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Abstract. This research work describes the synthesis and biological
properties of some novel polysubstituted fused heterocyclic ring
systems namely; pyrano[4,3-c] pyrazoles and pyrazolo[4,3-
c]pyridines. Such targeted compounds where designed so as to
hybridize the pyrazole ring with the pyrone and/or pyridine moieties,
respectively, hoping to obtain synergistic anticancer and/or
antimicrobial activities. The chemistry of the reactions employed in
the synthesis of the target compounds together with their chemical
behaviour, are discussed and the structures of the newly synthesized
compounds were confirmed by the IR and "H-NMR spectral data. All
the synthesized compounds showed weak anticancer activity
according to the protocol of the National Cancer Institute (NCI),
Maryland, USA. Additionally, they showed weak antimicrobial
activity against some bacteria and fungi.
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Introduction

Among the wide variety of heterocycles that have been explored for developing
potential pharmacologically active compounds, pyrazoles fused with different
heterocycles that are known to contribute to various chemotherapeutic effects
have emerged as antimicrobial,'"? antifungal,®! and antiviral agents.” In
addition, some fused pyrazole derivatives were reported to induce various
antileukemic,” antitumor'®” and antiproliferative®” activities. On the other
hand, investigations in the chemistry and biology of 2-pyrones have become
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highly intensified with the recognition that they constitute an essential
pharmacophore in many naturally occurring and biologically active agents.!'”!
Some pyrones were reported to possess distinctive chemotherapeutic potentials
including cytotoxicity against some human cancer cell lines.'"'* Furthermore, a
wide range of chemotherapeutic activities have been ascribed to pyridine
derivatives including antimicrobial,'"*'¥ and anticancer activities.!'>"”!
Motivated by these facts, we were interested to synthesize and investigate the in
vitro anticancer, antibacterial and antifungal activities of some novel
polysubstituted fused heterocyclic ring systems namely; pyrano[4,3-c|pyrazoles
and pyrazolo[4,3-c] pyridines. Such targeted compounds where designed so as
to hybridize the pyrazole ring with the pyrone and/or pyridine moieties,
respectively, hoping to obtain synergistic anticancer and/or antimicrobial
activities. The structures of the newly synthesized compounds were confirmed
with elementary microanalyses and substantiated with IR and '"H-NMR data.
The target compounds have been subjected to the National Cancer Institute NCI
in vitro disease-oriented human cells screening panel assay, Maryland, USA, to
screen their anticancer activity. In addition, the in vitro antibacterial and
antifungal activities of the target compounds were also tested.

Experimental

Melting points were determined in open glass capillaries on a Gallenkamp
melting point apparatus and were uncorrected. The infrared (IR) spectra were
recorded on Shimadzu FT-IR 8400S infrared spectrophotometer using the KBr
plate technique. The "H-NMR and >C-NMR spectra were recorded on a Varian
EM 360 spectrometer using tetramethylsilane as the internal standard and
DMSO-dg as the solvent (Chemical shifts in 6, ppm). Splitting patterns were
designated as follows: S: Singlet; D: Doublet; M: Multiplet. Elemental analyses
were performed at the Microanalytical Unit, Faculty of Science, King Abdulaziz
University, Jeddah, Saudi Arabia, and the found values were within £0.4% of
the theoretical values. Follow up of the reactions and checking the homogeneity
of the compounds were made by TLC on silica gel-protected aluminum sheets
(Type 60 F254, Merck) and the spots were detected by exposure to UV-lamp at
A 254 nm.

5-Amino-3,6-Dimethyl-2H-Pyrazolo[4,3-C] Pyridine-4 (5H)one (2)

