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ABSTRACT

New pyrimidinethione derivatives were synthesized in good yields from 2,6-bisarylmethylene-N-propyl piperidone as
starting material. These derivatives were allowed to react with chloroacetic acid and 2-bromopropanoic acid to
give thiazolopyrimidine derivatives. Bisarylmethylene was also reacted with 2-amino thiouracil to yield
pyridothiopyrimidine derivative, which reacted with halo acids to give pyridothiazolopyrimidine derivatives. The
structures were elucidated on the basis of NMR, MS, FTIR and elemental analyses. Further, the cytotoxic activity of
the synthesized compounds were evaluated in vitro against human HepG-2 (liver carcinoma), PC-3 (prostate
adenocarcinoma) and HCT116 (colorectal carcinoma) cell linesusing MTT assay.
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INTRODUCTION

Pyrimidine is the parent substance of a large gafupeterocyclic compounds and plays a significatg in many
biological processes, as found in nucleic acidemes vitamins, co-enzymes and purines. Also, pyriintiidone
derivatives have significant interest in medicimélemistry as they have a wide range of pharmaadusind
pharmacological industries. Various biological apations have been reported for pyrimidinethioneshsas
antibactrial, antifungal, anticancer [1-3], antinaibial, anti-tubercular [4,5], analgesic, anti-anfimatory [6-8] and
anti-HIV [9]. Thiazolopyrimidines are also of phaaoological interest due to their anti-inflammat¢iy,11],
antiperkinsonian [12], antimicrobial [13], anticanfl4] and antiviral activity as inhibitors of HIV-1p].

Based on the above observations and in continuafionir research work [16-21] we reported heresyrghesis of
some new fused pyrimidine derivatives containkigropylpiperidone moiety. The synthesized compouwdse
screened for their antitumor activities using thet,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetralaam bromide
(MTT) assay.

MATERIALS AND METHODS

Chemistry

The melting points were determined on the Electottal 9100 melting point apparatus (Electrotherrd#l) and
were uncorrected. Thin layehromatography were performed using HF254 fluomgiseéica gel plates (Merck),
which were examined undevV254 and 365 nm light. The elemengadalysis for C, H, N and S were performed by
Micro analytical center, Cairo University, Cairogypt. Infraredspectra ¥, cm*) were recorded on Jasco FT-IR
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4100 instruments using KBr Disks. The NMR spectemasmeasured with Bruker 600 MHH( 600 MHz;**C, 150
MHz, Switzerland) and Jeol ECA 508H( 500 MHz;**C, 125.7 MHz, Japan) spectrometers in DMS@wCDCL

and chemical shifts were recordeddippm relative to TMS. The mass spectra wene at: ESI-TOF-MS (micr
OTOFII, Bruker) and EI-MS, 70 eV with a Finnigan@3000 spectrometer (Cairo university, Egypt).

Synthesis of 3,5-bisarylmethylene-1-propyl-4-pipedone (2a,b)

To a mixture oN-propyl-4-piperidonel (10 mmol) and aromatic aldehydes, namely, 4-mstherzaldehyde or 4-
fluorobenzaldehyde (20 mmol) in EtOH (100 mL), K@H in H,O (1ml) was added. The mixture was stirred at
room temperature for 1 hr. The obtained solid vilkeréd off, dried and crystallized from the propefvent to give
the corresponding arylmethylene derivatiZesh, respectively.

3,5-Bis-(4-methoxybenzylidene)-1-propyl-piperidin-4one (2a)

Yield 85%; mp 145-147°C (EtOH); IR (KBr, ¢t 1675;*H NMR (CDCL): 6 7.85 (s, 2H, benzylic proton), 7.40-
6.95 (m, 8H, ArH), 3.80 (s, 6H, 20GH 3.75 (s, 4HN-(CH,),), 2.55 (t, 2H,N-CH,-propyl), 1.53 (m, 2H, CH
propyl), 0.93 (t, 3H, Ckipropyl); **C NMR (CDCE): & 187.4, 160.2, 135.9, 132.3, 114, 59.4, 55.3. 2D158;
HRESI-MS:m/z 378.2072 [M+ H]", calculated [M+H] ion for G4H,/,NO3, n/z 378.4813.

3,5-Bis-(4-fluorobenzylidene)-1-propyl-piperidin-4one (2b)

Yield 90%; mp 125-127°C (EtOH); IR (KBr, ¢f 1680;'H NMR (CDCk): 6 7.77 (s, 2H, benzylic proton), 7.42-
7.13 (m, 8H, ArH), 3.79 (s, 4H\-(CH,),), 2.51 (t, 2H,N-CH,-propyl), 1.48 (m, 2H, 2-CHpropyl), 0.89 (t, 3H,
CHgz-propyl); EI-MS: m/z 352 [M- 1] (9), 324 (10), 261 (8), 95 (100); Anal. Calicd C,;H,,FNO: C, 74.77; H,
5.99; N, 3.96. Found: C, 74.65; H, 5.86; N, 3.87.

Synthesis of pyrimidinthione derivatives (3a,b)

Method A

A mixture of compoundl (10 mmol), aromatic aldehydes, namely, 4-methorybklehyde or 4-
fluorobenzaldehyde (20 mmol) and thiourea (0.7@@mmol) in ethanolic potassium hydroxide (1 glO0 mL

ethanol) was refluxed for 6 h. The reaction mixtwes allowed to cool then poured onto cold watet #ne solid
formed was filtered off, washed with water, driewlarystallized from the proper solvent to give tloeresponding
pyrimidinethione derivative8a,b, respectively.

