764

Unfortunately, the structure of this product could not
be determined because of the lack of analytical, mass’
spectrum and 'H-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:
Y cem ' (Nujol Mull) : 3230(w), 1584 (w/m,sh), 1535 (m,br),
1182#vw), 1157 (vw) , 1075(vw), 1010(w), 900(w,br), 785(w),
772ﬁn), 762{m), 742{(w), 720(vw,sh), 712(w}, 690(w/m),
649 (vw), 580(vw), 340(vs). On considering the y(N-H),
y(CQN), and Yy {C=C) bands of the previous spectrum, it

seems that the chlorine experiment product is similar to

& i
compound (III); i.e. 2—SbC22C6H4C(ph) = NH which suggests
the possibility of elimination reduction of chlorine from
the antimony tetrachloro derivative as pictured in Scheme

(2.9).



Scheme: 2.9

According to the assumption which mentioned before that
the antimony tetrachloride ketimine derivative may
dissociate in the solution to give SbCIL5 and RZSbC£3; where
R = ph2CN and/or O—CGHQC(ph) = NH, the reduction of diphenyl
ketimino lithium with SbCQ,5 was repeated, in (2:1) mole
ratio. The dark red ethereal solution of imino-lithium
faded to yellow and on stirring for 1 hour, 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
ancther flask. This o0il was air-sensitive and its IR
spectrum showed a band at 3260 cm=1 assigned to Y (N-H)

and three bands in the V(C=N)/V(C=C) region at 1608, 1588,
and 1565 cm-'1 were observed. The IR spectrum data for this
0il are given below:

))maxcm-1 (Contact Film) : 3260(w), 3060(w/m), 3030({w),
2960(s), 2930(s), 2870(s), 1608(vs), 1588{(vs), 1565(vs),
1488 (s), 1445({vs), 1380(s), 1320(s,sh), 1272(s), 1180(w,sh),
1160(w), 1072(w,sh), 1030(w/m), 1000(w), 956(w), 940(w),
910(w), 850(w), 780(vs,sh), 740(m), 700(vs), 655{(s), 615(vw),

440 (w).
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Apar. from the yellow o0il product, the whole initial
mixture was refluxed in toluene at approximately 100°C
after pumping ocff 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 phZCNHZOSbCSLLf3 (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-
vellow and a bright yellow solid. The IR spectrum for the
first product suggests the structure of phZCNHZC@bCQQS,
however the spectrum of the other product was similar to
that spectrum of the yellow solid precipitated from toluene
solution of the reaction phZCNLi/SbCKS, on addition 12 or
CQZ - see Page (65 ). As an attempt to explain the ph2CNLi/
SbCSL5 (2:1 Mole ratio} reaction, the appearance of P(N-H)
in the spectrum of the yellow o0il and the three bands at
Y (C=N) /¥ (C=C) region suggests that an orthometallation
process has occurred for the expected (ph2CN)ZSbC!L3
species which may dissociate in an Et. O solution into the

2

SbCfL5 and ketimino-antimony chloride derivatives. This

assumption is illustrated below as follows:

(S)

2 PhpCNLi + SBClg =3 (Ph,CN SEC, S)

~
7Sb.(S) Sbmsﬁ
- 5

S = Solvent
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The most valuable point is that both the reactions of

phZCNLi/SbCQ (1:1) or ph,CNLi/SbCf. (2:1) with chlorine

5 2 5
gas yielded a similar product. The appearance of the

¥ (N-H) band in this product and also two bands for Y (C=N)
and Y{C=C) which are shifted to lower frequencies supports
the existence of an identical intermediate; probably
(S)oSbC23(O-C6H4C(ph) = NH)2 in the solution. If chlorine

gas reacts with this hypothesized intermediate, it is possible

to obtain an orthometallated product such as

[oes\%Gﬁé(O—C£C6H4C(ph) = l“\IH) (C6H4C(ph) = IQ\TIﬂI)]@[SbCS%]-e which may

be suggested as a structure for the yellow product. The

)

reaction of that intermediate with chlorine gas is given

below:
Ph,CNLi + SbClg 2 Ph,CNLi +SbClg
-LiCl )
J/‘S’ “2Licti(s)
|

Ph,CNSbCl,. (S} ( Ph,CNJ,SbCL,.IS)
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It was interesting to investigate the reaction of benzonitrile
with antimony penizchloride in benzene solution, since it is

known that SbCf%. reacts with benzene to produce chloro-

5

benzene and it was suggested phSbC2, was &n intermediate of

4

this reaction, which may undergo an addition reaction

across the nitrile group to produce ph CNSbCQ4° However,

2

there is another possibility expected from this reaction,

in the formation of an ¢-N complex; (phCN, SbCQS) which may
deposit from the benzene solution. The latter expectation
was observed when the reaction was carried out between phCN

and SbCSL5 in benzene solution. A high yield of yellow solid

was obtained and identified by the IR spectrum to be the

adduct phCN .SbCR since the spectrum showed the ¥ (C=EN)

57
band shifted to higher frequency from 2230 and 2260 cn” )

whilstV(C=C) shifted to a lower frequency from 1600 to

1590 cm” '. Two months later the IR spectrum was re-

recorded for that product which was completely different

from the first spectrum. The Y(C=N) frequency bané nearly
disappeared leaving a very weak band at 2240 cm_1, three

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

and 3220 cm—1, and two bands at 1649 and 1594 cm_1,

assigned with Y (C=N) and Y(C=C). The IR spectra data for

both are given below:

IR spectrum for the first product: y cm—1

nax (Nujol Mull),

2260(vs), 1590(s), 1290(w), 1198(vw), 1175(w/m), 1165(w),
1022 (w), 996(vw), 933(vw), 760(vs,sh), 700(vw), 680(s),
552{vs), 495(s), 365(vs,br).

-1

IR spectrum for the second product :'ymaxcm (Nujol Mull),

3370(w), 3300{w), 3220(w/m), 2240(vw), 1649(vs), 1549(m),



1510(m}), 1288({w/m), 1200 (vw,sh), 1169{vw), 1100 (vw),
932(w), 865{m), 773{m), 768(w), 76C(w), 750(w/m), 719(s,sh),‘
700 {m/s), 675(w/s,sh), 550(.w), 52C{({w), 340 (vs). |
It cannot explain that the solid state changes without con-
sideration of the orthometallation process. 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 m-complex with the elimination of HCL. This type of
éttack can occur by an electrophilic, nucleophilic, or
oxidation-reduction mechanism the exact nature of which has
not been defined yet. The same route can be assumed for the

change of the phCN . SbCf. complex into another different

5
product of which the structure unfortunately cannot be
determined because of the lack of analytical and spectro-
scopic data. However, this reaction is interesting and it
is recommended to reinvestigate it again, to study the
structure of the phCN aSbCls COM?MK and the effect of

temperature or visible light. A possible mechanism is

suggested as follows:

Ph
PRCN.SbClg — >:=N=Sb@ﬂ@ —>
Cl

Attempts have been carried out to obtain orthometallated

ﬂRZCNLi with SbCRS; where

compounds from the reaction of R
H%§)= (0-folyl, ph), (m-tolyl,ph), (RF‘C6H4)2§ using the same

method which is normally used for preparation of ortho-

metallated compounds, but they have not been successful

arnd the only solid products which could be isolated, were



identified as non-orthometallated compounds, having the

formulae R1R2CNH;38bCQJD or R1R2CNH;DSbC2€%§:ompound (III);

X7 1
Z—SbC22C6H4C {ph) = NHQC6H5CH3

Y
used for compound (I); 2-SbC24C6H4

a yeliow product; its analytical data are consistent with

was prepared by the method

C(ph) = ﬁH; which afforded

the above formulae. Toluene of crystallisation has also
been found in the case of some related tin compounds. The

18
formation by SbCf, of a compound SbC23° 4 C_H CH3 suggests

3 65
that weak interaction between the metal atomg and toluene
may be involved.

2.2,1.2 Spectroscopic Data:

(A) 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 compoﬁnd (IT) 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-SbCf ,-4=MeC H3C(4—MeC6H4) = NH:

4 6
instead loss of hydrogen chloride (100%) and chlorine
{14%) is observed. Th= absence of an intense peak for the
ion [M—HCif ; 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,



or hydrogen takes place after the loss of at least cne
chlorine atom from the molecular parent ion (m/e=469). The

loss of the organic groupw4—MeC6H3C(4—MeC6H = NH. Due

)
4
to the cleavage of Sb-C bond is not recorded, however other
peaks are observed around m/e=208 which indicate the

formation of dip-tolylmethyleneamine due to the recombination

process between 4-MeC H3C(4—MeC6H4)CNH and hydrogen fragments.

6
Due to the possibility of (p—tolyl)ZCNH formation, other

pedks are observed as those resulted from the fragmentation

of the parent ketimine such as p-tolyl, CNH p-tolylacNH,n-

2?

etc. Recombination processes involving metal-containing

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

(p-tolyl)SbCf, (p-tolyl)sb’, (p-tolyl)SbC&., (p-tolyl)cCg,

2’
(p-tolyl) ,CNCL, ..

All possible fragments of the antimony chlorides and/

> *
37 SbCﬂ4, SbCQS,

< <
HSb, HSbC#,....were observed in the spectrum. The formation

< % <
or hydrides such as Sb', SbC%, SbCf,, SbCt

of the HCQ fragment is possibly due to the recombination of
hydrogen and chlorine fragments or (fer less likely) to the
decohposition of antimony chloro hydride fragments. The

spectra are complicated by the number of antimony isotopes;

antimony has about 20 isotopes (from Sb11%4> Sb133)° The

most abundant isotopes are Sb121 (57.25%) and Sb123

(42.75%) .

T
In the mass spectrum of compound (1II); 2—SbC£2C6H4-

AR —|
C{ph) = NH.C_H ; the highest mass is observed at m/e=375/

7°8
121 123

377 {(3.12, 2.16%, their ratio is similar to Sb /Sb

~1,4) which does exactly fit with the molecular ion
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(MZ—Qﬁ8) ~ see table 2.5b - bearing in mind that 35C2

and 37C2 are present. The mass spectrum does not show

toluene to be present in the actual parent ion;

C7 8 2-SbC5&2 6

postulated formulae could be identified from the C7 8

¥
C(ph)=NH at m/e®463, but the toluene in the

peak at m/e=92 (4%) and from the (C7H7SbC22+Y) peak at

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

(M lead to the loss of chlorine, phenyl, SbCf, and HCQ as

2) 2

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 (SbCf%,,3H) fragments from

2'

the (Me—C7H8) ion.

Table (2.5)

Mass Spectra of Orthometallated Diarylketimino-

antimony Chlorides.

v }
(a) 2-SbCQ -4- MeC6 3C(p—tolyl)SNH=M1:m/e (Fragment+,

Rel. Intensity %): 434 (M1—C2,O,7), 399 (M1-2C2,1.6),

364(M1—3C2,26), 348 (M1—3C2—CH 16), 329(M1—4C2,6),

4’

313 (M1—4C2-CH 23), 296(SbC..,0.4), 282(p-tolyl SbC22,l),

47 57
278(M1—SbC22,2.8), 262(HSbC24,On4), 247 (p-tolyl SbC%,0.4),

243(M SbC£3,1,4), 242 (M1-HSbCl3,O.5), 227(HSbCl3,3),

210(Pt2CNH2,3), 207(M1—HSbC24,4), 191(sbC%,,16),

27
156 (SbC%,5), 121(Sb,5), 118 (PtCNH,17), 104 (PhCNH,5),

91(C7H7,36), 77(C_H.,7), 36(HCL,100), 35(CL,14).

65"

C{ph) = ﬁH, C7H8=M2:m/e (Fragment+,

3), 332 (M

g
(b) 2—SbC$L2 6 4

Rel. I%); 375/377(M,-C_Hg, C.Hg

297(M2-C7H8—2C2—4,1,3), 283(C7H7SbC2 +1,7), 227(HSbC23,1.6),

Hg-phH,1.4), 207 (pt,CN-1,0.8), 192 (HSbCL

-C2-4,1.4),

223(M2—C7 2,1.5)



181(ph2CNH,O°4), 18O(ph2CN or C6H4C(ph) = Nh, 8.5},

179(M2°C7H8-HSbC£2,13a7), 177(M2-C7H8—SbC22=3,100),

121(Sb,6), 104(phCNH,2), 92(CWH8”4)” 76(C6H4,100),

75(CH,,50), 74(C%H2,25), 36 (HCL,50) .

6
(B) Infra-red Spectra

The IR spectra of the three orthometallated compounds
I-III were recorded at the region 4000-250 cmm‘I using mulls
in Rujol between KBr plates. The spectrum of each compound
shows some significant bands which may confirm the existence
of the orthometallated structure as it has been observed
in IR spectrum of 2-S:£1C5L3—4—Mec6H3C(4—MeC6H4)=tEIH° In the

region 3500 - 3000 cm‘_1 each spectrum shows only one sharp

band which is assigned to the Y (N-H) frequency, also, each
spectrum shows 3-5 bands in the region 1600 - 1500 cm-.1 which
are assigned to Y(C=X) modes and %(N-H)kdef,y X=C or N -

see Table (2.6). The shift of the azomethine stretching
frequency can be observed from the appearance of no band

in the region 1700 - 1600 cm_1 relative to the parent iming?
This shift of the Y (C=N) frequency to lower energy is a
common oObservation forthe orthometallated compounds of
transition metals, e.g. the orthometallated KH-phenyl-

20 V. : 1
benzal@imine derivatives of palladium&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 SbCQ4 or SbC&L2
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), Y{(C=C) and ¥Y(C=N) region for

some orthometallated diarylketimino antimony chlorides

w - -
Compound | (N-H)em™ | Y (C=C) /y(C=N)cm |
1598,1577,1569,
I 3280 1540
1610,1600,1580,
11 3260 1538,1505
ITI 3250 1581,1562,1545
4ph2CNH 3250,3210 1600,1567
ptZCNH 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 % (C-H) out-of-plane bending modes which absorb
in the range 900 - 675 cm_1 upon the orthometallation process,
and which does not occur for the orthometallated derivative
of di p-tolylketimine, 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 ArSbCf, to use as a model for comparison

4
with the orthometallated compounds (I) and (II), it is
difficult to make an assignment for Y (Sb-CL} or Y (Sb-C)
stretching frequency on those bands which are observed
below 500 cm—1 but, at least they can be regarded as the

c
characteristic bands for the C% S%: > species without
N

4
specific assignment. The position of the metal-halogen or
metal-ligand stretching absorption is known to be dependent

on seeral factors such as the oxidation state of metal, the
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mass of the metal and of the ligand, the coordinatioﬁ‘numberz
of the metal, the basicity of the ligand, the bridging or
nonbridging character of the ligand, high ligand field
stabilization energy, counter-ion effect, and the stereo-~
chemistry of the compleETBy 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)
AN
Suggested characteristic IR bands for Cﬂék\)species
C
: , R
Compound W Sb-C) ,¥{Sb~C8)cm
I 483}449,421,382(sh),367,340,315
I1 493,435,409,370,352,335(sh) ,325

#y(Sb-C2) and Y(Sb-C) absorbs in the region 500 - 200 cm .

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,

305, and 290 cm '

(C) Proton Magnetic Resonance Spectra

The spectra were recorded on solutions in d6-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 speclrum 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 which 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 guadrupole 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
by giving a broad peak. The aromatic resonances for both
compounds (i) and (III) show remarkable changes in the
metallated ring in comparison with the parent imine which
shows the phenyl 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 SbCSL4 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

i

¥ L
O—SnC£3C6H4C(ph) = NH,C7H8 and for its related compound

23
2Br SnC6H4CH2NM92 (figure 2.5 a,b).

2-Me



Fig. 2.5

The spectrum of the orthometallated trichlorostannyl-
diphenylketimine over the aromatic proton region has been
reportéd to give three complex resonances which were assigned

H H H. and H_.

(in order of increasing fi@ld )H B’ D

E° A
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—CH2 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

\

N ]
been observed before in the spectrum of the O—SnC£3C6H4C(ph)=NH

compound.



Table (2.8

"H-NMR Spectra for some ortho-metallated diphenyl

ketimino antimony chlorides and diphenyl ketimine
b 3
3 uTi ‘1’6 ‘5

I Hz\/ﬁ/\ A
'

H
Ia H (C6H5)2C = NH
2 § ppm
Solvent 1
N-H H1 H2 ![ H3 H4 i HS
| !
1
1] a®pmso? [13.02 1 9,09 8.47,8.197.48,6.97 16.62 8.1
1
Ta] d8DMSO 110043 | 7.43
5
I CeHs-CH3
—
& ppm
Solvent
N-H H1 H2 H3 H4 HS 116 CH3
111 a®pmsoP ls.6,8.5,8.3 [ 7.9 {7.63,7.5 7.16 ] 2.28

a : relative to §(TMS) O ppm (external reference).

b : relative to S(TMS)

0O (internal reference).

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 established 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 ArZCNH;QSbC2;9 and Ar2CNH20SbCSLGO°

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 eguation

can be described as:

SbCR . ® 0
1.2 5 1,29 1.2 () C)
R R“CNX ——=R R CNHZS%UEP(and/or R R“CNH ZSbCRG )
where X = Li, SiMe3
1.2
R R = ph2,’(p tolyl)z, (P FC6H4)2, (O-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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Table (2.10)
Non-orthometallated products isolated from the Reactions of R'R°CNX with SbCLg
: L l
No. PFOdUC? Reactants of the . Conditions
reaction of the reaction
9
v PhZCNstbCKE) phZCNLi/SbC25 or phCH3/CHCSL3/R°T° ‘
(white needles) ph,CNSiMe,/SbCL phCH,/R.T.
® o 2 3 5 3
\Y (P—tolyl),)CNstbCQ.4 (Patolyl)ZCNLi/SbCR5 phCH3/CHC23/R.T. !
(white solid) (P—tolyl)2CNSiMe3/SbC25 phCH3/80°C
® © |
VI (0O-tolyl) , phtNH,SbCL, (O-tolyl) ,phCNLi/SbCl. phCH,/CHCL,/R.T. 3
or
(brown needles) (0-tolyl) , phCNSiMe.,/SbC2 phCH3/R.T° i
® o 3 5 ‘
VII (m-tolyl) ,phCNH,SbCZ, (m-tolyl) , phCNLi/SbCl¢ PhCH,/CHCZ,/R.T. }
(buff soiid) |
Q Sb éj
VIII (P—FC6H4)2CNH C

2 4
(buff needles)

(P—FC6H4) 2CNL:'L/SbCS?,5

PhCH, /CHCL,/R.T.
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Because of the difficulty to dissolve these prodﬁcts
irn a suitable solvent, 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 MOssbaur 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
© anion ~see Appendix 1. Other studies

4
such as mass spectra, UHNMR, 13CNMR, IR will be discussed

3
contain the SbC%

later, confirm that these products are actually non-ortho-
metallated or ionic orthometallated compounds. However, the

9]
success in isolating salts such as phZCNstbCSL4 and
® ®
2CNH28bC£2 from the reaction of phZCNH2 ng

or SbCSL5 in chlorform may strongly support the ionic structures
of the R1R2CNX/SbCSL5 products =-{ the synthesis of ph2CNH;3-
| e

;D ;9SbC26 salts are mentioned in chapter

three). In the reaction pathway on which lithio derivatives

R1R2CNLi are used, the reactions were carried out in toluene

ph with SbCf,

SbCL and phZCNH

at their initial stage, after which the solvent was punped

off under vacuum and then CHC{., was added, giving brown

3
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,CNH G’Sbczg9

2 2
sample. This may indicate that during the formation of the
R1R2CNH;35bC2J9 product the R1R2CNH;DSbC£g9 may deposit

simultaneously. The other reactions in which silyl

4
compounds R‘R2CNSiMe are used, were performed in toluene

3
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at room temperature {only for compounds IV and VI) and
deposited yellow solids. 1In the reaction of (p—tolyl)ZCNSiMe3

with SbC2. the yellow solid did not deposit on sitrring at

5
room temperature, but instead two layers were formed : a
vellow brown solution {(upper) and a red-brown cil {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 O-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 O-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 (O-tolyl, ph CNSnC23.-
n solvent),. 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 liguid.

The IR spectrum of the latter product is exactly similar

to that of an authentic sample of trimethyl chlorosilane
Me3SiC2, whilst the IR spectrum of the dark brown liguid shows
very strong bands at 3340, 3260, 3220 cm-‘I two medium intensity
bands at 1870, 1835 cm—1 and three bands at 1665, 1595,

1550 cm-1 which are consistent with those bands observed

in the dark red-brown o0il 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 (SbC23) 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 ili-defined Y(N-H) band at 3200 cm_1 and

9(C=N) and Y(C=C) at 1640, 1590 and 1540 cm . The

isolation of Me3SiC2 and SbCQ3 from that reaction intermediate
suggest the possible pathways as illustrated in Scheme

(2.11).

o-talyl,PhCNSiMe; + SbCls

Scheme 2,11

1,2 ®,

The reason why such ionic compounds : R R Cth SbCQ;D

R1R2CNH2C%bC26C>are separated from the reaction of
1,2

R'R"CNX with SbCﬁL5 - which is expected to afford either the

diaryl ketimino antimony tetrachloride or the O-tetra-

and

chlorostibino diaryl ketimine may be explained by assuming



- 85 -

an interaction taking place between the reactive imino-
antimony tetrachloride intermediates and the toluene. If
such interaction occcurs, 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);
RTRZCNHZ@SbCSL;a°

spectrum of the toluene solvent after distillaton which

This assumption is supported by the mass

implies the presence of chlorotoluene derivatives. The
possible pathways for that interaction are illustrated in

Scheme (2.12).

Scheme 2.12
Ar
Ar,CNSbCi, . PhMe — X \;\HH + PhMe
SbCl,
shCl; | PhMe excess skCls | PhMe excess
V
Ar
CNH - C CGHQMQ + \NH + SbCl3+HCl+

Sb(\lB + HCI \ H CHCGHQMQ

Ar,CNH, SbCl,°

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

O- SbC24XC6H3C(Ar) = NH C7H8 is assumed to exist, then it

can be compared with other systems such as pthCR4 or

12

p—MeC6H4SbCR which have been characterized to react with the

ionic salts to give very stable complex salts. Some
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reactions which yield those complex salts are given in the

chemical equations (2.7 and 2.8):

® O
H,N,C + p-YC_H,SbC2, >

p—XC6

o
(p-XC H,N,] [p-¥C H,5bCA,] (2.7)

p—xc6H4ﬁ2cz + ph,SbCA, N

[p—xc6a4ﬁ2}[ph25bcz4lc’ (2.8)

where x CZHSO,CH3,H,BryN02

= H,CH3,NO2

5
I

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
® Ar ®
N
[ArQCNSbCQ PO N%Z ;
X SBCl, X >bCls
- Ar 1T Ar Ar
® .
Sts Sb Sba2Clg
] Cﬁ3 J_X C{s ‘ LX

2.2.2.2 Spectroscopic data:

(A) Mass Spectra

The mass spectra of all compounds (except V) ;

@ &
(p toly1)2CNH2 SbC®,

were recorded and their results are

listed in Table (2.11 - a,b,c,d). There are no peaks arising

from fragments of R1R2CNSb<9 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 @

either due to the organic fragment R R CNH2 or the inorganic

fragment SbC24o The organic fragment RTRZCNHZQ

unstable and may undergo a further series of decompositions

itself 1is

due to electron bombardment or thermal effect to give more

1,2 1,2 1 2

stable framents such as R R°CNH , R'R°CN’, R'CNH', RCNH',

R1, R2. In the compound phZClNHZ@CQ‘3 the mass spectrum does
not show an intensive peak at m/e = ph2CNH£®,

the spectrum shows fragments at m/e = 180 (100%), 179 (56%),

but in contrasg

104 (57%), 77 (41%).

Table (2.11)

®
Mass Spectroscopic Results for R1R2C:NHZSbC2;©

Compounds (IV and VI - VIII),

\ @Sb JD
2CNH2 c 4 (IV)

m/e (Fragment+, Ir%) : 227 (SbCR

(a) for ph

3+1,13); 191 (SbC22,39);

183 (ph2CNH3,11); 182(ph2cﬁH2,50); 180 (ph,CN,100), 158
(SbC2+2,7); 123(Sb,7); 121(Sb,9); 104 {(phCNH,73), 77(ph,62),
36 (HCL,34); 35(C%,15).

@
(b) for o-tolyl, phCNH SbCQE)(VI)

2
369(?,24); 195(o-tolyl, phCNH,25); 194 (o-tolvl,phCN,100);

193(SbCA,+2,14), 178(ph,CN-2H,15); 121(Sb,1.3); 116(o-
tolyl CNH-2,13), 91(o-tolyl,10); 77(ph,12), 36(HC%,83);
35(CL,7).

® ©
(c) for m-tolyl, phCNHZSbCQ (VII)

4

272(8bC2 ,+1,1); 226(SbC23,21); 204(MeSbC£2—2,3);

4
197(m—tolyl,phCNH3,1); 195 (m-tolyl,phCNH,49); 194 (m-tolyl,

PhCN,99); 192(SbC2,+1,73); 181(ph2CNH,31); 180(ph2CN,79);

2

121(Sb,4); 118 (m-tolyl CNH,27), 104 ({(phCNH,26); 91(m-tolyl,100),

77(ph,23), 36(HCL,74).
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©

®
{d) for (p—FC6H4)2C gaNHZSbC24 (VIII)

296 (SbCl, or Sb,CRF,4); 261(SbCR,,1); 241(? ,3): 226(SbCLy,2);

P . lhp_p - . {
217(.P-FC_H,) ,CNH,37); 215(P FC6H4§CN H,87); 121(Sb,100),
96(P-FC H,,15), 95(P-FC H, ,50); 36(HCL,64); 35(C%,23).

The mass spectrum of diphenyl ketiminium chloride, also shows
a fragment due to HCL which was the most significant peak
1.2 ® <,

for the compounds R R CNH2 SbCQ4 . The inorganic fragment

SbC5L4+ 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 il 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 Ar2~
;3C£9 = ph2 or (o-tolyl,ph) which can easily be

CNH for Ar

2
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 cm_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 NH2 group. The
variation in Y(N-H) frequency from one compound 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. H, CH F.

