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ABSTRACT

3,3'-acetonylidene/ ethanalidene/ acetophynylidene bis[4-hydroxyquinolin-
2(1H) one] sareformed when 4-hydroxyquinolin-2(1H)onesarereacted with
glyoxals. These Compounds underwent smooth cyclodehydration in PPA
to give 3(1,2-dihydro-4-hydroxy-2-oxo-3-quinolyl) furo [3,2-c] quinolin-
© 2010 Trade Sciencelnc. - INDIA

4(5H)onesin facile manner.

INTRODUCTION

Furo[3,2-c] quinalin-4-onesarewiddy distributed
in natureamong rutaceaefamily and possesawiderange
of pharmacological propertieslikeanagesic, antiphlo-
gistic and sedative properties¥. Recently chemistry of
guinolonesisgaining importance?” because of ther di-
versehiological activitied®4, Some candidateswith
quinolone scaffoldsaredready in market asdrugsand
someareindinical trid g9, Inview of these potentid
featuresit wasfelt worthwhileto synthesize 2,3-disub-
stituted furo quinol ones and study their spectral and
physiological properties. For this purpose substituted
4-hydroxyquinolin-2 (1H)ones 24 have been sdlected
asconvenient starting materids. The present investiga
tion involves a discussion of the synthesis of 3,3'-
acetonylidenebis[4-hydroxy-1-methylquinolin-2 (1H)-
one] andtheir subsequent dehydrative cyclisationtothe

KEYWORDS
4-hydroxyquinolin-
2(1H)ones,
3,3'-acetonylidene/
ethanalidene/
acetophynylidene bis
[4-hydroxyquinolin-2(1H)
onel s,
Glyoxals,

3-quinolyl furo[3,2-c]

quinolin-4(5H)ones.

corresponding furo quinolones, and their spectrd char-
acteridics.

EXPERIMENTAL

All the melting pointsare uncorrected and deter-
mined in sulphuric acid bath. The ultra-viol et spectra
aretakenin CHCI, on Shimadzu 160 ultraviolet vis-
ible spectrophotometer. The absorptionmaximai,
arepresented innm along withlog e. theinfrared spec-
trawereobtained in KBr on shimadzu 435 instrument.
NMR spectra were recorded on bruker (300MHz)
spectro photometer with TMS as internal
standard.’* CNMR spectra were recorded on
(75MHz) spectrophotometer. The chemical shift val-
uesarereported in dppm. The mass spectrawerere-
corded onVG-Micro Mass 7070H instrument of di-
rect inlet probe.
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Synthesisof 3(1,2-dihydr o-4-hydr oxy-1-methyl-2-
oxo-3-quinolyl) 2,5-dimethylfuro[3,2-c] quinolin-
4 (5H) one(5a). (General procedure)

Synthesisof 3,3’-acetonylidenebis[4-hydroxy-1-
methylquinolin-2(1H)one] (4a)

Asarepresentative case asol ution of 4-hydroxy-1-
methylquinolin-2 (1H) one(1a, 0.875g, 5m moles) and
pyruvica dehyde((2a), 0.3ml, 2.5mole) in absol uteetha
nol (10ml) was refluxed on steam bath for 5 h. After
completion of thereaction asinferred by TLC, thereac-
tion mixture was cooled and the col orless solid wasfil -
tered, washed with alittlecold ethanol . TLC of theprod-
uct showed two spots. To effect separation of thetwo
compoundsthe product was chromatographed over a
slicagd (finer that 200 mesh) column. 3,3-Methylenebis
[4-hydroxy-1-methylquinolin-2 (1H)-one] (3a) was
eluted with pet. ether: benzene(9:1) solvent mixturein
thefirst fraction, yield 0.28g (31%), m.p. >300°C. 3,3-
Acetonylidenebig 4-hydroxy-1-methyl quinolin-2 (1H)
one] (4a) wasobtained in the second fraction with pet.
ether: benzene (1:4) as eluent. Yield 0.495¢g (49%),
m.p.240-241°C; UV: A, __ nm (log €) 248 (4.46), 301
(4.32), 319 (4.35); IR: v max 2900, 2600, 1720, 1640,
1605, 1530, 1450, 1340, 1240, 1160, 1030, 910,
750cm*; *H NMR: (CDCl,) 8 2.23 (d, 3H, COCH,)
3.73 (d, 6H, 2N-CH,) 5.50 (d, 1H, CH), 7.20- 7.70
(m, 6H, arom. H), 8.17/(d, 2H, H-5, H-5') and § 12.30
(s, 2H, D,O exchangeable, OH); *C NMR: (CDCl,)
(APT) 528.43(CH,), 31.53(CH,), 3L.72(CH,), 49.25
(CH) 115.49 (CH), 115.64 (CH), 118.94 (tertiary),
119.17 (tertiary), 126.10 (CH),126.26 (CH), 132.80
(CH), 132.80 (CH) 139.85 (tertiary), 162.70 (tertiary),
163.51 (tertiary), 166.25 (tertiary), 167.91 (tertiary) and
6 202.93 (tert.). Mass. m/z (rel.int.%) 404 (M*, 13),
387 (62), 370 (11), 362(50), 361 (100), 344 (10), 254
(97), 229 (5), 228 (13), 226 (10), 212 (10), 200 (11),
188 (7), 187, 186, 175 (36), 147 (5), 146 (6).