Method B

A mixture of compoun®a,b (10 mmol) and thiourea (0.76 g, 10 mmol) in etH&npotassium hydroxide (1 g in
100 mL ethanol) was refluxed for 3 h. The reactiorture was allowed to cool and the solid formeak\iltered
off, washed with water, dried and crystallized fréime proper solvent to give the corresponding piginethione
derivatives3a,b, respectively, in better yield than method A.

8-(4-Methoxy-benzylidene)-4-(4-methoxy-phenyl)-6-mpyl-3,4,5,6,7,8-hexahydro-1H-pyrido[4,3-
d]pyrimidine-2-thione (3a)

Yield, [A] 60%, [B] 85%; mp 128-130°C (EtOH); IR @¢, cmi™): 3235;'H NMR (CDCk): d 7.75, 7.682s, 2H,
NH exchangeable with @), 7.45-6.59 (m, 9H, ArH + benzylic proton), 5.02 {#J, CH-pyrimidine), 3.86, 3.82
(2s, 6H, 20CH), 3.64, 3.28, 3.05, 2.57 (4br, 4H, N(@), 2.26 (m, 2H, CEN-propyl), 1.33 (m, 2H, 2-CH
propyl), 0.78 (t, 3H, Chkipropyl); *C NMR (CDC}): & 159.8, 158.9, 153, 130.7, 128.5, 125.4, 125, 121118.3,
113.9, 59.2, 59.1, 55.3, 55.3, 52.6, 52, 20, 1HRESI-MS: n/z 436.2067 [M + H], calculated [M+H] ion for
Cz5H29N30zS, m/z 436.5805.

8-(4-Fluoro-benzylidene)-4-(4-fluoro-phenyl)-6-progyl-3,4,5,6,7,8-hexahydro-1H-pyrido[4,3-d]pyrimidine 2-
thione (3b)

Yield, [A] 65%, [B] 90%; mp 227—230°C (EtOH); IR 8¢, cm™): 3216;"H NMR (CDCk): § 7.65, 7.572s, 2H,
NH exchangeable with J®), 7.27-6.92 (m, 9H, ArH+ benzylic proton), 5.5) {H, CH-pyrimidine), 3.46 (m, 4H,
N-(CH,),), 2.1 (m, 2HN-CHy-propyl), 1.25 (m, 2H, 2-CHpropyl), 0.74 (t, 3H, Cktpropyl); EI-MS:m/z 410 [M-

1] (100), 302 (62), 287 (60), 229 (18); Anal. Cafod C,3H,4F,N3S: C, 67.13; H, 5.63; N, 10.21; S, 7.79. Found: C,
67.08; H, 5.56; N, 10.12; S, 7.82.

Synthesis of pyrimidinone derivatives (4a,b)

A mixture of compound?a,b (10 mmol) and urea (10 mmol) in EtOH (50 ml) contiaj NaOH (0.5 g) was
refluxed for 6-8 hr. After cooling, the reactionxtuire was poured onto ice-water, the solid formed wollected by
filtration, air dried and crystallized from the per solvent to give the compoungis,b.
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8-(4-Methoxy-benzylidene)-4-(4-methoxy-phenyl)-6-ppyl-3,4,5,6,7,8-hexahydro-1H-pyrido[4,3-d]pyrimidin-
2-one (4a)

Yield 65%, mp 157-159°C (EtOH); IR (KBr, ¢t 3432, 1654;H NMR (CDCk): 6 8.05., 7.752s, 2H, NH
exchangeable with J®), 7.45 — 6.85 (m, 9H, ArH+ benzylic proton), 4@&0 1H, CH-pyrimidine), 4.15 & 3.95 (s,
6H, 20CH), 3.40 (s, 4HN-(CHy,),), 2.35 (t, 2H,N-CH,-propyl), 1.40 (m, 2H, 2-CHpropyl), 0.80 (t, 3H, Cht
propyl); EI-MS:m/z 418 [M - 1T (75), 453 (65), 285 (54); Anal. Calcd fop8,oN3Os: C, 71.57; H, 6.97; N, 10.02.
Found: C, 71.51; H, 6.89; N, 10.09.

8-(4-Fluoro-benzylidene)-4-(4-fluoro-phenyl)-6-progl-3,4,5,6,7,8-hexahydro-1H-pyrido[4,3-d]pyrimidin-2-

one (4b)

Yield 70%, mp 228-230°C (EtOH); IR (KBr, ¢ 3435, 1702'H NMR (DMSO-d): 6 8.20, 7.61(2s, 2H, NH
exchangeable with D), 7.36-6.96 (m, 9H, ArH + benzylic proton), 4.&7 1H, CH-pyrimidine), 3.76, 3.63 (2br,
4H, N-(CH,),), 2.21 (2H, m,N-CH,-propyl), 1.33 (m, 2H, 2-Chpropyl), 0.78 (t, 3H, Cktpropyl); *C NMR
(DMSO-ds): 6 159.8, 158.9, 130.7, 128.5, 125.4, 125., 121.8,3,1113.9, 59.2, 59.1, 55.3, 55.3, 52.6, 52, 207;1
EI-MS: m/z 394 [M- 1] (95), 271 (100), 243 (58); Anal. Calcd fog:8,5F:N30: C, 69.86; H, 5.86; N, 10.63. Found:
C, 69.79; H,5.77; N, 10.57.

