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A facile synthetic route to the direct preparation of 5-bromo-2-pyridylzinc iodide has been developed.
Treatment of 5-bromo-2-iodopyridine with active zinc gave rise to the selective oxidative addition to
C-I bond under mild conditions. The resulting organozinc iodide has been used in the variety of coupling
reactions affording the corresponding cross-coupling product.
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The use of pyridine-containing compounds has frequently ap-
peared in a wide range of chemistry, such as natural product syn-
thesis, pharmaceutical chemistry, and material science.! Many of
the 2-pyridyl derivatives have been prepared using the Suzuki,?
Stille,> Grignard,* and Negishi® coupling reactions in the presence
of a transition metal catalyst.

In spite of these intensive studies on the preparation and appli-
cation of metalated-pyridine reagents, a very limited number of
procedures have been reported using a selective metallation of
dihalopyridines.

Especially, 5-bromo-2-metalated pyridine has received
considerable attention in the pharmaceutical chemistry. To
this end, several efforts have been performed by lithiation of
2,5-dibromopyridine. However, the preparation of stable pyridyl
organometallics has been typically considered a problematic
subject mainly because of its instability and the formation of by-
products.® Along with this stability issue, selective lithiation of
2,5-dibromopyridine was a big challenging subject. As described
in previous reports,” the lithiation of 2,5-dibromopyridine oc-
curred at the C(5)-position even at cryogenic conditions (n-BulLi,
—100 °C). Wang et al. reported that 5-bromo-2-lithiopyridine re-
sulted from the C(2)-selective lithiation of 2,5-dibromopyridine
was obtained using n-BuLi under very low concentration (0.017-
0.085 M) at cold temperature (—78 °C). However, the selectivity
was highly dependent on the reaction conditions.® Magnesium-
halogen exchange using 2,5-dibromopyridine with i-PrMgCI°® or
n-BusMgLi'® was also reported. Again, metallation at the C(5)
was exclusively observed. Recently, Song et al. reported the
synthesis of 5-bromopyridyl-2-magnesium chloride utilizing
metal-halogen exchange method. Metallation took place selec-
tively at the C(2)-position resulting in the formation of the corre-
sponding Grignard reagent.*”

* Corresponding author.
E-mail address: kimsemail@dankook.ac.kr (S.-H. Kim).

0040-4039/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2010.11.041

As described above, several methods have been performed to
make Grignard-type of pyridylmetallic reagents using 2,5-dihalo-
pyridines. However, to our best knowledge, the preparation of
the corresponding pyridylzinc reagent was not reported. We herein
would like to report a practical procedure for the preparation of 5-
bromo-2-pyridylzinc iodide and subsequent coupling reactions.

Interestingly, in our continuing study on the preparation and
application of organozinc reagents, it was found that 5-bromo-2-
pyridylzinc iodide (I) was easily prepared using 5-bromo-2-iodo-
pyridine and active zinc. It is of importance that the reaction
proceeded via a selective oxidative addition of active zinc at the
C(2)-position of pyridine under mild conditions. The resulting
organozinc reagent (I) was treated with a variety of different elec-
trophiles with/without any transition metal catalyst affording the
coupling products.

The selective oxidative addition of the active zinc to carbon-
iodine bond was completed at room temperature resulting in the
formation of the corresponding 5-bromo-2-pyridylzinc iodide (I).
According to GC-MS analysis of the reaction aliquot, more than
99% conversion into the corresponding organozinc reagent (I)
was detected (Scheme 1).

Prior to the application of this organozinc (I) in the C-C bond
forming reactions, the resulting 5-bromo-2-pyridylzinc iodide
was treated with iodine to confirm the formation of organozinc re-
agent. The result showed the formation of 5-bromo-2-iodopyridine
(85%), 3-bromopyridine (2%), and unidentified products by GC.
Therefore, it could be concluded that the corresponding
5-bromo-2-pyridylzinc iodide was successfully prepared under
the reaction conditions used in this study.
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Scheme 1. Preparation of 5-bromo-2-pyridylzinc iodide (I).
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Coupling reaction of I with aryl iodides
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@ Isolated yield (based on Arl).
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In order to investigate the reactivity of this new organozinc re-
agent (I), it was treated with aryl iodides first in the presence of a
catalytic amount of Pd(PPhs),. As summarized in Table 1, most of
the coupling reactions were performed at room temperature and
the corresponding compounds were obtained in good to excellent
yields. A simple iodobenzene reacted with I under the conditions
depicted in Table 1. Interestingly, the coupling product 1a was ob-
tained in excellent yield (94%, Table 1, entry 1). In the case of 4-
iodobenzonitrile containing an electro-withdrawing group (CN),
an elevated temperature was more effective to complete the cou-
pling reaction (Table 1, entry 2). Coupling reactions of I with other
iodoaromatics containing an electron-donating group (OCHs3) and
halogen (Br, F) also gave rise to the coupling products 1c and 1d
in 70% and 78% isolated yields (Table 1, entries 3 and 4), respec-
tively. Heteroaryl iodide was also a good coupling partner for the
preparation of 2-heteroayl-substituted pyridine derivatives. A
good result (1e, 79% yield) was obtained from the coupling reaction
with 3-iodothiophene (Table 1, entry 5). It is of significance that
the reaction conditions used for aforementioned coupling reactions
worked well for the coupling reaction with aryl iodides containing
an acidic proton. For example, coupling products, 1f and 1g, were
successfully achieved from the coupling reactions with 3-aminoi-
odobenzene and 4-aminoiodobenzene (Table 1, entries 6 and 7),
respectively.!! Unfortunately, no reaction took place with iodophe-
nol even with Pd(OAc),/SPhos (Table 1, entry 8).!2

