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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a production method of a 2-(p-alkylphenyl)pyridine compound. More particu-
larly, the present invention relates to a production method of a 2-(p-alkylphenyl)pyridine compound, comprising reacting
p-alkylphenyl-magnesium halide and 2-halopyridine in an organic ether solvent in the presence of manganese chloride
or a compound obtained from manganese dioxide and trimethylchlorosilane.

BACKGROUND OF THE INVENTION

[0002] A 2-(p-alkylphenyl)pyridine compound is useful as a pharmaceutical intermediate; for example, as a synthesis
intermediate for 4-(pyridin-2-yl)benzaldehyde which is an intermediate for an anti-HIV drug (A) of the following formula
disclosed in WO97/40029.

[0003] In addition, Japanese Patent Unexamined Publication No. 95157/1991 discloses a butenoic acid derivative as
an agent for the therapy, prophylaxis and amelioration of ischemic heart disease. This butenoic acid derivative is syn-
thesized via 4-(pyridin-2-yl)benzaldehyde. The above-mentioned 4-(pyridin-2-yl)benzaldehyde is synthesized by, for
example, a method comprising brominating 2-(p-tolyl)pyridine and reacting the resultant compound with hexamine.
[0004] The production method of 2-phenylpyridine compound is disclosed in, for example, Heterocycles, vol. 18, 117-
122 (1982), wherein 2-bromopyridine and phenylzinc chloride are reacted using Pd(PPh3)4 as a catalyst to give 2-phe-
nylpyridine in an 89% yield. Moreover, the production method of 2-(p-alkylphenyl)pyridine compound is disclosed in, for
example, Tetrahedron Letters, vol. 36, No. 50, 9085-9088 (1995), wherein a 2-arylpyridine compound (e.g., 2-(p-
tolyl)pyridine) is obtained via an organic tin compound in a 60% yield again using Pd(PPh3)4 as a catalyst. Tetrahedron,
vol. 54, 1289-1298 (1998) discloses that a 2-arylpyridine compound can be obtained by reacting arylzinc halide
obtained electrochemically and 2-halopyridine using a nickel complex catalyst. However, the catalysts used in the pro-
duction methods of these known 2-(p-alkylphenyl)pyridine compounds are expensive. Thus, there has been a demand
of a production method of a 2-(p-alkylphenyl)pyridine compound that permits economical, facilitated and industrial pro-
duction.
[0005] It is therefore an object of the present invention to provide a method of producing a 2-(p-alkylphenyl)pyridine
compound economically, easily and industrially.

SUMMARY OF THE INVENTION

[0006] Such object can be achieved by the present invention, wherein manganese dioxide and trimethylchlorosilane
are added, or manganese chloride is added to an organic ether solvent, and p-alkylphenylmagnesium halide and 2-
halopyridine are reacted to give a 2-(p-alkylphenyl)pyridine compound economically, easily and industrially.
[0007] Accordingly, the present invention provides the following.

 A method of producing a 2-(p-alkylphenyl)pyridine compound of the formula (3)w1
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wherein R is alkyl having 1 to 4 carbon atoms, which comprises the steps of

(a) adding manganese dioxide and trimethylchlorosilane, or adding manganese chloride to an organic ether
solvent, and
(b) reacting p-alkylphenylmagnesium halide of the formula (1)

wherein R is as defined above and X is a halogen atom, with 2-halopyridine of the formula (2)

wherein Y is a halogen atom.

 The production method of the 2-(p-alkylphenyl)pyridine compound of  above, wherein X and Y are chlorine
atoms and R is methyl.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention is explained in detail in the following.
[0009] The alkyl having 1 to 4 carbon atoms at R may be linear or branched and is exemplified by methyl, ethyl, propyl,
isopropyl, butyl and tert-butyl, with preference given to methyl.
[0010] The halogen atom at X is exemplified by chlorine and bromine, and is preferably chlorine.
[0011] The halogen atom at Y is exemplified by chlorine and bromine, and is preferably chlorine.
[0012] The 2-(p-alkylphenyl)pyridine compound can be produced by adding manganese dioxide and trimethylchlo-
rosilane, or manganese chloride to an organic ether solvent, adding 2-halopyridine at once or portionwise, and adding
a solution of p-alkylphenylmagnesium halide in an organic ether solvent to promote the reaction. The solution of p-alkyl-
phenylmagnesium halide in an organic ether solvent is preferably added dropwise.
[0013] 2-Halopyridine is exemplified by 2-chloropyridine and 2-bromopyridine, which is preferably 2-chloropyridine
from the economical aspect.
[0014] p-Alkylphenylmagnesium halide is exemplified by p-tolylmagnesium chloride, p-tolylmagnesium bromide, p-
ethylphenylmagnesium chloride, p-ethylphenylmagnesium bromide, p-propylphenylmagnesium chloride, p-propylphe-
nylmagnesium bromide, p-butylphenylmagnesium chloride, p-butylphenylmagnesium bromide and the like, with prefer-
ence given to p-tolylmagnesium chloride.
[0015] p-Alkylphenylmagnesium halide can be prepared in the same manner as in the usual preparation of Grignard
reagent. Alkyl and halogen atom of p-alkylhalobenzene used for the preparation are the same as those of p-alkylphe-
nylmagnesium halide.
[0016] p-Alkylphenylmagnesium halide is used in an amount of 0.5 - 2.0 moles, preferably 0.6 - 1.5 moles, per mole
of 2-halopyridine.
[0017] When manganese dioxide and trimethylchlorosilane are used as the catalyst, manganese dioxide is used in
an amount of about 0.01 - 0.3 mole, preferably about 0.02 - 0.2 mole, per mole of 2-halopyridine, for economical and
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reactivity reasons. The amount of trimethylchlorosilane to be used is preferably about 3 to 5-fold moles relative to 1
mole of manganese dioxide.

