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ABSTRACT

The reactions of 2,3-tri-, -tetramethylene-7,8-dihydro-6H-thieno[2,3-d]pyrrolo[1,2-a]pyrimidine-4-
ones (la,b) and 2,3-dimethyl-, -tri-, -tetra-, -pentamethylene-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-ones (4a-d), containing active methylene groups in positions 8 or 9,
with aromatic aldehydes under acidic and alkaline conditions go depending on reaction
conditions and nature of aromatic aldehydes with the formation of new (z)-(4-nitrophenyl)(2,3-tri,
tetramethylene-7,8-dihydropyrrolo[1,2-a]thieno[2,3-d]pyrimidine-4-one-8-yl)methanols (2, 3), 9-
arylidene derivatives (5a-e-8a-e) and (&)-(4-nitrophenyl)(2,3-tetramethylene-6,7,8,9-
tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-4-one-9-yl)methanol (9). If aldehydes with
electron-withdrawing (nitro) group are used, the reaction can be stopped at a stage where the
products of electrophilic additions products are racemates, i.e. containing asymmetric carbon
atom in position 8 or 9, and if aromatic aldehydes with electron-donating substituent are used 9-
arylidene derivatives are formed exclusively.
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derivatives, aldehydes, condensation

1. INTRODUCTION

Thiophene and pyrimidine derivatives have been shown to possess a variety of pharmacological
activities like antibacterial [2-4], anti-microbial [5-7], antitumor [8], anti-inflammatory [2, 9-11],
analgetic [2,10,11], ulcerogenic [2,10], cytotoxic [12-14], and chemotherapeutic [15] activities.
Condensed thieno[2,3-d]pyrimidin-4-ones are of interest from the theoretical and practical points
of view. Condensation of aldehydes with organic compounds, containing activated methylene
groups are widely used in organic and bioorganic chemistry. Aldehydes are used in reactions to
form new heterocyclic systems [16-22] and electrophilic addition products containing
asymmetric carbon atom [23, 24], in Knoevenagel reactions [25, 26], in formation of ylidene
derivatives to obtain dehydration of addition products [27-32], in Claisen-Schmidt condensation
reactions [33] and in formation of Schiff bases [34]. These reactions are catalyzed with acids as
well as with bases (inorganic and organic), and are classified as acid/base-catalyzed reactions.
This work was carried out with the purpose of studying condensation of starting compounds with
aldehydes, determination of factors influencing the course and direction of reactions.

The interaction of thienopyrimidine-4-ones condensed with hydrogenated piperidine ring with
aromatic and heterocyclic aldehydes were not investigated.

*Part 1. See literature [1]
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2. MATERIALS AND METHODS
2.1 General Conditions

'H-NMR spectra were recorded in CDCl; and DMSO-d; on Unityplus 400 spectrometer
operating at 400 MHz. Hexamethyldisilane (HMDS) was used as internal standard, chemical
shifts & of 'H were recorded in ppm. Mass spectra were acquired on a high-res DFS
spectrometer. Mps were measured on a Boetius and MEL-TEMP apparatus manufactured by
Barnstead International (USA) and were uncorrected.

IR spectra were recorded on IR Fury System 2000 (Perkin-Elmer) as KBr pellets.

The reaction progress was monitored by TLC on Sorbfil and Whatman UV-254 precoated
aluminum plates using CsHe/CH3;OH (3:1 and 5:1) solvent system and developed plates were
visualized under UV lamp and/or iodine tank where necessary. Solvents were purified by
standard procedures. Organic solutions were dried over anhydrous Na,SO, and concentrated
with a RVO-64 ROT VAC Evaporator at reduced pressure.

2.2 Synthesis

2,3-Tri- (1a), -tetramethylene-7,8-dihydropyrrolo[1,2-a]thieno[2,3-d]pyrimidine-4-ones (1b) and
2,3-dimethyl- (4a), -tri- (4b), -tetra- (4c) and 2,3-pentamethylene-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-ones (4d) were synthesized according to method described by
Elmuradov et al. [1].

2.2.1 General procedure for synthesis (#)-(4-nitrop  henyl)(2,3-tri-, tetramethylene-7,8-
dihydropyrrolo[1,2-ajthieno[2,3-d]pyrimidine-4-one- 8-yl)methanols (2, 3)

To a 0.6 mmol of NaOH dissolved in 10.0 mL ethanol were added 2.0 mmol of corresponding
thieno[2,3-d]pyrimidine-4-ones (la or 1b) and 2.0 mmol of 4-nitrobenzaldehyde. Reaction
mixture was boiled in water bath at 85-90°C for 0.5-4 h. The solvent was distilled off and the
residue was recrystallized from benzene and the desired compounds (2 or 3) were obtained in
moderate yields.

2.2.1.1 (¥)-(4-Nitrophenyl)(2,3-trimethylene-7,8-dihydropyrrolo[1,2-a]thieno[2,3-d]pyrimidine-4-
one-8-yl)methanol (2)

Yield: 0.34 g (45%), mp 221-223°C (benzene), R=0.79 (C¢He¢/CH3;OH, 5:1, at RT). *H-NMR
(DMSO-dg) &: 1.86-1.77 (1H, m, 7-Ha), 2.14-2.06 (1H, m, 7-Hb), 2.37-2.30 (2H, m, 2-CH,-CH,),
2.87 (4H, t, J=7.0 Hz, 2-CH,, 3-CH,), 3.63 (1H, m, 8-H), 3.85-3.78 (1H, m, 6-Ha), 4.0-3.93 (1H,
m, 6-Hb), 5.4 (1H, d, J=4.8 Hz CH(OH)), 5.91 (1H, s, OH), 7.68 (2H, d, J=8.8 Hz, Hx-2',6), 8.18
(2H, d, J=8.8 Hz, Ha-3',5). IR (KBr) cm™: 3378 (OH), 1650 (C=0), 1540 (C=N), 1519 (NO,),
1475 (C-N). MS-El in m/z (rel. %): 384 ((M+1]", 2.1), 383 ([M]", 11.2), 365 ([M-H,0]", 3.5), 231
([IM-CH(OH)-CgH4-NO,]*, 100). Anal. calcd. for CioH;17N304S (383.23): C, 59.53; H, 4.44; N,
10.96. Found: C, 59.60; H, 4.40; N, 11.05.

