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Summary

An nvestigation of the intermediates formed 1n ihe oxidative addition
reactions between indium monobromide and alkyl halides 1s reported, and
possible reaction schemes are formulated.

Introduction

Ox1dative addition reactions of the indium monohalides (bromide and
1odide) with alkyl halides are useful in the preparation of alkylindium dihalides
[1]. The reactions are complex and several intermediates are formed particular-
ly 1n those reactions between indium monobrom:de and alkyl bromides. In an
attempt to obtain a better understanding of these complex reactions the present
work was undertaken.

Results and discussion

The reactions 1nvestigated were those between indium monobromide and
the alkyl bromides RBr (R = Me, Et, n-Pr, n-Bu). In every reaction compounds
other than InBr and RInBr, could be distinguished Some of these were 1nter-
mediates, others were side products. A reaction route could be determined in
each case and these are summansed 1in Scheme 1. It may be seen that there are
two types of reaction: those in which RInBr, is the only reaction product and
those in which RInBr, is formed together with In, Br,. The reaction of n-propyl
bromide falls into either category depending upon the temperature In the

* For Part III see ref 1
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SCHEME 1
InBr + RBr

A — (yellow powder and

( soiuble components)
R =n-Pr (20%)
R=Et (209 R = Me
R =n-Bu (20°and 5C°) =n-Pr(5G°)
{(white powader and
soluble compénenl) C (cream powder)
RInBr, + [n,Br, RInBr, RINBr,

reactions where In,Br; was a final product a white insoluble intermediate was
also detected. Also 1n the methyl bromide reaction a cream 1nsoluble inter-
mediate was formed.

The intermediates will be considered and possible reaction schemes pre-
sented.

A Yellow powder and soluble components

(1) Yellow powder. This was produced as the first recognisable intermechate
Iin each reaction. The time taken for the first traces of yellow to be visible 1n
the orange powdered InBr was 1—2 days. The yellow powder was most readily
obtained free of major contaminant (either InBr or final product) in the n-propyl
and n-butyl bromide reactions, these being much slower than those of methyl
or ethyl bromide. For this reason samples for detaled investigation were pre-
pared from the former alkyl halides. Chemical analysis and Raman spectra have
shown that the yellow intermediate 1s the n2w subhalide In;Bry {2].

(1t) Soluble component produced with the yellow powder. In every case
the soluble component consisted of RInBr. and R.InBr probably present as the
sesquihalide R;In, Br;. The compounds were identified by thewr vibrational and
mass spectra. The reactions so far may be therefore represented by eqn. 1:

9InBr + 3RBr — In;Bry + RInBr, + R,InBr (1)

It follows that 1n reactions where all the InBr is converted to RInBr, that the
remaining reaction may be represented as eqn. 2.

In;Bry + R,InBr + 6RBr - 8RInBr, (2)

B White powder and soluble component

(t) White powder. This white powder was produced 1n the room tempera-
ture reaction of n-propyl bromide and in the reaction of n-butyl bromide at
either room temperature or 50°. In appearance 1t was indistinguishable from
In.Br, but it could be readily identified as In; Br, by chemical analysis and its
distinctive intense Raman band at 139 cm™ [3].

(u) Soluble component. This was 1dentified as RInBr, by Raman spec-
troscopy. The compound B may therefore be considered to be formed by the
reaction 3 and this was confirmed by independent reactions described below.

In,Brs + 2RBr -+ InsBr; + 2RInBr, (3)



The final products are then formed in the slower reaction (eqn. 4), but the
In;Br, + 3RBr » 3RInBr, + In.Br, (4)

possibility that InsBr, may be formed in all reactions must also be considered.
If this 1s so then for the methyl and ethyl bromide reactions, where complete
conversion of InBr to RInBr, occurs and where InsBr; 1s not isolable the rapid
reaction InsBr, + R.InBr + 4RBr - 6 RInBr., must take place To test these
possibilities the reactions were therefore set up independently, but they pro-
ceeded slowly, as shown, indicating that the intermediate In, Br; 1s not formed
in these reactions

