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Abstract: A manganese-catalyzed cross-coupling reaction of
heterocyclic chlorides with aryl- as well as alkylmagnesium halides
has been developed. The reaction provides a variety of heterocyclic
compounds under mild and practical reaction conditions using low
amounts of manganese chloride as catalyst.
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Transition-metal-catalyzed carbon–carbon bond-forming
reactions are of great significance in the preparation of
polyfunctional heterocylces.1 This is especially true for
cross-coupling reactions of chloro-substituted hetero-
cycles with readily available alkyl- and aryl-Grignard
reagents.2 So far, these reactions have been performed
with toxic or expensive nickel3 and palladium4 complexes
or using more effective iron5 or cobalt6 catalysts.

Recently, we became interested in the synthesis of
1,2,3,4-tetrahydroquinoline derivatives, which are of
great synthetic importance in the preparation of pharma-
ceuticals and agrochemicals, as well as in material scienc-
es. In addition, many natural occurring alkaloids consist
of this structural key element. Given the importance of
this class of molecules, we recently developed a new
Brønsted acid catalyzed partial reduction of quinolines
(Scheme 1).7

Scheme 1 Brønsted acid catalyzed transfer hydrogenation

During the development of this hydrogenation procedure
we required a practical, efficient and fast access to various
substituted quinolines. Here we wish to report our results
on the development of such a process, a manganese-cata-
lyzed cross-coupling reaction of chloroquinolines with
aryl- and alkylmagnesium halides (Scheme 2),8 and the
extension of this coupling procedure to other chloro-sub-
stituted heterocycles.

Scheme 2 Manganese-catalyzed cross-coupling reaction of chloro-
quinoline and Grignard reagents

Our initial experiments of the manganese-catalyzed cross-
coupling reaction of chloroquinolines with aryl- and
alkylmagnesium chlorides 2 concentrated on the evalua-
tion of reaction parameters, such as solvent, temperature,
catalyst loading and manganese salt. From these first ex-
periments, we found that the test cross-coupling reaction
of 4-chloroquinoline (1a) with phenyl magnesium chlo-
ride (2a) could best be performed in THF as solvent. The
use of other solvents such as diethyl ether or DME also led
to product formation, but yields of the corresponding iso-
lated 4-phenyl quinoline (3a) were considerably lower.
Among the commercially available manganese salts ex-
amined, manganese(II) chloride9 showed the best catalyt-
ic activity and the use of 1 or 2 mol% resulted in complete
conversion of the substrate 1a after a short reaction time
(1.5 h) at 0 °C. The corresponding product 4-phenyl quin-
oline (3a) was obtained in either 86% or 91% isolated
yield, respectively, after column chromatography
(Table 1, entry 1). Using these optimized reaction condi-
tions, we explored the reaction of 1a with different alkyl-
magnesium chlorides 2b–e (Table 1, entry 2–7). The 4-
alkyl-substituted quinolinines were again isolated in good
yields (65–83%), however, in some cases we had to use 5
mol% of catalyst. The manganese-catalyzed cross-cou-
pling reaction could also be performed with 2-chloro-, 2-
chloro-4-alkyl-, and 4-chloro-2-phenylquinoline deriva-
tives 1b–d, as well as the 4,7-dichloroquinoline (1e). In
the latter case the 4-substituted product 3l was the major
isolated product. However, some formation of double
substituted product was additionally observed. Further ex-
amination of the reaction focused on variation of the het-
erocyclic system. Hence, performing the cross coupling of
1-chloroisoquinoline (1f) with phenyl- or n-butyl-magne-
sium chloride, the corresponding 2-alkyl- and 2-aryliso-
quinolines 3n–o were obtained in satisfactory 77% and
84% yield, respectively (entry 17 and 18). Similarly, the
manganese-catalyzed reaction of quinazoline, benzo-
thiazole, purine, pyrimidine, quinoxaline, and pyridine
derivatives 1g–l resulted in the corresponding alkylated
or arylated heterocyclic products 3p–v (entry 19–25),
although lower yields were obtained with the more
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electron-rich substrates. Interestingly, when comparing
the manganese-catalyzed cross-coupling reactions of aryl-
with alkylmagnesium chlorides, we found that the latter
reactions generally proceeded more rapidly pointing to a

faster transmetalation step and formation of the alkyl-
manganese intermediates in the catalytic cycle.