[0018] When manganese chloride alone is used as a catalyst, it is used in an amount of about 0.01 - 0.3 mole, pref-
erably about 0.02 - 0.2 mole, per mole of 2-halopyridine, for economical and reactivity reasons.
[0019] The organic ether solvent is exemplified by tetrahydrofuran (THF). It may be a mixed solvent with other organic
solvent as long as it is used in an amount that does not inhibit the reaction. Other usable organic solvent is a solvent
that does not have reactivity with Grignard reagent, such as toluene.
[0020] The amount of the organic ether solvent to be used is not particularly limited and is preferably 2.5 to 10-fold
amount by weight relative to 2-halopyridine.
[0021] The reaction temperature is preferably 0°C to the boiling point of the solvent, more preferably 20°C - 75°C.
[0022] The reaction atmosphere is not particularly limited, but is preferably an inert gas atmosphere such as nitrogen
gas atmosphere.
[0023] The reaction time varies depending on the reaction conditions such as reaction temperature, which is generally
about 2 - 10 hours.
[0024] The completion of the reaction can be confirmed by, for example, high performance liquid chromatography.
[0025] The objective 2-(p-alkylphenyl)pyridine compound can be isolated by washing, extraction, filtration, concentra-
tion, distillation, crystallization and the like, whereby a 2-(p-alkylphenyl)pyridine compound or a salt thereof can be
obtained.
[0026] The 2-(p-alkylphenyl)pyridine compound obtained by the method of the present invention is useful as an inter-
mediate for the synthesis of 4-(pyridin-2-yl)benzaldehyde which is an intermediate for an anti-HIV drug (A) and dis-
closed in WO97/40029. For example, 2-(p-tolyl)pyridine is brominated and reacted with hexamine to give 4-(pyridin-2-
yl)benzaldehyde.
[0027] The present invention is explained in detail by illustrative examples, to which the present invention is not limited
in any way.

Example 1

[0028] In a 2 L flask were added THF (213 g), manganese dioxide (5.43 g) and trimethylchlorosilane (27.1 g) and the
mixture was left at room temperature for 12 hours, which was followed by addition of 2-chloropyridine (70.85 g). A solu-
tion (389.5 g) of p-tolylmagnesium chloride in THF, which was prepared from p-chlorotoluene (98.8 g), was added drop-
wise to the above-mentioned flask at 48 - 51°C over 8 hours. After the completion of the reaction, partial THF was
distilled away under reduced pressure at 40- 50°C and toluene (282 g) was added, which was followed by dropwise
addition of water (550 ml).
[0029] Ammonium chloride (100 g) was added to the mixture and the resultant mixture was stirred. The insoluble
material was filtrated. The filtrate was separated into an aqueous layer and an organic layer, and the aqueous layer was
removed. To the organic layer were added water (300 ml) and conc. hydrochloric acid (53.0 g). After stirring, the mixture
was stood still to separate the organic layer from the aqueous layer. To the organic layer were added water (150 ml) and
conc. hydrochloric acid (4.0 g). After stirring, the mixture was stood for separation. The organic layer was discarded and
the aqueous layer was combined with the previously-obtained aqueous layer. Thereto were added toluene and 25%
aqueous sodium hydroxide (87.7 g) to make the aqueous layer alkaline. The small amount of insoluble material was
removed by filtration and the filtrate was separated into an aqueous layer and an organic layer, and the aqueous layer
was removed. The organic layer was concentrated. The concentrate contained 2-(p-tolyl)pyridine in a 75 mol% yield
from 2-chloropyridine, as determined by HPLC. Distillation under reduced pressure gave the objective 2-(p-tolyl)pyrid-
ine in a 71% yield as a highly pure liquid.

