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ABSTRACT

6-Mercapto-1-(9-Methyl-5,6-dihydronaphtho[1',2":#tftieno[2,3-d] pyrimidin-11-yl)-1H-pyrazolo[3,4-d]pymidin-
4-one @) was prepared and used as a key compound for thpamtion of some S-acyclic nucleosides of
pyrazolo[3,4-d]pyrimidines 4-9. Also, the synthesis and structure characterizatiof pyrazolo[3,4-
d][1,3]thiazolidino[3,2-a]pyrimidine 10 and pyrazolo[3,4-d][1,3]-thiazolo[3,2-a]pyrimidim 11 were described.
Moreover, the cytotoxicity and in vitro anticanc®raluation of the prepared compounds have also bssassed
against breast MCF-7 cancer and liver HepG2 cancell lines with investigation the effect of the thysized
compounds on the expression of urokinase plasmimagtvator (UPA). The results revealed that, coomuis 8
and 7 revealed promising anticancer activity comparedthe activity of the commonly used anticancer drug,
doxorubicin with inhibiting the expression of uPA.

Keywords: Pyrazoles; Pyrazolopyrimidines; pyrazolothiazioligbyrimidine; pyrazolothiazolopyrimidine; Acyclic
S-nucleosidesin vitro anticancer evaluation.

INTRODUCTION

Acyclic nucleosides are a group of nucleosideschviiiffer only from the parent ribonucleosides bg absence of
ring structure of the pentosyl residue. The genferaure of the important members of this classufleosides is
the absence of one or more of the bonds of theopentoiety to give an open chain residue, i.ey fhassess
portion of the pentose residue [1-4].
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Many of these analogues have been synthesizedanmprehensively covered in the literature as timejude the
most important group of antiviral agents used nike Acyclovir | and ganciclovir Il which were reped to be a
potent antiherpetic drug with selective activityaagt Herpes Simplex Viruses, Varicella Zoster ¥iryzV),
Human Cytomegalo Virus (HCMV), and Epstein-Barrogir(EBV) [5-7]. Also, some recent reports revealeat
acyclic nucleosides have antimicrobial [8], antVii9], and anticancer agents [10]. Nucleosideseweported to be
of great value from the biological point of viewdamany of their derivatives have been synthesisegntly as
potential antimicrobialial agents [11] and testsdaanovel type of histamine H-3 antagonist [12]d arere tested
also against HSV-1 and HSV-2 [13].

In addition, pyrazolopyrimidines are the fused hatgclic ring systems which structurally resembigipes which
prompted biological investigations to assess thetential therapeutic significance and they arevkndo play a
crucial role in numerous disease conditions [14-Mgreover, recent publications have emerged dgisgrithat
these molecules are known to exhibit pharmacogadivities and hence several pyrazolo[d]gyrimidine
derivatives revealed promising activity as tubesstdtic [18], antiviral [19], antimicrobial [20]n&-inflammatory
[21] and divulged anticancer potential [22,23].

Based on the above mentioned research results, gtds of this study is to synthesize some novel
pyrazolopyrimidines, fused pyrazolopyrimidines dhelir acyclicS-nucleosides to obtain new compounds which are
expected to possess notable pharmacological afiplisa

MATERIALS AND METHODS

3. Experimental

3.1. Chemistry

All melting points are uncorrected and measuredgugtlectro-Thermal IA 9100 apparatus (Shimadzuadap
Infrared spectra were recorded as potassium bropgdlets on a Perkin-Elmer 1650 spectrophotomeRerkin-
Elmer, Norwalk, CT, USA)'H NMR and**C NMR spectra were determined on a Jeol-Ex-400 N$g&ctrometer
(JEOL, Tokyo, Japan) and chemical shifts were esgmé as part per millionp (values, ppm) against TMS as
internal reference. Mass spectra were recorded ®@2XM-3F mass spectrometer (Thermo Electron Cotjora
USA). Microanalyses were operated using Mario Ehde apparatus, Organic Microanalysis Unit, andrdilts
were within the accepted range (x 0.20) of theudated values. Follow up of the reactions and cimeckhe purity
of the compounds was made by TLC on silica gelqaid aluminum sheets (Type 60 F254; Merck, Damthsta
Germany). Compoundswas prepared according to reported method (m.pl#40° C andit. m.p 139-141°C [24]).

