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3¢ NMR spectrum of compound 8a
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NAME Yasooj UN
EXPNO 179
PROCNO 1
Date_ 20111216
Time 13.58
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 29pg
65536
SOLVENT DMSO
NS 640
DS 0
SWH 25252.525
FIDRES 0.385323
AQ 1.2976629
RG 2050
DW 19.800
DE 6.50
TE 296.0
D1 3.00000000
D11 0.03000000
TDO 1
seeseene CHANNEL f1 mmmw=
NUC1 3C
Pl 9.00
PL1 -0.
PL1W 42.02801895
SFO1 100.6479784
sacsene = CHANNEL f2 =mm=
CPDPRG2 waltzl6é
NUC2 1H
PCPD2 90.00
PL2 -2.00
PL12 14.16
PL13 17.90
PL2W 11.86359406
PL12W 0.28722104
PL13W 0.12139934
SFO2 400.2216009
SI 327
SF 100.6353990
wWow EM
SSB 0
LB 1.00
GB 0
PC 1.40
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'H NMR spectrum of compound 8a
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INSTRUM spect
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PULPROG zg30

D 65536
SOLVENT DMSO

NS 24

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1620

DwW 62.400 usec
DE 6.50 usec
TE 295.7

D1 6.00000000 sec
TDO 1
==osss=s CHANNEL fl =sssssa==
NUC1 1H

Pl 14.00 usec
PL1 -2.00 dB
PL1W 11.86359406 W
SFO1 400.2236020 MHz
Ss1 32768

SF 400.2200000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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'H NMR (expanded) spectrum of compound 8a
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'H NMR (expanded) spectrum of compound 8a
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™= 6 K
o1 2.00000000 sec
D11 0.03000000 sec
™0 1
........ o R p—
NUC1 13C
P 8.70 usec
L -1.00 dB
PLIw 42.69075012 W
sro1 100.6228298 Wiz
B e
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3¢ NMR spectrum of compound 8b
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TR 295.3 K
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-------- CHANNEL f1 sessssss
NUC1 1H
P1 11.00 usec
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'H NMR spectrum of compound 8b
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'H NMR (expanded) spectrum of compound 8b
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'H NMR (expanded) spectrum of compound 8b
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NAME Yasooj UN
EXPNO 175
PROCNO 1
Date_ 20111216
ime 13.35
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g9pg
65536
O SOLVENT DMSO
NS 80
OH DS 0
SWH 25252.525 Hz
N FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
[6) O 0 D 19.800 usec
DE 6.50 usec
TE 296.0 K
O D1 3.00000000 sec
D11 0.03000000 sec
TDO 1
~~~~~~~~ CHANNEL f1 =mmmmmmmm
NUC1 3C
Pl 9.00 usec
PL1 -0.90 dB
PL1W 42.02801895 W
SFO1 100.6479784 MHz
-------- CHANNEL f2 ====sm==
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.00 dB
PL12 14.16 dB
PL13 17.90 dB
PL2W 11.86359406 W
PL12W 0.28722104 W
PL13W 0.12139934 W
SFO2 400.2216009 MHz
SI 327
SF 100.6353990 MHz
wWowW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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13C NMR spectrum of compound 8e
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NAME Yasooj UN
EXPNO 176
PROCNO 1
Date_ 20111216
Time 13.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT DMSO
NS 32
DS 0
SWH 8012.820
FIDRES 0.122266
AQ 4.0894966
RG 0
oW 62.400
DE 6.50
TE 295.5
D1 6.00000000
TDO 1
====s=== CHANNEL fl ===s====
NUC1 1H
Pl 14.00
PL1 -2.00
PL1W 11.86359406
SFO1 400.2236020
Ss1 32768
SF 400.2200000
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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\/ NV \/ | Exo 178
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Date_ 20111216
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INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT DMSO
NS 32
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
OH RG 1150
DwW 62.400 usec
e DE 6.50 usec
TE 295.5 K
o 0" X0 D1 6.00000000 sec
TDO 1
O =mosss=s CHANNEL fl ===ssss==
NUC1 1H
— Pl 14.00 usec
f PL1 -2.00 dB
PL1W 11.86359406 W
= — T SFO1 400.2236020 MHz
Ss1 32768
SF 400.2200000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T
5.0 4.8 4.6 44 4.2 4.0 3.8 3.6 34 3.2 3.0 2.8 2.6 24 ppm
| -

'H NMR (expanded) spectrum of compound 8e
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Time 13.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536
SOLVENT DMSO
NS 32
DS 0
SWH 8012.820 Hz
OH FIDRES 0.122266 Hz
AQ 4.0894966 sec
=N RG 1150
oW 62.400 usec
DE 6.50 usec
o o~ ~o E 295.5 K
D1 6.00000000 sec
o O TDO 2.