37
Each spectrum also shows one or two bands in the region
1685~-1630 cm—1 which arise from the stretching vibration of
azomethine group; Y(C=N). Actually in the ‘minium chloride
®
salts, Ar2CNH2
shifted to a higher frequency in comparison with the parent

ci® the Y (C=N) stretching frequency is

imine (due to the increase of P-character of the hybridized
nitrogen from the SP2 to the SP3 state), which appear at
about 1650 cm-1 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=ﬁ) frequency inter-
act with an overtone resulted from a band [$%{C-H) out of
plane or w(NHZ)]; lie in the region 800 - 850 cm_1 and
after which the fundamental band at~1650 cm_‘I splits into
two less intensity bands, one at about 1680 cm-1 and the
other at ~1630 cm_T For aromatic system modes, each spectrum
shows a very strong band at ~ 1595 cm_1 assignable to the
Y(C=C) stretching frequency.

In compounds IV and VI the characteristic bands due to
the aromatic (C-H) bending vibrations out-of-plane 900-675 cm_1
or in-plane 1300-1000 cm-'1 were gquite similar in the number
of bands to those bands observed in the parent imines and/or
their hydrogen chloride salts. This observation may give an

indication that no orthometallation substitution process

occurs on the aromatic rings. The IR spectra of compounds
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Table (2.12)

Tentative assignmenté of the most significant bands for diarylketiminium tetrachloro-
antimonate (III) derivatives and some of their related compounds.

7
Compound Y(N-H)cm 1 )’(C:N)cm_1 Y(C=C)cm 1 Aromatic C-H bending modes® v(Sb~C%) ;
- and N-H bending modes? cm™ cm :
+ o 3360 1638,1685 1588 858,825,797,775,725,703,695 :
phZCNHZSbCQ,4 1297,1192,1165,1120,1022 320 (sh) ‘
phzcﬁHZCQE) 3300 1655 1598 877,854,800,765,729,705(bx), 3
1285,1192,1160,1145,1032,1000 - '
*
ph2CNH 3250,3210 7600 1567 890,850,789,760,720,695,
1297,1195,1178,1150,1072,1030,
1000 -
(o—tolyl,ph)CﬁHZSbC4? 3330 1630,1685 1588 883,794,768,730,714,704 (br)
1290,1195,1168,1160,1127,
1030 -
(o-tolyl,ph)CﬁHZCSL‘9 3300 1645 1600,1590 868,841,790,769,732,710,692,
1285,1209,1190,1168,1160,1145,
1029 -
*
{o-tolyl,ph)CNH 3260,3200 1605 1572 £93,802,782,760,730,095,
1285,1210,1190,1178,1150,1110 |
1029 - )
(p-tolyl) ZCIJ{THZSbCSL? 3200 1630 1604 - - f
(m—tolyl,ph)CﬁstbCQf) 3360 1630,1680 1594 - | 320(sh) |
+ © i
(P—FC6H4)2CNHZSbCSL4 3320 1640 1593 - 320 i
* - recorded as contact film. AR T ,
¢ - aromatic C-H bending modes are out~of-plane and in-plane bending which may include the modes of

{N-H) Dbending: T(NHZ), w(NHZ).
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IV-VIII does not show any significant bands in the region 350%
300 cm—1 as expected for Y{Sh-Cl) stretching frequency of the

[SbC24]c3 species. However, in some spectra a shoulder

band was observed at ~ 320 cm==1 which may be assigned as

Y (Sb-C&) of SbCSL(;9 as it has been reported for the

[CSHSNH]O[SbCSL41<9 and [Et4Nj®+[SbCSL4](9 complexgzzif which the
Y (Sb-C2) frequency absorb at ~330 cm_1 further far infra red
and Raman spectral studies on these compounds should

elucidate this.

{C) Proton Magnetic Resonance Spectra

The 'HNMR spectra were recorded for all compounds (except
compound VI), in d6—DMSO using tetramethylsilane as external
Oor internal standard. The spectra were simple in comparison
with those of orthometallated compounds, particularly in the
reg%on of the aromatic protons. Each spectrum shows two or
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=ﬁH2) 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, VIIT (~3.0 ppm). The 'HNMR data for these products (IV-
VII) are listed in table (2.13).

To see the effect of protonation on the 'HNMR spectrum
of the parent imine, e.g. ph2CNH, the 'HNMR spectra were
recorded for ph2CNH, phZCNﬁ2CQC>in d6—DMSO° Upon protonation,
both signals of (N-H) proton and aromatic protons of ph2CNH

were shifted downfield and the signal of NH, protons was

2
broad and weak and difficult to determine - see table (2.13).
This broadness and disappearance of )CﬁHz 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
protons with the medium or by quadrupole relaxation.z?’v28
Another feature of the DHNMR spectra of these non-
orthometallated products is the absence of a spin-spin
splitting for the aromatic protons. In two cases, however,
the splitting of aromatic protons were observed (Compounds
VIT 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. CNH and the HSbCQ4 components

2
at room temperature. To eliminate this possibility it

recommended to carry out the NMR spectrum at a low temperature.

Table (2.13)

Proton magnetic resonance spectroscopy results for

compounds IV-VIII and for some relative compounds.

*
Chemical Shifts ppm
‘ Aromatic
NO- Compound brotons CH, NI
v phZCNH%)SbCSL(;@ 8.05 - 14.5
©) @
v (p-tolyl) ,.CNHSSBCR 8.7 3.58 not
2 2 4
observed
VII m—tolyl,phCNﬁngCfi 7.9,8.03 2.76 11.1
VIII (p-FC6H4)2C%HZSbC,Q? 7.6,7.8,
7.95,8.1,
8.22,8.32 - 12.4
ph2CNH 7.43 - 10.43
ph CNﬁ9C¢3 7.9 not
2 2
observed

* The chemical shifts are determined relative to the external

TMS except Compound (IV) in which TMS internal is used.



(D) Carbon-13 Magnetic Resonance Spectra

Table (2.174) contains the Carbon-13 chemical shifts for
the diphenylketiminium salt of tetrachloro antimonate
{Compound 1IV), its parent imine; ph2CNH and other relative
derivatives. The chemical shifts were measured from the
internal d6—DMSO which was used as a solvent and then
converted to the TMS scale using the following chemical
difference’ Sous = O puso + 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

the available 13CNMR assignments book (Johnson and Jankowski)30
and Rosenthal-Fendler Reviewzghave been applied to assist in
the assignments.

The spectrum of the iminium salt, ph2CNH2C%bC2;3 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-substituted aromatic carbon resonances in comparison
with the diphenyl-ketone; ph2CO 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—,_ﬁ—, p— carbon resonance of the phenyl group
respectively.

The 813C=N+ resonance was observed at 189.8 ppm as a
very weak signal which is normally observed for R2C = NR;Q
in the region 155-190 ppm:n° 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



iminium salt (IV) was recorded again after two days and showed
both the bridged carbon and the iminium group more clearly,
but a new series of signals were observed in the carbon phenyl
resonances. The total number of phenyl resonances was 10
which may seem to ®2 similar to the same number of signals
observed for the cyclometallated structure e.g. (aCaC)o-

7 32
N = Nph. However, this does not mean the formation of

v
pd-C6H4

an orthometallated compound since there were no signals
observed in the region 145-165 cm” as expected for the
metal=-carbon resonance. The appeafance of the new signals
in the iminium salt spectrum may be explained by the thermal
decomposition of phZCNHZC%bC£;3 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.qg.

HCl/SbCl ® © ® ©
PhCNH - Vs 35 PhCNH,SbCi, & Ph,CNH,. Solvent - SbCl,,

The possibilityoef  the formation of the (C-N) single bond by

© is eliminated since there is

4
H
no signal absorbed in the region 50-80 ppm (i.e. 13C—§:).

the way of the addition SbC&



Table (2.14)

3 2
5 ) : @ o
4 <ii>ﬂ 525?92 Eﬂj% 130 chemical shifts of phzéEHZSbC£4
|
=h and some other relative derivatives
| l N
Compound | $C,/5C5/5C,  1SCi 8GN | SM-C e
oh cNHg%bcz£3 | 132.38,129.94,136.14 | not 189,83 - -
2 observed
phZCNH 127.05,127.31,127.96 139.13 175.91 - -
129.78,128.74
ph2CO 122.2,127.6,731.6 137.0 - » - 33
@
xyC = N¥e, - - 155-190 | - 31,
34
(aCaC) —o-pd-C H ,N=Nph 124.1,125.6,128.2 - - 151.2,157.1 | 32
674
128.6,130.7,131.1, 163.8
137.4
? ®
phZCGNHZSbCQ,4 129.39,130.04,130.43, |137.84 182.93 - -
(after 2 days) 131.08,131.86,132.38
o4 132.9,133.55,136.14

2.2.3 The reaction of t-butyl, arvylketiminolithium

with antimony pentachloride

T} ~ reaction of t-butyl, arylketimino lithium with antimony

pentachloride, where aryl = p-tolyl, o-tolyl, m-tolyl was
attempted. -“The products (except the product of m-tolyl,

t-butyl CNHLi/SbC%. reaction) are identified analytically as

5

(2 Bu®,p-tolylCNH]. 4HCL » SbCf. (IX) and

3

[o-tolylCN]) [Bui,o=toly1cwn]onczaSbczs (X).

The structure of these products has not been determined,
however, they are believed to have an ionic salt structure

such as

(B t 2=-C-4 H..C ° b ¢©
u ,2-C2- —MeC6 3° 8 NHZ)Q(S CSL)5 or

(Bu®, o-tolyl.C=N-C(o-tolyl) = NH,) SbCl, .




@or

The isolation of ionic salts of the type ArZC%HZSbCSL4

ArZC%HZSbcgé has been observed, and reported in the
previous sections as by-products resulting from the ortho-
metallation reactions. In order tc investigate the reason
for this, the previous reactions were repeated again. The
red-brown o0il 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 Y (CEN) stretching frequency. Other
significant bands were also observed at 3340, 3190, 1668,
1620, 1600, 1570, and 1540 which are probably assigned with
the Y(N-H) and Y (C=C)/Y(C=N) stretching frequencies and
g(NH) deformations. The appearance of the Y(C=N) band was
also observed in the intermediate of the reactions between
SBC%. and other ketimino systems such as (But,m—toiyl)CNLi

5

and ph,HCNSiMe If a nitrile compound is assumed to be

3.
7~~~

one of the red-brown ¢il components, then an oxid ation

process is suggested in which the methyleneamino groﬁp

> C=N is oxidized into nitrile group; CEN. The possible

pathway for these reactions are postulated in Scheme (2.13).

-
Al -Lict_| AT
ﬁ./C = NLI + Sb(:ﬂs—_'> C NSbCl[,,
Bu Me, C
G‘C\M CHZ |
el :
-Bu SbCl,
Ar
NG
C = NSbCI
L HT b ArCzN

|

ArCEN+ HCl+ SCl4

Scheme 2.13
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Unfortunately, the IR spectrum of the red-brown oil of
compound (IX) has not been recorded. In Table (2.15), the
most significant bands of compounds (IX) and (X) such as
YIN-H), Y{C=C), Y{(C=N), Y(Sb-CL), and $ (NH} freguencies are

listed and compared with the parent imines which was

different in the case of (X)}.

Table (2.15)

Infra-red data of the products resulted
from the reaction Ar, ButCNLi/SbCQE

W :
; y(N-H)i Y{Sb-Cc@! y(C=C)/y{C=N)/S(N-H)
Compound -1 I -1 (_1 ’
. cm cm , cm
p-tolyl,ButCNH(C) 3240, - | 1675(vw),1610(m/s),
3210 ; 1570 (vw) , 1510 (w)
IX (n) 3240. 345 1628,1610,1594,
3205 1510
o-tolyl,ButCNH(C) 3240
3210 - 1615(s) ,1600 (w)
X (n) 3385 340 7700(w) , 1650 (w/m)
3320 1630(m) 1600{(w),
3295 1520 (w) .
3205
(c) : contact liquid film

(n) : nujol mull.




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 prepared 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 (ptZCNCQ)B(SbC23)2. The IR
spectra of that material was recorded as a njuol mull.

The spectrum was very similar to the starting compound;
ptZCNCQ and there was no Y(N-H) stretching band observed or
a significant shift for the Y (C=C})/¥(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
H3SI:>C22° Also the spectrum does not 9ive any indication
of the formation of an orthometallated compound or even
any fragment corresponding to pt2CNSb<EB or its chlorides. The
ptZCNCK 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



m/e = 277,418 and 488 which are believed to reflect the
formation of diantomony chloride fragments such as SbZCR,
Sb2c25 and SbZCJL7 fragments.

In another attempt, the samé 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 compoéition

(ptZCNH~SbCZ .2HC!.). The reason for suggesting this formula

3
comes from the analytical data, IR and mass spectra. In the
IR spectrum, the Y(N-H) stretching frequency is observed at

! and there is no sign of the appearance of the Y (C=N)

3330 cm
band as only one band is observed at 1603 cm—_1 which may be
assigned to the Y(C=C) aromatic frequency. In the region

1200 - 1000 cm'=1 the spectrum is different from the
(p—tolyl)ZCNCQ spectrum, for example, a strong band is
observed at 1020 cm—1 which might be consistent wifh the Y (C-N)
frequency - Y(C-N) single bond stretching'frequency oécurs

35
L for the aliphatic amines. A change is

at 1030-1230 cm~
observea also in the region 900-600 cm_1, by the appearance
of new bands particularly at 753 _cm_1 in comparisbn with the
imind-chloride spectrum, this may be assigned to the

Y (Cc~CQ) stretching frequency. The appearancé of a band at‘
340 cm-1 suggests the existence of the tetrachloro antimonate

(III) anion; SbC% G’fof which Y (Sb=-C2) would be expected

4
near this frequency.
The mass spectrum of that white solid is nearly similar

to that spectrum of the red-brown solid - see table (2.16).
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Table {2.16)

3
{a) for 3 ptéCNCR - 28bCf, product

Mass spectral data of pt2CNC2/SbC2 Products.

7+2,O.6);

+1,28); 209(pt2CNH,7);

m/e (Fragment+, Ir%): 489(Sb2C2

277{Sb,CL,0.4); 227(SbCL

3
+3 or pt,phCN,100); 192(SbCQ

2

194 (SbC% +1,74); 157(SbCL+1,7);

2
20); 91(pt,11), 36(HCL,56),

2
122(SbH,12) ; 120 (ptCNH,,
35(C%,17).

(b) for ptZCNH-SbCJL3

+1,4); 45 (2,1); 429(?,15),359(?,6); 226(SbC23,19);

-2HCY product:582(?,3), 488(Sb2CSL7

191(sSbC2.,,70) ; 193(SbC£2+2p1©0), 156 (SbC%,11 ), 121(Sb,18);

2[’
. 36 (HCL,28); 35(C%,14).

It can be concluded from the reaction of N-chloro di-
p-tolyl ketimine with SbCSZ.3 that the reaction does not yield
the orthometallated compound hoped for, prokably because
of the formationofanionic . product such as [2pt2cﬁcz,,
ptZCN%bCZ3][SbC24]e 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
C@bCQ;a,

believed to arise from the diantimony chlorides may suggest

ptZC(CSL)NH3 The appearance of signals which are
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 compounds. Another two different products
are isolated and identified as iminium salts of tetra-or
hexachloroantimonate. These salts probably result from the
interaction of the intermediates with solvents or perhaps

due to the thermal decomposition of the intermediates.

The most valuable observation of these reactions is the
change of the oxidation state of antimony from SbV to SbIII
which indicates that an oxidation-reduction process occurs
during the orthometallation reactions. The transference of

a group such as the azomethine (':C=N—) or chlorine from one
Sb atém to another may be responsible for such an oxidation-
reduction reaction. In the equimolar reaction of t-butyl,
arylketimino lithium with antimony pentachloride, the results
show an important behaviour in which the azomethine group;
(C=N) is oxidized into cyano group; (C=N} due to the

and [HSbCZ

elimination of Me,C=CH All types of the

2 2 4]°
reaction between antimony penta-or trichloride and ketimino
derivatives, carried out in this work are summarized in the

following scheme:

PHCN ,SbCly«2NEN . ShCig

RR'CNX ; X= Li,SiMe,

j 2 ] 2 ® ©
< [ R PCNSbC&QJ —— = R R°CNH,SbCl,
@*':% i 2 Ond/Or
&{}*{ R=R - Ar , ® o
: i
| R RCNH,S
R2CEN + SbCl3-HCI =+ Vo oar 250Clg
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2.4 EXPERIMENTAL WORK

All reactions were carried out under an atmosphere

of dry nitrogen.

2.4.1 Reaction of Diphenylketiminolithium with Antimony

Pentachloride (Mole Ratio 1:1, Solvent Diethyl

Ether/Toluene, Temperature 90°).

A solution of 22.1 mmol. diphenylketiminolithium in
60 cm3 dry ether/hexane was cooled to -196°C and 2.8 cm3
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 formed, 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
was removed under vacuum. 60 cm3 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, yielding a white solid
(LiC%) and the filtrate 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 léaving the 6il.
Both the o0il 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-

3 1
chlorostibinodiphenylketimine; o-C24SbC6H4C(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 orthometallated compound.



* Analysis:
Found : C 34.5, H 2.7, CL 33.0,

N 3.0, Sb 26.5%
C13H1ONSbC24
C 35.2, H 2.3, C& 32.1, N 3.2, Sb 27.5%.

reguires:

*Infrared spectrum: Y cm_1(Nujol Mull)

max
3280{m/s), 3069{m), 3055{(m), 3020(m), 3010{(m), 1960 (vw),
1210{vw), 1845(vw), 1690(vw), 1664(vw), 1615(vw), 1598(m,sh),
1577 (w), 1569(m), 1540(m), 1500(vw), 1490(w), 1320(vw),
1310(vw), 1300(w), 1282(vw), 1260(vw), 1218(w), 1158(w),
-1124(w), 1000(vw), 885(vw), 848(vw), 824(vw), 789(m), 759(w),
740(w), 722(m), 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 diphenylketiminolithium in
56 cm3 dry toluene/hexane was cooled to =196°C, and 2.1 cm3
antimony 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 pressures
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 white micro-
crystalline solid, which was identified as diphenylketiminium,

(ph,C = NH,) (SbC2,).
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*Analysis
Found: C 35.0, H 3.3, C& 32.5, N 3.3, Sb 28.0%
C13H12NSbCQ,4 requires: C 35.0, H 2.7, C& 31.%, N 3.1,
Sh 27.3%

=1 (Nujol Mull)

*Infrared spectrum‘vmaxcm
3360{m), 3100(s), 3086(s), 3060{s}), 3030(s), 1988{(vw),
1975(vw), 1910(vw,sh), 1825(vw,sh), 1775(vw), 1685(m),
1678 {m), 1603 {m), 1588(w), 1575(m,sh), 1500(w)}, 1485(w),
1323(w), 1308(w), 1297(w/m), 1192 (w), 1165(m/s), 1120(w),
1138 (vw), 997(vw), 980(vw), 938(vw), 858(vw), 845(w),
825{(m), 797 (m,sh), 790(w), 774(m/s), 764({w), 725{(m),
703(s), 695(s), 685(w), 664(m), 614(w), 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
in 40 cm3 dry toluene was cooled to -196°C and 1.5 cm3
antimonypentachloride 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 temperature, 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. 1Its 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. phZCNHzc):
e
4

confirmed the existence of another product.

ShC# However, the i.r. spectrum for the yellow powder
Infrared spectrum for the yellow powder:

N maxcm°1 (Nujol Mull).
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),
1029 (vw) , 1000(w), 853(w), 838(w), 789(w), 778(w), 763 (w),
738(w), 728(w), 700(s,sh), 655(w), 642(w), 632(w/m),

612(w/m), 602(m).

2.4.4. Reaction of Diphenylketiminolithium with Antimony

. '@
Pentachloride (5:1 in Toluene at 100).

A solution of 68.4 mmol. diphenylketiminolithium in

approximately 100 ml. dry toluene was cooléd.to =596°C ana
1.75 ml. antimony pentachloride (4.09 g., 13.68 mmol.)
were added. The mixture was allowed to warm to room
' temperature with sti;ringj

'>The characteristic red colour of the iminolithium
faded to orange and finally to yellow, and at room temperature
the reaction mixture consisted of a yellow sQlutioh over a
yellow=white precipitate. The mixture was stirred at room
temperature for 40 minutes, then heated to ~100°C with stirring
and filtered whilt hot to produce a white ycllow precipitate
and a yellow filtrate. On standing at room temperature for
3'days, this filtrate depcsited no solid even on cooling.
After several weeks standing at room temperature, this
solution deposited colourless, long needieé which were

collected on a filter stick, washed with toluene and dried
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under vacuum. They were identified as benzophenone oxime.

phZC = N-OH

*Analysis
Found: Cc 81.3, H 5.3, N 6.6, Sb O, CL O, Li 0%

NO requires : C 79.2, H 5.6, N 7.1%
-1

Cq3fq4
* Infra-red spectrum: ynmxcm (Nujol mull).

3090 (vw), 3080(vw), 3050(w), 3020(w), 1587(w), 1564 (w),
1320{(m/s), 1310(w), 1294(vw), 1270(vw), 1178{w), 1159 (vw),
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), 690(vs),
665(vw), 652(w/m), 612(vw).

2.4.5 Reaction of Di-p-Tolylketiminolithium with Antimony

Pentachloridg& 1:1 in Diethyl Ether/Toluene at

90°C)

The lithiated di-p-tolylketimine (15.7 mmol.) in 60 ml.

dry ether/hexane was cooled to -196°C and treated with éntimony
pentachloride (2.08 ml. 15.7 mmol). The solution was allowed
to waim 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 under 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°C, then filtered
while hot, yielding a white solid (LiC%) and the filtrate,
which separated into two ‘layers as observed in recaction (241)
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 wvacuum.
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This reaction's product was identified as ortho-tetra-

chlorostibinodi-p-tolylketimine.

)

0-C% ,Sb-P-MeC_H. {p-tolyl}C = NH

4 673
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 2,7, N 2.8, C2 30.0 9

C rH14NSbC2 requires: C 38.2, H 3.0, N 3.0, C% 30.1%

15 4
* Infra-red spectrum: Y Cm_1 (Nujol Mull).

max
3260(m/s), 1610(w), 1600(m), 1580(w/m), 1538(w/m), 1505(vw,sh),
1560(sh), 1415{(vw), 1300(vw), 1290(vw), 1279(vw), 1260({vw),
1230(w), 1210(w,sh), 1190(w), 1170(vw), 1145(w/m,sh},
1020 (vw,sh), 930(vw), 855(vw), 839(w), 832(w), 820(vw),
793 (vw), 780(w/m), 756(w/m), 720(vw), 670(vw), 612 (vw),
6d4vi{vw), 630{(vw), 493{(vw), 435{(vw}, 409(vW), 352 (m/s),
325(vs).

2.4.6 Reaction of Di-P-Tolylketiminolithium with

Antimony Pentachloride (1:1 in Toluene/

Chloroform at 18°) .

A solution of 12.9 mmol. di-p-tolylketiminolithium in
~50 cm3 dry toluene/hexane was cooled to -196°C, and 1.65 ml.
antimony pentachloride were added. The mixture was allowed
to warm up to room temperature with stirring. The degp
red colour solution of imino-lithium‘faded to yellow. The
mixture was stirred,ove:night and the colour changed finally
to avgreenish yellow colour. All solvent was removed under

vacuum. The solid was stirred with 40 ml. 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~tolylketiminium tetrachloroantimonate (III};
(p—tolyl)2C:NH§)SbCéz

*Analysis
Found: C 38.0, H 4.2, N 2.7, Sb 26.2, C&% 26.7%

C15H16NSbCJL4 requires: C 38.0, H 3.4, N 2.9, Sb 25.7,
Cf% 30.0% -

“1 (Nujol Mull).

*Infra-red spectrum: ymaxcm
3200(sh,m), 3020(s,sh), 1630(m,sh), 1604(s/vs,sh), 1189(w),
1162(m), 1138(w), 1134(w), 1115(w), 1018(vw), 830(s,sh),
854 (w), 770{w,sh), 738{(m,sh), 672(w), 662(w), 632(w),

614 (w/m), 549(s).

2.4.7 Reaction of Di~-P-Tolylketiminotrimethylsilane

with Antimony Pentachloride (1:1 in Toluene at

80°) .

A solution of 11.56 mmol. di-p-tolylketiminotrimethylsilane
in 40 cm3 dry toluene was cooled to -196°C, and 1.48 ml.
antimony pentachlo;ide 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 s51id 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
layérs; a yellow~red solution (the upper layer), and a red-
brown oil (the lower layer), and the bubbles still evolved.
The two layers were heated with stirring at 40°C and the

red-brown oil faded to yellow-white o0il. 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 yellow=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.
@

- ©
P tolylZCNH2 SbCfL4 .

2.4.8 Reaction of Di-P-fluorophenylketiminolithium with

Antiﬁony Pentachloride (1:1 in Toluene Chloroform
at 15)

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
pfecipitate below a deep orange-red solution. All solvent
was removed under Vacuum, 30 cm3 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 coolihg and standing, bright
vellow needles deposited. These were identified as

di—p—fluorophenylketiminium‘tetrachloroantimonate (ITI1);

(p-FC_H,) .C = NH® Sbcz@

6742 2 4

*Analysis
Found: C 34.8, H 3.3, F 8.0, N 3.0, Sb 24.3, C 28.4%

C13H1,0F2NSbCSL4 requires: C 32.4, H 2.0, P 7.9, N 2.9,
Sb 25.3, C¢ 29.5%.

*Infra-red spectrum: )’maxcm_1 (Nujol Mull).
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3320{(m), 3190(m,sh}, 3070(s), 2720{(w/m), 1720{vw), 1625w,
broad), 1593(s), 1510{w), 1500(m), 1246{(m/s,sh), 1158(s),
1135(w), 1110(w), 1009{w), 967(vw), 880(w), 851(s,sh),
832(w,sh), 789(w), 749{(w), 735{(w/m), 720(w), 694{(vw),
659(w), 550(s,sh}.

2.4.9 Reaction of m-Tolyl, phenylketiminolithium with

Antimony Pentachloride {1:1 in Toluene/

Chloroform at 18°).