2.2.1.2 (1)-(4-Nitrophenyl)(2,3-tetramethylene-7,8-dihydropyrrolo[1,2-a]thieno[2,3-d]pyrimidine-
4-one-8-yl)methanol (3)

Yield: 0.38 g (48%), mp 210-212°C (benzene), R=0.52 (C¢Hs/CH;OH, 5:1, at RT). *H-NMR
(DMSO-dg) &: 1.77-1.70 (4H, m, 3-CH,-(CH,),), 1.85-1.78 (1H, m, 7-Ha), 2.11-2.05 (1H, m, 7-
Hb), 2.69 (2H, t, J=5.9 Hz, 2-CH,), 2.83 (2H, t, J=6.1 Hz, 3-CH,), 3.62 (1H, m, 8-H), 3.83-3.77
(1H, m, 6-Ha), 3.98-3.91 (1H, m, 6-Hb), 5.37 (1H, d, J=4.6 Hz, CH(OH)), 5.90 (1H, s, OH), 7.68
(2H, d, J=8.6 Hz, Ha-2',6"), 8.18 (2H, d, J=8.6 Hz, Ha-3"5). IR (KBr) cm™: 3320 (OH), 1671
(C=0), 1557 (C=N), 1517 (NO,), 1481 (C-N). MS-EIl in m/z (rel. %): 397 ([M]", 42), 245 ([M-
CH(OH)-CgH,-NO,]", 100), 151 (35). Anal. calcd. for CyH19N30,4S (397.19): C, 60.42; H, 4.78;
N, 10.57. Found: C, 60.50; H, 4.70; N, 10.65.



2.2.2 General procedure for synthesis 2,3-disubstit uted 9-arylidene(furfurilidene-2)-
6.7.8,9-tetrahydropyrido[1,2- althieno[2,3- d]pyrimidine-4-ones _(5a-e - 8a-e)

To a 0.6 mmol of NaOH dissolved in 10.0 mL n-propanol were added 2.0 mmol of
corresponding thieno[2,3-d]pyrimidine-4-ones (4a-d) and 2.0 mmol of aldehyde. Reaction
mixture was boiled in oil bath at 105-110°C for 7-8 h. The precipitate was filtered, washed with
cyclohexane and dried. The residue was recrystallized from corresponding solvent and the
condensation products (5a-e - 8a-e) were obtained in moderate to excellent yields.

2.2.2.1 2,3-Dimethyl-9-benzylidene-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-4-one
(5a)

Yield: 0.425 g (66%), mp 180-182°C (benzene), R=0.88 (C¢H¢/CH;OH, 5:1, at RT). *H-NMR
(CDCl3) &: 1.94-1.92 (2H, m, 7-CHy), 2.30 (3H, s, 2-CHj3), 2.43 (3H, s, 3-CHj3), 2.89 (2H, t, J=6.7
Hz, 8-CH,), 3.95 (2H, t, J=6.0 Hz, 6-CH,), 7.40-7.20 (5H, m, Hpp-2,3,4,5,6), 8.08 (1H, s, CHPh).
IR (KBr) cm™: 1671 (C=0), 1551 (C=N), 1490 (C-N).

2.2.2.2 2,3-Dimethyl-9-(4-dimethylaminobenzylidene)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (5b)

Yield: 0.4 g (55%), mp 201-203°C (benzene), R=0.87 (C¢He¢/CH;OH, 5:1, at RT). *H-NMR
(CDCls) &: 1.96-1.91 (2H, m, 7-CH,), 2.32 (3H, s, 2-CH3), 2.42 (3H, s, 3-CHj), 2.88 (2H, t, J=5.0
Hz, 8-CH,), 2.96 (6H, s, N(CHa),), 4.04 (2H, t, J=5.7 Hz, 6-CH,), 6.65 (2H, d, J=8.8 Hz, Hp-
35, 7.36 (2H, d, J=8.8 Hz, Ha-2",6"), 7.97 (1H, s, CHAr). IR (KBr) cm™: 1652 (C=0), 1591
(C=N), 1497 (C-N).

2.2.2.3 2,3-Dimethyl-9-(3,4-dimethoxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (5c)

Yield: 0.5 g (65%), mp 205-207°C (methanol), R=0.83 (CsHs/CH30H, 5:1, at RT). 'H-NMR
(CDCl) &: 1.97-1.92 (2H, m, 7-CH,), 2.33 (3H, s, 2-CHj3), 2.43 (3H, s, 3-CHj3), 2.88 (2H, td,
J1=6.5 Hz, J,=2.0 Hz, 8-CH,), 3.85 (3H, s, 3'-OCHj3), 3.87 (3H, s, 4-OCH3), 4.06 (2H, t, J=5.8
Hz, 6-CH,), 6.84 (1H, d, J=8.4 Hz, Ha-5"), 6.93 (1H, d, J=2.0 Hz, Ha-2"), 7.02 (1H, dd, J=8.5 Hz,
J=2.0 Hz, Ha-6"), 8.00 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™: 1672 (C=0), 1573 (C=N), 1490
(C-N).

2.2.2.4 2,3-Dimethyl-9-(3,4-methylenedioxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (5d)

Yield: 0.44 g (60%), mp 167-169°C (methanol), R=0.90 (C¢Hs/CH;OH, 5:1, at RT). *H-NMR
(CDCl3) &: 1.96-1.92 (2H, m, 7-CH_), 2.33 (3H, s, 2-CHj3), 2.43 (3H, s, 3-CHj3), 2.84 (2H, td,
J;=6.7 Hz, J,=2.2 Hz, 8-CHy), 4.05 (2H, t, J=6.0 Hz, 6-CH,), 5.95 (2H, s, O-CH,), 6.79 (1H, d,
J=6.7 Hz, Ha-5'), 6.92 (2H, dd, J;=6.7 Hz, J,=1.8 Hz, HA-2",6"), 7.95 (1H, t, J=2.2 Hz, CHAr). IR
(KBr) cm™: 1668 (C=0), 1558 (C=N), 1490 (C-N).

2.2.2.5 2,3-Dimethyl-9-(furfurylidene-2)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-
4-one (5e)

Yield: 0.52 g (84%), mp 176-178°C (benzene), R=0.82 (C¢Hs/CH3;OH, 3:1, at RT). *H-NMR
(CDCl;) &: 1.99-1.94 (2H, m, 7-CH,), 2.32 (3H, s, 2-CHs), 2.42 (3H, s, 3-CHj), 2.97 (2H, td,
J,=6.7 Hz, J,=2.2 Hz, 8-CH,), 4.07 (2H, t, J=6.0 Hz, 6-CH,), 6.45 (1H, tt, J;=3.5 Hz, J,=2.0 Hz,
Huer-4"), 6.56 (1H, d, J=3.5 Hz, Hyer-3), 7.48 (1H, d, J=2.0 Hz, Huer-5'), 7.83 (1H, t, J=2.2 Hz,
CHHet). IR (KBr) cm™: 1669 (C=0), 1557 (C=N), 1488 (C-N).

