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Abstract

A series of multi-substituted pyrano[2,3-c]pyrazole derivatives were synthesized by one-pot reac-
tion of ethyl propionyl acetate, phenylhydrazine, aromatic aldehyde and malononitrile. We developed
an efficient and convenient method for the synthesis of multi-substituted pyrano[2,3-c]pyrazoles
in high yields using ionic liquid [Bmim]BF, as a catalyst. And structures of the products were cha-
racterized by IR, 1H NMR and MS.
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2.1 (F{5RM

FEVDIE s F S BUCHIB2540 Y065 f A e G T RAZIE) s FRE A API 2000 53 Al s+
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2.2. 6-BE-4-F5E-3-C&-1-FE-4-SIE[2,3-c]ILmE-5- B & AR (5a~5))

¥ 2.0 mmol AL 2. B2 H Hs 5 I Bk 2,18 . BE A1 2.0 mmol ZEJHFA T 2.0 mmol B 1A [Bmim]BF, H i
I 2 438, W R BEPIHARIIN 2.0 mmol 75 &1, 2.0 mmol 5 15, 4k8hn#i 15~25 438h. &N 58
BE, WHIEER, A 10 mL Z&MK, fhiE, A EtOH/H,0 ¥k, #RJ5H DMF/H,0 45 &kl =13
B H LAY 5a~5]. JeilEdEL R

6-Amino-4-phenyl-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]pyrazole-5-carbonitrile (5a). 1 & i 4 ;
m.p. 223°C~224°C. IR (KBr, viem ): 3472, 3319 (NH,), 2195 (C=N), 1660, 1592, 1515 (C=N, C=C). 'H NMR
(400 MHz, DMSO-dg) 4: 0.85 (t, 3H, J = 7.2 Hz, CH,), 2.12 (q, 2H, J = 7.6 Hz, CH,), 4.70 (s, 1H, CH), 7.20 (s,
2H, NH,), 7.25~7.81 (m, 10H, 2Ph-H). MS, m/z (%): 365 ([M+Na]", 45), 343 ([M+H]", 100). Anal. Calcd for
Cy1H1gN4O (342.40): C 73.67, H 5.30, N 16.36; found C 73.48, H 5.26, N 16.19.
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6-Amino-4-(4-methylphenyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5b). m.p.
225°C~226°C. IR (KBr, v/em Y): 3468, 3318 (NH,), 2199(C=N), 1660, 1592, 1515 (C=N, C=C). 'H NMR (400
MHz, DMSO-dg) ¢: 0.88 (t, 3H, J = 7.6 Hz, CH3), 2.14 (q, 2H, J = 7.2 Hz, CH,), 2.29 (s, 3H, CHs), 4.65 (s, 1H,
CH), 7.14 (s, 2H, NH,), 7.10~7.16 (dd, 4H, J = 8.0 Hz, p-HsC-C¢Hy), 7.30 (t, 1H, J = 7.2 Hz, J = 7.6 Hz, Ph-H),
7.48 (t, 2H, J = 7.6 Hz, J = 8.8 Hz, Ph-H), 7.80 (d, 2H, J = 8.8 Hz, Ph-H). MS, m/z (%): 379 ([M+Na]", 35), 357
([IM+H]", 100). Anal. Calcd for C,,H,N,O (356.43): C 74.14, H 5.66, N 15.72; found C 74.02, H 5.55, N 15.67.

6-Amino-4-(4-methoxyphenyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5c).
H A m.p. 247°C~248°C. IR (KBr, viem %): 3399, 3204(NH,), 2191(C=N), 1660, 1595, 1513(C=N, C=C).
'H NMR (400 MHz, DMSO-dg) d: 0.88 (t, 3H, J = 7.6 Hz, CHs), 2.15 (g, 2H, J = 7.6 Hz, CH,), 3.74 (s, 3H,
OCHjy), 4.65 (s, 1H, CH), 6.88 (d, 2H, J = 8.8 Hz, p-H;CO-CgH,), 7.15 (s, 2H, NHy), 7.16 (d, 2H, J = 8.8 Hz,
p-H3CO-CeHy), 7.32 (t, 1H, J = 7.2 Hz, J = 7.6 Hz, Ph-H), 7.48 (t, 2H, J = 7.6 Hz, Ph-H), 7.80 (d, 2H, J = 7.6
Hz, Ph-H). MS, m/z (%): 395 ([M+Na]*, 100), 373 ([M+H]", 90). Anal. Calcd for C,,H»N.O, (372.43): C,
70.95; H, 5.41; N, 15.04; found C 70.82, H 5.38, N 14.94.

