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1. Experimental Procedures

1.1 Synthesis of 2,3-diphenyl-4 H-chromen-4-one (1)!

R2 - B(OH), R?
R
G N O
> R1—| |
1.1,4-dioxane:H,0=4:1, 85 °C A
2.Cs,CO;, Pd(PPhy), o) -

R'=H, OMe, F, Me; R%=H, Me, F, OMe ; R3=H, CI, Me, F, t-Bu

The mixture of 3-iodo-2-phenyl-4H-chromen-4-one 3a (139 mg, 0.4 mmol), phenylboronic
acid (122 mg, 1 mmol), Cs,CO; (652 mg, 2 mmol) and Pd(PPh;), (1 % mmol, 11.5 mmg) was
dissolved in a mixed solvent composed of dioxane and water (10 ml, 4:1, v/v). The reaction
mixture was allowed to stir at 85 °C for 6 h under Ar. Then, the mixture was poured into
the water (10 ml) and then extracted with ethyl acetate (20 mlx3). The combined
organic layer dried over (Mg,SO,) and concentrated under reduced pressure. The
residue was purified by column chromatography (ethyl acetate/petroleum ether, 1:12) to
give the desired product 1a (yield, 83 %).

Similarly, compounds 1a-1z and were prepared with the same method described above.

1b:R4=Me, R,=OMe, R3=H 1ab:R4=Me, R,=OH, R;=H
1P:R4=OMe, R,=Me, R3=t-Bu 1aa:R4=0OH, R,=Me, R;3=t-Bu

The cold diluted solution of BBr; (625 mg, 2.5 mmol) was added to a stirring solution of
compound 1b (171 mg, 0.5 mmol) or 1p (199 mg, 0.5 mmol) in dry chloroform (10 mL) under
the ice bath. The mixture was stirred at the ice bath for 30 min and refluxed for overnight. After
cooling to room temperature, the excess BBr; was quenched by adding MeOH (5 mL). The
volatiles were removed under the reduced pressure and purified by column chromatography to

give 1b (91.8 mg, 56 %) or 1p (yield, 60 %).2
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1.2 Synthesis of 14H-dibenzo|a,c]xanthen-14-one derivatives (2)

EtOH:H,0=19:1
hy, Ar, r.t .

R'=H, OMe, Me, F, OH; R3=H, CI, Me, F, t-Bu; R?=H, Me, OMe, F, OH
Substrate 2,3-diphenyl-4H-chromen-4-one 1a (149 mg, 0.5 mmol) was dissolved in a mixture
of EtOH-H,O (100 mL, 19:1, v/v) at ambient temperature in a quartz tube. The mixture was
deaerated for 3 min by bubbling argon and irradiated with a high pressure mercury lamp (500
W) at room temperature for 3 h. Then the reaction mixture were removed under reduced
pressure and purified by column chromatographied (ethyl acetate/petroleum ether, 1:50) to
give 2a (yield, 63 %).

Similarly, compounds 2a-2z were prepared with the same method as described above.

1.3 Synthesis of 2,3-diphenyl-4H-chromene (3)

SO o N
O | LiAIH,-AICI, O |
D — e ]
THF, 0 °C, 30 min
O J
3

1a
The mixture of 2,3-diphenyl-4H-chromen-4-one 1a (149 mg, 0.5 mmol) and aluminium
chloride (333 mg, 2.5 mmol) were dissolved in absolute THF (10 ml) at ice bath. Then the
LiAlH, (6 ml) was added drop by drop. The solution was stirred at the room temperature for
30 min under Ar, poured into the saturated ammonium chloride to quench the reaction. The
mixture was extracted with ethyl acetate (20 mlx3) and combined organic layer dried
over (Mg,SO,), concentrated under reduced pressure. Then the oily residue were purified

by column chromatographied (petroleum ether) to give 3 (yield, 44 %).
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2. Characterization Data for Compounds

2,3-diphenyl-4 H-chromen-4-one (1a):* Yield: 83%. 'H NMR
(400 MHz, CDCl5) § (ppm) 8.30 (d, J = 7.9 Hz, 1H), 7.71 (t, J =
7.8 Hz, 1H), 7.54 (d, J= 8.4 Hz, 1H), 7.42 (dd, J=15.1, 7.7 Hz,
3H), 7.35-7.26 (m, 6H), 7.22 (d, J = 7.4 Hz, 2H); '3C NMR
(100 MHz, CDCl;) & (ppm) 177.48, 161.62, 156.22, 133.81, 133.46, 133.00, 131.37,
130.20, 129.72, 128.40, 128.22, 127.74, 126.55, 125.22, 123.69, 123.12, 118.11.

OMe  2-(4-methoxyphenyl)-6-methyl-3-phenyl-4 H-
chromen-4-one (1b):* Yield: 86%. 'H NMR (400
MHz, CDCls) 6 (ppm) 8.05 (s, 1H), 7.49 (dd, J = 8.5,
1.8 Hz, 1H), 7.42 (d, J = 8.5 Hz, 1H), 7.36-7.27 (m,

5H), 7.25-7.22 (m, 2H), 6.76 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H), 2.47 (s, 3H); 13C NMR

(100 MHz, CDCls) 6 (ppm) 177.48, 161.29, 160.94, 154.37, 134.94, 134.89, 133.59,

131.36, 131.33, 128.45, 127.55, 125.71, 125.69, 123.26, 122.03, 117.75, 113.58,

55.40, 21.12.