Synthesis of aminopyrimidine derivatives (5a,b)

To a mixture of compoungda.b (10 mmol) and guanidine hydrochloride (10 mmolEt®©H (50 ml), NaOH (0.8 g)
in H,O (1 ml) was added. The mixture was refluxed fawr 5 then allowed to cool. The solid formed wakefid off
and crystallized from the proper solvent to give tlorresponding aminopyrimidine derivativesh.

8-(4-Methoxybenzylidene)-5,6,7,8-tetrahydro-4-(4-nmtaoxyphenyl)-6-propylpyrido[4,3-d]pyrimidin-2-amine
(5a)

Yield 75%; mp 190-192°C (EtOH); IR (KBr, ¢t 3480, 3319'H NMR (CDCL): 6 8.10 (s, 1H, benzylic proton)
7.55-6.96 (m, 8H, ArH), 4.98 (s, 2H, Niéxchangeable with J®) 3.87, 3.86 (2s, 6H, 20GH 3.76, 3.48 (2br, 4H,
N(CH,),), 2.45 (br, 2HNCH,-propyl), 1.44 (m, 2H, 2-CHpropyl), 0.84 (t, 3H, Chktpropyl); *C NMR (CDCE): &
165.2, 159.8, 159.2, 131.4, 130.1, 130.4, 129.9, 125.2, 113.8, 113.4, 59.6, 55.37, 55.3, 54.2%5,530.8, 20.4,
11.8; HRESI-MSm/z 417.2289 [M+ H]", calculated [M + HJion for GsH,gN4O,, Mz 417.5301.

8-(4-Fluorobenzylidene)-4-(4-fluorophenyl)-5,6,7,8etrahydro-6 propylpyrido[4,3-d]pyrimidin-2-amine ( 5b)
Yield 75%; mp 148-150°C (EtOH); IR (KBr, ¢hx 3420, 3305!H NMR (CDCL): ¢ 8.09 (s, 1H, benzylic proton)
7.56-7.08 (m, 8H, ArH), 5.07 (s, 2H, Nléxchangeable with D), 3.70, 3.58 (2br, 4H\-(CH,),), 2.44 (t, 2HN-
CH.-propyl), 1.25 (m, 2H, 2-CHpropyl), 0.83 (t, 3H, Cktpropyl); EI-MS: m/z 391 [M - 1T (100), 363 (90), 334
(30), 283 (38); Anal. Calcd forfH,FN4: C, 70.39; H, 5.65; N, 14.28. Found: C, 70.315t58; N, 14.20.

General procedure for the synthesis of thiazolopymidine derivatives (6a,b) and (8a,b).

A mixture of compounda,b (10 mmol), chloroacetic acid or 2-bromopropanai@d 10 mmol), sodium acetate
anhydrous (2 g) in glacial acetic acid (30 ml) acétic anhydride (10 ml) was refluxed for 3 hr.ekftooling, the
reaction mixture was poured gradually with stirrimgto cold water, the solid formed was filtered, efished with
water, dried and crystallized from proper solvengive the corresponding thiazolopyrimidine derives 6a,b and
8a,b, respectively.

8-(4-Methoxy-benzylidene)-4-(4-methoxy-phenyl)-6-ppyl-5,6,7,8-tetrahydro-4H-1-thia-3a,6,9-triaza-
cyclopenta[b]naphthalen-3-one (6a)

Yield 65%; mp 158-160°C (EtOH); IR (KBr, ¢ix 1725;*"H NMR (CDCL): 6 7.45-6.88 (m, 9H, ArH + benzylic
proton), 5.45 (s, 1H, CH-pyrimidine), 3.84, 3.8G,(8H, 20CH), 3.83, 3.72 (2br, 2H, Cihiazole), 3.70, 3.48,
3.08, 2.83 (2ddJ) = 16 & 14 Hz, 4H, N(CH),), 2.33 (m, 2HN-CH,-propyl), 1.37 (m, 2H, 2-CHpropyl), 0.79 (tJ
= 4.9 Hz, 3H, CH-propyl); *C NMR (CDCL): & 170.6, 159.9, 158.4, 153.5, 133.6, 131.2, 13(®8,9, 129.3, 125,
114.1, 113.6, 113.4, 59.1, 58.1, 55.2, 55.2, 53229, 31.7, 20.3, 11.7; HRESI-M®¥z 476.2010 [M + H],
calculated [M+HJ ion for G7H,gN305S, Mz 476.6170.

8-(4-Fluoro-benzylidene)-4-(4-fluoro-phenyl)-6-propl-5,6,7,8-tetrahydro-4H-1-thia-3a,6,9-triaza-cyclpenta
[b]naphthalen-3-one (6b)

Yield 65%; mp 173-175°C (EtOH); IR (KBr, ¢fr 1730;'H NMR (CDCk): 6 7.47-7.03 (m, 9H, ArH + benzylic
proton), 5.48 (s, 1H, CH-pyrimidine), 3.76 (s, 2BH,- thiazole), 3.62, 3.25 (br, 4H, N(G}d), 2.35 (m, 2HN-
CH.-propyl), 1.34 (m, 2H, 2-CH propyl), 0.82 (t, 3H, Chkipropyl); EI-MS:m/z 450 [M - 1] (100), 393 (4), 287
(9); Anal. Calcd for GsH»3FN3OS: C, 66.50; H, 5.13; N, 9.31; S, 7.10 Found: €35; H, 5.28; N, 9.50; S, 7.21.
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8-(4-Methoxy-benzylidene)-4-(4-methoxy-phenyl)-2-mhbyl-6-propyl-5,6,7,8-tetrahydro-4H-1-thia-3a,6,9-
triaza-cyclopenta[b]naphthalen-3-one (8a)