A solution of 19.97 mmol. m-tolyl, phenylketimino-
lithium in~52 cm3 dry toluene/hexane was cooled to -196°C
and 2.55 cm3 antimony pentachloride were added. The mixture
was allowed to warm u§ to room temperature with stifring and
then stirred overnight at room temperature. The resulting
dark brown solution over a‘white—yellow precipitate was
evaporated to dryness. 30 cm3 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 temperafure overnight, deposited a micro-
crystalline buff- coloured solid, identified as m-tolyl,
phenylketiminium tetraéhloroantimonate (III);
(m—tolyl,ph)C:Né?SbCéz |

*Analysis
Found: C 36.4, H 3.6, Cf 30.2, N 3.0, Sb 26.8%

C14H14NSbC5L4

* Infra-red spectrum: ) _ cm

requiress C 36.5, H 3.0, C4 30.9, N 3.0, Sb 26.5%
“1 (Mujol mMull).

3360 (w/m,broad), 3108(m), 3035(m), 1680(w), 1630(w),

1594 (m), 1300(w), 1266(vw), 1226 (vw), 1192(vw), 1178(vw),
1153 (w,sh), 1090(vw), 102%(w), 928(vw), 892(vw), 829(w),

807(w), 790(w), 780(w), 728{(w/m), 705{(m,sh), 668(w), 605(w/m,sh).
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2,4,170 Reaction of o-Tolyl, phenylketiminolithium with -

Antimony Penatchloride (1:1 in Toluene/Chloroform

at 18°)

A solution of 15.4 mmoles o-toly, phenylmetiminolithium
in~50 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
white precipitate was then evaporated to dryress.30 cm3 chlor-
form 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 LiCR), 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
tetrachloroantimonate (IXI); o~t§lyl, phC = NééSbCéi

* Analysis-
‘Found : C 37.6, H 3.7, N 3.4, Sb 26.7, CL 31.0%

C14H14NSbC£4 requires : C 36.5, H 3.0, N 3.0, Sb 26.5,
| : C2 30.9%

* Infra-reé spc—:‘ctrum')}maxcm—1 (Nujol Mull).

3330(m,broad); 3104 {(m) , 3095(m), 3865(m), 3010(m), 1685(w),
1630 (w,broad), 1599(w), 1588(m), 1195(vw), 1168(w), 1160 (w),
1127 (vw), 1095(vw), 998 (vw), 958(vw), 938(vw), 883 (vw),

865 (vw) , 823(w), 794(w), 768(m), 730(m), 714(w/m), 704 (w/m),

666 (w) 3612(w), 574(w/m), 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 mmol. 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 layers, the lower
layer was a dark brown-red oil, 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 stirring, 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. 1Its
i.r. spectrum was. identical to that reported for the product

, ® ©
of reaction (2.4.10) i.e. the ketiménium salt o—tolyl(ph)CNf%SbCHéa

2.4.12 Reaction of Mesityl, phenylketiminotrimethylsilane

with Antimony Pentachloride (1:1 in Diethyl Ether

at 15°)

A solution of mesityl, 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 solutioﬁ (10.07 mmol. =1.57M n-BuLi
in hexane) were added. On warming to room‘temperature, this
gave an orgnge solution of the iminolithium product. On
stirring the solution for lh., it started tb-coagulate forming

an orange precipitate under a red solution. The mixture was
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recooled to =-196°C and 1.3 cm3 antimony pentachloride was
added. When the mixture was warmed to room temperature with
stirring, the result was a yvellow solution over a yellow
precipitate and on continuing the stirring overnight, the
vellow precipitate changed to a dark brown oily residue, under
the yellow solution. The mixture was then filtered to
separate the dark solid (LiCQ?) 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 ¥(C=C) and VY{(C=N), also it
showed a characteristic ether absorption, Y (C-0-C) at ~1100 cm—1
and no band in the Yy (N-H) region, consistent wifh a polyimino-~
bridged species of the type (R2C=N—SbC£4Et20)nf A sample of
the yellow solution (upper layer)-was withdréthby syringe and
transferred into another flask and then dry‘petfoleum éther
(b.pt-120°C) was added. The yellow solution started to go
turbid and a yellow o0il deposited of which the IR spéétrum

was similar to that of the yellow sticktysolid°

2.4.13 Reaction of Mesityl, phenylketiminolithium

with Antimony Pentachloride (1:1 in Toluene/

Chloroform at 15°)

A solution of mesityl, phenylketiminolichium (8.95 mmol.)

in 80 cm3 toluene was cooled to -196°C, and 1.15 cm3

antimony pentachloride was added. On allowirg the~mixturehﬁo:ﬁ“
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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. About 30 cm3 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 EtzO 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
cm3 of antimony pentachlor._de were added. On warming the
mixture to room temperature, a white condensate was obse;ved
in the yellow solution, and on stirting the mixture overnight
at room temperature, a yellow solution formed éver’a bﬁff
residue. The whole mixture was filEered to ‘give a white
precipitate (LiCR) and a filtrate consigting of two laiers;
the upper was a yellow ethereal solution and the lower:was a
brown oily layer. Both layers deposited white needlés which
were collected on a filter stick,‘washed with cool diethyl
ether and dried. These needles were idéﬁtified as t-Butyl—
2-chloro-4-methylphenylketiminium peﬁtachloroantimonafe (I1I1)
©

®
[2-CR=4-MeC_H_,C(t-Bu) = NH2]

2
673 [SbCA5]

2



*Analysis
Found : C 40.5, H 6.0, N 4.0, Sb 17.7, C2 34.9%.

C24H34NZSbCSL7 requires: C 40.0, H 4.7, N 3.9, Sb 16.9, CL 34.5%

*Infra-red spectrum :'})maxcm—1 (Nujol Mull).

3240(w), 3205{(m), 3040{w), 3060(w), 1628(m}, 1610(m),

1593 (mj), 1510(vw), 1415(w), 1295(vw), 1276{vw), 1220(vw),
1200(w), 1188(w/m), 1120{vw), 1040(vw), 1022(vw), 995(vw),

980 (w), 930(vw), 850(w), 820(s,sh), 815(m), 787 {(vw), 729(w/m);
705(vw), 655{vw), 590(vw), 558{(w/m), 525(vw), 455(w), 345(vs).

2.4.15 Reaction of t-Butyl, o-tolylketiminolithium with

Antimony Pentachloride (1:1 in EtZO/Toluene at

90°) .

The t-butyl-o-tolylketimine (4.6g., 26.24 mmol.) in
diethyl ether (40 cﬁi) at -196°C was treated with 16.7 ml.
of n-Butyl lithium, then allowed to warm to room temperature,
There were two immscible layers and on stirring an evolution
of bubbles was observed and after 3 h. the yellow solution
started to turbidify forming a white precipitate after
stirring for several houré° Once:again the mixture wasléooled
to =196°C and 3.4 cm3 antimony pentachloride wére‘added} On |
warming to room temperature, a vigorous reaction took place
and the white precipitate changed to a dark brown liké-tar,
Both solution and tar were pumped under‘;acuum to dryhess,
leaving a dark brown oily residue. Extraction of this residué
in 50 cm3 dry toluene followed by filtration While hot
yielded a precipitate and a dark,bnﬁm fiitrate which deposited
a sticky solid of which the i,:}';peétrﬁm could not be recorded.
For this reason, the solid was Ee—extracted iﬁ the toluene'by
reflxuing for ih., filtered and-fhe filtrate}on stahding for

three days yielded a pale yellow solid. The analytical data

2
1
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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,0/Toluene at 110°).

A solution of 8.3 mmol. diphenylketiminolithium in 40 cm?
ether/hexane was cooled to -196°C and a solution of antimony
trichloride (1.897 g., 8.3 mmol.) in 10 cm® 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
to remove all solvent, then 30 cm3 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 éooling this
solution deposited a yellow microcrystalline sélid, which was
coli:ected on a filter stick, washea with cold’toluene, and
dried under vacuum. This yellow product was fentatiVély

identified as o-dichlorostibin yf (III) diphenylketimine mono-

toluene;
‘\5 ]
o—szbbC6H4C(ph) = NH,C7H8
*Analysis
Found: C51.0, H 3.5, N 6.2, Sb 25.5, C2 11.9%.

C20H18NSbCSL2 reguires: C 51.6, H 3.9, N 3.0, 8b 26.2, C% 15.3%

* Infra-red spectrum : ),)maxcm_1 (Nujol Mull).
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3250{(w), 1581(s,sh}), 1562(s), 1545{(vs}, 1310 (vw), 1292(v),
1221 (w), 1189(vw), 1157{(vw), 1122{vw), 1075(vw), 1027 {vw),
1000 {vw), 954({w), 940{w), 912(vw), 880{w), 855(vw), 798(m),
789{w), 775(m), 768{m), 750{w), 740{m), 731(m), 703{vs),
699(vs), 679(w/m), 658(w), 637(w), 553{(w), 521{vw), 485{vw),
460 (w,sh) .

2.4.17 Reaction of Di-Phenylketiminolithium with Antimony

Trichloride (3:1 in EtZO/Toluene at 90-100°).

A solution of 13.13 mmol. diphenylketiminolithium in
~ 30 cm3 dry diethyl ether/n-hexane was added by syringe to
a solution of 1g. anhydrous antimony trichloride (4.38 mmol.)
in 15 cm3 dry diethylether at -196°C. The mixture was allowed
to warm to room temperature with stirring. The red colour
of the imino-lithium changed to orange then to dark yellow.
The mixture was then stirred for 3 heurs.

The solvent was then removed under vacuum and replaced
by 60 cm3 dry toluene. The mixture was then heated to
90 - 100°C with stirring and filtered While hot yielding a
precipitate and a gblden yellow solution. Tﬁe latter was
left to stand for three months at -20° but no characterisable
product could be obtained.

2.4.78 Attempted Reaction of N-chloro di-p~tolylketimine

with Antimony Trichloride (1:1 in Chloroform/

Toluene at 80 - 90°) .

0.64 g. anhydrous antimony trichloride (2.8 mmol.) was
added to 0.68 g. of the N-c%mloroketime‘(Z,S mmol.) 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 solidified immediately. The
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reaction was exothermic. The mixture was taken outside the
glove box and then heated under the dry nitrogen gas by hair

~izr 235 an attempt to comolete this reaction. The solid

[N

mixture firstly melted and then on cooling toc room temperature
solidified, yielding a dark red brown solid. The infra-red

and mass spectra of this so0lid showed no indization for the

orthometallated compound formation; o=8gb2é—4—MeC6H3C(p-tolylk%M
and the spectrum was quite similar to that of the starting
material ptZCNCJL° From the analytical data, this product was
identified as containing a 3¢2 molar proportion of N-chloro-

di~-p-tolylketimine with antimony trichloride, 3pt2CNC52,vZSbC§Z.3°

*Analysis _
Found: C. 43.9, H 3.6, N 2.5, Sb 28.6, C2 31.1%.
(C15H14NC2)3° (SbCQ,3)2°1 requires: C 4406, H 3.5, N 3.5,

Sb 21.1, C2 27.3%.

*Infra-red spectrum: y%axcma1 (Nujol Mull).

1600(m), 1575(sh), 1550(sh), 1315(w), 1298(w)” 1210 (vw) ,
1182(w), 1162(w), 1030(vw), 1016(w), 970(vw), 920(vw),
825(w), 780(vw}, 750(vw), 725(w), 655(vw), 630(vw), 570 (vw).
This red-brown product was dissolved in ~7 ch3 dry toluene,
which gave é clear yellow solution after heating with a
hair dryer. On standing this solution at room temperature
for 2 months or even on cooling, no solid deposited. The
sqution was then refluxed for one hour.at 110 - 120°C, and
a red-brown oil deposited. The IR spectrum of that oil was
similar to the starting material ptZCNCRn 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-tolylketimine

with Antimony Trichloride (1:1 in Chloroform/

Toluene at 80 = 90°).

A solution of 0.3 g. antimony trichloride (1.31 mmol.)
in 5 cm3 chloroform was cooled to -196°C and a solution of
0.32 g. N-chloro diptolylketimine (1.31 mmol.) in 5 cm3 dry
chlorform, was added to the cooled solution. The mixture was
allowed to warmwith stirring to produce a colourless solution
at room temperature. The solvent was pumped off under vacuum:
20 cm3 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 tempgrature, 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

equimolar proportions of the reagents; ptZCNCZ,SbC23

*Analysis
Found: c 37.7, H 3.8, N 2.5, C2 34.5, St 24.3%
C,sH,,NCL,Sb requires: C 38.2, H 3.0, N 3.0, C2 30.1,

Sb 25.7%.

*Infra-red spectrum: Vméxcm-1 (Nujol Muil)°

3329{m), 3090{m}, 3070(m), 3025(m), 166Q(w,br,), 1605(s,sh),
1515(w), 1189(m), 1162(m), 1088(w), 1018(sh,m), 893 (w,sh),
850(w), 842(w), 832(w), 824(w/m), 774(w),'753(w), 738(w),

725(w), 705(w), 690(w), 675(w), 663(w), 632(m), 615(m).
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2.4.20 Reaction of Diphenylketiminolithium with Tin

Tetrachloride (1:1 in Et,O Chloroform at'20°)a

A solution of 16,55 mmol. diphenylketiminolithium in
NSO.cm3 dry diethylether/hexane was cooled tq -196°C and
1.94 cm3 tin tetrachloride were added. The\mixtUré was
allowed to warm to room temperature witﬁ stirring. The resulting
vellow solution over a white precipitate was tﬁén evaporated

to dryness. 50 cm3 dry chloroform were added to the residue

and stirred for ten minuteé, yvielding a golden yéllow solution-<
over a white precipitate (LiCQ) which was separated frbm the
solution by filtration. On standing the goldeﬁ filtrate
overnight no solid deposited but on cobling a whité'soiid
deposited which was collected on a filter sﬁick,washed'with
the chlorofofm, and dried under vaguum. From the analytical
data and the infrared spectrum, this produéf (white powder)

was found to have the forhulae (phZCNHaSnC24)n; n =1, or

2. The IR spectrum showed the characﬁefiStic bands of
Y(N=H), and Y(C=C, Y(C=N) shifted to lower freéuency,
relative to the parent kefimine,"and a.band at 1675 gm-1
which probably éssigned to VS(ﬁHz)," o

*Analysis
Found: C 36.5, H 3.4, N 3.5%.

C13H11NSnCSL4 reqguires : C 35°3,‘H 2.5, N 3.2%.
*Infra-red spectrum: wﬁaxcm-1 (Nujol Mull). |
3330(w), 3190(s), 3060 (vw), 1675(w), 1602(w/m), 1585(m/s,sh),
1565(m/s,sh), 1419(w),'1299(vw), 1254 (w/m), 1214(vw), 1188(vw), .
1160 (w), 1074 (vw), 999(w), 930(vw), 910(vw), 877(w), 862(m),
841(vw), 805(vw), 777(s), 760(s,sh), 728(w), 701(s,shy,’$:

665 (vw) , 649(w), 606(vw), 590(vw), 565(vw), 520(s/m), 488 (vw),

462(w), 435(vw).



CHAPTER THREE

REACTION OF DIPHENYLMETHYLENAMINE WITH

ANTIMONY CHLORIDES

3.1 INTRODUCTION

This chapter describes the study of the reaction between
diphenylmethylenamine (Ph2C = NH) with antimony penta - or
trichloride in order to investigate whether s-ich reactions
involve orthometallation. Initially, the ketimine Ph2CNH is
expected to coordinate to the antimony atom via the nitrogen
lone pair, forming a o-N complex (I). If, in the adduct, one
of the phenyl plénes lies coplanar with the conjugated >C = &—%>M
plane, then the antimony atom will have the chance to attack
the ortho-position of the phenyl ring, and forming an
orthometallated compound (II) and eliminating HC% as described
in equation (3.1). The orthometallation reaction will be

less likely if both phenyl rings are twisted out of the

skeletal plane in which case the adduct Ph2C = NH, SbCQn(I)

Cl N - .
o nszb,)a,sni Nyt el 6 CSLENERS
:NH SbCiﬁ“’NH Clny SpeNH
(I} - (o)

is likely to be the final product. Alternatively, the adduct
(I) may decompose into the imino-antimony derivative PhZCNSbCZn_1
by elimination of ' hydrogen chloride. In the following
sections, the reactions of ammonia and amines with metalihalides
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.



= 122 -

3.1.1 Reaction of Ammonia and Amines with Metal or

Metalloid Halides

| When a metal halide is mixed with ammonia, two differenté
types of reaction can be observed (depending on the eXperimentél
conditions): one involving adduct formation and the ofher
involving ammonolysis. The two types of reaction can be

summarized by the general equations (3.2 and 3.3)°

MXIn + yNH., —=> MXn,yNH (3.2)

3 3
© o
3 2)y + yNH, X (3.3)

Generally, Ammonolysis of metal halides which can be

MXpn + 2yNH =—€7Mxn y(NH

detected by the formation of ammonium chloride depends on

o

the metal or metalloid and halide involvedl For example; boron

trichloride, -bromide, and -iodide. undergo complete ammonolysis
when they react with liquid ammonia2°, forming the amide which

decomposes to the imide-see equation (3.4). On comparison,
NH3 —3NH3

BX3 ‘———9’B(NH2)3 ==““‘§’B2 (NH)3 (3.4)

boron trifluoride forms a simple adduct; BF3¢NH which‘dqes

37

° 3. This difference between

not undergo ammonolysi§ even at 50
the fluoride and the other three halides reflects the high
metal-fluorine bond strength. In addition, the tetraéhlorides
of silicon and Germanium are completely ammonolyzed with liquid

°© l°, whereas tin tetrachloride is not com-

ammonia at =-33.5
pletely ammonolyzed, even when an excess of ligquid ammonia is
added: in the final product one tin-chlorine bLond remains

intact4° In equations (3.5, 3.6 and 3.7), the reactions of

metal chlorides of Qroup IVB are summarized.



NH3
. s 7
SlCR4 —_— Sl\NH2)4 3.5
NH, : -2NH,,
GeCt, —> Ge(NH,), -K*x—4>‘[Ge(NH)2]n 3.6
NHj
.—————>
SnCe , [SnCZ(NH2)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 tetrachloride, where three moles of
ammonium chloride canlbe detected at —630, but when the
tempefature is raised to -45° or -360, only one mole is found.
An explanatbon for this has been suggested by Fowles1°, who
proposed that the higher temperature gives a more concentrated
solution of ammonium chloride which is capable of breaking

down the polymeric structure of SnCl(NH2)3, with the formation

of complex anions4 - see equation (3.8). A polymeric
structure for SnCZ(NHZ)3 has been suggested since
_—
SnCJl4 + 6NH3 SHCSL(NHZ)3 + 3NH4CQ,
o 3.8
-45° @ 20 ©® ©
—_—
X (NH4)2[SnCZ 3(NH2)3] + NH,C2
or =36

This product was found to be insoluble in ammonia and soluble
in ammonium halide/ammonia solutions. The mode of poly-

merization in SnCR2(NH is expected to arise through

2)3
bridging of any one of the types (III) to (VI), or a mixture

of these.
' N N—H-~CL
/N Z N\ /\ / \
Sn\ /"’n Sn\ /Sn Sn Sn Sn Sn
o1 . N2
H, H b

(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. Thus, on going along the
series NH NH

R, NER NR3(where the amine gets less

37 2 27
ionizing as a solvent) the extent of aminolysis becomes less
and adduct formation becomes more important. As an example, -
tin tetra-chloride forms guite stable adducts SnC24»?L with
L = primary, secondary and tertiary aliphatic aminesSp

although aminolysis takes place with excess of primary amine -

see equations (3.9, 3,10, and 3.11).

NH2Me
SnCSL4 — SnCRB(NHMe)-ZNHzMe
NH2Me 3°9
SnC&z(NHMe)ZnZNHzMe
NHMe2
SnC!L4 _— SnCSL4 & 2NHMe2 3.10
NMe3
SnC%, —_—> SnCL, - 2NMe, 3.11

The coordinatiﬁg 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 power, and secondly,
the increase in size of the alkyl groups attached fo nitrogen
may result in steric strain which shoﬁld wéaken the aonor=
acceptor bond, or‘reduce the coordination number of the metal.
An additional factor that characterizes amihe 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, but reduction to the terv-
alent state takes place rapidly (especially with the bromide)
and compounds Tix3-2NMe3 are formed. The oxidation products
have not been characterized although it is known that the
halogen "lost" by the titanium appears quantiﬁZ?tively as the
trimethylammonium salt6, It is especially interesting to
note the reactions of trimethylamine with both molybdenum
pentachloride and tungsten hexachloride in which the 1:1
adducts, MOCQSGNMe37 and WCQGQNM238 respectively are formed.
Excess of the amine brings about the reduction of Mo and W
metal to the guadrivalent state and the formation of the

@ o @
complex salts: [Me3Nr1][Moc25—NMe3] and [Me3rzaj[wc9,6]9, In

the WCL_, reaction, the following reduction mechanism has

6
been suggested8 on the basis that the hydrogen atom found
ultimately attached to nitrogen can only have come from a
methyl group :
WCH <& <—NMe, ® ® .
| ——= WCY{, + H +[{NMe.CH,]
6 2772

CH

’\~2

S E
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 RZNSiMe3

(R2 = Et, Or C4E8) in which the expected product RZNTeC23

2
@
was not obtained but instead (R2NH2)2TeC262C>was always
obtained - see equations (3.lla and 3.11b). Furthermore,
IV
it has been observed that Et.,NLi will reduce Ar_ TeC%
. » 2 IT 9 2 2
(Ar = ph QP-CH3OC6H4) to ArZTe
Cetls »
TeC%, + Me_SiNR, ——3 Me_SiCf + [ (R,N)TeC.] 3.lla
4 . T2 N 3 2 3
2
solvent @ 20 ,,
4 . : .
(R2N)TeCSZ,3 —_—_—— (RZNHZ)Z(TeCQG) 3.11b

HCZ

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 feactions of ammonia and amines, diphenyl-

methyleneamine reacts with boron halides to give two different
' 10

products. Borontrifluoride forms a simple adduct ph'CNH,'BF3

2
in which its coordinate link is strong enough to allow
vacuum sublimation at 100-120° in coﬁparison with boron
‘trichloride which undergoes complete iminoleis to form the
imino-boron derivative, (phZCN)BBlI, The IR spectrum of
phZCNH,BF3 adduct showed an increase in the Y(C = N) stretching
frequency from 1603 (for the free imine) to 1628cm-1, an
increase thét may be attributed to coupling of the C =N and
N->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 trichloride,
but the adduct formed is not stable even at -78° and'readily;
undergoes iﬁinolysis by elimination of hydrogen chloridéo Tﬁo
imino-boron chloride products; (Ph,CN),B (VII) and (PhZCNBC£2)2

(VIII) can be isolated. The compound (PhZCN) BCL is difficult

2
to isolate since it disproportionates into (VII) and (VIII).
The IR spectra of the isolated imino-boron‘cémpouﬁds (IIT)

and (IV) are identical to those of samples prepared previously
from the reaction of diphenylmethyleneamino trimethylsilane
with boron trichloridel2 as given in the'general’equation

(3.12).

n=3,2,1

= (Ph

BCZ, + n Ph,CNSiMe h,

3 2 3

CN)nBC-23=_n +mM%51C2

(3.12)
In contrast to the diphenylmethyleneamino derivatives
of tin trichloride and antimonytetrachloride, PhZCNBCE,2 does
not_undergo the orthometallation intﬁ:amoleCular rearrangement
but it associates with another molecule to form a dimeric

molecule (PhZCN—BCSLZ)2 with a (BN)2 ring structure as shown

in (IX).
C22
Pq\\ Cc = N/ZVB\\\\N = C//,Pn
Ph \\\Bﬁ/// \\\Ph
CRZ

(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 SbCSL3 and SbCSL5 are capable of forming (1l:1)

adducts with nitrogen donors, but some antimony trihalides

can accept more than one ligand, for example SbI3 reacts 3

with alkyl or arylamines to give the (1:3) adducts SbI3n3Rﬁ“42.

Some (1:1) adducts could be isolated such as
15
14

Ph,NH,,SbCl,"  and §,N,, SbCi. -

adducts have been confirmed by X-ray crystallographic studies

The structures of these

as shown in (X) and (XI). The most
HNPh 03
%j : i
CL ch C2
= v >0
: <::is—-cz o] f.“cz
~CR S4N4
(X) (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 between the covalent radii of Sb(III)
and Sb (V).

The antimony-chlorine bond in Sbcz5 and SbC23 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

16

the four-membered cyclostibazane as described in equation

( 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.

R ,
e o ‘351\ @
R.81i = N - N = N + SbC.— N - N = N —_—
3 5 ~
cLsbg
5
ce,
sbe
@ C>\\\\ &
N = N - N = N + R,5iC8
@/
Sb
ct, (3.13).

Aminolysis of the trihalides of arsenic, antimony and
bismuth can take place by using primary and secondary aminesl7°
The aminolysis of SbI3 is an interesting case. In this reaction
as mentioned before, the SbI3,3RNH3 adducts (R = alkyl or
aryl) are formed first of all and upon boiling in acetonitrile

are converted into a tetrameric products (ISb-NR)4 which may

have 8-membered ring or cubane type structures - see equation

(3.14) .
-RNH .HI
‘ 2
SbI3 + 3RNH2—> SbI3.,3RNH2 ————————ﬁ>(ISbNR)4 (3.14)
In addition, ammonia interacts with SbI3 by ammonolysis. The
reaction yields (NH ) SbI as an intermediate which is

@ © 18

transformed to (SbN)X in liguid ammonia by loosing NH4Ie
Temperature-dependent 'H n.m.r. spectroscopy has been

' 7’
used to study R.,Sb - NR, type compounds, where R = But,

2 2
Me; R = SiMeB, GeMe3, SnMe3, Me. The results suggest that
the rotation hinderance about the (N - Sb) bond is due to

the steric considerations and not pn-dn inte:.‘actionslg°
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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
%)p Sbcyzg@, or Sbczg('3

obtained as ammonium, pyridinium, or iminium salts. 1In

complexes containing SbCi anion can be
table (3.1), some examples of the different types of antimony
halides, 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, PhZCNH

with Antimony Pentachloride, SbCSL5 (1:1 ratio

in toluene at lZOOC)°

A sample of 2.75 ml oﬁ antimony pentachloride (21.5 mmol)
was added to a frozen solution of diphenylmethyleneamine
(3.99g, 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 lZOOC, aftér which it separated into
two layers; the upper was a yellow coloured solution, and
the lower was a dark red-brown o0il 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.



