HETEROCYCLES, Vol 31, No 4, 1990

A CONVENIENT SYNTHESIS OF 2,4'-BIPYRIDINE

Min-Jen Shiao* and Kai-Yih Tarng
Institute of Chemistry, Academia Sinica
Nankang, Taipei, Taiwan, Republic of China

Abhstract- 2,4'-Bipyridine B was synthesized starting from
N-ethoxycarbonylpyridinium chloride 1 and 2-benzyloxy-6-
bromopyridine 2a or 6-bromo-2-methoxypyridine 2b wvia 6-benzyloxy-
2,4'-bipyridine 3a or 6-methexyv-2,4'-bipyridine 3 and 6-cholro-

2,4’ -bipyridine 5.

Synthesis of bipyridines has attracted much attention because of their importance
as industrial compounds and medicinal compounds, analytical reagents, and ligands

for the preparation of metal complexes and catalytic activity.l‘2

Symmetrical
bipyridine derivatives have been synthesized by the Ullmann reaction,3 the best
modification being the coupling of halopyridines in the presence of metal

4,5

catalyst. However, literature survey indicated that syntheses of unsymmetrical

bipyridines have rarely been reported and the published methods can be classified

6,7

into condensation of pyridinium salts with unsaturated ketone and

cross—-coupling of halopyridines.a
Previously, we reported a convenient synthesis of 3,4’-bipyridine involving the
condensation of lithium salts derived from 2-benzyloxy- and 2-methoxy-5-
bromopyridine with N-ethoxycarbonylpyridinium c¢hloride to the corresponding
ﬁ—alkoxy—S,4’bipyridine.9 An attempted te synthesize 2,4'-bipyridine 6 directly
by Grignard reaction of Z2-bromopyridine with N-ethoxycarbonylpyridinium chleride

llo followed by air oxidation using our previously published method11

gave 6 but
in low yield {15%). We now wish to repert a convenient synthesis of 2,4°'-
bipyridine 6 starting from 2-benzyloxy-6-bromopyridine 2a or 6-bromo-Z-methoxy-
pyridine 2Zb.

2-Benzyloxy-6-bromopyridine gglz was treated with n-butyllithium (1.2 eq.} and a
catalytic amount of 5% cuprous icdide in THF at -25%9C for 1 h. Addition of this
solution to a solution of N-ethoxycarbonylpyridinium chleride 1 {1 eq.) in THF
gave the corresponding unstable 1,4-dihydropyridine which was readily oxidized in
oxygen for 8 h to give the 2,4'-bipyridine 3a, as a crystalline solid, in 62%

yield. Similarly, treatment of the 1ithium salt derived from 6B-bromo-2-
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methoxypyridine13 2b with compcund 1 followed by oxidation gave 2,1’-bipyridine
3b, in 58% yield.

Hydrogenolysis of the benzyl ether 3a in methancl over 5% palladium on charcoal
gave §-{4-pyridinyl}-2(1H)-pyridone 4, in 86% vyield. Compound 4 was transformed
inte the corresponding 6-chloro-2,4'-bipyridine 5 upon treatment with phosphoryl
chloride in ;'\I,N—dirrleth_v]_formarni.de]“1 in 85% yield. Subsequent catalytic
dechlerinating § with hydrogen over 10% palladium on charcoal afforded the desired
2,4’ -bipyridine 515 (89% vield). The B-methoxy-2,1’-bipyridine 3b was directily
transformed into compound 5 with phosphoryl chloride in N,N-dimethvlformamide (82%
vield) as was reported earlier for E—methox_vpyridine.l6 The 2-alkoxy substituent
in the pyridine ring presumably enhanced the lithiated metal-halide exchange to
afford a better vield preducts of 3a and 3b after air oxidation.g Thus, we found
a convenient synthesis of 2,1’-bipyridine 8§ starting from 1 and 2a or 2k by a

four-step process in 40% vield or by a three-step process in 47% vield,

respectively.
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Found: C, 70.8%4; H, 5.39; N, 15.07.

E'Iﬂ_EerdeX !—2“[;“—]!“1;10;1;: ﬂ_.
A solution of compound 3a (0.1 g) in 10 ml of methanol was hydrogenated for 3 h
over 5% Pd/C {7 mg) then filtered and concentrated in wvacuum, The residue was

purified by column chromatography on silica gel (5% methanol-dichloromethane) to

give 57 mg {86%) of 4. mp 159-1607C(methanol-dichloromethane) . lH Nmr (CDClS): &
¢.67 (dd, 1H, J = 8.0 Hz, 2,0 Hz, H-5); 7.56 (4d, 1H, J = 9.0 Hz, 8.0 Hz, H-4};
8.04 (dd, 1H, J = 8.0 Hz, 2,0 Hz, H-3); 7.65 and 8.74 {AA’BB', 4H, J=8.0 Hz, 2.0
Hz, pyridine 4H); 11.8 (hs, NH). Anal. Calcd for CIOHSNZO: C, 69.75; H, 1.68; N,

16.27. F¥ound: €, 69.76; H, 4.68; N, 16.28.

6-Chloro-2.4’-bipvyridine 5.

To a stirred solution of 4 (1.72 g, 10 mmol) in 6 ml of dry dimethylformamide at
09c, phosphoryl chleride (2.0 ml, 20 mmol) was added dropwise. The stirring was
continued for 2 h and the mixture was heated at 80Y9C for 1 h. After the solution
is cooled to 0°C, the saturated sodium acetate sclution was added and the mixture
was extracted with dichloromethane. The extract was washed with water, dried over
anhydrous NaZSO4 and concentrated in vacuum. The residue was chromatographed cn
silica gel (10% hexane-ethyl acetate) to give 1.61 g (85%) of 5, mp 120.5-121.50C

{dichloromethane). IH Nmr (CDClG): § 7.36 (dd, 1H, J = 7.2 Hez, 1.5 Hz, H-5); 7.71
(dd, 1H, J = 7.6 Hz, i.5 Hz, H-3); 7.79 (44, 1H, J = 7.6 H=z, 7.2 Hz, H-4); 7.87
and 8.72 (AA'BB', 4H, J=8.0 Hz, 2.0 Hz. pyridine 4H). Anal. Calcd for C10H7Nzcl:

c, 71.09; H, 6.71; N, 10.36. Found: ¢, 71.10; H, 6.69; N, 10.30,

Frem 3b

Compound 3b (1.86 g) was treated in the same way to give 1,75 g (92%) of 5.

2 !'-BJ'EJ'::]' dine 6.
A solution of 5 (0.57 g, 3 mmol) and potassium hydroxide (0.12 g) in 15 ml of

methanol was hydrogenated at ordinary pressure and temperature for 3 h over 10%

pd/Cc (0.08 g}, The catalyst was removed by filtration and the sclvent was
evaporated. The residue was extracted with ether. The ether extract was washed
with water, and dried over anhydrous Na2504. Vacuum evapceration gave 0.42 g (89%)
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cf 6, mp 60-61°C lethanol) {1lit., mp 61.5%C). 1

H Nmr (CDClB): & 7.35 (m, 1H,
H-4); 7.82 (m, 2H, H-3 and H-5); 7.90 and 8.73 (AA’BB', 44, J=8.0 Hz, 2.0 H=z,

pyridine 4H); 8.75 (dd, 1H, J = 4.2 Hz, H-6).
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