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When a mixture of chlorobenzene and bromine is 1rradiated in a
pyrex vessel with visible light, a reaction, although very slow, is found to pro-
ceed. The distribution of the products arising from replacement of hydrogen by
bromine 1s unexpected: meta bromochlorobenzene predominates(up to 80%) in sharp
contrast with the usual ortho-para directing effect of a chlorine substituent in
ionic brominations. There might exist a parallelism between thas photochemical
reaction and the results obtained at high temperature{usually 300-600°C) by WIBARUT
(2_6) and by KOOYMAN(-F10
directing effect observed in the room temperature bromination of a halogenobhenzene

). To our knowledge,this 1s the first report of a meta-

Among the products,some bromobenzene 1s 1solated Although the radical replacement

of a bromine substituent by a chlorine 1s well documented(ll'12

) ,nothing 1s repor-
ted about the reverse process here observed.

These unexpected observations prompted us to investigate the pho-
tobromination of halogeno- and dihalogenobenzenes.Surprisingly there is very
little information on the i1onic bromination of the dihalogenobenzenes although
trihalogenobenzenes are interesting intermediates. Therefore, 1ron promoted bro-
minations of all the compounds have also been investigated and compared with the
photobrominations.In all experiments closed pyrex tubes containing the reactants
have been irradiated and reactions have been restricted to less than 25% conver-
sion(usually 5-15%) in order to avoid extensive consecutive halogenation.Analysis
of the reaction mixture could be achieved only by GLC with open capillary columns.
The products have been i1dentified by 3 methods: (1) Isolation from the reaction
medium and analysis(IR ,Fus®, X ..) (2) GLC comparisons{retention times) with
authentic samples (3) GLC compary-ons between different reaction mixtures affor-
ding identical products.

Orientation in the substitution of hydrogen by bromine

As can be seen from table 1, fluorine 1s the most powerful para-
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orientaing halogen in the ionic bromination while chlorine i1s the most effective

meta-directing in the photobromination of monochalogenobenzenes.N-Bromosuccinimide

brominations are better to get meta derivatives probably because radical substi-

tution predominates in this case

Given the observed meta-directing effect,meta dihalogenobenzenes

were expected to give 1,3,5-trihalogencbenzenes. However,even in the most favo-

rable conditions(NBrS) no more than a few percents of these i1somers are obtained

Large differences are observed between 10onic and photochemical

reactions during the bromination of ortho dihalogenobenzenes.The photochemical

experiments,mainly when NBrS 1s used,yield interesting proportions of 1,2,3-tri-

halogencbenzenes.Considering the prominence of these isomers,it can be anticipated

that the radical reaction 1s much less influenced by steric factors than the 1onic

process.This probably reflects a different mechanism and may support KOOYMAN's

proposal:the selectivity would depend on the acidity of the different protons in

a 1onic specles obtained by one electron transfert between the ring and the halo-

gen (8710

}. In the 1conic brominations where catalysts like FeBr

3 and HBr are pre-

sent,1somerisations of the trihalogenobenzeneg are not 1mp0551ble(14).Search for

such reactions are now in progress.

Bromainations of para dihalogenobenzenes have not been reported ain

table 1. Except for derivatives containing a fluorine substituent, the photobro-

mination 1s extremely slow(ls). A somewhat faster reaction 1is obtained when bro-

mine itself i1s used as solvent and also when hydrobromic acid 1s added to the reac-

tion medium.

Substitution of chloraine by bromine

Table 2:Substitution of z chlorine by
bromine during the photobromination,with
molecular bromine,of halogencbenzenes (13)

Halogenobenzenes subgiiiﬁtign
Chloro- 5 - 10%
1,2~Fluorochloro- 1%
1,3~Fluorochloro- 0%
1,4~-Fluorochloro- 12%
l1,2~Dichloro- 15 - 20%
1,3~Dichloro- 0%
1,4-Dachloro- (+CCl,) 508 (18
1,2~Bromochloro- Traces
1, 3=-Bromochloro- 0%
1,4-Bromochloro-(+CC14) 30%

The substitution of a chlorine by
a bromine 1s never observed during
10onic brominations With light, a
meta chlorine 1s never substituted,
an ortho chlorine 1s replaced only
in the reaction of 1,2-dichloro-
benzene while a para chlorine 1s
always substituted to some extent
(Table 2). With NBrS the percentage
of chlorine substitution i1s larger
and not only para but also ortho
and meta chlorines are substituted
(Table 3).

