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Abstract: To discover new structural hits, based on the important role of pyrazole ring and fragment of
pyridinone carboxylic acid in drug design, novel title pyrazolo[3,4-b]pyridine-4-one-5-carboxylic acid derivatives
(10a-10p) were designed and synthesized, the structures were confirmed by spectral data and elemental analyses.
The antibacterial and antitumor activities were evaluated by the measured minimum inhibitory concentration
(MIC) values against the tested four strains and half inhibitory concentration (IC,)) values against the tested four
cancer cells, respectively. The results displayed markedly poor antibacterial activity and observably potent antitumor
activity. In particularly, the title difluorophenyl (10d, 10e, 10f), pyridyl (10j), ethyl (10k) and cycloproyl (101)
compounds exhibited comparable activity against Capan-1 and A549 cells to that of the comparison doxorubicin.
Thus, pyrazolo[3,4-b]pyridine-4-one-5-carboxylic acid derivatives as promising antitumor hits need to be developed.
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Table 1 Physical properties of the title compounds 10a-10p
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Elemental analysis/%

Compd. Formula Yield/% mp/°C Calcd. (Found)
C H N
10a C,,H,,FN,O, 40.3 248-250 66.11 (66.37) 3.88 (3.65) 11.56 (11.74)
10b C, H, FN.,O, 37.2 236-238 66.84 (67.12) 4.27 (4.04) 11.13 (11.34)
10c C, H N0, 36.7 >250 64.12 (64.34) 4.10 (4.26) 10.68 (16.92)
10d C,,H,,F,N,O, 46.5 >250 62.99 (63.24) 3.44 (3.18) 11.02 (11.26)
10e C,,H,,F,N,O, 30.5 242-244 62.99 (63.17) 3.44 (3.20) 11.02 (11.27)
10f C,H,F.N,0, 18.6 235-237 62.99 (63.26) 3.44 (3.16) 11.02 (11.22)
10g C,H,,CIFN,0, 36.5 >250 60.39 (60.64 ) 3.29(3.17) 10.56 (10.77)
10h C,H,,CIFN,O, 28.4 >250 60.39 (60.61) 3.29 (3.11) 10.56 (10.84)
10i C,H,,CIFN,O, 16.4 242-244 60.39 (60.63 ) 3.29 (3.42) 10.56 (10.75)
10j CH ,FN,0, 475 >250 62.64 (62.87) 3.60 (3.38) 15.38 (15.63)
10k C,H FN.O, 25.0 >250 60.95 (61.14) 4.48 (4.25) 13.33 (13.57)
101 C,H FN.O, 36.7 >250 62.38 (62.62) 4.31 (4.08) 12.84 (13.06)
10m C,H FN.O, 254 236-238 62.00 (62.23) 4.90 (4.74) 12.76 (13.02)
10n C,H,FN,0O, 18.5 231-233 62.00 (62.26) 4.90 (4.75) 12.76 (12.93)
100 CHFN,O, 17.8 227-230 62.97 (63.22) 5.28 (5.04) 12.24 (12.46)
10p C H FN.O, 15.3 235-237 62.97 (63.20) 5.28 (5.06) 12.24 (12.42)
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dyl (j); ethyl (k); cyclopropyl (1); n-propyl (m); iso-propyl (n); n-butyl (0); tert-butyl (p)
Reagents and conditions: i) ethyl acetoacetate, EtOH, reflux; ii) POCI,, DMF, 0—105 °C; iii) KMnO, H,0, 70-80 °C; iv) carbonyldiimi-
dazole (CDI), THF, rt; v) monoethyl malonate potassium salt, MgCl,, Et;N, CH,CN, 50-55 °C; vi) DMF-DMA, toluene, reflux; vii) primary
amines, MeOH-CH,CL,, rt; viii) K,CO,, DMF, 120-125 °C; ix) NaOH, H,0, reflux