Synthesisof 3 (1, 2-dihydro-4-hydr oxy-1-methyl-
2-0xo-3-quinalyl) 2,5-dimethyl furo[3,2-c] quinolin-
4 (5H) one(5a) (General procedure)

Asarepresentative case 3,3'-acetonylidenebi g 4-
hydroxy-1-methylquinolin-2 (1H) one] ((4a), 0.404g, 1
mmole) in PPA (10g P,O, and 6 ml H,PO,) washeated
on asteam bath for 3 h. The solution wasthen poured
onto crushed ice, filtered, dried and chromatographed
over slicagd (60-120 mesh) dutingwith benzene. The
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colorlesscompound on TLC showed singlespot. Yied
0.243g (63%), m.p. 191-192°C. UV: A, __ nm (loge) 247
(4.57), 288 (4.07), 338 (4.41); IR: v__ 2940, 1640,
1625, 1600, 1550, 1310, 1240, 1150, 1100, 990, 880,
755cm™; 'HNMR: (CDCl,) 6 2.33(s, 3H, CH,), 3.70
(s,3H,N*-CH,), 3.75 (;, 3H, N>-CH,) 6.84-7.50 (m,
6H, arom. H), 7.7 (d, 2H, H-9, H- -5")and 10.30 (s, 1H,
D,0 exchangeable, OH); *CNMR: (CDCL,) (APT) &
13.26 (CH,) 29.54 (CH,), 29.69 (CH,), 103.137 (ter-
tiary). 110.90 (tertiary), 112.68 (tertiary), 113.80 (CH),
114.84 (CH), 116.33 (tertiary), 117.33 (tertiary), 120.37
(CH),121.43(CH), 122.76 (CH), 123.95(CH), 128.99
(CH), 130.54 (CH), 136.59 (tertiary), 139.22 (tertiary),
153.85 (tertiary), 154.03 (tertiary), 158.40 (tertiary),
160.24 (tertiary) and 6 162.45 (tertiary). Mass. m/z
(rel.int.%) 386 (M*, 14), 212 (50), 184(20), 183 (11),
175 (100), 174 (40), 169 (9), 168 (8), 157 (8), 156
(7), 155 (8), 146 (23), 134 (10), 133 (26), 132 (15),
105 (87), 104 (25), 77 (46).

Similarly, other compounds (4b-4l) and (5b-5l) are
synthesized and their characteristic dataisgiven below.

Synthesisof 3 (1,2-dihydro-1-ethyl-4-hydr oxy-2-
oxo0-3-quinolyl) 2-ethyl-5-methylfuro [3,2-c]
guinolin-4 (5H) one(5b)

Synthesis of 3,3'-acetonylidenebis [1-ethyl-4-
hydroxyquinolin-2 (1H)-one] (4b)

Yield 40%; m.p. 228-229°C; UV: A _ nm(loge)
245(4.31),308(4.17),320(4.28); IR: v__ 2900, 2560,
1715, 1630, 1600, 1540, 1410, 1370, 1240, 1170,
1030, 860, 760cm™ *H NMR: (CDCI,) 6 1.40((t, 3H,
N-CH_-CH,), 2.25(s, 3H, CO-CH,), 4.38(q, 2H, N-
CH,- CH3) 550(5, 1H,CH), 7.22-7.71 (m 6H, arom.
H), 820(dd 2H, arom. H-5, H-5') and § 12.13 (s, 2H,
D, O exchangegble, OH); Mass: m/z (rel.int.%6) 432 (M,
10), 415 (70), 404 (30), 398 (7), 390 (40), 389 (100),
376(41), 268 (60), 189 (28). Elementa andyss: Found

: C,69.57%; H, 5.41%; N, 6.21%; calculated for C
H,, N,O,; C, 69.43%; H, 5.59%; N,6.48%.

275!
Syntheﬂsof 3(1,2-dihydro-1-ethyl-4-hydroxy-2-
oxo-3-quinolyl) 2-ethyl-5-methylfuro [3,2-c]
quinolin-4 (5H) one(5b)

Yield 60%; m.p. 182-183°C; UV: L __ nm(loge)
246 (4.47), 391 (4.09), 341 (4.19); IR: v __
2900(broad), 1635, 1625, 1580, 1480, 1420, 1360,
1240, 1160, 1000, 910, 760cm™*; *H NMR: (CDCl,)
6 1.32-1.42 (m, 6H,N-CH,-CH,), 2.20 (s, 3H,CH,),
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4.09-4.31 (m, 4H, N-CH_-CH,), 6.98-8.10 (m, 8H,
arom. H) and 5 10.20 (s, 1H, D,O exchangeable,
OH); “C NMR: (CDCl,) 5 11.32 (CH,, N-CH,-
CH,),11.60(CH_,N.CH_-CH,), 13.71 (CH C- 10)
37.14 (CH,, N- CH CH) 39.22 (CH,, N -CH_-
CH,), 103. 46 (terti ary C- 3) 110.78 (tertlary C- 3’)
112.96 (tertiary, C-3d), 113.0 (CH, C-8), 114.98
(CH, C-6),115.95 (tertiary, C-4'a),117.61 (tertiary,
C-9a), 119.97 (CH, C-5), 122.09 (CH, C-9) 122.98
(CH, C-6), 125.86 (CH, C-8), 127.64 (CH, C-7°),
129.46 (CH, C-7), 137.58 (tertiary, C-8'a), 139.0
(tertiary, C-5a), 154.01 (tertiary, C-2), 155.03 (ter-
tiary, C-4'), 158.01 (tertiary, C-9b), 160.21 (tertiary,
C-2'), 162.07 (tertiary, C-4); Mass. m/z (rel.int.%)
414 (M*, 8), 386(13), 358(19), 226(46), 198(18),
183(13), 189 (100),188 (41), 169(7), 155 (10); El-
emental analysis: Found : C, 72.55%; H, 5.26%; N
6.91%; Calculated for C,.H,,N,O,; C, 72.45 %; H
5.35 %; N,6.76%.

