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Direct preparation of 2-pyridylzinc bromide has been developed. Interestingly, the subsequent coupling
reactions with acid chlorides have been carried out without any transition metal catalyst. 2-Pyridylaryl
compounds, symmetrical and unsymmetrical 2,20-bipyridines were also successfully obtained from pal-
ladium-catalyzed coupling reactions of 2-pyridylzinc bromide under mild conditions.
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Table 1
Coupling reaction with benzoyl chloridesa

N

ZnBr

THF N

O

+

1(1.0eq) 2a - 2j(0.8eq)

COCl

FGFG
rt

Entry FG Time (h) Product Yieldb (%)

1 2-F 0.5 2-F (2a) 65
2 3-F 0.5 3-F (2b) 52
3 2-Br 0.5 2-Br (2c) 45
4 4-Br 1 4-Br (2d) 47
5 4-I 1 4-I (2e) 36
6 3-CN 1 3-CN (2f) 54
7 4-CN 1 4-CN (2g) 50
8 4-Me 1 4-Me (2h) 64
9 3,4-(OMe)2 2 3,4-(OMe)2 (2i) 40
The use of pyridine-containing compounds has frequently ap-
peared in a wide range of chemistries such as natural product syn-
thesis, pharmaceutical chemistry, and material science.1 Most of
the 2-pyridyl derivatives have been prepared using the Suzuki,2

Stille,3 Grignard,4 and Negishi5 coupling reactions in the presence
of a transition metal catalyst. Among these, the Suzuki coupling
reaction is the most intensively studied and a very extensive work
has been developed.6 However, the preparation of stable 2-pyridyl
organometallics has been typically considered a problematic sub-
ject mainly because of its instability and the formation of by-
products.

Recently, several outstanding studies on the direct arylation of
pyridine have been reported to avoid these inevitable difficulties.
For example, Rh(I)7 and Au(I)8-catalyzed arylation of pyridines,
Pd-catalyzed arylation of pyridine N-oxide with unactivated are-
nes,9 and haloarenes10 have been developed. Also, the direct aryla-
tion of pyridine N-oxide by Grignard reagents was reported.11

Interestingly, in our continuing study on the preparation and
application of organozinc reagents, we found that 2-pyridylzinc
bromide was easily prepared by treatment of 2-bromopyridine
with active zinc under mild conditions. Significantly, the resulting
organozinc reagent was able to react with a variety of different
electrophiles with/without any transition metal catalyst affording
the coupling products in good yields.

In general, the preparation of 2-pyridyl organometallics is
mostly performed by lithiation of 2-halopyridine at cryogenic con-
ditions followed by transmetallation with an appropriate metal ha-
lide. As mentioned above, this procedure causes some limitations
on the use of the 2-pyridyl organometallics. In this study, readily
available 2-bromopyridine was treated at rt with the active zinc
prepared by the Rieke method.12 The oxidative addition of the ac-
tive zinc to carbon–bromine bond was completed in an hour at
ll rights reserved.

: +1 402 434 2777.
).
refluxing temperature to give rise to the corresponding 2-pyridyl-
zinc bromide (1).

In order to investigate the reactivity of the 2-pyridylzinc bro-
mide (1), it was treated with benzoyl chlorides. As summarized
in Table 1, the coupling ketone products were obtained in moder-
ate yields. It should be emphasized that the coupling reaction with
acid chlorides was carried out in the absence of any transition me-
tal catalyst under mild conditions. Generally, a copper catalyst is
widely used for the coupling reactions of organozinc reagents.13

Halobenzoyl chlorides were easily coupled with 2-pyridylzinc bro-
mide (1) at rt to give the corresponding ketones (2a, 2b, 2c, 2d, and
2e, Table 1) in moderate yields. Both benzoyl chlorides containing
an electron-withdrawing group (CN and NO2) and an electron-
donating group (Me and MeO) also successfully afforded the
10 4-NO2 1 4-NO2 (2j) 47

a No catalyst was used.
b Isolated yield (based on electrophile).



Table 2
Coupling reaction with acid chloridesa

N

ZnBr
  Acid 
Chloride THF N

Ar(Alkyl)

O

+

1(1.0eq) 2k- 2n(0.8eq)

rt/1~2h

Entry Acid chloride Product Yieldb (%)

1

N

COCl

Cl N

O

N

Cl

2k
62

2

N

COCl

Cl N

O

N Cl

2l 53

3
COCl

N

O

2m 42

4
COCl

N

O

2n 63

a No catalyst used.
b Isolated yield (based on electrophile).

