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Abstract: The copper-catalyzed C–H halogenation of 2-aryl-
pyridines containing a variety of electron-withdrawing and elec-
tron-donating substituents was described. It is worth noting that
cheap and easy-to-handle lithium halides were utilized as the halo-
gen sources.
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The development of transition-metal-catalyzed C–H func-
tionalization with the assistance of directing groups has
made great progress in the past decades.1 Of particular in-
terest are Pd-, Pt-, Rh-, and Ru-catalyzed C–H activation
reactions. In contrast, less attention has been paid to in-
vestigating the Cu-catalyzed C–H activation.2,3 Copper is
one of the most abundant metals on the earth, and one of
the most inexpensive and environmentally friendly ones.
Consequently, in recent years, increasing effort has been
directed toward the copper-catalyzed functionalization of
C–H bonds for the efficient construction of C–C bonds,2

and C–heteroatom bonds.3

Halogenated aromatics are not only important structural
motifs in natural products and synthetic drugs, but also re-
markably useful precursors that are widely employed in
organic synthesis, for example, in cross-coupling reac-
tions.4 The classical approach to halogenated arenes is the
direct electrophilic halogenations using Cl2 and Br2 as ha-
logenating reagents, however, this method suffers from
the inherent disadvantage, including low regioselectivity
as well as tedious and dangerous procedures.5 Recently,
palladium-catalyzed halogenations of aromatic sp2 C–H
bond were achieved with the assistance of directing
groups, such as amides,6 pyridines,7 pyrimidine,8 carbox-
ylic acids,9 and oxazolines,7 whereas their broad utility re-
mains limited by the requirement of the stoichiometric
amount of CuCl2, NXS (X = Cl, Br, I), or IOAc as halogen
sources. More recently, Yu presented a copper-catalyzed
ortho C–H chlorination on the aryl ring with pyridine as
directing group and large excess of Cl2CHCHCl2 as chlo-
rinating reagent.10 Notably, cheap lithium halides were

successfully applied in the copper-catalyzed C–H haloge-
nations of electron-rich arenes with dioxygen as the termi-
nal oxidant,11 while these methods could not extend to
electron-deficient arenes. Inspired by these pioneering
studies, we launched our effort to develop a simple meth-
od for the halogenation of aryl C–H bonds using cheap
halogen sources. Herein, we wish to demonstrate an ap-
proach to constructing C–X (X = Cl, Br) bonds through
copper-catalyzed C–H halogenation of 2-arylpyridines by
the use of cheap and easy to handle lithium halides as the
halogen sources.

In our initial studies, 2-phenylpyridine (1) was chosen as
a model substrate to test the halogenation of aryl C–H
bond directed by a pyridyl group. Gratifyingly, the reac-
tion of 2-phenylpyridine (1) with LiCl in the presence of
20 mol% Cu(NO3)2·3H2O and MnO2 acting as an oxidant
in acetic acid gave the ortho-monochlorinated product 1a
in 49% isolated yield and the ortho-dichlorinated product
1b in 25% yield (Table 1, entry 1). This observation indi-
cated that good conversion could be achieved by perform-
ing this reaction in the presence of a proper oxidant.
Further screening of different oxidants showed that 30%
H2O2, (PhCOO)2, KMnO4, and Ce(SO4)2 could provide
the mono- and dichlorinated products in low to good
yields, however, these oxidants could not give a good se-
lectivity (Table 1, entries 2–5). Other oxidants, such as
TBHP, BQ, K2S2O8, and Oxone were observed to be inef-
fective for this reaction (Table 1, entries 6–9). It should be
noted that the use of CrO3 as an oxidant provided the
dichlorinated product 1b in 88% yield as well as 8% of the
monochlorinated product 1a after prolonging the reaction
time to 3 days (Table 1, entry 10). Finally, the dichlorinat-
ed product 1b could be obtained in 71% isolated yield in
the presence of five equivalents of Ac2O as an additive
without using Ph3P ligand (Table 1, entry 11).