OMe 2-(4-methoxyphenyl)-6-methyl-3-(m-tolyl)-4 H-
chromen-4-one (1c): Yield: 89%. White soild. m.p.
135.7-137.1 °C. '"H NMR (600 MHz, CDCl;) 8 (ppm)
8.05 (s, 1H), 7.49 (d, J = 8.5 Hz, 1H), 7.42 (d, J = 8.5
Hz, 1H), 7.35 (d, J = 8.6 Hz, 2H), 7.20-7.18 (m, 1H),

7.10 (s, 2H), 6.97 (d, J = 7.5 Hz, 1H), 6.77 (d, J = 8.6 Hz, 2H), 3.80 (s, 3H), 2.48 (s,

3H), 2.32 (s, 3H); 3C NMR (100 MHz, CDCl3) & (ppm) 177.61, 161.08, 160.92,

154.36, 137.94, 134.89, 134.85, 133.45, 131.95, 131.30, 128.41, 128.37, 128.32,

125.77, 125.72, 123.26, 122.16, 117.73, 113.55, 55.41, 21.62, 21.14; IR (KBr), v

(cm™) 2914, 2565, 2038, 1778, 1608, 1485, 1363, 1257, 1024, 825, 696, 522; HRMS

(ESI): calc. for C,4H,003 [M+Na]™ 379.1310, found 379.1308.
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OMe 3-(4-(tert-butyl)phenyl)-2-(4-methoxyphenyl)-6-
methyl-4H-chromen-4-one (1d): Yield: 92% (146.5
mg). White soild. m.p. 169.8-171.6 °C. 'H NMR (400
MHz, CDCl;) & (ppm) 8.04 (s, 1H), 7.48 (dd, J = 8.5,
2.0 Hz, 1H), 7.41 (d, J= 8.5 Hz, 1H), 7.36-7.31 (m, 4H),
7.15 (d, J = 8.6 Hz, 2H), 6.76 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 2.47 (s, 3H), 1.31 (s,
9H); 13C NMR (100 MHz, CDCl3) 8 (ppm) 177.62, 161.11, 160.87, 154.38, 150.35,
134.84, 134.79, 131.35, 130.89, 130.38, 125.95, 125.75, 125.40, 123.31, 121.95,
117.72, 113.51, 55.41, 34.68, 31.49, 21.13; IR (KBr), v (cm™!) 2962, 1606, 1500,
1363, 1255, 1022, 925, 829, 594, 532; HRMS (ESI): calc. for Cy;HcO3 [M+Na]*
421.1780, found 421.1773.

6-methyl-2,3-diphenyl-4 H-chromen-4-one  (le):* Yield:
81%. 'H NMR (400 MHz, CDCl;) 6 (ppm) 8.12 (s, 1H), 7.56
(dd, J=8.4,1.7Hz, 1H), 7.48 (d, J= 8.6 Hz, 1H), 7.44 (d, J =
7.2 Hz, 2H), 7.41-7.27 (m, 8H), 2.53 (s, 3H); 3C NMR (100
MHz, CDCl;) & (ppm) 177.49, 161.47, 154.48, 135.12, 135.06, 133.56, 133.17,
131.39, 130.09, 129.69, 128.36, 128.17, 127.66, 125.76, 123.32, 122.93, 117.86,

21.14.

3-(4-(tert-butyl)phenyl)-6-methyl-2-phenyl-4 H-

chromen-4-one (1f): Yield: 91%. White soild. m.p.

185.6-188.7 °C. 'TH NMR (400 MHz, CDCl;) & (ppm)
tBu 8.06 (s, 1H), 7.48 (d, J = 8.5 Hz, 1H), 7.43-7.37 (m, 3H),
7.30 (d, J = 8.2 Hz, 3H), 7.25 (d, J = 7.6 Hz, 2H), 7.14 (d, J = 7.6 Hz, 2H), 2.47 (s,
3H), 1.30 (s, 9H); '3C NMR (100 MHz, CDCl3) & (ppm) 8 177.61, 161.25, 154.44,
150.44, 134.97, 134.94, 133.71, 130.90, 129.95, 129.68, 128.05, 125.74, 125.28,
123.31, 122.77, 117.80, 34.64, 31.44, 21.11. IR (KBr), v (cm™) 2960, 1639, 1485,
1367, 1230, 1049, 929, 837, 696, 553. HRMS (ESI): calc. for CsHp,O, [M+Na]*
391.1674, found 391.1670.
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6-methyl-2-phenyl-3-(p-tolyl)-4 H-chromen-4-one  (1g):
Yield: 87%. White soild. m.p. 197.8-201.1 °C. 'H NMR
(400 MHz, CDCl5) & (ppm) 8.06 (s, 1H), 7.49 (dd, J = 8.5,
2.0 Hz, 1H), 7.44-7.38 (m, 3H), 7.32 (d, J = 7.2 Hz, 1H),
7.29-7.25 (m, 2H), 7.10 (s, 4H), 2.47 (s, 3H), 2.33 (s, 3H); 13C NMR (100 MHz,
CDCl;) 6 (ppm) 177.64, 161.24, 154.48, 137.32, 135.02, 134.97, 133.73, 131.19,
130.05, 129.98, 129.68, 129.15, 128.15, 125.78, 123.31, 122.86, 117.83, 21.44, 21.12;
IR (KBr), v (cm™) 2920, 1637, 1485, 1363, 1228, 1045, 925, 819, 698, 511; HRMS
(ESI): calc. for C,3H 30, [M+H]" 327.1385, found 327.1378.