Yield 55%; mp 238-240°C (EtOH); IR (KBr, ¢fit 1724;*H NMR (CDCL): 6 7.55-6.90 (m, 9H, ArH + benzylic
proton), 5.38 (s, 1H, CH-pyrimidine), 3.85, 3.815,(8H, 20CH), 4.13 (m, 1H, CH-thiazole), 3.35 (m, 4N;
(CHy),), 2.35 (m, 2HN- CH,-propyl), 1.51 (br, 3H, CHthiazole), 1.51 (m, 2H, 2-Ckpropyl), 0.74 (br, 3H, CH
propyl); °C NMR (CDCL): § 173.9, 160.4, 159.8, 155, 133, 131, 130.7, 128,412127, 118, 114.8, 114.3, 58,
55.4, 54, 51, 41.7, 19.3, 10.9; HRESI-M®/z 490.2154 [M+ H], calculated [M + H] ion for GgHziN305S, m/z
490.6438.

8-(4-Fluoro-benzylidene)-4-(4-fluoro-phenyl)-2-metkil-6-propyl-5,6,7,8-tetrahydro-4H-1-thia-3a,6,9-traza-
cyclopenta[b]naphthalen-3-one (8b)

Yield 55%; mp 165-167°C (EtOH); IR (KBr, ¢ft 1733;'"H NMR (CDCk): d 7.46-7.02 (m, 9H, ArH + benzylic
proton), 5.45 (s, 1H, CH-pyrimidine), 3.77 (m, 16H, thiazole), 3.46 (m, 4HN-(CH,),), 2.33 (m, 2H,N-CH,-
propyl), 1.47 (d, 3H, CHthiazole), 1.27 (m, 2H, 2-Ckpropyl), 0.82 (t, 3H, Cktpropyl); EI-MS:m/z 464 [M - 1]
(100), 376 (6), 287 (11), 133 (33); Anal. Calcd fyH.sFN:OS: C, 67.08; H, 5.41; F, 8.16; N, 9.03; S, 6.89
Found: C, 67.15; H, 5.29; N, 9.12; S, 6.81

Synthesis of arylmethylene thiazolopyrimidine deriatives (7a,b)

Method A

A mixture of compounda,b (10 mmol), chloroacetic acid (10 mmol), sodiumtate anhydrous (2 g) in glacial
acetic acid (30ml) and acetic acid anhydride (Ipwas refluxed for 12 min., then equimolecular amibof the
appropriate aromatic aldehydes, namely, 3,4-drimethenzaldehyde or 3,4,5-trimethoxybenzaldehyden(@ol)
was added. The reaction mixture was refluxed fon, Zallowed to cool, poured onto cold water; thenfed
precipitate was filtered off, dried and crystaliz&éom proper solvent to give the correspondingiraeghylene
thiazolopyrimidine derivativega,b, respectively.

Method B

A mixture of compoundsa,b (10 mmol), equimolecular amount of appropriatenzatic aldehydes, namely, 3,4-
dimethoxybenzaldehydes or 3,4,5-trimethoxybenzaldeh(10 mmol), sodium acetate anhydrous (2 g)rimxdure

of acetic acid (30 ml) and acetic anhydride (10 wids refluxed for 2 hr. After cooling, the reactionxture was
poured onto cold water, the formed solid was ctdlédy filtration and crystallized from the proaivent to give
the corresponding arylmethylene thiazolopyrimiditegivatives7a,b, respectively. The products were identified by
their m.p. and Rvalues in comparison with authentic samples preshpobtained by method A.

2-(3,4-Dimethoxy-benzylidene)-8-(4-methoxy-benzyl&he)-4-(4-methoxy-phenyl)-6-propyl-5,6,7,8-tetrahym-
4H-1-thia-3a,6,9-triazacyclopenta[b]naphthalen-3-oa (7a)

Yield [A] 80%, [B] 65%; mp 165-167°C (EtOH); IR (KBcm™): 1695;'H-NMR (CDCk): § 7.62, 7.48 (2s, 2H,
benzylic protons), 7.38-6.88 (m, 11H, ArH), 5.601kl, CH-pyrimidine), 3.95, 3.84, 3.79 (3s, 12H,QkD), 3.74,
3.50, 3.15, 2.88 (2dd, 4H, N(GH), 2.35 (br, 2HN-CH,-propyl), 1.38 (m, 2H, 2-CHpropyl), 0.80 (br, 3H, CH
propyl); *C NMR (CDCE): & 170.6, 165,7, 159.8, 158.4, 150.7, 149.2, 13339,3], 129.36, 130.6, 129.8, 129.3,
126.6, 125, 124.4, 118.1, 114.2, 113.6, 111.8,3,199.1, 58.1, 56, 55.9, 55.2, 53.2, 53, 31.7,,20137; HRESI-
MS: m/z 624.2533 [M+ H]", calculated [M+H] ion for GgH3/N3OsS, m/z 624.7772.