Consecutive reactlions

Substitution of chlorine by bromine

i1nitiates consecutive chlorination reactions The chlorine released in the medium
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can ltself substitute a hydrogen or a bromine in an other molecule of halogeno-—
benzene (Table 3).It must be pointed out that these consecutive reactions occur
when the concentration of HBr is very low as,for example,in brominations with NBrS
(Table 3).

Table 3: Products obtained by the substitution of chlorine by bromine and
by consecutive chlorinations in photobrominations with NBrs (13).
Reactants Chloi;ngriggigitutions Consecutive chlorinations
Chlorobenzene Bromobenzene (14%) Dichlorobenzenes (9%)
1,2~Dichloro- 1,2-Bromochloro-(39%) Trichloro- (30%)
1,3-Daichloro- 1,3-Bromochloro—-(34%) Trichloro=-(29%)
1,2-Bromochloro- 1,2-Dibromo-(11%) 1,2-Dichloro=(11%)
1,3-Bromochloro- 1,3-Dibromo-(9%) 1,3=-Dichloro-(8%)
1,2-Chlorofluoro- 1,2-Bromofluoro-(21%) 1,2,4-Fluorodichloro-(9%)
1,3-Chlorofluoro- 1,3-Bromofluoro~(5%) 1,3,4-Fluorodichloro-(10%)
1,4-Chlorofluoro- 1,4~-Bromofluoro—-(43%) 1,2,4-Fluorodachloro-(13%)

REFERENCES AND NOTES

(1) Chargé de Recherches of the "Fonds National de la Recherche Scientifique".

(2) J.P.WIBAUT,..M.F. van de LANDE and G.WALLAGH,Rec.Trav.Chim.,52,794(1933).

(3) J.P.WIBAUT and M. van LOON, Nature, 139,151(1937);Rec.Trav.Chim.,56,815(1937).
(4) J.P.WIBAUT,Experientia,5,337(1949)

(5) F.L.J.SIXMA and J.P.WIBAUT,Proc.Koninkl.Ned.Akad.Wetenschap.,B52,214(1949).
{(6) J.P.WIBAUT,F.L.J.SIXMA and H.LIPS5,Rec.Trav.Chim.,69,1031(1950).

(7) J.W.ENGELSMA and E.C,KOOYMAN,Proc.Koninkl.Ned.Akad.Wetenschap.,B60,321(1957).
(8) E.C.KOOYMAN,Pure Appl Chem.,7,193(1963).

(9) R.J.ALBERS and E.C.KOOYMAN,Rec.Trav.Chim.,83,930(1964).

(10) E.C.KOOYMAN,"Vapour Phase Halogenation of Aromatic Compounds" 1n “"Advances
in Free-Radical Chemistry",Logos Press,London,vol.l(1965)p.137.

(11) B.MILLER and C.WALLING, J.Am.Chem.Soc.,79,4187(1957).

(12) B.MILLIGAN,R.L.BRADOW,J E ROSE,H E.HUBBERT and A.ROE,Tbad.,84,158(1962).
(13) The percentages given in the tables are chromatographic ratios of products.
(14) E.C.KOOYMAN and R.LOUW, Rec.Trav.Chim.,81,365(1962).

(15) The 1onic bromination 1s also slower for the para than for the ortho and
meta derivatives.

(16) In CCl, but with added hydrogen bromide, 80% of p.bromochlorobenzene are
obtalnéd;only 2% with bromine used as solvent.