Synthesis of 3 (1,2-dihydro-4-hydroxy-2-oxo-1-
phenyl-3-quinolyl) 2-methyl-5-phenylfuro [3,2-
c]quinolin-4 (5H)one(5¢)

Synthesisof 3,3’-acetonylidenebis[4-hydroxy-1-
phenylquinolin-2 (1H)-one] (4c)

Yield41%; m.p. 310-312°C; UV: A __ nm(loge)
247(4.44),301(4.28),319(4.27); IR: v__ 2850, 2580,
1715, 1635, 1605, 1520, 1495, 1380, 1330, 1280,
1250, 1180, 1210, 750cm™; *H NMR: (CDCl.) 6 2.30
(s, 3H, CO-CH,), 5.52 (s, 1H, CH), 6.64-7.68 (m,
16H, arom. H), 8.20(d, 2H, H-5, H-5') and 6 12.10
(D, 0 exchangeable, s, 2H, OH); Mass. m/z (rel.int.%)
528 (M+, 9), 511 (68), 486 (66), 485 (100), 316 (70),
250 (9), 249 (15), 237 (42); Elemental analysis: C,
75.10%; H, 4.44%; N, 5.09%; Calculated for
C..H.N,O.: C, 74.99%; H, 4.58%; N. 5.03%.

33" 2 275"
Synthesisof 3(1,2-dihydr o-4-hyr oxy-2-oxo-1-phe-
nyl-3-quinolyl) 2-methyl-5-phenylfuro [3,2-c]
quinolin-4 (5H) one(5¢)

Yield 60%; m.p. 265-266°C; UV: A __ nm(loge)
247 (4.57), 288 (4.07), 338 (4.28). IR: v, _ 2925, 1640,
1625, 1600, 1580, 1460, 1360, 1240, 1160, 1010,
840, 760cm™; 'H NMR: (CDCl,) 5 2.33 (s, 3H, C-
CH,), 6.58-8.22 (m, 18H, arom. H) and & 10.56 (s,
1H, D,0 exchangeable, OH); *C NMR: (CDCl,) &
14.57 (CH,), 106.15 (tertiary), 109.55 (tertiary),
113.02 (tertiary), 115.14 (CH), 116.39 (tertiary),
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117.04 (CH), 118.23 (tertiary), 120.68 (CH), 121.81
(CH), 123.48 (CH), 124.60 (CH), 128.57 (CH),
128.91(CH), 128.97 (CH), 129.24(CH), 129.32(CH),
129.46(CH),129.94(CH), 130.03(CH), 130.11(CH),
130.33(CH), 130.55(CH), 137.27 (tertiary), 137.96
(tertiary), 138.40 (tertiary), 140.26 (tertiary), 154.69
(tertiary), 155.91 (tertiary), 160.77 (tertiary), 161.99
(tertiary) and 6 162.14 (tertiary); Mass. m/z (rdl .int%)
510 (M*, 22), 274 (39), 246 (27), 236 (48), 237 (100);
Elemental andysis: Found; C, 77.78%; H, 4.21%; N,
5.33%; Calculated for C_H,,N,O,: C, 77.63%; H,
4.34%; N, 5.49%.

Synthesisof 3(1,2-dihydro-6-bromo-4-hydr oxy-1-
methyl-2-oxo0-3-quinolyl) 8-bromo-2, 5-
dimethylfuro[3,2-c] quinolin-4 (5H) one (5d)

3,3'-Acetonylidenebis [6-bromo-4-hydroxy-1-
methylquinolin-2 (1H) on€] (4d)

Yield40%; m.p.>315°C; UV: L _ nm(loge) 238
(4.46), 304 (4.28), 331 (4.33); IR: v__ 2850, 2550,
1720, 1635, 1605, 1495, 1450, 1320, 1260, 1100,
840, 750cm-*; '"H NMR: (CDCl,) 6 2.15(d, 3H, CO-
CH,), 3.78 (d, 3H, N-CH,), 5.55 (d, 1H, CH), 7.3
8.1 (m, 6H, arom. H) and & 12.34 (s, 2H, OH); El-
emental analysis found: C, 49.28%; H, 3.07%; N,
4.81%; caculated for C,H,,N,O.Br,: C, 49.13%; H,
3.23%; N, 4.98%.

3(1,2-Dihydr 0-6-bromo-4-hydr oxy-1-methyl-2-
oxo-3-quinolyl)8-bromo-2,5-dimethyl furo [3,2-
c]quinalin-4(5H)one (5d)

Yield69; m.p. 287-287°C; UV: A nm(loge) 246
(4.41), 288 (4.06), 336 (4.11); IR: 2950, 1635,
1625, 1600, 1560, 1450, 1250, 1100, 1070, 1005,
860, 745cm™; *H NMR: (CDCl,) 5 2.30 (s.3H, C-
CH,), 3.72 (s, 3H, IN-CH,), 3.79 (s, 3H, N>-CH,),
7.10-8.02 (m, 6H, arom. H) and 6 10.50 (s, 1H, D,O
exchangealble, OH) Elemental analysis: Found : C,
50.91%; H, 2.78%; N, 5.24%; Calculated for
C,H,(N,O,Br,: C, 50.74%; H, 2.96%; N, 5.15%.

2316 274

Synthesisof 3(1,2-dihydr o-4-hydr oxy-1-methyl-7-
nitr o-2-oxo-3-quinolyl)7-nitro-2,5-dimethylfuro
[3,2-c]quinolin-4(5H)one (5¢)
(a) 3,3'-Acetonylidenebis[4-hydr oxy-1-methyl-7-
nitroquinolin-2 (1H) one] (4€)

Yield 40%; m.p. 305-307°C; UV: 1 _ nm (loge)
247(4.40), 300(4.30), 321(4.33); IR: v__ 2900, 2550,
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1720, 1640, 1605, 1520, 1340, 1260, 1105, 870, 820,
790, 750cm™; *H NMR: (CDCl,) 6 2.22 (s, 3H, CO-
CH,), 3.81 (s, 6H, 2N-CH,) 5.43 (s, 1H, CH), 7.10-
8.11 (m, 6H, arom. H) and 6 12.125 (s, 2H, OH);
Elementa andysis. Found :C, 55.79%; H, 3.76%; N
11.11%; Cdculated for C,,H N, O,: C, 55.87%; H
3.67%; N, 11.23%.