8-(4-Fluoro-benzylidene)-4-(4-fluoro-phenyl)-6-progyl-2-(3,4,5-trimethoxy-benzylidene)-5,6,7,8-tetrahgro-
4H-1-thia-3a,6,9-triazacyclopenta[b]naphthalen-3-oa (7b)

Yield [A] 85%, [B] 70%; mp 208-210°C (EtOH); IR (KBcm™): 1698;'H NMR (CDCk): § 7.60, 7.45 (2s, 2H,
benzylic protons), 7.40-6.90 (m, 10H, ArH), 5.65 181, CH-pyrimidine), 3.91 (s, 9H, 30G} 3.65 (s, 4HN-
(CH,),), 2.34 (m, 2HN-CHy-propyl), 1.27 (m, 2H, 2-CHpropyl), 0.81 (t, 3H, Cktpropyl); EI-MS:m/z 628 [M -
1] (80), 585 (10), 376 (25); Anal. Calcd fogsHs3FNs0,S: C, 66.76; H, 5.28; N, 6.67; S, 5.09; Found6€.65;
H, 5.24; N, 6.62; S, 5.34

2-[N'-(4-Fluoro-phenyl)-hydrazino]-8-(4-methoxy-bereylidene)-4-(4-methoxy-phenyl)-6-propyl-5,6,7,8-
tetrahydro-4H-1-thia-3a,6,9-triaza-cyclopenta[b]nafthalen-3-one (9)

A solution ofp-fluoroaniline (10 mmol) in hydrochloric acid (3 hand water (10 ml) was rapidly cooled below 0°C
and diazotized by the addition of sodium nitrit® ¢hmol) in water (5 ml) under vigorous stirring.té&f an hour, the
diazonium salt was added to a well cooled, stimexture of compounda (2 mmol) in 10% aqueous NaOH (10
ml) containing excess sodium acetate. The mixtuae kept at room temperature for one day. The ptatgpwas
filtered off, washed with water, dried and recrilstad from the proper solvent to give compoithd
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Yield 70%; mp 223-225°C (EtOH); IR (KBr, ¢ir 1723;'H NMR (DMSO<): ¢ 11.34 (br, 2H, 2NH
exchangeable with f@), 7.61 (br, 1H, benzylic proton), 7.36—-6.84 (rAH] ArH), 5.85 (s, 1H, CHpyrimidine),
5.68 (s, IHN-CH-thiazole), 3.79, 3.74 (2s, 6H, 20QH3.50 (m, 4HN-(CH,),), 2.49 (t, 2HN-CHy-propyl), 1.56
(m, 2H, CH-propyl), 0.76 (t, 3H, Cktpropyl), °C NMR (DMSO4,): § 170, 160.5, 159.4, 158.9, 156.2, 150.6,
139.9, 130.7, 128.5, 127.3, 121.3, 120.6, 118.6,41, 114.2, 114.1, 55.9, 55.7, 50.4, 48.2, 31678,110.6; EI-MS:
m/'z 598 [M - 1] (15), 530 (30), 474 (75); Anal. Calcd fors83,FNsO5S: C, 66.09; H, 5.71; N, 11.68; S, 5.35.
Found: C, 66.17; H, 5.62; N, 11.74; S, 5.26.

(2)-9-(4-fluorobenzylidene)-5-(4-fluorophenyl)-2,3,7,8,9-hexahydro-7-propyl-2-thioxopyrimido[4,5-b]1,6]
naphthyridin-4(1H)-one (11)

A mixture of compoun@® (10 mmol) and (10 mmol) of 6-amino-thioura¢ll0), which was prepared according to
literature [22] in glacial acetic acid (40 mL) waluxed for 10 h. The reaction mixture was coaded poured onto
ice-cold water and the solid product was colledtgdiltration and crystallized to give compouhd.

Yield 70%; mp 208-210°C (Dioxan); IR (KBr, ¢fjt 3421, 3244H NMR (DMSO-<g): § 12.27, 12.93 (2s, 2H,
NH exchangeable with @), 8.05 (s, 1H, benzylic proton), 7.42-7.20 (m,, 8H), 3.50 & 3.00 (m, 4HN-
(CHy),), 2.27 (t, 2H,N-CH,-propyl), 1.20 (m, 2H, Chipropyl), 0.85 (t, 3H, Cktpropyl); EI-MS: m/z 476 [M]"
(100), 447, 418, 367; Anal. Calcd fopdH,,F,N,OS: C, 65.53; H, 4.65; F, 7.97; N, 11.76; S, 6F&und: C, 65.42;
H, 4.76; N, 11.65; S, 6.62.

Synthesis of Compounds 12 and 13

A mixture of compound.1 (10 mmol), bromoacetic acid az-bromopropanoic acid (10 mmol), and fused sodium
acetate (2 g) in glacial acetic acid (30 mL) andtiacanhydride (10 mL) was refluxed for 3 h, laftdool, then
poured gradually with stirring onto cold water, g8wid formed was filtered off, washed with watedarystallized
from ethanol to give compound® and13, respectively.

9-(4-Fluoro-benzylidene)-5-(4-fluoro-phenyl)-7-preyl-6,7,8,9-tetrahydro-1-thia-3a,7,10,11-tetraazacjo
penta[b]anthrace-3,4-dione (12)

Yield 55%; mp 258-260°C (EtOH); IR (KBr, ¢t 1710;*H NMR (CDCL): ¢ 7.51 (s, 1H, benzylic proton), 7.28—
6.96 (m, 8H, ArH), 3.92 (s, 2H, GHhiazole), 3.47 (s, 4H\-(CH,),), 2.77 (m, 2HN-CH,-propyl), 1.07 (m, 2H, 2-
CHy-propyl), 0.71 (t, 3H, Cktpropyl); EI-MS: m/z 517 [M+1] (68), 475 (82), 447 (87); Anal. Calcd for
CogH20FN,O,S: C, 65.10; H, 4.29; N, 10.85; S, 6.21. Founds®17; H, 4.36; N, 10.75; S, 6.29.