2.2.2.6 2,3-Trimethylene-9-benzylidene-6,7,8,9-tetrahydropyrido[1,2-a]Jthieno[2,3-d]pyrimidine-
4-one (6a)



Yield: 0.43 g (65%), mp 196-198°C (methanol), R=0.80 (CsHs/CHsOH, 3:1, at RT). *H-NMR
(CDCls) &: 1.97-1.92 (2H, m, 3-CH,-CH,), 2.43-2.38 (2H, m, 7-CHy), 2.87 (2H, t, J=6.7 Hz, 2-
CH,), 2.90 (2H, t, J=7.3 Hz, 3-CH,), 3.03 (2H, td, J=7.0 Hz, J=2.0 Hz, 8-CH,), 4.08 (2H, t, J=6.0
Hz, 6-CH,), 7.40-7.27 (5H, m, Hpy-2',3",4,5',6"), 8.08 (1H, t, J=2.0 Hz, CHPh). IR (KBr) cm™:
1678 (C=0), 1591 (C=N), 1492 (C-N).

2.2.2.7 2,3-Trimethylene-9-(4-dimethylaminobenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (6b)

Yield: 0.44 g (58%), mp 216-218°C (benzene), R=0.85 (C¢Hs/CH3;OH, 5:1, at RT). *H-NMR
(CDCly) 6: 1.96-1.91 (2H, m, 3-CH,-CH,), 2.42-2.36 (2H, m, 7-CH,), 2.87 (2H, t, J=7.3 Hz, 2-
CH,), 2.90 (2H, t, J=6.3 Hz, 3-CH,), 2.96 (6H, s, N(CH,),), 3.01 (2H, td, J,=7.3 Hz, J,=2.0 Hz, 8-
CH,), 4.07 (2H, t, J=6.0 Hz, 6-CH,), 6.66 (2H, d, J=9.0 Hz, Ha-3',5"), 7.37 (2H, d, J=9.0 Hz, Hp-
2’6", 7.98 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™: 1658 (C=0), 1591 (C=N), 1469 (C-N).

2.2.2.8 2,3-Trimethylene-9-(3,4-dimethoxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (6¢)

Yield: 0.5 g (63%), mp 204-206°C (methanol), R=0.82 (CsHs/CH30H, 5:1, at RT). 'H-NMR
(CDCly) 6: 1.98-1.93 (2H, m, 3-CH,-CH,), 2.43-2.38 (2H, m, 7-CH,), 2.88 (2H, t, J=6.7 Hz, 2-
CHy), 2.91 (2H, t, J=6.0 Hz, 3-CH,), 3.02 (2H, td, J;=7.3 Hz, J,=2.0 Hz, 8-CH,), 3.85 (3H, s, 3'’-
OCHy), 3.87 (3H, s, 4'-OCHy), 4.08 (2H, t, J=6.0 Hz, 6-CH,), 6.85 (1H, d, J=8.3 Hz, Ha-5"), 6.94
(1H, d, J=2.0 Hz, Ha~2"), 7.03 (1H, dd, J;=8.3 Hz, J,=2.0 Hz, Hx-6’), 8.02 (1H, t, J=2.0 Hz,
CHA). IR (KBr) cm™: 1666 (C=0), 1576 (C=N), 1469 (C-N).

2.2.2.9 2,3-Trimethylene-9-(3,4-methylenedioxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
aJthieno[2,3-d]pyrimidine-4-one (6d)

Yield: 0.45 g (60%), mp 203-205°C (methanol), R=0.81 (C¢Hs/CHsOH, 5:1, at RT). *H-NMR
(CDCl) &: 1.97-1.92 (2H, m, 3-CH,-CHy), 2.43-2.37 (2H, m, 7-CH,), 2.85 (2H, t, J=7.0 Hz, 2-
CH,), 2.90 (2H, t, J=5.6 Hz, 3-CH,), 3.02 (2H, td, J=7.0 Hz, J=1.7, 8-CH,), 4.07 (2H, t, J=5.7 Hz,
6-CHy), 5.95 (2H, s, O-CH,), 6.80 (2H, dd, J,=7.0 Hz, J,=1.7 Hz, Ha-2",6"), 6.92 (1H, d, J=7.0
Hz, Ha-5'), 7.97 (1H, t, J=1.7 Hz, CHAr). IR (KBr) cm™: 1669 (C=0), 1558 (C=N), 1487 (C-N).

2.2.2.10 2,3-Trimethylene-9-(furfurylidene-2)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (6e)

Yield: 0.52 g (81%), mp 190-191°C (benzene), R=0.88 (C¢Hs/CH3OH, 5:1, at RT). 'H-NMR
(CDCly) &: 2.00-1.95 (2H, m, 3-CH,-CH,), 2.43-2.38 (2H, m, 7-CH,), 2.86 (2H, t, J=6.9 Hz, 2-
CHy), 2.96 (2H, t, J=6.7 Hz, 3-CH,), 3.01 (2H, td, J;=7.1 Hz, J,=2.2 Hz, 8-CH,), 4.09 (2H, t,
J=5.9 Hz, 6-CH,), 6.46 (1H, dd, J;=3.5 Hz, J,=1.7 Hz, Hye-4'), 6.57 (1H, d, J=3.5 Hz, Hye-3"),
7.45 (1H, d, J=1.7 Hz, Huer'5) 7.84 (1H, t, J=2.2 Hz, CHHet). IR (KBr) cm™: 1663 (C=0), 1542
(C=N), 1470 (C-N).

2.2.2.11 2,3-Tetramethylene-9-benzylidene-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (7a)

Yield: 0.5 g (72%), mp 189-190°C (methanol), R=0.90 (CsHs/CH;OH, 5:1, at RT). *H-NMR
(CDCls) &: 1.83-1.78 (4H, m, 3-CHx-(CH,),), 1.96-1.91 (2H, m, 7-CH,), 2.72 (2H, t, J=6.0 Hz, 2-
CH,), 2.87 (2H, td, J,=6.6 Hz, J,=2.0 Hz, 8-CH,), 2.97 (2H, t, J=6.0 Hz, 3-CH,), 4.05 (2H, t,
J=5.9 Hz, 6-CH,), 7.40-7.27 (5H, m, Hp-2',3,4',5,6"), 8.06 (1H, t, J=2.0 Hz, CHPh). IR (KBr)
cm™: 1662 (C=0), 1556 (C=N), 1492 (C-N).

2.2.2.12 2,3-Tetramethylene-9-(4-dimethylaminobenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (7b)



Yield: 0.48 g (62%), mp 198-200°C (benzene), R=0.86 (C¢Hs/CH3OH, 5:1, at RT). 'H-NMR
(CDCl3) &: 1.84-1.79 (4H, m, 3-CH,-(CH,)), 1.95-1.90 (2H, m, 7-CH,), 2.70 (2H, t, J=5.9 Hz, 2-
CHy), 2.88 (2H, td, J;=6.6 Hz, J,=2.0 Hz, 8-CH,), 2.96 (6H, s, N(CHs),), 2.97 (2H, t, J=6.0 Hz, 3-
CHy), 4.04 (2H, t, J=5.8 Hz, 6-CH,), 6.65 (2H, d, J=9.0 Hz, HA-3',5’), 7.37 (2H, d, J=9.0 Hz, Ha-
2',6"), 7.97 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™: 1662 (C=0), 1557 (C=N), 1487 (C-N).