Synthesisof 3(1,2-dihydr o-4-hydr oxy-1-methyl-7-
nitr o-2-oxo-3-quinolyl) 2,5-dimethyl-7-nitrofuro
[3,2-c] quinalin-4(5H) one(5e)

Yield 52%; m.p. 220-221°C; UV: L _ nm (log )
246(4.31),280(3.86), 338 (4.01); IR: v__ 2875, 1640,
1625, 1520, 1340, 1240, 1120, 1000, 750cm?; *H
NMR: (CDCl,) 5 2.26 (s, 3H, C-CH,), 3.62 (s, 3H,
N*'-CH,), 3.77 (s, 3H, N>-CH,) and 6 7.20-8.20 (m,
6H, arom. H); Elemental analysis. Found: C, 57.86%;
H, 3.51%; N, 11.67%; Calculated for C,,H,. N,O:
C, 57.98%; H, 3.39%; N, 11.76%.

Synthesisof 3(1,2-dihydr o-4-hydr oxy-1-methyl-2-
oxo-3-quinolyl)5-methylfuro [3,2-c]quinolin-
4(5H)one (5f)

3,3’-Ethanalidenebig4-hydr oxy-1-methylquino-
lin-2 (1H) one] (4f)

Yield 52%; m.p. 246-247°C; UV: A __ nm(loge)
246(4.58),297 (4.31),319(4.34); IR: v, 2850, 2550,
1725, 1630, 1605, 1580, 1500, 1450, 1420, 1370,
1270, 1160, 840, 760cm™*; *H NMR: (CDCl,) 6 3.87
(s, 6H, N-CH,) 5.37(s, 1H, CH), 7.23-7.74(m, 6H,
arom. H), 8.18 (dd, 2H, H-5, H-5'), 9.83 (s, 1H, CH
=0)and 5 12.30(s, 2H, OH); Mass. m/z (rel.int.%)
390 (M*, 40), 389 (49), 372 (26), 362 (100), 361
(82),240(36), 188 (15), 175(38); Elemental analysis:
Found: C, 67.55%; H, 4.52%; N, 7.27%; Cal cul ated
for C_H..N,O.: C, 67.68%; H, 4.65%; N, 7.18%.

22" '18° 275"
3(1,2-Dihydro-4-hydroxy-1-methyl-2-0xo-3-
quinolyl) 5-methylfuro[3,2-c] quinalin-4 (5H) one
(5f)

Yield68%; m.p. 172-3°C; UV: __ nm(loge) 239
(4.48), 279 (3.99), 347 (4.14); IR: v__ 2940 (broad),
1640, 1625, 1600, 1550, 1340, 1250, 1140, 1010,
960, 750cm*; *"H NMR: (CDCl,) 63.72 (s, 3H, N1-
CH,), 3.78(s, 3H,N5-CH,), 6.92-7.80 (m, 7H, arom.
H), 8.20 (d, 2H, H-5', H-9) and 5 10.82 (s, 1H, D,O
exchangeable, OH); Mass: m/z (rel.int.%) 372 (M*, 18),

—= Pyl Peper

198 (20), 174 (28), 170 (15), 175 (100), 146 (32),
134(12), 133(19), 157 (11), 155 (13); Elemental analy-
sis: Found: C, 71.09%; H, 4.26%; N, 7.41%; Calcu-
lated for C,H,N,O,: C, 70.96%; H, 4.33%; N,
7.52%.

Synthesisof 3(1,2-dihydro-1-ethyl-4-hydroxy-2-
oxo-3-quinolyl)5-ethylfuro[3,2-c] quinolin-4(5H)
one (59)
3,3'-ethanalidenebis[1-ethyl-4-hydroxyquino- lin-
2(1H)-on€] (4g)

Yield 30%; m.p. >300°C; UV: A nm (loge) 246
(4.47),298 (4.21), 330 (4.39); IR: v__ 2850, 2600,
1715, 1630, 1540, 1450, 1300, 1240, 1200, 760cm?;
'HNMR: (CDCl,) 6 1.40(t, 3H, N-CH,-CH ) 4.40
(9, 2H, N-CH,-CH,), 5.41 (s, 1H, CH) 710816
(m, 8H, arom H), 9.79 (s, 1H, CH=0), 12.40 (s,
2H, OH); Elementa analysis. Found: C, 68.77%; H
5.36%; N, 6.81%; Calculated for C,,H, N,O.: C
68.89%; H, 5.30%; N, 6.70%.

Synthesisof 3(1,2-dihydro-1-ethyl-4-hydroxy-2-
oxo-3-quinolyl) 5-ethylfuro[3,2-c] quinolin-4 (5H)
one (59)

Yield 71%; m.p. 170-171°C; UV: L _ nm(loge)
248 (4.42), 287 (4.00), 341 (4.03); IR: v__ 2900
(broad), 1635, 1620, 1590, 1510, 1300, 1260, 1140,
1070, 755cm; *H NMR: (CDCI,) 6 1.30 (m, 6H, N-
CH,-CH,) 4.32 (m, 4H,N-CH,-CH,), 6.98-7.70 (m,
TH, arom H), 8.15(d, 2H, H- 5’ H-9) and 6 10.70 (s,
1H, OH); Elementa analysis. Found: C, 71.72%; H,
5.17%; N, 7.09%; Calculated for C,H,/N,O,: C,
71.98%; H, 5.03%; N, 7.00%.

Synthesis of 3 (1,2-dihydro-4-hydroxy-2-oxo-1-
phenyl-3-quinolyl) 5-phenylfuro[3,2-c] quinalin-4
(5H) one(5h)

3,3-Ethanalidenebis[4-hydr oxy-1-phenylquinolin-
2(1H)one(4h)

Yield 39%; m.p. 270-271°C; UV: & nm (log )
229(4.31),301(4.26), 321 (4.21); IR: v,__ 2900, 2650,
1720, 1640, 1570, 1490, 1340, 1270, 760cm?*; *H
NMR: (CDCl,) 6 5.51 (s, 1H, CH), 6.60 (d, 2H, H-8,
H-8), 7.17-8.22, (m, 16H, arom. H), 9.98 (s, 1H, CH
=0)and 1241 (s, 2H, OH); Elementd andys's. Found:
C, 74.56%; H, 4.48%; N, 5.38%; Calculated for
C._H,N.O.. C, 74.70%; H, 4.31%; N, 5.45%.