A solution of dehydroacetic acid (1.68 g, 0.01 mol) in ethanol (20 mL) was
refluxed with hydrazine hydrate (1.1 mL, 0.022 mol) for 2 h. The reaction
mixture was concentrated to half its volume and allowed to cool. The solid
product separated was filtered, washed with cold ethanol and recrystallized
from ethanol. Physicochemical and analytical data are recorded in Table 1. 'H-
NMR and IR spectra are shown in Table 2. ?C-NMR spectrum is recorded in
Table 3.
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Table 1. Physicochemical and analytical data for compounds 2-7.
Cpd R Yield | M.p. (°C) | Mol. Form. Analysis*
No. (%) (M. Wt.) c H N S
2 - 72 2257 CsHoN2O C | 53.92 | 5.66 | 31.44 -
(178.19) F 54.11 | 535 31.07 -
3a CeHs 68 248-9 C1sH..N,0 C | 6765 | 530 | 21.04 -
(266.30) F 67.23 | 5.12 20.89 -
3b 4-CH,- 70 230-2 C16H 6N,0 C | 6855 | 575 | 19.99 -
CeHy (280.32) F 98.72 | 5.90 20.16 -
3c 4-OCH;- 72 227-9 Ci6H16N4O2 C 64.85 | 5.44 18.91 -
CoH, (296.32) F | 6502 | 527 | 18.66 -
3d 4-Cl- 76 242-4 CisHiCIN,O | C | 5991 | 436 | 18.63 R
CeHa (300.74) F 60.18 | 4.25 18.43 -
3e 2-thienyl | 70 232-4 CuHLN,OS | C | 5734 | 444 | 2057 | 11.77
(272.33) F 57.45 | 4.29 20.23 11.58
4a Cyclo- 69 182-4 CH3NgOs C 61.66 | 7.53 19.61 -
CeHyy (428.53) F | 61.81 | 732 | 19.74 -
4b CeHs 72 248-9 C2oH20NeO; C | 6345 | 484 | 20.18 -
(416.43) F 63.29 | 4.98 19.91 -
4c 4-Cl- 78 229-31 CxH 5CLNGO; C 5445 | 3.74 17.32 -
CeHy (485.32) F 54.39 | 391 17.25 -
Sa CH; 75 235-7 C,H6N¢OS, C 4443 | 497 25.90 19.77
(324.43) F 44.11 | 5.06 26.04 19.46
5b n-C4Hy 72 249-50 CisHasNOS, C 5291 | 6.91 20.57 15.70
(408.58) F 53.12 | 6.79 20.33 15.61
5¢ Cyclo- 78 242-4 CH3N6OS, C 57.36 | 7.00 18.24 13.92
CeHy, (460.66) F 57.19 | 7.23 18.07 14.05
5d CH,- 71 192-4 Cy4H24N6OS, C 60.48 | 5.08 17.63 13.46
CeHs (476.62) F 60.19 | 5.16 17.42 13.61
Se CeHs 76 247-8 CyHyN6OS, C 58.91 | 4.49 18.74 14.30
(448.56) F 59.13 | 4.27 18.61 14.54
5f 4-CH;- 77 255-7 Ca4H24NOS, C 60.48 | 5.08 17.63 13.46
CeHy (476.62) F 60.29 | 5.16 17.49 13.31
5¢g 4-F-C¢Hy 78 236-8 CyH;5FN6OS, C 54.53 | 3.74 17.34 13.24
(484.54) F 54.39 | 3.88 17.26 13.07
6a CeHs 79 195-7 Ci4H1N,O, C 69.99 | 5.03 11.66 -
(240.26) F 70.11 4.87 11.52 -
6b 4-Cl- 72 218-9 Cy4H;,CIN,O, C 61.21 | 4.04 10.20 -
CeHy (274.70) F 61.35 | 3.92 10.31 -
6¢ 4-F-CeHy 70 212-4 C;H1FN,O, C 65.11 | 4.29 10.85 -
(258.25) F 64.93 | 441 10.47 -
6d 4-NO,- 74 216-8 C14H 1 1N;04 C 58.95 | 3.89 14.73 -
CeHa (285.25) F 58.72 | 4.08 14.56 -
Ta CeHs 65 233-5 C4Hi4N,O C 66.13 | 5.55 22.03 -
(254.29) F 66.27 | 5.39 21.91 -
7b 4-CI- 63 250-2 Cy4H15CIN,O C 58.24 | 4.54 19.40 -
CeHy (288.73) F 58.37 | 4.36 19.19 -
Tc 4-F-C¢Hy4 60 216-8 Cy4H5FN,O C 61.76 | 4.81 20.58 -
(272.28) F 61.58 | 5.03 20.42 -

* The found values (F) are within £0.4% of the calculated (C) values.
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Table 2. '"H-NMR (6-ppm) and IR (Cm'l) spectra of some 2-11 derivatives.