Table (3.1) Some Examples of Organonitrogen Salts with

Antimony Halides Anions

Salt Type of Study
@ ©
cgzc = NH,SbCi . IR
@ e
Ph,C = NMeHSbF THNMR
@ ©
( CgHGNH) SbCl , X-Ray
@ 20 _
(NH4)2 SbCQS X-Ray
3@ EC)
[ComH,),_ ] [sbc,.] X-Ray
3’6 6
® I1I 3
(CSHSNH)3-(Sb2 Br9) .(B;) X-Ray
@ v ] © ‘
(C6H7NH)2%Sb Br6).(Br3) ~ X-Ray
@ 3
(‘R4N)3 (Sb219) Analysis
(&) ITI 30 \Y e

(CSHSNH)6~(Sb Br6) . 3Sb Br6) X-ray

Ref.

20

21

22

23

24

25

26

27

28
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These yellow needles were isolated from the solﬁtion
by filtration, washed with cold dry toluene and dried. They
were identified as the diphenylmethyleneamine adduct (1:1) of
antimony pentachloride; (PhZCNH,SbCSlS)°

Analysis
Found: c 31.3, H 2.3, N 2.9

Sb 26.7, CL 35.9%

C13H11NSbCSL5 requires: C 32.5,H 2.3, N 2.9

Sb 25.4, C2 36.9%
Infra-red spectra:))maxcm_l (Nujol Mull).
3396 (w), 3340 (w), 3280 (m), 3260(Sh), 1660 (m) . 1595(s),
1570 (w) , 1540 (vw), 1520(vw), 1300 (W,8h), 1283 (vw), 1260 (vw),
1220(w) , 1190 (vw), 1160 (w,Sh), 1125(w), 1030 (vw), lOOO(Vw);
980 (vw), 965(vw), 920(w), 885 (vw), 850 (vw), 790 (s), 780(w),
76Q W), 720(5), 698 (s), 650(w), 606 (w), 656 (vw), 520 (vw),
488(vw) , 450 (vw), 423 (vw), 368 (s), 340(vs), 320 (vs).

3.2.2 Reaction of Diphenylmethyleneamine, Ph.,CNH

2
with Antimony Pentachloride, SbCSZ,5 (1:1 ratio in

chloroform).

Diphenylmethyleneamine (2.7g, 14.89 m mdl) was diSsolved
in 15 ml. dry chloroform which then was cooled to -196°C and
1.9 ml antimony pentachloride were added. On allowing the
mixture to warm up to room temperature with ctirring, 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 soiution°
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 diphenylmethylene-

: O,
ammonium hexachloroantimonate (v); [Ph2CNH2T9LSbCQ6]

Analysis

Found: C 30.3, H 2.5, N 2.2%

ClBleNSbC26 requires: C 30.2, H 2.3, N 2.7%
Infra-red Spectra : ) cm--l (Nujol Mull)

max
33892 (vs), 3330(vs), 3255(vs), 3055(w), 2000(vw), 1976(vw),

1938 (vw) , 1913(vw), 1820(vw), 1780(vw), l732(vw), 1721 (vw),
1658 (vs) , 1603{w/m), 1591 (vs), 1515(m/s), 1496 (m), 1483 (w),
1300(w/m), 1189 (w), 1180(w), 1165(S,Sh), 1128 (vw), 1l080(vw,bSh)
1027 (vw), 997(w), 974 (vw), §40(vw), 86Q vw), 842(w,Sh), 796 (w),
779 (vs), 750(vs), 728(s), 720(m), 715(w), 698(vs), 670(m/s,Sh),
600 (m/s), 568(m), 450(w), 430(vw), 400 (w/m), 345(vs), 328(Sh).
3.2.3 Reaction of Diphenylmethyleneamine, Ph,CNH with

2
Antimony Pentachloride, SbCSZ,5 (l:1 ratio in CCSL4

(toluene) .

To a cold solution (at —l96OC) of diphenylmethyleneamine
_(2.4g,v13,24m 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, fhe
reaction 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
vellow 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
identified as diphenylmethyleneammonium hexachloroantimonate
(V); [PhZCNHZJQtSbCQGje

Analysis
Found: C 31.5, N2.7, H 2.3, Sb 24.0, C2 41.2%

Cl3H12NSbCR6 requires: C 30.2, N 2.7, H 2.3, 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,CNH Cfa with Antimony Pentachloride, SbC% (1l:1

2 2

ratio in Chloroform) .

5

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 precipitate was
filtered off, washed with chloroform, and pumped dry. The

resulting yellow powder was identified as diphenylmethylene-

ammonium hexachloroantimonate (V) [PhZCNHZ:]@[SbCSLG:](9
Analysis
Found; C 30.8, H 2.4, N 2.4, Sb 23.4, CL 41.0%

Cy4H,,NSbC2, requires: C 30.2, H 2.3, N 2.7, Sb 23.6, CL 41.2%

The infra-red spectrum showed similar bands to those observed
in the IR spectrum of the previous product.

Experiments in which Ph2CNH and SbCSL5 were allowed to
react in chlo:oform solution in 1:2 molar ratio, or in

diethylether in 2:1 molar ratio yielded further samples of

® S
Ph,CNH,SbCL, salt.
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3.2.5 Reaction of Diphenylmethyleneamine, PhZCNH

(1:1 ratio in

with Antimony Trichloride, SbCSL3

chloroform) .

A solution of 0.84 g anhydrous antimony trichloride
( 3.68 m mol) in 15 ml. dry chloroform was cooled to —1960C
and a solution of diphenylmethyleneamine (0.62 ml, 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 microf
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 pentachloroantimonate (III) anion;
EPhZCNH 2]? [(sbce 5'] eSS

Analysis
Found: C 46.3, H, 4.0, N 4.9, Sb 20.3, C% 23.7%

C26H24NZSbC£5

IR Spectrum:

requires: C 47.0, H 2.0, N 4.2, Sb 18.4, Ci 26.7%
Yo, S © (Nujol Mull).
3210 (sh), 1632(s,br), 1590(s,8h), 1300(w,Sh), 1185 (vw,Sh),
1159 (m,Sh), 1115 (vw,br), 1020 (vw), 996 {(vw), 859 (w/m), 840 w),
793 (m/s), 745 (ww), 725(m/s), 700(s), 689(m), 608 (w), 565 Ww),
448 (vw) , 432(vw).

3.2.6 Reaction of Diphenylmethyleneamine, Ph2CNH with

Antimony Trichloride, SbC2 (2:1 ratio in

3

chloroform) .

A solutiOn 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 —196OC. 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 yellowi
microcrystalline solid with an IR spectrum of similar to that
of the product of the (l:1) mole ratio react.on between the
diphenylmethyleneamine and antimony trichloride, which may
suggest that this product had the chemical formula:
[PhZCNsz?[SbCQ, 5] 0

3.2.7 Reaction of Diphenylmethyleneamine Hydrochloride,

thc%hzcﬂg with Antimony Trichloride, SbC23(l:l)

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
S$0lid under a pale yellow clear solution was pfoduced. On

filtration, the bright white so0lid was isolated, washed with

chloroform and dried under vacuum and identified as diphenyl-

©
methyleneammonium tetrachloroantimonate (III); [PhZCNH2T3ESbChJ

Analysis ,

Found: C 36.3, H 3.0, N 3.7, Sb 27.3, C% 31.0%

C13H12NSbC24 requires: C 35.0, H 2.7, N 3.1, Sb 27.3, C& 31.8%
Infra-red Spectrum: ) em™t (Nujol Mull).

max
3355(vw), 3100(s), 1685(m), 1630 (m), 1589(m,s), 1498 (vw),

129 w) , 1190(w), 1182(vw), 1163(m/s), 1120 (vw), 1024 (vw),
998 (vw) , 938 (vw), 859(vw), 825(m), 798(m/s), 775(s,Sh),
728 (m) , 701(vs), 695(s), 663(w), 602(w), 562 w), 445(w),

435 (w) .
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The same procedure was used to prepare the diphenyl-

20

methyleneammonium pentachloroantimonate (III); (Ph CVMZ ZSbC'
@
from Ph CNEC% and SbCR3 in chleoroform in a 2:1 molar
ratio.

3.3 RESULTS AND DISCUSSION

3.3.1 Reactions of Diphenylmethyleneamine with

Antimony Pentachloride

When antimony pentachloride was added to a chloroform
solution of diphenylmethyleneamine in a (l:1) molar ratio, a
vyellow 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 dipheaylmethylene-
ammonium hexachloroantimonate ( V), Ph2CNH28bCf?, which strongly
suggests the same formula for the yellow solid. Moreover,
the analytical data, also supports the iminium structure for
the vellow produét°

The iminium salt, thcﬁg SbCQ%

previously from the reaction of diphenylmethyleneammonium

has been prepared

chloride with antimony pentachloride as described in egquation

(3.18).
HCL
@ o chet s ® e
Ph,CNH,CL + SbCLg —?—T—> Ph,CNH ,SbC4 (3.18)
@
The salt PhZCNHZSbCQ6 is very stable towards air and

moisture, and insocluable in most organic solvents except
highly polar solvents such as dimethylsulphoxide. The salt
has a high melting point (1510, 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

decomposition of thc%%ZSbCég salt may suggest the existence
of two different mixed oxidation states for antimony i.e.
sbTIt/spV .

@
The IR spectra of both samples of PhZCNHZSbCSL6 (figure

3.1) showed the ¥(C = N) stretching band which occurs at ~

1600 cm™ ! in the free imine, to be shifted to a higher energy

{(at ~ 1660 cm—l). The same shift was observed for the thcﬁhcha
salt, but with less absorption intensity and higher half band
width. Thus, this indicates the presence of >C = ggz 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-

@ ©29 @ 30
ammonium salts such as H2C = Nﬂzsbcz , (CH )2C = NstbCQ ’
® o 21 6 3 6
and Ph2CNHZSbF6 The NH stretching frequencies were

observed at 3585, 3330 and 3255 cm Y. Two of them are expected

for symmetrical and asymmetrical (NH2) stretching, but the
extra third band may be due to hydrogen bonding. The band
observed at 1602 cm 1 maybe assigned to an § NH, deformation.

1

The aromatic bands in the region 800 - 700 cm ~ did not show

any significant changes as compared with the iminium hydro-
1

chloride salt. The band observed at ~ 1590 cm ~, which is
@
very close to the corresponding band in Ph2CNH2CSL‘a at v

1600 cmnl, is assigned to )(C = C) aromatic. Antimony-

chlorine stretching bands were observed at 348 and 333 cm_l

as expected for (SbCJZ,G)e 31’32,



The mass spectral data for the yellow product and the

assignments are listed in table (3.2). The data are con-
e e
sistent with the salt-like structure PhZCNHZSbC26° There

are no indications for the form:tion of an orthometallated
product or an imino-antimony chloride fragment. The most
characteristic feature of the spectrum is the loss of
hydrogen chloride; m/e = 36 (100%), from the salt which

arises from the thermal decomposition shown in eguation

(3.192) . The other peaks are less important;
® .0 L,
PhZCNHZSbC26 —>HCL + PhZCNH + SbCQS (3.19)

they result from the fragmentation of PhZCNH or SbCSZ,5 units.

@ ©
Table ( 3.2) Mass spectral Data for PhZCNQSbCJL6

m/e Relative Intensity$ Assignment
226 22 SbCfL3
191 53 SbCIL2
181 _ 9 (C6H5)2CNH
180 19 ‘ (CgHe) ,CN
121 5 Sb
105 12 CGHSCNH2
77 11 | C6H537
38 32 ) HCR
" 35
36 100 HCZR
35 11 cL

The 'H NMR spectrum of the yellow product was recorded in

dG—DMSO using TMS as external reference - see figure. (3.2).

The spectrum showed only two signalé;at the chemical shifts
7.69 and 4.69 ppm. The unit >C = NH2 would be expected to
give an absorption at about 11 ppm30°
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© e

Formation of the iminium salt PhZCNHZSbCQ6 from the reaction

of PhZCNH with SbCf. may be explained on the basis of dis-

5
proportionation of the probable intermediate Ph2CNH,SbC25:-

Ph,CNH + SbCfl, —=> [PhZCNH,SbCSLS]———>

2 5
® e
% PhZCNstbCQ,6 + % PhZCNSbCQ4 (3.20)

To find out the pathway of this reaction two different
imine systems were allowed to interact with antimony penta-

chloride: Ph.,CNH, and o-tolyl, PhCNH. The first imine is

2
known to suffer orthometallation, while the second not, as
indicated from the RZCNLi + SnCJL4 reaction. The two reactions
were carried out in a (l:1) molar ratio at ro@h temperature
without using any solvent to eliminate the protonation of the
reaction components by the solvent. Since the two reactions
were very vigorous under nitrogen, and since they were ﬁhen
out of control, the reactions were carried out under vacuum.

In the case of the o-tolyl, PhCNH/SbCf_. reaction, three

5

products could be isolated: HC&, SbC%., and a high yield of

3

a brown 0ily residue. The first two products were identified
by IR spectra. No attempt has been done to identify the
structure of the brown residue, but the production of SbCSL3
in this reaction may suggest that SbCR5 was reduced by thé
imine to the trivalent oxidation state, 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 produéts could be identified. The characteristic
features‘Of such redox reactions are: firstly, the high
ability tO'ﬁroceed'with the more bulky organonitrogen

compounds, e.g. RN, where there will be a high steric strain



- 141 -

around themetal atom, and secondly, the formation of an organo-
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.

reaction, i* was observed

In the case of Ph,CNH/SbCY

2 5
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 PhZCNHZSbCﬂ? salt obtained from the reaction
of PhZCNLi with SbCQS, as described in chapter two.

By using different solvents the reaction of PhZCNH with

SbCJL5 was repeated at room temperature. On extraction of a

(1:1) mixture of the two reagents in toluene, two phases were
formed: a dark brown residue and a brownish yellow solution.

Thé latter deposited a yellow microcrystalline product in

low yield on'standing fqr éeveral days. The analytical data

suggest a formula PhZCNH,SbCZ as indicated by the Sb:Cf

5
ratio (v 1:5) but surprisingly the IR spectrum showed the

same spectrum as that of the PhZCNHZSbCéE

product, a dark brown residue solidified and faded in colour

salt. The main

on cooling to room temperature, its IR spectrum shows the
@
same bands observed for the salt PhZCNHZSbcég. 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 (SbIII/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 .



= 142 =

In carbon tetrachloride, the reaction of PhZCNH with
SbCSL5 yielded a yellow greenish viscous liquid which was
immiscible with the solvent. No solid cou.d be isclated
from that reaction, but on treatment of the residue left,

after pumping off the CCL, with dry toluene yielded insoluéble

4
vellow solid. The analytical data and IR spectrum were
@
similar to the authentic sample, PhZCNHZSbcfi .

3.3.2 Reactions of Diphenylmethyleneamine with Antimony

TPl —chloride

When antimony trichloride was treated with diphenyl-
methyleneamine in ( 131), or (1:2) molar ratias.in chlorofdrm
solution a yellow product was deposited. The IR séectrum 6f
this product showed the same spectrum recorded forvbis—
diphenylmethyleneammonium pentachloroantimongte (III);

2(SbCR, which was synthesized from the reaction

2) 5)

of the imminium chloride salt and antimony trcichloride in a

(Ph 2CNH

(2:1) molar ratio as described in equation‘(3,21).

e , CHCR, @ B
2  Ph,CNH,CL™  + S_bC-SL3 ——=>(Ph,CNH,) , (SbC2)
( 3.21)

By comparison of the IR spectra and from the analytical

data, we can deduce the same structure as that for the

@ _ _
yellow product, i.e. (PhZCNHz)j SbCZS) 29, The pentachloro-

antimonate ( III) salt is very stable towards air and
moisture and its IR spectrum (see figure 3.3) showed a

- ‘ @
strong broad band at v 1630 cm 1, assignable to Y{(C = NH

5)
stretchingpfreqﬁency. Table (3.3) gives the ftequenciés of

< ' ‘ ' - -
the Yy (C =»NH2) stretching bands for some of the iminium salts

isdlated‘in this work are given.:



@
Table (3.3) The Y(C = NHZ) stretching Frequency for some

Iminium Salts

© -1

ey =1
S Y(C = NHZ)cm AY{C = N) cm
© 0
(Ph2CNH2)C2 1660 60
@
(Ph.,CNH.)SbCY% < 1660 60
2($ 2 93
(PhZCNH,)SbCQ 1690,1630 90,30
o 2 4 -
30
(Ph2CNH2)2(SbC25) 1630
S .
* AY(C = N) =Y (C = NH2) - Y (C = NH) where
where ¥y (C = NH) ~ 1600 cm” 1
@
The above table shows that the ¥ (C = NH2) stretching frequency
@ o <) e 1
in PhZCNHZCl and PhZCNstbCQ6 salts occurs at v 1660 cm .
This band splits into two bands of equal intensity in the
@ © -
Ph,CNH,Sb4, salt at 1690 and 1630 cm 1. This splitting

may be explained as a result of coupling between the

fundamental V(C.= N} stretching vibration and probably the

6(NH2) bending vibration which is known as the Fermi resonance
33 . ®
effect . 1In (PhZCNH2)2(SbC£5)20 the methyleneammonium

stretching frequency gave only one broad band at 1630 cm_l,

the broadness of which may be due to the Fermi resonance

effect. The reason for the doublet appearance of the
@ @ ©

y(C = NH2) stretching in PhZCNHZSbCJL4 as compared with
@D

20
(PhZCNHZ%beCR may be interpreted from the effect of the

5)
negative electrostatic change of the anion attracted to the
organic iminium species. As an example to support this the
relative intensity of the Ferml resonance doublet bands of
V(C‘= O) stretching in cyclope?énone have been found to
33

depend on the dielectric constant of the solvent used

The IR spectrum also showed an ill-defined band at

3210 cm_l, asSigned to (N - H) stretching frequency. The
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aromatic vibration modes, such as Y (C = C) stretch, and

§(C - H) out-of-plane deformation were assigned to 1590, and

1

793, 725, 700 cm — respectively which do not differ from

the corresponding bands in the other iminium antimcony
chloride salts except the band at 755 cm—l which could not

be observed in the spectrum.
@

Mass spectral data for the yellow product; (Ph2CNH2)28bCSLSZe

are listed in table (3.4) with their suggested assignments.
The main fragments observed in the spectrum were due to

loss of HCL, SbC% (m/e = 226, 100%) and Ph2CN—H(m/e =

3
179, 95%); which are expected due to the thermal decomposition

@

of the (Ph,CNH,),(SbC8%:)?® salt. There was no indication of

2)2(
the presence of any of the stable orthometallated fragments.

The weak peaks observed at m/e = 333, 395, 486, 488 may arise

from di-nuclear anionic impurities such as szcz;a,
@ . 20
Table (3.4) Mass Spectral Data for (PhZCNHz)Z(SoCQS)
_EM@ Relative Intensity % Assignments
486,488 1,1 ' Sb2C27
401 . -3 ?
333,395 | 2,2 | ?
227 - 100 ' SbCQ3
191 75 SbCQ,2
179 95 PhZCN~l
177 20 PhZCN—3
121 9 Sb
105 100 PhCNH2
77 100 Ph
36 100 ~ HCL

35 ‘ 95 Ce
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The proton NMR spectrum of the vellow product was

recorded in dq-DMSO, using TMS as internal reference. The
spectrum (figure 3.4) showed only two signalsat 7.66 and 12.6

ppm as expected for the nuclear magnetic resonances of phenyl

@

and C = NH2 protons. The downfield shift of C = NH2 signal

as compared with the parent imine (6§ = 2.9) may support the
@

(Ph2C = NHz)zst252C>structure for the yellow product.

From the above results it seems that the iminolysis
process 1is responsible for the formation of sich antimony
chloride salts which do notdissolve in a chloroform solution.
On the other hand, the possibility for the formation of
orthometallated compound is unlikely since these Ph2CNH/SbCSL3
reactions were carried out at RT, whilst the results of the
PhZCNLi/SbCS?,3 reaction showed that the formation of an ortho-
metallated compound occurs at high temperatures - see

chapter two.

3.4 CONCLUSION

The reaction of diphenylmethyleneamine with antimony
pentachloride yielded the ionic salt Ph2C§%29bC¢2. 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 PhZCNH,SbCJL5 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 intef:acts with
imines. In the case of the PhZCNH/SbCQ reaction in (1:1)
molar ratio, the isolation of the (PhZCNHZ)Z(SbCQS)&s 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.

@ ©
Finally, the antimony chloride salts: Ph2CNF28bC26 ’
< €
)23, Ph,CNH,SbC% could be prepared
5 2 @’2 6’4
from the reaction of PhZCNH2CQ with SbCSL5 or SbCf

appropriate molar ratios.

@
(Ph,CNH,) , (SbC2

3 in
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CHAPTER FOUR

THE REACTION OF TIN DICHLORIDE AND HYDROGEN
CHLORIDE WITH SOME METHYL DERIVATIVES OF
ACRYLONITRILE

4.1 INTRODUCTION

The reaction of hydrogen chloride gas and tin dichloride

in diethyl ether has been reported to yield the acids Et OH® SﬁC

(1)
and (Et20ﬁ3)2SnC2 ZB
HCL /Et,0 +HC S
SnC% Et OH®SnC9 © — (&t ?H) SnCSLz@
f—
2 = _gcy 3 “Hew 2 4

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 ¢(-alkenes to give the

corresponding organotin compounds; equation (4.1).

H,.SnC%

2 4
H,.C = CHR ——————3> SnC{_CH.,CH.R (4.1)
2 —HCY, 37272
R = alkyl, H, Cone, C. =N

Moreover, in a recent study, 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.

RO © ) R
/C = NHZSnCSL3 IC,_- NH2 )
N N @ SnC®
\\c \‘—C 3
7\ J/
R SnC,Q,3 R SnCt
3
Ia Ib

R = Me, Et, Bu, Ph.

PR - T
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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

1H—NMR

the observation of two types of ethyl group in the
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 93— positionh of
the acrylonitrile when it interacts with the acid HZSnC24-2Et20.
Thus, reactions of acrylonitrile, methacrylonitrile and
crotononitrile with the Sanz/HCQ system were carried out.

The products obtained were studied analytically and
spectroscopically.

Before discussing this work it is helpful to survey the

reactivity of nitriles towards protic acids in general.

4.2 THE REACTIVITY OF NITRILESiTOWARDS PROTIC ACIDS

In the presence of a protic acid, such as hyérogen
halide or sulfuric acid, the nitrilegroup suffers protonation
on the nitrogen atom, forming the nitrilium ion; equation
(4. 2).

HX @ 6
R-CSENZR-CZ=NHX (4.2)

@

The presence of the nitrilium ion, RC = NH in the nitrile-
hydrogen chloride system, has been claimed on the basis of
electrical conductivity measurements. Some of these nitrilium
salts haveé%gen isolated with Sbcéz ’ SnCléC>, Fecfz and

5

BF4 anions from the reaction of the corresponding nitrile -



Lewis acid complex with hydrogen chloride at low temperature.
The linear configuration of the nitrilium ion has been
revealed from proton, 13C and 15N NMR studies and it has

been concluded that only a limited contribucion is made by

the imino Carbonium ion:

However, protonation 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:

©
® ) 20° ’4;\1}12 SbCSL6
2 R.C = NH Sbcsa6 — R - C{®
\
Cc
+ R.CNSbC#

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‘feactivity 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
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//E\\
N7 NN trimerization {cyclization)
F N\
RN R
A
-HCR RCN
NH
547
R—-C
\ RCN or _@ © RN .
N-c-R RC=NHX —p C = RH
@X@ RC (X) =NH X
HX HX
R
N\ ©
C.= NH, X
I 2
N \© R
N N
e C = NH2X
1T 1Tb) -
PN (I1a) X// (IIb)
R X .
Dimerization

As examples, the reactions of hydrogen halides with aromatic
nitrilgiggive either the arylhalonium halides (structure IIb)
at low temperature, or the amidinium salts ’‘structure IIb)
at higher temperatures by the way of dimerization. The

aryl amidinium 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 amidinium salt whicu undergoes the

cyclization after losing nitrile.



- NH 7@‘
A A2 |
(IIa) ———— Ar-f/ em e Cg
~2HCL N ,»° C—N—C —Ar
N 0] ]
N/ Ar cL
C
i |
Ar = ArCN
- 4HCYR

Ar iQ/B\ Ar

N

The structure of the iminium salt CH3CN e 2HCL has been

investigated by X-ray diffraction analysi§7and structure

(IIIa) has been propdsed rather than structure (IIIb) on

the basis of the normal bond lengths observed for the (single)

carbon-chlorine and (double) carbon-nitrogen bonds:

R
@
>c = NHzcsLe_
cs

IITa

¢ = nu,ce®

/
ce!®

IIIb



In the case of the nitriles which have & - hydrogen atoms

12513 ' SN )
such as disubstituted or monosubstituteé acetonitrile, formation
of amidinium salts was also observed it the resulting

dimeric product loses hydrogen chloride to give the alkenyl

amidinium salt:

‘ R! g ze
R NH.C
HCL N\ ¢ ?
CH-C = N —= ///CH -C
R2 RZ j§ R’
AN
/p - CH
N ,
cy R
Jnes
R! NH.CL ™ R NH. ce®
N /) 2 ~ S 2
cH - ¢’/ CH - C/®
2/ \{'}' 2 \
R 1 R \.
HN‘ R“ HN RD
N\ /S =HC%
cC=cC S CfL—C— CH
// N 2 2
Cc R o} R
(R',R%) = (c&, H), (C%, cacH,), (C, CL), (CLCH,, C2)
(CHy, CR)

The structure of this salt has been revealed on the basis

of proton NMR, Mass Spectroscopic and IR Spectroscopic

.12
studies. The hydrolysis of the dimeric salts has been used

to identify the products, which form diacylamines; R"RZCH—

CO—NH—CO—CHRZR“ or N-acylenamines; R.CO.NH.C(C%) = CR'R2Z
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The experimental results show that the dimerization
of cyano compounds by protic acids to form amidinium 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
to be 8.9 and 5.5, respectivelggsuggesting rthat hydrogen'
halides are incompletely ionized and retain their covalent
bonding in ailute solution. On the other hand, at low
temperature and at high acid concentration nitriles may
associate with more than one mole of HC£? 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 hydrogeh chloride, lead
to precipitation of the iminium bromides wiﬂ;no inter-
moiecular 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 électron 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 slu;ry
of 33.8 g. of anhydrous tin dichloride (178.27 mmol) in |
140 ml. dry diethyl ether at 0°C. After one hour all the
tin. dichloride had dissolVed completely. The hydrogen

chloride gas flowAwas.terminated and the soiution 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
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 mmol) were added. The acrylonitrile

was miscible with the ethereal solution which was stirred

for one hour at 0°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 4OOC/

1l mm Hg. The distillation process afforded a pale yellow
solid and about 125 ml. colourless distillate. The latter
was identified as 3-chloropropanonitrile, C% CHZCHZCN by
comparison of its IR and 'HNMR 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 ffom 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~cyanocethyl tin trichloride:

SnCl3 - CHy — CHaCN
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*

Analysis
Found s C 12.9, H 1.7, N 5.3, C& 36.0%
C3H4NSnCSL3 requires : C 12.9, H 1.4, N 5.0, C2 38.1%

*

- l .
IR Spectrum: Vmax cm (Nujol Mull).

