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el Caodds gadio YOF o y55 clod b dbas Hlub
FT-IR (KBr): v (cm™) = 3157 (O-H stretch), 1731 (C=0
stretch), 1631 (C=N stretch), 1621, 1533 (aromatic C=C
stretch), 1176, 1107, (SO; asymmetric and symmetric
stretch) cm®; *H NMR (400 MHz, DMSO-dg): 6 = 11.74
(br, 2H), 9.27 (d, J = 1.6 Hz, 1H), 9.05 (dd, J = 5.6, 1.6 Hz,
1H),8.82 (dt, J = 8, 1.6 Hz, 1H), 8.06 (dd, J = 6, 5.6 Hz,
1H) ppm; C NMR (100 MHz, DMSO-ds): 6 = 164.0,
147.5, 145.2, 144.4, 129.7 127.2 ppm.

091 (SO 0955 509 55 9 ! 5 Ol w0905 49 5
(s e V) Silog)] slo sl 5l bl
(Jge e V) lesS (uS9yen =¥ b (ylogS’ (S5
[NASOHI'CE 5 (Jso ke V) (9 (6 1SS VY b cpgtasd
2 () e 0) Il I 3 (255 +/-FA (Jgo (o +1Y)
b Sy Coptn b 03] wo Cawl (gl @23 Ve gle
«uiSly (1355 3y il g b JU33 (TLC) S3b &Y (SIS log S
A5 0,lg3 5ok EB Jgibl b 9w (glohis odel Cauwnddy iguy
Bas SiS gl 40 9 6yl zen odel Cunddy (slmodyglys
S g SRy awlie 5 Ak gla ol eslital by
A5 51,8 400 3,90 glie 3 0 ()15 Ailen (slagida b

o yuw Wil (sOlaS b s 0010
12-(4-chlorophenyl)-9,9-dimethyl-8,9,10,12-
tetrahydrochromeno[3,4-bJchromene-6,11-dione  (4a):
White powder, FT-IR (KBr, cm™): 761, 838 (C — H out
of plane bending, aromatic), 1191 (C — O stretch), 1488,
1616 (C=C stretch, aromatic), 1662 (C=0 stretch),
1724 (C= 0 stretch), 2875 (C — H symmetric stretch,
aliphatic), 2956 (C—H stretch aromatic). *H NMR
(400 MHz, CDCl3): 6 1.08 (s, 3H, CH3), 1.17 (s, 3H, CHs),
2.23 and 2.30 (d, 2H, J=10.6 Hz, CH), 2.63 and 2.69 (d,
2H, J=5.3 Hz, CHy), 4.92 (s, 1H, CH), 7.20 (d, 2H, J=8.4
Hz, Ar), 7.26-7.38 (m, 4H, Ar), 7.56 (td, 1H, J= 8.4 1.1
Hz, Ar), 7.85 (d, 1H, J = 7.8 Hz, Ar) ppm. *C NMR (100
MHz, CDCls): § 26.5 (CHs), 28.1 (CHs), 31.3 (C), 31.9
(CH), 39.8 (CHy), 49.6 (CH,), 105.3, 112.5, 113.8, 115.9,
121.4, 123.3, 127.4, 129.0, 131.3, 131.8, 140.0, 151.6,
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1722 (C==0 stretch), 2878 (C — H stretch aliphatic),
2965 (C —H stretch aromatic). *H NMR (400 MHz,
CDCl3): ¢ 2.09-2.14 (m, 2H, CHy), 2.40-2.45 (m, 2H,
CHy), 2.78-2.87 (m, 2H, CHy), 4.94 (s, 1H, CH), 7.20
(d, 2H, J = 8.5 Hz, Ar), 7.30-7.38 (m, 4H, Ar), 7.55 (td,
1H, J= 8.5, 1.4 Hz, Ar), 7.87 (dd, 1H, J=7.8, 1.2 Hz,
Ar) ppm. 3C NMR (100 MHz, CDCl3): 6 19.2 (CH,),
26.1 (CHy), 31.8 (CHy), 35.8 (CH), 105.2, 112.4, 115.0,
115.9, 121.4, 123.3, 127.4, 129.0, 131.3, 131.8, 140.2,
151.6, 152.9, 159.5, 162.7, 194.9 (C=0) ppm. Anal.
Calcd. for CyH15ClO4: C, 69.76; H, 3.99. Found: C,
69.81; H, 4.04.