6-Amino-4-(4-chlorophenyl)-1,4-dihydro-3-ethyl-1-phenyl  pyrano[2,3-c]-pyrazole-5-carbonitrile  (5d).
H gk mp. 232°C~235C. IR (KBr, viem Y): 3452, 3323 (NH,), 2198 (C=N), 1660, 1594, 1517 (C=N,
C=C). 'H NMR (400 MHz, DMSO-ds) 6: 0.89 (t, 3H, J = 8Hz, CHs), 2.15 (q, 2H, J = 7.2 Hz, CH,), 4.75 (s, 1H,
CH), 7.25 (s, 2H, NH,), 7.30 (d, 2H, J = 8.4Hz, p-CI-CgH,), 7.32 (t, J = 8.4 Hz, J = 7.6 Hz, 1H, Ph-H), 7.40 (d,
2H, J = 8.4 Hz, p-CI-CgH,), 7.50 (t, J = 8.4 Hz, 2H, Ph-H), 7.80 (d, J = 7.6 Hz, 2H, Ph-H). MS, m/z (%): 400
([M+1+Na]*, 8), 399 ([M+Na]", 20), 378 ([M+1+H]", 30), 377 ([M+H]", 100). Anal. Calcd for C,H;;CIN,O
(376.85): C 66.93, H 4.55, N 14.87; found C 66.82, H 4.52, N 14.74.

6-Amino-4-(4-bromophenyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5¢).
ik, m.p. 243°C~245°C; IR (KBr, vicm ): 3448, 3324 (NH,), 2195 (C=N), 1659, 1596, 1518 (C=N, C=C).
'H NMR (400 MHz, DMSO-dg) &: 0.89 (t, 3H, J = 7.2 Hz, CH3), 2.15 (q, 2H, J = 7.6 Hz, CH,), 4.74 (s, 1H, CH),
7.24 (d, 2H, J = 8.4 Hz, p-Br-C¢H,), 7.25 (s, 2H, NHy), 7.33 (t, 1H, J = 7.2 Hz, J = 7.6 Hz, Ph-H), 7.49 (t, 2H, J
=7.6 Hz, J = 8.4 Hz, Ph-H), 7.53 (d, 2H, J = 8.4 Hz, p-Br-CgH,), 7.80 (d, 2H, J = 8.4 Hz, Ph-H). MS, m/z (%):
445 ([M+2+Na]", 35), 443 ([M+Na]’, 30), 423 ([M+2+H]", 98), 421 ([M+H]*, 100). Anal. Calcd for
C,H1gBrN4O (421.30): C 59.87, H 4.07, N 13.30; found C 59.68, H 4.04, N 13.14.

6-Amino-4-(4-floroyphenyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5f). H
o4k, m.p. 233°C~234°C. IR (KBr, v/em %): 3456, 3325 (NH,), 2200 (C=N), 1665, 1596, 1515 (C=N, C=C).
'H NMR (400 MHz, DMSO-dg) 8: 0.87 (t, 3H, J = 7.6 Hz, CH3), 2.13 (g, 2H, J = 7.6 Hz, CH,), 4.74 (s, 1H, CH),
7.15 (d, 2 H, J = 8.8 Hz, p-F-CgHy), 7.21 (s, 2H, NHy), 7.30 (t, 1H, J = 7.6 Hz, Ph-H), 7.50 (t, 2H, J = 7.6 Hz, J
= 8.4 Hz, Ph-H), 7.32 (d, 2H, J = 8.8 Hz, p-F-C¢H,), 7.80 (d, 2H, J = 8.8 Hz, J = 8.0 Hz, Ph-H). MS, m/z (%):
384 ([M+Na]*, 10), 383 ([M+Na]", 25), 362 ([M+1+H]", 58), 361 ([M+H]", 100). Anal. Calcd for C,H1;FN,O
(360.39): C 69.99, H 4.75, N 15.55; found: C 69.72, H 4.72, N 15.44,

6-Amino-4-(4-nitrophenyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5g). +
WK, mp. 221°C~222°C. IR (KBr, v/em %): 3435, 3328 (NH,), 2205 (C=N), 1666, 1591, 1517 (C=N,
C=C). 'H NMR (400 MHz, DMSO-dg) J: 0.89 (t, 3H, J = 7.6 Hz, CH3), 2.14 (q, 2H, J = 7.2 Hz, CH,), 4.95 (s,
1H, CH), 7.32 (t, 1H, J = 7.2 Hz, Ph-H), 7.37 (s, 2H, NH), 7.49 (t, 2H, J = 7.6 Hz, J = 8.4 Hz, Ph-H), 7.58 (d,
2H, J = 8.8 Hz, p-O,;N-C¢Hy), 7.81 (d, 2H, J = 8.8 Hz, Ph-H ), 8.22 (d, 2H, J = 8.8 Hz, p-O,N-Cg¢H,). MS, m/z
(%):410 ([M+Na]", 40), 388 ([M+H]", 100). Anal. Calcd for CyH;7N505(387.40): C 65.11, H 4.42, N 18.08;
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found C 65.02, H 4.32, N 17.94.