6-methyl-3-phenyl-2-(p-tolyl)-4 H-chromen-4-one (1h):*
Yield: 83%. 'H NMR (400 MHz, CDCl;) 6 (ppm) 8.06 (s,
1H), 7.50 (d, J = 8.5 Hz, 1H), 7.42 (d, J = 8.5 Hz, 1H),
7.31-7.25 (m, 5H), 7.22 (d, J = 7.6 Hz, 2H), 7.06 (d, J =
7.6 Hz, 2H), 2.48 (s, 3H), 2.32 (s, 3H); *C NMR (100 MHz, CDCl;) & (ppm) 177.52,
161.61, 154.49, 140.45, 135.02, 134.96, 133.45, 131.40, 130.70, 129.63, 128.91,
128.38, 127.58, 125.77, 123.35, 122.59, 117.84, 21.54, 21.14.

6-methyl-2,3-di-p-tolyl-4 H-chromen-4-one (1i): Yield:
86%. White soild. m.p. 203.1-205.9 °C. 'H NMR (400
MHz, CDCls) & (ppm) 8.05 (s, 1H), 7.48 (dd, J = 8.5, 2.0
Hz, 1H), 7.41 (d, J = 8.5 Hz, 1H), 7.30 (d, J = 8.2 Hz, 2H),
7.11 (s, 4H), 7.07 (d, J= 8.2 Hz, 2H), 2.47 (s, 3H), 2.33 (d, /= 5.6 Hz, 6H); 13*C NMR
(100 MHz, CDCl3) 6 (ppm) 177.65, 161.35, 154.45, 140.31, 137.22, 134.90, 134.86,
131.15, 130.82, 130.29, 129.59, 129.16, 128.88, 125.75, 123.30, 122.48, 117.79,
21.53, 21.45, 21.11; IR (KBr), v (cm™") 2920, 1795, 1639, 1481, 1361, 1224, 1045,
925, 817, 634, 509; HRMS (ESI): calc. for CysH0O, [M+H]" 341.1542, found

341.1531.
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3-(4-(tert-butyl)phenyl)-6-methyl-2-(p-tolyl)-4 H-
chromen-4-one (1j): Yield: 94%. White soild. m.p.
188.6-191.1 °C. 'H NMR (400 MHz, CDCl3) 6 (ppm)
tBu 8.05 (s, 1H), 7.48 (dd, J= 8.5, 1.9 Hz, 1H), 7.41 (d, J =
8.5 Hz, 1H), 7.30 (dd, J = 15.7, 8.2 Hz, 4H), 7.14 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.1
Hz, 2H), 2.47 (s, 3H), 2.32 (s, 3H), 1.31 (s, 9H); 3C NMR (100 MHz, CDC]l5) 6 (ppm)
177.67, 161.36, 154.44, 150.38, 140.29, 134.88, 134.86, 130.87, 130.82, 130.19,
129.62, 128.82, 125.73, 125.33, 123.31, 122.42, 117.78, 34.67, 31.48, 21.55, 21.12;
IR (KBr), v (cm™!) 3055, 2952, 1892, 1645, 1483, 1363, 1228, 1105, 1020, 929, 817,
659, 551; HRMS (ESI): calc. for Cy7H,60, [M+Na]* 405.1830, found 405.1824.

3-phenyl-2-(p-tolyl)-4 H-chromen-4-one (1k):> Yield: 84%.
"H NMR (600 MHz, CDCl;) 6 (ppm) 8.30 (dd, J=7.9, 1.5 Hz,
1H), 7.71-7.68 (m, Hz, 1H), 7.53 (d, J = 8.3 Hz, 1H), 7.44-
7.41 (m, 1H), 7.33-7.28 (m, 5H), 7.25-7.22 (m, 2H), 7.08 (d, J
= 8.0 Hz, 2H), 2.33 (s, 3H); 3C NMR (150 MHz, CDCl;) & (ppm) 177.47, 161.77,
156.26, 140.57, 133.68, 133.32, 131.39, 130.63, 129.66, 128.96, 128.40, 127.65,
126.55, 125.11, 123.77, 122.82, 118.07, 21.52.

3-(4-(tert-butyl)phenyl)-2-(p-tolyl)-4 H-chromen-4-one
(11): Yield: 92%. White soild. m.p. 148.2-150.8 °C. 'H
NMR (400 MHz, CDCls) 6 (ppm) 8.33-8.24 (m, 1H), 7.69
tBu (dd, J=11.3, 4.2 Hz, 1H), 7.52 (d, J = 8.3 Hz, 1H), 7.41
(t,J=17.3 Hz, 1H), 7.32 (dd, /= 10.8, 8.4 Hz, 4H), 7.16 (d, /= 8.2 Hz, 2H), 7.07 (d, J
= 8.2 Hz, 2H), 2.34 (s, 3H), 1.32 (s, 9H); 3C NMR (100 MHz, CDCl;) & (ppm)
177.65, 161.48, 156.13, 150.45, 140.42, 133.60, 130.81, 130.64, 129.99, 129.63,
128.85, 126.47, 125.35, 125.01, 123.62, 122.54, 118.01, 34.67, 31.47, 21.56; IR
(KBr), v (cm™) 3037, 2956, 1639, 1465, 1377, 1228, 1107, 1016, 879, 765, 621, 563;
HRMS (ESI): calc. for C,4H40, [M+Na]* 391.1674, found 391.1672.
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3-(m-tolyl)-2-(p-tolyl)-4 H-chromen-4-one (1m): Yield: 90%.
Yellow soild. m.p. 159.6-161.3 °C. 'H NMR (600 MHz,
CDCl) & (ppm) 8.27 (dd, J = 7.9, 1.3 Hz, 1H), 7.68-7.64 (m,
1H), 7.50 (d, J = 8.4 Hz, 1H), 7.39 (t, J= 7.5 Hz, 1H), 7.30 (d,
J=18.2 Hz, 2H), 7.17 (t, J = 7.6 Hz, 1H), 7.12-7.05 (m, 4H),
6.96 (d, J = 7.5 Hz, 1H), 2.31 (d, J = 3.9 Hz, 6H); *C NMR (150 MHz, CDCl3) &
(ppm) 177.53, 161.50, 156.08, 140.44, 137.81, 133.60, 133.04, 131.87, 130.48,
129.52, 128.83, 128.43, 128.26, 128.23, 126.38, 125.00, 123.56, 122.76, 117.98,
21.54, 21.47; IR (KBr), v (cm™') 3028, 2916, 1818, 1635, 1461, 1377, 1220, 1137,
1051, 827, 759, 702, 501; HRMS (ESI): calc. for C,3H;30, [M+Na]* 349.1204, found
349.1207.