12-(4-bromophenyl)-8,9,10,12-tetrahydrochromenol3,4-
b]chromene-6,11-dione (4e): White powder. FT-IR
(KBr, cm?): 763 (C—H out of plane bending,
aromatic), 1174 (C— O stretch), 1456, 1614 (C=C
stretch, aromatic), 1668 (C =0 stretch), 1722 (C=0
stretch), 2877 (C — H stretch aliphatic), 2962 (C—H
stretch aromatic). *H NMR (400 MHz, CDCls): § 2.08-
2.14 (m, 2H, CHy), 2.40-2.45 (m, 2H, CH,), 2.78-2.90
(m, 2H, CHy), 4.92 (s, 1H, CH), 7.24 (d, 2H, J = 8.3 Hz,
Ar), 7.30-7.37 (m, 4H, Ar), 7.55 (td, 1H, J= 8.1, 1 Hz,
Ar), 7.87 (d, 1H, J =7.2 Hz, Ar) ppm. 3C NMR (100
MHz, CDCls): 6 19.1 (CHz), 26.0 (CH.), 31.9 (CHy),
35.7 (CH), 105.1, 112.4, 114.8, 115.8, 119.9, 121.4,
123.3, 129.3, 130.3, 131.3, 140.7, 151.5, 152.9, 159.5,
162.7, 195.0 (C=0) ppm. Anal. calcd. for C22H15BrOa4:
C, 62.43; H, 3.57. Found: C, 62.65; H, 3.63.
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153.0, 161.0 (C=0), 194.8 (C=0) ppm. Anal. calcd. for
C24H19ClO4: C, 70.85; H, 4.71. Found: C, 70.61; H, 4.84.

12-(4-bromophenyl)-9,9-dimethyl-8,9,10,12-
tetrahydrochromeno[3,4-b]Jchromene-6,11-dione  (4b):
White powder, FT-IR (KBr, cm?): 763, (C — H out of
plane bending, aromatic), 1190 (C— O stretch), 1510,
1616 (C==C stretch, aromatic), 1662 (C=0 stretch),
1722 (C=0 stretch), 2873 (C— H stretch aliphatic),
2958 (C—H stretch aromatic). ‘H NMR (400 MHz,
CDCl3): 0 0.98 (s, 3H, CHs), 1.0 (s, 3H, CH3), 2.23
and 2.30 (d, 2H, J = 16.3 Hz, CHy), 2.63 and 2.69 (d, 2H,
J =18 Hz, CHy), 4.90 (s, 1H, CH), 7.24 (d, 2H, J = 8.3 Hz,
Ar), 7.31-7.37 (m, 4H, Ar), 7.55 (td, 1H, J=8.4, 1.2 Hz,
Ar), 7.85 (dd, 1H, J =7.8, 1.0 Hz, Ar) ppm. BC NMR
(100 MHz, CDCls): dc = 26.4 (CHs), 28.1 (CH3), 31.3 (C),
32.0 (CH), 39.7 (CHy), 49.6 (CHy), 105.1, 112.4, 113.6,
115.9, 119.9, 121.4, 123.3, 129.3, 130.3, 131.3, 131.4,
140.6, 151.6, 153.0, 159.4, 161.0, 194.8 (C=0) ppm. Anal.
Calcd. for CxH19BrOs: C, 63.87; H, 4.24. Found: C,
63.91; H, 4.35.

12-(3-bromophenyl)-9,9-dimethyl-8,9,10,12-
tetrahydrochromeno[3,4-b]Jchromene-6,11-dione  (4c):
White powder. FT-IR (KBr, cm?): 757 (C — H out of
plane bending, aromatic), 1178 (C — O stretch), 1425,
1614 (C==C stretch, aromatic), 1664 (C= O stretch),
1722 (C=0 stretch), 2871 (C — H stretch aliphatic),
2958 (C—H stretch aromatic). *H NMR (400 MHz,
CDCls): 0 1.10 (s, 3H, CHa), 1.17 (s, 3H, CH3), 2.25
and 2.31(d, 2H, J = 4.9 Hz, CH,), 2.63 and 2.71 (d, 2H,
J=17.7 Hz, CH,), 4.92 (s, 1H, CH), 7.11 (t, 1H, J = 8.0
Hz, Ar), 7.26-7.41 (m, 5H, Ar), 7.56 (td, 1H, J=8.4, 1.4
Hz, Ar), 7.86 (dd, 1H, J =7.9, 1.2 Hz, Ar) ppm. 3C
NMR (100 MHz, CDCls): 6 26.6 (CHs), 28.0 (CHs3),
31.3 (C), 32.2 (CH), 39.8 (CH>), 49.6 (CH), 113.6,
115.9, 121.4, 121.5, 123.3, 126.9, 128.8, 129.2, 130.2,
131.4, 143.7, 151.6, 161.2, 194.8 (C=0) ppm. Anal.
Calcd. for CxH19BrO4: C, 63.87; H, 4.24. Found: C,
63.96; H, 4.37.

12-(4-chlorophenyl)-8,9,10,12-tetrahydrochromeno[3,4-
blchromene-6,11-dione (4d): White powder, FT-IR
(KBr, cm?): 763, (C—H out of plane bending,
aromatic), 1174 (C— O stretch), 1490, 1614 (C=C
stretch, aromatic), 1664 (C=C stretch, aromatic),
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