Next, we screened different types of Cu(II) and Cu(I) cat-
alysts, such as Cu(OAc)2, CuCl2, Cu(OTf)2, CuO (nano),
CuCl, CuI, and Cu2O, and found these Cu species could
mediate this reaction to provide the chlorinated products,
but with lower ratios and yields of 1a and 1b compared to
that of Cu(NO3)2·3H2O (Table 2). Notably, the reaction
did not occur in the absence of a copper catalyst (Table 2,
entry 9). Instead of LiCl, both NaCl and KCl could also
promote the chlorination of 2-phenylpyridine (1) under
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the standard conditions, whereas the lower selectivities
were observed as compared to that of LiCl (with NaCl,
71% yield, 14:86 ratio of 1a and 1b; with KCl, 78% yield,
1:1 ratio of 1a and 1b). From the viewpoint of organic
synthesis, we expected to achieve high monoselectivity of
the aromatic C–H chlorination by the addition of ligand.
Disappointingly, a wide range of ligands, such as 2,2-bi-
pyridine, TMEDA, dppe, dppf, and 1,10-phenanthroline
did not play a positive role in improving the selectivity of
this reaction (for details, see Supporting Information).

With these conditions in hand, we examined the scope of
this reaction by varying substituents on the aryl and/or py-
ridyl rings. As shown in Table 3, a variety of substrates 1–
13 bearing electron-withdrawing or electron-donating
substituents afforded the chlorinated products in moderate
yields, albeit with poor selectivity. The methyl group at
the para position on the phenyl ring in compound 2 pro-

vided the ortho-chlorinated products 2a and 2b in 62% to-
tal yields (52:48 ratio, Table 3, entry 2). Interestingly, the
electron-withdrawing CF3 group also gave the ortho-
dichlorinated product 4b (58% yield) as a major product
together with the monochlorinated product 4a (23% yield,
Table 3, entry 4). In the presence of the ortho substitutent
on the pyridine (Table 3, entry 9), the monochlorinated
product 9a was observed as a single product in 32% yield,
which indicates that the steric hindrance around the N
atom of the pyridyl group prevents further chlorination.
The analogous result was observed in compound 11 with
isoquinoline as a directing group (Table 3, entry 11).
When the electron-donating methoxyl group is attached to
the pyridine, the chlorination on the pyridyl ring was ob-
served (Table 3, entries 7, 8, and 10). The bromination re-
actions using LiBr afforded mixtures of brominated
products in 70–83% total yields with low regioselectivity
(Table 3, entries 14–16). At the same time, it is observed
that the reaction turned red-brown in color upon heating,
possibly implicating the formation of molecular bromine
in solution.12 Although the mechanism of copper-cata-
lyzed halogenation of 2-arylpyridines is not clear so far, it
can be suggested that a free-radical mechanism is likely to
operate in these systems, and electrophilic halogenation

Table 1 Screening of Oxidants for the C–H Halogenationa

Entry Oxidant Time (h) Yield of 1a 
(%)b

Yield of 1b 
(%)b

1c MnO2 19 49 25

2d H2O2 48 26 46

3d (PhCOO)2 36 42 36

4 KMnO4 24 40 12

5 Ce(SO4)2 48 26 4

6d TBHP 36 7 –

7d BQ 36 n.r. n.r.

8 K2S2O8 48 n.r. n.r.

9 Oxone 48 7 –

10 CrO3 72 8 88

11e CrO3 48 – 71f

a Reaction conditions: 1 (30 mg, 0.19 mmol), LiCl (33 mg, 0.77 
mmol), Cu(NO3)2·3H2O (9.4 mg, 20 mol%), Ph3P (20.3 mg, 40 
mol%), AcOH (1.5 mL), 150 °C, oxidant (4 equiv), in a sealed tube.
b GC yield with n-dodecane as an internal standard.
c Isolated yield.
d Cu(NO3)2·3H2O (14 mg, 30 mol%), Ph3P (30.4 mg, 60 mol%), oxi-
dant (1.2–1.5 equiv).
e CrO3 (2 equiv), Ac2O (5 equiv) as an additive without using Ph3P.
f Compound 1b was isolated.

