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BETWEEN INDIU-M MONOBROMIDE AND ALKYL BROMIDES 
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An mvestlganon of the IntermedIates formed m the o?lldatwc addihon 
reactlons between lndlum monobromlde and alkyl hahdes IS reported, and 
possible react!on schemes are formulated. 

In troductlon 

Oxldative addltlon reactIons of the mdlum monohalldes (bromrde and 
lodlde) with alkyl halldes are useful in the preparation of alkyljndlum dlhalldes 
[l]. The reachons are complex and several mtermedlates are formed partlcular- 
ly In those reactlotx between lndlum monobromlde and aikyl bromides. In an 
attempt to obtam a better understanding of these complex reactlons the present 
work was undertaken. 

Results and d&u_ssion 

The reactIons lnvestlgated were those between mdlum monobromide and 
the alkyl bromides RBr (R = Me, Et, n-Pr, n-Bu). In every reactron compounds 
other than InBr and RInBr? could be dlstmguished Some of these were Inter- 
mediates, others were side products. A reachon route could be determmed m 
each case and these are summansed m Scheme 1. It may be seen that there are 
two types of reactlon: those m which RInBr? is the only reactlon product and 
those in which RInBr? is formed together with In2Br4. The reaction of n-propyl 
bromide falls Into either category dependmg upon the temperature In the 

* For Part III see ref 1 



SCHEME 1 

I 1 
Rlnf3r, + In,Br, RInBr, RlnBr, 

reactions where In, Br, was a fmal product a white insoluble mtermedlate was 
aIso detected. Also in the methyl bromide reactlon a cream Insoluble inter- 

mediate was formed. 
The intermediates will be considered ad possible reactlon schemes pre- 

sented. 

A Yellow powder and soluble conzponen ts 
(1) Yellow powder_ This was produced as the first recogmsable mterrnedate 

m each reactlon. The lxne taken for the first traces of yellow to he wslble m 
the orange powdered InBr was l-2 days. The yellow powder was most readily 
obtamed free of maJor contammant (either InBr or final product) m the n-propyl 
and n-butyl brorrude reactions, these being much slower than those of methyl 
or ethyl bromide. For this reason samples for detatied mvestlgatlon were pre- 
pared from the former alkyl hahdes. Chemwal analysts and Raman spectra have 
shown that the yellow intwmedate IS the new subhahde In7Brg [2]. 

(II) Soluble component produced with the yellow powder. In every case 
the soluble component consisted of RInBr, and R2 InBr probably present as the 
sesquihahde R3Lnz Brx. The compounds were ldenhfled by theu vlbratlonal and 
m3s.s spectra. The reactlow so far may he therefore represented by eqn. 1: 

9lnBr + 3RBr - In7Brs + RInBr? + R?InBr (1) 

It follows that in reactlons where all the InBr 1s converted to RInBrz that the 
remaimng reaction may be represented as eqn. 2. 

Ln,Brg + R?InBr + 6RBr - 8RInBr, (2) 

B White powder and soluble component 
(L) Nhrte powder. TIIE white powder was produced U-I the room tempera- 

ture reaction of n-propyl bromide and m the reactlon of n-butyl bromide at 
either room temperature or 50”. In appearance it was mdlstmgulshable fi-om 
In,Br, but it could he readily identtiled as in,Br, by chemical analysis and its 

distinctive intense Fkunan band at 139 cm-’ [3]. 
(II) Soluble component. This was ldentlfled as RInBrz by Raman spec- 

troscopy. The compound B may therefore be considered to be formed by the 
reactlon 3 and this was confu-tned by mdependent reactions described below. 

In, Brg + 2RBr + Ins Br, + 2RLnBr, (3) 
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The final products are then formed m the slower reactlon (eqn. 4), but the 

Ins Br, + 3RBr + 3RInBr, + In2 Br, (4) 

posslblhty that InSBr7 may be formed m all reactions must also be consldered. 
If th1.s IS so then for the methyl and ethyl bromide reactions, where complete 
converslon of InBr to RInBr? occurs and where In,Br7 IS not isolable the rapld 
reaction InSBr7 + R?InBr + 4RBr + GRInBr? must take place To test these 
posslblhtles the reactions were therefore set up Independently, but they pro- 
ceeded slowly, as shown, IndJcatmg that the IntermedIate In, Br, IS not formed 
WI these reactlonx 