3420 (vw) , 3330(vw), 3260(vw), 3190(vw), 2280(vs), 1650(w),

1560(vw) , 1410(m/s), 1320(vw), 1280(sh), 1260(§w), 1245 (sh),
1160(w,sh), 1139(w), 1120(vw), 1100(vw), 1019(w), 970(sh),

910(w), 890(w), 800(vw), 722(w), 690(w/m), 628(w).

%

Far IR Spectrum : ¥ __ cm ™1 (Nujol mull).

387 (w/m) , 383(m), 375(m), 369(m/s), 365(m), 350(m), 338(w),
320(m/s), 313(vs), 309(vs,sh), 287(w/m), 275(w/m), 275(w),
247 (vw) , 237(vw), 233(vw), 219(vw), 217(vw), 212(vw),
203(vw), 176(vw), 170(w), 154(w), 150(w), 126(w), 132(w),

114(vw), 100(vw), 84(vw), 72(m/s).

%

Raman Spectrum : wmax cm

-1

2279(vs), 1422 (vw), 1165(s), 1412(vw), 1025(w), 920(vw),
633(s), 616(vw), 580(vw), 472(m), 357(vs), 321(M/s), 290(vw),

275 (vw), 239(w), 162(w/m), 132(m), 96(w), 83(w), 37(s).

4.3.2 Reaction of Methacrylonitrile with Hydrogen

Chloride and Tin Dichloride (SnCl-o/HCL system

prepafed in Etzo)°

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 0°C
until all the tin dichloride dissolved completely in the

ether solution. The solution was allowed to warm to room



- 156 -

temperature. No pale yellow oil deposited as expected.
However, the solution was cooled again to OOC and about 25 ml.
dry methacrylonitrile (19.99 g., 298 m mol.) were added by
syringe to the solution with stirring. It was miscible with
the solution and after ten minutes, the solution separated
into two layers; the lower layer was pale yellow oil and the
higher one was a white {urbid solution. The mixture was
stirred for one hour at 0°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 whole 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 wasldistilled in vacuo to remove 3-Chloro-2-methyl-
propanonitrile which was collected as a colourless liguid a=*
67°/0.1 mm.Hg and identified by IR,'HNMR and maés spectrum

by comparison with an authentic sample. The remaining white
residue after distillation was of a waxy consistency a sticky
solid. O©On extraction of this solid in dry toluene for two
hours at 110°C most of the residue did not dissolve in the
toluene and the white fesidue 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 o0il 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, IHNMR and Mass spectra, this
product was tentatively identified as:
N-(3=-Chloro-2-methyl-l-trichlorostannyl propenyl)
"3~chloro-2-methyl propylamidinium trichloro

stannate (II)

Me CH

N

CL

Me &
AN \ e
¢ = C — NH—C—-NH, SnCi,
/ .
@
C2CH, SnC ,

*Analysis:
Found : C 16.4, H 4,5, N 5.4, C% 43.5%

C4B7N'Sn024 requires : C 14.6, H 2.1, N 4.2, CL 43.1%

*Infra-red spectrum : ¥ cm™ 1 (Nujol Mull)

‘max
3330(sh), 3200(vs,sh), 1680(vw), 1647 (w/m,sh), 1575(vs,br),

léOO(w), 1335(sh ), 1300(sh), 1260(vw), 1205(vw), 1160(w/m),
lOQO(w), 1058(w/m), 1012 (vw) , 995(vw), 926(m/s), 853(m),
799(w), 722(w/m), 570(sh).

Thecfiltrate gave white fumes on eprsure to air. The two
layers were separated. The colourless toluene solution was
transferred by syringe into another empty flask 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



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 authentic sample. On the other
hand the pale yellow o0il could not be identified. However,
the IR spectrum of this oil showed a band at 2288 cm_l

which could be assigned to Y(C = N) freqguency. Other bands
were observed in Y(N-H) and Y (C=C)/Y(C=N) stretching region°
This may suggest that some of the amidinium salt décomposed

on heating generating the original nitrile, hydrogen chloride
and tin tetrachloride. Further studies are needed to identify
the decomposition products.

-1

*Infra -red spectrum of the pale yellow oil : ymax cm

(Nujol Mull).

3330(w/m), 3260(w/m), 3200(w/m), 2288(m,sh), 1690(sh),
1650(vs), 1595(w/m,br.), 1401(vw ), 1320(vw), 1302 (m),

1277 (vw) , 1260(vw), 1200(vw), 1180(vw), 1130(vw), 1113(w),

1090 (vw) , 1068 (vw), 1042 (vw), 1020(vw), 101O0(vw), 941(w),

906 (vw), 88l(vw), 865(vw), 819(vw), 792(w/m), 742{m), 691(w/m),
570(vm), 540(vw), 528(vw), 470(vw), 320(vs).

4.3.3 Reaction of Methacrylonitrile with Hydrogen

Chloride and Tin Dichloride (SnJRZ/HCQ System

prepared in petroleum Ether—EtZO).

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 étirring 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
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OOC, 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 dichloride did

not dissolve in the solution a further 30 ml. diethyl

ether were added and once again the hydrogen chloride gas

was passed for lih. at 0°c with stirring until all the tin
dichloride was dissolved in the solution. On standing, the
solution deposited a pale yellow o0il which was kept at o°c
since it decomposed easily at room temperature and formed a
white solid (Snczz), The colourless upper layer solution was
syringed off and about 15 ml. dry methacrylonitrile (11.99 g.,

179 m 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, .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 ml. dry
benzene were added to the mixture and refluxed for one hour
with sitrring. On filtration while ﬁot a white solid was
separatéd from the pale yellow filtraﬁe 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 :
SQCQB,CHZ,CHMeCN°
*Analysis :

Found: C 16.3, H 2.0, N 4.6, CA 36. 3%

'4C4H6NSnC£3 requires : C 16.3, H 2.0, N 4.7, C& 36.3%
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*Infra-Red Spectrum : ¥ ___ om™t (Nujol Mull).

3438(s), 3335(s), 3265(m/s), 3195(m/s), 2275(m/s), 1652 (s),
1568 (m/s), 1405(m), 1314(w), 1288(w/m), 1268(w,sh), 1200(w),
1178(w), 1160(w), 1124(w), 1110(w), 1100(w), 1088(w),

1040(w), 1015(w), 1l000(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), 570(w/m), 552(w,sh), 510(vw), 478(vw), 400{(vw,sh),
382(s), 370(s), 357(vs).

*Far Infra-red Spectrum : Vmax em™t (Nujol Mull).

383(vs), 380(vs), 372(vs), 365(s), 356(s), 313(s), 306(s),

254 (vw), 253(vw), 232(vw), 227(vw), 221(vw), 211(vw), 203(vw),
194 (vw), 188 (vw), 177(vw), 170(vw), 156(w/m), 150(w/m),
143(w/m), 132(w), 127(w/m), 107 (vw), 101l{(vw), 95(vw), 88(vw),
73(m) , 65(w), 55(vw).

-1

*Raman Spectrum : gﬁax cm

2995(m/s), 2975(m/s), 2930(m/s), 2915(m/s), 2875(m),
2270(s), 1163(s), 656(m), 578(w/m), 512(&), 478 (w,sh), 382(m),
375(m)., 357(m), 310(w/m), 213(vw), 205(vw), 200(vw), 145(w/m}),

135(m), 90(w/m), 52(w/m), 40(w/m).

4,3.4 Reaction of Cis-/trans-Crotononitrile with Hydrogen

Chloride and Tin Dichloride (SnCQZ/HCR System

Prepared in Etzo).

Dry hydrogen chloride gas was passed through 200 ml.
dry diethyl ether mixed with 49.0 g. anhydrous tin dichioride
(258 m 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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0il deposited. The solution was then stirred for % hour to
remove the excess of the hydrogen chloride gas. The solution
was recooled to 0°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 viscéus residue. The IR
spectrum of this residue was identical to that of an authentic
sample of 3-chlorobutanonitrile C& CH(CH3)°CH2,CN, The
extraction of this residue from toluene for % hour at 120°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.
The IR spectrum showed bands at the region of Yy (N-H), ¥{(c=c),
and Yy(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 mn. Hg to remove all



3=chlorobutanonitrile. The final residue was a yellow solid.
This residue was extracted from the toluene at about 60°C
for % hour but there was not much solid dissolved in the
solution. 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 o0il showed a band for
Y(C=N) shifted to higher frequency-

Apart from these test experiments, the whole remaining
mixture (two phases) was pumped off under vacuum, distilled
under vacuum, as mentioned before, to remove all the 3-
chlorobutanonitrile which was identified from the IR
spectrum by comparison with an authentic sample, leaving
a vellow solid. On continuation of the heating at 0.1 mm.Hg
the yellow solid started to melt at 43°C and to change to a
dark colour at SO-SSOC, 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 édduct (2:1) of

3-chlorobutanonitrile tin tetrachloride:

.CN) .8SnCg

2

2(CLCH(CH,}.CH 4

3’°
*Analysis:
Found: C 23.2, H 2.2, N 6.2, C% 44.5%

CoH.,N_SnCL, requires : C 21.0, H 2.5, N 6.0, CR 45.5%

87122 6

*Infra-Red spectrum of the fungisolid: ”max cm_'l (fused

contact film).
2290(m) , 1442 (w), 1400(w), 1382(w), 1338(vw), 1273(w),

1255 (w,sh) , 1210(vw) , 1190(vw), 1109(w), 1078(w), 1010(w/m),



950 (vw) , 925(w), 885(vw), 850(vw), 710(vw), 655(w), 623 (w/m),

605 (w/m) .

4,3.5 Reaction of cis-/trans-Crotononitrile with Hydrogen

Chloride and Tin Dichloride (SnC22/HC2 system

prepared in petroleum Ether—EtZO)o

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 0o°C with
stirring until all the insoluble white solid of tin
dichloride had dissolved completely in the solution and the
pale yellow 0il had been deposited. The petroleum ether/
etheral solution was syringed off and then 23 ml. of cis-/
trans-Crotononitrile (18.94 g., 282 m mol.) was addea at
0°C with stirring, it was miscible in the sclution and a pale
vellow 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
ﬁot dissolve in the hot benzene. On filtration the high
yield of the white s0lid 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 SnCRZ/HCQ System (preparea in Et20), i.72. C4H7NSnCSL4
and therefore the product was tentatively identified as:

N=-(3-chloro-l-trichlorostannyl butenyl)
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3-Chloro propyl amidinium trichlorostannate (1I)

Me
e
H CH, - CH_ ¢, o
_C=¢C-HN - C - NH, SnCl,
Me —CH SnCQ3 &
/
C2
*Analysis

Found : C 16,3, H 3.0, N 3.8, C% 41.9%

C7H7N SnCQ4 requires : C 14.6, H 2.1, N 4.2, C% 43.1%

*Infra-red spectrum : wmax cm'=l (Nujol Mull).

3370(w) , 3240(w/m), 3125(m,br.), 1690(w/m), 1632(m),

1410(vw) , 1323(vw), 1308(vw), 1290(vw), 126C(vw), 1230(m/s),
1220(m/s), 1100(sh), 1065(w), 1040(vw), 963(m), 923(vw),
843(w), 830(w), 8l0(vw), 780(w/m), 724(vw), 575(w/m), 507(vw),

470 (vw) .

4.4 DISCUSSION

44,1 The Reaction of Tin Dichloride with Hydrogen

Chloride

Previous studiesihave shown that when hydrogen chloride
is passed through a suspension of anhydrous tin dichloride in
diethyl ether, a yellow oily.liquid separated out. The
analytical and spectroscopic data for this yellow o0il
suggested that this product consists largely of etherated,
strongly ionized dihydrogen tetrachlorostannate (II)? with
arbitrary amounts of hydrogen trichlorostannate (II) -

see equation 4.3.



@ ) HCR/Etzo ® 20

¥ — >,
HCL + SDCQ2 + EtZOR_.EtZOHaSnC23 < 2Et20H°SnC24

(4.3)

The presence of a strongly ionized proton hes been detected
from the signal at & = 12 ppm in the "H-NMR spectrum, which
is similar to that observed in the Etzo/HCQ System (8§ = 6 ppm).
The tin atom in this reaction is not oxidised from the divalent
oxidation state to the tetravalent on the t.oeatment with
Hcl to give for example the trichlorostannane (IV); HSnCR3°
This is confirmed by the IR spectrum of the yellow oil
which shows no Y (Sn-H) stretching frequency band in the
1700 - 2200 cm T region, and also from its 1195, Massbauer
parameters which is consistent with those parameters observed
for tin (II)—compounds%

The complexes in the yellow oil are not stable and they
tend to dissociate into SnCﬁL2 and HCR on addition of more
Etzo, or of inert apolar solvents, and on evaporation of
diethyl ether and/or hydrogen chloride. In addition to that,
the complexes decompose slowly at room temperature as a
result of diethyl ether cleavage, yielding ethanol and
ethyl chloride, together with traces of ethyl tin trichloride.

In this work, the reaction of tin dichioride with hydrogen
chloride was carried out, firstly, in diethyl ether, but no
vellow oily liquid separated out and only a clear colourless
solution was obtained. However, on repeating this reaction
in a mixture of Et20 and an inert solvent such as petroleum
ether (B.pt = 1200), the oily ligquid could be separated at

0°C and SnCSZ,2 was found to immediately precipitate at room

temperature.
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4,4.2 The Reaction of Chlorostannate (II) with

Acrylonitrile

The reaction of acrylonitrile with the SnCZz/HCR System
(prepared in Etzo) yielded a pale yellow solid which is
identified analytically and spectroscopically as 2-cyano-
ethyl trichlorostannane (IV); SnC23CH2CH2CN° 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 thié product exists in the +4 oxidation state, rather

-20
than +2,

sn'™t + HgCR,—> sn'VCL, + | (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; SnC23CH2CH2CNH is observed

at m/e = 280.
Table (4;1) : Mass Spectral data of SnC23°CH20CH2,CN = M
m/e (Fragment®, Irs) : 280(M+l, 0.7), 278 (M-1,1.2),

276 (M-2, 0.7), 244 (M-CR,2.5), 243(M-HCR, 0.7), 225 (SnCi..,32),

37

CL2,17),

190(snC%,,10), 155(SnC%,34), 120(Sn,8), 89 (HNCCHZCH

27 2
54 (HNCCH : CH2), 49(C4Hp 100), 36(HCL,10).

The IR spectrum (Figure (4.1)) showed a very intense
absorption at 2280 cm"l which is characteristic for y(C=N)

stretching frequency. This nitrile band shifted to lower

frequency (v 2250 cm—l), when the trichlorostannane (IV)



product was exposed to air. The characteristic bands of
absorbed water, i.e. Y(0-H) stretch, §(HOH) bend, were
observed at 36C0O and 1610 cm'=l 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 R=Cyanocethyl derivative;

21

C% CH, CH,CN, the IR spectrum showed other bands at 1410,

2772
1323, 1162 and 911 cm-—l which could be assigned to the CH2
bending modes, i.e. the scissoring, 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 later, 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 about the tin atom. Each spectrum displayed three
bands in the region 500-250 cm_l at v 470, v 363 and at n
317 cm_l which are expected for the stretching modes of
y(Sn-C), Y(Sn-C&) and Y(Sn-N) respectively. These assign-
ments are proposed using ethyl tin trichloride as a com-
parative model. In the literature, the latter compound has
been reported to give bands at 520 and 370 cm—l corresponding
to Y(Sn-C) and Y(Sn-C{) stretching frequencies respectively%
On co-ordination of the tin with 2,2'-dipyridyl, both bands
of Y(Sn-C) and Y(Sn-Cf) were shifted to lower fregquency with

1

the appearance of a new band at 349 cm - corresponding to

23
the Y(Sn-N) stretching.,
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Further evidence for the structure of the trichloro-
stannane (IV) is provided by ' y-NMR spectroscopy -~ see
figure 4.4. The spectrum showed (Table 4.2) two triplets
which were similar to the spectrum recorded for CRCHZCHZCND
The upfield triplet is assigned to the o-methylene group by

24
comparison with RZSnCJL2 and the down field triplet to the

B-(CHZ) group.

. a B #
Table (4.2) 'H NMR Spectrum of NC.CH,.CH,.SnCJ,

2
Solvent a(CHz) B(CHZ)
cDCY 2.95¢ , 2.46t
D0 3.40t 2.38t

*Ref. external TMS (§ = 0), t = triplet.

The 13

C-NMR Spectrum (figure 4.5) was recorded in DZO
using 1,4-dioxane as an internal Reference. The chemical
shift obtained, then converted to dTMS scale by using the
relation : 6TMS = 61,4Dioxan + 66.5. The spectrum displayed
a signal at 8§121.5 ppm corresponding to the nitrile group and-
two other signals at §33.2 and §13.2 ppm corresponding to
SnC23CH2— and N = CCH2
4.4.3 The Reaction of Chlorostannate (TI) with

carbons respectively.

Methacrylonitrile

- The reaction of methacrylonitrile with the
SnCQz/HCR system (prepared in Etzo) vields a product of the
composition CH2C Me°CN°HZSnCQ4a The structure of this new

product is believed to be N+(3—chloro—2-mcthy1-I—Lrjchluru-

stannyl propenyl) 3-chloro-2-methyl propylamidinium



trichlorostannate (II) ~ see structure 1V,
Me
1
! S
— e —— NH
CSLCH2 ? C,-—-~N12 SnCl3
HN’,, @
B CH,CR
N 1y
C ===
=t
SnC£3 Me

Surprisingly, the analytical data for the C,H and N
percentages was consistent with the composition CH2CMeCN°

HSnC4 but the latter has been rejected on the basis of the

37
higher content found for %Cf. 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 expgCled value of total tin (36%).

The product obtained is characterized to be non-air
sensitive, very soluble in water, and insoluble in aromatic
solvents, particularly, benzene and toluene. In agueous
solutions, this product gives a grey precipitate with HgCSL2
indicating the presence of Sn(II).

Thé 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 [On Except for the
peak at@w/e = 280, the highest mass peaks are due to SnCQJg
or SnCSL3 ions, The peak at m/e = 280 is probably due to the

formation of a stable heterocyclic fragment such as

SanL3 - CH = N-CH = NH ion. 1In practice, it has been observed

that trichlorostannyl heterocyclic compounds such as
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O=§hCR3C6H4 Cph =4ﬁH are stable inside the mass spectro-
meter. The formation of such fragment, probably as a result
of the decomposition of the parent ion, can be considered as
evidence supporting the existence of amidinium structure.

Table (4.3). Mass Spectral data for

Me Me - CH -~ CHZCW
A | S)
c = % - NH__-_C _=_ _NH, SnCl,
CSLCH2 SnCQ,3
&) v ’
m/e (Fragment , Ip%) = 280 (SnCQ.3 CH =N -CH = NH, 0.3),

260 (SnCE4yl°5), 225(SnC23,5), 155 (SnCe,1.4), 120 (Sn,1.4),
102 (CHZCMeCN + HCL, 6), 68 (CH2CMeCNH,lOO), 51, 49

(CQCHZ, 17, 41), 4l(C3H 23), 36(HCZ,11). 92(C7H8,46),

91 (C7H7755)o

50

Apart from the peak at 280, it seems that the amidinium
salt product obtained from this reaction is not stable on
the mass spectrometer probeband it does decompose to give
simple fragments such as CH2CMeC§;, CQCHZC(Me) =C = g%,
CR%LZ' HC2 and the tin chlorides.

The infrared spectrum of the substituted propenyl
propylamidinium salt shown in figure (4.6), showed no
absorption in the nitrile stretching region, and instead
three bands were observed in both the Y (N~H) stretching (at

1

3570, 3320 and 3180 cm ~) and in the Y(C=N)/Y/C=C) stretching

region (at 1645, 1680 and 1580 cm 1

). These absorption
bands are consistent with the amidinium salt structure which
is pictured in structure IV, since it is expected three

stretching vibraticons arising from NH

5 and NH groups. On
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the other hand it is expected that there should be two

e
stretching vibrations from the amidinium group; NHf__ C — NH
(at 1580 cm_l) and from the (C=C) bond (at about 1645 cm_l)
and also one bending vibration from the NH2 group (at
1580 cmgl)o Similar bands have been observed before for

12
some amidinium salts such as
I C
CR—CH2°Me C=C-CQ- NH— C——-NH2 C2
CRCH2CHMe
\Y
which showed three bands at 1690, 1600 and 1530 cm_lo The

same three bands were observed for the products obtained from
the reaction of alkyl and aryl nitriles with the hydrogen
chlorostannate (II){ Clearly the observation of several
bands in the range 4000 - 1500 cm—l eliminates the ketiminic

structure

Me

since this should give only two bands in the same range as
referred toY(N-H) andY(C=N) stretching frequencies.

The proton NMR spectrum of the sample (figure 4.7) was
recorded at room temperature using d6—DMSO as a solvent
and TMS as internal reference. The spectrum showed two
signals for the methyl protons at the chemical shifts 1.8

and 3.6 in almost the same ratio, and another two signals
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for the methylene protons at the chemical shifts 3.4 and

5.0 in the same ratio. However, the signal of the expected
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—-%—-NH2 The upfield
signal was broad and it is believed to belong to the
partially double bond >C:;TNH2 protons, and the low-

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 formulae

12
N- (a=-chloroalkenyl) alkylamidine hydrochloride VI :

- N
RRC = C°C2°NH*°—C-——NH2 C2

R1R2CH

VI

The NMR spectrum was recorded also using D20 as a
solveﬁt, but the spectrum showed different signals to those
observed in the dQ.DMSO solution which indicates that this
sample undergoes hydrolysis with DZOn 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:



Me__ NH, ci® o
_~-CH — Ci® Hzor 1t
CLCH s ‘—-x>(F£CH2—?H—C+~MH
! 2
HN CHZCS?, Me
AN
C == C
/ \
C2 Me —-HCA%
0 0
1" It
CR-CHf-?H - C-NH - C - f =
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 to>luene. The
product did not dissolve in the solution, however, a low
yield of yellow oily liquid separated out from the solution.
The IR spectrum of this o0il showed a band at 2288 cm_l
assignable to the Y{(C=N) stretching frequency. Other bands
weré also observed at 3330, 3260, 3200, 1650 and 1595 cm“l
as observed for the initial amidinium sample. Moreover, the
immiscible toluene solution deposited the white solid 2PY/
SnCf4 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
(IT) which separated out when a mixture of petroleum ether/

Etzo was uséd, and which could not be isolated from the

CH

2
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ethereal solution. The mixing of the two reagents was carried
out at 0°C and the mixture was stirred for several days.

The resulting solution whicﬁiaomogeneous, was pumped on to
remove all the volatile materials. The resulting residue

was then extracted in benzige without isolation of the
expected by-product 3=chloro-2-methyl propanonitrile. A

high yield of white solid did not dissolve in the hot benzenei
The IR spectrum of the insoluble product showed similar |
bands to those observed for the isolated product shown in
structure IV, i.e. this product has the amidinium salt
structure; Another interesting product was 1isolated from

the ex;racted benzene solution in low yield as a white
microcrystalline solid. This product is identified as
3-trichlorostannyl-2-methyl propanonitrile; SnC5L3CH2CHMeCN°
The analytical data are consistent with the formula
CHZCMeCNoHSnC23° The product is very soluble in water and
gives no precipitate with mercuric chloride  "hich implies

that this product contains Sn(IV) rather than Sn(II).

The IR spectrum (Figure 4.8) showed a sharp band at 2275
cm_l assignable to fhe expected €oordinated cyano stretching
group. However, several bands were observed in the Y (N-=H)
stretching region (at 3438, 3335 and 3265 cm_l), and also in
the § (C=N) /Y (C=C) stretching region (at 1652 and 1586 cm o).

These bands may be related to some mixed impurities of an

amidinium or a chloroiminium salt or even trichlorostannyl

imine. Both FIR and Raman spectra (Figures 4.9 and 4.10
respectively) showed in the region 500 - 200 cm © three
similar bands to those observed for the 2-cyanoethyl tin

trichloride sample at 478 em™1 (for ¥ (Sn-C) stretch),



457 cm™ 1 (for Y(Sn-C2) stretch) and 313 cm ' (for Y(Sn-N)
stretch). Once again the impurities showed another band

1

in this region at 375 cm - probably corresponding to another

Sn-CR stretching vibration.

The mass spectrum supports the structure of 3-trichloro-
stannyl-2-methyl propionitrile since it shows the parent ion
peaks at m/e 293 and 294. The other fragmentation ions
observed in the mass spectrum are given in table (4.4). As
in the case of SnC23CH2CH2CN, the loss of chloride ions,

HCL, Me, HSnCf{., and other fragments was observed. Once again

3
the presence of impurities in the sample may explain the
reason for a peak at M@ + HCZ (m/e = 329).

