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Environmental consideration prompts an urgent need
to redesign commercially important chemical processes
and products or to invent new ones that make use of
chemicals that are less toxic and more environmentally
benign.! Water could also be used as a substitute solvent
for free-radical bromination. Like supercritical carbon
dioxide,? it is nontoxic and environmentally benign.
Water is an excellent medium for free-radical reactions
because its OH bond is remarkably strong,® so hydrogen
abstraction from the solvent is unlikely. It does not
possess reactive multiple bonds to which radicals might
add. Indeed, in the field of pulse radiolysis, reactions
are normally carried out in water.*”” The potential
problems with water as the medium for radical reactions
relate to the limited solubility of most organic materials
and its high polarity, which could influence the course
of the bromination. In this work, we report on the free-
radical bromination of some simple hydrocarbons in
water. Also, for two representative compounds we ran
the bromination neat, i.e., without any solvent, to ascer-
tain the role of water in the reaction.

The following organic compounds, o-xylene (1), toluene
(2), p-xylene (3), m-xylene (4), diphenylmethane (5),
triphenylmethane (6), mesitylene (7), durene (8), cyclo-
hexane (9), and cyclohexene (10), have been used as the
organic starting materials in the free-radical bromination
reactions in water. Since Br, shows significant absorp-
tion of light in the visible region, Ama ~ 415 nm,? the
reaction was initiated photolytically using an ordinary
incandescent light bulb.

The absorbed light intensity (photon flux) from the
incandescent light bulb was also measured with the aid
of potassium ferric oxalate solutions in a method devel-
oped by Hatchard and Parker,® and the average value
was calculated to be 7.31 x 10% quanta/s of absorbed
radiation. It was observed that due to the proximity of
the light bulb (~5 cm distance) to the flask, the reaction
temperature rose to ~80 °C. The free-radical bromina-
tion was shown not to be brought about thermally by
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running dark controls at 80 °C and at room temperature
for a period of several days. In all of these experiments,
o-xylene (1) was used as organic starting material being
brominated. In water, photobromination of o-xylene (1)
afforded predominantly side-chain bromination products,
whereas in the dark, exclusively ring bromination oc-
curred (Table 1).

In water, the photobromination reactions of toluene (2),
p-xylene (3), m-xylene (4), diphenylmethane (5), and
triphenylmethane (6) produced the corresponding side-
chain bromination products in high yields (see Table 2).
In all of these alkylaromatics, the corresponding ring
bromination products were produced in trace amounts.
Also, all of these photobrominations evinced an interest-
ing partitioning of organics, the unbrominated reactant
residing on top of the middle layer that containined the
unreacted aqueous HBr and the brominated products
forming a lower, heavier than water layer.

On the other hand, in water, the bromination of
mesitylene (7) and durene (8) either in the presence or
absence of light, produced solely ring bromination prod-
ucts (see Table 3). In CCl,, bromination of mesitylene
(7), a highly nucleophilic aromatic compound that pro-
duces 2-bromomesitylene, could be done either in the
dark or with light.®

The photobromination of cyclohexane (9) in water (see
Table 4) was complete in a few minutes, giving monobro-
mocyclohexane and vicinal dibromocyclohexane, with the
same three-phase partitioning effect that was observed
with the alkylaromatics. No reaction occurred in the
dark.

The bromination of cyclohexene (10) in water either
in the presence or absence of light produced trans-1,2-
dibromocyclohexane as the only product; no free-radical,
allylic bromination occurred (see Table 5).

To ascertain the role water plays in this free radical
system, we ran the photo bromination of toluene (2) and
cyclohexane (9) neat, i.e., without any water. As Tables
6 and 7 show, product yields were comparable to reac-
tions run in the presence of water.

It thus seems likely that (a) in the presence of water,
the reaction takes place in the organic phase and (b)
water exerts no significant effect on the bromination
itself.l% Nevertheless, water serves a number of impor-
tant functions: (1) The coproduct HBr is efficiently
scavenged, while in the neat reaction, HBr escapes un-
trapped. (2) By providing a diluting medium, free radi-
cals are uniformly distributed over the reaction volume.
Thus, recombinations are minimized near the window
where the radiation is entering the reactor. (3) The dilu-
ting medium also promotes uniform reaction tempera-
ture, which helps obtain better product distribution. (4)
An interesting and potentially more important feature
of water-based reactions is the property of water to
partition the heavier-than-water bromination reaction
product from the lighter-than-water starting materials.
All free-radical brominations gave reaction mixtures
consisting of three layers: a lower organic layer analyzed
for reaction product(s), a middle aqueous layer titrated
for the stoichiometric amount of HBr, and an upper
organic layer that was analyzed for starting material.