7-methoxy-3-phenyl-2-(p-tolyl)-4 H-chromen-4-one
(In):® Yield: 91%. 'H NMR (400 MHz, CDCl;) 6
(ppm) 8.18 (d, J = 8.9 Hz, 1H), 7.31-7.24 (m, 5H),
7.24-7.17 (m, 2H), 7.06 (d, J = 8.1 Hz, 2H), 6.98 (dd,
J=138.9, 2.4 Hz, 1H), 6.91 (d, J = 2.3 Hz, 1H), 3.91 (s, 3H), 2.32 (s, 3H); 3C NMR
(100 MHz, CDCls) 6 (ppm) 176.84, 164.19, 161.27, 157.86, 140.37, 133.31, 131.35,
130.57, 129.53, 128.89, 128.33, 127.86, 127.54, 122.52, 117.53, 114.53, 100.14,
55.94, 21.52.

7-methoxy-3-(m-tolyl)-2-(p-tolyl)-4 H-chromen-4-one
(10): Yield: 93%. White soild. m.p. 153.7-154.9 °C. 'H
NMR (600 MHz, CDCls) 6 (ppm) 8.17 (d, J = 8.8 Hz,
1H), 7.28 (d, J = 8.1 Hz, 2H), 7.16 (t, J = 7.5 Hz, 1H),
7.07 (dd, J = 20.6, 8.5 Hz, 4H), 6.98-6.93 (m, 2H), 6.90
(d, J = 2.0 Hz, 1H), 3.90 (s, 3H), 2.31 (d, J = 8.0 Hz, 6H); '*C NMR (150 MHz,
CDCl;) & (ppm) 176.94, 164.14, 161.07, 157.81, 140.28, 137.75, 133.13, 131.92,
130.57, 129.45, 128.82, 128.36, 128.27, 128.22, 127.80, 122.60, 117.48, 114.47,
100.09, 55.89, 21.54, 21.48; IR (KBr), v (cm™') 3024, 2918, 1919, 1629, 1438, 1355,
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1261, 1170, 1016, 829, 702, 528; HRMS (ESI): calc. for C,4H,0O3 [M+Na]* 379.1310,
found 379.1308.

3-(4-(tert-butyl)phenyl)-7-methoxy-2-(p-tolyl)-4 H-
chromen-4-one (1p): Yield: 96%. White soild. m.p.
137.5-140.2 °C. '"H NMR (400 MHz, CDCl;) 6 (ppm)
tBu 8.18 (d, J = 8.9 Hz, 1H), 7.30 (dd, J = 13.3, 8.2 Hz,
4H), 7.14 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 8.2 Hz, 2H), 6.98 (dd, J = 8.9, 2.3 Hz, 1H),
6.91 (d, J=2.2 Hz, 1H), 3.92 (s, 3H), 2.33 (s, 3H), 1.31 (s, 9H); *C NMR (100 MHz,
CDCl;), 6 (ppm) 177.05, 164.14, 161.05, 157.85, 150.37, 140.25, 130.85, 130.74,
130.07, 129.56, 128.84, 127.90, 125.31, 122.38, 117.56, 114.47, 100.10, 55.94, 34.67,
31.48,21.56; IR (KBr), v (cm™1) 2958, 1915, 1620, 1438, 1367, 1253, 1022, 929, 827,
621, 563, 476; HRMS (ESI): calc. for Cy¢H»30;5 [M+H]* 399.1960, found 399.1957.

3-(4-fluorophenyl)-2-(p-tolyl)-4 H-chromen-4-one (1q):
Yield: 85%. White soild. m.p. 170.1-172.9 °C. 'TH NMR (400
MHz, CDCl;) 8 (ppm) 8.27 (d, J = 7.9 Hz, 1H), 7.68 (d, J =
F 7.3 Hz 1H), 7.52 (d,J=8.4 Hz, 1H), 7.42 (t,J=7.5 Hz, 1H),
7.28 (d, J= 8.0 Hz, 2H), 7.20 (dd, J = 8.0, 5.7 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 7.00
(t, J= 8.6 Hz, 2H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl;) 8 (ppm) 177.40, 162.36
(d, 'J=245.33 Hz), 161.96, 156.16, 140.76, 133.80, 133.06 (d, *J = 8.03 Hz), 130.35,
129.59, 129.10 (d, 4J = 3.74 Hz), 129.05, 126.44, 125.21, 123.55, 121.70, 118.08,
115.45 (d, 27 = 21.33 Hz), 21.53; IR (KBr), v (cm™") 3041, 1917, 1762, 1631, 1463,
1377, 1226, 1043, 1012, 875, 765, 715, 621, 514; HRMS (ESI): calc. for C,,H;5FO,
[M+Na]* 353.0954, found 353.0952.

