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Cyclocondensation of cyanoacetamide and cyanothioacetamide with sodium salt of 3-hydroxy-1-(pyri-
din-3-yl)prop-2-en-1-one gave 6-oxo-[2,3']bipyridine 5a and 6-thioxo-[2,3']bipyridine 5b derivatives,
respectively. Compound Sb upon treatment with different methylenes 8 gave thieno[2,3-b]pyridines 10.
Treatment of Sb with iodomethane gave bipyridine derivative 7, which cyclocondensed with hydrazines

11 to give pyrazolo[3,4-b]pyridines 13.
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INTRODUCTION

Pyridines and pyrazolopyridines have attained consid-
erable interests due to their wide range of applications
in medicine and agriculture, such as anti-inflammatory,
antitumor, antimycobacterial, antifungal, and antiviral
activities [1-3]. In the last decades, they are used as
anticancer drugs, antihypertension, antifungal reagents,
pesticides, herbicides, and plant growth reagents [4-7].
Similarly, thienopyridine derivatives are characterized
by a very broad area of biological activities, such
as antiallergic [8], antiatherosclerotic [9], antibacterial
[10-12], anticancer [13], antiviral [14,15], antihyperten-
sive [16,17], antidepressant [18], antihistaminic [19],
antimicrobial, and neurotropic activities [20-23].
Recently, it has been reported that many pyridine deriv-
atives showed strong cytotoxicity against several human
cancer cell lines [24-26]. It was also found that many
of these derivatives might block proliferation of various
cancer cell lines [27].

In view of these reports and in continuation with the
previous work, we have, herein, synthesized new deriva-
tives of oxo(thioxo)bipyridine, thieno[2,3-b]pyridines,
and pyrazolo[3,4-b]pyridines, which are expected to
have anticancer properties.

RESULTS AND DISCUSSION

Pyridine derivatives are useful synthetic intermediates
for synthesis of biologically active deazafolates’ ring
system and pyrimidine nucleosides, which are reported
to be significantly active, both in vitro and in vivo
[28,29], inhibitor for dihydrofolate reductase [30], cyto-
toxicity against various tumors as potentially as metho-
trexate [31,32] and one of the most effective antimeta-
bolites currently used in treatment of various solid
tumors [33,34]. Owing to our plane to develop an
efficient and simple procedure for the synthesis of new
antimetabolites [35,36], we have recently approached
for the synthesis of this class of compounds. We report
in this part new synthesis of bipyridine, thieno[2,3-
b]pyridine, and pyrazolo[3,4-b]pyridine derivatives.
Thus, it has been found that 2-acetylpyridine reacted
with ethyl formate in dry ether containing sodium meth-
oxide to give sodium salt of 3-hydroxy-1-(pyridin-3-
yl)prop-2-en-1-one 1. The structure of 1 was confirmed
by chemical transformations. Compound 1 reacted with
cyanamides 2 to give substituted bipyridines. Two
modes of cyclization are feasible, giving a [2,3']- or
[3,4'bipyridine-substituted products, as outlined in
(Scheme 1). In the first, initial attack by a carbanion
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takes place at the formyl group of the salt 1 and subse-
quent Michael cyclization followed by elimination of
two moles of water leads to the [2,3']-substituted prod-
ucts 5, whereas in the second, initial nucleophilic attack
by the methylene carbon takes place at the ketonic
group, followed by cyclization and elimination of water
leads to [3,4'bipyridine-substituted isomers 6. In fact,
only isomer 5 was obtained because of the fact that
initial attack of the active methylene carbon at the
unhindered formyl group being much more probable
than attack at the hindered and electronically disfavored
ketonic group. Spectral studies did not allow us to dis-
tinguish between structures 5 and 6. To establish unam-
biguously the structure of the product, the crystal struc-
ture of a similar previous work, which confirms the
exclusive presence of the regioisomer $ in the solid state
has been reported [35-39].

Treatment of bipyridine derivative Sb with iodome-
thane in ethoxide solution gave 6-methylsulfo-
nyl[2,3']bipyridine derivative 7. Treatment of 5b with
active methylene derivatives 8a—c in methanolic potas-
sium hydroxide solution afforded the corresponding
thieno[2,3-b]pyridine derivatives 10a-c, respectively
(Scheme 2).
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Finally, refluxing compound 7 with hydrazines 11 in
ethanolic solution containing a catalytic amount of piperi-
dine afforded pyrazolo[3.,4-b]pyridines 13 (Scheme 3).

EXPERIMENTAL

All melting points are uncorrected. IR spectra were obtained
(KBr disk) on a Perkin Elmer 11650 FTIR instrument. 'H
NMR spectra were measured on a Varian 400 MHz
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Scheme 3 10a. Colorless crystals, from Dioxan, yield (71%), m.p.
EOH Pip. 280-82°C; Vonax (cm ) (KBr) 3320, 3180 (NH,), 2184 (CN),
7 + H,NNHR 1663 (C=N); '"H NMR (200 MHz, (CD3),SO): 6 = 6.92 (s,
1 br, 2H, NH,), 7.34-9.33 (m, 6H, aromatic); m/z 252 (Calcd.
:I:;IéH for C;3HgN4S (252.29): C, 61.89; H, 3.20; N, 22.21; S,
4 65

13 a,R=H

b, R = CjH,

spectrometer for solutions in (CD3),SO using Si(CH3)4 as an
internal standard. Mass spectra were recorded on a Varian
MAT 112 spectrometer. Analytical data were measured at the
Microanalytical Data Center at Cairo University.

Sodium salt of 3-hydroxy-1-(pyridin-3-yl)prop-2-en-1-one
(1). A mixture of (0.01 mol) 3-acetyl pyridine and (0.01 mol)
ethyl format was dropped over a solution of (0.01 mol) of
sodium methoxide in 65-mL dry ether with stirring. The
formed solid product was collected and used directly in the
following reactions.