Table 1 Manganese-Catalyzed Cross-Coupling Reaction of Various Heterocyclic Chlorides with Aryl- and Alkylmagnesium Chlorides10

Entry Ar–Cl RMgCl 2
(equiv)

Catalyst amount 
(mol%)

Temp (°C) Time (h) Product 3 Yield (%)a

1
2

1a

PhMgCl (2) 2a 1
2

0 1.5

3a: R = Ph

86
91

3 1a MeMgCl (2) 2b 5 0 1.5 3b: R = Me 83

4
5

1a i-PrMgCl (2) 2c 1
2

0 1.5 3c: R = i-Pr 78
89

6 1a n-BuMgCl (2) 2d 5 0 1.5 3d: R = n-Bu 65

7 1a i-BuMgCl (2) 2e 5 0 5.0 3e: R = i-Bu 87

8

1b

PhMgCl (2) 2a 5 0 to r.t. 12

3f: R = Ph

64

9 1b i-PrMgCl (1.2) 2c 5 0 1.5 3g: R = i-Pr 78

10

1c

PhMgCl (4) 2a 5 0 to r.t. 12

3h: R = Ph

71

11
12

1c i-PrMgCl (1.5) 2c 2
5

0 4 3i: R = i-Pr 74
69

13

1d

PhMgCl (4) 2a 5 0 to r.t. 4

3j: R = Ph

82

14 1d i-PrMgCl (1.5) 2c 2 0 4 3k: R = i-Pr 81

15

1e

PhMgCl (2) 2a 5 0 to r.t. 12

3l: R = Ph

53

16 1e i-PrMgCl (1.2) 2c 5 0 2 3m: R = i-Pr 52

17

1f

PhMgCl (4) 2a 5 0 1.5

3n: R = Ph

84

18 1f n-BuMgCl (2) 2d 5 0 2 3o: R = n-Bu 77

N

Cl

N

R

N Cl N R

N Cl

Me

N R

Me

N Ph

Cl

N Ph

R

N

Cl

Cl N

R

Cl

N

Cl

N

R



LETTER Manganese-Catalyzed Cross-Coupling Reaction 249

Synlett 2007, No. 2, 247–250 © Thieme Stuttgart · New York

After having developed an efficient manganese-catalyzed
cross-coupling reaction of aryl- and alkyl-Grignard re-
agents with a range of chloro-substituted heterocycles, we
wondered whether it would be possible to extend this
transformation to a one-pot procedure. Hence, we pre-
pared the corresponding Grignard reagents and added
subsequently a solution of 4-chloroquinoline (1a) and
MnCl2 to this mixture (Scheme 3). Following this proto-
col we were able to isolate the corresponding 4-substitut-
ed quinoline derivatives in good to excellent yields (63–
92%).

In summary we have developed an efficient manganese-
catalyzed cross-coupling reaction of a wide range of nitro-

gen-containing heteroaryl chlorides with aryl- as well as
alkylmagnesium halides. Additionally, we were able to
demonstrate that this transformation can be easily per-
formed in a one-pot procedure to give the corresponding
heterocyclic products in good to excellent isolated yields.
The mild reaction conditions, the operational simplicity
and practicability, as well as the low catalyst loading and
the lower cost of manganese chloride, as compared to
palladium or nickel salts, render this transformation an
attractive alternative approach to various alkylated and
arylated heterocycles.
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1g

PhMgCl (4) 2a 5 0 1.5

3p: R = Ph

71

20 1g i-PrMgCl (2) 2c 5 0 3 3q: R = i-Pr 50

21

1h

PhMgCl (5) 2a 5 0 to r.t. 3

3r

47

22

1i

i-PrMgCl (2.4) 2c 5 0 2

3s

46

23

1j

PhMgCl (3) 2a 5 0 3

3t

40

24

1k

PhMgCl (4) 2a 5 –20 0.5

3u

58

25

1l

PhMgCl (2) 2a 5 0 to r.t. 4

3v

58

a Isolated yield after flash chromatography.
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Scheme 3 One-pot cross-coupling reaction of 4-chloroquinoline
with aryl-Grignard reagents

Ar Br

1) Mg, THF

2) 4-chloroquinoline

3) 2–5 mol% MnCl2, 0 °C
N

3a: Ar = Ph, 92%

Ar

3y: Ar = p-Tol, 85%
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Copyright of Synlett is the property of Georg Thieme Verlag Stuttgart and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.