Table (4.4) : Mass Spectral Data for SnC23CH2CHMeCN(M)

m/e(Fragmenﬁg, Ir%) ¢ 326(M + HCLO9), 292(M,2.9),

293(M + 1, 0.8), 294(M + 2, 2.8), 280 (s%cz3CH=N—CH;NH,

26), 282(SHCR CH=N-CH=NH + 2, 11.2), 284 (s%cz3CH=NCH&H + 4,

3

5.3), 260(SnC% 6.7), 258 (M-C&, 12.7), 257 (M-HCR,4),

4F
227 (SnCSL3 + 2, 20), 226 (SnCSZ,3 + 1,7), 222 (M-2CL,28),
190 (SnC12,9), 155 (snCf), 188 (M + 1-3C%,7), 120 (Sn, 17.6)
68 (M—SnCQB, 60) , 41(C3H5, 100), 36(HCZ,60).

The C-13 NMR spectrum of the sample (figure 4.11) was
recorded in 1,4-dioxane which was used as ar internal
reference. The chemical shifts were then converted to the
TMS scale as indicated earlier. The spectrum clearly showed
one signal at § 124 for the nitrile carbon which was a
singlet even without the decoupling. The methylene carbon

was observed as a singlet at & 43.2 in the same ratio of the



Cyano Signal. The doublet signals observed at $21.1 and
$34.6 (in 3:1 intensity ratio) probably correspond to the
methyl and methine carbons. Using GHNMR” the sample exhibits
in a®-DMSN three sets of signals at %8.9 (doublet ; vw),

3.1 (quartet, w), and 1.3 (triplet + doublet, m/s) - see
figure (4.12). The first signal is suggested to be for the
(N=H) proton of the impurities; the second for the (C-H)
proton which ié coupled with the methyl protons, and the last
one is probably due to CH3, CH2 and CH protons. No signals
for the d6=DMSO could be observed at §2.5. To avoid the

.0, The

2
spectrum (figure 4.13) showed the methyl protons as a doublet

solvent signals, the spectrum was re-recorded in D

at $1.95 and the (C-H) proton as a quartet at $3.7. Another
set of signals centred at §2.4 was observed and they probably

correspond to the CH, and CH protons.

2

4.4.4 The Reaction of Chlorostannate (II) with Cis-/

trans-Crotononitrile

The reaction of the isomeric mixture of cis-/trans-
crotononitrile with the Snczz/hCQ system prepared either in
Et20 or in a mixture of petroleum ether and diethyl ether
forms one product., This product is identified as N-(3-Chloro-

l-trichlorostannyl butenyl) -3=chlorobutylamidinium trichloro-

stannate (II) - see structural formula VII.
Cce NH2 SnCSL;3
Me = C CH C/?F
/ 2 \\n- CL
H NH C —— Me
N N\
//,C = Q\ H
SnCR3 H

VII



Another product was isolated during the distillation

and it is believaed to be the (CLCHMe CH..CN }353nCf, adduct.

2 2 4
The latter product was obtained as a white so0lid which gives
white fumes on exposure to air. The IR spectrum showed the

stretching band of CACHMe CH.CN (at 2255 cm ) shifted to

2
the higher frequencies (at 2290 cm—1) as expected for o-N
complexes. Additionally, the IR spectrum showed nearly

the same bands observed for the free 3-chloroubutanonitrile
which has been previously prepared by passing HCL gas
through the crotononitrile. The adduc¢t exhibits in the mass
spectrum no peak for the organotin fragment, but instead it
exhibits simple fragments such as tin chlorides, MeCHCHC%%
and CQCHMeCHzc%% - see the mass spectral data of the adduct

in table (4.5).

Table (4.5) : Mass Spectral Data of (CQCHMeCHZCN)zl

SnCSL4

m/e (Fragmengo, Ir%) : 260(sSnC% 4.2), 223(snC%,-1,29),

4’ 3

226 (S5nCL, + 1, 5.4), 227 (SnC&, + 2,22}, 190(SnCQ

3 3 27
155(snC%, 5.3), 120 (Sn,6.0}), 68 (MeCHCHCNH,6.8),63

1-5);

(C2CHMe,79.8), 65(CACHMe + 2,25.6), 41(C H5,1OO), 36 (HCL2,14.4),

3
35(C2,6.9).

Apart from the by-products, the same product was
obtained in Et20 alone as in the mixed solvent system
petroleum ether-diethylether.

In order to support structure VII, the analytical data

is consistent with the empirical formula(MeeCH = CH CN.HZSnCQQ.
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The IR Spectrum (figure 4.14) does not show the Y(C = N)
stietching band of the starting material, bui instead, it
shows clearly several bands mainly at 3370, 3330, 3220 and .
3180 cm_j (assignable to ¥(N - H) stretching fregquencies),
and also four bands are observed at 1690, 1632, 1570 and
1515 cm” | assignable to the Y(C = N)/¥(C = Cj stretching and
NH2 bending modes. The mass spectrum of the sample ddes

not show any indication for the presence of the molecular
ion MeCH = CHCNQHZSnCQ4

in structure VII. The spectrum only shows peaks resulting

or the expected molecular ion shown

from the tin chloride ions or resulting from the fragmentation
of the organic residue; crotononitrile. The mass spectral
data are listed in table (4.6).

Table (4.6) : Mass Spectral Data for N-{3-chloro-1-

trichlorostannyl butenyl)-3-chloro-

butylamidinium trichlorostannate (II).

m/e (Fragmenéa,lr%) s 268, 270 (SnC% 1.4, 2.8) 225 (SnC%

4’
9.4), 155(snC%,23), 120 (Sn, 6.,1), 78

3’

6), 190 (SnCt,,

(C6H6, 63), 77(C6H5, 11.7), 68 (CH.CHCHCNH, 12.4), 69

3

(Ch_CHCHCNH 15.5), 41(C3H 16) )36 (HCR, 100), 35(CL, 23.5).

3 2IA 5?
The !HNMR spectrum of the sample was recorded in both

dG—DMSO and DZO (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 62 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
of N-(a-chloroalkenyl) alkylamidinium chlorides V;?k 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 butemyl group as a mixture

of Cis- and trans-= almost in equal proportions. the signal
observad at §4.5 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 D20 was different from
that in d6—DMSO which implies that this product is hydrolyzed
by water.

4.5 MECHANISTIC ASPECTS

From the previous discussion sections, 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
crotononitrile. The férmer reaction afforded mainly 3-
trichlorosfj?nnyl propanonitrile, whilst the other reactions
afforded mainly a dimeric product linked through the cyano

groups as illustrated in the reactions below.

HZSnCSL4
CH. : CH . C:N —3 SnCl.,-CH.-CH.- CN
2 _HCL 3 2 2
H,SnCl,
CH. : CMe . CiN —&———=3 SnC%..CH..CH..CHMeCN
2 3 2 2
qszcz
CLCH, MeCH
~ , / ]
+ C = C - HN— C— NH..SnC2%
............ 2 3
Me SnC23 @
H,SnC, H
MeCH : CH Ci:N —&——= . ce —‘ﬁ - Me
H H CH
| ! & ©
Me '-=-=Ci: ; ~C—-—-——HI\T:::__._::NHZSI‘1C,Q,3
C% SnC& ®

3
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These eguations indicate that there are two different ways
for the o,B-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 2 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 R1 R2
\. . C/ N N\, _ C/ R-R H,Me
/ N -HO® / N

H C:Q§tq 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.

R1 R2 R1 R2 R2
AN / AN / N o
C =¢C B > C = C < C=C=NH
VAR /A |
H zc\ H @c\\ R,— CH
tgwgﬁ §H @

cis or trans



A Y
% NH

hY

3 - The next step is the addition of the nucleophiles

Sncz;9 or Céj {or probably the anion Sncz429) on the electron-
deficient carbon centers. This addition will be expected to

occur kinetically on carbon-4 and thermodynamically on Carbon-2,
as it has been reported in the reaction of thezipalogous

system, vinyl acetylene with hydrogen chlorrifi The reason

for this comes from the energy difference which has been
estimated to be 14 KCal/mole, as a result of the presence of
the highly destabiized allenic system in cowparison with the

28,29
resonance-stabilized butanoid system.

H
\ ! A\l [
y —>> -C - C=C=NH=C -C-C=N
c=_¢C / %
VNN §e X
@ N\
\“\\
“NH - \
—>-2C =C~-C = NH
/
X

On the basis of the experimental results, it can be

©
3

and C2C>on carbon-4. 1In the acrylonitrile system the carbon-4

concluded that there is competition between the anions SnCR

©
cation clearly shows a higher tendency to select SnCQ3 rather
than CQD, whilst in methacrylonitrile and crotononitrile, the
same cation prefers to select CQD rather than Sncﬂg, The

reason for this may be explained electronically and/or

sterically from the introduction of the methyl group near



the carbonium ion.

CH

5 = CHCN +

2CH2

MeCH

: CMe.CN + ZHZSnCQ

182

Thus,

H.SnC#k

2 —_—

4

4

4

SnC23CH2CH

3772

2CN + HCR

> SnCL,CH,CHMe -CN +

CRCH,CHMeCN + H,.SnC.

2

2

CHCN + HZSDCQ-—%> CiMeCHCH,CN + HSnCZ%,.

2 4

3

4 - The next step is the interaction of the remaining

HCY% and/or HSnCSL3

addition of SnC2 ©

3

as no product such as SnC4

-C(CQ) NH,

with the cya

is favoured

1
3

no group.

than ij

2

{

R CHCHR™. C(CQ)

or their iminium salts were

It seems that the

) on the C £ N bond,
- NH, C%-CR H.CHRZ
isolated. The only

products could be cobtained 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.

R' R? R R?
H-—f; - % - C=N %gzzzﬁ%% Ii———-ﬁ - C C
I
ce H Cl H
ﬁ“ R2 R1 R2
N | o -+ N .
H—C = C = C NH2<1———= H C-C-C=NH
/0] & ]
105 H SnCQ,3 165 H SnCl3
&@ @ j@ .
R1 R2 NH3 R1 R2 NH2
N/ N, L/
H—-C - C = C- H —C - C = Q\\
/ AN /
Ccl SnCL3 C2 SnCl, .

® :
NH SnCé?
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\ 2 SnCl, H C 3
Ve
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3 -H
A ;
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4.6 CONCLUSION

The reaction of acrylonitrile with the SnCQZ/ﬁCK 5ystemu
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 trichloride, whereas the methacrylonitrile
and cis-/trans- crotononitrile undergoes a dimerization
process (after the saturation of the (C'= C) bond by HCQ)
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

suggésted 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

5.1 INTRODUCTION

In the previous chapter it was concluded that acrylonitrile
reacts with the SnClz/HCQ system in a different way from
methacrylonitrile and crotononitrile. This discrepancy has
prompted a study of the coordination chemistry of some
acrylonitrile derivatives, in particular its methyl derivatives.

In general acrylonitrile derivatives have attracted
considerable interest as Lewis bases because they possess
two functional groups, the cyano group -C = N and the alkene
link C = C , through either or both of which they can
coordinate to the metal centre. 1In several published papers,
it has been reported that acrylonitrile itself CH2:CHCN may
coordinate to metal atoms in five different ways.1’2
Ac;ylonitrile may act as a mono dentate ligand either by o-
bonding from the lone pair electrons in the nitrogen atom
of the cyano group (I), or by m-bonding from the C = C
double bond (II) or from the C = N triple bond (V). 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 (III) and (1V).
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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 compiexes 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 have been investigated by X-ray crystallographic
diffraqtion° For example, X-ray analysis elucidated the
stfucﬁure (VI) for the [N'i(NCCHCHZ) 6] 2@[anCIL6] 20 complex1

in whiqh acrylonitfile ligands are arranged- about the N12+
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in an octahedral structure through the lone pair electrons

of their nitrile groups.

20

\\/i/ $CJ 2 o)
Zmz Clg

(VI)

il

The average (C N) distance in structure(Vﬂhas been
found to be 1.13 pm, shorter than that found in the
corresponding free acrylonitrile bond (1.164 pm)3° A similar
shortening of the C = N bond on coordination to a Lewis acid
has been also reported for the BF3,NCMe adduct4°

Methacrylonitrile, like acrylonitrile is capable of

coordinating to Lewis acids through the nitrogen lone pair.
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The crystal structure of CuBrNCCMeCH25 adduct has been

determined as Cu BrZ[CuBr.,ZNCCMeCHZ]2 {structure VII). 1In

2
this structure the Cu atoms have tetrahedral coordination
Cu(i} with four Br atoms, Cu{2) with two Br and two N atoms:

the crystal structure can be described as [Cu Br4] steps,

4
bonded to each other by two Cu-Br bonds, with two methacryl-
onitrile ligands on each of the external Cu atoms. On comparison

of the C £ N bond distance of structure (VI) with that of

(VII).
.
o
. 2 ’
Br Cu|2)
S s R
CuU(4)ememmre B W/
Bro--------- Cu (1)
J\ 1', ,'I"
C‘;‘\/i/ ’/’ ,/
\\\§ /! K
Cu(2) —Br
o~
Q)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 o-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

1]

is the negligible deviation of the Cu <« N C - C chain from

A N~
linearity. The bond angles for CuNC and NCC are equal to

176° and 178° respectively.

76°_
TN 1196
\ . \
178___ 133 A

(VIII)

The formation of a o-N complex between the acrylonitrile
derivative and a Lewis acid can be detected from their IR

spectra. 1In general, the IR spectra of such complexes show
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characteristic increases in the nitrile stretching frequency;
Y(C £ N) compared to the free ligand, accompanied by

unchanging or a very slight shift to lower frequency of the

C double bond stretching frequency. For example, the
"

C

C N stretching frequencies for CHZ:CHCEN (¢t 2230 cm’

and for CHZ:CMeCEN (at 2235 cm=1) were shifted on coordination
TiC4 and ZnCS&2 to higher freguencies by 25-50 cm=1,
1

to SnC24, 47

whilst their Y(C = C) stretching band (at ~ 1620 cm

were shifted to lower frequency by cnly ~ 5 cm—1 6,

This increase of Y(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, and which will be compress=d as the

(C = N) bond is stretched. The other is the slight
strengthening of the C 2 N o-bonding as the weakly anti-
bonding character of the nitrogen lone pair orbital decreases
when it becomes the N+metal bonding orbital 7-10,

The shift to higher frequency of the nitrile stretching
absorption varies markedly with the Lewis acid Mxn involved.
In some complexes, the nitrile stretchins frequency decreases
relative to that of uncoordinated ligand. Significantly,
such complexes, which involve soft LeWis acids, 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 nicrile group with

a metal centre are represented in IX and X by analogy with

the bonding scheme in metal carbonyls.
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g gRp

5 g SO

As an illustrative example, the decrease in y(C
20 12,13

N)

3)5°NCCHCH2]

exclude the possibility of o-N-bonding since the n.m.r.

observed in the [Ru(NH complex cannot
spectrum showed the oa-=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 o-N
complexes: firstly, the decrease in the alkei e stretching
frequency; Y(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. T(CHZ) twisting and

w(CHz) wagging vibrations of the methylene group) which cannot
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be observed in the uncoordinated ligand. This splitting of
6(CH2) modes is due to the increase of the inductive effect
of the nitrile on coordination giving rise to the following
bonding contributions

@ ©

CH2 = CHC £ N ~» MXR <> CH2 - CH =C = N+MXn

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 TiCSL4 . 2NCP{CH2 adduct, which
coincide in the free ligand, are found split into two bands

1 1 14,15

(T(CHZM . On the

at 990 cm (& {CH,)}) and at 958 cm

other hand, the amount of splitting can provide a useful
direct measure of relative Lewis acidity 16°

Further information on N-bonded complexes of acrylonitrile
derivatives has been obtained from nuclear magnetic resonance
studies. For example, chemical shifts for the olefinic
protons of chzz adducts 6; ZnC22°2NCCHCH2 ana chzz,-

2NCCMeCH.,, were shifted slightly (as compared with the free

2
ligands) downfield by values of 0.42 ppm, and 7.05 ppm
respectively for the a-hydrogen or for the a-methyl and by
0.62, 0.35 ppm for the R-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 MXp through the nitrogen lone

pair or through the olefin m-electrons, particularly if the

11}

IR spectrum shows a lower shift in the Y(C N) as reported
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above for [Ru(NH3)5NCCHCH2]20°

Some metal halides suffer ionization on coordination
with the acrylonitrile derivative through the nitrogen lone

pair. For examplie aluminium trichloride is known to undergo

solvolysis in acrylonitrile. 'H and 27A2 n.m.r. spectro-

scopic studies have indicated the presence of such ions as

3@ e 17a

[AQ(NCCHCH2)6] and [A2C24] . The possible complexity

of such systems has been revealed by a careful study of the

17b 27

ALClL,—acetonitrile system by 'H, A? n.m.r., infrared,

3
Raman spectroscopy, and X-ray crystallography which indicated
that many solution species were involved and that the adduct
AQCQB,BNCMe isolated from solution, instead of having a
covalent mer-octahedral structure as might have been expected,

actually has the structure
(arce (NcMe) 1 2Pragce 19 meen

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 ﬁ—cdmplex, 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 valénce
shells contain electron rich d-orbitals (ds-d“))° 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 m-bonding MO as illustrated in (XI)
but also on its capacity to withdraw electronic charge from

the d-orbitals of the metal into its 7* antibonding MO as

pictured in {XII).
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W = nd nd - m¥

(XI) (XIT)

In other words tﬁe stability of the alkene-metal m-complex
depends on the balance between the basic and r-acidic
properties of the alkene function. It appears that the latter
property, m-acid, is a very important factor for the stability
of metal m-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 on two -facﬁors°
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
T antibonding level of the alkene group, the greater the 7-
acid character in the coordinated olefin-metal bond. For
example, stable mono-olefin complexes have been obtained from

simple metal halides of rhodium (d7)p 18

whilst the presence
of a strong acceptor ligand such as carbon monoxide, the

cyclopentadienyl rihg, or tertiary phosphines are required to
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confer additional stability on all 7-mono olefin complexes
of the metals of the chromium19, manganese20 and iron triads
(d4—d6)° In addition, the ligand attached to the metal has
some influence on the stability of the alkene complex. For
example, in acrylonitrile m-complexes ArCr(CO)Z-CH2 = 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 = C6Me6 >
C6H3Me3 > C6H622°

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 m-complex. If this substituent has an electron-
withdrawing character such as C £ N, CO, CF3, F, then this
will cause an increase in the electron acceptor character of
the alkene. On the other hand, substituents of electron-
donating character (Me, NRZ; OR) will be expected to increase
the donor properties of the olefin. This has been reflected
by the eguilibrium constants for reaction (51) for a variety

of olefins 23,

%

NiL3 + olefin s— (olefin) NiL2 + L

(5.1)
L = P(O-tolyl)3

The order of stability for olefin complexes in equation (5.1)

is:
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CH2 ¢ CHCN > CH2 2 CHCOZCH3 Vv CH2 : CH(‘.OCH3 >

CH2 : CHCF3 > C2H4 v C2F4 > CH2 ¢ CHF > CH2 : CHph

%CH2 = CECZ > CH2 H CHCH3 v CH2 : CHCHZCH3 it

CH2 : CH(CHZ)BCH3 > CH2 H CHC(CH3)3 > CH2 s CHO(CH2)3CH3

Replacement of a further hydrogen atom of the mono-
substituted olefin system will increase the m-acid or the 7-
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 are dissimilar.

Thus the stability of metal m-complexes of trans-NCCH CHCN

is much higher than that of complexes with trans-phCH CHph,

trans=FCH = CHF and (CH3)3C CH = CHC(CH3)3 as indicated from
the kinetic studies23° On the other hand, complexes of the
bis{acrylonitrile) nickel type could not be prepared from
o-methacrylonitrile or from crotononitrile24, In contrast
to acrylonitrile, no metal nm-complex could be isolated from
the reaction of CuBr with a—methacrylonitrile.-25’26’5

With cyclic alkenes, the stability of the metal n-
complex has been found to depend on the strain energies of
the rings. For example, norbornene has a much higher strain
energy than cyclo-hexene (v 10 times), conseguently the
norbornene in contrast to cyclohexene forms a more stable

o
complex with Ni 23 and Aéa 27

as evidenced by spectrophoto-
metric measurements of equilibrium constants for olefin
m-complex formation.

The introduction of third and fourth substituents into
the olefin affects the donor-acceptor properties of the

olefinic double bond, 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)ZC = C(CN)2 can lead to oxidation of thHe

Céa 28 and CrO 29 to Cu2® and CJD on its reaction with CuC?
@ _ <G
or Cr(C6H6)2° In the case of [Cr(C6H6)2] [(CN)2C = C(CN)z]
®

the characteristiC absorptions of both ions Cr(C )2 and

6H6
[(CN)ZC = C(CN)23C>could be identified from IR, UV and ESR
spectra. In contrast, the tetrakis (dimethylamino)

ethylene; ((CH3)2N)2C = C(N(CH3)2)2 which is known to be a

good m-base, does not form metal m-complexes, but instead

it forms tetrakis.dimethylamine ethylene salts of metal

carbonylate anions such as the following 30
_ 20 ©
[(MezN)ZC = C(Meﬂﬂ)zl [Co(CO)4]2,
- 20 S
[ (Me,N),C = C(Me,N),] "7 [VI(CO) 1T,
- 20 ©
[(MeZN)2C = C(MezN)z} [CSHSMO(CO)B]Z , Or
- 20 e
[ (Me,N),C = C(Me,N),] " [C HW(CO),]7.

The coordination of a metal atom to the acrylonitrile
alkene function can be detected by investigation of
Q(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 Y(C = C) and Y(C = N} freguencies in

CuCl.CH, = CHCN complex decrease by 100 and 17 cm—1

2
respectively as compared with those of free acrylonitrilezs.
The magnitude of the Y(C = C) shift varies markedly
with the Lewis acid involved. The nitrile stretching frequency
may also decrease slightly because of back m-bonding from the
electron rich d-orbital of the metal into the alkenyl 7m*

orbital. The IR spectrum may also exhibit a s¢hift of the

(C - H) out~of-plane vibrations and/or an appearance of a



new band in the CsBr region (1100 - 385 cm-1) which can be
assigned to the asymetric stretching vibration of the metal
olefin bond, as has been observed for Ni(CH2 = CHCN)2 31°

In the proton magnetic resonance spectra, the deshielding
of the olefinic protons due to m—-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 coocrdination to

22

6§6Cr(CO)2 residue o

X-ray crystallographic analysis has been used to determine

the C

the structures of some acrylonitrile w~-complexes such as

Fe(CO)4(CH = CHCN)21° The structure of this monameric

2
complex consists of a trigonal bipyramid of ligands around
the iron center with the acrylonitrile molecule in the
eqguatorial plane. The N = C - é = é - unit of the coordinated
acrylonitrile molecule is bent by 13.6°, prdbably to increase
the orbital overlap between iron d-orbitals and the (C = C)

T-system. [j

] 115
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The coordination of the acrylonitrile to the iron metal
has led to a significant changes in bond lengths and in bond

angles. Thus on coordination of theacrylonitcile, the (C = C)

o e
bond length increases from 1.34A to 1.40A while the C = N
e} o)

bond length increases from 1.16A to 1.20A. Tlre 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.

5.1.3 Adducts Bonded through both of the Nitrogen and

the (C = C) Double Bond.

The presence of a free cyano group in metal nm-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 QC = 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

acrylonitrile32:



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 LUMO. This
side on (m) bonding through the nitrile group is not to be
expected.

In the case of bridge formation, the acrylonitrile
derivative may coordinate to the metal centers to give a
dimeric product with nm-olefin-o-nitrile bridging functions.
For example, bis (acetonitrile) dicarbonyl di-tributyl-

33,34

phosphine molybdenum (O) reacts with acrylonitrile to

givé an unstable N-bonded complex which rapidly loses
acetonitrile and dimerizes to formthe complex (5.2),

Mo(CO)2(PBu3)2(u-CH2=CHCN=)2Mo(CO)2(PBu3)2



2 (PBu3)2(CO)2Mo(NCMe)2 + 2CH2 = CHCN
- 2NCMe
Y
2 (PBu3)2<c0)zmm(NCMe)(NCCH:CHZ) (5.2)
- 2NCMe
v

MO(CO)Z(PBu3)2(u—CH2 = CHCN:)ZMO(CO)Z(PBu3)2

The molecular structure of the above dimeric product has

been determined by X-ray diffraction analysis33 and is

illustrated in XIV.

PUB

X1V

In structure XIV, distances of the N-C-C~C chain are
indicative 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'nof altered very much. A similar dimeric structure can

be found in bis (u=acrylonitrile)—bis—(tricarbonyl—iron)35°
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The most interesting feature in the reaction 5.2 above -
if series of acrylonitrile derivatives are concerned = is
that the formation of dimers with methacrylonitrile and
cinnamic acid nitrile occurs less readily than with
acrylonitrile, whilst in the case of crotononitrile no
dimerization occurs34n This observation may reflect the
difficulty for both methacrylonitrile and crotononitrile to
coordinate to the metal atom by way of the (C = Cf double
bond and this may explain why the Snczz/HCZ system adds.to
the alkene bond of acrylonitrile itself whercas it has
proved difficult to add HSnCJL3 across the alkene bond of
acrylonitrile methy] derivatives. Therefore, it 1s suggested
that the intermediate XV may be formed in the case of

acrylonitrile only and that this led to the formation of the

SnC23===CH2CH2CN adduct.

C ne
15 —{SnCt, )
C

740

& n=1aor 2

XY
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The spectra of some complexes do not provide clear
indications of thei# structures. For example, the proton NMR
spectrum indicates that the cyano=olefin ligand in

[Fe(CO)B(CH :CHCN)]2 complex is m=-bonded, whereas the IR

2
spectrum shows the Y(C = N) frequencies (2244 and 2218 cm==1

are not compatible with free cyano gfoups35°

)

5.2 EXPERIMENTAL

Starting Materials : Tin tetrachloride, titanium

tetrachloride, antimony pentachloride and boron trichloride
were purified by vacuum distillation. Since the commercial
zinc chloride is a very hygroscopic material, ZnCQ2 was
prepared by dissolving Zn metal in diethyl ether saturated
with %ydrogen chloride, the solution of ZnCSL2 was filtered
to remove unreacted Zn metal and the ether pumped off,

Titanium tetrabromide and tantalum pentachloride were
used without purification since their infra-red spectra showed
them to be anhydrous. |

Cobalt. dichloride and nickel‘dichloride were pfepared
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
stored in a flask enclosed in a black plastic bag to prevent
UV initiated polymerization in the absence of stabilizer.