IR(neat)cm-1 1615,1588,1563,1515,1467,1433,1299,1185,1153,1111,989,830,773
1H-NMR(CDCl3)δ: 2.40(s, 3H), 7.19(m, 1H), 7.28(d, J=8.0Hz, 2H), 7.70(d, J=1.6Hz, 1H), 7.72(m, 1H), 7.89(d,
J=8.0Hz, 2H), 8.67(dt, J=2.0Hz, 1.2Hz, 1H)
bp: 120-140°C/5-10 mmHg

Example 2

[0030] 1 L flask was charged with THF (213 g), manganese chloride (6.3 g, pulverized product) and 2-chloropyridine
(70.85 g). A solution (330 g) of p-tolylmagnesium chloride in THF, which was prepared from p-chlorotoluene (104.3 g),
was added dropwise to the above-mentioned flask at 47 - 58°C over 7 hours. After the completion of the reaction, THF
was distilled away under reduced pressure at 40 - 50°C and toluene (282 g) was added, which was followed by drop-
wise addition of water (550 ml).
[0031] Ammonium chloride (100 g) was added to the mixture and the resultant mixture was stirred. Insoluble material
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was filtrated. The filtrate was separated into an aqueous layer and an organic layer, and the aqueous layer was
removed. To the organic layer were added water(300 ml) and conc. hydrochloric acid (53.0 g). After stirring, the mixture
was stood still to separate the organic layer from the aqueous layer. To the organic layer were added water (150 ml) and
conc. hydrochloric acid (4.04 g). After stirring, the mixture was stood for separation. The organic layer as discarded and
the aqueous layer was combined with the previously-obtained aqueous layer. Thereto were added toluene and 25%
aqueous sodium hydrogencarbonate (87.7 g) to make the aqueous layer alkaline. The small amount of insoluble mate-
rial was removed by filtration. The filtrate was separated into an aqueous layer and an organic layer, and the aqueous
layer was removed. The organic layer was concentrated. The concentrate contained 2-(p-tolyl)pyridine in a 60.4 mol%
yield from 2-chloropyridine, as determined by HPLC. Distillation under reduced pressure gave the objective 2-(p-
tolyl)pyridine in a 56% yield as a highly pure liquid.

[0032] The obtained 2-(p-tolyl)pyridine had the same spectrum data as obtained in Example 1.

Example 3

[0033] 2 L flask was charged with THF (227.1 g), manganese chloride (20.1 g, pulverized anhydrous product) and 2-
chloropyridine (227.1 g). A solution (483.4 g) of p-tolylmagnesium chloride in THF, which was prepared from p-chloro-
toluene (151.9 g), was added dropwise to the above-mentioned flask at 58 - 62°C over 4 hours.
[0034] After the completion of the reaction, the reaction mixture was poured into a different 2L flask containing water
(1 L) and the pH of the aqueous layer was adjusted to 4 with conc. hydrochloric acid. The temperature was raised to
about 55°C and, after standing and separation, the aqueous layer was discarded. Distillation of the organic layer gave
THF and 2-chloropyridine which contained a small amount of THF. Thus, 47.8% of 2-chloropyridine was recovered from
the amount used. In addition, a 2-(p-tolyl)pyridine fraction (174.8 g) partially containing 4,4' -dimethylbiphenyll was
obtained. The 2-(p-tolyl)pyridine fraction was subjected to acid-alkali purification comprising dissolving 2-(p-tolyl)pyrid-
ine in an acidic water, removing 4,4' -dimethylbiphenyl (neutral substance) into an organic layer and neutralizing the
aqueous layer to purify 2-(p-tolyl)pyridine, whereby 157.3 g of 2-(p-tolyl)pyridine was obtained (yield: 88.9% from con-
sumed 2-chloropyridine).
[0035] The obtained 2-(p-tolyl)pyridine had the same spectrum data as obtained in Example 1.
[0036] According to the present invention, a 2-(p-alkylphenyl)pyridine compound can be produced economically, eas-
ily and industrially. The obtained 2-(p-alkylphenyl)pyridine compound is useful as a synthesis intermediate for 4-(pyri-
din-2-yl)benzaldehyde which is an intermediate for an anti-HIV drug (A) and disclosed in WO97/40029. For example, 4-
(pyridin-2-yl)benzaldehyde can be obtained by brominating 2-(p-tolyl)pyridine and reacting the resulting compound with
hexamine. Consequently, a pharmaceutical intermediate for an anti-HIV drug and the like can be provided economically
and easily.

Claims

1. A method of producing a 2-(p-alkylphenyl)pyridine compound of the formula (3)

wherein R is alkyl having 1 to 4 carbon atoms, which comprises the steps of

(a) adding manganese dioxide and trimethylchlorosilane, or adding manganese chloride to an organic ether
solvent, and
(b) reacting p-alkylphenylmagnesium halide of the formula (1)
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wherein R is as defined above and X is a halogen atom, with 2-halopyridine of the formula (2)

wherein Y is a halogen atom.

2. The production method of the 2-(p-alkylphenyl)pyridine compound of claim 1, wherein X and Y are chlorine atoms
and R is methyl.
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