CH, H6 | ArH&NH, IR
rd | g3 | s | @ Others (Cm™)
2 218,251 | 656 1667(CO); 3300-
12.02(S,1H,NH) 370N & NED
3a | 215258 | 638 | 7.107.62 | 11.52(S,1HNH);
(5H) 8.12(S,1H,CH-) 1650(CO)
3b | 217,258 | 640 | 715752 | 2.34(S3H,CHy):
(4H) 11.68(S,1H,NH); 1652(CO)
8.12(S,1H,CH-)
3¢ | 208,260 | 645 | 712754 | 232(S3H,CHy);
(4H) 8.21(S.1H.CH=); 1650 (CO)
11.25(S,1H,NH)
3e 2.18,2.54 6.39 7.00-7.25 11.82(S,1H,NH);
(3H) 8.20(S,1H,CH=) 1634(CO)
da | 208,264 | 640 1.70-2.65 (m,11H,cyclohex); | 1655(CO);
8.62 (S,1H,NH); 1662(CO);
9.96(S,1H,NH), 1667(CO): 3310-
10.01(S,1H,NH) 3365(NH)
[ 219256 | 628 | 702762 | goc . 1658(CO);
(10H) _ 1662(CO):;
9.80(S.1H.NH); )
L0108 TN 16358(CO): 3300-
12(5,1H, 3370(NH)
o [225250 | 635 | 692755 | oo 1638(CO):
(8H) 1660(CO);
9.60(S.1H.NH) ;
Lo 1508 ITLNT) 1665(CO): 3310-
12(5,1H, 3395(NH)
Sa | 215,256 | 635 2.35(S3H,CH); 1652(CO);
2.40(S.3H.CHs): 1150(CS);
8.40(S,1H.NH), 1154(CS); 3300-
9.05(S.1H.NH): 3368(NH
10.25(S,1H,NH)
54| 217,255 | 642 | 700785 | 4.26(d2H,CH); ,
(10H) | 431(d.2H.CH,). 1650(CO);
; 1150(CS);
8.52(m, IH,NH):
; 1158(CS); 3322-
9.35(m, IH.NH); 308N,
10.02(S,1H,NH)
Se | 218236 | 645 | 733782 | oo 1662(CO:
(10H) 1140(CS);
9.35(S.1H.NH) ;
0108 ITENTD 1152(CS): 3300-
125,14, 3362(NH)
St | 220,252 | 628 | 7.15756 | 2.29(S3H,.CHy): ,
(8H) 2.33(S.3H,CHs): 1638(CO);
1148(CS);
8.42(S, 1H.NH); ;
1150(CS): 3310-
9.05(S.1H.NH), 3%
10.21(S,1H,NH)
6a | 232,258 | 645 | 730762
il 1720(CO)
6b | 241,264 | 628 | 720772
) 1735(CO)
6c | 215250 | 630 | 7.10-7.82 1738(CO)
6d | 213,247 | 642 | 7.01-7.95
) 1736(CO)
Ta | 207,253 | 662 | 7.097.52 1665(CO); 3380-
(5H) 3420(NH,)
7o | 196,245 | 652 | 682747 1658(CO); 3350-
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CH, H6 | ArH&NH, IR
d | s3m [ s | m Others (Cm)
(4H) 3390(NH,)
7c | 198,242 | 655 | 680-7.40 1655(CO); 3320-
(4H) 3350(NH,)
8a | 210,239 | 649 | 7.01-7.52 _
ot | 8116, 1, cHe) 1655(CO)
8b 2.15,2.35 6.12 7.12-7.60 | 2.35(S, 1H, CH;); 8.10(S,
(OH) o 1650(CO)
8c | 216,254 | 645 | 680752 | 385S3H.0CH,); 1658(CO)
(OH) 8.14(S,1H,NH)
84 | 218,255 | 655 | 6827.60 | 8.14(S,IH,NH) 1648(CO)
(OH)
8¢ | 2.14,240 | 623 | 7.00-7.72 | 8.05(S, 1H, CH-) 1652(CO)
(8H)
8t | 2152541 631 6%‘%‘“ 8.14(S,1H,CH=) 1652(CO)
82 | 216,256 | 645 | 689-7.42 | 8.15(S,1H,CHo) 1649(CO)
(8H)
8i | 215,254 | 648 | 688751 -
ort) 8.16(S,1H,CH-) 1652(CO)
8j | 218,260 | 642 | 682748 | 8.18(S,IH,CHY)
il 1654(CO)
8k | 219,258 | 650 | 6857.32 -
o 8.15(S,1H,CH-) 1636(CO)
9a | 218,256 | 645 | 730-1.67 1658; 1175,
(10H) | 8.28(S,1H,NH) 1342(SO,N); 3280-
3300(NH)
ob | 215,254 | 643 | 7.10-7.58 , 1656(CO); 1182,
(9H) é;ggfﬂgﬂf 1350(SO.N); 3300-
335,15, 3310(NH)
9 | 216,255 | 640 | 692761 1652(COY; 1173,
(9H) 8.32(S,1H.NH) 1345(SO.N); 3350-
3380(NH)
94 | 215,254 | 642 | 695752 1658(CO); 1185,
(9H) 8.23(S,1H,NH) 1338(SOLN); 3270-
3300(NH)
9% | 217,252 | 640 | 689-7.45 1654(COY; 1175,
éggg?ggﬁf 1400(SO,N);3290-
S0, 1H, 3310(NH)
10a | 215,243 | 650 | 7.04-748 | 1.63-2.20(m,11H.cyclo); 1648(CO);
8.50(S,1H,NH); 1652(CO); 3330-
9.68(S.1H.NH) 3380(NH)
100 | 201,241 | 652 | 722748 _ 1650(CO);
(10H) gggg}ggg; 1645(CO); 3310-
B3(5,1H, 3360(NH)
100 | 2.18,249 | 645 | 690736 | 1.65-2.32(m,H,cyclohex); | 1658(CO);
(4H) 8.60(S,1H,NH); 1660(CO): 3310-
10.12(S,1H,NH) 3380(NH)
10c | 218,252 | 638 | 698752 _ 1656(CO);
(9H) %6(2)(25(,81 ?ﬁNIIj})f) 1650(CO); 3335-
02(S,1H, 3365(NH)
10f | 219,254 | 640 | 687742 , 1658(CO);
(8H) ggggiggg; 1665(CO): 3300-
O3(5,1H, 3380(NH)
102 | 216,251 | 642 | 6857.56 | 8.58(S,IHLNH); 1665(CO);
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CH; H-6 ArH & NH, IR
@ | s [cm | m Others (Cm’)
(9H) 9.98(S,1H,NH) 1652(CO); 3320-
3375(NH)
11a 2.18,2.52 6.48 7.12-7.58 2.50(S,3H,CH;); 1658(CO);
(5H) 8.70(S,1H,NH) 1152(CS); 3300-
9.88(S,1H,NH) 3335(NH)
11c 2.14,2.56 6.45 7.02-7.61 8.75(S, 1H,NH); 1652(CO);
(10H) 10.02(S, 1FLNH) 1145(CS); 3290-
) o 3340(NH)
11d 2.22,2.51 6.41 7.09-7.52 2.40(S,3H,CHj;); 1660(CO);
(9H) 8.45(S,1H,NH); 1158(CS); 3320-
9.80(S,1H,NH) 3365(NH)
11f 2.17,2.61 6.38 6.9(3—]}).60 8.70(S,IHL.NH); }?géggg)).;wzo_
10.05(S,1H,NH) 3380
11g 2.15,2.54 6.42 6.90-7.52 2.38(S,3H,CHj;); 1655(CO);
(9H) 8.62(S,1H,NH); 1152(CS); 3310-
10.10(S,1H,NH) 3380(NH)
11i 2.10, 2.58 6.32 6.89-7.55 8.45(S,IH.NH), 1660(CO).;
(9H) 9.20(S.1H.NH) 1155(CS); 3290-
) T 3352(NH)