1,6-Dihydro-[2,3']bipyridinyl-5-carbonitriles (5a, b). A
solution of (0.01 mol) sodium salt of 3-hydroxy-1-pyridin-3-
yl-propenone 1, (0.01 mol) cyanamides 2, (1 mL) piperidine
acetate in (3 mL) water was refluxed for 10 min. Acetic acid
(1 mL) was added to the hot solution. The solid product was
filtered off and recrystallized from the appropriate solvent.

5a. Pale yellow crystals, from DMF, (yield 70%), m.p.
230°C, Vpmax (cm™") (KBr) 3350 (NH), 2211 (CN), 1680 (CO),
1622 (C=N); 'H NMR (200 MHz, (CD3),SO): & = 6.88-8.99
(m, 6H, aromatic), 9.05 (s, br., 1H, NH); m/z 197 (Calcd. for
C;1H;N;0 (197.19): C, 67.00; H, 3.58; N, 21.31% Found C,
67.14; H, 3.65; N, 21.11%).

5b. Pale yellow crystals, from ethanol, yield (73%), m.p.
230-32°C; Vpax (ecm™") (KBr) 2218 (CN); 'H NMR (200
MHz, (CD3),SO): & = 7.14-8.92 (m, 6H, aromatic), 14.25
(s, br., 1H, SH); m/z 213 (Calcd. for C;;H;N5S (213.26): C,
61.95; H, 3.31; N, 19.70; S, 5.03% Found C, 62.12; H, 3.22;
N, 19.80; S, 15.11%).

6-Methylsulfanyl-[2,3 Ibipyridinyl-5-carbonitrile (7). Equimolar
amounts of bipyridine derivative 5b and iodomethane were
stirred in methanolic potassium hydroxide solution for 1 h.
The solution was poured over ice-water mixture and then
neutralized by HCl. The solid product was filtered off and
recrystallized from ethanol.

Colorless crystals, from EtOH, yield (71%), m.p. 170-72°C;
Vmax (cm™") (KBr) 2210 (CN), 1665 (C=N); 'H NMR (200
MHz, (CD3),SO): & = 2.75 (s, 3H, SCH3), 7.27-9.31 (m, 6H,
aromatic); m/z 227 (Calcd. for C,HoN3S (227.28): C, 63.41;
H, 3.99; N, 18.49; S, 14.11% Found: C, 63.31; H, 4.12; N,
18.35; S, 14.00%).

3-Amino-6-(pyridin-3-yl)thieno[2,3-b]pyridines (10a-c). A
mixture of (0.01 mol) bipyridine 5b, (0.01 mol) active methyl-
enes 8 and (0.01 mol) KOH was stirred in methanol for 1 h.
The solution was poured over ice-water mixture and then
neutralized by HCI. The solid products were filtered off and
recrystallized from the appropriate solvent.
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12.71% Found C, C, 62.00; H, 3.33; N, 22.12; S, 12.93%.

10b. Colorless crystals, from Dioxan, yield (85%), m.p.
270-72°C; Viax (cm™") (KBr) 3320, 3180 (NH,), 1672 (CO),
1622 (C=N); 'H NMR (200 MHz, (CD;),S0): & = 2.30
(t, 3H, CH,CH3), 3.81 (q, 2H, CH,CHs;), 6.54 (s, br, 2H,
NH,), 7.33-9.33 (m, 6H, aromatic); m/z 299 (Calcd for
CisH3N30,S  (299.35): C, 60.19; H, 4.38; N, 14.04; S,
10.71% Found: C, 60.00; H, 4.45; N, 14.17; S, 10.94%.

10c. Colorless crystals, from EtOH, yield (78%), m.p. 210—
12°C; Vimayx (em™") (KBr) 3360, 3180 (NH,), 1700 (CO), 1599
(C=N); "H NMR (200 MHz, (CD;),S0): & = 7.01 (s, br, 2H,
NH,), 7.27-7.55 (m, 5H, C4Hs), 7.80-9.13 (m, 6H, aromatic);
m/z 331 (Caled for C;9H;3N;0S (331.40): C, 68.86; H, 3.95;
N, 12.68; S, 9.68% Found C, 68.65; H, 4.13; N, 12.74; S,
9.53%.

6-(Pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-3-ylamines
(13a, b). A solution of (0.01 mol) bipyridine 7 and (0.01 mol)
hydrazines 11 was refluxed in ethanol containing a catalytic
amount of pip. for 3 h. The solution was poured over ice-water
mixture and then neutralized by HCI. The solid products were
filtered off and recrystallized from water.

13a. Colorless crystals, from water, yield (77%), m.p. 105—
106°C; Vinax (cm™ ') (KBr) 3350, 2316, 2189 (NH, NH,), 1627
(C=N); 'H NMR (200 MHz, (CD5),SO): 5 = 6.52 (s, 2H,
NH,), 6 = 10.31 (s, br., H, NH), 7.26-9.63 (m, 6H, aromatic);
mfz 211 (Caled. for C;HoNs (211.22): C, 62.55; H, 4.29; N,
33.16% Found: C, 62.35; H, 4.12; N, 33.32%).

13b. Colorless crystals, from water, yield (80%), m.p. 110—
112°C; Vpax (em™) (KBr) 3350, 2316 (NH,), 1627 (C=N);
'"H NMR (200 MHz, (CD5),SO): 8 = 5.21 (s, br., 2H, NH,),
7.26-8.87 (m, 11H, aromatic); m/z 211; m/z 287 (Calcd for
C;7H5Ns: C, 71.07; H, 4.56; N, 24.37% Found C, 71.07; H,
4.56; N, 24.37%).
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