InjBr, + 3RBr -, 3RInBr, + In,Br, 

Reactions between in,Br, and RBr 
These were carried out to test eyn. 3. In all cases a white powder was 

formed, after about one week, which was shown to be In,Br7 by Raman spec- 
troscopy. Th1.s reacted further to @ve In, Br, and RInBr, These reactions 
thus confum eyns. 3 and 4 and show that there IS a potential competltlon be- 
tween eqns. 2 and 3. As the reactions between InBr and ethyl and methyl 
bromide gave 100% RInBr? It also shows that In these cases rezctlon 2 IS 
klnetlcally favoured. CornpetItion between reactlons 2 and 3 would also 
euplam why the products obtained for n-propyl bromide are temperature 
dependent 

Reactions of In jBr7 uvrtlz rz-propyl arzd rz-butyl bromrde 

These were Investigated to corlflrm that the formatlon of In2Br4 from 
In,Br, results from the reactmn of the latter with aikyl bromide In both cases 
In,Br, and RInBr, were formed after a penod of two weeks. 

In summary, the reactions between lndlum monobromlde and alkyl brom- 
ide may be represented by the followng four stages 

8InBr + 2RBr - In,Br, + R,InBr (a) 
In7Br9 + RIInBr + 6RBr - SRInBr? (b) 
In,Brs + 2RBr -, In,Br, + BRInBr, 
In, Br, + 3RBr + 3RInBr, + In? BrJ $1 

Stages (b) and (c) appear to be competltne Lvlth (b) dommant for the smaller 
aikyl hahdes EtBr and RIeBr and also for n-PrBr at 50”. Stage (c) IS dominant 
for n-PrBr and n-BuBr. 

A further cream intermediate C may be isolated from the InBr/MeBr reac- 
tion. This was Isolated m small amounts in the presence of InBr and In,Br, 
Chemlcai analysis showed it to have the composition In:, Br,hIe. This suggests 
that the IntermedIate might be the lonlc species In’InBrShTe-. The vIbratIonal 
spectrum of this mtermedlate was recorded together with that of the salt 
(NBu, )‘InMeBr; for companson. The spectra are shown m Table 1 

The main difference In the spectra is an additIonal band at 522 cm-’ m the 
mdlum-carbon reDon for the mtermedlate. We fust of all thought that this was an 
impunty band from IUeInBr,, the final product of the reactton However, the 
band observed at 523 cm-’ m the spectrum of hleInBr, 1s always associated 
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TAELE 1 

VIBRATIONAL SPECTRA (cm-t 1 OF InjBrj\le \ND(hBu~plnMeBrj 

In~Br3hle (i\lBu~)?nBr~~le- 

R.3IUCUl IR fpman 

196 s u(ln-5r) 202 s 
510 s 
523 5 I t (In-C) 

508 m 507 s 
522 m 

Il.35 
11-11 1 b(CH3) 

IR 

507 m 

wth one [6(CH,)] at 1160 cm-’ which IS absent m the spectrum of the Inter- 
mediate The spectra therefore tend to rule out the simple ~oruc formuiatlon. 

ChemlcallJ, the intermediate has propertles typical of lower-valent com- 
pounds, e.g. it reacts wth water or ether to produce InBr (Cf. In2 Br4 + Et20 + 
InBr + InBr, -OEt2 )_ This ;ugges& that the white mtennedlate conrams rn&um(I) 
On this assumption a possible formulation consistent with the spectrum IS gwen 
below 

I Br hle -*\ ?- 
/ I Br \ 

2ln’ \ Ale-In * 

\_ A, 

-IA-Br i 
‘Br--- ! 

Br -’ 

Experimental 

The preparation of lndlcm monobromIde and the purlficatlon of alh_s?i 
halIdes have been prewously described [ 11 _ AU reactions were cawed out m 
vacua and reactlon mtermchates and products were ldenhfled by chemical 
analysis and Raman vIbratIonal spectra. IR and Raman spectra were recorded 
on Perkm-Elmer 225 and Carey Sl spectrometers respectively. The salt, 
(NBu, )’ InBrJhle-, was prepared by reactmg molar quantltles of hIeInBr, and 
NBu, Br m dry methanol It was recrystaillsed as white needles from methanol 
m a dry bok. (Xnalysls found- Br, 39.33; In, lS.49%, C,,H39BrInN calcd.. 
Br, 39.17, In, 1s 76% ) 
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