2.2.2.13 2,3-Tetramethylene-9-(3,4-dimethoxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (7¢)

Yield: 0.55 g (68%), mp 194-196°C (methanol), R=0.84 (CsHes/CH3OH, 5:1, at RT). 'H-NMR
(CDCl3) &: 1.84-1.77 (4H, m, 3-CH,-(CH,)), 1.95-1.93 (2H, m, 7-CH,), 2.72 (2H, t, J=5.9 Hz, 2-
CHy), 2.88 (2H, td, J;=6.4 Hz, J,=2.0 Hz, 8-CH,), 2.96 (2H, t, J=5.9 Hz, 3-CH,), 3.85 (3H, s, 3'-
OCHa), 3.87 (3H, s, 4'-OCHpy), 4.05 (2H, t, J=5.8 Hz, 6-CH,), 6.85 (1H, d, J=8.5 Hz, Ha-5’), 6.94
(1H, d, J=2.0 Hz, Ha-2"), 7.03 (1H, dd, J;=8.5 Hz, J,=2.0 Hz, Ha-6), 8.01 (1H, t, J=2.0 Hz,
CHA). IR (KBr) cm™: 1663 (C=0), 1557 (C=N), 1488 (C-N).

2.2.2.14 2,3-Tetramethylene-9-(3,4-methylenedioxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (7d)

Yield: 0.55 g (70%), mp 190-192°C (methanol), R=0.87 (CsHes/CH30OH, 5:1, at RT). 'H-NMR
(CDCly) &: 1.83-1.74 (4H, m, 3-CH,-(CH,),), 1.95-1.91 (2H, m, 7-CHy), 2.72 (2H, t, J=6.0 Hz, 2-
CHy), 2.84 (2H, td, J;=6.4 Hz, J,=2.0 Hz, 8-CH,), 2.96 (2H, t, J=6.0 Hz, 3-CH,), 4.04 (2H, t,
J=5.7 Hz, 6-CH,), 5.95 (2H, s, O-CH,), 6.8 (1H, d, J=8.6 Hz, Ha-5"), 6.92 (2H, dd, J;=8.6 Hz,
J,=1.7 Hz, Ha-2',6"), 7.96 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™: 1666 (C=0), 1541 (C=N), 1488
(C-N).

2.2.2.15 2,3-Tetramethylene-9-(furfurylidene-2)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (7€)

Yield: 0.58 g (86%), mp 210-212°C (benzene), R=0.87 (C¢Hs/CH;OH, 5:1, at RT). *H-NMR
(CDCls) &: 1.83-1.77 (4H, m, 3-CH,-(CH,),), 1.99-1.94 (2H, m, 7-CH,), 2.71 (2H, t, J=6.0 Hz, 2-
CH,), 2.90 (2H, td, J;=5.9 Hz, J,=2.0 Hz, 8-CH,), 2.97 (2H, t, J=6.3 Hz, 3-CH,), 4.07 (2H, t,
J=5.8 Hz, 6-CH,), 6.45 (1H, dd, J;=3.5 Hz, J,=1.8 Hz, Hye-4’), 6.56 (1H, d, J=3.5 Hz, Hye-3"),
7.48 (1H, d, J=1.8 Hz, Hue5) 7.83 (1H, t, J=2.0 Hz, CHHet). IR (KBr) cm™: 1651 (C=0), 1557
(C=N), 1472 (C-N).

2.2.2.16 2,3-Pentamethylene-9-benzylidene-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (8a)

Yield: 0.556 g (77%), mp 188-190°C (methanol), R=0.83 (CcHg/CH;OH, 5:1, at RT). 'H-NMR
(CDCls) &: 1.68-1.60 (4H, M, 2-CH,-(CH,),), 1.86-1.82 (2H, m, 7-CH,), 1.95-1.91 (2H, m, 3-CH,-
CH,), 2.79 (2H, t, J=5.4 Hz, 2-CH,), 2.86 (2H, td, J,=6.6 Hz, J,=1.9 Hz, 8-CH,), 3.30 (2H, t,
J=5.7 Hz, 3-CH,), 4.05 (2H, t, J=5.9 Hz, 6-CH,), 7.40-7.26 (5H, m, Hpy-2',3",4',5',6"), 8.04 (1H, t,
J=1.9 Hz, CHPh). IR (KBr) cm™: 1667 (C=0), 1546 (C=N), 1484 (C-N).

2.2.2.17 2,3-Pentamethylene-9-(4-dimethylaminobenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
aJthieno[2,3-d]pyrimidine-4-one (8b)

Yield: 0.575 g (71%), mp 186-188°C (benzene), R=0.87 (C¢Hs/CHsOH, 5:1, at RT). *H-NMR
(CDCly) &: 1.67-1.59 (4H, m, 2-CH,-(CH,),), 1.84-1.81 (2H, m, 7-CH,), 1.95-1.91 (2H, m, 3-CH,-
CHy), 2.77 (2H, t, J=5.4 Hz, 2-CH,), 2.88 (2H, td, J;=5.4 Hz, J,=2.0 Hz, 8-CH,), 2.96 (6H, s,
N(CHs),), 3.29 (2H, t, J=5.7 Hz, 3-CH,), 4.04 (2H, t, J=5.7 Hz, 6-CH,), 6.65 (2H, d, J=8.9 Hz,
Ha-3',5), 7.36 (2H, d, J=8.9 Hz, Ha~-2',6"), 7.94 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™: 1674
(C=0), 1548 (C=N), 1479 (C-N).

2.2.2.18 2,3-Pentamethylene-9-(3,4-dimethoxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
aJthieno[2,3-d]pyrimidine-4-one (8c)



Yield: 0.641 g (76%), mp 167-168°C (methanol), R=0.85 (CsHg/CH;OH, 5:1, at RT). *H-NMR
(CDCls) & 1.68-1.61 (4H, m, 2-CH,-(CH,),), 1.85-1.83 (2H, m, 7-CHy), 1.95-1.93 (2H, m, 3-CH,-
CH,), 2.78 (2H, t, J=5.7 Hz, 2-CH,), 2.87 (2H, td, J,=6.4 Hz, J,=2.0 Hz, 8-CH,), 3.30 (2H, t,
J=5.7 Hz, 3-CH,), 3.85 (3H, s, 3-OCHs), 3.86 (3H, s, 4-OCHs), 4.06 (2H, t, J=5.9 Hz, 6-CH,),
6.85 (1H, d, J=8.4 Hz, Ha-5'), 6.94 (1H, d, J=2.0 Hz, Ha-2’), 7.02 (1H, dd, J;=8.4 Hz, J,=2.0 Hz,
Ha-6"), 7.98 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™: 1660 (C=0), 1545 (C=N), 1485 (C-N).