6-Mercapto-1-(9-Methyl-5,6-dihydronaphtho[1',2":.#tftieno[2,3-d] pyrimidin-11-yl)-1H-pyrazolo [3,4-]pymidin--
one @)

In a round flask containing 0.01 mol of potassiwathiocyanate in 30 mL of boiling ethanol, an eculam amount
of methyl 5-amino-1-(9-methyl-5,6-dihydro-naphthg?t4,5]thieno[2,3d]pyrimidin-11-yl)-1H-pyrazole-4-
carboxylate 1) was added and the reaction mixture was left taxxeibr 30 minutes and filtered off, then 15 mL of
hydrochloric acid were added to the formed filtratiéh stirring till complete precipitation. The r&@n mixture
was left to boil for 15 minutes. The formed pret@p was collected by filtration, washed sevenmales with hot
water, then recrystallized from dioxane to give tile compound2. Pale yellow fine crystals; (Yield 88%); m.p.
136-137C; IR (KBr) v cmi™: 3103.87 (-NH), 2654.53 (-SH), 1699.94 (N-C=0)16®6 (C=N);'"H NMR (DMSO-
ds) 6 ppm: 2.39 (s, 3H, C§)l, 2.52 (s, 1H, SH), 2.83-2.92 (m, 4H, 28H7.16-7.26 (2m, 4H, 3Ar-H+ H3-pyrazole),
8.40 (d, 1HJ = 7.65 Hz, Ar-H), 12.49 (s, 1H, NH,,D exchangeable}*C NMR (DMSO-d) & ppm: 20.44 (CH),
23.37 (CH), 29.24 (CH), 118.35-158.04 (15Ar-C), 164.12 (C=0); MS m/z (%30 (M+2, 45.5), 104 (9.1), 103
(45.5), 76 (45.5), 64 (100); Anal. calcd. foyl814N6OS; (418.49) (%): C, 57.40; H, 3.37; N, 20.08; S, 25.Bound
(%): C, 57.19; H, 3.21; N, 19.99; S, 15.11.

6-Methylthio-1-(9-methyl-5,6-dihydronaphtho-[1'£5]thieno[2,3-d]pyrimidin-11-yl)-1H-pyrazolo-[3,4-
d]pyrimidin-4-one B)

Compound (1 mmol) in alcoholic potassium hydroxide, wastesl with an equivalent amount of methyl iodide (1
mmol) and the reaction mixture was refluxed for 3 Tthe formed precipitate was filtered off, drieddan
recrystallized from ethanol to give the title corapd 3. Pale yellow powder; (Yield 81%); m.p. 214-2C6 IR
(KBr) v cm-1: 3429 (NH), 1663 (NH-C=0O}H NMR (DMSO-d) & ppm: 2.36 (s, 3H, S-C}}{ 2.54 (s, 3H, CH),
2.80-2.90 (m, 4H, 2C}§), 7.14-7.25 (2m, 4H, 3Ar-H+ H3-pyrazole), 8.29 (d{, J = 7.8 Hz, Ar-H), 8.41 (s, 1H,
NH); **C NMR (DMSO-@) & ppm: 18.53 (S-Ch), 20.53 (CH), 22.93 (CH), 29.26 (CH), 117.40-158.11 (14Ar-
C), 162.41 (C-S), 164.60 (C=0); MS, m/z (%): 432(0, 0.16), 431.10 (1.26), 363 (100), 294 (39.96),.088
(54.11); Anal. calcd. for £H1¢NgOS, (432.52) (%): C, 58.31; H, 3.73; N, 19.43; S, B4.Bound (%): 58.42; H,
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3.91; N, 19.30; S, 14.97.

General procedure for the Synthesigipb, 6, 7 and8:

To a solution of sodium ethoxide (0.01 mol Na méatadlry ethanol), compoun® (0.01 mol) was added, and then
the reaction mixture was stirred at room tempeeatar about 1h. 2-Chloroethyl methyl ether, chi@etaldehyde
dimethyl-acetal, 2-chloroehanol, 2-(2-chloroethe&thanol or epichlorohydrine (0.01mol) was added ane
reaction mixture was stirred at 70°C for 3-4h, exdjwely. The reaction mixtures were evaporatedeundduced
pressure and the residue were crystallized usimanet to give the title compounds5, 6, 7 and8 respectively.

