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Abstract—A simple Ni-catalysed cross-coupling protocol for amino-heteroaryl chlorides with alkylzinc reagents has been developed.
The alkylzinc reagents can be commercially available dialkylzincs or alkylzinc halides, or can be conveniently generated in situ from
diethylzinc and primary alkyl bromides in the presence of the same inexpensive Ni catalyst used to effect the subsequent coupling
reaction.
� 2005 Elsevier Ltd. All rights reserved.
We recently sought a convenient synthesis of alkyl-
aminoheterocycles such as 6-methyl-2-aminopyrazine 1
for a drug discovery programme. Although there are
several syntheses of 1 reported in the literature, they
are all multi-step procedures or produce mixtures of iso-
mers.1 The commercial availability of 2-amino-6-chloro-
pyrazine 2 encouraged us to develop a direct single step
transition metal-mediated methylation of this material
(Scheme 1).

The Negishi Ni or Pd mediated cross-coupling reaction2

of organozinc reagents and aryl or alkyl halides is well
known to tolerate a range of functionality.3 Indeed,
there are many examples of Negishi reactions on halo-
anilines.4 However, there are few cases involving het-
eroaryl halides as the electrophile, all of which employ
arylzinc reagents as coupling partners.5 The Ni-catal-
ysed Negishi coupling of dimethylzinc with alkyl-substi-
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Scheme 1.
tuted chloropyrazines is known,6 so these conditions
seemed worth investigating for the methylation of 2.

Direct application of these literature conditions to 2
(1.2 equiv of dimethylzinc and 5 mol % [1,3-bis(di-
phenylphosphino)propane]nickel(II) chloride in refluxing
THF) failed to afford any of the desired methylation
product 1. However, doubling the quantity of dimethyl-
zinc and switching to refluxing dioxane as solvent grati-
fyingly afforded 1 in reasonable yield (Table 1, entry 1).
The reaction proved readily amenable to scale up, with
the same yield obtained whether on a 1 mmol or
0.1 mol scale.

With the objective of a simple one-step synthesis of 1 in
hand, it was of interest to explore the generality of this
process. The same conditions7 proved equally successful
with diethylzinc, affording 6-ethyl-2-aminopyrazine 3 in
good yield (Table 1, entry 2). At this point, the limited
commercial availability of diorganozincs proved restric-
tive, so it was pleasing to observe that the Negishi cou-
pling reaction proceeded equally well with 4 equiv of
methylzinc chloride (Table 1, entry 3). A wide variety
of alkylzinc halides are commercially available, and
both propyl and cyclopentylzinc halides were found to
couple effectively to aminopyrazine 2 (Table 1, entries
4 and 5), suggesting that this procedure may be reason-
ably general for alkylzinc halides.

It has been shown by Knochel and co-workers that Ni
catalysis is capable of effecting the halogen–zinc exchange
of primary alkyl halides with excess diethylzinc.9 This
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Table 1. Negishi couplings of 2-amino-6-chloropyrazine 2 with organozinc reagents

Entry Reagentsa Time (h) Product Yieldb (%)

1 Me2Zn (2 equiv) 24
N

N

NH2
1

50

2 Et2Zn (2 equiv) 5
N

N

NH2
3

89

3 MeZnCl (2 equiv) 24
N

N

NH2
1

20
MeZnCl (4 equiv) 5 60

4 PrZnCl (4 equiv) 2
N

N

NH2

4

92

5
ZnBr

(4 equiv) 2
N

N

NH2
5

46

a All reactions performed in refluxing dioxane with 10 mol % NiCl2(dppp).
b Yields of products isolated after column chromatography.8
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raised the interesting prospect of using the same Ni catal-
yst to both form the alkylzinc halide in situ and also bring
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Table 2. One-pot halogen–zinc exchange/Negishi coupling reactions

Entry Amino-heteroaryl halide Alkyl halidea

1
N

N

Cl NH2

2

Ph(CH2)2I

2c

N

N

Cl
7

Ph(CH2)2Br

3
N

N

Cl NH2

2

Ph(CH2)2Br

4
N

N NH2

Cl

Ph(CH2)2Br

5

NCl

NH2

Ph(CH2)2Br
about its coupling to the chloropyrazine 2 in a one-pot
procedure (Scheme 2).

