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Bromination, especially of aromatic substrates, is usually car-
ried out by bromine! solution, but organic ammonium tribro-
mides (OATB) are preferable, since they do not have the
hazards that are associated with liquid bromine. Other advan-
tages of OATB are that they are crystalline, easy to handle, and
maintain the desired stoichiometry.2 Therefore several tribro-
mides have been synthesised i.e. tetramethylammonium tribro-
mide,? tetrabutylammonium tribromide,* 1,8-diazabicyclo
[5,4,0]lundecene hydrobromide perbromide,> and ben-
zyltrimethylammonium tribromide.® These reagents have been
used as brominating agents.

Ammonium tribromides often give polybrominated aro-
matic compounds.® Since phosphonium tribromide have
shown milder reactivity in bromination of organic com-
pounds,”® we now wish to report benzyltriphenylphospho-
nium tribromide as a selective and mild reagent for the
bromination of phenolic derivatives. Thus benzyltriph-
enylphosphonium tribromide (3) was synthesised by the reac-
tion of benzyltriphenylphosphonium chloride (1) with KBr3
(2) in good yield Scheme 1. Reagent 3 was also prepared by
the addition of hydrobromic acid to an aqueous solution of
benzyltriphenylphosphonium chloride and sodium bromate.’
This reagent showed an intense ultraviolet absorption at 267
nm typical of tribromide (Br;~) group.!0
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Scheme 1

Reagent 3 was reacted with several phenol derivatives 4a—0
in presence of CaCOj; in dichloromethane—methanol solution
(2:1) at room temperature. The bromination reactions
occurred under mild conditions and gave mono, di and tri-
brominated compounds in good yields, Scheme 3, Table 1. It
is important to note that, the bromination reaction can lead to
the formation of specific products which could be controlled
by the stoichiometry of the reagent 3 to the phenol derivatives.
For example phenol can be monobrominated as well as tri-
brominated (Table 1, entry 4a, 4a’). This reagent also showed
regioselectivity in the bromination of phenol. Although in
phenol there are two positions (ortho and para) which could
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be brominated, only the para position was brominated (Table
1, entry 4a), and no ortho brominated product was detected by
TLC or '"H NMR. When compound 4m, was treated with 3 or
4 molar equivalents of reagent 3, a mixture of brominated
products were observed, which were not separated. However,
when only 2 molar equivalents of reagent 3 was used only the
dibrominated adduct was isolated in high yield. It has been
reported that bromine chloride under harsh condition has been
employed for the bromination of compound 41.!' However,
reagent 3 resulted in a monobrominated adduct in high yield
under mild conditions.

OH OH
@ S) Br
Ph;PCH,Ph Br; /CaCOs ()
1 > R,
CH,Cl,/MeOH
R3 R, M R R,
) €))

R, R,, R3 = Hor Cl or CH; or NO,
Scheme 2

The mechanism of bromination by reagent 3 could be
explained in terms of formation of MeOBr by the reaction of
MeOH with reagent 3. Subsequently MeOBr will transfer Br*
to the aromatic phenols and MeOH will be regenerate®
(Scheme 3).

In conclusion we have developed an easy, highly efficient,
regioselective method for the bromination of phenol deriva-
tives by reagent 3. This reagent is a stable solid crystalline
substance, which can be easily handled and kept for months
without losing its activity. Furthermore, the bromination reac-
tion can be controlled in many cases by the amount of reagent.
From the proposed mechanism, it is clear that the by-product
Ph;P*CH,Ph Br can be reacted with liquid bromine and
reagent 3 will be regenerated and used again.

Experimental

General: All yields refer to isolated products after purification. All
the products were confirmed by comparison with authentic samples
(m.p., TLC and 'H-NMR). All melting points were taken on a
Gallenkamp melting apparatus and are uncorrected. 'H-NMR spectra
were recorded on a Varian EM-390 NMR Spectrometer operating at
90 MHz. The spectra were measured in CDCl; unless otherwise
stated, relative to TMS.