This partitioning phenomena, which can be generalized
to most brominations, will dramatically simplify reaction
workup and product isolation procedures, compared to
reactions run neat or in CCl,.

Our results show that aliphatic and alkyl-substituted
aromatic substrates that are not highly nucleophilic with
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Table 1. Products and Yields of Bromination of
o-Xylene (1) in Water

CHj
CH,Br
I| ht
(a) ;
t _20 mins.
1 1a 79% 1b 16%
CH; CHy
CH @(cm
Br
Br
1¢ 3% 1d 2%

CHj CHy
CHs T-80°C CH,
(b) dark
t'—120 mins. Br

-Q

1c 84% 1d 16%
CHs CHa
CHa CHs
© dark
several days
Br
1
1c 83% 1d 17%

“time of disappearance of bromine color; conditions:10 mmol1,
10 mmol bromine, 25 mL water; yields determined by GLC
analyses using DB-WAX capillary column with oven temperature
programming, 60-200° C, and with the use of external standards.

Table 2. Products and Yields of Photobromination of
Some Alkylaromatics in Water

Reactants Products
CH,Br
2a 98%
CH,Br CH,Br
CH, CH,Br CHy
3 3a 80% 3b 15%
CHs CH,Br CH,Br
. )f) Jf]
CHs CH,Br CHa
4 4a 53% 4b 40%
ar Qar-
2
5a 81%
g Q-
3
6a 86%

conditions:(a) 20 mmol toluene, 20 mmol bromine, 50 mL water;
yield based from toluene; (b) 20 mmol p-xylene, 20 mmol bromine,
50 mL water; yield based from p-xylene; (c) 20 mmol m-xylene,

20 mmole bromine, 50 mL water; yield based from m-xylene;

(d) 10 mmol diphenylmthane, 10 mmol bromine, 25 mL water;
()10 mmol triphenylmethane, 10 mmol bromine, 25 mL water;

for (d) and (e), yields were determined by GLC analyses using
Tenax stainless steel packed column with oven T=300 °C and

with the use of external standards

respect to Br; in polar media will yield easily isolable free-
radical substitution products in aqueous media under
irradiation. However, highly nucleophilic compounds
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Table 3. Products of Bromination of Mesitylene (7) and
Durene (8) in Water

Br
CHs CH, CHy CHg
light or dark
(a)
CHy HBr CHy
7 7a
Br
CHy CHy CHy CHa
(b) :@[ light or dark
CH. CH. j
3 3 HBr CHj CHj
8 8a

conditions:(a) 20 mmol 7, 10 mmol bromine, 50 mL water;
(b) 20 mmol 8, 10 mmol bromine, 50 mL water.

Table 4. Products and Yields of Bromination of
Cyclohexane (9) in Water

=0=0"

31 % 56%

conditions: 10 mmol 9, 10 mmol bromine, 25 mL water; yields
determined by GLC analyses using 5% SE-30 on Chrom Q
packed column with oven temperature programming, 60-120°C
and using external standards.

Table 5. Product of Bromination of Cyclohexene (10) in

Water
Br
light or dark O/
B '
By
10 10a

condition: 20 mmol 10, 20 mmol bromine, 25 mL water; stereo-
chemistry of product based from comparison of its proton NMR
spectra with the proton NMR spectra of commercially available
trans-1,2-dibromocyclohexane.

Table 6. Bromination of Cyclohexane (9): Neat, vs H,O

Br Br
Entry Conditions U O/
gy
21a 21b
1 Bra/ hv 35 13
2 Bra /HpO /hy 33 23

For reaction conditions & GC-FID analysis see: Supplementary materials

Table 7. Bromination of Toluene (2): Neat, vs H,O

CH,Br
Entry Conditions Z .
XN
1 Bro / hv 95
2 Brz / Hz0 /hy 98

For reaction conditions see: Supplementary materials

such as mesitylene, durene, and cyclohexene all undergo
ionic ring substitution or addition in H,O even in the
presence of light. Nevertheless, we feel that we have
opened the door to a wide spectrum of free-radical
brominations that can be performed in the absence of
toxic solvents such as CCl.,.

Supporting Information Available: Typical experimen-
tal procedures and analytical results in the bromination of
alkanes and aromatic alkanes in water are available (8 pages).
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