==mm=s=s== CHANNEL fl ===s====
/ NUC1 1H
/ Pl 14.00 usec
/ PL1 -2.00 dB
/ |l PL1W 11.86359406 W
. B i = b N SFO1 400.2236020 MHz
SI 32768
SF 400.2200000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

——

T T T T T /|
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'H NMR (expanded) spectrum of compound 8e
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NAME Yasooj UN
EXPNO 183
PROCNO 1
Date_ 20111216
ime 15.06
INSTRUM spect
PROBHD 5 mm PABBO BB-
O PULPROG 2gpg
™ 65536
SOLVENT DMSO
OH NS 60
DS 0
BN SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
(o) (O} RG 2050
DW 19.800 usec
o DE 6.50 usec
TE 296.1 K
D1 3.00000000 sec
Cl D11 0.03000000 sec
TDO 1
———————— CHANNEL f1 mmmemmms
NUC1 3c
P1 9.00 usec
PL1 -0.90 dB
PLIW 42.02801895 W
SFOL 100.6479784 MHz
=mmmmmm== CHANNEL 2 ==smmmm=
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 -2.00 dB
PL12 14.16 dB
PL13 17.90 dB
PL2W 11.86359406 W
PL12W 0.28722104 W
PL13W 0.12139934 W
SFO2 400.2216009 MHz
SI 327
SF 100.6353990 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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13C NMR spectrum of compound 8f
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Date_ 20111216
Time 15.02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT DMSO
NS 24
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1030
[ DW 62.400 usec
DE 6.50 usec
TE 295.6 K
D1 6.00000000 sec
TDO 1
B T r / ! =mems=== CHANNEL fl ===s=s==
S A (U £ ; NUC1 1H
Pl 14.00 usec
PL1 -2.00 dB
PL1W 11.86359406 W
SFO1 400.2236020 MHz
Ss1 32768
SF 400.2200000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JL L L
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'H NMR spectrum of compound 8f
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'H NMR (expanded) spectrum of compound 8f
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'H NMR (expanded) spectrum of compound 8f
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NAME Yasooj UN
EXPNO 184
PROCNO 1
Date_ 20111216
Time 15.02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT DMSO
NS 24
DS 0
SWH 8012.820 Hz

FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 0

DW 62.400 usec
DE 6.50 usec
TE 295.6 K

D1 6.00000000 sec
TDO 1
===ss=== CHANNEL fl ========
NUC1 1K

P1 14.00 usec
PL1 -2.00 dB
PL1W 11.86359406 W
SFO1 400.2236020 MHz
Ss1 32768

SF 400.2200000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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NAME Yasooj UN
EXPNO 181
PROCNO 1
Date_ 20111216
ime 14.53
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 29pg
65536
SOLVENT DMSO
NS 70
DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
O DE 6.50 usec
TE 295.9 K
D1 3.00000000 sec
D11 0.03000000 sec
TDO 1
““““““““ CHANNEL f1 ==mmmmmm
NUC1 3C
Pl 9.00 usec
PL1 -0. dB
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2. Representative spectral data

5-hydroxy-4-methyl-10-phenyl-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione (8a). white solids,
m.p: 333 °C (decomposed); yield 0.28 g, 88%:; IR (KBr) (vmax, cM™): 3255, 1782, 1694, 1628, 1605, 1382,
1337, 1125, 1094, 847, 736, 700. *H NMR (400.13 MHz, DMSO-ds) 8 2.51 (s, 3H, CH3), 2.95 (d, J= 16
Hz, 1H, CH), 3.38 (dd, 2Jun = 16.0 Hz, 334y = 7.2 Hz, 1H, CH), 4.73 (d, 3Jun = 6.0 Hz, 1H, CH), 6.09 (s,
1H, CH), 6.60 (s, 1H, CH), 7.11 (d, *Jun = 7.6 Hz, 2H, aromatic CH), 7.24 (t, *Jun = 6.8 Hz, 1H, aromatic
CH), 7.32 (t, ®Juy = 7.2 Hz, 2H, aromatic CH), 11.15 (s, 1H, OH). *CNMR (100.62 MHz, DMSO-ds) 8¢
24.07, 34.37, 37.26, 99.98, 106.56, 111.76, 126.96, 127.67, 127.94, 129.44, 141.67, 152.54, 154.40,
155.51, 159.62, 167.24. Anal. Calcd for C19H1405 (322.31): C, 70.80; H, 4.38. Found: C, 70.68; H, 4.55.