Preparation of benzyltriphenylphosphonium tribromide (3):
Bromine (16.0 g, 0.1 mol) was addedd dropwise to a solution of KBr
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Ph;PCH,PhBr; + MeOH —> PhsPCH,PhBr + MeOBr + HBr
4 + MeOBr —> (5 + MeOH
Scheme 3
Table 1 Bromination of phenols (4) by reagent (3)
Entry Starting material (4) Product (5)° Molar ratio (3/4)  Time/h Yield%b m.p./°C or bp °C/torr
Found Reported
4a OH OH 11 0.5 92 63-65 6612
Br
4a’ OH OH 3/1 0.5 95 90-91 95-96"3
i 8\©/Br
Br
4b OH OH 2/1 0.5 95 54-56 5714
i: _CH; B\©/CH3
Br
4c OH OH 2/1 1 70 66-67 67-685
Br CH;
CHs
CHs
CH3 Br
4d OH OH 11 0.5 94 232/760 231/760%%
CH; B\©/CH3
CHs
CHy
4e OH OH 11 0.5 93 78-79 79.5%6
CH3\©/CH3 CH3\©/CH3
Br
4f OH OH 11 1 94 55-57 —
i a a
3
3
Br
4g 11 7 85 65-66 6817
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Table 1 Bromination of phenols (4) by reagent (3) (continued)
Entry Starting material (4) Product (5)° Molar ratio (3/4)  Time/h Yield%b m.p. °C or bp °C/torr
Found Reported
4h OH OH 1”1 7 90 114 11478
Noz\ i : /(:l NoZ\@/CI
Br
4 OH OH 31 0.5 95 95-96 98-9919
/@\ Br Br
CHy OH CHg:@OH
Br
4j OH OH 3/1 0.5 80 110-111 11220
Br Br
oL o8
OH
Br
4k OH OH 21 0.5 85 185-186 1862
Br
OH
OH
4] OH OH Al 5 90 111-112 11422
: : _Br
NO
: NO,
4m OH OH 2/1 1 95 103-104 10523
QU
Br
4n 0 I 4/1 1 92 278-279  278-279%4
10
-0
OH
40 CHy Br - Br 4,1 1 92 178-180 179-181%
I 3
OO0 “-2 G-
CHy EH,

Br

r

aAll of isolated products are known and their spectra and physical data have been reported in literature.

bPure product.

(11.9 g, 0.1 mol.) in water (200 ml) with stirring at room temperature.
After one hour the bromine layer disappeared and KBr; was formed.
The KBrj solution was added dropwise to a solution of benzyltriph-
enylphosphonium chloride (38.8 g, 0.1 mol) in water (200 ml) was
added until a yellow precipitate was formed. After stirring 30 min,
the mixture was filtered and washed with water (3 x 30 ml). The fil-
tered cake was dried and recrystallised from CHCI; to give 3 as yel-
low crystals (53.4 g, 90% yield), m.p.: 136-137°C. Anal Calcd for
CysHy,BrsP: C: 50.84%, H: 3.72%. Found C: 50.74%, H: 3.60%.
Bromination of phenols (4a—0): The regeant 3 (3.56 g, 6 mmol)
was added to a solution of phenol (4a) (0.19 g, 2 mmol) in
dichloromethane (20 ml)-methanol (10 ml). The mixture was stirred

for 30 min at room temperature whilst decolorisation of the orange
solution took place. When TLC showed the complete disappearance
of phenol, the solvent was evaporated and the solid residue was
washed with ether (4 X 40 ml) and filtered off. The combined organic
layer was dried on magnesium sulfate, and evaporated under vacuum
to give 2,4,6-tribromophenol 5a’, which was recrystallised in
(methanol/water) (1:3) as a colourless needles m.p. 90-91° in 95%
yield (0.63 g).
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