32 2" 275

ey, Onganic CHEMISTRY

A Tudian Yoarnal



78 Synthesis of 3(1,2-dihydro-4-hydroxy-2-oxo-3-quinolyl)furo[3,2-c] quinolin

OCAIJ, 6(1) March 2010

FPull Paper ==
Synthesisof 3(1,2-dihydr o-4-hydr oxy-1phenyl-2-
oxo-3-quinolyl) 5-phenyl furo [3,2-c] quinolin-4
(5H) one(5h)

Yield 64%; m.p. 202-204°C; UV: & nm (loge)
248 (4.41), 287 (4.06), 340 (4.30); IR: v__
2920(broad), 1640, 1625, 1570, 1500, 1300, 1260,
1140, 1060, 950, 760cm'*; *H NMR: (CDCl,) 5 6.56
(d, 2H, H-6, H-8'), 7.10-8.22 (m, 17H, arom. H),
10.12, (s, 1H, OH); Elemental analysis. Found: C,
77.49%; H, 4.15%; N, 5.39%; Calculated for
C_H. N.O,: C, 77.40%; H, 4.06%; N, 5.64%.

320200 274
Synthesisof 3 (1,2-dihydro-4-hydroxy-1-methyl-
2-ox0-3-quinolyl) 5-methyl-2-phenylfuro [3,2-c]
quinolin-4 (5H) one (5i)

3,3'-Acetophenylidenebig4-hydr oxy-1-methylqui-
nolin-2(1H)-one](4i)

Yield 78%; m.p. 248-249°C; UV: L _ nm(loge)
247(4.38),297 (4.31), 319 (4.33) IR: v, 2875, 2575,
1710, 1635, 1605, 1540, 1495, 1440, 1370, 1290,
1220, 1100, 1040, 860, 760cm™; *"H NMR: (CDCl.)
6 3.57 (s, 3H, N-CH,) 3.78 (s, 3H, N-CH,), 6.37 (s,
1H, CH), 7.23-7.83 (m 13H, arom. H), 822 (d, 2H,
H-5, H-5), 12.13 (s, 1H, D,0 exchangeable, OH)
and & 12.49 (s, 1H, D,O exchangeable OH); BC
NMR: (CDCI,) & 30. 10 (CH, N-CH,), 30.17 (CH,
N-CH,), 43. 72 (CH), 107.68 (CH) 11148(tert|ary)
114.17 (CH), 117.87 (tertiary), 122.66 (CH), 124.84
(CH), 127.82(CH), 128.04(CH), 131.36 (CH),
131.94 (CH), 136.93 (tertiary), 138.42 (tertiary),
161.01 (tertiary), 161.95 (tertiary), 164.89 (tertiary),
166.16 (tertiary), 195.02 (tertiary); Mass: m/z (rel .int.%)
466 (M+,3), 449 (4), 431 (2), 362 (20), 361 (53), 344
(9), 254 (100), 175 (31); Elemental analysis. Found:
C, 72.21%; H, 4.56%; N, 6.17%; Calculated for
C,H._N.O.: C, 72.09%; H, 4.75%; N, 6.01%.

28" 22" 275"
Synthesisof 3(1,2-dihydr o-4-hydr oxy-1-methyl-2-
ox0-3-quinolyl) 5-methyl-2-phenylfuro [3,2-c]
quinolin-4 (5H) one (5i)

Yield 70%; m.p. 141-142°C; UV: & _ nm (loge)
246 (4.24), 286 (3.87), 340 (4.03); IR: v__ 2950
(broad), 1635, 1625, 1580, 1330, 1240, 1150, 1100,
1010, 760cm™; *H NMR: (CDCl,) 6 3.66 (s, 3H, N-
CH,) 3.78(s,3H,N-CH,), 7. 20-7.78 (m, 11H, arom.
H), 8.15 (d, 2H, H-5', H-9), & 10.20 (s, 1H, OH);
Elemental analysis: Found: C, 75.20%; H, 4.30%; N,
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6.06%; Calculated for C,;H, N,O,: C, 74.99%; H,
4.50%; N, 6.25%.

Synthesis of 3(1,2-dihydro-1-ethyl-4hydroxy-2-
oxo-3-quinolyl) 5-ethyl-2-phenylfuro [3,2-c]
quinolin-4 (5H) one(5))

3,3-Acetophenylidenebig 4-hydr oxy-1-ethylquino-
lin-2 (1H)-on€](4))

Yield 80%; m.p. 281-282°C; UV: A __ nm (log
g) 246 (4.55), 301 (4.11), 327 (3.97); IR: v __ 2850,
2550, 1720, 1630, 1470, 1300, 1280, 1220,
750cm™; *H NMR: (CDCI,) 6 1.20 (t, 3H, N-CH,
CH,),4.32(q, 2H, N-CH-CH,), 5.83 (s, 1H, CH),
7.10-8.20 (m, 13H, arom. H) and & 12.22 (s, 2H,
OH); Elemental analysis: Found : C, 73.06%; H,
5.00%; N, 5.78%; Calculated for C, H, N.O,: C,
72.86%; H, 5.30%; N, 5.67%.

Synthesis of 3(1,2-dihydro-1-ethyl-4hydroxy-2-
oxo0-3-quinolyl) 5-ethyl-2-phenylfuro [3,2-c]
quinolin-4 (5H) one(5))

Yield 80%; m.p. 281-282°C; UV: L __ nm(loge)
248 (4.42), 287 (4.01), 3.47 (4.33); IR: v__ 2900
(broad), 1640, 1625, 1510, 1300, 1260, 1140, 1070,
1020, 755cm?; *H NMR: (CDCI,) 6 1.42 (m, 6H, N-
CH,CH,) 4.48 (m, 4H, N-CH,, CH,), 7.12-7.8 (m,
11H, arom. H), 8.2 (d, 2H, H- 5 H-9), 10.24 (D,0
exchangeable, s, 1H, OH); Elementd andysis. Found
C, 75.46%; H, 5.30%; N, 5.61%; Calculated for
C.H, N.O,: C, 75.61%; H, 5.08%; N, 5.88%.