Cu(NO3)2⋅3H2O (20 mol%)
Ph3P (40 mol%)

oxidant
150 °C, AcOH

+

N

+

LiCl

1

N

1a

N

1b

Cl

Cl

Cl

Table 2 Copper-Mediated C–H Halogenationa

Entry [Cu] Yield of 1a (%)b Yield of 1b (%)b

1c Cu(OAc)2 42 22

2 CuCl2 25 2

3d CuCl 26 –

4d CuI 27 –

5 Cu2O 44 9

6 Cu(OTf)2 36 11

7 Cu(PPh3)2NO3 20 51

8 CuO (nano) 36 7

9 none trace –

a Reaction conditions: 1 (31 mg, 0.2 mmol), LiCl (34 mg, 0.8 mmol), 
CrO3 (24 mg, 0.24 mmol), AcOH (1.5 mL), Cu complex (20 mol%), 
150 °C, 2 d, in a sealed tube.
b GC yield with n-dodecane as an internal standard.
c Isolated yield.
d Only monochlorinated product 1a was observed by GC.

+

N

+

LiCl

1

N

1a

N

1b

Cl

Cl

Cl

[Cu] (20 mol%)
CrO3 (1.2 equiv)

AcOH
150 °C, 2 d
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pathway is also possible. Mechanistic aspects of this reac-
tion are under investigation.

Table 3 Copper-Mediated C–H Halogenationa 

Entry Substrate Time 
(d)

Product Yield 
(%)b

1

1

2

1b

71

2

2

6
2a

2b

32

30

3

3

0.8
3a

3b

24

35

4

4

2
4a

4b

23

58

5

5

0.8

5a

38

N N

Cl

Cl

N

N

Cl

N

Cl

Cl

MeO

N

MeO

N

Cl

MeO

N

Cl

Cl

F3C

N

F3C

N

Cl

F3C

N

Cl

Cl

N
MeO

N

Cl

MeO

Cl

6

6

4.5

6a

44

7

7

0.9

7a

28

7b

17

8

8

0.5

8a

30

8b

33

9

9

6

9a

32

10

10

0.6

10a

21

10b

18

10c

36

Table 3 Copper-Mediated C–H Halogenationa  (continued)

Entry Substrate Time 
(d)

Product Yield 
(%)b

N
F3C

N
F3C

Cl

N

NO2

OMe N

NO2

Cl

OMe

N

NO2

Cl

OMe

Cl

N

CF3

OMe N

CF3

OMe

Cl

N

CF3

OMe

Cl Cl

N N

Cl

N OMe N OMe

Cl

N OMe

Cl

Cl

N OMe

Cl
Cl
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In summary, we developed a method for the copper-medi-
ated C–H chlorination and bromination of 2-arylpyridines
substituted with both electron-donating and electron-
withdrawing groups by the use of cheap LiX (X = Cl, Br)
as the halogen sources. Further investingations to improve
the regioselectivity and probe the mechanism of this reac-
tion are in progress in our lab.

