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A facile protocol for the synthesis of 1,2-dibromoarenes is
described. A standard ortho-lithiation/bromination procedure,
when applied to bromoarenes, resulted in poor yields of the
corresponding 1,2-dibromoarenes (13-62% yield). However,
transmetalation of the transient aryllithium intermediate to
an arylzinc species with ZnCl2, followed by bromination,
resulted in dramatically improved yields of the synthetically
useful 1,2-dibromoarenes (68-95% yield).

Polyhalogenated arenes are ubiquitous target molecules in
the field of material science and natural product syntheses.2 The
widespread utility of these subunits necessitates versatile and
convenient methods for their preparation. Traditionally, the
regioselective preparation of bromoarenes has been accom-

plished either by using electrophilic bromination3 or by bromi-
nation of lithiated arenes with reagents such as bromine,4 NBS,5

Br2F4C2,6 or 1,2-dibromoethane.7

While the above methods are commonly used to access a
wide array of brominated arenes, there are some limitations to
this methodology when applied to the synthesis of 1,2-
dibromoarenes. The electrophilic bromination of bromoarenes
has afforded mixtures of corresponding 1,4- and 1,2-dibro-
mides.8 The complimentary ortho-metalation reaction of bro-
moarenes with LDA or LiTMP9 has afforded the corresponding
ortho-lithiated bromoarenes with high selectivity and yield.
However, the subsequent bromination of the ortho-lithiated
species furnished 1,2-dibromoarenes in low to moderate yields.
A plausible explanation for the poor yields is depicted in Scheme
1.

It is well documented that the original deprotonation of 1,3-
bromochlorobenzene (1a) with LiTMP affords the lithiated
intermediate (2a),10 which is stable at-78°C. Immediately after
bromine addition to this anion is initiated, the reaction mixture
contains both the desired product4a and unreacted aryllithium
(2a) (pathway A, Scheme 1). It is our supposition that this yet
unreacted anion (2a) is basic enough to abstract a proton from
the newly generated 1,2-dibromoarene (4a).11 Consequently, the
desired 1,2-dibromo-3-chlorobenzene (4a) is contaminated with
polyhalogenated arene612 and copious amounts of starting
material1a.13 To support our hypothesis, we reacted 0.5 equiv
of 3-chloro-1,2-dibromo-3-chlorobenzene (4a) with 1.0 equiv
of pregenerated aryllithium (2a) for 1 h at-78 °C. A sample
of the reaction mixture was analyzed by GC/MS after a
subsequent quench of the reaction mixture withd4-acetic acid,
which indicated that deuterated5 was formed.
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To minimize this undesired deprotonation reaction, we
envisioned that transmetalation from lithium to a less basic metal
like zinc would result in arylzinc (3a), which would effectively
preclude latent deprotonation of the desired product4a after
bromination (pathway B, Scheme 1). We were pleased to find
that by simply adding an anhydrous zinc chloride solution in
THF14 to 2-bromo-6-chlorophenyllithium (2a) followed by
bromination afforded 1,2-dibromo-3-chlorobenzene (4a) in
excellent yield (95% assay yield).15

Spectroscopic data confirmed the transmetalation from aryl-
lithium16 to arylzinc17 upon the addition of zinc chloride.13C
NMR data recorded on 2-bromo-6-fluorophenyllithium (2b)18

and 2-bromo-6-fluorophenylzinc (3b)19 indicated a high-field
chemical shift of the metal-bearing carbon from 170.2 ppm (d,
2JCF ) ∼137 Hz)20 to 159.8 ppm (d,2JCF ) 77 Hz),
respectively.21 Additionally, the 2JF-C(ipso) coupling constant
reflected the presence of the metal species as compared to 24.2
Hz in 1b.22

The above hypothesis was further substantiated by a series
of experiments that are summarized in Table 1.

Only a 58% assay yield of compound4a was obtained when
the aryllithium species2a was brominated with bromine. A

dramatically increased assay yield (95%) of4a was obtained if
aryllithium intermediate2a was transmetalated to zinc species
3a prior to bromination (Scheme 2). A similar assay yield of
1,2-dibromo-3-chlorobenzene (4a) was obtained (91%) if the
reaction mixture was allowed to warm to room temperature over
18 h prior to the addition of bromine. This result suggested that
2-bromo-6-chlorophenylzinc (3a) was much more thermody-
namically stable than 2-bromo-6-chlorophenyllithium (2a).23,24

Finally, these transmetalation/bromination conditions with 1.0
equiv of zinc chloride at-78 °C were used to explore the scope
of 1,2-dibromoarene formation.