9-(4-Fluoro-benzylidene)-5-(4-fluoro-phenyl)-2-metkl-7-propyl-6,7,8,9-tetrahydro-1-thia-3a,7,10,11-tgaaza
cyclopenta[b]anthrace-3,4-dione (13)

Yield 65%; mp 264-267°C (EtOH); IR (KBr, ¢t 1690;'H NMR (DMSO-4g): § 8.02—7.08 (m, 9H, ArH+
benzylic proton), 4.29 (d, 1H, CH-thiazole), 3.4, (4H, N-(CH,),), 2.89 (m, 2H,N-CH,-propyl), 1.52 (m, 3H,
CHgs-thiazole); 1.29 (m, 2H, 2-Cibropyl), 0.72 (t, 3H, Cktpropyl); *C NMR (DMSOds): & 173.4, 170, 160.1,
153.4, 145.3, 131.7, 129.3, 125.5, 115.1, 114.4,%2.2, 18.9, 11.1; EI-MSw/z 531 [M+ 1]" (38), 476 (75), 447
(60). 381 (73); Anal. Calcd for gH,4FN4O,S: C, 65.65; H, 4.56; N, 10.56; S, 6.04. Found6&58; H, 4.43; N,
10.63; S, 6.12.

2-(4-Chloro-benzylidene)-9-(4-fluoro-benzylidene)-§4-fluoro-phenyl)-7-propyl-6,7,8,9-tetrahydro-1-tha-
3a,7,10,11-tetraazacyclopenta[blanthracene-3,4-dier(14)

Method A

A mixture of compound.1 (10 mmol), chloroacetic acid (10 mmol), sodiumtateanhydrous (2 g) in glacial acetic
acid (30 ml) and acetic acid anhydride (10 ml) waBuxed for 12 min., then equimolecular amountpef
cholrobenzaldehyde (2 mmol) was added. The reactizture was refluxed for 2 h, allowed to cool, pedi onto
cold water; the formed precipitate was filtered, affied and crystallized from proper solvent to eggithe
corresponding arylmethylene thiazolopyrimidine dative 14.

Method B

A mixture of compound.2 (10 mmol), equimolecular amount pichlorobenzaldehyde (10 mmol), sodium acetate
anhydrous (2 g) in a mixture of acetic acid (30 an)l acetic anhydride (10 ml) was refluxed for Ztter cooling,

the reaction mixture was poured onto cold wateg;ftirmed solid was collected by filtration and ¢aylized from
the proper solvent to give the compou?tl The products were identified by their m.p. ane/&ues in comparison
with authentic samples previously obtained by meétho

Yield [A] 80%, [B] 65%; mp 203—-205°C (EtOH); IR (KBcm™): 1668;'H NMR [DMSO-dg]: § 7.95 (s, 1H,
benzylic proton), 7.43-6.97 (m, 13H, ArH + benzyioton), 3.40 (m, 4H\-(CH,),), 2.34 (m, 2H, N-Cktpropyl),
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1.36 (m, 2H, 2-Cktpropyl), 0.82 (t, 3H, Cktpropyl); EI-MS:m/z 640 [M + 1] (20), 596 (35), 476 (83); Anal.
Calcd for GsH2sCIFN4O,S: C, 65.77; H, 3.94; N, 8.77; S, 5.02 Found: C665H, 3.86; N, 8.66; S, 5.10.

I n-vitro antitumor activity

Cell culture of HepG-2 (human liver carcinoma), B@human prostate adenocarcinoma) and HCT116 (human
colorectal carcinoma) cell lines were purchasednftbe American Type Culture Collection (RockvildD) and
maintained in RPMI-1640 medium which was supplemeémnith 10% heat-inactivated FBS (fetal bovine sgru
100U/mL penicillin and 100U/mL streptomycin. Thdlsavere grown at 37°C in a humidified atmosphef&%

CO,.

MTT cytotoxicity assay

The antitumor activity against HepG-2, PC-3 and HIOB human cancer cell lines was estimated usie@if#,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliunrdmide (MTT) assay, which is based on the cleavafgthe
tetrazolium salt by mitochondrial dehydrogenasesiafle cells [23-25]. Cells were dispensed in an@#l sterile
microplate (5 x 10 cells/well), and incubated at %7 with series of different concentrations, in DMS@,each
tested compound or doxorubi€ifpositive control) for 48 h in a serum free mediprior to the MTT assay. After
incubation, media were carefully removed, 40 pIMJdfT (2.5 mg/mL) were added to each well and theubated
for an additional 4 h. The purple formazan dye taigswere solubilized by the addition of 200 uLOMSO. The
absorbance was measured at 590 nm using a Spegftahaadigrfi Multi-Mode microplate reader. The relative
cell viability was expressed as the mean perceragable cells compared to the untreated cortetls. The 1G,
values of the tested compounds were expressed/an [y Table 1.

Statistical analysis
All experiments were conducted in triplicate anpge&ted in three different days. All the values wepresented as
mean * SD. IGs were determined by profit analysis using SPSBvaoé program (SPSS Inc., Chicago, IL).

