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Yellow solid, m.p.: 287-289 °C, (mp: 288-290 °C
Lit., [16]; IR (KBr) v (cm™1): 3443, 3312, 3176,
3056, 2188,1659, 1595, 1489, 1393, 1334, 1284,
1221, 1160, 1051, 956, 760, 704, 556; *H NMR (400
MHz, DMSO-ds) 6: 5.40 (s, 1H), 7.08 (t, 1H, J=8.0
Hz), 7.21 (t, 2H, 8.0 Hz), 7.34-741 (m, 4H), 7.84-
7.89 (m, 3H), 7.92-7.97 (1H, m), 8.02-8.07 (m, 1H),
8.14-8.19 (m, 1H), 8.37 (d, J= 8.0 Hz,1H), 9.10 (d,
J=8.0 Hz, 1H).

~28[2,3-Cl-gil sy [b] g5 TH(Jsid 525 ¥V —gixel-¥
1Bb) e yuigS-Y

Yellow solid, m.p.: 276-278 °C (mp: 278-280 °C
Lit., [16]; IR (KBr) v (cm™): 3424, 3340, 3059,
2923, 2190, 1664, 1596, 1525, 194, 1343, 1223,
1163, 1101, 1053, 762, 688; *H NMR (400 MHz,
DMSO-ds) &: 5.45 (s, 1H), 7.47-7.54 (m, 3H), 7.80-
7.86 (m, 4H), 7.88-7.97 (m, 3H), 8.04-8.09 (m, 1H),
8.24 (s, 1H), 8.32 (d, J=8.0 Hz, 1H), 8.97 (d, J=8.0
Hz, 1H).

—e3812,3-Cl gl [D g5t TH(S 95—F)-\—gizel-¥
1(50) iz SY

Yellow solid, m.p.: 285-287 °C (mp: 286-288 °C
Lit., [16]; IR (KBr) v (cm!): 3464, 3313, 3177,
2189, 1661, 1595, 1486, 1393, 1333, 1283, 1162,
1097, 1050, 840, 759, 546; 'H NMR (400 MHz,
DMSO-de) &: 5.33 (s, 1H), 7.22-7.27 (m, 2H), 7.35-
7.43 (m, 4H), 7.82-7.88 (m, 3H), 7.90-8.01 (m, 2H),
8.10-8.15 (m, 1H), 8.34 (d, J=8.0 Hz, 1H), 9.05 (d,
J=8.0 Hz, 1H).

IH(Jd o9 ¥V gt
1(5d) S g, =V-p3l8[2,3-C]

Yellow solid, m.p.: 283-285 °C (mp: 284-286 °C
Lit, [16]; IR (KBr) v (cm™1): 3456, 3317, 3192, 2924,
2191, 1667, 1591, 1482, 1391, 1332, 1286, 1161,
1111, 1053, 835, 758, 683, 556; 'H NMR (400
MHz, DMSO-ds) 6: 5.49 (s, 1H), 7.28-7.54 (m, 6H),
7.87-8.05 (m, 4H), 8.12-8.53 (m, 3H), 9.23 (s, 1H).

—23W8[2,3-Cl- gl g [D] g5 TH( b Jiso=¥)=V = giol =Y
1(5€) Jyisg,S-Y

Yellow solid, m.p.: 291-293 °C (mp: 292-294 °C
Lit, [16]; IR (KBr) v (cm™1): 3441, 3312, 3179, 3053,
2923, 2188, 1660, 1598, 1499, 1390, 1331, 1271,
1223, 1160, 1108, 1049, 834, 759, 550; *H NMR
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8.29-8.40 (m, 1H), 9.07-9.14 (d, J=8.0 Hz, 1H), 9.85
(s, 1H).

“l [Dlosm IH s uSsio oY)V - gial-Y
1(91) o yge,S—Y-cp5Lé[2,3-C]

Yellow solid, m.p.: 253-255 °C (mp: 252-254 °C
Lit, [17];; IR (KBr) v (cm™): 3430, 3330, 3187,
2996, 2189, 1660, 1594, 1502, 1460, 1383, 1325,
1232, 1168, 1120, 1055, 1008, 766, 689; *H NMR
(400 MHz, DMSO-ds) &: 3.52 (s, 3H), 3.69 (s, 6H),
5.46 (s, 1H), 6.76 (s, 2H), 7.42 (s, 2H), 7.82-7.97
(m, 4H), 8.18 (t, J=8.0 Hz, 2H), 8.38 (d, J=8.0 Hz,
1H), 9.11 (d, J=8.0 Hz, 1H).

IH 2 S gy0mY)-V=gielY
HOK) e yisgr )=V j13[2,3-C]

Yellow solid, m.p.: 281-283 °C; IR (KBr) v (cm™):
3473, 3367, 3320, 2197, 1662, 1589, 1483, 1391,
1270, 1220, 1154, 1051, 760, 693, 542; *H NMR
(400 MHz, DMSO-dg) 6:5.32 (s, 1H), 6.47 (d, J=8.0
Hz, 1H), 6.70-6.75 (m, 1H), 6.83 (d, J=8.0 Hz, 1H),
7.01 (t, J=8.0 Hz, 1H), 7.36 (s, 2H), 7.86-7.97 (m,
4H), 8.04-8.09 (m, 1H), 8.17-8.22 (m, 1H), 8.37 (d,
J=8.0 Hz, 1H), 9.12 (d, J=8.0 Hz, 1H), 9.22 (s, 1H).