Direct comparisons of aryllithium bromination to arylzinc
bromination were made and the data are compiled in Table 2.
The direct bromination of the lithiated 1,3-bromohalobenzene
derivatives1a-d gave moderate assay yields (52-62%) of the
desired aryl bromides4a-d; however, each of these reactions
contained significant amounts of starting material. In contrast
to both the reaction profiles and assay yields of aryllithiums
2a-d, the bromination of the corresponding arylzinc species
3a-3d afforded brominated arenes4a-d in excellent assay
yields (90-95%) and isolated yields (84-93%). In addition,
in all of these examples, essentially complete consumption of
starting aryl bromides (1a-d) occurred. The bromination of
1-bromo-2-cyanobenzene (1e) via the ortho-lithiated intermedi-
ate afforded a low assay yield (45%) of aryl bromide4e and
occurred with low conversion (39% recovered1e). Marked
improvements occurred to both the conversion (99%) and yield
of dibromide 4e (93% assay yield, 87% isolated yield) by
utilizing the zinc methodology. The bromination of 2- and
3-bromo-1-trifluoromethylbenzene (1f and 1h) once again
afforded low assay yields of the two dibromoarenes4f and4h
(32% and 52%, respectively) via the direct bromination of the
corresponding aryllithium intermediates. After transmetalation
to zinc, the brominated products4f and4h were formed in 70%
and 90% yield, respectively. 3-Bromotrifluoromethylbenzene
(1h) was selectively deprotonated in the 4-position and afforded
1,2-dibromo-4-trifluoromethylbenzene (4h) as a single product
after bromination.25 The sterically demanding bromo and
trifluoromethyl substituents prevented the ortho-lithiation in the
2-position with the sterically hindered base LiTMP. Bromination
of 2-bromo-3-lithium pyridine (2i) afforded 2,3-dibromopyridine
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SCHEME 1. 1,2-Dibromoarene Formation TABLE 1. Variation of Reaction Conditions Following Pathway B
in Scheme 1a

entry
equiv of

ZnCl2
age timeb

[h]
assay yield
[%]c of 4a

1 0 0.5 58
2 1.0 0.5 95
3 1.0 18d 91

a Standard reaction conditions: 1.2 equiv of TMP in THF at-78 °C,
1.1 equiv of 1.6 Mn-BuLi in hexane, 1.0 equiv of 3-bromo-1-chlorobenzene,
2 h age, addition of 1.0 equiv of 1.0 M ZnCl2 in THF, 30 min age, 1.5
equiv of Br2 at -78 °C. b Age time after the addition of ZnCl2 at -78 °C.
c Assay yield after bromination at-78 °C. d 2-Bromo-6-chlorophenylzinc
was allowed to warm to room temperature over 18 h followed by the
addition of bromine.
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(4i) in only 13% assay yield, while after transmetalation to zinc
the desired product4i was formed in 90% yield. Finally, methyl
benzoate4g was formed in 68% yield via the arylzinc species
compared to a 26% assay yield by direct bromination of the
aryllithium intermediate.26

In conclusion, we have discovered a facile protocol for the
synthesis of 1,2-dibromoarenes. When typical ortho-lithiation/

bromination conditions were applied to bromoarenes, the
corresponding 1,2-dibromoarenes were formed in low to moder-
ate yields. The poor yields were rationalized by a deprotonation
pathway. However, transmetalation from aryllithium to the
arylzinc species with ZnCl2 effectively suppressed the formation
of side products and dramatically improved yields of the
synthetically useful 1,2-dibromoarenes.

SCHEME 2. Arylzinc Pathway to 1,2-Dibromoarenes

TABLE 2. Preparation of 1,2-Dibromoarenes

a Starting material.b Reagents and conditions: 1.2 equiv of 2,2,6,6-tetramethylpiperidine, 1.1 equiv ofn-BuLi, 1.0 equiv.of 3-bromoarene, 2 h age, 1.5
equiv of Br2, THF, -78 °C. c Assay yield by HPLC.d Reagents and conditions: 1.2 equiv of 2,2,6,6-tetramethylpiperidine, 1.1 equiv ofn-BuLi, 1.0 equiv
of bromoarene, 2 h age, 1.2 equiv of ZnCl2, 30 min age, 1.5 equiv of Br2, THF, -78 °C. e Isolated yield in parentheses.
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Experimental Section

To n-butyllithium in hexanes (1.95 mL, 1.55 M, 3.02 mmol) at
-20 °C was added a solution of 2,2,6,6-tetramethylpiperidine (0.51
mL, 3.02 mmol) in THF (4.75 mL). After aging for 30 min, the
solution was cooled to-78 °C and a solution of 3-bromobenzoni-
trile (0.5 g, 2.7 mmol) in THF (2.8 mL) was added dropwise so as
to maintain the temperature at<-70°C. After 2 h, a 1.0 M solution

of ZnCl2 in THF (2.75 mL, 2.75 mmol) was added dropwise and
allowed to stir for an additional 30 min. Bromine (0.21 mL, 4.12
mmol) was added dropwise at a rate to keep the temperature below
-50 °C. The reaction was monitored by HPLC (typical reaction
time <30 min) and the completed reaction was allowed to warm
to 25 °C and quenched with H2O. The product was extracted two
times intotert-butyl methyl ether and the combined organic layers
were washed with 1 M HCl (aq) followed by H2O. The organic
layer was dried over Na2SO4, filtered, and concentrated. The residue
was purified by flash column chromatography with hexanes to
afford 0.62 g of 2,3-dibromobenzonitrile as a colorless liquid (2.38
mol, 87%).1H NMR (CDCl3, 300 MHz)δ 7.85 (dd,J ) 8.20 Hz,
1.40 Hz, 1H), 7.62 (dd,J ) 7.70 Hz, 1.50 Hz, 1H), 7.29 (t,J )
8.00 Hz, 1H);13C NMR (CDCl3, 75 MHz) δ 137.7, 133.0, 128.6,
128.0, 126.7, 117.9, 116.8; GC/MS (m/z) 261, 180, 100, 75; melting
point 106.1°C.

Supporting Information Available: Experimental procedures
for the synthesis of compounds4a-i, as well characterization data.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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