2.2.2.19 2,3-Pentamethylene-9-(3,4-methylenedioxybenzylidene)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (8d)

Yield: 0.53 g (65%), mp 178-180°C (methanol), R=0.84 (C¢Hs/CH;OH, 5:1, at RT). *H-NMR
(CDCls;) &: 1.66-1.61 (4H, m, 2-CH>-(CH,),), 1.84-1.82 (2H, m, 7-CH,), 1.94-1.91 (2H, m, 3-CH,-
CH,), 2.78 (2H, t, J=5.4 Hz, 2-CH,), 2.83 (2H, td, J;=6.9 Hz, J,=2.0 Hz, 8-CH,), 3.29 (2H, t,
J=5.7 Hz, 3-CH,), 4.04 (2H, t, J=5.7 Hz, 6-CH,), 5.95 (2H, s, O-CH,), 6.79 (1H, d, J=8.5 Hz, Ha-
5%, 6.90 (2H, dd, J;=8.5 Hz, J,=1.9 Hz, Ha-2',6"), 7.93 (1H, t, J=2.0 Hz, CHAr). IR (KBr) cm™:
1663 (C=0), 1548 (C=N), 1491 (C-N).

2.2.2.20 2,3-Pentamethylene-9-(furfurylidene-2)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one (8e)

Yield: 0.633 g (90%), mp 170-171°C (benzene), R=0.88 (C¢Hs/CH;OH, 5:1, at RT). *H-NMR
(CDCl3) 6: 1.67-1.61 (4H, m, 2-CH,-(CH,),), 1.84-1.81 (2H, m, 7-CHy), 1.97-1.95 (2H, m, 3-CH,-
CH,), 2.78 (2H, t, J=5.7 Hz, 2-CH,), 2.96 (2H, td, J;=6.7 Hz, J,=2.2 Hz, 8-CH,), 3.29 (2H, t,
J=5.4 Hz, 3-CH,), 4.07 (2H, t, J=5.7 Hz, 6-CH,), 6.45 (1H, dd, J;=3.5 Hz, J,=1.7 Hz, Hye-4"),
6.56 (1H, d, J=3.5 Hz, Hye-3'), 7.48 (1H, d, J=1.7 Hz, Hpe-5'), 7.82 (1H, t, J=2.2 Hz, CHHet). IR
(KBr) cm™: 1651 (C=0), 1542 (C=N), 1478 (C-N).

2.2.2.21 (2)-(4-Nitrophenyl)(2,3-tetramethylene-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one-9-yl)methanol (9)

To a 0.6 mmol of NaOH dissolved in 10.0 mL n-propanol were added 2.0 mmol of 2,3-
tetramethylene-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-4-one (4c), and 2.0 mmol
of 4-nitrobenzaldehyde. Reaction mixture was boiled in oil bath at 105-110°C for 1 h. The
precipitate was filtered, washed with cyclohexane and dried. The residue was recrystallized
from benzene and the electrophilic addition product (9) was obtained in moderate yield.

Yield: 0.452 g (55%), mp 160-162°C, R=0.68 (C¢Hs/CH3OH, 5:1, at RT). *H-NMR (DMSO-d;) &:
1.76-1.70 (6H, m, 3-CH,-(CH,),, 7-CH,), 1.85-1.81 (1H, m, 8-Ha), 1.97-1.93 (1H, m, 8-Hb), 2.66
(2H, t, J=6.2 Hz, 2-CH,), 2.80 (2H, t, J=6.3 Hz, 3-CH,), 2.93-2.90 (1H, m, 9-H), 3.82 (2H, t,
J=5.9 Hz, 6-CH,), 5.22 (1H, d, J=5.1 Hz, CH(OH)), 5.82 (1H, s, OH), 7.96 (2H, d, J=8.8 Hz, Ha-
2'.6), 8.06 (2H, d, J=8.8 Hz, Ha-3"5). IR (KBr) cm™: 3324 (OH), 1667 (C=0), 1591 (C=N),
1519 (NO,), 1480 (C-N). MS-El in m/z (rel. %): 411 ([M]*, 0.5), 393 ([M-H,O]", 100), 365 ([M-
N02]+, 197), 259 ([M'(HO)CHC6H4NOZ]+, 38) Anal. calcd. for C21H21N304S (41123) C, 61.28;
H, 5.10; N, 10.21. Found: C, 61.35; H, 5.02; N, 10.32.

3. RESULTS AND DISCUSSION
3.1 Chemistry

Recently we have investigated the condensation of 2,3-tri- and -tetramethylene-7,8-dihydro-6H-
thieno[2,3-d]pyrrolo[1,2-a]pyrimidine-4-ones (la, b) containing hydrogenated pyrrole ring with
various aromatic and heterocyclic aldehydes with electron-donating groups under alkaline
(NaOH/EtOH) and acidic (glacial AcOH) conditions and have synthesized corresponding 8-
arylidene derivatives [1]. In further investigations compounds 1a, b react with 4-
nitrobenzaldehyde containing withdrawing (nitro) group in basic conditions (Scheme 1) and form
electrophilic addition products - (2)-(4-nitrophenyl)(2,3-tri-,tetramethylene-7,8-
dihydropyrrolo[1,2-a]thieno[2,3-d]pyrimidine-4-one-8-yl)methanols (2, 3):
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Scheme 1. Reagents and conditions: (i) 4-O,N-C¢H,-CHO, NaOH, EtOH, 78°C, 1-3 h

The presence of signals in *H NMR spectrum 8-CH-protons as 1H multiplet at 3.63 ppm, CH
hydrogen of (HO)-C-(H) as 1H doublet at 5.4 ppm, signals of aromatic (H,,) protons in 7.68
ppm and 8.18 ppm as separate 2H doublets unequivocally prove the structure of compound 2.
The similar data was collected for compound 3. A single-crystal X-ray diffraction was used to
determine the crystal structure of compound 3 (Fig. 1).

Fig. 1. Structure of (x)-(4-nitrophenyl)(2,3-tetram ethylene-7,8-dihydropyrrolo[1,2-
ajthieno[2,3-d]pyrimidine-4-one-8-yl)methanol (3) f rom single-crystal X-ray
diffraction study.

The formation of products 2, 3 can be explained by the presence of electron-withdrawing (nitro)
group, which strongly reduces the electronic density in the aromatic ring, and as a result of this
no water withdrawal occurs from compounds 2,3.