300 24 2747
Synthesis of 3-(1,2-dihydro-4-hydroxy-2-oxo-1-
phenyl-3-quinolyl)-2,5-phenylfuro[3,2-c]quinolin-
4(5H)one(5k)

3,3'-Acetophynelidenebig4-hydr oxy-1-phyenyl-
quinolin-2 (1H)-one] (4k)

Yield 82%; m.p.>300°C; UV: A nm(loge) 247
(4.47), 302 (4.07), 320 (4.19); IR: v, 2900, 2600,
1710, 1620, 1495, 1450, 1395, 1320, 1100, 760cm'?;
'HNMR: (CDCl)) 6 5.62 (s, 1H, CH) 6.59 (D, 2H,
H-8, H-8'), 696818(M 21H, arom. H), 12.32
(s, 2H, OH); *C NMR: (CDCl.,) & 42.01, 113.41,
114.91, 116.12, 11.00, 122.51, 123.00, 124.77,
124.84, 128.01, 128.83, 129.30, 130.06, 130.30,
131.08, 131.83, 137.59, 139.71, 156.01, 160.91,
161.03,195.60; Mass: m/z (rel.int.%) 590 (M*, not
recorded), 573 (16), 485 (40), 324 (14), 336 (30),
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257 (50), 209 (11), 208 (7); Elemental analysis:
Found: C, 77.01%; H, 4.49%; N, 4.96%; Calcu-
lated for C,H,\N,O_: C, 77.27%; H, 4.44%; N,
4.74%.

3(1,2-Dihydro-4-hydroxy-2-oxo-1-phenyl-3-
quinolyl)-2,5-diphenyl furo[3,2-c] quinolin-4 (5H)-
one (5Kk)

Yield 83%; m.p.286-287°C; UV: A __ nm(loge)
238 (4.58), 288 (4.11), 339 (4.36); IR: v__ 2950
(broad), 1635, 1625, 1580, 1560, 1450, 1250, 1100,
1060, 860cm*; *H NMR: (CDCl.,) & 6.66 (dd, 2H,
arom. H-6, H-8'") 7.06-8.12 (m, arom. H), and 10.62
(D,0 exchangeable, s, OH); C NMR : (CDCl,) &
115.53, 117.30, 121.23, 122.00,123.65, 124.83,
126.36, 128.65, 128.97, 129.18, 129.36,129.62,
129.66, 129.92, 130.36, 130.53, 130.53, 130.95,
131.95, 138.36, 138.89, 140.71, 156.78, 160.77,
161.51; Elemental analysis: Found: C, 79.51%; H,
4.32%; N, 4.76%; Calculated for C,H,N,O,: C,
79.70%; H, 4.23%; N, 4.89%.

Synthesis of 3(1,2-dihydr o-6-bromo-4-hydr oxy-
1methyl-2-oxo-3-quinolyl) 8-bromo-5-methyl-2-
phenylfuro|[3,2-c] quinalin-4 (5H) one(5I)

3,3-Acetophenylidenebig 6-br omo-4-hydr oxy-1-
methylquinolin-2(1H)-one|(41)

Yield 75%; m.p.>300°C; UV: & __ nm(log€) 249
(4.51), 301 (4.29), 319 (4.39); IR : v__ 2900, 2650,
1725, 1640, 1590, 1495, 1430, 1300, 1240, 760cn;
'HNMR: (CDCl,) 6 3.73 (s, 6H, 2N-CH,), 5.81 (s,
1H, CH), 7.03-8.22 (m, 13H, arom. H), 12.17 (s, 1H,
OH); Elementd andyss. Found: C, 53.68%; H, 3.35%;
N, 4.54%; Cdculated for C,;H,N.O,; C, 53.86%;
H, 3.23%; N, 4.49%.

(b) Synthesisof 3-(1,2-dihydro-6-bromo-4-hydr oxy-
1-methyl-2-oxo-3-quinolyl)-8-br omo-5-methyl-2-
phenylfuro[3,2-c]quinolin-2(1H)-one(51)

Yield 61%; m.p. 301-302°C; UV: L _ nm (loge)
247 (4.49), 286 (4.01), 344 (4.31); IR: v, 2950
(broad), 1640, 1625, 1560, 1480, 1420, 1360, 1260,
1100, 1060, 910, 750cm*; *H NMR: (CDCl,) 5 3.70
(s,3H,N-CH,),3.82(s, 3H,N-CH,), 6.96-8.18 (M,
11H, arom. H), 10.7 (s, 1H, OH); Elemental analy-
sis: Found: C, 55.27%; H, 3.08%; N, 4.77%; Calcu-
lated for C,H,Br,O,: C, 55.45%; H, 2.99%; N,
4.62%.

= Fyl) Paper
RESULTSAND DISCUSSION

As a representative case 1-methyl-4-hydroxy-
quinolin-2(1H) one(1a) and pyruvicd dehyde (2a) were
refluxed in dry ethanol for four hours. The colorless
solid that separated out wasfiltered. TLC of thecrude
product showed two spotsin benzene- ethyl acetate
(9:1) solvent system, which were separated over asilica
gel column. Thefirst fraction of colorlesscrystalline
needles e uted with petroleum ether-benzene (9:1) sol-
vent mixturewas sparingly solublein 10% sodium hy-
droxidewith ahigh melting point (>300°C). Thecom-
pound wasidentified as 3,3'-methylenebis[4-hydroxy-
1-methylquinolin-2(1H) one] (3a) whichwasfurther
confirmed by obtai ning undepressed mixed melting point
with an authentic sampl €%,