3-(4-chlorophenyl)-7-methoxy-2-(p-tolyl)-4 H-

chromen-4-one (1r): Yield: 75%. Yellow soild. m.p.
188.1-189.6 °C. 'H NMR (400 MHz, CDCl;) & (ppm)
8.17 (d, J= 8.9 Hz, 1H), 7.27 (dd, J = 8.3, 1.8 Hz, 4H),
7.16 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 7.00

S9



(dd, J = 8.9, 2.4 Hz, 1H), 6.92 (d, J = 2.3 Hz, 1H), 3.92 (s, 3H), 2.35 (s, 3H); 13C
NMR (100 MHz, CDCls) & (ppm) 176.69, 164.40, 161.69, 157.90, 140.76, 133.59,
132.78, 131.81, 130.27, 129.54, 129.12, 128.63, 127.88, 121.40, 117.37, 114.76,
100.22, 55.99, 21.56; IR (KBr), v (cm™") 3041, 1627, 1444, 1377, 1255, 1091, 1012,
929, 823, 511; HRMS (ESI): calc. for Co3H,;,Cl0; [M+H]* 377.0944, found 377.0939.

OMe  3.(4-fluorophenyl)-2-(4-methoxyphenyl)-6-methyl-
4H-chromen-4-one (1s): Yield: 75%. Gray soild. m.p.
179.2-182.4 °C.'"H NMR (600 MHz, CDCl3) & (ppm)

F 8.04 (s, 1H), 7.50 (dd, /= 8.5, 1.4 Hz, 1H), 7.42 (d, J =

8.5 Hz, 1H), 7.32 (d, J = 8.7 Hz, 2H), 7.20 (dd, J = 8.2, 5.6 Hz, 2H), 7.03-7.00 (m,

2H), 6.79 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H), 2.47 (s, 3H); *C NMR (150 MHz, CDCl3)

d (ppm) 177.40, 162.30 (d, 'J = 244.92 Hz), 161.48, 161.06, 154.36, 135.08, 135.01,

133.08 (d, 3J = 8.12 Hz), 131.31, 129.46 (d, 4J = 3.44 Hz), 125.68, 125.50, 123.16,

121.02, 117.77, 115.50 (d, 2J = 21.51 Hz), 113.71, 55.43, 21.12; IR (KBr), v (cm™)

2960, 1899, 1610, 1508, 1367, 1251, 1043, 927, 833, 522; HRMS (ESI): calc. for

Cy3H7FO, [M+Na]* 383.1059, found 383.1059.

3-(4-fluorophenyl)-7-methoxy-2-(p-tolyl)-4 H-
chromen-4-one (1t): Yield: 82%. White soild. m.p.
208.1-210.5 °C."H NMR (400 MHz, CDCl3) 6 (ppm)
F 8.17 (d, J= 8.9 Hz, 1H), 7.28-7.25 (m, 2H), 7.19 (dd,
J=28.5,5.6 Hz, 2H), 7.09 (d, J = 8.1 Hz, 2H), 7.02-6.97 (m, 3H), 6.92 (d, J = 2.3 Hz,
1H), 3.92 (s, 3H), 2.34 (s, 3H); '*C NMR (100 MHz, CDCl;) & (ppm) 176.81, 164.31,
162.32 (d, 'J = 245.07 Hz), 161.52, 157.88, 140.59, 133.07 (d, 3J = 8.03 Hz), 130.40,
129.52, 129.16 (d, 4J = 3.43 Hz), 129.03, 127.84, 121.51, 117.41, 11541 (d, 2J =
21.36 Hz), 114.68, 100.17, 55.97, 21.54; IR (KBr), v (cm™') 2977, 1629, 1506, 1380,
1255, 1012, 929, 829, 603, 518; HRMS (ESI): calc. for C,3H,FO5; [M+Na]* 383.1059,
found 383.1063.
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6-fluoro-3-(m-tolyl)-2-(p-tolyl)-4 H-chromen-4-one (1u):
Yield: 91%. White soild. m.p. 126.3-128.6 °C. 'H NMR
(400 MHz, CDCls) & (ppm) 7.91 (dd, J = 8.1, 2.8 Hz, 1H),
7.53 (dd, J=9.0, 3.9 Hz, 1H), 7.44-7.39 (m, 1H), 7.29 (d, J
=709 Hz, 2H), 7.18 (t, J = 7.4 Hz, 1H), 7.11-7.07 (m, 4H),
6.95 (d, J = 7.4 Hz, 1H), 2.32 (d, J = 8.5 Hz, 6H); *C NMR (100 MHz, CDCl;), &
(ppm) 176.92, 161.87, 159.65 (d, 'J = 244.47 Hz), 152.38, 140.74, 137.99, 132.78,
131.87, 130.32, 129.58, 128.95, 128.64, 128.39, 128.25, 124.78 (d, 3J = 7.39 Hz),
122.23, 121.91 (d, 2/ = 25.35 Hz), 120.15 (d, *J = 7.98 Hz), 111.22 (d, 2/ = 23.38 Hz),
21.59, 21.56; IR (KBr), v (ecm™) 3035, 2921, 1627, 1481, 1359, 1272, 1188, 1095,
962, 757, 711, 495; HRMS (ESI): calc. for C,3H7FO, [M+Na]" 367.1110, found

367.1111.