Table 3
Pd-catalyzed coupling reactions

N

ZnBr

THF/rt N

Ar(HetAr)
+

Ar-X

1 3a - 3i(1.0 eq) (0.8eq)

or
HetAr-X

Pd[P(PPh)3]4
a

Entry Electrophile Time
(h)

Product Yieldb

(%)

1 ClI 24
N

Cl

3a
81

2 CNI 24
N

CN

3b
88

3 OMeI 24
N

OMe
3c

68

4 I

OMe

OMe

4

N

OMe

OMe

3d 90

5
SBr

24

N
S 3e 68

6

S

I

3
S

N

3f 85

7

SI

C6H13

Br
24

S

C6H13

Br
N 3g

89

8 SBr

OMe

24 S
N

OMe
3h

80

9
OBr CO2Et

3 O CO2Et
N 3i

91

a Performed with 1 mol %.
b Isolated yield (based on electrophile).
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corresponding ketones (2f, 2g, 2h, and 2i, Table 1). Even with nitro-
benzoyl chloride, ketone (2j, Table 1) was obtained in moderate
yield. According to GC–MS analysis of the reaction mixture, a major
by-product was the coupling product obtained from the reaction of
acid chloride with THF.

More results obtained from the catalyst-free coupling reactions
are shown in Table 2. Treatment of 1 with chloronicotinoyl chlo-
rides (Table 2, entries 1 and 2) at rt for 3 h provided the corre-
sponding ketones (2k and 2l) in 62% and 53%, respectively. Alkyl
carbonyl chlorides were also coupled with 2-pyridylzinc bromide
(1) resulting in the formation of the ketones (2m and 2n, Table
2) in good yields.

With these results in hand, we also explored the Pd-catalyzed
coupling reaction of 1. Even though 2-pyridylaryl derivatives
were successfully prepared via the aforementioned direct aryla-
tion methods, relatively harsh conditions (excess amount of
reactant, high temperature, protection/deprotection step, and
addition of additives) were required. Interestingly, mild condi-
tions were employed to complete the coupling reactions of
2-pyridylzinc bromide (1) in this study. As shown in Table 3,
several different types of functionalized aryl halides and hetero-
aryl halides were coupled with 1 in the presence of 1 mol % of
Pd[P(Ph)3]4 at rt in THF. Functionalized iodobenzenes were first
treated with 2-pyridylzinc bromide (1) and the results are
shown in Table 3. 2-Pyridylaryl derivatives (3a–d) were obtained
in good to excellent yields. Mono-substituted thiophenes were
also easily coupled with 2-pyridylzinc bromide (1) to give rise
to 2-(20-pyridyl)thiophene (3e) and 3-(20-pyridyl)-thiophene (3f)
in 68% and 85% yields, respectively. Di- and tri-substituted thio-
phenes (Table 3, entries 7 and 8) were also good coupling part-
ners to give interesting thiophene derivatives (3g and 3h) in
high yields. The coupling reaction with a furane derivative
resulted in the formation of 3i in an excellent yield (Table 3,
entry 9).
More applications of 2-pyridylzinc bromide (1) were investi-
gated and the results are summarized in Table 4. Not only symmet-
rical 2,20-bipyridine (4a) but also unsymmetrical 2,20-bipyridines
(4b–e) were achieved in moderate yields. Again, the coupling reac-
tion was completed in the presence of 1 mol % Pd[P(Ph)3]4 in THF
at rt. These results are significant because considerable effort has
been directed toward the preparation of unsymmetrical 2,20-
bipyridines.14

In conclusion, we have demonstrated a practical synthetic route
for the preparation of 2-pyridyl derivatives. It has been accom-
plished by utilizing a simple coupling reaction of a stable 2-pyr-
idylzinc bromide (1), which was prepared via the direct insertion
of active zinc to 2-bromopyridine. The subsequent coupling reac-
tions with a variety of different electrophiles have been carried
out under mild conditions. More applications of 2-pyridylzinc bro-
mide (1) are currently under way.



