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Abstract-- Five-membered heteroarylpyridines (3) or (4) such as
furylpyridines, thienylpyridines, imidazolylpyridines and pyrrolylpyridines were
obtained regioselectively in appreciable yields (40-67%) by reaction of
heteroaryllithium salts with N-ethoxycarbnyipyridinium chloride (1) followed by

oxygen oxidation.

Heteroarylpyridines and their salts have been of interests due to their various biological
activities.1:2 Only a few synthesis have been reported.e"6 2-Furylpyridines or 3-
furylpyridines were prepared by multistep processes either from ethyl
pyridincarbonylacetates or from chloroacetyipyridines.3 Wynberg g_tal.4 preparad 3-
thienylpyridines by reaction of appropriate lithiopyridines with 3-ketotetrahydrothiophene
and subsequent aromatization of the carbinols in low yields.4 Seki 9131.5 described that
photolysis of iodopyridines in the presence of various hetercaromatics leads to the
corresponding heteroarylpyridines in appreciable yields. Gronowitz 9131.6 reported that
various thiopheneboronic acid coupled with bromopyridines in the presence of catalytic
45

amount of Pd(PPhg)4 to give the thienylpyridines. Although some procedures™* might be
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useful for the synthesis of heteroarylpyridines as above, most of them involve multistage
rng syntheses or require difficultly accessible starting materials. in addition, these
syntheses gave low yields or were accompanied with several isomers, and thus could not
be used as a gensral method.

In the previcus investigations from this laboratory we have developed a method to

7 4-ary|pyridines,8 and 4-

synthesize series of varigus unsymmetric bipyridines,
beznzyipyridines9 in high regioselectivity by addition of Grignard reagents or organclithium
compounds derived from bromopyridines, hromobenzenas, and benzyl bromides to N-
ethoxycarbanylpyridinium chloride (J_)10 in the presence of cuprous iodide. We wish here
to report a convenient preparation of various 2- or 4- heteroarylpyridines (3) or (4) by
means of essentially the same procedure.

Addition of lithium salts derived from heteroaromatic compounds (2a-k) to 1 at 78°C in THF
in the presence of a catalytic amount of 5% cuprous iodide should give the intermediate,
1,4-dihydropyridines or 1,2-dihydropyridines. However, these intermediates were quite
unstable’? and could be easily oxidized under air. The crude intermediate dihydropyridine
was not purified but was immediately oxidized by oxygen7 to provide the corresponding 3
or 4, respectively. Yields are in the range of 40-67% as shown in Table.

We found that reactions of 1 with compounds {2a-d, i, |} proceeded with high v selectivity to
give the 4-(2-furyl)pyridines (3a), (3b), (3¢), (3d), 4-(3-thienyl)-pyridine (3i), and 4-(2-
pyrrolyl)pyridine (3l), and those with compounds (2e-h, j, k) to give regioselectively the 2-(2-
pyrrolyl)pyridines (4e), (4f), (4qg), {4h), 2-(2-imidazolyl)pyridine (4j), and 2-(2-
pyrrolyl)pyridines (4K). However, in the case of N-methylpyrrole (2l), its lithium salt was
found not to react with 1 in the same way, but instead attack on the carbonyl moiety of 1.
took place.11 Fortunately, we found that N-methylpyrrole itself can react directly with 1 at
the C4in ayield of 45%. Apparently the t-electrons on pyrrole served as the nucleophile to
react with active electrophile, pyridinium salt (1). The explanation suggested by
Yamaguchi1 2 is the HSAB principle;13 softer reagents attack more easily at the C4, while
the harder reagents attack at the Co. The observation in this study seems to imply the 2-

anions of furans and pyrroles which attack 1 at C4 is softer than those of thiophenes which
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attack 1 preferentially at Co. From these studies, it demonstrates that the regioselectivity is
highly dependent upon the nature of nucleophilic heteroaromatic rings.