Copper-Catalyzed Aromatic C–H Bond Halogenation; Typical 
Procedure
In a sealed tube, a solution of substrate 2 (67.6 mg, 0.4 mmol), LiCl
(67.2 mg, 1.6 mmol), Cu(NO3)2·3H2O (19.4 mg, 0.08 mmol), CrO3

(80 mg, 0.8 mmol), Ac2O (204 mg, 2 mmol) in AcOH (3 ml) was
stirred at 150 °C for 6 d. Then the mixture was neutralized with
NaHCO3 (sat. solution) and extracted with EtOAc (3 × 15 mL). The
combined organic layers was washed with brine (2 × 15 mL) and
dried over Na2SO4. After evaporation, the residue was purified via
TLC with PE–Et2O [2:1 (v/v)] as the eluent to provide oily product
2a in 32% yield. 1H NMR (400 MHz, CDCl3): d = 2.38 (s, 3 H), 7.17
(d, J = 7.6 Hz, 1 H), 7.26 (d, J = 6.0 Hz, 1 H), 7.30 (s, 1 H), 7.49 (d,
J = 7.6 Hz, 1 H), 7.64 (d, J = 8.0 Hz, 1 H), 7.74 (t, J = 8.0 Hz, 1 H),
8.71 (d, J = 5.2 Hz, 1 H). 13C NMR (100 MHz, CDCl3): d = 20.9,
122.1, 124.8, 127.8, 130.5, 131.3, 131.7, 135.7, 136.2, 139.9, 149.4,
156.8. IR (KBr): n = 2924, 1609, 1585, 1463, 1430, 874, 783 cm–1.
MS (EI): m/z = 205.1 [M+ (37Cl)] (19.72), 203.1 [M+ (35Cl)] (66.28),
169.1, 168.1, 167.1, 153.1. HRMS (EI): m/z calcd for C12H10ClN:
203.0502; found: 203.0505.

11c

11

4

11a

33

12

12

5.5

12a

21

12b

28

13

13

5.5

13a

36

14

1

0.8

1c

22

1d

48

15d

3

0.7

3c

51

3d

13

3e

10

Table 3 Copper-Mediated C–H Halogenationa  (continued)

Entry Substrate Time 
(d)

Product Yield 
(%)b

N N

Cl

N N

Cl

N

Cl

N
N

Cl

N N

Br

N

Br

Br

MeO

N
N

MeO

Br

N

MeO

Br

Br

N

Br

MeO

Br

16d

5

0.7

5b

40

5c

17

5d

26

a Reaction conditions: Cu(NO3)2·3H2O (20 mol%), CrO3 (2.0 equiv), 
LiX (X = Cl or Br, 4.0 equiv), Ac2O (5.0 equiv), AcOH, in a sealed 
tube.
b Isolated yield.
c Reaction conditions: Cu(NO3)2·3H2O (20 mol%), MnO2 (4.0 equiv), 
LiCl (4.0 equiv), AcOH, in a sealed tube.
d Conditions: CuO (nano) (20 mol%), CrO3 (2.0 equiv), LiBr (4.0 
equiv), Ac2O (5.0 equiv), AcOH, in a sealed tube.

Table 3 Copper-Mediated C–H Halogenationa  (continued)

Entry Substrate Time 
(d)

Product Yield 
(%)b

N
MeO

N
MeO

Br

N
MeO

Br

Br

N
MeO

BrBr
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2-(2,6-Dichloro-4-methylphenyl)pyridine (2b)10

Oil; 30% yield. 1H NMR (400 MHz, CDCl3): d = 2.30 (s, 3 H), 7.16
(s, 2 H), 7.31–7.35 (m, 2 H), 7.73 (td, J = 1.6, 7.6 Hz, 1 H), 8.68 (d,
J = 4.8 Hz, 1 H). IR (KBr): n = 2923, 1731, 1600, 1494, 1452, 736,
696 cm–1. MS (EI): m/z = 241.0 [M+ (37Cl37Cl)] (3.10), 239.0 [M+

(37Cl35Cl)] (19.70), 237.0 [M+ (35Cl35Cl)] (30.51), 205.0, 204.0,
202.0, 167.1, 166.1, 139.1, 138.0.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.

Primary Data for this article are available online at http://
www.thieme-connect.com/ejournals/toc/synlett and can be cited
using the following DOI: 10.4125/pd0009th. FID data and associat-
ed files for the 1H and 13C NMR spectra are available.
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