6-[(Methoxyethyl)thio]-1-(9-methyl-5,6-dihydro-naplo[1',2":4,5]thieno[2,3-d]pyrimidin-11-yl)-5-hydragH-
pyrazolo[3,4-d]pyrimidine-4-oné)

Yellow crystals; (Yield 58%); m.p. 189-19D; IR (KBr)v cm™: 3433.64 (NH), 1659.45 (N-C=0), 1594.84 (C=N);
'H NMR (DMSO-ds) & ppm: 2.20 (s, 3H, CH, 2.46 (s, 3H, OCH), 2.74-2.89 (2m, 4H, 2CH 3.25 (m, 2H, -
SCH,), 4.53 (m, 2H, -CHO), 7.20-7.28 (2m, 4H, 3Ar-H+H-pyrazole), 7.88 (4, J = 7.6Hz, Ar-H), 11.60 (s,
1H, NH, D,O exchangeable); M®n/z(%): 478.10 (M+2, 9.30), 477.10 (M1, 14.52), 476.10 (K 9.30), 461.10
(M*-CHs, 10.11), 447.10 (MCH,CHs;, 11.58), 432.10 (MOCH,CH;, 15.99), 316.10 (10.11), 251.10 (3.92),
115.05 (100.00), 91.05 (-SGEICH,CHjs, 17.62); Anal. calcd. for GH,oNgO,S, (476.57) (%): C, 57.96; H, 4.23; N,
17.63; S, 13.46. Found (%): C, 57.77; H, 4.35; N72; S, 13.35.

6-[(2,2-Dimethoxyethyl)thio]-1-(9-methyl-5,6-dihydnaphtho[1',2":4,5]thieno[2,3-d]pyrimidin-11-yl)-fydro-4H-
pyrazolo[3,4-d]pyrimidin-4-oné&5)

Pale yellow powder; (Yield 81%); m.p. 136-87 IR (KBr) v cm’: 3437.49 (NH), 1658.48 (NH-C=0), 1593.88
(C=N); 'H NMR (DMSO-g) & ppm: 2.51 (s, 3H, C}), 2.83-2.90 (2m, 4H, 2CHi 3.32 (s, 6H, 2-O-C¥), 3.83 (d,
2H, S-CH), 4.50 (t, 1H, S-CKHCH), 7.15-7.26 (2m, 4H, 3Ar-H+H-pyrazole), 8.41 (H,J = 8 Hz, Ar-H), 12.45
(s, 1H, NH, DO exchangeable); MSn/z (%): 506.10 (M, 28.06), 491.10 (MCH,, 45.41), 475.10 (MOCH;,
32.14), 444.10 (M20CH,, 8.16), 195.00 (100). Anal. calcd. fop,H,,N:0sS, (506.60) (%): C, 56.90; H, 4.38; N,
16.59; S, 12.66. Found (%): C, 56.75; H, 4.49; 6139; S, 12.49.

6-[(2-Hydroxyethyl)thio]-1-(9-methyl-5,6-dihydro-phtho[1',2":4,5]thieno[2,3-d]pyrimidin-11-yl)-5-hyd-4H-
pyrazolo[3,4-d]pyrimidin-4-on€6)

Pale brown oil; (Yield 61%); IR cm’: 3416.28 (-NH&-OH), 1659.45 (O=C-NH), 1594.84 (CENH NMR
(DMSO-dg) & ppm: 2.46 (s, 3H, CH), 2.82-2.86 (2m, 4H, 2CH{ 3.55 (d, 2H, S-Ch}, 4.34 (m, 2H, -CHOH), 5.20
(br, 1H, OH, DO exchangeable), 7.20-7.23 (2m, 4H, 3Ar-H+H-pyra}o8.35 (d, 1HJ=7.5Hz, Ar-H), 12.40 (s,
1H, NH, D,O exchangeable); M®/z(%): 463.00 (M+1, 34.62), 462.00 (K 46.79), 430.00 (M CH,OH, 35.26),
417.00 (M-CH,CH,0OH, 58.97), 385.00 (M SCHCH,OH, 39.74), 316.00 (40.38), 268.00 (100), 251.0D06);
Anal. calcd. for GH1gNgO,S, (462.54) (%): C, 57.13; H, 3.92; N, 18.17; S, 83.Bound (%): C, 56.98; H, 4.03; N,
18.37; S, 13.69.

