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Abstract: Regioselective halogen—metal exchange reactions using
isopropylmagnesium chloride were carried out on 3-substituted 1,2-
dibromo arenes. Eleven examples are given.
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A common strategy in organic synthesis is the functional-
ization of polyhalogenated arenes. Primarily, iodo-bromo
arenes are used in the regioselective functionalization. In
recent years, increasing efforts have been made to inves-
tigate the regioselective functionalization of diiodo- or
dibromo arenes.? In 1,4- and 1,3-dibromo arenes, aregi-
oselective halogen—metal exchange reaction using butyl-
lithium iswell documented.®” Interestingly, there are only
a few examples of the regioselective halogen—metal ex-
change on 1,2-dibromo arenes.® This lack of precedence
may be attributed to the accessibility and availability of
1,2-dibromo arenes.’® Additionally, vicinal bromo-lithio
arenes in general tend to decompose via a well known
benzyne pathway even at low temperatures.!! In contrast,
using isopropylmagnesium chloride for the halogen—met-
al exchange of 1,2-dibromo arenes has several advantag-
es. (@) higher thermodynamic stability of the resulting
arylmagnesium intermediate; (b) prevention of benzyne
pathways at low temperatures and (c) generation of highly
functionalized arylmagnesium compounds.*?

In general, the regioselective functionalization of the 2-
position in 3- or 3,5-substituted bromobenzene deriva-
tives afforded mixtures of 1,3,4- and 1,2,3- or 1,2,3,4- and
1,3,4,5-bromobenzene derivatives, respectively. We envi-
sioned that 3-substituted 1,2-dibromobenzene derivatives
could be regioselective functionalized in a halogen—metal
exchange reaction. In order to test our hypothesis 1,2-di-
bromo-3-chlorobenzene (1a) was treated with butyl-
lithium at —78 °C in tetrahydrofuran or diethyl ether
(Scheme 1).5 The halogen—-metal exchange occurred
exclusively at the 2-position (entries 1 and 2, Table 1).:3
However, 3-bromo-1-chlorobenzene (2a) was formed
only in 75% and 67%, respectively,’* as determined by
HPLC versus a standard prepared from commercialy
available authenic material. When reacting isopropyl-
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magnesium chloride with 1,2-dibromo-3-chlorobenzene
(1a) at —40 °C, 1-bromo-3-chlorobenzene (2a) and 1-bro-
mo-2-chlorobenzene (3a) were afforded in 93% and 5%
yields, respectively (entry 3). The high regioselectivity in
the halogen—meta exchange, the high yield of 2a and the
thermodynamic stability of the arylmagnesium intermedi-
ate encouraged us to study the reaction conditions using
isopropylmagnesium chloride in more detail .
1) n-BuLi

\©/ i- PngCI \©/ \©

2) 3MHCI
Scheme 1 Study of reaction conditions for the regioselective
halogen—metal exchange on 1,2-dibromo-3-chlorobenzene (1a)

A similar regioselectivity between 2a and 3a and a lower
yield of 2a were observed if the reaction was carried out
at —78 °C (entry 4). Both yield of 2a (71%) and regio-
selectivity (90:10) decreased when the halogen—metal
exchange was performed at room temperature (entry 5).
When the reaction mixture was kept at room temperature
for 24 hours, the ratio worsened to 81:19 and a significant
decrease in the yield of 2a was observed (18%, entry 6).1°
It has been reported that the halogen—metal exchange of
aryl bromide using isopropylmagnesium chlorideis faster
in the presence of lithium chloride, which was attributed
to the formation of a reactive complex between iso-
propylmagnesium chloride and lithium chloride.® When
this complex was applied on la a dlight decrease in
regioselectivity to 88:12 and yield (79%) for 2a was
observed (entry 7).1°

The selectivity and reactivity in reactions using Grignard
reagents are being affected by the solvent or additives.'’
In order to evaluate the solvent effect on the regiosel ectiv-
ity the halogen—metal exchange on 1,2-dibromo-3-chloro-
benzene (1a) was performed in toluene (entry 8) and tert-
butyl methyl ether (entry 9).*® In both experiments the re-
gioselectivity of 2a versus 3a increased sightly to 97:3
and 98:2, respectively, while the yields decreased. Other
additives [TMEDA, potassium methoxide, lithium tert-
butoxide, 1,4-dioxane, 18-crown-6, (1S2R)-(-)-2-(di-
butylamino)-1-phenyl-1-propanol], which are known in
the literature for coordinating Grignard reagents and
accelerating the halogen—metal exchange, showed almost
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Tablel Conditions for the Regioselective Halogen—-Metal Exchange of 1,2-Dibromo-3-chlorobenzene (1a)