5-hydroxy-4-methyl-10-(2-chlorophenyl)-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione (8b). white
solids, m.p: 328 °C (decomposed); yield 0.33 g, 92%; IR (KBr) (vmax, cm™): 3219, 1797, 1680, 1625,
1605, 1136, 1097, 852 and 548.'H NMR (400.13 MHz, DMSO-dg) 6y 2.56 (s, 3H, CH3), 2.83 (dd, 234n =
16 Hz, *Jun = 1.6 Hz, 1H, CH), 3.47 (dd, 2Jun = 16 Hz, 3Juy = 7.2 Hz, 1H, CH), 5.05 (d, *Jun = 6.4 Hz,
1H, CH), 6.08 (s, 1H, CH), 6.63 (s, 1H, CH), 6.70 (dd, ®J4n = 7.8 Hz, “Jun = 1.2 Hz, 1H, aromatic CH),
7.22 (m, 1H, aromatic CH), 7.31 (m, 1H, aromatic CH), 7.56 (q, 3Jun = 8.0 Hz, *Jun = 1.2 Hz, aromatic
CH), 11.24 (s, 1H, OH). ®*CNMR (100.62 MHz, DMSO-ds) 8¢ 23.50, 31.70, 35.01, 99.36, 102.27, 106.16,
111.52, 127.30, 127.97, 129.33, 130.22, 132.22, 137.77, 151.90, 154.37, 154.72, 157.54, 158.82, 166.05.
Anal. Calcd for C19H;3CIOs (356.76): C, 63.97; H, 3.67. Found: C, 64.08; H, 3.75.
5-hydroxy-4-methyl-10-(2-methoxyphenyl)-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione (8c).
white solids, m.p: 337 °C (decomposed); yield 0.315 g, 90%; IR (KBr) (vmax, cm™): 3271, 1778, 1688,
1628, 1605, 1133, 1095, 851, 547.'H NMR (400.13 MHz, DMSO-dg) o4 2.54 (s, 3H, CH3), 2.80 (dd, 23uH
=15.2 Hz, *Jyu = 0.8 Hz, 1H, CH), 3.31 (dd, *Jun = 16.2 Hz, 334y = 8 Hz, 1H, CH), 3.81 (s, 3H, CH3) 4.82
(d, 3Jun = 7.2 Hz, 1H, CH), 6.05 (s, 1H, CH), 6.57 (s, 1H, CH), 6.74 (dd, *Jun = 7.4 Hz, *Jyn = 1.6 Hz, 1H,
aromatic CH), 6.81 (t, 1H, aromatic CH), 7.03 (d, *Ju = 8 Hz, 1H, aromatic CH), 7.24 (m, 1H, aromatic
CH), 11.09 (s, 1H, OH). ®CNMR (100.62 MHz, DMSO-dg) 8¢ 23.52, 30.30, 34.57, 55.07, 99.18, 102.60,
105.89, 111.26, 120.38, 127.45, 128.51, 128.70, 152.07, 154.25, 154.82, 156.45, 157.02, 159.05, 166.47.
Anal. Calcd for C,oH1606 (352.34): C, 68.18; H, 4.58. Found: C, 68.26; H, 4.62.