InsB!‘-, + 3RB!‘—’ 3RlnBl‘2 + In: Br.;

Reactions between In,Bry and RBr

These were carried out to test egn. 3. In all cases a white powder was
formed, after about one week, which was shown to be In, Br; by Raman spec-
troscopy. This reacted further to give In,Br; and RInBr, These reactions
thus confirm egns. 3 and 4 and show that there 1s a potential competition be-
tween eqns. 2 and 3. As the reactions between InBr and ethyl and methyl
bromide give 10072 RInBr, 1t also shows that in these cases recction 2 1s
kinetically favoured. Competition between reactions 2 and 3 would also
explain why the products obtained for n-propyl bromide are temperature
dependent

Reactions of In;Brq with n-propy! and n-butyl! bromde

These were investigated to confirm that the formation of In,Br; from
In, Br, results from the reaction of the latter with aikyl bromide In both cases
In.Br; and RInBr. were formed after a period of two weeks.

In summary, the reactions between indium monobromide and alkyl brom-
1de may be represented by the following four stages

8InBr + 2RBr - In,Bry + R,InBr (a)
In,Brs + R.InBr + 6RBr —~ S8RInBr, (b)
In,Br, + 2RBr —+ In,Br, + 2RInBr, (c)
In,Br; + 3RBr - 3RInBr, + In.Br, (d)

Stages (b) and (c) appear to be competitine with (b) domwant for the smaller
alkyl halides EtBr and MeBr and also for n-PrBr at 50°. Stage (c) 1s dominant
for n-PrBr and n-BuBr.

A further cream intermediate C may be i1solated from the InBr/MeBr reac-
tion. This was 1solated in small amounts in the presence of InBr and In, Br,
Chemaical analysis showed it to have the composition In.Br;Me. This suggests
that the intermediate might be the 1onic species In"InBr;Me ™. The vibrational
spectrum of this intermediate was recorded together with that of the salt
(NBu,)"InMeBr; for comparison. The spectra are shown in Table 1

The main difference 1n the spectra is an additional band at 522 em™! 1n the
indium—carbon region for the intermediate. We first of all thought that this was an
impunty band from MelnBr., the final product of the reaction However, the
band observed at 523 cm ™' 1n the spectrum of MelInBr, 1s always associated
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TAELE 1
VIBRATIONAL SPECTRA (cm™!) OF In3Br3\Me AND (NBujFinMeBr3

inaBriMe (NBuy)*inBriMe™

Raman IR F:,aman IR
196 s v(ln—Br) 202 s

510 s L (in—C) 308 m 507 s 507 m
523 s n 522 m

1135 ,

1114 6(CH3)

with one [6(CH3)} at 1160 cm ™' which 1s absent in the spectrum of the inter-
mediate The spectra therefore tend to rule out the simple 1oruc formulation.

Chemically, the intermediate has properties typical of lower-valent com-
pounds, e.g. it reacts with water or ether to produce InBr (Cf. In,Br; + E{,0 —~
InBr + InBr; - OEt. ). This suggests that the white intermediate contains indium(l)
On this assumption a possible formulation consistent with the spectrum is given
below

-

Br Me A
| i Br ! \
2In~ \Me—In - In—Br J
\ ! \Br’/ ! i
- Br Br -7
Esperimental

The preparation of indium monobromide and the punfication of alkyl
halides have been previously descnbed [1]. All reactions were carried out in
vacuo and reaction intermediates and products were 1dentified by chemical
analysis and Raman vibrational spectra. IR and Raman spectra were recorded
on Perkin—Elmer 225 and Carey 81 spectrometers respectively. The salt,
(NBu,;)'InBr;Me™, was prepared by reacting molar quantities of MelnBr, and
NBu,; Br in dry methanol It was recrystallised as white needles from methanol
in a dry box. (Analysis found- Br, 39.33; In, 18.49%%, C,;H;5BrIinN caled..

Br, 39.17,1In, 18 76% )
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