Entry Conditions Yield of 1a (%6)¢ Yield of 2a (%) Ratio 2a:3a
1 BuLi, —78 °C, THF-hexane 0 75 >99:1°¢

2 BuLi, —78 °C, Et,0O-hexane <1 67 >09:1¢

3 i-PrMgCl, —40 °C THF 0 93 95:5

4 i-PrMgCl, —78 °C, THF 23 73 96:4

5 i-PrMgCl, 22 °C, THF 0 71° 90:10

6 i-PrMgCl, agefor 19 hat 22 °C, THF 0 18° 81:19

7 i-PrMgCI-LiCl, —40 °C, THF 0 79 88:12

8 i-PrMgCl, —40 °C, toluene 2 90 97:3

9 i-PrMgCl, —40 °C, tert-buty! methyl ether 16 82 98:2

aYields were determined by HPL C analysis vs. a standard prepared from commercially available authentic material.
b Chlorobenzene and polyhal ogenated biphenyl compounds were identified by GC-M S as major side products.

¢ Minor regioisomer 3a was not observable.
4 Recovered starting material.

no effect on the regioselectivity (between 92:8 and 95:5).
High product yield, good regioisomeric ratio, wide func-
tional group tolerance and the commercial availability of
isopropylmagnesium chloride in tetrahydrofuran encour-
aged us to apply the reaction conditions reported under
entry 3 (Table 1) to different substrates.

A variety of 3-substituted 1,2-dibromobenzene deriva-
tives were prepared following literature procedures, 102425
Generdly, all substrates (Table 2) underwent a highly
regioselective halogen—metal exchange reaction. The
halogen—metal exchange on 3-hal o-1,2-dibromobenzenes
(1a—c) occurred predominantly in the 2-position and gave
benzoic acids (4a—) after CO, addition to the arylmagne-
sium species in good isolated yields (62—84%). The de-
crease in regioselectivity from fluoride (1b) to bromide
(1c) as shown in Table 2, could be explained with an
increase in van der Waals radius and a decrease in elec-
tronegativity of the substituent in the 3-position.%2°

1) 1.1 equiv i- PngCI
_THR-a0cC COzH
2) CO,, 1 M HCI
la-h

Scheme2 Regioselectivity in the halogen—metal exchange reaction
of 3-substituted 1,2-dibromo arenes

Similar regioselectivities of 94:6 and 92:8 were observed
when 3-trifluoromethyl- (1d), 3-cyano- (1€)?2 and 3-meth-
ylcarboxyl-1,2-dibromobenzene (1f) were reacted with
isopropylmagnesium chloride. When the magnesiated 2-
bromo-5-cyanobenzene was quenched with CO,, 4-bro-
mo-2-benzofuran-1,3-dione?® was isolated in 75% yield.
Additionally, the halogen—metal exchange with isoprop-
ylmagnesium chloride can be carried out on the compara-
ble more electron-rich 1,2-dibromo-3-methoxybenzene
(1g),?* affording the corresponding benzoic acid 4g in

75% yield. The high regioselectivity for the halogen—met-
a exchange on the electron-rich 1,2-dibromoarene (19)
may be consistent with a coordination between the oxygen
lone pair electrons and the Grignard reagent, directing the
isopropylmagnesium chloride to the 2-position and af-
fording 4g after CO, addition. Interestingly, if 1,2-dibro-
mo-3-methylbenzene (1h)?»® was subjected to reaction
with isopropylmagnesium chloride, the bromide in the 1-
position was exclusively exchanged (entry 8, Table 2).
Thisresult led to the assumption that a sterically hindered
electron-donating group, like methyl, without coordinat-
ing abilities, hinders the attack of the reagent at the 2-po-
sition.?

Table2 Regioselective Halogen—Metal Exchange on aVariety of
Substrates

Entry Compound R Ratio 45  Yield (%)
1 la Cl 955 62°

2 1b F 99:1 84

3 1c Br 90:10 73

4 1d CF; 94:6 89

5 le CN 94:6 75Pc

6 1f CO,Me 92:8 544

7 19 OMe 90:10 75

8 1h Me 1:99 85ef

a|solated yield of 4.

b 1.4 Equiv of i-PrMgCl were used in order to drive the reaction to
completion.

¢ Isolated yield of 4-bromo-2-benzofuran-1,3-dione.

4 15% Recovered starting material.

¢ |solated yield of 2-bromotoluene.