The purification of methacrylonitrile ar.d cis-/
transfcrotononitrile (which have higher.boiling points than
vacrqunitrile) by fractional distiliétion Qas nof successful.

The polymerization of these nitriles on heating could be
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observed from the recorded IR spé&ctra of_the distillates.
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.

2L : about 2.5 ml. of TiC%, was added by

TiC24, 4
syringe to 10 ml. ligand in a cooled flask, the vellow
suspension was redissolved by warming with a hair drier
until a clear solution obtained. On standing for 15
minutes, the solution deposited yellowbcrystals which were
collected on a filter, washed with cold ligand and dried
in 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 redissolv..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 strecam of nitrogen.



Comgound

~T1C24°2NCCHCH2

T1C9,4,NCCHCH2

TiBr4°2NCCHC H

BCSL3°NCCHCH2

SbC!LS,NCCHCH2

4 TaCSLS,5NCCHCH2

CoC4_.NCCHCH
2 2

2

SnCIL4,2NCCHCH2

T1C2,4.,2NCCMeCH2

TJ_C,Q,4.,NCCMeCH2

TiBr , . 2NCCMeCH

BC23°NCCMeCP2

SbCQS,NCCMeCH

2

2

4 TaCQ..3NCCMeCH,,

5
SnC24,

CoCJLz,NCCMeCH2

2NCCMeCH

24.7
15.9
15.6
18.3
11.6
10.7
20.5
19.2
28.3
19.1
21.8
26,1
12.5
8.8

24.0

25.2

’ k4
"TABLE 5.1 - Analysis for Nitrile-Metal Halide Adducts

C

(24.3)
(14.8)
{15.2)
(21.2)
(10.2)
(10.6)
(19.7)
(19.6)
(29.6)
(18.7)
(19.1)
("6.1)

(13.1)

(8.8)

(24.2)

(24.4)

H

(2.0)
(1.2)
(1.3)
(1.8)
(0.9)
(0.9)
(1.6)
(1.6)
(3.1)
(2.0)
(2.0)
(2.7)
(1.4)
(1.0)
(2.5)

(2.5)

N

(9.5)

(5.8)

(5.9)
(8.2)
(4.0)
(4.1)
(7.7)
(7.6)
(8.6)
(5.5)
(5.6)
(7.6)
(3.8)
(2.6)
{(7.1)

(7.1)

Other

Cl:54.3

Cl:54.3
Cl:48,9

Cl:34.8

C2:38.8
Cl:41.3

Cl:51.2

CP:57.0
CL:47.4
CL2:30.3
C2:37.0

Ce:34.7

(58.5)

(62.6)
(50.4)

(41.8)

(38.7)
(43.8)

{(55.3)

{(57.8)
(48.5)
(43.4)
(35.8)

(36.1)

14



Compound

ZnCSlZ.ZNCCMeCH2

Ni(SbCZ) ., .6NCCMeCHE

b 2
NlZn2C26

TiCl4,2NCCHCHMe
TiCR4,NCCHCHMe

TiBr4.2NCCHCHMe

BCQB,NCCHCHMe

SbCQS.NCCHCHMe

TaClS.NCCHCHMe

SnC£4°2NCCHCHMe

ZnC%.2NCCHCHMe

Ni(SbC26)2°6NCCHCHMe

NiZn,C%,..6NCCHCHMe

2776°

- 6NCCMeCH

36.1

26.8

32.

2

29.2

20,

19.3

24.8

13.

10.

23.
34,

26.

39.

* Required in parentheses.

oo

(35.5)
(25.5)

(35.8)

(29.6)
(18.7)
(19.1)
(26.1)
(13.1)

(11.3)

(24.2)
(35.5)

(25.5)

(35.8)

oo
ol

(3.7)
(2.6)

(3.7)

(3.1)
(1.9)
{(2.0)
(2.7)
(1.4)

(1.2)

{2.5)
(3.7)

(2.6)

(3.7)

l oo

9.2 (10.4)
6.5 (7.4)

9.2 (10.4)

3.7 (8.6)
5.6 (5.5)
5.6 (5.9)
7.4 (7.6)
4.1 (3.8)

3.1 (3.3)

6.2 (7.1)
11.6 (10.4)

8.1 (7.4)

11.5 (10 4)

CR:22.1 (256,3)
C2:34.0 (37.7)
CR:22.7 (26.5)
Zn:18.4 (16.3)
Ni:3.7 (7.3)

Cf:40.3 (43.8)

C2:52.6 (55.3)

90¢

C2:54.0 (57.8)
C2:45.5 (48.5)

CR:29.7 (41.7),Ta:45.7(42.5;

Ce:22.1 (26.5)
Zn:14.6 (16.2)
Ni:5.7 (7.3)
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TiBr 2L : 20 ml. of the ligand was added to about 4g.

4ﬂ
of titanium tetrabromide in a cooled flask (=196°C). On
warming the mixture to room temperature, the yellow solid of

TiBr, dissolving easily in the ligand on stirring, yielding

4
a deep red solution. No crystals deposited on standing at
room temperature, but on cooling the solution afforded a
red microcrystalline solid.

SnC& 2L : 4 ml. of dry tin tetrachloride was added by

47
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.

BCZ L : 5g. of boron trichloride was condensated under

37
a -vacium 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

BC23 to dissolve in the pentane. An equivalent molar weight

of the ligand was added to the cooled colourless BC23|n—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 nitrogen.

SbCR L : 4 ml. of dry antimony pentachloride was added

57
by syringe to 10 ml. of the ligand in a cooled 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.

TaCRS/L : About 5 g. of tantalum pentachloride was
refluxed in 25 ml. of the ligand for one hour. On £filtration,
the undissolved TaCSL5 was isolated from the clear yellow
solution which deposited, on cooling, a white microcrystalline
solid. This solid was collected on a filter and dried.

C0C22, 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 CoCSL2 from
the dark blue solution, which deposited (except 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 precipitate a solid
from the cis-/trans-crotononitrile solution by evaporation
of the solvent and/or cooling the solution was not successful.

ZnC4 2 L : About 1 g. of anhydrous zinc dichloride

27
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,

was refluxed with 11.2 ml. of dry antimony pentachloride

6 L : 5.68 g. of anhydrous nikel dichloride

dissolved in 90 ml. of the ligand (only methacrylonitrile and
crotononitrile) for 26 hours with stirring. The excess
undissolved NiC22 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.

NiZn,C% 6 L : 5.39 g. of anhydrous nickel dichloride

27767
and 7.43 g. of anhydrous zinc dichloride were ground together
in a glove box and refluxed with 100 ml. of the ligand (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,

washed, and dried under a stream of dry nitrogen.

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% TiBr SnC4 BCY ShC2 TaCf CoC2

4’ 4’ 4’ 37 57 57 27

chzz, Ni (SbC2 and NiZn2C£6, The analytical data of these

6)2
complexes are listed in table (5.1). Their stoichiometry

has been found either as (1:1) adducts L, MX (as in complékes

2Mxn (as

27 3

of TiCf,, CoC%
- in compléxes»of‘TiCZ

BCL, and Sbczs), (2:17) adducts L

47 TiBr4, SnC24_and ZnCJLZ)p or (6:1)
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adducts L MXn (as in complexes of Ni(SbCR6)2 and NiZn2C£6).

6
No further investigations have been done for TaCS&5 complexes
or for NiZnZCSL6 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 TaCSZ,5 complexes, the solids precipitated from the ligand

solution after refluxing with TaCSL5 were not consistent with

(1:1) adduct as have been observed in SbC{. complexes. The

5
reason for that can be attributed to the bridged structure
of TaCSL5 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 Ta2C210 may be reduced by the nitrile
to form (1:1) adducts of T§%24 as observed in the reaction
of some halides of transition metals with nitriles 36.

In our attempt to characterize these new complexes we
studied their IR, 'y NMR, 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 acrylonitrile37, methacrylonitrile38 and cis-/

39 and their complexes are given in table

trans—-crotononitrile
(5.2) . The later table also includes the absorption shift

of the nitrile and the olefin streiching frequencies;

Av(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 Av values is to define the change in the



Compound

CH.,=CHC=N(L")

2
1
BCQ35L

SnC,Q4.,2L1]I
SbCA I?
5

i

T1C24°2L

{

TiC24°L

1

TlBr4°2L

9

COCQz.L

TaCf..L

Infrared Spectral Data

.f.

TABLE 5.2

for Acrylonitrile derivatives and their Complexes

v(CEN)

2223

2312

2270
2305

2240
2260

2265
2300

2270
2295

2248
2288

2260
2280

2260
2300

m

vSs

n

g g

vs

n

v {C=C)

1608 w

1596 s

1605 m

1600 vw

1600 w

1597 vw

1595 w

1599 wm

1593 ms

Out—of-plane
def. of olefinic

hydrogens ¥

962

945
996

960
990

960
955
960
985
978

953
986

948
972

952

958

968
972

950
984

vs

VS
vs

ms
ms

m,sh

s,sh
sh

vs

1410 vs,
1992 wvw,
1974 vw,
680 (m)

1410 wm,

1955 vw,

Others o

1090 w, 870 w, 685 s

1411 vs, 1100 m,sh

1405 s, 1098 w, 893 w,

1088 vw, 890 vw,

1970 vw, 1409 s,

1090 (vw), 885 ms, 675 m

1970 vw,

1405 wm, 1090 w,

890 w, 677 vw

1944 vw,

1400 m, 1080 vw,

865 w, 670 m.

1944 vw,

1400 s, 1085 vw,

885 vw, 670 w

1968 vw,

1896 vw, 1404 s,

1088 w, 820 br, 671 s

680 w

AV{C=N) AV(C=C)
89 -12
47 -3
37 -8
42 -8
47 -11
25 =13
37 -9
37 =15

Lie



2
COC22.L

Znce.,. 212

2
TaC25°L

v {C=3N)

2233 ms

2308 vs

2255 vs,br.

2270 m,br.

2265 vs

2255 s

2263 m

2275 m

2270 vs

2270 vs

v{C=C)

1629

1608

1610

1620

1613

1608

1613

1625

1618

1620

7

S, sh

Out-of-plane
def. of olefinic
hydrogens &

940

840
970
960

925
938
955
965

946
960

948
955
965

950
957

948
960

952
967

929
962
973

823
968

\

vs,sh
Vs
Vs

VS
VS
Vs
vs

ms

VS

sh
s,sh

33 5

n

Others

1268 m, 752 w, 1048 sh, 1022 w.

1680 vw, 1690 vw, 1260 w,
730 vs,br.,sh, 1045 vw, 1015 vw

1932 vw, 1910 vw, 1850 vw,
1260 vs, 768 s, 746 wm, 731 m,
720 wm, 1049 vw, 1020 m

1910 vw, 1920 vw, 1265 w,
780 m, 757 w, 725 w, 1046 vw,
1017 w.

1907 vw, 1895 vw, 1263 m, 791 vs,

771 vs, 736 vs,sh, 1049 vw, 1019

1908 vw, 1916 vw, 1253 vw,
770 m, 732 m, 1045 vw, 1012 vw.

1925 vw, 1918 vw, 1260 wm,
782 ms, 743 vs, 725 sh, 1043 vw,
1013 w

1937 vw, 1923 vw, 1269 w,
775 vw, 725 w, 1019 w

1945 vw, 1264 w, 775 wm,
752 w, 724 w, 1047 vw, 1014 w

1930 vw, 1265 w, 775 m, 735 w,
725 w, 1048 vw, 1015 w

AVICEN}  Av(C=C)
75 =21
22 -19
37 -9
32 -6
22 =21
30 -16
42 -4
37 -11
37 -9

cLe



Compound

NiZn.CP. .6L

2776

Ni(SbC26)2=6L

MeCH=CHC=N

" {Cis~/trans-
mixture) (L3) -

3
BC23,L

SnCil4.2L3

2 L3
SECL.L
TiCt,. 2’

TiC,.L~

TiBr4,2L

v (C3N)
2275 vs

2270 vs

2223 s

2300 vs

2255 m, br.

2255 vs,br.

2250 vs

2250 vs

2248 wm

v{C=C)

1623

1620

1635
1627

1620
1610

1628
1615

1622

1621

1612

1622

1608

1619
1610

W

vs
vs

=0

s,br.

83

EXE

Out-of-plane
def. of olefinic

hydrogens %

955 vs,br.

929 ms
955 s,sh
947 vs

958 ms
780 vw
727 ms

1008 w,sh
740 vs
%42 m

969 wm
778 vw
955 m
722 s

953 ms
721 vw

968 wm
775 w
949 ms
721 g

962 ms
795 vs
946 s

718 vs

963 vw
944 w
- 722 s

Others
1265 m, 775 w, 724 ms, 1045 vw,
1018 wm
1900 vw, 1264 w, 776 w, 738 sh,
1045 vw, 1017 w

1227 vw, 1022 vw, 895 vw,
1310 vw

1306 w, 1226 vw

1225 vw, 905 w, 1308 wvw

1302 w

1225 vw, 1000 vw, 905 w, 1303 w

1218 vw, 1032 ms, 900 m, 1295 w

900 vw, 1298 vw

Av (C3N) Av(C=C)
42 -6
37 -9
77 =15

=17

32 -7
-12

32 -13
or -5

27 -14
-15

27 ~-13
=19

25 -16

=17

ELe



Out—-of-plane

Compound v (C3N) v(C=C) def. of olefinic Others AVv{CEN] Av(C=C)
- hydrogens &% -
ZnC£2,2L3 2265 s,br. 1630 s,br. 990 m 908 s, 1300 w 42 -5
780 w or +3
955 s
725 w
'I‘aCJLS,L3 2260 w 1625 vw 948 vw 1020 vw, 1303 wvw 37 -10
1590 w 722 =37
NiZn2C26,6L3 2263 vs 1628 vs 962 vs 1021 w, 907 ms, 1300 w 40 0
1635 sh 778 w + 1
962 vs
762 w
Ni(SbC26)2,6L3 2270 s 1632 ms 958 ms 1020 sh, 908 vw, 1305 vw 47 -3
778 vw or +§
725 w

* TIn the case of acrylonitrile and methacrylonitrile the out—of-vlane deformations are referred to twistino and
wagging of the methylene group, but in crotononitrile this is referred to symm— and unsymm- of CH : CH group
for cis- and trans-isocmers.

T IR data are given in cm_1.

f the spectrum was recorded as contact film.

AR



force constant of the functional group after‘coordination; and
from which the coordination site of the liga:iid and the possible
geometry of the whole adduct can be determined.

Acrylonitrile and Methacrylonitrile Complexes

Fremthe Av values given in table (5.2), all adducts of
acrylonitrile and methacrylonitrile show an increase by 22-89
cm-’1 for (C=N) stretching frequency, and a decrease for
(C=C) stretch by 3-21 cm—1, This observation suggests that
the metal halide in these complexes is coordinated~either
by the nitrogen lone pair only, forming an o-N complex'or by
both of the nitrogen lone pair and the alkene w-electrons
forming o/n bridging structure. If an o-cogrdinate bond is
formed by the nitrogen lone pair only, then.the force
constant of (CEN) stretch is expected to increase thle the
(C=C) stretching frequency is expected to decrease due to the
shift of its m- electrons towards the coordinating étom, Con-
sequently, it is expected that the greater the Lewis acidity
of the metal, the greater the positive shift value for
Av(CEN) stretch which should be direcfly prdportional to the
negative shift of Av(C=C), i.e. the order of Lewis acidity
for metal halide adducts should be reflected in both
Av(CEN) and Av(C=C) values.

In an attempt to measure the relative Lewis acidities of
the metal halides involved in this work, the amount of

splitting of the CH, out-of-plane deformations twisting and

1

2
wagging [which they are coincide at 962 cm~
1

for the free
acrylohitrile and -at 940 cm ' for thefuncdrrdinated methacryi-
onitrile] has been determined. These amounts of splitting

for the acrylonitrile derivative adducts are given in



table (5.3). The T(CHZ) and w(CHZ) frequencies are
identified from their overtones in the 2000 ~ 1800 cm-'1
region. In acrylonitrile complexes, the size 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 CH2 out-of-plane deformation
absorption was split into two bands. These were observed
in the acrylonitrile complexes of TiC£4, CoCSL2 and ZnCQ2
and in methacrylonitrile complexes of BC%3ySnC24DZnC22 and
Ni(SbCJL6)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:

TaCl_. > BCL, >> ZnCIL2 N SnCSl4 > Ni(SbCSL6)2 > SbCSL5

5 3
v CoCl. n CoCl, v TiBr, > TiCY%,.

5 2 4 4
The above order does not agree with the order of Av(CE=N)
increase and with Av(C=C) decrease which may suggest that
the nitrogen lone pair of the o,B-unsaturated nitrjle is
not the only site which coordinates to the netal atom.
In addition to that it seems that the back bonding donation
from dn orbitals of the metal into the vacan: antibending
n* orbital of the C=N bond is not an important factor to
explain the above order, since the (1:1) complexes of BC.SL3

and TiCl, which do not have d electrons showed a shift in

4
the C=N stretch consistent with the order or the Lewis
acidity but however showed a similar shift in the C=C

stretching frequency (Av(C=C) for'@H2=CHCM=—12 and for

[C,C{CH,) CN)=21) .



TABLE

(5.3)

Shifts in the freguencies of characteristic vibrations

of Derivative Adducts.

MeCH :CHCN

Ni(SbCSLG)2

CH2 s CHCN : CMeCN
Complex
A[w(CHZ)—T(CHZ)] A[w(CHz)cr(CHz)] Av (CH:CH)

Bcz3 51 130 66
SnC24 30 40 14,56
.Sbcz5 - 14 -
Tic24(2:1) 30 7 19,54
Ticz4(1:1) 33 7 16,77
TiBr4 24 12 19
CocsL2 20 15 -
chzz - 44 35,55
TaC%S 34 145 (?) -
NiZn2c26 - - 55

- 26 53




The decrease of 3-21 cm“1 in 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-complexes of AgBEL (Av(C=C) ~ 40-70 cm ')

41’42(A\)(C=C) = 115-136 cm_1)° How~ever, this

and of AuCf
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 Av(C=N) for both acrylonitrile

and methacrylonitrile complexes was the reverse of the order

of Av(C=C) as shown in table (5.4).

TABLE (5.4)

The order of (C=N) and (C=C) stretchinc absorption
frequency shifts for Acrylonitrile and Metha-

crylonitrile adducts

Ligand 8y {CEN) 8y (C=C)

CHZ:CHCN BCQ3>SnC24 n TaCS&5 > TlBr4 >
TiC24(1:1) > SbC25> BCQ3>TiC24(1:1)>CoC22>
TiC24(2:1) n Taczsm TiC£4(2:1) ~ SbC£5>
CoCSL2 > T:LBr4 SnCIL4

CHZ:CMeCN CoC!L2 ~ NiZnCQ6 > TiC24(1:1) > SnCSL4
ZnClzm laCQS%SbC25 > T1C24(2:1) gV TlBr4
n Nle2C212>T1C24(2:1) > ZnCQ2 v TaCSL5
> TlBr4>SnCQ4%T1C%%°1) > SbC!L5 N NJ.Sb2C5L]2

> NiZn,Clg> CoCly




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 cm_1 for v{(C=N)
stretching frequency and two bands for v(C=C) stretching at 1627(CiS}
1635 cm~ | for the trans— isomer. On coordination, the
v(CéN) band shifted to higher frequency by 25-77 cm==1 and
both bands of v(C=C) shifted to lower frequency by 3-37 cm” 7,
or increased by 1-5 cm-=1 or suffered no changeat all.

Since the values of Av{C=N) and Av(C=C) fréquencies of
crotononitrile complexes are similar to those obtained for
methacrylonitrile complexes (see table (5.2)), it can be
suggested that crotononitrile complexes have similar
structuresto the methacrylonitrile complexes and also that
the cis-/trans—- crotononitrile ligand has a similar basic
character to that of methacrylonitrile.’

The symmetrical and unsymmetrical out-of-planebléfinicO
hydrogen atom deformation of crotononitrile isomers have
been well characterized by Potts and Nyquist 43, The cis-
crotononitrile absorbs strongly in the infrared spectrum

1

“at 724 and 950 cm ' due to HCCH symmetrical and un-

symnetrical deformations respectively. 1In the trans-

- crotononitrile, the isomer absorbs strongly at 927 cm'=1

(assigned to unsymmetrical deformation) and very weakly at

1

788 cm '. The latter symmetrical (HCCH) out-of-plane

deformation band is not expected to prbducé a significant
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dipole change44°

In practice, the IR spectrum of the cis-/trans-
crotoncnitrile mixture shows the HCCH symmetrical deformation
for both isomers at 780 and 727 cm°1o However, 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, thé
dipole moment of the qglefinic 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 cm_1
can be used to determine the order of relative Lewis acidities
which are found in the order:

BCJL3 > ZnCSL2 > TiCJL4 ~ ‘I‘iBr4 N SnCZ4

5.3.2 Proton Magnetic Resonance Spectra

'y NMR spectra have been recorded only for complexes of

37 47 T1Br4, SnCQ4 and

SbCﬁL5 in benzene solution using TMS as external standard

acrylonitrile derivatives with BCY TiCQ
reference. The changes in the YHNMR 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 vinvl
protons is shifted upfield by 0.63 - 1.49 ppm 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 (5.5)

' HNMR Spectral Data for Acrylonitrile Complexes

PPmM cu,:caeN(L')  micg,.2n' mice,.r  TiBr,.2u] ;ncz4°2Lﬂ snce,..'” BCg,.L sbeg .z’
5.0 4.23 4,0 4.06 4,32 4.21 3,98 3.53
5.16 4.42 4,19 4,22 4,52 4.4 4.13 3,73
5,26 4,52 4.3 4,3 4.61 4.5 4,27 3.83
5,46 4,72 4.5 4.5 4.8 4.68 4,47 4,03
5 5,52 4,98 4.8 4,72 5,1 4,95 4.98 4.51
5,56 5,18 5.0 4,91 5,21 5.1 5.02 4.68
5.7 5.49 5,28 5.02 5,52 5.4 5,20 4,73
5.74 - - 5.3 - 5,44 5.27 4,97
5,94 - - - - - - -
5.99 - - - - - - -
§ average £,53 479 4.04 4.62 4.9 4.83 4.66 4,25
AS average - - 0.74 - 1.49 - 0.91 - 0.63 - 0.70 - 0.87 - 1.28

Measured for (1:1) molar solution in Bz.

Lee



TABLE (5.6)

PaNMR Specral Data for Methacrylonitrile Complexes

PPM cH,:CMecN (L?) Tics,.20® Tict,.L® TiBr,.2.® snce,.2n® snce,.n? BCL,.L° SbCl.L
5 (CH,) 1.6 1.1 0.80 1.09 1.23 1.06 0.92 0.82
8 (H)e 5.3 4.88 4,52 4.62 5.00 4,83 4,93 4.67
§ () 5.4 5,08 4.82 5.16 5.16 4,98 - 4.83
A6 (CH,) - 0.5 -0.8 ~0.51 ~0.37 ~0.54 -0.68  -0.78
AS (H)e - -0.42 ~0.78 ~0.68 0.3 ~0.47 -0.37  -0.63
86 (H)y - ~0.32 -0.58 -0.24 ~0.24 -0.42 - ~0.57

ez



TABLE (5.7)

MR Spectral Data for cis-/trans-Crotononitrile

Complexes
| 3 . 3. 3. 3 3 3% 3. 3
_ppm MeCH :CHCN (L") T1C24,2L_- T1C£4,L TlBr4,2L SnC24°2L SnCZ4=L BC23°L SbCQSQL
1.33 0.88 0.74 0.79 1.1 0.89 0.96 0.55
6(CH3) 1.46 0.98 0.88 0.96 1.2 1.01 1.08 0.68
1,60 1.29 1.19 1.09 1,42 1.21 1.14 1,13
1.72 1.40 1.2 1.41 1.55 1.33 1.29 -
4.6 4.08 3,92 4,25 4.25 4.00 3,83 3.41
4.71 4,22 4,08 4,37 4.41 4.16 4.1 3.68
¢ H, 4.9 4.35 4,23 4,52 4.5 4.25 4,28 -
4.95 4,40 - - 4.6 4.32 - -
5.63 5.43 5,45 5.38 5.62 5.38 5.45 5.01
5.76 5.49 5,53 5.5 5.73 5.49 5.6 5.15
5.82 5.55 5,59 5.69 5,87 5.60 5.73 5.31
5.87 5.60 5.65 5.72 5.9 5.62 5.88 -
s Hg 5.93 5.68 5.7 5.8 6.02 5,71 - 5.44
6.05 5,73 5.75 5.92 - 5.75 - 5.56
6.20 5.79 5.8 - - 5.81 - -
- 5.82 5,89 - - 5.89 - -
- 5.92 5,92 - - 5,92 - -
- - - - - 6.00 - -
B8 (CHy) oo - " - 0.39 - 0.52 - 0.46 - 0.21 - 0.41 - 0.41 - 0.74
AS(H) oo s ) - - 0.53 - 0.72 - 0.41 - 0.35 - 0.61 - 0,72 - 1.25
AS ¢H) - - 0.23 - 0.20 - 0,23 - 0.07 - 0.18 - 0.23

aveg.(f)

- 0.60

£Ce
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The shift of the alkene protons for those complexes
to the upfield is not as expected for the ¢-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 m=-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:

CHZ:CHCN > CH3CH:CHCN > CH2

which may reflect directly the order of the stability for

:C(CH3)CN

complexes of acrylonitrile and its methyl derivatives.,

On correlating these results with the reaction of acrylo-
nitrile and its methyl derivatives with the SnCRZ/HCQ
system it seems that all of these o,8-unsaturated nitriles
can coordinate with the tin atom via the C=C mw-electrons
but the kinetic stability of metal m-complexes against
nucleophilic attack by, for example, Céa is less with
methacrylonitrile and crotononitrile.

