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Abstract—Aromatic bromination on various aromatic systems with different substitutions was performed in the presence of alkyl
bromide and sodium hydride in DMSO. Mono-bromination on a wide range of substrates was achieved by selecting proper alkyl
bromides and controlling its amount. Further bromination could happen with more active alkyl bromides and additional amount of
bromides and sodium hydride. The yields ranged from moderate to excellent. In addition, reaction mechanism was postulated to

explain our observations.
© 2006 Elsevier Ltd. All rights reserved.

Bromoarenes continue to be important synthetic inter-
mediates for pharmaceutical and or other chemical
related industries. The Suzuki coupling reaction! using
bromoarenes as starting materials has fueled the devel-
opment of efficient and selective bromination under
milder conditions.>* A variety of electrophilic bromina-
tion reagents include NBS/HBF,~Et,O, Br, in haloge-
nated hydrocarbons or acetic acid, dioxane dibromide,
pyridinum hydrobromide perbromide, DBU hydro-
bromide, tetra-alkyl ammonium tribromide, and bromo-
dimethylsulfonium bromide [(CH3),SBr,],> which have
been of choice for different substrates.® Herein, we
wish to report a novel tunable aromatic bromination
method for diverse set of substrates under basic condi-
tions, using alkyl bromides and sodium hydride in
DMSO.”

This bromination system was initially discovered in the
course of investigating alkylating reaction of dihydro-
quinazolin-4-one 1% with various alkyl halides including
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allyl chloride, allyl bromide, allyl iodide, 1-chloro-2-
pentyne, and 1-bromo-2-pentyne, for the development
of screening libraries. Besides alkylating reaction, an
unexpected bromination reaction occurred to produce
brominated by-products (compounds 3, 4, and 5) when
the reaction was run in DMSO at 80 °C with excess of
alkyl bromide and nonnucleophilic base sodium
hydride’ (Scheme 1). The distribution of brominated
products (3, 4, and 5) varied with different alkyl
bromides used. However, chlorination or iodination
did not occurred under the same reaction condition,
while alkyl chlorides or alkyl iodides were used in place
of bromide correspondingly.

It is noteworthy that Fletcher and Fan'® reported the
bromination of anilines in the presence of ethyl bromide
in DMSO, but it required a much higher temperature
(150 °C). In our case, bromination was observed only
when DMSO was used as solvent and sodium hydride
was used as base. Other bases, such as Bu’OK, did
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Scheme 1. Bromination of dihydroquinazolin-4-ones (1) with different alkyl bromides.

* Corresponding author. E-mail: MaoGuo2001@yahoo.com

0040-4039/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2006.03.191


mailto:MaoGuo2001@yahoo.com

3890 M. Guo et al. | Tetrahedron Letters 47 (2006) 3889-3892

Table 1. Unexpected formation of brominated products (percentage of components as determined by LC-MS using ELSD)

Entry RX Solvent/base 2 3 4 5
1 CH>=CHCH,CI DMSO/NaH 54 _ _ _
2 CH,=CHCH,I DMSO/NaH 8 — — —
3 CH,=CHCH,Br DMF/NaH 85 — — —
4 CH,=CHCH,Br DMSO/t-BuOK 15 — — —
5 CH,=CHCH,Br THF/t-BuOK 50 — — —
6 CH,=CHCH,Br DMSO/NaH — 8 77
7 CH;CH,Br DMSO/NaH — 37 49 —
8 PhCH,Br DMSO/NaH — 21 57 —
9 CH;CH,C=CCH,Br DMSO/NaH 6 5 48 —

10 CH;O0COCH,Br DMSO/NaH — — 18 10

11 CH;CH,COCH,Br DMSO/NaH — — 8 .

not induce bromination. Replacement of DMSO with
DMF shut down the bromination as well. The results
are summarized in Table 1.

The effect of alkyl bromides on the selectivity of bromin-
ation over alkylation was further investigated. Seven
alkyl bromides representing a wide range of molecular
weights, steric and electronic properties were selected.
The reaction mixture was analyzed by LC-MS after
16 h at 80 °C, and the results are summarized in Table 2.