RESULTS AND DISCUSSION

Chemistry

Claisen-Schmidt condensation oN-propyl piperidone 1) with aromatic aldehydes, namely, 4-
methoxybenzaldehyde or 4-fluorobenzaldehyde in retli@ potassium hydroxide solution afforded 3,5-
bisarylmethylene-1-propyl-4-piperidon@g,b), respectively. Additionally, one pot reaction @dmpoundl with
aromatic aldehydes and thiourea in potassium hydeogolution under reflux gave thiopyrimidine detives
(3a,b), which were prepared also by cyclocondensatidnise#rymethylen@a,b with thiourea (Scheme 1).

Q Ar
fﬁ ArCHO/NH,CSNH, | B o
N | \Ni

NH,CSNH,

3a,b Ar
ArCHO

A

1

Ar WN

O

N

2a,b

Ar, a) Ph-4-OCH3
b) Ph-4-F

5a,b
Scheme 1. Synthetic routes for compounds 2-5

The structures of the producBa(b) were confirmed by NMR and MS spectral analysise *H-NMR spectrum of
3a showed the methine pyrimidine proton signab &02 ppm, and its methine carbon signal’@® NMR at$ 59.1
ppm (Figure 1). The compour®h was also confirmed by HRESI-MS with molecular weigvz 436.2067[M +
H]*. Furthermore, compoundza,b were heated under reflux with urea or guandinerdgfuloride in ethanolic
sodium hydroxide solution to yield the correspodpyrimidinone 4a,b) and aminopyrimidine5a,h) derivatives
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respectively, (Scheme 1). THEC-NMR spectra of these pyrimidinetg,b) and 6a,b) derivatives revealed
downfield carbon signals at163 for carbonyl carbon arii165 for amino carbon, respectively, compared & th
same carbon in thiopyrimidiriga which revealed at 153 ppm (Figure 2). Moreover, the structures afrpigine 3-

5 derivatives were also confirmed by El- and HRES3-M

H 7.00

3.87

Figure 1.*H, *C-NMR data of compound 3a Figu2.'H, *C-NMR data of compounds 5a

Thiopyrimidines3a,b were allowed to react with chloroacetic acid obrgmopropionic acid in the presence of
sodium acetate anhydrous and glacial acetic a@titaanhydride mixture to give thiazolopyrimidinertvatives
6a,b and8a,b, respectively, (Scheme 2). In thé-NMR spectrum of compoun@a, the methine pyrimidine proton
was showed ai 5.45 downfield by 0.43 ppm relative to CH-pyrinmidiof compoun®a due to thiazole ring, which
delivered its methylene protons&8.83 and 3.72 as a broad signals that confirmeBNMR experiments. The
carbon resonance of this methylene group &l ppm, in"*C-NMR was identified through the HSQC correlation
with 8, 3.83 and 3.72 ppm. Also, in the spectrumt®@-NMR, the most downfield carbon signal&f70.6 ppm,
was assigned for the carbonyl carbon of thiazalg vith confirmed by the aid of HMBC experiment, evé it is
correlated with the methylene protorg 8.83 and 3.72 ppm) through coupling. Other HMBC correlations were
used to confirm the structure 6& (Figure 3), and its molecular formula-,9Ns03S was deduced from its HRESI-
MS atm/z 476.2010 [M + H].

ot
>SN F

F STNN

NaNO,I| HC N N H

a2 /P/ Ar O

CICH,COOH /r

| H
N S
\ \? CICH,COOH
N NH | ArcHO
Ar Ar
3ab Ar'. a) Ph-3.4-OCH3
' b) Ph-3,4,5-OCH3
Ar, a) Ph-4-OCHs
b) Ph-4-F

| CH3CHBrCOOH

/r 8a,b Ar o

Scheme 2. Synthetic routes for compounds 6-9

Refluxing of thiazolopyrimidine derivative6a,b with aromatic aldehydes in the presence of sodagstate
anhydrous and a mixture of glacial acetic acidlaceanhydride led to formation of arylmethylene
thiazolopyrimidine derivativega,b, which also prepared directly in a good yield frtime reaction of compounds
3a,b with chloroacetic acid and aromatic aldehydes é8uh 2). The IR spectrum of compourashowed band at
1695 cn for (C=0) lower frequency relative to compoudadue to conjugation with exocyclic double bond, and
the HRESI-MS of7a showed mass peakmatz 624.2533 [M+ H]" calculated for gH3/N3;OsS, indicating additional
aromatic ring to the compourta. This confirmed in NMR spectra of compouna (Figure 4), which revealed extra
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NMR groups, benzylicdy 7.62;3c 124 ppm), three aromatidy7.01, 691 and 6.88: 131, 111.8 and 111.3 ppm),
and two methyl ethei( 6.90;5¢ 55.9 ppm) with disappearance to the methylenemimogompounda.

6.88
H 6.90 H

Figure 3.'H, ®C-NMR and some selected WFig4.H, ®C-NMR spectral data of 7a HMBC correlations of 6a

In Scheme 2, arylazothiazolopyrimidin®) (was formed by the treatment of compousa under cooling with
diazonium salt op-flouroaniline. The molecular formula of compouidvas deduced from its EI-MS and elemental
analysis as §H3,FNsOsS of 596 amu, and with the NMR spectral data, thectire of9 identified to have di-imino
groups and aromatic ring additional to compo®ad The NMR spectrum of compourtddelivered additionap-
substituted benzene ring compared to the NMRapfis well as thiazole methine group signéjsX.68;5c 58 ppm)

in compound, instead of methylene group signalg 8.83 and 3.723¢ 31 ppm) in compounfla.