3-(4-(tert-butyl)phenyl)-6-fluoro-2-(p-tolyl)-4 H-
chromen-4-one (1v): Yield: 77%. White soild. m.p.
170.8-173.5 °C.'H NMR (400 MHz, CDCl;) 8 (ppm)
tBu 7.91(dd,J=28.3,3.1 Hz, 1H), 7.53 (dd, /=9.1, 4.2 Hz,
1H), 7.43-7.38 (m, 1H), 7.35-7.28 (m, 4H), 7.16-7.13 (m, 2H), 7.07 (d, J = 8.1 Hz,
2H), 2.34 (s, 3H), 1.32 (s, 9H); '3C NMR (100 MHz, CDCls) 8 (ppm) 176.94, 161.81,
159.63 (d, 'J = 244.56 Hz), 152.39, 150.66, 140.67, 130.79, 130.42, 129.69, 129.63,
128.92, 125.43, 124.78 (d, 3J = 7.31 Hz), 121.97 (d, *J = 2.25 Hz), 121.84 (d, 2J =
23.12 Hz), 120.12 (d, 3J = 7.94 Hz), 111.22 (d, 2J = 23.41 Hz), 34.71, 31.47, 21.58;
IR (KBr), v (cm™!) 3047, 2958, 1919, 1635, 1481, 1369, 1272, 1103, 1043, 941, 831,
559; HRMS (ESI): calc. for C,sH,3FO, [M+Na]* 409.1580, found 409.1578.

F  2-(4-fluorophenyl)-7-methoxy-3-(m-tolyl)-4 H-
chromen-4-one (1w): Yield: 84%. Yellow soild. m.p.
210.1-213.5 °C."H NMR (400 MHz, CDCl;) & (ppm)
8.18 (d, /= 8.9 Hz, 1H), 7.39 (dd, J= 8.5, 5.5 Hz, 2H),
7.18 (t, J = 7.6 Hz, 1H), 7.12-7.06 (m, 2H), 7.01-6.91

(m, 5H), 3.92 (s, 3H), 2.30 (s, 3H); 3C NMR (100 MHz, CDCl;) & (ppm) 176.80,
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164.31, 163.46 (d, 1J=250.15 Hz), 159.87, 157.79, 138.00, 132.79, 131.88, 131.73 (d,
3] = 8.59 Hz), 129.63 (d, *J = 3.48 Hz), 128.62, 128.38, 128.27, 127.93, 122.98,
117.49, 115.33 (d, 2J = 21.76 Hz), 114.64, 100.14, 55.96, 21.54; IR (KBr), v (cm™)
3022, 2916, 1629, 1444, 1375, 1261, 1012, 948, 835, 700, 534; HRMS (ESI): calc. for
C,;H;7FO; [M+Na]*383.1059, found 383.1066.

F 3-(4-(tert-butyl)phenyl)-2-(4-fluorophenyl)-7-
methoxy-4H-chromen-4-one (1x): Yield: 60%.
White soild. m.p. 179.9-182.5 °C. '"H NMR (600

tBu MHz, CDCI;) 6 (ppm) 8.18 (d, J = 8.8 Hz, 1H), 7.38

(dd, J=8.2, 5.6 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.99 (dd,

J=18.8, 1.6 Hz, 1H), 6.93 (dd, J = 17.4, 8.9 Hz, 3H), 3.92 (s, 3H), 1.31 (s, 9H); 13C

NMR (150 MHz, CDCls) 6 (ppm) 176.86, 163.44 (d, 'J = 251.22 Hz), 159.89, 157.79,

150.67, 131.78 (d, 3J = 8.31 Hz), 130.85, 129.75 (d, *J = 3.15 Hz), 129.70, 127.95,

125.42, 122.73, 117.51, 115.30 (d, 2/ = 21.75 Hz), 114.61, 100.12, 55.96, 34.69,

31.45; IR (KBr), v (em™) 3060, 2962, 1625, 1444, 1384, 1261, 1109, 1024, 931, 833,

619, 518; HRMS (ESI): calc. for C;sHp3FO3; [M+Na]™ 425.1529, found 425.1525.

3-(4-(tert-butyl)phenyl)-7-hydroxy-2-(p-tolyl)-4 H-
chromen-4-one (ly): Yield: 62%. White soild. m.p.
296.6-298.5 °C. 'H NMR (600 MHz, DMSO) 6 (ppm)
tBu 10.81 (s, 1H), 7.92 (d, /= 8.7 Hz, 1H), 7.31 (d, J=8.2
Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H),
6.94 (dd, /= 8.7, 2.0 Hz, 1H), 6.90 (d, J = 2.0 Hz, 1H), 2.27 (s, 3H), 1.27 (s, 9H); 13C
NMR (100 MHz, DMSO) 6 (ppm) 175.54, 162.71, 160.42, 157.26, 149.54, 139.84,
130.76, 130.27, 130.26, 129.22, 128.64, 127.16, 124.67, 121.38, 115.53, 115.10,
102.15, 34.25, 31.12, 20.88; IR (KBr), v (cm™") 3201, 2960, 1618, 1452, 1271, 1172,
931, 833, 702, 513; HRMS (ESI): calc. for C,sH4O3 [M+Na]" 407.1623, found
407.1619.
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OH  2-(4-hydroxyphenyl)-6-methyl-3-phenyl-4 H-chromen-

0 O 4-one (1z): Yield: 66%. White soild. m.p. 277.6-279.5 °C.

O | "H NMR (600 MHz, DMSO) 6 (ppm) 10.01 (s, 1H), 7.87

o O (s, 1H), 7.65 (dd, J = 8.6, 1.9 Hz, 1H), 7.61 (d, J= 8.5 Hz,

1H), 7.33-7.28 (m, 3H), 7.23-7.20 (m, 2H), 7.17 (dd, J = 7.9, 1.3 Hz, 2H), 6.67-6.65

(m, 2H), 2.45 (s, 3H); *C NMR (150 MHz, DMSO) 4 (ppm) 175.96, 161.32, 159.15,

153.69, 135.14, 134.72, 133.64, 131.14, 131.11, 127.98, 127.16, 124.50, 123.25,

122.42, 120.99, 118.06, 114.91, 20.47; IR (KBr), v (cm™') 3168, 1606, 1434, 1367,

1280, 1176, 1060, 933, 844, 740, 595, 516; HRMS (ESI): calc. for C;,H;605 [M+Na]*
351.0977, found 351.0933.