6-Amino-4-(4-hydroxyphenyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5h).
H R mp. 227°C~229°C. IR (KBr, v/iem *): 3396 (OH), 3320, 3202 (NH,), 2177 (C=N), 1657, 1579,
1516 (C=N, C=C). 'H NMR (400 MHz, DMSO-ds) ¢: 0.88 (t, 3H, J = 7.6 Hz, CH3), 2.14 (g, 2H, J = 7.6 Hz,
CH,), 4.58 (s, 1H, CH), 6.70 (d, 2H, J = 8.4 Hz, p-HO-C¢H,), 7.03 (d, 2H, J = 8.4 Hz, p-HO-C¢H,), 7.11 (s, 2H,
NH,), 7.32 (t, 1H,J=7.2 Hz, J = 7.6 Hz, Ph-H), 7.49 (t, 2H, J = 8.4 Hz, J = 7.6 Hz, Ph-H), 7.78 (d, 2H, J = 7.6
Hz, Ph-H), 9.33 (s, 1H, OH). MS, m/z (%): 381 ([M+Na]*, 40), 359 ([M+H]", 100). Anal. Calcd for C»;H1sN,O,
(358.40): C 70.38, H 5.06, N 15.63; found C 70.22, H 4.99, N 15.54.

6-Amino-4-(3-pyridyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]pyrazole-5-carbonitrile (5i). {4 514k,
m.p. 249°C~251°C. IR (KBr, vicm™): 3362, 3090 (NH,), 2189 (C=N), 1661, 1585, 1517 (C=N, C=C). '"HNMR
(400 MHz, DMSO-dg) ¢: 0.87 (t, 3H, J = 7.6 Hz, CH3), 2.14 (q, 2H, J = 7.6 Hz, CH,), 4.81 (s, 1H, CH), 7.30 (s,
2H, NH,), 7.31(t, 1H, J = 7.6 Hz, J = 8.4 Hz, Ph-H), 7.38 (m. 2 H, J = 4.8 Hz, J = 7.6 Hz, pyridyl-H), 7.50 (t,
2H, J = 8.4 Hz, Ph-H), 7.66 (d. 1H, J = 2.4 Hz, J = 1.6 Hz, J = 8.4 Hz, pyridyl-H), 7.80 (d, 2H, J = 8.0 Hz,
Ph-H), 8.50 (d, 1H, J = 1.6 Hz, J = 2.4 Hz, J = 5.2 Hz, pyridyl-H), 8.55 (d, 1H, J = 2.4 Hz, pyridyl-H). MS, m/z
(%): 366 ([M+Na]", 55), 344 ([M+H]", 100). Anal.Calcd for CyH;;NsO (343.39): C 69.96, H 4.99, N 20.39;
found C 69.82, H 4.90, N 20.22.

6-Amino-4-(1-naphtyl)-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]pyrazole-5-carbonitrile (5j). [ i 14 ;
m.p. 189°C~190°C. IR (KBr, v/em *): 3375, 3176 (NH,), 2185 (C=N), 1658, 1591, 1515 (C=N, C=C). ‘H NMR
(400 MHz, DMSO-dg) ¢: 0.65 (t, 3H, J = 7.6Hz, CH3), 1.91 (g, 2H, J = 7.6 Hz, CH,), 4.35 (s, 1H, CH), 7.22 (s,
2H, NHy), 7.32-7.99 (m, 12H, Ar-H). MS, m/z (%): 415 ([M+H]", 100), 393 ([M+Na]", 50). Anal. Calcd for
CasH20N40 (392.46): C 76.51, H 5.14, N 14.28; found C 76.40, H 5.10, N 14.17.

Hirtb 44 5a~5j F 'H NMR #HTS5FRAE, 16§ 4.35~4.95 EHLNI LI MEIGIR 4 47 1) CH T
H5, fE 87.11~7.37 JuH A BRI FRIE Y NH, PR 7155
3. RS

IR SLAE RS T RAR[Bmim]BF, {4, ATAME 1R BRIk 1R .08, ZR/IF, D5 A WA — g
kL g — A BRI P R A T BUR 10 # E AR EY(5a~5)) . 1N B A I A (7~15 min), 7
B, BRI AR (A 1),
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la-b 2 3a~j 4 5a~5j
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Scheme 1. Synthesis of 6-amino-4-aryl-1,4-dihydro-3-ethyl-1-phenyl pyrano[2,3-c]-pyrazole-5-carbonitrile (5a~5j)
[E 1. 6-FH-4-F5H-3-Z E-1-FFE-4-S (2, 3-c]itme-5-FEAY & X (5a~5))
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Table 1. The reaction times and yields of compounds 5a~5j

% 1. L&Y 5a~5) Bz RIAT ) FN = 2R

Entry Ar Product Time (min) R :E:if_lljsc(zz )CHZ
1 CeHs 5a 12 75/60
2 p-H3CCeH4 5b 10 78/71
3 p-HsCOCgH4 5¢c 10 93/80
4 p-CIC¢H,4 5d 8 86/74
5 p-BrCsHs4 5e 8 94/85
6 p-FCsHa 5f 7 83/70
7 p-0;NCeH, 5¢ 8 65/58
8 p-HOC¢H, 5h 8 90/82
9 3-Pyridyl 5i 8 88/82

10 1-Naphtyl 5 15 71/60

%Isolated yields.
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