More results were obtained from the Pd(0)-catalyzed coupling
reactions with bromoaromatic compounds. As shown in Table 2,
treatment of I with functionalized aromatic (0.5 equiv of ethyl
5-bromothiophene-2-carboxylate) provided the coupling product

2a in 30% isolated yield (Table 2, entry 1). Interestingly, slightly
higher yield (2b, 46%) was obtained from the reaction with the
corresponding furan derivative (Table 2, entry 2) under the same
conditions. 5-Bromofuran-2-carbaldehyde was also coupled with
I at rt and resulted in the formation of 5-(5-bromopyridin-2-yl)fur-
an-2-carbaldehyde 2c¢ in 78% yields (Table 2, entry 3).

Table 2
Coupling reaction with aryl bromides
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Scheme 2. More examples of coupling reaction.

Several different types of coupling reactions of 5-bromo-2-
pyridylzinc iodide (I) have been investigated and the results are
summarized in Scheme 2. Not only Pd-catalyzed coupling reaction
but copper-catalyzed coupling reaction was accomplished. As
described in Scheme 2, Pd(0) catalyst worked for the coupling reac-
tion with 2-amino-5-iodopyridine to give an unsymmetrical 2,3-
bipyridine (3d) in 81% yield under mild conditions. This result is
significant because considerable effort has been directed toward
the preparation of unsymmetrical bipyridines.!?

In the presence of Pd(Il) catalyst, symmetrically substituted
thiophene derivative (3a) was obtained in moderate yield. The cou-
pling reaction was carried out with 0.3 equiv of 2,5-dibromothio-
phene at refluxing temperature for 24 h. This kind of product
could be utilized for further application in material chemistry. A
typical copper-catalyzed Sy2’-reaction was also successfully
accomplished. Coupling reaction of I with 3-bromo-2-methylpro-
pene gave rise to product 3e in 71% at room temperature in 20 min.

Transition metal catalyst-free coupling reactions with acid chlo-
rides were also carried out under mild conditions in this study.!*
Even though low yields were obtained, a copper-free coupling
reaction with benzoyl chlorides provided the corresponding ke-
tones (3b and 3c) in 24% and 29% isolated yields, respectively.

In conclusion, a practical synthetic route for the preparation of
2-substituted-5-bromopyridine derivatives has been demon-
strated.'® It has been accomplished by utilizing a simple coupling
reaction of a stable 5-bromo-2-pyridylzinc iodide (I), which was
prepared via the direct insertion of active zinc to 5-bromo-2-iodo-
pyridine. The subsequent coupling reactions with a variety of dif-
ferent electrophiles have been carried out under mild conditions.
More applications of the organozinc reagent are currently under
way.

Supplementary data
Supplementary data (experimental procedures and copies of 'H,

13C NMR data) associated with this article can be found, in the on-
line version, at doi:10.1016/j.tetlet.2010.11.041.
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(a) Preparation of 5-bromo-2-pyridylzinc iodide (I): An oven-dried 100 mL
round-bottomed flask equipped with stir bar and inlet valve was placed under
an argon atmosphere. Next, Rieke zinc (0.5M in THF, 33 mL, 50 mmol) was
added via a syringe and then cooled the flask down in an ice-bath. 5-Bromo-2-
iodopyridine (7.1 g, 25 mmol) dissolved in 20 mL of THF was cannulated into
the flask while being stirred. After the addition was completed, the flask was
allowed to warm up gradually, and then stirred at ambient temperature for 2 h.
After settled down overnight, the supernatant was used for the subsequent
coupling reactions. (b) A representative procedure of coupling reaction; In a
25 mL round-bottomed flask, Pd[P(Ph);]4 (0.06 g, 1 mol %) and 2-amino-5-

iodopyridine (0.55 g, 2.5 mmol) were placed. Next, 10 mL (5 mmol) of 0.5 M
solution of 5-bromo-2-pyridylzinc iodide (I) in THF was added into the flask at
room temperature. After being stirred at room temperature for 6h, the
reaction mixture was heated to reflux for 2 h to complete the reaction. Cooled
the mixture down to room temperature. Quenched with saturated NH4Cl
solution, then extracted with ethyl acetate (30 mL x 3). Combined organics
were washed with saturated Na,S,05 solution and brine. Dried over anhydrous
MgSO,. A flash column chromatography (50% EtOAc/50% heptane) gave 0.51 g
of 3d as an off-white solid in 81% isolated. "H NMR (CDCl3/DMSO-dg, 500 MHz):
§ 8.64 (s, 1H), 8.61 (s, 1H), 8.01 (d, J =5 Hz, 1H), 7.82 (d, J = 10 Hz, 1H), 7.56 (d,
J=5Hz, 1H), 6.60 (d, J=10 Hz, 1H), 5.69 (s, 2H); '3C NMR (CDCl3/DMSO-dg,
125 MHz): § 159.17, 153.18, 149.34, 145.99, 138.32, 134.70, 122.12, 119.12,
116.92, 107.38.
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