The structural assignments of compounds obtained from above reactions were principally
made on the basis of mass spectra, TH-nmr spectra and elemental analysis. Because of a
simple procedure, appreciable yields, and regioselectivity, the present method would

provide a convenient synthesis of 2-or 4-heteroarylpyridines.

Tabla. Preparation of Heteroarylpyridines (3) or (4)

N
I +z 2a-k, n-Bul.i, 5% Cul [0}
N a 3 or 4
21
FCom -
l s o~
2 Reaction Site 3orda  Yield(%)2 mp(°C)P
[l \3
2a 3a 49 65-66(lit.,> mp 69°C)
(EA9 / Hex)
M:Q_
2b 3b 44 68-69
(EA/ Hex)
B_Q_
2c 3¢ 41 160-161
(EA / Hex)
Br®
-
2d ad 40 63.5-64.5
(EA / Hex)
Z/ \5
2e S 4e 67 61-62(Lit.,* mp 60.5-62°C)
(EA / Hex)
w@-
2t S 4f 47 82-83
{EA / Hex)
el \
29 —Q_ 4q 45 104-105
(EA / Hex)
d

7\
BI'Q_ 4h 49 82.5-83.5
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(EA / Hex)
Bre
I
2i S‘ 3i 51 136-137(iit..4 mp137.5-138°C)
(EA / Hex)
i
N 5
2i Me 4 46 164-165(lit.,°> mp167°C)
{Methanol)
/
N
2 SO,Ph m 54 91-92
{EA / Hex)
f
0
N
21 Me al 45  63.5-64.5(lit.,° mp 63-63.5°C)
(EA / Hex)

3isolated yield. Buncorrected. Cref. 14. ref. 15. ©3-lithium generated from 3-bromide.
fReaction occurs with | without using n-BuLi and Cul. 9 EA=Ethyl Acetate.

EXPERIMENTAL

Melting points are uncorrocted. The TH-nmr spectra were recorded on Bruker AC 200 and
MSL 200 spectrometers. The ms spectra were obtained by using a VG 7-250 GC-MS
system at 70 eV. Elemental analyses ware performed on a Perkin-Elmer 2400 Elemental
Analyzer. All anhydrous solvents were freshly distilled before use.

General Procedure for the Synthesis of 2-or 4-Heteroarylpyridines (3 or 4).
To a solution of heteroaromatic {2a-k) (5 mmol) in 25 ml of dry tetrahydrofuran (THF) was
added 1.6 M p-butyllithium solution in hexane (3.8 ml, 6 mmol) and 0.66 g of cuprous iodide
at -78°C under nitrogen for 1 h. The above solution was added to a solution of pyridinium
chloride (prepared from 0.5 ml {8 mmol} of pyridine and 0.65 mi {7 mmol) of ethyl
choroformate, 20 mi of THF at -30°C for 10 min) at -78°C over 30 min. The reaction mixture
was warmed to room temperature and quenched with 5% sodium bicarbonate solution (25
ml). After evaporation of THF the residue was extracted with dichloromethane (3 X 4 ml}.
The extract was dried over anhydrous Na2S04 and congentrated, The residue was diluted
with a small amount of dichloromethane and stirred under an oxygen stream at room

temperature for 10 h. The reaction mixture was extracted with dichloromethane, and the




HETEROCYCLES, Vol. 32, No. #1, 1991 15

organic extracts were washed with water, dried over anhydrous Na2SQ4, and concentrated
under reduced pressure. The residue was chromatographed on silica gel column (5%
hexane-ethyl acetate ) to afford 3 or 4. The products were characterized by ir, TH-nmr and
elemental analyses as illustrated below.