2,3-diphenyl-4H-chromene (3): Yield: 44%. White soild. m.p.

O 0 | O 77.6-79.5 °C. '"H NMR (400 MHz, CDCl;) & (ppm) 7.32 -7.28 (m,

O 2H), 7.21-7.10 (m, 5H), 7.04 (d, J = 7.6 Hz, 1H), 3.84 (s, 1H);

3C NMR (100 MHz, CDCl;) & (ppm) 151.93, 146.86, 140.38,

135.26, 129.52, 129.02, 128.67, 128.37, 128.21, 127.92, 127.64, 126.70, 123.43,

120.70, 116.27, 110.59, 31.23; IR (KBr), v (cm™') 3053, 2920, 1946, 1585, 1488,
1357, 1242, 1114, 995, 756, 655, 545.

S13



. References

G. Priyadarshani, S. Amrutkar, A. Nayak, U. C. Banerjee, C. N. Kundu and S. K.
Guchhait, Eur. J. Med. Chem. 2016, 122, 43-54.

Che, H.; Lim, H.; Kim, H. P.; Park, H. Eur. J. Med. Chem. 2011,46, 4657-4660.
S. Baruah, P. P. Kaishap and S. Gogoi, Chem. Commun. 2016, 52, 13004-13007.
X. Zhao, J. Zhou, S. Lin, X. Jin and R. Liu, Org. Lett. 2017, 19, 976-979.

C. Shen, W. Li, H. Yin, A. Spannenberg, T. Skrydstrup and X.-F. Wu, Adv. Synth.
Catal. 2016, 358, 466-479.

S14



4. 'H, BC NMR for cpmpounds 1, 2 and 3

1a

12851 —

ZEET Ly
95524
SELT L
9062 L

290€' L1
rTe L]
STHE' L]
909% L
6Y6S L
ErLy LY

e

_.Nmm.;._.\

ZLeZ 8T
hieg’

X

I

4.0 3.0 20 1.0 0.0

5.0

6.0

8.0

9.0

10.5

12.0

13.5

cZre'9l

=69+ 2E
CLIVIL

8801'8L1—

Z0zTLETL—
£612'6Z17;
evLLT)

v168Z1
63610t} \

¥808°€EL”

Yrec9st—
9029191

96V LLL—

110 100 90 80 70 60 50 40 30 20 10

130 120

140

150

170 160

180 180

200

1 (ppm)

S15



1b

clive—

s08L'e—

G169
9810~
052z 1~
096227
990%',

6640'8—

B

Ao

=

J.JL

S

=

—

=00'¢

=Z0e

=00¢
L:“..__“.._.N
¥10S

wjﬂoo._‘ -

00’1
=00}

0.0

1.0

10.0 9.0 8.0 7.0 6.0 50 40 3.0 2.0
1 (ppm)

11.0

8eel’le—

866£'95—

Nm._wm.mh
mom_‘.RW
LCTAPA

P08S'ELL
\SPLZLL
LOSO'ZZ L
995T'€Z |1
9LLLSZL
1085 /21
BLYV 8T
2CEEIEL Y
SLOEIEL
vreseely
veee oL’

8ISl —

G8E€6'09 _.H
64827191

UV LI~

30 20

50 40

60

170 150 130 110 90
1 (ppm)

190

210

S16



1c

181€2~
89.¥' ¢

696.€—

81929
zz8L9

G£96'91
19/6'91
IR |
8181 AL
8y6L 4§
110 L
66522
LAPE L]
71921
0SL¥'L

Z6TH L]
998t/

20062

el

¢0'c
00’1
ro'e
00’1

€0
‘III.I\M_WS.F
e—

=c0'L
—00'}

1 (ppm)

14 13 12 1 10

15

£5EL LT,
18191z

celres—

6118'9L
86S1'LL
0LLV'LL

L9¥5 LI
19ZL LLLA
665221
8852671
9EZLT L
¥692°5Z1
g51e8zt
9e/c8z Fw
9gLvezl \
8962151 %
SLe8HEL
Lpos el —

991609 _.N
SL80'L9L

cS09LLL—

20 10

30

40

50

60

70

170 150 130 110 9 80
1 (ppm)

190

210

S17



1d

Ye6le—

1Ly
60PL Ly
YTl
59Z€ L4
¥8eeL
68YE L

6 08—

_

—

—

L

~¥0'6

~10¢

~10€

(e

oo'c

60Y
S0'L

0L

—00'}

6
1 (ppm)

%5 14 13 12 M 10

16

LacL e

88y e~
8189C—

601L¥'SS—

8 _..vm.th
mmm_‘.hh\
691V L1

£605°C L
2LV LU
L9761T ;
S60SEZL
8LOV'SZ L
L9PLGEL
1096'SZL
LSISOE L,
1988°0¢ 1
rLee el
syeL el

SPSE0SL-—
6L8E VPGl —

/98091
veL 1L’

S819LL1—

20 10

30

50

80

90

110

130

150

170

190

210

1 (ppm)