Table 4
Symmetrical and unsymmetrical 2,20-bipyridinesa

N

ZnBr
THF

+

1(1.0eq) 4a - 4e

N
R

N N R

(0.8eq)

Y rt/24hX X

Entry X Y R Product Yieldb (%)

1 H I H
N N

4a

60

2 H I 5-Br N N

4b

Br
72

3 H Br 6-Me N N
4c Me

65

4 H Br 6-OMe N N
4d OMe

53

5 3-Me I 5-Br

N N
4e

Me

Br 30

a Performed with 1 mol %.
b Isolated yield (based on electrophile).
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Supplementary data

Supplementary data (experimental procedure, and copies of 1H,
13C NMR data) associated with this article can be found, in the on-
line version, at doi:10.1016/j.tetlet.2009.07.004.

References and notes

1. For recent examples, see: (a) Carey, J. S.; Laffan, D.; Thomson, C.; Wiliams, M. T.
Org. Biomol. Chem. 2006, 4, 2337; (b) Bagley, M. C.; Glover, C.; Merritt, E. A.
Synlett 2007, 2459; (c) Fang, A. G.; Mello, J. V.; Finney, N. S. Org. Lett. 2003, 5, 967.

2. For recent examples, see: (a) Deng, J. Z.; Paone, D. V.; Ginnetti, A. T.; Kurihara,
H.; Dreher, S. D.; Weissman, S. A.; Stauffer, S. R.; Burgey, C. S. Org. Lett. 2009, 11,
345; (b) Yang, D. X.; Colletti, S. L.; Wu, K.; Song, M.; Li, G. Y.; Shen, H. C. Org. Lett.
2009, 11, 381; (c) Voisin-Chiret, A. S.; Bouillon, A.; Burzicki, G.; Celant, M.;
Legay, R.; El-Kashef, H.; Rault, S. Tetrahedron 2009, 65, 607; (d) Hodgson, P. B.;
Salingue, F. H. Tetrahedron Lett. 2004, 45, 685.

3. (a) Schwab, P. F. H.; Fleischer, F.; Michl, J. J. Org. Chem. 2002, 67, 443; (b) Zhang,
N.; Thomas, L.; Wu, B. J. Org. Chem. 2001, 66, 1500; (c) Schubert, U. C.;
Eschbaumer, C.; Heller, M. Org. Lett. 2000, 2, 3373; (d) Gronowitz, S.; Bjork, P.;
Malm, J.; Hornfeldt, A.-B. J. Organomet. Chem. 1993, 460, 127.

4. (a) Sugimoto, O.; Yamada, S.; Tanji, K. J. Org. Chem. 2003, 68, 2054; (b) Song, J. J.;
Yee, N. K.; Tan, Z.; Xu, J.; Kapadia, S. R.; Senanayake, C. H. Org. Lett. 2004, 6,
4905; (c) Duan, X.-F.; Ma, Z.-Q.; Zhang, F.; Zhang, Z.-B. J. Org. Chem. 2009, 74, 939.

5. (a) Savage, S. A.; Smith, A. P.; Fraser, C. L. J. Org. Chem. 1998, 63, 10048; (b) Fang,
Y.-Q.; Hanan, G. S. Synlett 2003, 852; (c) Trecourt, F.; Gervais, B.; Mallet, M.;
Queguiner, G. J. Org. Chem. 1996, 61, 1673; (d) Lutzen, A.; Hapke, M.; Staats, H.;
Bunzen, J. Eur. J. Org. Chem. 2003, 3948.

6. Billingsley, K. L.; Buchwald, S. L. Angew. Chem., Int. Ed. 2008, 47, 4695.
7. Berman, A. M.; Lewis, J. C.; Bergman, R. G.; Ellman, J. A. J. Am. Chem. Soc. 2008,

130, 14926.
8. Li, M.; Hua, R. Tetrahedron Lett. 2009, 50, 1478.
9. Cho, S. H.; Hwang, S. J.; Chang, S. J. Am. Chem. Soc. 2008, 130, 9254.

10. Campeau, L.-C.; Rousseaux, S.; Fagnou, K. J. Am. Chem. Soc. 2005, 127, 18020.
11. Andersson, H.; Almqvist, F.; Olsson, R. Org. Lett. 2007, 9, 1335.
12. Rieke, R. D. Science 1989, 246, 1260.
13. For examples: (a) Rieke, R. D.; Hanson, M. V. Tetrahedron 1997, 53, 1925; (b)

Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel, P. Angew. Chem., Int. Ed.
2006, 45, 6040.

14. For a review, see: Kaes, C.; Katz, M.; Hosseini, M. W. Chem. Rev. 2000, 100, 3553.
and see also: 3c references cited therein.