Scheme 1

Synthetical route of the target compounds 10a—10p

Table 2 Spectral data of the title compounds 10a—10p

Compd. 'H NMR (DMSO-d,, 400 MHz) § ESI-MS (m/z)
10a  15.23 (s, IH, COOH), 8.38 (s, IH, 6-H), 7.06-7.42 (m, 9H, Ph-H), 2.62 (s, 3H, CH,) 364 [M+H]'
10b  15.25 (s, 1H, COOH), 8.42 (s, 1H, 6-H), 7.10-7.43 (m, 8H, Ph-H), 2.61 (s, 3H, CH,), 2.18 (s, 3H, Ph-CH,) 378 [M+H]
10c  15.24 (s, IH, COOH), 8.44 (s, 1H, 6-H), 7.07-7.45 (m, 8H, Ph-H), 3.87 (s, 3H, OCH,), 2.63 (s, 3H, CH,) 394 [M+H]
10d  15.25 (s, 1H, COOH), 8.46 (s, 1H, 6-H), 7.15-7.46 (m, 8H, Ph-H), 2.64 (s, 3H, CH,) 382 [M+H]
10e  15.25 (s, 1H, COOH), 8.44 (s, 1H, 6-H), 7.17-7.46 (m, 8H, Ph-H), 2.64 (s, 3H, CH,) 382 [M+H]
10f  15.25 (s, IH, COOH), 8.46 (s, 1H, 6-H), 7.17-7.46 (m, 8H, Ph-H), 2.65 (s, 3H, CH,) 382 [M+H]
10g  15.26 (s, 1H, COOH), 8.45 (s, 1H, 6-H), 7.15-7.44 (m, 8H, Ph-H), 2.65 (s, 3H, CH,) 398 [M+H]" (**Cl),
400 [M+H]" ('Cl)
10h  15.25 (s, 1H, COOH), 8.46 (s, 1H, 6-H), 7.16-7.43 (m, 8H, Ph-H), 2.64 (s, 3H, CH,) 398 [M+H]™ (*°Cl),
400 [M+H]" ¢'Cl)
10i 11.55 (s, IH, COOH), 8.44 (s, 1H, 6-H), 7.16-7.45 (m, 8H, Ph-H), 2.63 (s, 3H, CH,) 398 [M+H]" (*Cl),
400 [M+H]" ¢'CI)
10j 15.27 (brs, 1H, COOH), 8.64 (s, 1H, Py-H), 8.53 (s, 1H, 6-H), 7.37-7.34 (m, 1H, Py-H), 7.24-7.13 (m, 6H, Py-H 365 [M+H]
and Ph-H), 2.65 (s, 3H, CH,)
10k 15.28 (s, IH, COOH), 8.43 (s, 1H, 6-H), 7.26-7.62 (m, 4H, Ph-H), 4.12 (q, J = 6.4 Hz, 2H, CH,), 2.62 (s, 3H, CH,), 316 [M+H]"
1.00 (t, J = 6.4 Hz, 3H, 3-CH,)
101 15.30 (s, 1H, COOH), 8.63 (s, 1H, 6-H), 7.32-7.67 (m, 4H, Ph-H), 3.42-3.30 (m, 1H, CH), 2.58 (s, 3H, CH,), 328 [M+H]
1.23-0.92 (m, 4H, CH,CH,)
10m  15.27 (s, IH, COOH), 8.62 (s, 1H, 6-H), 7.33-7.65 (m, 4H, Ph-H), 3.38 (t, /= 5.8 Hz, 2H, CH,), 2.60 (s, 3H, CH,), 330 (M")
1.42-0.87 (m, 5H, CH,CH,)
10n  15.25 (s, IH, COOH), 8.63 (s, IH, 6-H), 7.32-7.64 (m, 4H, Ph-H), 3.34-3.16 (m, I H, CH), 2.61 (s, 3H, CH,), 330 [M+H]'
0.86 (d, J= 7.2 Hz, 6H, 2xCH,)
100 15.32 (s, 1H, COOH), 8.65 (s, 1H, 6-H), 7.35-7.66 (m, 4H, Ph-H), 3.82-3.91 (m, 2H, CH,), 2.58 (s, 3H, CH,), 344 [M+H]
1.36-0.72 (m, 7H, CH,CH,CH,)
10p 1531 (s, IH, COOH), 8.66 (s, 1H, 6-H), 7.38-7.67 (m, 4H, Ph-H), 2.57 (s, 3H, CH,), 1.17 (s, 9H, C(CH,),) 344 [M+H]
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Table 3 The in vitro antibacterial activities of title compounds