It is shown in Table 2 that secondary alkyl bromides in
entries 2-8 eliminated the formation of alkylated prod-
ucts (2, 3) due to increased steric hindrance in compari-
son to primary alkyl bromide in entry 1. In fact, mono-
brominated product 4 was formed exclusively in entries
2-4. Furthermore, introduction of ester group next to
bromides resulted in di-bromination along with mono-
bromination in entries 5 and 6. This indicated that elec-
tron withdrawing functionality increased the brominat-
ing reactivity. Increasing the amount of alkyl bromide
eventually gave exclusively di-brominated product in
entry 8. Regiochemistry of bromination was assigned
by '"H NMR."!

These results indicate that by using different alkyl bro-
mide, we can generate bromination reagents with differ-
ent bromination reactivity in situ. Thus by the variation
of steric, electronic properties of alkyl bromides, in con-
junction with the stoichiometry of the alkyl bromide
used, we should be able to fine-tune the reactivity of
the bromination reagent according to the reactivity of
a particular aromatic system.

To further validate this tunable reactivity concept, we
have extended this brominating system to other aro-

matic compounds with different reactivity toward
bromination.

Firstly, 2-bromopentane was selected for bromination of
other aromatic compounds. While phenyl, naphthanyl,
and indolyl aromatic systems with electron rich directing
substituents, such as amino groups and alkoxyl groups
gave clean mono-brominated product, with regioselec-
tivity and good to quantitative yields, as shown in Fig-
ure 1, attempts of bromination on alkyl, mono-alkoxyl
substituted benzene, acetophenones, pyridine, pyrrole,
and furan did not give controlled brominating products.
Generally, nonactivated substrates with deficient elec-
tron density did not work under this set of condition.

Secondly, ethyl 2-bromopropionate was used to replace
2-bromopentane to enhance brominating reactivity,
which led to successful bromination of those nonactiva-
ted substrates. Without changing other reaction condi-
tions, mono-brominated products were generated with
moderate to good yields, as shown in Figure 2.

Based on our experimental data, we propose the sequen-
tial events for the bromination reaction as depicted in
Scheme 2.

We believe that bromophilic reaction'? between DMSO
and alkylbromide generates the active species for
bromination in situ. DMSO is de-protonated by NaH,
followed by reaction with alkyl bromide, to generate
two intermediates: methyl alkyl sulfide and NaOBr.
NaOBr can either react with sulfide intermediate and
alkyl bromide to produce methyl sulfonium, or react
with alkyl bromide to generate alkoxyhypobromite.
These two intermediates were reported>!'!# to be active
brominating reagents. It was conceivable that the

Table 2. Optimization toward bromination only condition (percentage of components as determined by LC-MS using ELSD)

Entry RBr Equiv 2 3 4 5

1 Bromoethane 3 — 37 49 —
2 2-Bromopropane 3 — — 94 —
3 2-Bromobutane 3 — — 93 —
4 2-Bromopentane 3 — — 98 —
5 Methyl bromoacetate 3 — — 63 33
6 Ethyl 2-bromopropionate 3 — — 27 71
7 Ethyl 2-bromoisobutyrate 3 — — 76 —
8 Ethyl 2-bromopropionate 4or5 — — — 95
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Figure 1. Bromination using 2-bromopentane.
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Figure 2. Bromination using ethyl 2-bromopropionate.
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Scheme 2. In situ generation of bromination species.

brominating ability of these could be modulated by the
alkyl group attached to them. Thus, this brominating
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Scheme 3. Bromination of unsubstituted aniline analogues.

system is tunable for different substrates by varying
alkyl bromides.

To further support the proposed mechanism, two by-
products of alkyl alcohol and methyl alkyl sulfide from
the reaction were 1dent1ﬁed by running the reaction in
DMSO-d, and analyzing '"H NMR and LC— MS data
They were further confirmed by HPLC isolation.'>

To expand the limitation of solvents, and eliminating
alkylation reaction, a two-step process was devised.
The first step was to prepare the active brominating
ingredient by heating bromides in DMSO in the pres-
ence of NaH. The second step was to add a solution
of the substrate to the reaction. A list of solvents, includ-
ing DMF, THF, ACN, EtOH, dioxane, or toluene, were
tested to give the positive results shown in Scheme 3.

In conclusion, a novel tunable aromatic bromination
method was developed using alkyl bromides and DMSO
in the presence of NaH. The ability to modulate the
brominating strength should warrant its applications
in selective bromination on various aromatic systems.
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