Table 3. “C-NMR (5-ppm) spectra of some 2-11 derivatives.

Cpd CH; C, Cs C, Cs Cs C; Ar C & others
2 11.52, 155.66 111.80 145.12 136.11 94.42 135.71
16.75
4b 12.05, 155.62, | 128.80 148.20 128.72 94.51 136.98 | 120.22,121.32,
17.00 158.98, 125.95, 126.33,
159.2 128.52, 129.60,
138.70, 139.72
5a 12.12, 155.89 127.98 146.25 129.05 100.25 136.22 | 185.85(CS),
17.12, 186.22(CS)
33.20,
3345
5d 12.02, 155.02 128.70 146.23 128.89 98.25 136.27 | 120.23,121.91,
17.11 123.02, 127.98,
129.25, 132.23,
136.12, 139.52;
64.23(CH,),
63.98(CH,),
184.12(CS),
185.12(CS)
5f 11.58, 154.80 128.20 147.20 129.12 97.25 135.12 | 120.12,121.12,
16.78, 124.58, 127.50,
21.78 129.23, 130.98,
134.52, 138.89;
183.12(CS),
185.42(CS)
6a 11.82, 154.96 128.90 149.10 129.05 94.41 135.70 | 120.20, 126.33,
17.2 129.40, 139.72
6b 11.95, 152.20 118.52 149.25 129.05 102.22 142.15 | 121.60, 129.52,
20.20 131.88, 137.85
6¢ 12.02, 156.4 128.35 149.52 130.26 96.48 145.89 | 116.12,121.82,
20.25 135.35, 160.22
6d 11.82, 155.6 126.25 147.11 128.25 94.45 139.46 121.11, 121.78,
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Cpd CH; C, C; C, Cs Cs C; Ar C & others
18.25 145.82, 145.95
7a 11.56, 155.66 111.82 145.56 136.20 94.45 135.78 | 121.52,127.02,
16.72 128.98, 138.35
7b 11.89, 154.20 120.25 148.52 130.12 101.52 143.52 | 122.50, 129.82,
19.82 132.11, 138.23
8a 11.78, 154.62 128.90 149.11 129.52 94.56 135.79 | 120.32,127.20,
17.52 129.82, 139.52,
125.15(CH=)
8b 11.72, 156.29 120.22 145.52 131.56 94.65 140.01 119.25, 120.82,
16.95 125.98, 126.1,
128.82, 137.65,
139.25, 140.23,
55.98(OCHs),
162.2(CH=)
8e 12.01, 154.82 127.98 148.20 131.23 96.12 138.11 125.80, 127.11,
17.98 127.45, 144.20,
125.10(CH=)
8f 12.01, 153.45 119.02 148.56 129.12 100.52 143.12 | 120.2, 121.66,
20.12 127.51, 129.82,
131.82,136.72,
137.89, 138.98,
126.20(CH=)
9a 11.62, 155.82 113.42 145.23 129.05 94.65 135.86 | 120.42,121.23,
16.82 122.25,128.11,
129.32, 130.65,
138.52, 139.56
9b 11.78, 154.90 112.52 146.25 128.12 95.75 136.92 | 121.50, 125.82,
17.02, 127.23,129.45,
21.52 132.33,135.12,
136.12, 138.22
10a 11.98, 154.69, | 128.72 149.22 129.12 94.68 135.82 | 121.25,126.78,
17.12 159.25 129.25, 138.75;
23.05, 29.12, 34.55,
49.56 (cyclohexyl)
10b 11.80, 155.22, | 122.58 144.98 132.15 98.50 139.15 | 120.98, 122.24,
16.85 157.12 127.12, 128.29,
129.35, 136.12,
138.25, 139.20
11c 11.62, 155.25 129.82 148.12 128.98 95.50 136.01 | 120.32, 122.24,
16.82 127.89, 128.15,
129.50, 130.76,
139.25, 140.12,
185.12(CS)
11d 11.88, 154.99 128.25 148.92 128.67 94.25 135.95 | 120.98, 128.12,
17.05, 133.25, 138.12,
22.25 181.5(CS)
11f 11.80, 156.42 120.80 147.98 129.23 98.67 136.12 | 120.75, 121.6,
16.56 126.30, 129.4,
129.80, 131.22,
137.80, 139.78;
185(CS)
11g 11.78, 156.42 119.75 148.20 129.10 95.12 136.70 | 121.26, 123.50,
16.98, 127.33, 129.12,
31.52 131.23, 135.25,
138.25,139.98;
184(CS)
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5-(Arylideneamino)-3,6-Dimethyl-2H-Pyrazolo[4,3-C|Pyridin-4(5H)-Ones (3)