5-hydroxy-4-methyl-10-(naphthalen-1-yl)-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione (8d). white
solids, m.p: 350 °C (decomposed); yield 0.325 g, 88%; IR (KBr) (Vimax, Cm'l): 3226, 1784, 1678, 1624,
1606, 1170, 1134, 1097, 853, 781, 551. 'H NMR (400.13 MHz, DMSO-ds) 84 2.59 (s, 3H, CH3), 2.90 (d,
33 = 15.6 Hz, 1H, CH), 3.52 (dd, 2Jun = 16 Hz, 33y = 7.2 Hz, 1H, CH), 5.60 (d, Jn = 6.8 Hz, 1H, CH),
6.06 (s, 1H, CH), 6.69 (s, 1H, CH), 6.74 (d, *Jun = 6.8 Hz, 1H, aromatic CH), 7.33 (t, *Juy = 7.6 Hz, 1H,
aromatic CH), 7.63 (t, *Jun = 7.6 Hz, 1H, aromatic CH), 7.71 (t, *Jun = 7.6 Hz, 1H, aromatic CH), 7.85 (d,
3Jun = 8 Hz, 1H, aromatic CH), 8.02 (d, *Juy = 8 Hz, 1H, aromatic CH), 8.39 (d, %Juu = 8.8 Hz, 1H,
aromatic CH), 11.23 (s, 1H, OH). ®*CNMR (100.62 MHz, DMSO-ds) 8¢ 23.55, 30.46, 36.43, 99.42,
103.41, 106.19, 111.43, 122.96, 123.11, 125.49, 126.15, 126.89, 128.01, 129.05, 129.95, 133.85, 136.40,
151.92, 154.62, 154.87, 157.35, 158.96, 166.39. Anal. Calcd for C,3H1605 (372.37): C, 74.19; H, 4.33.
Found: C, 74.19; H, 4.32.
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5-hydroxy-4-phenyl-10-phenyl-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione  (8e). pale yellow
solids, m.p: 276-277 °C; yield 0.32 g, 85%; IR (KBr) (vmax, cm™): 3330, 1789, 1732, 1691, 1624, 1601,
1437, 1375, 1332, 1172, 1126, 1090, 767, 699, 611. *H NMR (400.13 MHz, DMSO-ds) & 2.99 (d, *Jun =
16.0 Hz, 1H, CH), 3.44 (m, 1H, CH), 4.81 (d, 3Jun = 6.4 Hz, 1H, CH), 6.00 (s, 1H, CH), 6.50 (s, 1H, CH),
7.18 (d, *Jun = 7.6 Hz, 2H, aromatic CH), 7.27 (t, *Jus = 7.2 Hz, 1H, aromatic CH), 7.33-7.40 (m, 7H,
aromatic CH), 10.76 (s, 1H, OH). ®*CNMR (100.62 MHz, DMSO-ds) 8¢ 34.46, 37.20, 100.02, 104.36,
105.00, 113.53, 127.03, 127.74, 127.85, 127.89, 128.53, 129.49, 139.48, 141.63, 152.71, 154.84, 156.08,
156.80, 159.42, 167.18. Anal. Calcd for C,4H1605 (384.38): C, 74.99; H, 4.20. Found: C, 74.75; H, 4.36.
5-hydroxy-4-phenyl-10-(2-chlorophenyl)-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione  (8f). pale
yellow solids, m.p: 298-300 °C; yield 0.37 g, 90%; IR (KBr) (vmax, cm™): 3353, 3067, 1778, 1734, 1692,
1621, 1603, 1434, 1375, 1349, 1179, 1136, 1120, 1090, 764, 738, 705, 464. 'H NMR (400.13 MHz,
DMSO-dg) 8y 2.88 (d, *Jpn = 15.6 Hz, 1H, CH), 3.51 (dd, 2Juy = 16.0 Hz, *Jun = 7.6 Hz, 1H, CH), 5.14 (d,
Jun = 6.8 Hz, 1H, CH), 5.99 (s, 1H, CH), 6.54 (s, 1H, CH), 6.79 (d, %J4n = 7.6 Hz, 1H, CH), 7.26 (t, *Jun
= 7.6 Hz, 1H, aromatic CH), 7.32-7.41 (m, 6H, aromatic CH), 7.59 (d, *Jun = 7.6 Hz, 1H, aromatic CH),
10.86 (s, 1H, OH). ®CNMR (100.62 MHz, DMSO-ds) 5¢ 32.28, 35.56, 99.96, 102.92, 105.17, 113.63,
127.86, 127.90, 128.53, 128.56, 129.88, 130.77, 132.75, 138.27, 139.38, 152.63, 155.38, 155.94, 157.20,
159.20, 166.52. Anal. Calcd for C»4H15CIOs (418.83): C, 68.82; H, 3.61. Found: C, 68.76; H, 3.68.