~jW[2,3-C]-5il s [bls5em TH b glow ¥ = giel-¥
{B) e yig sy

Yellow solid, m.p.: 281-283 °C; IR (KBr) v (cm™):
3428, 3339, 2922, 2192, 1661, 1596, 1478, 1398,
1337, 1287, 1255, 1161, 1108, 1051, 760, 694, 555;
IH NMR (400 MHz, DMSO-ds) &: 5.56 (s, 1H),
7.42-7.51 (m, 3H), 7.59 (d, J=8.0 Hz, 1H), 7.77 (d,
J=8.0 Hz, 1H), 7.90-7.96 (m, 4H), 7.98-8.04 (m,
1H), 8.09-8.12 (m, 1H), 8.21-8.26 (m, 1H), 8.44 (d,
J=8.0 Hz, 1H), 9.20 (d, J=8.0 Hz, 1H).
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(400 MHz, DMSO-dg) 8: 2.14 (s, 3H), 5.44 (s, 1H),
7.01 (d, J=8.0 Hz, 2H), 7.29 (d, J=8.0 Hz, 2H), 7.35
(s, 2H), 7.88-8.02 (m, 4H), 8.10-8.18 (m, 1H), 8.21-
8.29 (m, 1H), 8.43 (d, J=8.0 Hz, 1H), 9.20 (d, J=8.0
Hz, 1H).

~gil [D]s50m TH( s gisal o (o3N,N=F)V—gipel-¥
1(5F) Jo g5 =V— 0 5l8[2,3-C]

Yellow solid, m.p.: 262-264 °C (mp: 261-263 °C
Lit.,, [17];; IR (KBr) v (cm™): 3451, 3323, 3064,
2881, 2190, 1666, 1602, 1518, 1384, 1339, 1289,
1219, 1158, 1049, 764, 562; *H NMR (400 MHz,
DMSO-ds) &: 2.75 (s, 6H), 5.43 (s, 1H), 6.56 (d,
J=8.0 Hz, 2H), 7.23 (d, J=8.0 Hz, 2H), 7.30 (s, 2H),
7.92-8.03 (m, 4H), 8.20-8.23 (m, 1H), 8.28-8.31 (m,
1H), 8.45 (d, J=8.0 Hz, 1H), 9.24 (d, J=8.0 Hz, 1H).

THUus oS gpanF )V = ginel-Y
1(59) s yiigr S—Y-p;k8[2,3-C]

Yellow solid, m.p.: 281-283 °C; IR (KBr) v (cm™):
3422, 3333, 3184, 3053, 2925, 2181, 1657, 1596,
1508, 1395, 1339, 1263, 1214, 1162, 1104, 1052,
847,761, 563, 492; *H NMR (400 MHz, DMSO-ds)
d: 5.31 (s, 1H), 6.60 (d, J=4.0 Hz, 2H), 7.18 (d,
J=12.0 Hz, 2H), 7.30 (s, 2H), 7.82-7.95 (m, 4H),
8.04-8.09 (m, 1H), 8.13-8.18 (m, 1H), 8.35(d, J=8.0
Hz, 1H), 9.08 (d, J=8.0 Hz, 2H), 9.19 (s, 1H).

—23U8[2,3-Cl= g3l s [0] 93— 1H i3 il ¥ )=V gizel-Y
:(5h) e isse,S—Y

Yellow solid, m.p.: 289-291 °C; IR (KBr) v (cm™):
3428, 3340, 3205, 2924, 2856, 2193, 1717, 1661,
1602, 1451, 1399, 1273, 1162, 1273, 1162, 1109,
1049, 756, 694; *H NMR (400 MHz, DMSO-ds) &:
5.60 (s, 1H), 7.51 (s, 2H), 7.60-7.64 (m, 2H), 7.69-
7.30 (M, 2H), 7.92-8.06 (m, 5H), 8.12-8.17 (m, 1H),
8.28-8.32 (m, 1H), 8.45-8.49 (d, J= 8.0 Hz, 1H),
9.24-9.29 (d, J= 8.0 Hz, 1H).

-9y [0l TH s a8 9,000 509 V)=V = gial-Y
1(51) Jo yisge,S-V—n18[2,3-C]

Yellow solid, m.p.: 281-283 °C; IR (KBr) v (cm™):
3466, 3064, 2918, 2745, 1917, 1591, 1538, 1458,
1353, 1224, 1139, 1092, 1006, 909, 852, 765, 582,
533; 'H NMR (400 MHz, DMSO-ds) 5: 5.54 (s, 1H),
6.63 (d, J=8.0 Hz, 1H), 7.08 (d, J=8.0 Hz, 1H), 7.15-
7.37 (m, 3H), 7.83-8.99 (m, 5H), 8.10-8.24 (m, 1H),

gl [Plgz-
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Efficient synthesis of benzo[a] pyrano[3,2-c] phenazine in
solvent-free conditions using butyl-3-methylimidazolium
hexafluorophosphate ionic liquid catalyst

M. Khorasani, H. Naeimi*

Department of Organic Chemistry, Faculty of Chemistry, University of Kashan, Kashan, Iran

Abstract: In this research, the condensation of 2-hydroxynaphthalene-1,4-dione, malononitrile, aromatic
aldehydes, and ortho-phenylenediamine was carried out for green synthesis of benzo[a]pyranol3,2-
c]phenazine under solvent-free conditions. This reaction was catalyzed using ionic liquid, butyl-3-
methylimidazolium hexafluorophosphate as a base catalyst with simple reaction condition and easy
separation of products. The products were obtained in high to excellent yields and reaction time between
15 to 25 minutes. All products were identified by melting point, FT-IR and *H NMR techniques.

Keywords: 2-hydroxynaphthalene-1,4-dione, Benzene-1,2-diamine, lonic liquid, Butyl-3-methylimidazolium
hexafluorophosphate
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