A mixture of the pyrazolopyridine 2 (0.3g, 0.002 mol) and the appropriate
aldehyde (0.002 mol) in benzene (10 mL) was heated on a boiling water bath
for 4-6 h. Excess solvent was removed under reduced pressure, and the
remaining residue was treated with methanol, filtered and recrystallized from
ethanol. Physicochemical and analytical data are recorded in Table 1. "H-NMR
and IR spectra are shown in Table 2. °C-NMR spectra are recorded in Table 3.

General Procedure for the Preparation of the N-Substituted 3,6-Dimethyl-5-(3-
Substituted ureido)-4-0xo0-4,5-Dihydropyrazolof4,3-C]Pyridine-1-Carboxylic
Acid Amides (4) and N-Substituted 3,6-Dimethyl-5-(3-Substituted thioureido)-
4-0xo0-4,5-Dihydropyrazolo[4,3-C]-Pyridine-1-Carbothioamides (5)

To a solution of 2 (0.3g, 0.002 mol) in pyridine (10mL) was added the
appropriate isocyanate or isothiocyanate (0.0042 mol), and the reaction mixture
was heated under reflux for 5-8 h. After cooling to room temperature, the
reaction mixture was poured on crushed ice and the separated solid product was
filtered, washed thoroughly with water, dried and crystallized from acetic acid
containing few drops of water. Physicochemical and analytical data are
recorded in Table 1. '"H-NMR and IR spectra are shown in Table 2. *C-NMR
spectra are recorded in Table 3.

3,6-Dimethyl-1-Substituted-Pyrano[4,3-C]Pyrazol-4(5H)-Ones (6)

A solution of dehydroacetic acid 1 (1.68 g, 0.01 mol) in ethanol (20 mL)
was heated under reflux with the appropriate arylhydrazine (0.011 mol) for 3-4
h. The reaction mixture was concentrated to half its volume and allowed to cool.
The solid product separated was filtered, washed with ethanol and recrystallized
from ethanol. Physicochemical and analytical data are recorded in Table 1. 'H-
NMR and IR spectra are shown in Table 2. "C-NMR spectra are recorded in
Table 3.

5-Amino-3,6-Dimethyl-1-Substituted-1H-Pyrazolo[4,3-C] Pyridin-4(1 H)-Ones (7)

A solution of the appropriate 6 derivative (0.01 mol) in ethanol (20 mL) was
refluxed with hydrazine hydrate (1.1 mL, 0.022 mol) for 2-4 h. The reaction
mixture was concentrated to half its volume and allowed to cool. The solid
product separated was filtered, washed with cold ethanol and recrystallized
from ethanol. Physicochemical and analytical data are recorded in Table 1. 'H-
NMR and IR spectra are shown in Table 2. "C-NMR spectra are recorded in
Table 3.
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5- (Arylidenamino)-3,6-Dimethyl-1-Substituted-1H-Pyrazolo[4,3-C] Pyridin-
4(5H)-Ones (8)

A mixture of the appropriate 7 derivative (0.001 mol) and the appropriate
aldehyde (0.001 mol) in benzene (10 mL) was heated on a boiling water bath
for 5-8 h. Excess solvent was removed under reduced pressure, and the
remaining residue was treated with methanol, filtered and recrystallized from
ethanol. Physicochemical and analytical data are recorded in Table 4. 'H-NMR
and IR spectra are shown in Table 2. *C-NMR spectra are recorded in Table 3.