The second compound (4a) was eluted with pe-
troleum ether-benzene (1:9) solvent mixture, m.p. 241-
2°C. The compound was solublein 5% sodium hy-
droxideand gaveapositiveferric chloridetest for the
hydroxyl group. Positive 2,4-DNPtest indicated the
presence of a carbonyl group other than the amide
group. Mass spectrum of the compound displayed
molecular ion peak at m/z 404. Mass spectrum and
micro analytical data of the compound suggested the
molecular formula C,H,, N,O,. The IR spectrum
(KBr) of the product showed two different carbonyl
absorptions, at 1640cm™* (amide carbonyl) and at
1720cm(methyl ketone). Broad peaks centered
around 2900 and 2600cn are due to the stretching
frequencies of the hydroxyl groups. The'H NMR
spectrumin CDC1, displayed signal at 5 12.30 asa
singlet integrating for two protons, exchangeablewith
D, 0, revealing the presence of two hydroxyl groups.
Thesignal at 6 8.19 doublet, integrating for two pro-
tonswas assigned to the periprotonsat C-5and C-5'
and another broad multiplet at 6 7.20-7.70 integrating
for six aromatic protons(C-6, C-7, C-8, C-6', C-7',
C-8'). Thedoublet peaksat 6 5.50 (1H), 3.73 (6H)
and 2.23(3H) were assigned to the C'°-H, N-CH,
and COCH, respectively. The doublet nature of these
peaks could not possibly be dueto any coupling be-
cause of the absence of protons o to these groups.
Thepossibility of any long-range couplingsisasoruled
out. Thesefactsled usto concludethat the spectrum
could possibly be acombination spectrum of amix-
ture consisting of the keto and enol formsof the com-
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pound (4a). The chemica aswell asthemagnetic en-
vironment of the protons on the C*°, N-CH, and
COCH, carbons are expected to bedifferent slightly
leading to asmall chemical shift variation. Theaddi-
tion of D, O has changed the spectrum profile. The
doublet peaksmentioned above have now been shown
assinglets. Thisconfirmsthat the compound existsin
keto-enol tautomerism, whichishighly sensitiveto
solvent polarity, and one of the tautomers could be
predominant in the solvent system CDC1,+D,0. In
UV spectrum the absorption maximaat 2. 248 (log
€ 4.46), 301 (4.32), 319nm (4.35) revealed the pres-
ence of the benzenoid and quinol one chromophores.
Onthebasisof the above spectral datathe structure
of the compound has been assigned as 3,3'-
acetonylidene-bis [1-methyl-4-hydroxyquinolin-
2(1H)one] (4a) (Scheme1).

Further thefragmentation pattern in the mass spec-
trum supports the assigned structure. The molecular
ion (m/z 404) furnished aprominent ion at m/z 361
(100%), which forms the base peak, by loss of an
acetyl group. Thelatter by expulsion of 186amu re-
sulted intheion at m/z 175, which by further oss of
CO and H resulted inions at m/z 147 and m/z 146
respectively. The other fragmentsformed are consis-

EXPERIMENTAL

The structure assigned for the compound (4a) is
further substantiated by *C NM R spectrum. The *C
NMR spectrum with attached proton test (APT) re-
ved ed the presence of 18 different typesof carbonin
the compound. A signal at 6 28.43 isassigned to the
carbon C-12. Thetwo N-methyl carbons C-9 and C-
9 areresonating at 6 31.53and 31.72. Thesignal at 6
49.25 isdueto the carbon at C-10. The signasat 6
115.49, 115.64, 126.10 and 126.26 have been assigned
to the aromatic carbons C-8', C-8, C-6" and C-6 re-
spectively. CarbonsC-5and C-5' areresonating at &
124.12 and carbons C-7 and C-7' at 6 132.80. The
tertiary carbons C-4aand C-4'aarerepresented by a
signa at 6 118.94. Thesignal at 6 119.17 can be ac-
counted by thetwo tertiary carbons C-3 and C-3' and
thesignal at 6 139.85isdueto C-8aand C-8'a. The
two carbonsbearing hydroxyl groupsviz., C-4 and C-
4' resonated at 6 162.70 and 6 163.51. Thedownfield
signalsat 6 166.25 and 167.91 are dueto the carbonyl
carbons C-2 and C-2' of thequinolonering. Thebridge
carbonyl C-11 resonated at 6 202.93.

The above reaction has been extended to the other
substituted quinolin-2(1H)ones (1a-€) and glyoxals

tent with the assigned structure. (2a-c) (Schemel).
C,HsOH O AN = O
o “/§O Reflux
3 (a-e)
Scheme 1
1& 3 a b c d e 2 R®
R CH3 C2H5 C6H5 CH3 CH3 a CH;
R* H H H Br H b H
R H H H H NO, c CeHs
4 a b c d e f g h i ] k I
R CH3 C2H5 C6H5 CH3 CH3 CH3 C2H5 CGH5 CH3 C2H5 C5H5 CH3
R! H H Br H H H H H H H H Br
R? H H H H NO, H H H H H H H
R® CH; CHs CH; CH; CHj H H H CeHs CeHs  CeHs  CgHs

It was observed that when reacted with pyruvic
adehyde (2a) and glyoxd (2b), the4-hydroxyquinolin-
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2(1H)-ones(1a-€) gavetwo products namely the cor-
responding 3,3'-methylenebis [4-hydroxyquinolin-
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2(1H)ones] (3a-e) and 3,3'-acetonylidenebis [4-
hydroxyquinolin-2 (1H)ones| (4a-1), where aswith
phenylglyoxals (2c) only one product wasobtainedi..e.
3,3"-acetophenylidenebis[4-hydroxyquinolin-2(1H)-
one] (4i-1). Theyieldsareintherangeof 40-80%. The
structure of these compounds (4b- 1) hasbeen assigned
by analogy with (4a) and their spectral characteristics
(experimentd).