Bisarylmethylene2b was reacted with 6-amino-2-thioxo-pyrimidine-4 {j3t¢he (L0) in acetic acid under reflux to
give(2)-9-(4-fluorobenzylidene)-5-(4-fluoropheny)3,6,7,8,9-hexahydro-7-propyl-2-thioxopyrimido[4,5b][1,6]
naphthyridin-4(1H)-onel(1). The*H-NMR spectrum of compountil showed the most two downfield signalsjat
12.27 and 12.93 ppm, as two singles assigned folNi# exchangeable withJD. The EI-MS ofl1 (m/z 476 amu)
and its elemental analysis was used to confirmsthecture by its calculated molecular formulgtG.F,N4OS.
Moreover, compoundl1 was allowed to react with bromoacetic acid or @ropropionic acid in acetic acid/acetic
anhydride mixture in presence of sodium acetateydnolns to give pyridothiazolopyrimidinel?) and
methylpyridothiazolopyrimidine 1(3) derivatives, respectively. Refluxing of compound2 with p-
chlorobenzaldehyde afforded arylpyridothiazolopydime 14, which also prepared under the same reaction
conditions from compoundl by one pot reactiomia 2-bromoacetic acidy-chlorobenzaldehyde (Scheme 3). The
thiazole rings which have been formed in compoutZiand13 were identified in the NMR spectral data of both
compounds, characterized tH-NMR by their groups of methylené (3.92 ppm) and methine (4.29 ppm),
respectively. However, both groups were disappearettie NMR spectra of compourid}, and instead of aryl
group was delivered, where its benzylic proton aigghowed ab 7.95 ppm, in addition tp-substituted benzene
protons in the aromatic region compared to the s@mien in*H-NMR spectra of compound< and13.

N

H H

2 10
By/

ArCHO

BrCH,COOH _
, Ar = Ph-4-F
ArcHO Ar' = Ph-4-Cl

14

Scheme 3. Synthetic routes for compounds 11-14
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Cytotoxic activity

Nineteen synthesized compounds were examinedtro for their cytotoxic activities against HepG-2, BGxnd
HCT-116 human carcinoma cell lines using MTT assHye percentage of the intact cells was measureld an
compared with that of the drug control doxorubiffiigure 5). From the analysis reported in TablélépG-2 liver
cancer cells were found to be less sensitive tteated compounds. The most active derivativearéb, 3a, 3b,

4b, 5b, 9 and14, which showed good cytotoxic activities againstTHCL6 carcinoma cells with Kgvalues ranging
54-60 pg/mL. Against the same cells, compoubds6a, 6b, 7a, 7b, 8b, 12 and 13 exhibited mild cytotoxic
activities with 1G, values from 65 to 84 pg/mL, while the rest compisushowed weak activities. Additionally,
The PC-3 cancer cells showed good sensitivity afjasompound®a, 2b, 3a, 3b, 4a and 5b; moderate with
compoundglb, 12 and14, and weak or no cytotoxic activities with the rethe compounds.

Table 1: The cytotoxicity values (1Go) of the 19 compounds using MTT assay

compound —_HCT-116 PC-3 HepG-2
P ICso (Mg/mL) £ SD
2a 5418+52 674329 124.25%10.4
2b 56.17+4.8  63.79+3.6 176.67 +20.3
3a 55.976 £3.9  65.74+51 256.71+23.1
3b 55.50 +5.6 69.52+56 191.67 +11.6
4a 90.14+6.1  64.58+4.9 280.15+217
4b 55.68+38  76.71+5.1  154.37+10.1
5a 83.85+5.7 > 1000 174.99 +11.4
5b 56.99+29  63.64+48 97453+ 259
6a 74.56 + 5.8 > 1000 161.79 +10.2
6b 79.87 £7.1 > 1000 238.28 £ 13.1
7a 68.22+39 163.61+112 376.39+17.9
7b 71.28+51 302.01+139 501.73+26.1
8a 15549 +10.1 518.80+20.9 156.73+12.4
8b 65.81 + 6.8 > 1000 413.89 + 265
9 60.15+4.8 12359 +102 214.23+14.7
11 92.81+9.1 10526+9.9 430.30 253
12 64.78+57  76.99+6.1  667.58 + 14.6
13 84.96+59 10561+10.3 583.23+21.4
14 56.86+3.6  77.53+5.3  487.59+19.8
100 - BHCT-116 mPC-3 mHepG-2
20 -
s A0 -
}é 40 -
8 20 - I|
Y- 0 -
o
2
s %°'¢°%°%“b°§ﬁ°°3°h°6°'\°'\‘°%°%°QNN'Q’QNMQOQ
R\
A\
&

Figure 5. Cytotoxic activity of the nineteen componds against three cancer types, using MTT assay 400 ppm

It is observed from these results, the small mdéscof bisarylmethylene2@,b) and pyrimidinethione derivatives
(3a,b) are most bioactive compounds against HCT-116 B@#3 cancer cells as well as the fluorinated
pyrimidinone @éb) and aminopyrimidine5b) are also active against both cells. However toecer cells HCT-116
are sensitive the collective halogenated derivatieé thiazolopyrimidine &b), arylazothiazolopyrimidine 9,
pyridothiazolopyrimidine 12) and arylpyridothiazolo-pyrimidine1#). Thus we suggested that the derivatives
bearing halogen atoms were more active than 4-rhether group. Furthermore, the cytotoxic activitysmall
nitrogen heterocyclic molecule®-6) was decreased by collective compounds with irgingathe number of
nitrogen atoms.
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