Table 4. Physicochemical and analytical data for compounds 8-11.

Cpd Yield M.p. Mol. Form. Analysis*
No. R RyorX %) | (°C) (M. Wt.) C H N S
8a C6Hs CsHs 70 238-40 Cy HisN,O C | 73.67 | 530 | 16.36 -
(342.39) F | 73.53 | 552 | 16.21 -
8b C¢Hs 4-CH;-CgH,4 72 225-7 CHyN,O C | 7414 | 566 | 1572 -
(356.42) F | 73.88 | 579 | 14.82 -
8¢ CeHs | 4-OCH;-C¢Hy 68 227-9 CHpoN4O, C | 7095 | 541 | 15.04 -
(372.42) F | 7113 | 524 | 1482 | -
8d CeHs 4-Cl-CgHy 72 240-2 CyHi;)CINJO | C | 66.93 | 4.55 | 14.87 -
(376.84) F | 67.14 | 439 | 14.58 -
8e CsHs 2-thienyl 74 242-4 C9H;6N4OS C | 6550 | 4.63 | 16.08 | 9.20
(348.42) F | 6537 | 485 | 1593 | 9.04
8f 4-Cl- CeHs 76 198-9 CHi,«CINJO | C | 66.93 | 4.55 | 14.87 -
CsHy (376.84) F | 66.81 | 472 | 14.64 -
8g 4-Cl- 4-Cl-C¢Hy 78 214-6 | CyH;cCLN,O | C | 61.33 | 3.92 | 13.62 -
CeHy (411.28) F | 61.21 | 4.17 13.49 -
8h 4-Cl- 2-thienyl 72 222-4 | CiHisCINJOS | C | 59.60 | 3.95 | 14.63 | 8.37
CeHy (382.87) F | 5934 | 411 | 1444 | 8.16
8i 4-F- CeHs 69 220-2 C,H,,FN,O C | 6999 | 475 | 15.55 -
CsHy (360.38) F ] 70.08 | 449 | 15.36 -
8j 4-F- 4-Cl-CgHy4 66 216-8 | CyHCIFN,O | C | 63.88 | 4.08 | 14.19 -
CsHy (394.83) F | 63.97 | 3.87 | 13.93 -
8k 4-F- 2-thienyl 64 207-9 | CiH;sFN,OS | C | 62.28 | 4.13 | 15.29 | 8.75
CeHy (366.41) F | 62.39 | 392 | 1541 | 8.58
9a C6Hs H 76 176-8 | CyHisN,sOsS | C | 60.90 | 4.60 | 14.20 | 8.13
(394.45) F | 60.73 | 471 | 14.12 | 8.01
9b C¢Hs CH; 78 158-60 | CyHyN4O;S | C | 61.75 | 494 | 13.72 | 7.85
(408.47) F | 61.69 | 5.07 | 1355 | 7.67
9¢ 4-Cl- H 77 134-6 | CyHiCINJOSS | C | 56.01 | 4.00 | 13.06 | 7.48
CsHqy (428.89) F | 55.82 | 413 | 1291 | 7.56
9d 4-F- H 76 136-8 | CyuHiFN,OsS | C | 58.24 | 4.15 | 13.58 | 7.77
CeHy (412.44) F | 5837 | 392 | 1341 | 7.85
9e 4-F- CH; 78 162-4 | CyHFN,OsS | C | 59.14 | 4.49 | 13.14 | 7.52
CeHy (426.46) F | 5922 | 456 | 1293 | 7.40
10a C¢Hs Cyclo-CsHy, 68 167-9 C5HpsN50, C | 6647 | 6.64 | 18.46 -
(379.46) F | 66.31 | 6.82 | 18.29 -
10b CeHs CeHs 70 203-5 C5H9N50, C | 6755 | 513 | 18.76 -
(373.41) F | 67.68 | 5.01 | 18.43 -
10c¢ CeHs 4-Cl-CgHy 68 212-14 | CyHisCINSO, | C | 61.84 | 445 | 17.17 -
(379.46) F | 62.07 | 429 | 16.95 -
10d | 4-Cl- Cyclo-CsH;, 70 262-4 | CyHxuCINsO, | C | 60.94 | 5.84 | 16.92 -
CsHy (413.90) F | 60.82 | 6.01 | 17.08 -
10e 4-Cl- CeHs 72 247-9 | CyHisCINSO, | C | 61.84 | 445 | 17.17 -
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Cpd Yield M.p. Mol. Form. Analysis*
No. R RyorX %) | (0 (M. Wt.) C H N S
CsHy (379.46) F | 61.69 | 462 | 1693 | -
10f | 4Cl- | 4-Cl-CeH, 65 | 2589 | CuHiCLN:O, | C | 57.03 | 3.87 | 1583 | -
CeH, (442.30) F | 56.86 | 408 | 1594 | -
10g | 4-F- CsHs 66 | 2168 | CoHFN;O, | C | 64.44 | 464 | 17.89 | -
CeH, (391.40) F | 6426 | 475 | 17.63 | -
10n | 4-F- 4-CI-C4H, 68 | 24850 | CuH,CIFN:O; | C | 59.23 | 4.02 | 1645 | -
CsHy (425.84) F | 59.11 | 394 | 1633 | -
Ila | Cells CH; 69 | 258-60 | CiHpNsOS | C | 58.70 | 5.23 | 21.39 | 9.79
(327.40) F | 5853 | 547 | 21.14 | 9.51
11b | Cells n-CoH, 66 | 2489 | CpHuNsOS | C | 61.76 | 627 | 18.95 | 8.68
(369.48) F | 61.59 | 636 | 19.06 | 8.41
1lc | Cells CsHs 72 | 25244 | CyHwN;OS | C | 64.76 | 492 | 17.98 | 8.23
(389.47) F | 64.53 | 5.08 | 18.11 | 8.07
11d | CsHs | 4-CH;-Cqly | 70 | 2602 | CnHyNsOS | C | 6549 | 525 | 17.36 | 7.95
(403.50) F | 6526 | 543 | 17.18 | 7.69
Ile | Colls 4F-CgH, 69 | 2146 | CuHFN;OS | C | 61.90 | 445 | 17.19 | 7.87
(407.46) F | 61.79 | 461 | 16.94 | 7.58
11f | 4-Cl- CeHs 70 | 2646 | CuHxCIN:OS | C | 59.50 | 428 | 16.52 | 7.56
CeH, (423.92) F | 5961 | 414 | 1637 | 7.44
1lg | 4-Cl- | 4-CHyC¢H, | 72 | 241-3 | CoHxCINGOS | C | 60.34 | 4.60 | 15.99 | 7.32
CeH, (437.95) F | 60.19 | 474 | 16.05 | 7.21
11h | 4-Cl- 4F-CgH, 68 | 2567 | GuH/CIENQOS | C | 57.08 | 3.88 | 15.85 | 7.26
CsHy (441.91) F | 56.93 | 4.07 | 15.63 | 7.18
11 | 4-F- CeHs 67 | 2524 | CuHgFN;OS | C | 61.90 | 445 | 17.19 | 7.87
CeH, (407.46) F | 6212 | 426 | 17.03 | 7.62