6-([2-(2-Hydroxyethoxy)ethyl]thio)-1-(9-methyl-5¢Bhydro-naphtho[1',2":4,5]thieno[2,3-d] pyrimidin-1¢l)-5-
hydro-4H-pyrazolo[3,4-d]pyrimidine-4-on@)

Pale brown powder; (Yield 54%); m.p. 189-1G0 IR (KBr) v cmi’: 3402.78 broad (OH), 1627.63 (N-C=0),
1405.85 (C-S)!H NMR (DMSO-g) & ppm: 2.38 (s, 3H, C§), 2.83-2.90 (2m, 4H, 2CH 2.95 (m, 2H, S-Ch),
3.55-3.73 (2m, 4H, -CHCH,-OH), 3.85 (m, 2H, S-CHCH,-O) 5.32 (br, 1H, OH, BD exchangeable), 7.15-7.26
(2m, 4H, 3Ar-H+H-pyrazole), 8.41 (d, 1H,= 8 Hz, Ar-H), 12.47 (s, 1H, NH, BD exchangeable); M3n/z (%):
505.30 (M-1, 0.43), 474.30 (MCH,OH]", 0.06), 110.85 (40.03), 71.05 (70.08); Anal. calftdt CosH2N0sS,
(506.60) (%): C, 56.90; H, 4.38; N, 16.59; S, 12B6und (%): C, 56.74; H, 4.27; N, 16.79; S, 12.79.

6-[(2,2-Dihydroxyethyl)thio]-1-(9-methyl-5,6-dihyatnaphtho[1',2":4,5]thieno[2,3-d]pyrimidin-11-yl)-Bydro-4H-
pyrazolo[3,4-d]pyrimidin-4-onég8)

Pale white fine crystals; (Yield 49%); m.p. 1890%0; IR (KBr) v cmi*: 3399.89 sharp (OH), 1655.59 (N-C=0),
1553.38 (C=N)"H NMR (DMSO4g) & ppm: 2.51 (s, 3H, C¥), 2.68 (m, 1H, Ha, S-CH), 2.85-2.91 (2m, 4H,
2CH,), 3.46 (d, 1HJ = 4Hz, Hb, S-CH-), 3.88 (m, 1H, Ha, N-CH), 4.35 (d, 1HJ=12Hz, Hb, N-CH-), 4.84 (m,
1H, CH-OH), 5.11 (d, 1HJ=4 Hz, OH, D,O exchangeable), 7.17-7.28 (2m, 4H, 3Ar-H), 7.37.k, H3-pyrazole),
8.34 (d, 1H,J=8 Hz, Ar-H);*C NMR (DMSO4ds) & ppm: 20.55 (Ch), 23.46 (CH), 29.33 (CH), 48.02 (S-CH),
64.18 (N-CH), 68.74 (CH-OH), 117.86-157.67 (16°gp), 162.59 (C=0); MSm/z (%): 476.00 (M+2, 48.06),
475.00 (M+1, 62.79), 474.00 (M 58.91), 473.00 (M1, 61.24), 472.00 (K42, 51.16), 459.00 (41.86), 417.00
(48.84), 386.00 (79.84), 50 (100); Anal. calcd. ®;H:sNsO,S, (474.56) (%): C, 58.21; H, 3.82; N, 17.71; S,
13.51. Found (%): C, 58.08; H, 3.71; N, 17.87; %64.
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[(2-(9-methyl-5,6-dihydronaphtho-[1',2":4,5]thien®3-d]pyrimidin-11-yl)-4-oxo0-4,5-dihydro-1H-pyrazg8,4-
d]pyrimidin-6-yl)thio]-acetic acid 9)