7 Equiv of i-PrMgCl were used in order to drive the reaction to
completion.?*
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The unambiguous assignments of the major regioisomers
formed in the halogen—metal exchange was achieved by
converting the arylmagnesium intermediates generated
from la-h into the benzoic acids 4a—h and 5a-h,?’ re-
spectively, by the addition of CO, as depicted in
Scheme 2. The advantage of the benzoic acid was the
simple purification and the opportunity to analyze the
products by avariety of NMR experiments.?®

The halogen—metal exchange carried out on 2,3-dibromo-
biphenyl (6i),%° 2,3-dibromo-2’-methoxy-biphenyl (6k)*
and 2’,3’-dibromo-biphenyl-2-carbonitrile (61)% led to a
mixture of debrominated products (7i-) and starting
materias (6k—, Scheme 3). Thisis most likely due to an
intramolecular proton abstraction from the neighboring
phenyl ring.

O I

1) 1.1 equiv i-PrMgCl
THF, —40 °C

Br ,
2) 3 M HCl
R
R =H (6i) 7i-l
OMe (6k)
CN (6l) 40-50%

Scheme3 Halogen—metal exchange on biphenyl derivatives
resulted primarily in overall reduction

In summary, we have shown that 3-substituted 1,2-dibro-
mo arenes undergo an isopropylmagnesium chloride-me-
diated regioselective halogen—metal exchange. When the
3-substituent was either el ectron-withdrawing and/or pos-
sessed lone pair electrons that enabled chelation of iso-
propylmagnesium chloride, a high bias (between 90:10
and 99:1) for the halogen—metal exchange adjacent to the
3-substituents resulted. This method was used to prepare
1-substituted-5-bromobenzoic acids in 62—89% isolated
yields.

General Procedurefor the Halogen—M etal Exchange Reaction:
2-Bromo-6-fluorobenzoic Acid (4b)

In aSchlenk flask, 0.60 g (2.35 mmol) of 1,2-dibromo-3-fluoroben-
zene were dissolved in 5 mL of THF under nitrogen. The reaction
mixture was cooled to —40 °C and charged slowly with 1.30 mL
(2.58 mmol, 1.98 M) of i-PrMgCl in THF. The reaction mixture was
aged for 2 h at —40 °C before a slow stream of CO, was passed
through the reaction mixture for 1 h at —40 °C. The organic stream
was added to 10 mL of 1 M NaOH and the organic layer was ex-
tracted two times with a total of 20 mL of 1 M NaOH. The com-
bined agqueous layer was acidified using 3 M HCI and extracted
threetimes with atotal amount of 30 mL EtOAc. The organic phase
was dried over Na,SO,, filtered and concentrated in vacuum. The
white residue was purified by flash column chromatography
(EtOAc-hexane, 10:1) affording 0.43 g (84%) of a white solid. *H
NMR (300 MHz, MeOH-d,): & = 7.19-7.23 (m, 1 H), 7.37 (td,
J=82,6.0Hz,1H), 7.47 (d, J=8.0Hz, 1 H). ®*C NMR (75 MHz,
MeOH-d,): § =116.1 (d, J=22.5Hz, 1 C), 120.5(d, J=7.5Hz 1
C), 127.2 (d, J=225Hz, 1 C), 129.9, 133,2 (d, J=7.5 Hz, 1 C),
160.5 (d, J = 247 Hz, 1 C), 167.0. °F NMR (282 MHz, MeOH-d,):
8 =-115.
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2-Bromo-6-chlorobenzoic Acid (4a)

'H NMR (300 MHz, MeOH-d,): § =7.30 (t, J=8.1 Hz, 1 H), 7.47
(dd, J=8.2, 0.9 Hz, 1 H), 7.59 (d, J= 8.1 Hz, 1 H). ®*C NMR (75
MHz, MeOH-d,): 6 =120.1, 129.6, 132.1, 132.4 (2 C), 138,2, 168.6.

2,6-Dibromobenzoic Acid (4c)

'H NMR (300 MHz, MeOH-d,): § =7.22 (t, J=8.0 Hz, 1 H), 7.63
(d, J=8.1 Hz, 2 H). 3C NMR (75 MHz, MeOH-d,): 5 = 119.9,
132.6 (2 C), 132.9 (2 C), 140.1, 169.2.

2-Bromo-6-trifluor omethylbenzoic Acid (4d)

H NMR (300 MHz, MeOH-d,): = 7.51 (td, J= 8.0, 0.6 Hz, 1 H),
7.74 (d, J=7.9 Hz, 1 H), 7.92 (d, J=8.1 Hz, 1 H). 3C NMR (75
MHZ, MeOH-d,): 8 =121.1, 122.5, 125.9-126.9 (m, 1 C), 129.6 (q,
J=30Hz 1C), 132.0, 136.5, 137.8, 168.9. °F NMR (282 MHz,
MeOH-d,): § =—61.9.