MIC/pg-mL"!
Compd. S. aureus  B. substilis E. coli P. aeruginosa
ATCC25923 63501 ATCC25922 ATCC 27853
10a 64 >128 32 >128
10b 64 >128 32 >128
10c 32 >128 64 >128
10d 16 >128 32 >128
10e 32 >128 32 >128
10f 8 >128 16 >128
10g 64 >128 >128 >128
10h >128 >128 >128 >128
10i 32 >128 32 >128
10j 16 >128 64 >128
10k 8 64 4 32
101 2 32 2 16
10m 32 >128 64 64
10n >128 >128 >128 >128
100 64 >128 >128 >128
10p >128 >128 >128 >128
Norfloxacin 1 2 4 1
Ciprofloxacin 0.5 1 1 0.5

Table 4 The in vitro antitumor activity of title compounds (n = 3)

IC, /umol-L”!
Compd.

HL60 SMMC-7721  Capan-1 A549
10a 342426 25.7+2.1 16.8 +2.0 125+1.3
10b 38.7+2.5 32.6+2.8 28.7+2.6 18.6 £2.0
10c 26.7+2.0 16.6 1.4 21.6+1.8 140+1.3
10d 17.5+1.0 82=+1.1 6.4+1.0 3.6+0.5
10e 12.8+ 1.6 6.2+0.7 53+0.6 2.8+04
10f 10.6 +1.2 55+0.6 4.7+0.8 3.6+0.5
10g 27.8+24 21.6+23 17.2+2.1 157+ 1.8
10h 263 +2.5 23.6+2.2 20.6 + 1.6 123+ 1.1
10i 158+ 1.6 17.5+1.3 145+1.3 145+1.3
10j 127+1.3 85+1.3 62+0.6 5.0+0.7
10k 8.6=+1.1 48+1.0 4.7+0.4 3.8+0.6
101 6.7+0.6 3.6+0.5 32+04 3.0+0.5
10m 153+1.4 127+1.2 14.6+1.3 11.5+1.2
10n 172+ 1.5 164+ 1.8 13.5+1.2 162+14
100 22.5+2.1 18.7+2.0 156+ 1.4 128+1.2
10p 30.8+2.6 26.3+2.2 24.7+2.5 23.6+2.2
DOX 4.6 +0.7 3.6+0.5 32+0.5 4.8+0.6

Ciprofloxacin >100 >50 >50 >50
Norfloxacin >100 >100 >100 >100
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10 uL, 4k S FRE 7R 4 h 2 J5 N 100 pl i & 1 55 ik
FE R 10% [+ Z e BB BR Y (SDS) WA . 577 24 h,
SR 5 FH B RS AXTE 570 nm 33 K A0 52 WG (OD) 14 -
Fie oy SE B [ 9 B 100 AR 00 247 Y8R 9 200 L 1 490 1) 2
Jees 2 MR A ) 2R = [(1-S2 5641 OD M) / % 2 OD 1H] x
100%; #R J5 LAARF I 245 0 5% R B2 19 67 08 50 % 5 3k B8 et
87 4] 958 4T 310 o) 23 A 2 [ 1, 45 310591 o — R R,
DA T B0 HH A5 I 245 470 5% S 56 s 4 P > 50400 ) A B
(IC,); TAHHETAT M E 3 Ik, RH-FIME .

B 6 AN T 2 43 B AT R K 2 AL A L B R
P70 B ¥ E AT R R A T I 2 B B B I A

YEHZ TTRK: ZEPHAS V2B D SEIG I 78 e T it ST S 4E
F, R SO AR R TS SRR

FIZE S LA PR .
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