To a solution of compoun® (5 mmol) in 20 mL dry alcohol an equivalent amoahthloroacetic acid was added,
the reaction mixture was left to reflux for 4 h dotlowed with TLC until the reaction was completdthe reaction
mixture was poured onto crushed ice and the foremdid was collected by filtration, washed with wasd air
dried to be recrystallized from dioxane to give title compound. Yellow crystals; (Yield 78%); m.p. 189-1%D;
IR (KBr) v cm’: 3620.44 (broad-OH), 2953.45 (C-H aromatic-H), 282 (C-H aliphatic), 1720.56 (-COOH),
1650.77 (N-C=0)H NMR (DMSO-s) & ppm: 2.38 (s, 3H, Ch), 2.85-2.95 (m, 4H, 2C}), 4.28 (s, 2H, Ch),
7.15-7.42 (m, 4H, 3Ar-H+H3-pyrazole), 8.40 (d, 1H7.5Hz, Ar-H), 10.40 (s, 1H, NH, BD exchangeable), 12.42
(s, 1H, OH, DO exchangeable}’C NMR (DMSO4ds) & ppm: 20.53 (Ch), 23.38 (CH), 29.25 (CH), 41.45 (CH-
COOH), 118.31-154.82 (§Carbons), 158.12 (C-S), 164.58 (N-C=0), 168.53 {&+€D); MS m/z (%): 476.00
(M, 0.43), 292.10 (0.13), 267.05 (100), 251.00 (0.63)05 (37.00); Anal. calcd. for,E116NsOsS, (476.53) (%):
C, 55.45; H, 3.38; N, 17.64; S, 13.46. Found (%)5&64; H, 3.51; N, 17.53; S, 13.32.

1-(9-Methyl-5,6-dihydronaphtho[1',2":4,5]thieno[2@ pyrimidin-11-yl)-pyrazolo[3,4-d][1,3]  thiazolidio-[3,2-
a]pyrimidin-4,6(7H)-diong10)

To a solution of compoun@é (2.5 mmol) in 20 mL dry alcohol was added gla@aktic acid/acetic anhydride
(20/10 mL) in presence of anhydrous sodium acdfate gm), the reaction mixture was left to refllor £h and
followed with TLC until the reaction was completéthe reaction mixture was poured onto crushed ik the
formed solid was collected by filtration, washedhaivater and air dried to be recrystallized froraxdine to give
the title compound0. Pale white powder; (Yield 91%); m.p. 212-3C4IR (KBr) v cmi*: 2919.70 (C-H aromatic-
H), 2855.10 (C-H aliphatic), 1659.45 (C=0), 1593(88-0);'H NMR (DMSO-,) 5 ppm: 2.51 (s, 3H, CH, 2.85-
2.95 (m, 4H, 2CH), 3.92 (s, 2H, Ch), 7.17-7.40 (m, 4H, 3Ar-H+H3-pyrazole), 8.41 (d{,1=8 Hz, Ar-H); MS,
m/z (%): 459.10 (M+1, 1.74), 458.10 (M 2.35), 430.10 (MC=0, 2.61), 416.10 (2.15), 279.10 (1.51), 263.00
(100); Anal. calcd. for gH1.NgO,S, (458.51) (%): C, 57.63; H, 3.08; N, 18.33; S, B3.Bound (%): C, 57.45; H,
3.19; N, 18.26; S, 13.90.

7-Hydroxy-1-(9-methyl-5,6-dihydronaphtho[1',2":4,8lieno[2,3-d]pyrimidin-11-yl)-pyrazolo[3,4-d][1,3]
thiazolo[3,2-a]pyrimidin-4(1H)-on€11)

To a solution of 2.5 mmol of compourdin dry dioxane 20 mL, was added an equivalent arnotichloroacetyl
chloride and a catalytic amount of triethylaminedf®ps) and the reaction mixture was heated ureferxrfor 6h.
The reaction mixture was poured onto crushed ickthe formed solid was collected by filtration amdshed with
hot water and ethanol, air dried and recrystallifredh dioxane to give the title compoudd in 79% yield. White
powder; (Yield 79%); m.p. 230-23; IR (KBr) v cmi: 3260.44 (broad -OH), 2921.63 (C-H aromatic-H)528.3
(C-H aliphatic);'H NMR (DMSO-<dg) & ppm: 2.50 (s, 3H, C§), 2.80-2.92 (2m, 4H, 2CH 7.12 (s, 1H, thiophene-
H), 7.34-7.51 (2m, 4H, 3Ar-H+ H3-pyrazole), 8.02, (H, J = 7.6 Hz, Ar-H), 12.74 (s, 1H, OH, D
exchangeable); MSn/z (%): 460.40 (M+2, 0.64), 459.40 (M1, 0.61), 458.40 (V) 0.60), 281.25 (15.50), 71.05
(22.50), 57.05 (100); Anal. calcd. fopE1.NgO,S, (458.51) (%): C, 57.63; H, 3.08; N, 18.33; S, 23.Bound (%):
C, 57.46; H, 3.97; N, 18.47; S, 14.19.