* The found values (F) are within =0.4% of the calculated (C) values

5-(N-Substituted Benzenesulfonylamino)-3,6-Ddimethyl-1-Substituted-1H-
Pyrazolo[4,3-C] Pyridin-4(5H)-Ones (9)

To a solution of the appropriate 7 derivative (0.001 mol) in pyridine (10
mL) was added the appropriate benzenesulfonyl chloride derivative (0.0011
mol), and the mixture was heated under reflux for 3-4 h. After cooling to room
temperature, the reaction mixture was poured on crushed ice and the separated
solid product was filtered, washed thoroughly with water, dried and crystallized
from a mixture of ethanol and benzene (3:1). Physicochemical and analytical
data are recorded in Table 4. 'H-NMR and IR spectra are shown in Table 2. °C-
NMR spectra are recorded in Table 3.

General Procedure for the Preparation of the N;-Substituted N;-(3,6-
Dimethyl-4-Oxo-1-Substituted-1H-Pyrazolo[4,3-C]Pyridin-5(4H)-yl)ureas
(10) and  N-Substituted  N;-(3,6-Dimethyl-4-Oxo-1-Substituted-1H-
Pyrazolo[4,3-C]Pyridin-5(4H)-yl)thioureas (11)

To a solution of the appropriate 7 derivative (0.001 mol) in pyridine (10
mL) was added the appropriate isocyanate or isothiocyanate (0.0011 mol), and
the reaction mixture was heated under reflux for 5-8 h. After cooling to room
temperature, the reaction mixture was poured on crushed ice and the separated
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solid product was filtered, washed thoroughly with water, dried and crystallized
from acetic acid containing few drops of water. Physicochemical and analytical
data are recorded in Table 4. 'H-NMR and IR spectra are shown in Table 2. *C-
NMR spectra are recorded in Table 3.