The mass spectrum of (z)-(4-nitrophenyl)(2,3-trimethylene-7,8-dihydropyrrolo[1,2-a]thieno[2,3-
d]pyrimidine-4-one-8-yl)methanol (2) shows an ion m/z 365 which results from the elimination of
water molecule from 2, and an ion m/z 231 as a result of cleavage of C,—CH(OH) single bond.
There are also fragments of thieno[2,3-d]pyrimidine-4-one (m/z 150) and thiophene ring (m/z
80). It shows that the fragmentation of tricyclic thieno[2,3-d]pyrimidine-4-ones occurs on various
directions.

The reaction of 2,3-dimethyl-, -tri-, -tetra-, -pentamethylene-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-ones, 4a-d, with aldehydes using the method described by
Elmuradov et al. [1] has shown that the condensation goes more slowly compared to reactions
with la,b and the corresponding 9-arylidene derivatives are formed in relatively low yields.
Using n-propanol (Scheme 2, iv) instead of ethanol and boiling compounds 4a-d with
benzaldehyde, 4-dimethylamino-, 3,4-dimethoxy- and 3,4-methylenedioxybenzaldehydes and
furfural in the presence of sodium hydroxide for 7-8 h at 97°C results in corresponding 9-
arylidene derivatives (5a-e - 8a-e) (Table 1, Scheme 2)

O
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Scheme 2. Reagents and conditions: (ii) R,-CHO, AcOH, 117°C, 0.5-6 h
(iii) R,-CHO, NaOH, EtOH, 78°C, 2-16 h
(iv) R,-CHO, NaOH, n-PrOH, 97°C, 7-8 h

Table 1. Yields and R, R 1, R,, Rzin compounds 2-9

No Starting materials Product Yield, %
Substrate |R IR, R, R,
1 la (CH,)3 H NO, 2 45
2 1b (CH,)4 H NO, 3 48
3 4a CHs CH; | H H ba 66
4 4a CHs CH; | H N(CHz), 5b 55
5 4a CH; CHs; CH;0 CH;0 5c 65
6 4a CHs CHs OCH,0 5d 60
7 4a CH; CHs Furyl-2 5e 84
8 4b (CH,)3 H H 6a 65
9 4b (CH>)3 H N(CHy), 6b 58
11 4b (CH>)3 OCH,0 6d 60
12 4b (CH2)3 FUl’) -2 6e 81
13 4c (CH,)4 H H 7a 72
14 4c (CH,), H N(CHz), 7b 62
15 4c (CH,)4 CH30 CH30 7c 68
16 4c (CHy),4 OCH,0 7d 70
17 4c (CHy)4 Furyl-2 Te 86
18 4d (CH>)s H H 8a 77
19 4d (CH,)s H N(CHa), 8b 71
20 4d (CH,)s CH30 CH30 8¢ 76
21 4d (CH,)s OCH,0 8d 65
22 4d (CHy)s Furyl-2 8e 90
23 4c (CH,), H | NO, 9 55

It is necessary to emphasize that carrying out reactions with 4a-d: aldehyde ratios of 1:2, 1:3,
1:4, increasing the duration of condensation to 8-16 hours, and increasing the ratio of 4a-d:
NaOH up to 1:0.5 results only monoarylidene derivatives 5 a-e - 8 a-e.

The IR spectrum of compounds 5 a-e - 8 a-e shows absorption bands between 2911-2952 cm™
for CH; and CH,-groups, 1651-1678 cm™ for carbonyl (C=0) groups, 1530-1591 cm™ for C=N
bonds, 1469-1494 cm™ for C-N bonds.

The chemical shift for 9-CH, group protons of compounds 5 a-e - 8 a-e in *H NMR spectrum is
absent at 2.88-3.27 ppm (2H, triplet for starting compounds 4a-d), olefin protons =CHPh
(Ar,Het) are displayed as 1H triplet at 7.83-8.08 ppm (J=1.7-2.2 Hz). The analysis of '"H NMR
spectrum shows that condensation goes only on the 9-CH, group. Other methylene and methyl
groups of compounds 4a-d do not participate in the reaction. The reaction through the 9-CH,
group is unambiguously confirmed by single-crystal X-Ray diffraction in the example of 2,3-
dimethyl-9-(furfurilidene-2)-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-4-one 5e (Fig.
2) [35].




Fig. 2 The structure of 2,3-dimethyl-9-(furfurilide  ne-2)-6,7,8,9-tetrahydropyrido[1,2-
ajthieno[2,3-d]pyrimidine-4-one (5e) from a single-  crystal X-ray diffraction study.

Condensation of compound 4c with 4-nitrobenzaldehyde, similar to compounds 1a,b results in
the formation of electrophilic additions product - ()-(4-nitrophenyl)(2,3-tetramethylene-6,7,8,9-
tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-4-one-9-yl)methanol (9) (Table 1, Scheme 3):

Scheme 3. Reagents and conditions: (v) 4-O,N-C¢H,;-CHO, NaOH, n-C3H,OH, 97°C, 1 h

It is expected that the condensation of 2,3-dimethyl-, -tri-, -tetra-, -pentamethylene-6,7,8,9-
tetrahydropyrido[1,2-a]thieno[2,3-d]pyrimidine-4-ones 4a-d with aromatic aldehydes results in
the formation of products with 9-arylidene- or 9-aryl-, -hydroxymethyl fragments, depending on
the structure of aromatic aldehydes. The condensation reactions under acidic conditions,
contrary to tricyclic quinazoline-4-ones [36-38], takes place with more difficulty with the
formation of a mixture of products.

In the IR spectrum of compound 9 the absorption bands are observed for hydroxyl group at
3324 cm™, for methylene groups between 2855-2932 cm ™, for carbonyl group at 1667 cm™, for
C=N bond at 1591 cm™, for nitrogroup at 1519 cm™, and for C-N bond at 1480 cm™.

It is necessary to note that thieno[2,3-d]pyrimidine-4-ones, condensed with azepine ring - 2,3-
disubstituted 4,6,7,8,9,10-hexahydroazepino[1,2-a]Jthieno[2,3-d]pyrimidine-4-ones do not react
with aldehydes. So, attempts to carry out reactions with aromatic aldehydes in various
conditions: substrate :aldehydes:NaOH ratios of 1:1:0.1, 1:2:0.1, 1:2:0.5, 1:4:0.1, 1:4:0.5 in
ethanol (78°C), n-propanol (97°C), n-butanol (117°C) weren't successful.