3.2.1. Chemicals

Fetal bovine serum (FBS) and L-glutamine, were iokth from Gibco Invitrogen Company (Scotland, UK).
Dulbecco’s modified Eagle’s (DMEM) medium was prail from Cambrex (New Jersey, USA). Dimethyl
sulfoxide (DMSO), doxorubicin, penicillin, and gitemycin were obtained from Sigma Chemical Comp@gint
Louis, MO, USA). The level of uPA protein was detéred using Assay Max human urokinase (uPA) ELISA k
(Assaypro, USA).

3.2.2. Cell lines and culturing

Anticancer activity screening for the tested commutsuutilizing 2 different human tumor cell linelnding breast
cancer cell line MCF-7 and liver cancer cell lineg&2 were obtained from the American Type CultuodeCtion
(Rockville, MD, USA). The tumor cells were maintaéh in Dulbecco’'s modified Eagle’s medium (DMEM)
supplemented with 10% heat inactivated fetal caiis (GIBCO), penicillin (100 U/ml) and streptomycgj100
pg/ml) at 37°C in humidified atmosphere containing 5% £Qells at a concentration of 0.50 X*4@ere grown in a
25 cnf flask in 5 ml of complete culture medium.

3.2.3.In Vitro cytotoxicity assay

The cytotoxicity activity was measuréal vitro using the Sulfo-Rhodamine-B stain (SRB) assay ralicg to the
previous reported standard procedure [26]. Celleweculated in 96-well microtiter plate (ldlls/ well) for 24 h
before treatment with the tested compounds to alittachment of cell to the wall of the plate. Tesimpounds
were dissolved in DMSO at 1 mg/ml immediately befase and diluted to the appropriate volume jubrbe
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addition to the cell culture. Different concentoatiof tested compounds and doxorubicin were addete cells.
Triplicate wells were prepared for each individdake. Monolayer cells were incubated with the campls for 48

h. at 37°C and in atmosphere of 5% L@Bfter 48 h cells were fixed, washed, and staif@d30 min with 0.4%
(w/v) SRB dissolved in 1% acetic acid. Unbound dyas removed by four washes with 1% acetic acid, and
attached stain was recovered with Tris-EDTA bufi€nlor intensity was measured in an ELISA readdre T
relation between surviving fraction and drug coriceion is plotted to get the survival curve fockeaell line after
the specified time. The concentration required 56#6 inhibition of cell viability (IGy) was calculated and the
results are given in Table The results were compared to the antiproliferagéfects of the reference control
doxorubicin.

3.2.3. Determination the level of uPA protein expresion

The level of uPA protein expression was determinsthg Assay Max human urokinase (uPA) ELISA kit
(Assaypro, USA) according to manufacturer’s indinrs. The prepared compounds as well as standiamg,
doxorubicin were incubated for 48 h with MCF7 angpig2 cells at concentration of 1/10 of theyl@alues of each
compound which shown in Table 1. After 48 h fronmpmunds treatment, medium was collected and cegéif at
2000 xg for 10 min to remove cellular debris. Adi|H of the cell extract per well and incubate Zdn. Wells were
washed with 200 pl of wash buffer then addub0f biotinylated uPA antibody to each well andubate for 1 h at
25°C. After washing, plates were incubated withub6f streptavidin-peroxidase conjugate per well amaibate for

30 minutes then wash the microplate as describedeatAdd 50ul of chromogen substrate per well and incubate
for about 10 min or till the optimal blue color d#ty develops. Add 5@l of stop solution to each well. The color
will change from blue to yellow. Read the absorleamn a microplate reader at a wavelength of 450 nm
immediately and the concentrations of uPA in theglas were determined and the percentage of uPAiiiom for
each compound was calculated as compared withaa@ncer cells (DMSO treated).

Statistical analysis

The results are reported as Mean + Standard eB&:)(for at least three times experiments. Siedistlifferences
were analyzed according to followed by one way ANOMst followed by student'stest wherein the differences
were considered to be significantpat 0.05

RESULTS AND DISCUSSION

2.1. Chemistry

In this respect, this work describes efficient noelth for the synthesis of new compounds derived ftbens-
enaminoester of methyl 5-amino-1-(9-methyl-5,6-ditosnaphtho[1',2":4,5]thieno[2 @pyrimidin-11-yl)-1H-
pyrazole-4-carboxylatel] [24] which was used as the key compound in thidysand for further syntheses.