4-(2-Furylipyridine (3a)

TH-Nmr(CDCI3): 5 8.65 (br s, 2H, pyridine Hz,6), 7.54 (m, 3H, pyridine H3 5 and furan Hs),
6.90 (d, J=3.4 Hz, 1H, furan H3), 6.54 (dd, J=1.8, 3.4 Hz, 1H, furan Hg). Ms m/z: 145 (M*,
100), 116 {47), 90 {49). Hrms Calcd for CgH7NO: 145.0528. Found: 145.0529.
4-(5-Methyl-2-furyl)pyridine (3b)

1H-Nmr(CDCI3): 5 8.55 (dd, J=1.6, 4.6 Hz, 2H, pyridine H2 g}, 7.46 (dd, J= 1.7, 4.6 Hz, 2H,
pyridine H3,5 ). 6.78 (d, J=3.3 Hz, 1H, furan H3), 6.13 (d, J=3.3 Hz, 1H, furan Hg), 2.40 (s,
3H, methyl). Ms m/z: 159 (M*, 100), 158 (M* -1, 66), 130 (18). Anal. Caled for C1gHgNO :
C, 75.45; H, 5.70; N, 8.50. Found: C, 75.24; H, 5.69; N, 8.88.

TH-Nmr(CDCI3): & 8.84 (d, J= 5.9 Hz, 2H, pyridine H2 g}, 7.51 (d, J= 5.9 Hz, 2H, pyridine
H3a 5), 6.83 (d, J=3.4 Hz, 1H, furan H3), 6.14 (d, J=3.4 Hz, tH, furan H4), 2.74 (g, J=7.6 Hz,
2H, methylene), 1.30 (t, J=7.6 Hz, 3H, methyl). Ms m/z: 173 (M*, 70), 158 (100), 130 (14).
Hrms Caled for C11H11NQ: 173.0840. Found: 173.0841.

4-(3-Bromo-2-furyhoyridine (3d)

TH-Nmr(CDCI3): 5 8.69 (br s, 2H, pyridine H2,6), 7.89 (br s, 2H, pyridine H3,5), 7.50 (d,
J=1.9 Hz, 1H, furan Hs), 6.95 (d, J=1.9 Hz, 1H, furan Hq). Ms m/z: 225 (M*+2, 100), 223
(MY, 98), 222 (M*-1, 10), 116 (40). Hrms Calcd for CgHgNOBr: 222.9633. Found:
222.9638.

2-(2-] hime|)m£[jﬂ'|n§ (ﬂ.ﬁl

TH-Nmr(CDCI3): 3 8.56 (dd, J=1.4, 4.9 Hz, 1H, pyridine Hg), 7.67 (m, 2H, pyridine H3 5),
7.57 (dd, J=1.2, 3.7 Hz, 1H, thiophene H5}, 7.39 (dd, J=1.2, 5.1 Hz, 1H, pyridine, H4), 7.12
{m, 2H, thiophene H3,4 ). Ms m/z: 162 (M*+1, 16), 161 (M*, 100), 116 (18). Anal. Caled for
CgH7NS: C, 67.05; H, 4.38; N, 8.69. Found: C, 67.05; H, 4.32; N, 8.72.
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TH-Nmr(CDCI3): & 8.57 (m, 1H, pyridine Hg), 7.58 (m, 2H, pyridine H3 5),7.36 (d, J=3.6 Hz,
1H, thiophene H3), 7.06 {m, 1H, pyridine Hg), 6.74 (d, J=3.6 Hz, 1H, thiophene H4), 2.50 (s,
3H, methyl). Ms m/z: 175 (M*, 46), 174 (M*-1, 36), 130 (18), 45 (100). Anal. Calcd for
C10HgNS: C, 68.54; H, 5.18; N, 8.00. Found: C, 68.33; H, 5.29; N, 7.89.