4. CONCLUSION

The condensation of 2,3-disubstituted 7,8-dihydro-6H-thieno[2,3-d]pyrrolo[1,2-a]pyrimidine-4-
ones (1a,b), with aldehydes in ethanol (78°C) under alkaline conditions goes exclusively
through 8-CH, group forming (1)-(4-nitrophenyl)(2,3-tri-, -tetramethylene-7,8-dihydropyrrolo[1,2-
ajthieno[2,3-d]pyrimidine-4-one-8-yl)methanols (2, 3). But interaction of 2,3-disubstituted
6,7,8,9-tetrahydropyrido[1,2-a]Jthieno[2,3-d]pyrimidine-4-ones (4a-d) with aldehydes compared
to compounds (1a,b) in ethanol (78°C) under alkaline conditions goes slower, but in n-propanol
(97°C) goes exclusively through 9-CH, groups, forming 9-arylidene(furfurilidene-2)-(5 a-e - 8 a-
e) and (3)-(4-nitrophenyl)(2,3-tetramethylene-6,7,8,9-tetrahydropyrido[1,2-a]thieno[2,3-
d]pyrimidine-4-one-9-yl)methanol (9). It means, that with the increase of number of methylene
groups, condensation demands more severe conditions, whereas thieno[2,3-d]pyrimidine-4-
ones annulated with azepine ring attempts failed even with heating in n-butanol (117°C).
Additionally, starting compounds (la,b, 4a-d) were individually evaluated for their
antiproliferative activities on mammalian cancer cell models. The tested compounds showed
weak affection on human cervix adenocarcinoma cells (HeLa) whereas some of the tested
compounds exhibited more consistent inhibition of cell growth on murine myeloma cells (P3X)
[39]. New compounds (2,3, 5a-e-8 a-e, 9), which are synthesized in this work are derivatives of
starting compounds 1a,b and 4a-d. Further work in this direction will take place in the future.

ACKNOWLEDGMENTS

We thank the Academy of Sciences of the Republic of Uzbekistan for supporting this study
(grant FA-F7-T207).



COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Elmuradov BZ, Bozorov KA, Shakhidoyatov KM. Thieno[2,3-d]pyrimidin-4-ones. 1.
Condensation of 2,3-dimethyl- and 2,3-tri-, 2,3-tetra-, and 2,3-pentamethylene-7,8-dihydro-
pyrrolo[1,2-a]thieno[2,3-d]pyriminidin-4(6H)-ones with aromatic aldehydes and furfural.
Chem Heterocycl Comp. 2011; 46 (11): 1393-1399.

Alagarsamy V, Meena S, Ramseshu KV, Solomon VR, Thirumurugan K, Dhanabal K,
Murugan M. Synthesis, analgesic, anti-inflammatory, ulcerogenic index and antibacterial
activities  of  novel 2-methylthio-3-substituted-5,6,7,8-tetrahydrobenzo(b)thieno[2,3-
d]pyrimidin-4(3H)-ones. Eur J Med Chem. 2006; 41 (11): 1293-1300.

Salahuddin M, Kakad S, Shantakumar SM. Synthesis of some novel thieno[2,3-
d]pyrimidines and their antibacterial activity. Eur J Chem. 2009; 6 (3): 801-808.

Al-Taisan KM, Al-Hazimi HMA, Al-Shihry SS. Synthesis, characterization and biological
studies of some novel thieno[2,3-d]pyrimidines. Molecules. 2010; 15 (6): 3932-3957.

Shetty NS, Ravi S, Ahmed LI, Khazi M. Synthesis and antimicrobial activity of some novel
thienopyrimidines and triazolothienopyrimidines. J Chem Sci. 2009; 121(3): 301-307.
Chambhare RV, Khadse BG, Bobde AS, Bahekar RH. Synthesis and preliminary evaluation
of some N-[5-(2-furanyl)-2-methyl-4-oxo0-4H-thieno[2,3-d]pyrimidin-3-yl]-carboxamide and 3-
substituted-5-(2-furanyl)-2-methyl-3H-thieno[2,3-d]pyrimidin-4-ones as antimicrobial agents.
Eur J Med Chem. 2003; 38 (1): 89-100. DOI:10.1016/S0223-5234(02)01442-3

Rashad AE, Shamroukh AH, Abdel-Megeid RE, El-Sayed WA. Synthesis, reactions, and
antimicrobial evaluation of some polycondensed thienopyrimidine derivatives. Syn Com.
2010; 40 (8): 1149-1160.

Magd-EI-Din A.A.; Atta, S.M. Sh.; Abd-EI-All, A.S.; Galal, Sh.A.; Abdalah M.M. New
synthesis of tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine derivatives and Schiff bases
derived from 2-aminotetrahydro benzothiophenes and hetarylcarboxaldehydes studies on
their antitumor and antimicrobial activities. World J Chem. 2009; 4 (2): 112-117.

Ouf NH, Amr AE. Synthesis and antiinflammatory activity of some pyrimidines and
thienopyrimidines using 1-(2-Benzo[d][1,3]dioxol-5-yl)vinyl)-4-mercapto-6-methylpyrimidine-
5-yl)ethan-2-one as a starting material. Monatsh Chem. 2008; 139 (5): 579-585.

El-Gazzar ABA, Hussein HAR, Hafez HN. Synthesis and biological evaluation of thieno[2,3-
d]pyrimidine derivatives for anti-inflammatory, analgesic and ulcerogenic activity. Acta
Pharm. 2007; 57: 395-411.

Alagarsamy V, Shankar D, Solomon VR. Synthesis of some novel 2-mercapto-3-(substituted
amino)-5, 6, 7, 8-tetrahydro-3H-benzo [4, 5] thieno [2, 3-d] pyrimidin-4—ones as analgesic
and anti-inflammatory agents. Arkivoc, 2006; xvi: 149-159.

Jennings LD, Kincaid SL, Wang YD, Krishnamurthy G, Beyer CF.; McGinnis, et al. Parallel
synthesis and biological evaluation of 5,6,7,8-tetrahydrobenzothieno[2,3-d]pyrimidin-4(3H)-
one cytotoxic agents selective for p21-deficient cells. Bioorg & Med Chem Let 2005; 15 (21):
4731-4735.

Gorja DR, Kumar KS, Mukkanti K. C-C (alkynylation) vs C-O (ether) bond formation under
Pd/C-Cu catalysis: synthesis and pharmacological evaluation of 4-alkynylthieno[2,3-
d]pyrimidines. Beilstein J Org Chem. 2011; 7: 338-345. DOI: 10.3762/bjoc.7.44J.
Lilienkampf A. Synthesis, reactivity and biological activity of 173-HSD1 inhibitors based on a
thieno[2,3-d]pyrimidin-4(3H)-one core. Academic dissertation, 2007; 90 pages. University
of Helsinki.