Thus, compound 6-mercapto-1-(9-Methyl-5,6-dihydmtao[1',2":4,5]thieno[2,8pyrimidin-11-yl)-1H-
pyrazolo[3,4d]pyrimidin-4-one @) was prepared by the reaction of compoarjé4] with potassium isothiocyanate
followed by alkaline hydrolysis. The structure @ihtgpound2 was confirmed by the elemental analysis and sglectr
data (c.f. experimental).

Alkaline treatment of compoun@ with methyl iodide in the presence of potassiundrbyide gave the
correspondingS-alkyl derivative 6-methylthio-1-(2-methyl-5,6-ditisonaphtho[1',2":4,5]thieno[2 &-pyrimidin-
11-yl)-1H-pyrazolo[3,4d]pyrimidin-4-one B). The'H NMR spectrum of the latter compound showed sigmathe
Salkyl group ats 2.36 andC NMR spectrum showed signal &t18.53 (S-CH) which indicated that the site of
attack is on the sulfur and not on the nitrogen.

Few Sacyclic nucleosides of pyrazolo[3d)pyrimidine ring system are reported in literatigg9,17]. So, when
compound2 was treated with 2-chloroethyl methyl ether, chtmtaldehyde dimethylacetal, 2-chloroethanol, 2-(2-
chloroethoxy)ethanol, and epichlorohydrin it affeddthe correspondin§-acyclic nucleosideg-8, respectively
(Scheme 1). The IR spectra of the latter compouwedsaled the presence of the absorption bandsiéo€tO and
N-H for each compound. In addition, the IR specénealed the presence of the OH absorption bardrapounds
6-8. Also, **C NMR spectra of th&-acyclic nucleosided-8 indicated the absence of the C=S group and their
NMR spectra indicated the presence of methoxyettiyhethoxyethyl, hydroxyethyl, hydroxymethoxy etrgmd
dihrdroxyethyl signals, respectively (cf. experirtah

Similarly, treatment of compoun2 with 2-chloroacetic acid in ethanol gave the cgponding [(1-(9-methyl-5,6-
dihydronaphtho[1',2":4,5]thieno[2 @pyrimidin-11-yl)-4-oxo0-4,5-dihydro-#H-pyrazolo[3,4€]pyrimidin-6-yl)thio]-
acetic acid 9). The IR spectrum of the latter compound showedpitesence of 2 C=0 at1650.77 (N-C=0) and at
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v 1720.56 crit (-COOH) and broad band for the -OH of the acid 8620.44 crit. In addition, the mass spectrum
of compound® confirmed the formation of the open structure [@76 (M+)].

When compoun® was treated with glacial acetic acid/acetic anttgd(20/10 mL) in the presence of anhydrous
sodium acetate, it cyclized to give 1-(9-methyl-8iBydronaphtho-[1',2":4,5]thieno[2@pyrimidin-11-
yl)pyrazolo[3,4d][1,3]thiazolidino[3,2a]pyrimidin-4,6(MH)-dione (0) (Scheme 2). The type of cyclization to
produce compoundlO is in accordance with previous reported resul§.[2

However, treatment of compougdwith chloroacetyl chloride in the presence of talydic amount of triethylamine
it gave directly the corresponding 7-hydroxy-1-(@thyl-5,6-dihydronaphtho[1',2":4,5]thieno-[2(Bpyrimidin-11-
yl)-pyrazolo[3,4d][1,3]thiazolo[3,2a]pyrimidin-4(1H)-one (1) without the isolation of the non-cyclized product
The structure of the latter compound was confirrbgddifferent spectroscopic data where the IR reagtdhe
presence ob 3260.44 (broad -OH) and thel NMR showed signal &t 7.12 for the thiophene proton andbat2.74
for OH (D,O exchangeable).