5-hydroxy-4-phenyl-10-(2-methoxyphenyl)-9,10-dihydropyrano[2,3-h]chromene-2,8-dione (89).
yellow solids, m.p: 288-290 °C; yield 0.35 g, 86%; IR (KBr) (Vmax, cm™): 3310, 3065, 2839, 1780, 1733,
1697, 1623, 1600, 1493, 1372, 1349, 1245, 1184, 1130, 1101, 1090, 1023, 887, 845, 756, 733, 700, 613.
'"H NMR (400.13 MHz, DMSO-dg) 8y 2.85 (d, ®Jun = 16.4 Hz, 1H, CH), 3.35 (dd, 2Jpn = 16.4 Hz, 33y =
8.0 Hz, 1H, CH), 3.84 (s, 3H, OCH3), 4.90 (d, *Jun = 7.6 Hz, 1H, CH), 5.96 (s, 1H, CH), 6.48 (s, 1H, CH),
6.86 (d, ®Jun = 4.8 Hz, 2H, aromatic CH), 7.06 (d, *Jun = 8.4 Hz, 1H, aromatic CH), 7.25-7.29 (m, 1H,
aromatic CH), 7.35-7.43 (m, 5H, aromatic CH), 10.71 (s, 1H, OH). **CNMR (100.62 MHz, DMSO-dg) 8¢
31.03, 35.08, 55.56, 99.78, 103.22, 104.91, 111.82, 113.32, 120.94, 127.83, 127.88, 128.18, 128.49,
129.07, 129.26, 139.50, 152.83, 155.26, 156.08, 156.69, 157.01, 159.41, 166.91. Anal. Calcd for
CasH1506 (414.41): C, 72.46; H, 4.38. Found: C, 72.33; H, 4.45.
5-hydroxy-4-phenyl-10-(naphthalen-1-yl)-9,10-dihydropyrano[2,3-h]Jchromene-2,8-dione (8h).
orange solids, m.p: 285-286 °C; yield 0.36 g, 84%; IR (KBr) (vmax, cm™): 3337, 3062, 1783, 1732, 1697,
1622, 1603, 1437, 1357, 1240, 1166, 1129, 1090, 1014, 889, 855, 776, 703, 615, 593, 458. 'H NMR
(400.13 MHz, DMSO-dg) 8 2.97 (d, 3Jun = 15.6 Hz, 1H, CH), 3.56 (dd, 2Jun = 16.0 Hz, 34y = 7.2 Hz,
1H, CH), 5.70 (d, *Jun = 6.8 Hz, 1H, CH), 5.99 (s, 1H, CH), 6.61 (s, 1H, CH), 6.84 (d, %J4n = 7.2 Hz, 1H,
aromatic CH), 7.36-7.41 (m, 6H, aromatic CH), 7.65 (t, *Jun = 7.6 Hz, 1H, aromatic CH), 7.74 (t, *Juy =
7.2 Hz, 1H, aromatic CH), 7.88 (d, %J4 = 8.0 Hz, 1H, aromatic CH), 8.04 (d, *Jun = 8.0 Hz, 1H, aromatic
CH), 8.44 (d, Jun = 8.8 Hz, 1H, aromatic CH), 10.86 (s, 1H, OH). **CNMR (100.62 MHz, DMSO-dg) 8¢
31.07, 36.98, 100.03, 104.04, 105.22, 113.52, 123.60, 123.65, 126.04, 126.69, 127.43, 127.87, 127.92,
128.58, 129.60, 130.49, 134.40, 136.88, 139.47, 152.66, 155.66, 156.10, 157.05, 159.34, 166.87. Anal.
Calcd for CygH1805 (434.44): C, 77.41; H, 4.18. Found: C, 77.37; H, 4.23.
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