It was found that halogen–zinc exchange could be
brought about using an excess of alkyl halide and a
1 M solution of diethylzinc. This allowed the direct
addition of the heteroaryl chloride for Negishi coupling
without any intermediate manipulations such as evapo-
ration of excess diethylzinc. Thus treatment of diethyl-
zinc with a 20% excess of phenethyl iodide in the
Product Yieldb (%)

N

N

NH2

6

43

N

N

8

42

N

N

NH2

6

43

N
N NH29

60

N

NH2

10

45



Table 2 (continued)

Entry Amino-heteroaryl halide Alkyl halidea Product Yieldb (%)

6
N

NCl NH2

Ph(CH2)2Br

N

N NH2

11

37

7

N NH2

Cl

Ph(CH2)2Br

N NH2

12

69

8
N

N

Br

NH2

Ph(CH2)2Br N

N NH2 13

52

9

N

N

NH2

I

Ph(CH2)2Br

N

N

NH214

13

10d

N

N

Cl NH2

2
Br N

N

NH2

15

50

11d
N

N NH2

Cl

Br
MeO2C

N
N NH2

MeO2C

16

69

12d
N

N NH2

Cl

Br
MeO

N
N NH2

MeO

17

40

13d
N

N NH2

Cl

Br
NC

N
N NH2

NC

18

63

a Standard conditions: alkyl halide (6 mmol), diethylzinc (5 mmol) and NiCl2(dppp) (0.2 mmol) heated at 65 �C for 4 h in dioxane, amino-heteroaryl
halide (1 mmol) added and refluxed for 2 h.

b Yields of products isolated after column chromatography.8
c Standard conditions except alkyl halide (5 mmol), diethylzinc (3.5 mmol).
d Standard conditions except alkyl halide, diethylzinc and NiCl2(dppp) heated at 100 �C for 4 h before addition of amino-heteroaryl halide
(0.5 mmol).
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presence of 20 mol % NiCl2(dppp) at 65 �C in dioxane
for 3 h brought about an efficient iodine–zinc exchange.
This was shown by subsequent addition of chloropyr-
azine 2 followed by refluxing for 8 h, which afforded
the cross-coupled product 6 in moderate yield with less
than 10% of the ethyl product 3 observed (Table 2, entry
1). Once again, several equivalents of organozinc
reagent were required for effective cross-coupling (a
feature also apparent in the Negishi reactions of 2-ami-
no-6-iodopurines in Ref. 5d). Presumably the excess
zinc reagent is required due to coordination of the nitro-
gen atoms of the halide substrates with the active zinc
species. Even when the amino group was removed from
the heteroaryl halide substrate, 3.5 equiv of diethylzinc
were still required to achieve comparable yields of the
cross-coupling product 8 from chloropyrazine 7 (Table
2, entry 2). The halogen–zinc exchange was also found
to proceed equally well with primary alkyl bromides
(Table 2, entries 2 and 3), although it failed with phen-
ethyl chloride.

Further attempts to generalise this reaction met with
some success.10 Using phenethyl bromide as a model
alkyl halide, the one-pot halogen–zinc exchange/Negishi
coupling reaction proved to be effective with a range
of different amino-heteroaryl chlorides (Table 2, entries
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4–7). The reaction also worked with an amino-heteroa-
ryl bromide (Table 2, entry 8), but afforded poor yields
with an iodide (Table 2, entry 9), and gave no product at
all with 3-chloro- or 3-iodoaniline or 4-chloro-2-amino-
thiazole. The reaction conditions are tolerant of several
useful functional groups in the alkyl halide coupling
partner (Table 2, entries 11–13).

In conclusion, a practical Ni-catalysed one-pot coupling
of amino-heteroaryl chlorides and alkylzinc reagents has
been demonstrated. The alkylzinc reagents can be com-
mercially available dialkylzincs or alkylzinc halides, or
can be conveniently generated in situ from diethylzinc
and primary alkyl bromides in the presence of the same
inexpensive Ni catalyst used to effect the subsequent
coupling reaction.
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