CH,l
KOH/EtOH
(0]
[ | OEt
N cI™~0
l}l NH,
Ar NaOEt/EtOH
| | NH
N /)\

CI\/\OH

NaOEt/EtOH

Ar=
(N cI™~9~"0oH
STN"CH

NaOEt/EtOH

/\/ \/\OH

cI™yOH
OH

1
] KSCN ™~y O-
O« \/”\
o} NaOEt/EtOH

NaOEt/EtOH

Scheme 1
Scheme 1. Synthesis of compounds 2-8
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2 >N N s
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C N
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o N
\
Dioxan N ‘ /)\ ‘

Scheme 2
Scheme 2. Synthesis of compounds 9-11

2.2. Biological activity

2.2.1.In vitro cytotoxicity activity

The cytotoxicity of the synthetic compoun2is 1 were tested using SRB assay as described by Skelarj26] in
breast cancer cell line MCF-7 and liver cancer liel HepG2. For comparison, doxorubicin was aéxted. The
results revealed that compouBdICsy: 2.60+£0.27 and 3.75+0.44 pg/ml, respectively) bitad similar activity to
doxorubicin (IGy: 2.80+0.24 and 3.75+0.35pg/ml, respectively) inthbddCF-7 and HepG2. The order of
cytotoxicity activity of the tested compounds &9, 6, 5, 4, 9, 11, 10, 2, and3 in a descending order.

The level of uPA protein expression

To identify the mechanism of action responsibletfar cytotoxicity of prepared compoungsll the level of uPA
protein expressed in the two cell lines (breastceartell line MCF-7 and liver cancer cell line He)Gwere
estimated quantitatively. The result revealed thatdata of uPA expression were in consistent thighcytotoxicity
activity. In case of breast cancer cell line MCl# liver cancer cell line HepG2, the level of uBécreased in
compounds by the following percent in MCF-7 and B2pespectively2 (7, 5%) 3 3, 5%) 4 (66, 60%) 5 (77,
63%), 6 (82, 67%),7 (86, 83%),8 (90, 87%) 9 (60, 56%) 10 O, 6%)and 11 (4, 48%). From the results,
compound8 exhibited a good activity in MCF-7 (90%) and Hep(®Z%) similar to doxorubicin (91% and 88%,
respectively) (Table 1) in both MCF-7 and HepG2eTdrder of uPA activity inhibition of the testedngoounds
was8, 7, 6,5, 4,9, 11, 10, 2, and3 in a descending order which are in accordance thélcytotoxicity activity.

Table 1. In vitro cytotoxicity activity and the percent inhibition of uPA of the synthesized compoundsn the cell
lines

IC 50 (ug/ml) % inhibition of uPA @
Compound

MCF-7 HepG2 MCF-7 HepG2
Doxorubicin 2.80+0.24 3.90+0.37 91+3.70 88+6.36
DMSO N.A. N.A. N.A. N.A.
2 16.70+1.50 18.30+1.75 7+0.94 5+0.46
3 19.00+1.85 20.00+1.92 3+0.45 5+0.46
4 5.90+0.56 8.00+0.92 6615.44 60+5.09
5 5.00+0.63 6.20+0.80 77+4.28 63+4.65
6 4.60+0.48 4.80+0.47 82+6.95 67+4.78
7 3.6510.29 4.20+0.44 86+3.09 83+4.65
8 2.60+0.27 3.75+0.44 90+5.76 87+6.45
9 5.70+0.72 6.90+0.65 60+2.84 56+1.98
10 14.18+1.36 16.10+1.40 9+0.47 6+0.45
11 6.30+0.60 7.25+0.35 54+4.93 48+4.82

*The percentage changes as compared with controatetd cancer cells (DMSO treated).
N.A. is no activity

Taken together, these findings suggested that #rereorrelation between the cytotoxicity of thetéed compounds
and inhibition of the urokinase activity. The tesmpounds exert anti-carcinogenic activity in MCBreast and
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HepG2 liver cancer cells through inhibiting thehatt of urokinase enzyme which may reduce the padliferation
and resulted in significant growth inhibitory.

CONCLUSION

In conclusion, the present results suggested Heattare correlation between the cytotoxicity &f #ynthesized
compound<-11 and inhibition of the urokinase activity. The sbstcompounds exert anti-carcinogenic activity in
hepatic HepG2 and breast MCF-7 cancer cell linesutih down-regulation the activity of urokinase yane which
may reduce the cell proliferation and resultedigmidicant growth inhibitory, especially, compoun8snd7 which
revealed promising activity compared to the agtioit the commonly used anticancer drug, doxorubicin
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