The mechanism of formation of compounds (4a-1)
can be explained by the nucleophilic addition of 4-
hydroxyquinolin-2(1H)one(1) on the a dehyde carbon
of glyoxd (2) leading to an ungtabledioneintermediate
which could add an another molecule of 4-
hydroxyquinolin-2(1H)oneby nucleophilic addition at
the double bond forming 3,3'-acetonylidene/
ethanaidene/ acetophenylidenebis[4-hydroxyquinolin-
2(1H)-ones] (4). Theformation of formaldehydefrom
pyruvica dehyde and glyoxa under reaction conditions
could be the reason for the formation of 3,3-
methylenebis[4-hydroxyquinolin-2 (1H) ones] (3a-€).
(Schemel).

3,3-acetonylidenebis[4-hydroxy-1-methylquino-
lin-2(1H) one] (4a) smoothly underwent cyclodehy-
drationin PPA when hested on asteam bath for 8 hours
which resultedinasinglecol orlesscompound withm.p.
191-92°C. The compound was sparingly solublein
base and gave anegative 2,4-DNPtest, indicating the
presenceof hydroxyl group and the absence of the car-
bonyl group. Mass spectrum furnished the molecul ar
ion at m/z 386 suggesting theloss of awater molecule
from (4a), whichisconfirmed by microandytica data
(M.F. C,H,N,O,). UV spectrum (CHCI,) showed
absorptionmaximaat &, __ 247 (loge 4.57), 288 (4.07),
338nm (4.41) indicating the presence of carbostyril.
ThelR spectrum (KBr) indicated the presence of only
amide carbonylsat 1640 and 1625cm™ and ahydroxyl
group at 2940cm™. The'H NMR (CDCI,) displayed
signalsat 6 10.30 (s, 1H D,0O exchangeable) was as-
signed tothe OH proton, asignal at 6 7.70 (d, 2H) is
duetotheperiprotonsH-9and H-5'. Themulltiplet at &
7.50-6.84 isassigned to the aromatic protons H-6, H-
7, H-8, H-6', H-7" and H-8'. The N-CH_ protons at
C-11and C-12 areresonating at 6 3.75 and 3.70 re-
spectively astwo sharpsinglets. Thesignd at 6 2.33 (s,
3H) isattributed to the methyl protonsat C-10. From
theforegoing spectral data, the structure of the com-
pound has been assigned 1 as 3(1,2-dihydro-4-hy-
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droxy-1-methyl-2-oxo-3-quinolyl) 2,5-dimethylfuro
(3,2-¢) quinolin-4(5H)one (5a).

Further thefragmentation pattern in the mass spec-
trum supportsthe above assigned structure. Themo-
lecularion M* at m/z 386 (14%) fragmented to give
two major fragments at m/z 212 (50%) and at m/z
174 (40%). A base peak isformed at m/z 175(100%)
and the other ionsformed are consistent with the as-
signed structure (experimental). The above conclu-
sions are further substantiated by *C NMR (APT)
(CDCl,) spectrum, which indicated the presence of
23 different carbons. A signal at 6 13.26 was assigned
to C-13, thepeaksat 6 29.54 and & 29.69 are dueto
N-methyl groupsat C-11 and C-12 respectively. The
chemical shiftsat 6 113.08, 114.84, 120.37, 121.43,
122.76, 123.95, 128.99 and 6 130.54 are assigned
to the aromatic carbons C-8', C-6, C-5', C-9', C-6',
C-9, C-7" and C-7 of thetwo quinoloneringsin that
order. Thesignals at 6 136.59 and 6 139.22 are at-
tributed to C-8'aand C-5a. Thedownfield signalsat
6 162.45 and & 160.24 are accounted by the two
amide carbonyl carbons C-4 and C-2'. Thethreecar-
bons C-9b, C-4' and C-2 which aredirectly linked to
the oxygen atom are resonating at 6 158.40, 154.03
and 6 153.85 respectively. A peak at 6 103.13 isdue
to C-3, thesignals at 6 112.68 and 110.90 may be
related to C-3aand C-3' and the tertiary carbons at
C-4'aand C-9aaregivingsignalsat 6 116.33 and 6
117.33 respectively.

Thecydlisation of (4a) to 3(1,2-dihydro-4-hydroxy-
1-methyl-2-oxo-3-quinolyl) 2,5-dimethylfuro[3,2-c]
quinolin-2(1H)one (5a) can berationdized asfollows.
Thefirst step involvesthe protonation of the carbonyl
oxygenintheacidic medium followed by nucleophilic
attack of the enolic -OH on the protonated carbonyl
resulting in O-C bond formation. Findly eimination of
a water molecule results in the formation of (5a).
Cyclodehydration of (4a) in concentrated sulphuricacid
and polyphosphate ester (PPE) was al so attempted at
different temperatures. However with these reagents
the desired product (5a) could not be obtained. In
H,SO, aninseparabl e mixture was obtained, whereas
in PPE the starting material wasrecovered. Therefore
the 3,3'-acetonylidene/ethandidene/ acetophynylidene
bis[4-hydroxyquinolin-2(1H)ones| (4a-l) werecydisad
to the corresponding furoquinolones (5a-1) in PPA. In
all the casesthetitle compounds (5a-1) were obtained
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in good yields proving the generality of thereaction.

(Scheme?2).

5 a b c d e f g h i j k I

R CH; CoHs CsHs CH; CH; CH; CoHs CeHs CH; CoHs CeHs CH;
R? H H Br H H H H H H H H Br
R? H H H H NO, H H H H H H H
R®  CHs CH; CH; CH; CH; H H H CeHs CeHs CeHs CeHs

The structures assigned for these compounds
(5a-1) are well supported by the spectral proper-
ties (results and discussion and experimental).

CONCLUSIONS

When two molesof 4-hydroxyquinolin-2 (1H) ones
were condensed with onemol e of glyoxa ssubstituted
methylenebi squinolones are formed which were sub-
jected to cyclisationin PPA, to give furoquinol ones.
The processprovidesafacile procedurefor the prepa-
ration of furoquinolonesingoodyieds.
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