In all complexes of TiCR4, 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 SnCSL4 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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MCR,.2L p—— MCZ,,L + L
=

4 4°

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°% - 107 %M solutions of

TiCR SnC%, and NiSb.C% complexes were determined in dry

4’ 4 27712
nitrobenzene at room temperature (20 * 2°C). The experi-
mental data are represented in table (58) 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

_okx107°
M Ohm . cm™ .,Mole
CM

1

The results in table (5.8) show that those complexes of

TiCSL4 and SnCSL4 are non-electrolyte in nitrobenzene as

compared with 1:1 electrolytes which usually have M values

in the range 20 - 30 ol'lm‘--Tcmf?mole-1 45, This rules out the

20
6 *
The molar conductivities of NiSbZCSL12 complexes gave values

of 142 ohm-.1cm.2mole_1 for methacrylonitrile and 114

1 1

possibility for ionic species such as [MC22(L4)]2CMCZ

ohm. cm?mole- for cis-/trans-crotononitrile which indicates
that these complexes are electrolytes in nitrobenzene.

The molar conductivities for the solutions of NiSbZCJL12
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



SnCL4

sSnCL4

SnCe4

TiCR4

TiCR4

TiCl4

TiCR4

TiC4

TiC24

NiCSL2

TABLE (5.8)
Electrical Conductivity data for SnC24, TiCJL4 and NiSb2C212
complexes
Complex wt. gm M. wt. Mx10_3 v cm3 CMx10_5_3 L ;.Lohm.—1 AMohmT cm” .mole
mole.cm
,2CH2CMeCN 0.9618 394.68 2.4 47 5.18 40.3 0.8
- 2MeCHCHCN 0.6724 394.68 1.7 48 3.55 51.3 1.4
°2CH2CHCN 0.8189 366.62 2,2 48 4,65 44.5 1.0
- 2CH,CHCN 0.3039 295.83 1.0 44 2.33 28.85 1.2
. CHZCHCN 0.4404 242,77 1.8 45 4,03 54,95 1.4
.2CH2CMeCN 0.2567 323.89 0.8 44 1.80 33.5 1.9
,CHZCMeCN 0.3953 256.8 1.5 46 3.34 49,2 1.5
. 2MeCHCHCN 0,3573 323.89 1.1 47 2.35 32.6 1.4
. MeCHCHCN 0.2804 256.89 1.1 44 2.48 28.6 1.2
°ZSbC25,6CH,LCMeCN 0.20945 1130 2 0.2 48 0.39 549 142
°2SbC25,6MeCHCHCN 0.46105 1130.2 0.4 48 0.85 969.5 114

NiCSL2

9¢¢
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A, of ~ 200 ohmT1cm;,2mole=1° This value is inconsistent

with the typical (2:1) electrolytes measured in nitro-

1

benzene (50 = 60 ohm:"‘cm.zmole‘= ), but however it is close

to that of (2:1) electrolytes measured in acetonitrile

1 -1 45

160-200 ohm. 'cmmole



Conductance Data for NiSbZCQ

- 228

TABLE

(5.9)

12

Complexes

(a)

for methacrylonitrile compound

A
Mg K 1 s
mole cm g ohm ohm. cm mole
0.06088 546 .00 14 7.31
0.05848 511.50 149.56
0.05636 480.00 151.11
0.05538 460.00 149.98
0.05357 443,00 154.36
0.05192 420.00 155.80
0.05041 400.00 157.40
0.04932 387.00 159.09
£.04834 374.00 160.05
0.04741 363.25 161.60
0.04640 349,50 162.33
A, = 210 ohm~ cm?mole”
(b) for cis-/trans-Crotononitrile compound
0.09033 967.75 118.60
0.08712 924.50 121.80
0.08469 884 .75 123.35
0.08246 846 .50 124.49
0.08039 810.25 125.37
0.07847 789.50 128.21
0.07501 741.00 131.69
0.07345 707.00 131.04
0.07197 685.00 132.24
0.07104 671.50 133.05

A
o

= 198

ohm™. em?mole”

1
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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 bond formed
between thé metal hélide and the acrylonitrile derivative.

These adducts on exposing.to air and moisture change
either in their colour or in their IR spectra by showing
characteristic bands for H,0 at 3400 and 1602 cm_T assigned.
to v(0-H) stretch and § (HoH) deformation. They are soluble
in benzene except complexes of Coczz, TaCQS, NiSbZCSZ.12 and

Nizn.,C2 and their IR spectra in the solution do not

27767
significantly differ from those spectra recorded for the
solid complexes. Antimony pentachloride complexes react

with SiMe, in benzene solution and deposit a brown oily

4
liquid which is immiscible with the benzene solution.

The vapour pressure for these adducts were measured
manometrically by using a cathetometer at room teinperathre°
The results which are summarised in table (5,10) showed that
these adducts are volatile solids (with the exception of
SbC25 and TaCSL5 complexes) and they have vapouur préssure
in the range 8.91 - 0.04 mm.Hg.

To identify the volatile compoﬁents, soma adducts such
asTmz sSnCR

and BCf., complexes were pumped and the

4’ 4 3 ,
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 mm.Hg at room

temperature.
CHZ:CHCN CHZ:CMeCN MeCH : CHCN

TiC£4(1:1) 2.52 2.95 3.68
TiC£4(2:1) 1.34 3.41 1.15
TiBr4 1.04 0.05 0.04
BCSZ,3 1.01 0.59 0.52
SnCSL4 3.12 8.31 0.22
ZnCSL2 - 8.91 1.00
CoCSL2 1.43 0.36 -

SbCJL5 0.00 0.00 0.00
TaCSL5 0.00 0.00 0.00
NiSb2CSL12 - 2.88 3.66

NlZnZCQ6 - - 2°O?



TABLE (5.11)

Experimental Dissociation Results for TiC24, SnC£4, BC23
‘ Complexes
Complex Temperature °C Temperaturf Components Collected*
i of pumped flask of U-trap °C at U-trap
TiCJZ,4,2NCCIICH2 RT - 196 CH2CHCN + TiCQ.4°NCCHCH2
TiC24.2NCCMeCH2 50 - 196 CHZCMeCN + TiC24,NCCMeCH2
TiC%,.2NCCHCHMe 60 - 196 The initial product’
TiC%, .NCCHCH, RT - 196 @ ®
TiC£4,NCCMeCH2 RT - 196 w ®
TiC24°NCCHCHMe RT =196 " w4
SnC5L4,2NCCHCH2 RT -196, C v @
SnCSL4°2NCCMeCH2 40 o) w “
SnC24,2NCCHCHMe 60 0 " W4
BCQ,3.NCCHCH2 RT o v ®
BC5L3°NCCMeCH2 RT o " w
BC23,NCCHCHMe _ RT; 60 0O " .

* The products were identified analytically and by IR Spectra.
+ The products of Crotononitrile complexes were collected in two different phases, one

is solid and the other is sticky or viscous liquid.

LET
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Only two of these complexes; TiC24°2NCCHCH2 end TiC9,4°2NCCMeCH2
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 methacrylo-

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 TiCSZ,4 with both metha-
crylonitrile and cis-/trans-crotononitrile and also on the
adduct TiBr4,2NCCMeCH2° 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.

CcL L
L CL Ce C¢
&Ti/ \Tvi/
\ \
L g e A cy
65 L
(XVI) Cis (XVII) trans
Fiqgure (5.2) : Possible structures
for TiC2,.2L Complexes.

4

In the cis configuration the TiCSL4 unit has_C2V symmetry
while the trans configuration has D4h° On application of
group theory46 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 = 2A1 + B1 + B2 Ti=C¢ vibrations
+A, + B, Ti-L vibrations
+3A1 + 3A2 + 2B1 + 2B2 - Deformations

EZans = A1g + B1g + Eu Ti—CK yibratibns‘
Aot By Ti-L vibrations

+B2g + Eg + A2u + B2u + 2Eu Deformations

The modes 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 (A1, B1, B2) and 15 Raman active

vibrations (A1, Az, B B2) are expected while in the trans

17

_case, only 5 IR active (Eu, A, ) and 6 Raman-active vibrations

2u

(A, , B, , B, , B Eg) are expected.

19 2g 2u’
. The‘main difference between the above two structures
- is that the trans structure has a centre of stmetrygv
Théfe will therefore be no coincidence betweenthe IR ahd_
Raman spéctra for the trans configuration, while there will
be 13 coincidences for the cis. Thus the far IR and Raman
Specfra (Fig. 5.2 ~5.7) were recorded for the concerned
TiCQ4 and TiBr4
. 500 - 50 em”'. The spectra are tabulated in table (5.12).

complexes as nujol mulls and *n the region

The results showed that both the complexes TiCSZ,4.,2NCCMeCH2

4°2NCCHCHMe have a similar structure to the cis

configuration as indicated from the similarity in the specta

and TiC%

and from the observed coincidences between IR .and Raman .



TABLE (5.12)

FIR and Raman spectra (cm-1) for 1:2 complexes of TiCZ, and TiBr

4 4
TiC24.2NCCMeCH2 TiC24,2NCCHCHMe TiBr4°2NCCMeCH2
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 | o
332 m | 370 vw 381 vs |242 vw 332 s 67 m =
315 ms | 333 vw 319 m 225 vw 321 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 ggg\am 112 m 258 m
183 m 174 w 205 wm 60 s 212 ms
166 .m 155 wm 187 wm 70 m 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
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spectra at ~ 420, 320 and 270 cm—1° In contrast, no coin-
cidences could be obseﬁ}ed 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:

- Acrylonitrile and its methyl derivatives coordinate to

. I I
the metal halide MXn (M = TlIV, SnIV, Zn I o 1

SBV, Tav, X = C4&, Br) generally from the nitrogen lone pair

L2+
, -C , Ni~

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.

[2] - Intermolecular interactions between the ¢-N complex

molecules involving the (C = C) site may occlir in complexes

of stoichiometry (1:1). This is inf erred from the upfield

shift of the olefinic protons in the VENMR Spectra after
coordination.

- 'I’icz4 and SnC{, adducts are nonelectrolytes in nitrobenzene

4

solution at room temperature while NiSb2C212 complexes are

electeolytes.

[} - In solution, both TiC%, and SnC%, (2:1) adducts disscciate

4 4
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 SbCi; and

5
the (2:1) adducts of TiCQ%

TaCl,. all adducts are volatile at room temperature and only
4 with acrylonitrile and metha-
crylonitrile show a tendency to dissociate in the vapour

into the (1:1) adduct and free ligand.



- 236 -

Eﬂ -~ Raman and Far IR studies for TiC4L (2:1) and TiBr

4 4

adducts suggest a cis-octahedral structure for the first and

a trans-structure for the second.



- A.1 -

APPENDIX 1

MOssbauer and electrical conductivity d-ta of some
ortho- and non-orthometallated antimony compounds.

(i) Mdssbauer Spectral Data :

The mdssbauer spectra of several antimony compounds
described in this thesis have been recorded Ey Dr. R.V.
Parish of UMIST, Manchester. The results obtained are listed

in table (A1.1).

W 1
The orthometallated compound; o—SbC24C6H4C(ph) = NH

shows a positive isomer shift (%) within the range expected
for antimony (pentavalent) chloride compounds. The ortho-
metallated compound also shows a positive quadrupole coupling
constant of about 1Ot=mms-1 indicating an excess of negative
charge on the z axis of a similar magnitude expected for one
carbon atom bonded to antimony pentachloride, pentafluoride-.--
etc. So the mOssbauer spectrum is consistent with the

structure:

The isomer shift is more positive than its closest analogues
© ¢ -1 2 4N

[pthC%s]; 2 4,06 - 4.47 mms e’'gq0 = 11.28 - 12.3 mms .

However this is expected since the ortho-metallated compound

would be neutral, hence a lower electron density than the
1,2 ‘
9

salts measured by Greenwood.
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The non-orthometallated compounds which have the general
©
formulae R,R CNé?SbCQ:

185 ; where (R?RZ) = (ph)zp (p-tolyl)z,
m=-tolyl,ph), are characterised by their very

{(P-FC_H,)},,
large negative isomer shifts indicating that they are all
antimony trivalent compounds. The m-tolyl, phenylketiminium
compound shows a weak absorption at 8.4 mms_fa This indicates
some antimony pentavalent oxide type of impurity, e.g. a
hydrolysis product of SbCSL5° The other samples show only one
absorption envelope in the antimony trivalent region of the
spectrum.

In the iminium compounds. phZCN§;SbC;3 and m—tolyl,-
phCNé?SbCéz , they show similar MOssbauer spectra, typical
of a one site antimony in the trivalent oxidation state.

The guadrupole coupling constants are all positive as one
would expect antimony trivalent compounds to have VZZ axis
being in the same direction as the lone pair. The parameters
obtained for these two compounds are similar to those
previously reported for other (SbC£§>) 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:

eZqQ = =-8.3 mms—1 Ref. 3

1

Na25bF5

NaZSbF equ = +15.4 mms Ref. 4

5
The reason for the discrepancy between the two reports for
NaZSbF5 is not known.

However, an attempt to get a good fit for the data

obtained for a negative value for eZqQ for values of yl

between O and 1 has failed, so the data was fitted to two
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sites with positive eZqQ 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 M&ssbauer parameters to those in the other two
antimony trivalent compounds, whereas site 2 is guite similar
to antimony trichloride, although bearing in mind the variety
in structures found in antimony halide chemistry a SbCfL4
structure with two sites is feasible.

In the di-p-Fphenylketiminium salt, it was difficult to
obtain a completely satisfactory fit for either a positive or
negative guadrupole 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,
stnce a positive equ, and a negative equ 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 compounds of the iminium salts definately
contain Skjﬂ and from the analyses, a formula Ar2CNQDSbCQ

2 4

seems feasible.



TABLE

(A1.1)

MOssbauer parameters for some ortho and non-orthometallated

compounds of ketimino antimony chlorides.

Site 1 Site 2 !
Compound Normalised _ ' Area ratio |}
S /rms equ/mms‘1 I/mms ! Chi §/mms ! equ/mms"1 f/mms” | | Site 1/Site 2}
I
l
v L
2-SbC8,C H,C (ph) =NH +5.29 9.55 2.2 1.15 - |
® o
ph2 CNHZSbCSL4 -8.11 +9.6 2.49 0.90 -
@ o
(p—tolyl)2CNH2SbCSL4 -7.99 +9.55 2.67 1.26 - || +8.41 - 3.06 6,07
@ [S) -
(p—FC6H4)2CNH28bCQ4 -7.79 +7.8 2.44 1.11 -1 -5.3 +12.0 2.23 1.18
®. ., 0 .
(m.—tolyl,ph)2CNHZSbC9.4 ~7.96 +9.5 2.52 1.04 .29




Table

(A1.2)

MOssbauer parameters for various antimony

trivalent chloride complexes

2
Compouﬁd ‘E/mms_1 € qQ/mm'1 rm™ Ref.
CO(NH3)SSbCSL6 -11.2 = 3.1 5
-20.2 +6.8 3.7 6
K3SbCSL6 - - 3.
Cs3SbC58,6 - - 3
(NH4)3SbC26 - 8. - 5
(NH4)2SbC£5 - 6.52 +11.2 2.9 7
Et4N5bCSL4 - 8.17 + 8.9 8
- 7.47 +10.6
pyHSbCJL4 - 8.1 +11.3 8
- 7.98 + 9.1
SbC!L3 - 5.9 13.9 9
SbC13,aniline - 12.0
SbCQB,phZCO - 14.0 9
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{ii) Electrical Conductivity data

The conductances of six nitromethane solutions each of

& )
the orthometallated compound : o-SbCf#,C_H,C{(ph) = NH and

476774
the ketiminium salt phZCNstbCQ4 , concentrations of between
0.3 x 10m3 and 8 x 10_3 mol. dm“3 were measured in a cell

fitted with platindym electrodes, using a "Cambridge
Instruments Conductivity bridge”. The molar conductivities

of the solutions were then plotted against the root of the
10,11
solution concentration. The results of the orthometallated

compound gave molar conductivities of between 12 and 13

1

2 - . . e . . .
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

f&o value of 81.4 s.cm% mol-1 and a slope of -279 (j\m

3 3

at 1072 mol. am™> = 71.6 s.cm> mol_1—interpolation)° This

indicates that this compound is a (1:1) electrolyte.
Results : Cell constant = 0.2108 cm_1

g } .
- for o-SbC®,C,H,C(ph) = NH Compound 4Fig.Al)

4764
Y
Solution| CONGCx1 0; conductance x 104 cond Icr:lgi\agties '/ZCOUZS'Z
No. | mol.dm™ s g Mo molt  am”2
2 0.1271 0.77 12.78 0.0356
3 0.07625 0.45 12.44 0.0276
4 1.2542 1.57 13.02 0.0504
5 0.3813 2.33 12.87 0.0617
6 0.5083 3.13 12.98 0.0713
7 C.6354 3.8 12.61 0.0797
- for ph2CN}@SbC SL? compound ,{Fig-A2 )
1 0.84176 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 €.1818 5.95 69.01 0.0426
5 0.1091 3.75 72.49 0.0330
6 0.0545 1.95 75.39 0.0234
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APPENDIX 2

Infrared Spectra

Fig. 2.° IR Spectrum for 2°§ECZ4C6H4C(ph) = ﬁH
Fig. 2.2 IR Spectrum for
S =
2—SbC2&—4~MeC6H3C(p—tolyl) = NH
Fig. 2.3 IR Specfrum for
v i
2-SpbCl.,-C_H ,C{(ph} = NH phMe
2 7674 @
Fig. 2.5 IR Spectrum for phZCNHZSde?
Fig. 2.6 IR Spectrum for
© n®
(p-tolyl)ZCNH2 SbCSL4
Fig. 2.7 IR Spectrum for
o-tolyl, phCNHggbCf?
Fig. 2.8 IR Spectrum for
m—-tolyl, phCNﬁ?vaCﬂ%
Fig. 2.9 IR Spectrum for
@ €]
(P=F C_H,) ,CNH} SbC&,
Fig. 2.15 TR Spectrum for
@
t ©
(Bu-, 2-Ci-4 MeC6H3°CNH2)2(SbC25?
Fig. 2.16 IR Spectrum for
. ® o
(Bu~, o-tolyl C=N~-C(o-tolyl) = NH2)SbC%
Fig, 2.17 IR Spectrum for the oil product resulted from
the reaction of But, o-tolyl CNLi with SbCSL5°
Fig. 3.1 IR Spectrum for
@ ]
phZCNH2 SbCSL6
Fig. 3.3 IR Spectrum for
@
20
(ph2CNH2)2 SbCJL5
Fig. 4.1 IR Spectrum for

SnC23—CH2CH2CN



- A.8 =~

Fig. 4.6 IR Spectrum for

CH
Me )
—Cc =¢ - NH - b - N, snCH
R ) 3
CLCH, [ ®
SnCQ
3
Fig. 4.8 IR Spectrum for
SnCQ3.,CH2 CHMeCN
Fig. 4.14 IR Spectrum for
/Me
o\ C\Hz - Cley
S
Me C =C — HN_-_C - NH, 3nCg
Nei sdes o
/ s

CR
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APPENDIX 3

Nuclear Magnetic Resonance Spectra

Fig.
Fig.
Fig,
Fig,
Fig,
Fig.
Fig,
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2.4a

2.4b

4.11

4.12

" HNMR
"HNMR
' HNMR
" HNMR
"HNMR
"HNMR
13
' HNMR
"HNMR

' HNMR

C NMR Spectrum for phza%Hz SLC24

Spectrum for 2—§%C24C6H42(ph} —A§H
Spectrum for 2—§%C22C6H4C(ph) =4§H
Spectrum for phZCNﬁg SbCf?

Spectrum for (p—tolyl)2 C%%z Sbcdg
Spectrum for m-tolyl, phC%%z Sbcff
Spectrum for (p—FC6H4)2C%H2 SbCSLi)

©

Spectrum for phzcghz SbCﬁ?

Spectrum for (phZC(%Hz)2 SbCSL20

5

Spectrum for

SnCf,CH,CH,CN

3
13

2772

C NMR Spectrum for

SnC2.,CH,CH.,.CN

37272
'HNMR Spectrum for
M CH.CQ
3\\ e 2©
Me CH
DN \ o
/c = ¢ - HN 7 C - NH, SnCij
cacH,, SnCQ @
2 3
13CL\‘IMR Spectrum for
SnCSL3 CHZCHMeCN
"HNMR Spectrum for

SpCL,CH,CHMeCN

3
(in &

2

6 _ pMsO)
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Fig. 4.13 'HNMR Spectrum for
SnC£3Cd2CHMeCN
{in DZO)
Fig. 4.15 "HNMR Spectrum for
_~Me
H C\Hz s J)
Me N _ e
C=C-HN - C - NH, SnCQ
P meseteelt2 3
H
Vs @

CL
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APPENDIX 4

Far Infrared and Raman Spectra

Fig.

Fig.

Fig.

Fig,

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

4.2

4.10

Far IR Spectrum for

SnCQ3CH2CH2CN

Raman Spectrum for

SnCQBCH2CH2CN

Far IR Spectrum for

SnC£3CH2CHMeCN

Raman Spectrum for

SnCQ3CH2CHMeCN

Far IR Spectrum for

T1C5L4,2NCCMeCH2

Far IR Spectrum for

TlBr4.2NCCMeCH2

Far IR Spectrum for

TiCQ , . 2NCCHCHMe

4

Raman Spectrum for

T1C24 . 2NCCMeCH2

Raman Spectrum for

TiC£4n2NCCHCHMe

Raman Spectrum for

TiBr , . 2NCCMeCH

4 2
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APPENDIX 5

Electrical Conductivity Measurements Graphs

Fig. 5.1 Graph of molar conductance vs. concentration for
. 2 @ S
(A) [Ni (NCCMeCH2)6] [SbC26]2
() i (nccucye) (1% 1sper 1S
1
Fig. A1 Graph of molar conductance vs. concentration?
for
2-Shcg h) = b
-SbC 4C@H4C(p ) = NH
1
Fig, AZ2 Graph of molar conductance vs. concentration?

for

@ ©
ph2CNH 5 SbC? 4
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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. Liguids
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
tower at BOOOC and water was removed by a liquid nitrogen
trap followed by a tower packed with P205° The nitrogen
was delivered to a glove box and a multiple outlet system
on the bench by glass or nylon tubing to minimize
diffusion of oxygen into the system.

The glove box atmosphere was maintained by continuous
purge whilst the box was in use and continuous recycling
thrcugh a KOH tower, a heated copper tower and a P205 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 svstem 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. Samples 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
4000 - 200 cm-1 respectively. Liquid samples and solid
samples as nujol mulls were pressed between KBr, CsI or
NaCf 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 liguids 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.
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"HNMR spectra were recorded on Varian A60/56D spectro-
meter operating at 60 MHz and also a fourier transform Bruker
HXS0E spectrometer operating at 60 MHz. 13CNMR spectra were
recorded using the same Bruker machine coperating at

22,6350 MHz. '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 agqueous solution 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 P205° Chloroform was dried with anhydrous CaCSL2 and
distilled and was protected from direct sunlight. Benzo-

nitrile was purified by distillation from P205.

Starting Materials

Diphenylketimine was prepared from benzounitrile and
phenylmagnesium bromide in diethyl ether. Anhydrous
methanol was then added and the resulted inorjyanic solid

was removed by filtration. Diethyl ether was distilled
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off and the residual ligquid was distilled under vacuum,
discarding the first 5 ml. The other ketimine systems were
prepared by an exactly analogous method and from the
corresponding starting materials. n-BulLi was prepared by
the reaction of n-butyl chloride with lithium metal in n-
pentane. Ketiminolithium systems were prepared by the
action of n-Bul.i on Ketimines in diethyl ether. Ketiminium
hydro-chloride was prepared by passing dry hydrogen chloride
gas into solution of Ketimine in diethyl ether. N-chloro
di-p-tolyl ketimine was prepared from the reaiction of the

Ketiminium hydrochloride with sodium hypochlorite at 0°C.
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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),
"Boron Heterocycles as Ligands in Transition Metal Chemistry".

* 22nd September 1978

Professor T. Fehiner {(University of Notre Dam=z2, U.S.A.).
"Ferraboranes : Syntheses and Photochemistry".

* 12th December 1978

Professor C.J.M. Stirling (University of Bangor).
"'Parting is such sweet sorrow' - the Leaving Group in
Organic Reactions”.

* 14th February 1979

Professor B. Dunnell (University of British Columbia),
"The Application of NMR to the study of Moticas 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 March 1979

Dr. A. Reiser (Kodak Ltd.),
"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 : An Appraisal
0of the Environmental Problem".
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1st May 1979

Dr. G. Wyman {(European Research Office, US Army),
"BEXcited 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),
"Structure and Reactivity in Intramolecular and Enzymic
Catalysis”.

9th May 1979

Professor G. Maier (Lahn-Giessen),
"Tetra-tert-butyltetrahedrane”.

10th May 1979

Professor G. Allen, F.R.S., (Science 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 May 1979.

Dr. B. Wakefield (University of Salford),
"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".
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* 20th June 1979

Professor J.D. Corbett (Iowa State Universit;, Ames, Iowa,
U.S.A.),

"Zinti 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”.
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14th May 1980

Dr. R. Hutton (Waters Associates, U.S.A.),
'Recent Developments in Multi-milligram and Multi-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. Gerloch (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 Substituents”,
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4th March 1981

Dr. S. Craddock (University of Edinburgh),
"Pseudo-Linear Pseudohalides®.

11th March 1981

Dr. J.F. Stoddard (I.C.I. Ltd./University of Sheffield),
"Stereochemical Principles in the Design and Function of
Synthetic Molecular Receptors”.

17th March 1981

Professor W. 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. Meyer (RCA Zurich),
"Propertias of Aligned Polyacetylene”.

6th May 1931

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

Dr. P. Moreau (University of Montpellier),
"Recent Results in Perfluorocorganometallic 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) First year induction course (October-November 1978).

A series of one hour presentations on the services available
in the department.

i. Departmental organisation.

ii. Safety matters.

iii. Electrical appliances.

iv. Chromatography and microanalysis.
Ve Library facilities.

vi. Atomic absorption and inorganic analysis.
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vii. Mass spectrometry.
viii. Nuclear magnetic resonance spectroscopy.
ix. Glassblowing technique,
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