2-Bromo-6-methoxybenzoic acid (4f)

'H NMR (300 MHz, MeOH-d,): = 3.85 (s, 3 H), 7.05 (t, J=8.1
Hz, 1 H), 7.18 (dd, J= 8.0, 0.5 Hz, 1 H), 7.28 (t, J = 8.2 Hz, 1 H).
13C NMR (75 MHz, MeOH-d,): § = 56.8, 111.5, 119.8, 125.5,
128.4, 132.4, 158,4, 169.8.

2-Bromo-6-methylbenzoic Acid (50)

'H NMR (300 MHz, MeOH-d,): § = 7.40-7.48 (m, 2 H), 7.27-7.32
(m, 1 H), 2.45 (s, 3 H). 3C NMR (75 MHz, MeOH-d,): § = 23.9,
123.3,128.2, 128.7, 134.0, 136.6, 140.8, 170.8.
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organic layer was separated and the aqueous phase was
extracted two times with atotal amount of 30 mL of tert-
butyl methy! ether. The organic phase was dried over
MgSO,, filtered and concentrated in vacuum. The liquid
residue was purified by flash column chromatography (1%
tert-butyl methy! ether in hexane) affording 1.7 g (82%) of a
colorlessliquid. *H NMR (300 MHz, CDCl,): § = 2.47 (s,
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3H),7.06-7.11(m, 1H), 7.18-7.20 (m, 1 H), 7.45-7.48 (m,
1H). BC NMR (75 MHz, CDCly): § = 25.0, 125.6, 127.1,
128.0, 129.3, 131.2, 140.8.

1,2-Dibromo-3-methyl benzene underwent the halogen—
metal exchange with complete consumption in the presence
of 7 equiv of isopropylmagnesium chloride. If 1.1 equiv are
used, only a 50% conversion is observed at —25 °C after 24
h

The ratio between benzoic acid 4 and 5 in general was
determined by a combination of LC-MSand *H NMR.
Theregiosel ective assignmentswere done by proton—carbon
coupling constants along the aromatic ring structure which
are different for the regioisomeric structure of 4 and 5, see:
Dimichele, L.; Menzel, K.; Mills, P.; Frantz, D. E.; Nelson,
T. D. Magn. Reson. Chem. 2006, 44, submitted.

Biphenyl 6i was prepared following the experimental
procedure described in ref. 25 by using iodobenzene in the
cross coupling reaction: *H NMR (300 MHz, CDCl,): § =
7.23-7.25(m, 2 H), 7.34-7.37 (m, 2 H), 7.39-7.44 (m, 3H),
7.65 (dd, J = 6.29, 3.29 Hz, 1 H). ®C NMR (75 MHz,
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CDCl,): 6 =125.4, 126.3, 128.0, 128.1 (2 C), 128.2, 129.2
(2C), 129.8,132.8, 141.8, 145.5.

Biphenyl 6k was prepared following the experimental
procedure described in ref. 25 by using 2-iodoanisole in the
cross coupling reaction: *H NMR (300 MHz, CDCl,): § =
7.60-7.64 (m, 1 H), 7.40 (ddd, J = 8.00, 6.39, 5.11 Hz, 1 H),
7.18-7.23 (m, 2 H), 7.14 (dd, J = 7.42, 1.78 Hz, 1 H), 7.03
(td, J=7.40,1.04Hz, 1H), 6.99 (d, J = 10.11 Hz, 1 H), 3.79
(s,3H). BC NMR (75 MHz, CDCly): § = 156.3, 142.5,
132.5, 130.8, 130.4, 130.0, 129.6, 127.9, 126.7, 125.6,
120.3, 110.9, 55.5. GC-MS: m/z = 342, 261, 246, 182, 152,
139.

Biphenyl 61 was prepared following the experimental
procedure described in ref. 25 by using 2-iodo-1-cyano-
benzene in the cross coupling reaction: *H NMR (300 MHz,
CD,Cl,):6=7.27-7.35(m, 2H), 7.40(dd, J = 7.73,0.80 Hz,
1H),7.53(dt, J=1,20, 7.63 Hz, 1 H), 7.68 (dt, J = 1.28,
7.67 Hz, 1 H), 7.74-7.79 (m, 2 H). 3C NMR (75 MHz,
CD,Cl,): 6 =125.4, 126.3, 128.0, 128.1 (2 C), 128.2, 129.2
(2C), 129.8, 132.8, 141.8, 145.5.
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