TH-Nmr(CDCI3): 5 8.53 (m, 1H, pyridine Hg), 7.61 (m, 2H, pyridine H3 5), 7.39 (d, J=3.7 Hz,
1H, thiophene H3), 7.09 (m, 1H, pyridine H4), 6.79 (d, J=3.7 Hz, 1H, thiophene H4}, 2.87 (q,
J=7.4 Hz, 2H, methylene), 1.34 (, J=7.4 Hz, 3H, methyl). Ms m/z: 190 (M*+1, 20), 189 (M*,
100), 174 (50). Anal. Caled for C11H11NS: C, 69.80; H, 5.86; N, 7.40. Found: C, 69.82; H,
5.86; N, 7.65.

1H-Nmr(CDClI3): 5 8.52 (m, 1H, pyridine Hg), 7.60 (m, 2H, pyridine H3,5), 7.31 (d, J=3.9 Hz,
1H, thiophene H3), 7.19 {m, 1H, pyridine, H4), 7.05 (d, J=3.9 Hz, 1H, thiophene H4). Ms
m/z: 241 (M*+2, 29), 239 (M*, 26), 161 (100), 116 (37). Anal. Caled for CgHgNBrS: C,
45.02; H, 2.52; N, 5.80. Found: C, 45.27; H, 2.42; N, 5.54.

1-(3-Thienylipyridine (3i)

TH-Nmr(CDCI3): 3 8.61 (br s, 2H, pyridine H2,g), 7.67 (dd, J=2.2, 4.3 Hz, 1H, thiophene
Hs), 7.48 (d, J=5.1 Hz, 2H, pyridine H3 5), 7.45 (m, 2H, thiophene H2 4). Ms m/z: 162
(M*+1, 13), 161 (M1, 100), 117 (20). Anal. Calcd for C9H7NS: C, 67.05; H, 4.38; N, 8.69.
Found: C, 67.19;H, 4.17; N, B.67.

2-(1-Methyl-2-imidazolylipyridine (4j)

TH-Nmr{CDCI3): § 8.59 (d, J=4.1 Hz, 1H, pyridine Hg) , 8.17 (d, J=4.1 Hz, 1H, pyridine Hs)
,7.77 {m, 1H, pyridine Hg), 7.22 (m, 1H, pyridine H3}, 7.20 (s, 1H, imidazole Ha}, 7.06 (s,
1H, imidazole Hs), 4.14 (s, 3H, methyl). Ms m/z: 159 (M*, 98), 130 (100), 103 (35). Hrms
Calcd for CgHgN3: 159.0796. Found: 159.0789.

2-(1-Benzsulfonyl-2-pyrrolylpyridine (4k)

TH-Nmr(CDCI3): & 8.46 (dd, J=0.8, 4.0 Hz, 1H, pyridine Hg), 7.69 (m, 3H, pyridine H3 4 5),
7.50 (m, 5H, phenyl), 7.19 (dd, J=1.7, 3.8 Hz, 1H, pyrrole H5), 6.48 (dd, J=1.7, 3.0 Hz, 1H,
pyrrole H3), 6.36 (dd, J=3.0, 3.8 Hz, 1H, pyrrole H4). Ms m/z: 284 (M*, 24), 219 (90), 143
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{(100). Anal. Caled for C15H12N2028S: C, 63.14; H, 4.59; N, 9.82. Found: C, 63.24; H, 4.36;
N, 9.77.

4:(1-Methyl-2-pyrrolyl)pyridine ()

TH-Nmr(CDCI3): 6 8.56 (d, J=4.7 Hz, 2H, pyridine H2 6), 7.39 (d, J=4.7 Hz, 2H, pyridine
Hg,5), 6.78 (dd, J=1.7, 3.2 Hz, 1H, pyrrole H5), 6.43 (dd, J=1.7, 3.6 Hz, 1H, pyrrole Ha), 6.22
(dd, J=3.2, 3.6 Hz, 1H, pyrrole Ha), 3.75 (s, 3H, methyl). Ms m/z: 158 (M*, 100), 157 (M*-1,
43), 130 (37). Hrms Caled for C1gH10N2: 158.0844. Found: 158.0841.
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