Gaber HM, Bagley MC. Regioselective synthesis and biological evaluation of some novel
thiophene-containing heterocyclic scaffolds as potential chemotherapeutic agents. Eur J
Chem. 2011; 2 (2): 214-222. DOI: 10.5155/eurjchem.2.2.214-222.411.

Pavlenko AA, Shikhaliev KS, Potapov AY, Krylsky DV. Three-component reaction of 2-
aminobenzothiazole with methylene — active carbonyl compounds and aldehydes. Chem.
Heterocycl. Comp. 2005; 41 (5): 689-690.

10



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dzvinchuk 1B, Makitruk TV, Lozinskii MO. 2-Acylmethyl-1H-benzimidazoles in the Biginelli
reaction. Chem. Heterocycl. Comp. 2003; 39 (4): 455-460.

Abdelrazek FM. Heterocyclic synthesis with nitriles: synthesis of some new thiophene and
thieno[2,3-d]pyrimidine derivatives. Phosphorus Sulfur Silicon Relat Elem. 1996; 119: 271-
277.

Baraldi PG, Pavani MG, Nunez M, Brigidi P, Vitali B, Gambari R, et al. Antimicrobial and
antitumor activity of N-heteroimine-1,2,3-dithiazoles and their transformation in triazolo-,
imidazo- and pyrazolopyrimidines. Bioorg Med Chem. 2002; 10: 449-456.

Davoodnia A, Bakavoli M, Soleimany M, Tavakoli-Hoseini N. New route to 2-arylthieno[2,3-
d]pyrimidin-4(3H)-ones and isolation of the unoxidized intermediates. Monatsh Chem. 2009;
140 (3): 355-358.

Dzhavakhishvili SG, Gorobets NY, Musatov VI, Desenko SM, Paponov BV. Three possible
products from the reactions of Gewald’'s amide with aromatic aldehydes. J Heterocycl
Chem. 2008; 45 (2): 573-577. DOI: 10.1002/jhet.5570450243.

El-Gazzar ABA, Hassan NA. Synthesis of polynuclear heterocyclic compounds derived from
thieno[2,3-d]pyrimidine  derivatives.  Molecules. 2000; 5 (6): 835-850. DOI:
10.3390/50600835.

Shakhidoyatov KM, Yamankulov MY, Kadyrov CS. Condensation of deoxyvasicinone with
aldehydes. Khim prirod soedin. 1977; 4:552-556. Russian.

Shakhidoyatov KM, Coldham 1, Ibragimov TF. Lithiation of deoxypeganine and chiral
synthesis of deoxypeganine derivatives. Chem Nat Comp. 2011; 46 (6): 929-931.

Gajdos P, Miklovic J, Krutosikova A. Reactions of 5-[3-(trifluoromethyl)-phenylJfuran-2-
carbaldehyde. Chem. Heterocycl. Comp. 2006; 42 (6): 719-725.

Gasparova R, Lacova M. Reactions of 3-formylchromone with active methylene and methyl
compounds and some subsequent reactions of the resulting condensation products.
Molecules. 2005; 10 (8): 937-960.

Arutyunyan NS, Akopyan LA, Gevorgyan GA, Snkhchyan GM, Panosyan GA. Synthesis and
some transformations of 2-(3-amino-1-phenylpropyl)furan. Chem. Heterocycl. Comp. 2005;
41 (4): 437-441.

Kheder NA, Mabkhot YN, Farag AM. Synthesis and Antimicrobial Evaluation of Some
bis(thioxopyridine),  bis(pyrazolo[3,4-b]pyridine),  bis(thieno[2,3-b]pyridine),  bis(1,3,4-
thiadiazole) and bis-thiophene derivatives. Heterocycles. 2008; 75 (12): 2937- 2948.

Amal RA, Raghunathan R. A novel entry into a new class of spiroheterocyclic framework:
regioselective synthesis of dispiro[oxindole-cyclohexanone]pyrrolidines and dispiro[oxindole-
hexahydroindazole]pyrrolidines. Tetrahedron. 2001; 57: 10293-10298.

Croce PD, Ferracciolia R, La Rosa C. Steric configuration and reactivity of 2-benzylidene-4-
methyl-2H-1,4-benzoxazin-3(4H)-one. Heterocycles. 1995; 40 (1): 349-355.

Momose Yu, Maekawa T, Yamano T, Kawada M, Odaka H, lkeda H, et al. Novel 5-
substituted 2,4-thiazolidinedione and 2,4-oxazolidinedione derivatives as insulin sensitizers
with antidiabetic activities. J Med Chem. 2002; 45 (7): 1518-1534.

Lee SH, Kim SI, Park JG, Lee ES, Jahng Y. A simple synthesis of rutaecarpine.
Heterocycles. 2001; 55 (8): 1555 — 1560.

Jain D, Rani A. MgO enriched coal fly ash as highly active heterogeneous base catalyst for
Claisen-Schmidt condensation reaction. Am Chem Sci J. 2011; 1(2): 37-49.

Hegazy WH, Gaafar AE.-DM. Synthesis, characterization and antibacterial activities of new
Pd(ll) and Pt(IV) complexes of some unsymmetrical tetradentate Schiff bases. Am Chem Sci
J. 2012; 2(3): 86-99.

Bozorov KA, Elmuradov BZ, Okmanov RY, Tashkhodjaev B, Shakhidoyatov KM. 9-
Furfurylidene-2,3-dimethylthieno[2’,3":4,5] pyrimidino[1,2-a]pyridin-4-one. Acta Cryst. 2010;
E66: 0552.

Abdurazakov AS, Elmuradov BZ, Turdibayev ZE, Shakhidoyatov KM. Reactions of 2,3-
tetramethylen-3,4-dihydroquinazol-4-one and its derivatives with aldehydes and furfurol.
Chem Nat Comp. 2009; 45 (3): 402-408.

Elmuradov BZ, Abdurazakov AS, Shakhidoyatov KM. Directions of reactions 6-amino-, -
acetylamino-, and -benzoylaminodeoxyvasicinones with aldehydes. Chem Nat Comp. 2010;
46 (2): 262-267.

11



38. Elmuradov BZ, Okmanov RY, Abdurazakov AS, Tashkhodjaev B, Shakhidoyatov K M. (E)-3-
[4-(Dimethylamino)benzyliden]-2,3-dihydro-1H,9H-pyrrolo[2,1-b]quinazolin-9-one. Acta Crys.
2010; E66: 01592.

39. Bozorov KA, Mamadalieva NZ, Elmuradov BZ, Triggiani D, Egamberdieva D, Tiezzi A, et al.
Synthesis of substituted thieno[2,3-d]pyrimidin-4-ones and their testing for evaluation of
cytotoxic activity on mammalian cell models. J Chem. 2013; Article ID 976715. Available:
http://dx.doi.org/10.1155/2013/976715

12