Results and Discussion

The starting compound in this research work is dehydroacetic acid; 3-acetyl-
6-methyl-3H-pyran-2,4-dione 1; was purchased from ACROS Organics (Cat.
No.11194). In scheme 1, when dehydroacetic acid 1 reacted with hydrazine
hydrate, the 5-amino-3,6-dimethyl-1H-pyrazolo[4,3-c]|pyridin-4(5H)-one 2 was
obtained and utilized as the key intermediate in this part. Its IR spectrum
showed an absorption band at1667 cm™ due to the carbonyl group and a broad
band at 3300-3370 cm™ due to the (NH, & NH) absorptions. The 'H- NMR
spectrum (6-ppm) of 2 showed the characteristic two singlets at 2.18, 2.51
corresponding to the methyl groups and a singlet at 6.56 due to C;-H. Its *C-
NMR spectrum (8-ppm) showed a characteristic singlet at 145.12 corresponding
to the carbonyl group. Condensing 2 with the appropriate aldehyde gave rise to
the corresponding 5-(arylideneamino)-3,6-dimethyl-1H-pyrazolo[4,3-c]pyridin-
4(5H)-ones 3. Their 'H-NMR spectra (5-ppm) are characterized by the presence
of singlets at 8.12 to 8.21 due to the CH=N protons. On the other hand, reacting
2 with an excess of the appropriate isocyanate in pyridine as alkaline medium,
afforded the corresponding N-substituted 3,6-dimethyl-5-(3-substituted ureido)-
4-0x0-4,5-dihydropyrazolo[4,3-c]pyridine-1-carboxylic acid amides 4. Their IR
spectra revealed three characteristic absorption bands at the range of 1652-1667
cm’ due to the three carbonyl groups. Their 'H-NMR spectra (5-ppm) revealed
the new NH protons at their expected ranges in addition to other signals
assigned for the ureido nitrogens and the respective substituents. Moreover,
condensing 2 with an excess of the appropriate isothiocyanate in pyridine as
alkaline medium, afforded the corresponding N-substituted 3,6-dimethyl-5-(3-
substituted thioureido)-4-o0x0-4,5-dihydro-pyrazolo[4,3-c]pyridine-1-
carbothioamides 5. The IR spectra of these compounds revealed beside the
characteristic absorption bands corresponding to the carbonyl group, a
characteristic C=S band at 1140-1158 cm™. Their "H-NMR spectra (3-ppm)
revealed the new NH protons at their expected ranges in addition to other
signals assigned for the thioureido nitrogens and the respective substituents.
Their "C-NMR spectra (8-ppm) showed characteristic singlets at 183.12 to
186.22 corresponding to the C=S.

On the other hand, reaction of dehydroacetic acid 1 with the appropriate
substituted hydrazine derivative to obtain the 3,6-dimethyl-1-substituted-
pyrano[4,3-c]pyrazol-4(5H)-ones 6. Their IR spectra showed absorption bands
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at 1720-1738 cm™ due to the carbonyl groups. Reacting compounds 6 with
hydrazine hydrate resulted in the formation of the key intermediates 5-amino-
3,6-dimethyl-1-substituted-1H-pyrazolo[4,3-c]pyridin-4(5H)-ones 7. At this
stage, condensing 7 with the appropriate aldehyde gave rise to the
corresponding  5-(arylidenamino)-3,6-dimethyl-1-substituted-1H-pyrazolo[4,3-
c]pyridin-4(5H)-ones 8. Their 'H-NMR spectra (8-ppm) are characterized by
the presence of singlets at 8.05 to 8.18 due to the CH=N protons. Moreover,
reacting 7 with benzenesulfonyl chloride or p-toluenesulfonyl chloride in the
presence of pyridine led to the formation of the N-substituted benzenesulfonyl
derivatives 9. Their IR spectra showed absorption bands at 1173-1185 and
1338-1345 cm™ due to the SO.N groups. Their 'H-NMR spectra (8-ppm)
revealed the new NH protons at 8.25-8.35, in addition to other signals assigned
for the aromatic substituents. Finally, condensing 7 with different isocyanates
and isothiocyanates in the presence of pyridine afforded the corresponding
substituted ureido and thioureido derivatives 10 and 11, respectively. The IR
spectra of these compounds revealed beside the characteristic absorption bands
corresponding to the ester group, a characteristic C=S band at 1148-1155 cm™.
Their 'H-NMR spectra (8-ppm) revealed the new NH protons at their expected
ranges in addition to other signals assigned for the thioureido nitrogens and the
respective substituents. Their *C-NMR spectra (5-ppm) showed characteristic
singlets at 181.5 to 185.12 corresponding to the C=S.

Biological Testings

After confirming the structure of the newly synthesized compounds using
different spectral and analytical data, they were sent consequently to the
Department of Health and Human Services, National Cancer Institute (NCI),
Bethesda, Maryland, U.S.A to evaluate their in vitro antitumor activity. Out of
the newly synthesized derivatives, 12 compounds namely; 3d,e, 4¢, 5g, 6¢, 7c,
8d,h, 9d, 10h and 11f,h; have been selected by the NCI to be evaluated for their
preliminary antitumor activity. Unfortunately, most of them showed weak
anticancer activity. In addition, the in vitro antibacterial and antifungal activities
of the target compounds were also tested using the Agar-diffusion method. Test
organisms utilized were Staphylococcus aureus as an example of Gram positive
bacteria, Escherichia coli and as an example of Gram negative bacteria and
Candida albicans as a representative of fungi. None of the tested compounds
was able to exert significant antibacterial or antifungal activities.
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