S18



le

S19

110

1 (ppm)

130

L =
o
Lo zrbl Lz —
8119’1~ — |
o
(o}
Iregz— - ———00°ef
L 2
©)
L 2
= TEVBOL
i Ty
z8Iv 1L
#0924 | o
1S2T L] i w0
v8.Z L i
1562721
59082 rSE
ZELE 8
15EC LT =
Zree L e
9oL/ 908t 2 6158 L11—
R B T 2926221
f 1’} €zorsel =
a0cy2! o] o yS9L8CL
vizlg— S iy 88962}
vZee lel
& |
o gzzLeel!
@ Zrer PGl —
i €897 19L—
i
re
I GLeYLLL—
| o
o
=
o
- o

150

170

190

210




1f

9/8¥¢—

AR
agbl
62CT L

Frazan
0197 1
¥Z6T 11
871 L
ezIC L

2268 L
Loz L-¢
80st'2"

6650'8—

— 06|

—
— =10

Hules‘mo.N

—_—

[e0c

l0E

T==he0t

-LTS._ ..

€0’

0.0

3.0 20 1.0

4.0

50

6.0

8.0

9.0

10.5

1.5

13.0

1 (ppm)

£601°1E—

SCHP e~
LEVOTE—

8 _.._ww.mh/
mmm_..hhua
vilvil

6564 21—
1£L22T1—
Y1122 Q
£6708T1
S8YE6ZLT
f

ori6PE L
YLy 0SL—

CceSC 91—

VA0S LLL—

10

50

110

130

150

190

210

1 (ppm)

S20



FLTAY AN
P FA A

00121
815z L]
099¢'L
158211
olgL
162€ 11
16E'L
696€°L7
9L0% L

cgzy L)
£200'8—

.

J

=

-20'¢
>

1

8.0

10E

(4084
ol'e
o'l
=20t

=00'L

0.0

5.0 4.0 3.0 2.0 1.0

6.0

9.0

10.5

12.0

13.5

1 (ppm)

I ANYAN
N e

£eP8'9.L 2
wow_‘.hhuﬂ
€81V 1L

0628°LLL—

90988¢CL—
9082°GZL~"

wmv_..mm_.
NNwm.mN_.l
858LIEL \
oLI6vEL”

€8IV PG —
95€C' 91—

LIVeLLlL—

10

30

50

80

110

130

150

170

190

210

1 (ppm)

S21



1h

8Lcee~
a8i¥e

18501y
[AFIIFE
FAR YAV
81€C' L1
189621
£69¢ L1
668C°L
26021y
FALAVR

secys”
01908

A

~eoe

(80T
400

6y
2201
J:mo._

=00} |

4.0 3.0 2.0 1.0 0.0

50

8.0

9.0

10.5

1.5

13.0

1 (ppm)

AN AN
il

02+8'9.L

OOIF LL

69F 217

0/e8° 21—
665 ZCl—
8r8e'8C 1~
986¢°1EL—

[A%= 404 By

£68Y'¥Sl—
i9l9l—

vLeS L —

30 10

40

80 50

170 150 130 110 9 80 70

190

210

1 (ppm)

S22



mNNm.NV
19¢2¢ r
198¥°¢

ZL50°L
$110'21
Z801'
96+ 1
9582/ 1
190€
96E L
851¥ L

£99Y L+
gLyt

01s08—

20’9
“£0°€

Yo'

-20¢C
Jxoo.—

0’
~00'L

5.0 4.0 3.0 20 1.0 0.0

6.0

8.0

9.0

10.5

1.5

13.0

1 (ppm)

SLil'Le
frasi 4 _.NW
61eS'Le

Nm.vm.mhur
wom_..hh\
S8LY'LL

9062°L11—
cesracl—
v6vLSTl-

@ESNF\
hnmu.on%
zzsh el \
YGE8VE L

LIV ¥SL—
Yeye L9l —

8059°LL1—

10

20

40

190 170

210

1 (ppm)

S23



JOtE J 06
8rze T~ Jrv0e
0692~ R
|
YLED L |
9/50°L _
el L] 1
1SGLL | 1
50522
68921 |
£682°L .
mhom.tw ; ﬁmm.m
e TAWA T —
. —v0l b
611 d (mm. "
12508 — —— ool

8.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

9.0

10.5

1.5

13.0

FIRANFAN
GeY5 1T

legrle—
S049'%E

YZPB9L
mmmttw
VLIV LL

96LL L1~
09Lvect—
EreLscl”

8/68¥¢C1L"
LE6C0FL—

08¢0~
Lo S

008’ 91—

c0L9°LLL—

30 20 10

50 40

80 70 60

170 150 130 110 90
1 (ppm)

190

210

S24



1k

leeee—

9020°2
9zETL
Z9%T L1
82aTL
8Y6T L1
Z90¢'L1
Zele L
vITE L
220¥'2)
60zH Lt

f
hmmm..._.k‘

mwwm.w
:.mw.m
810¢'8
£roe8

i

~10¢

00

102
0o's
S00'1
$Poe

Z0'1
=00}

0.0

4.0 3.0 2.0 1.0

5.0

6.0

8.0

9.0

10.5

12.0

13.5

1 (ppm)

6619'1e—

18%6'9/
€091°LL
8LLE'LL

€0.L0°8L1—
g€re8eel—
cce9 e~
¥829°0€1L-"

€eLS 0Pl —

1862951 —
lell'l9l—

699¥'LL1L—

20

30

50

80

170 150 130 110
1 (ppm)

190

210

S25



11

96EC¢—

68501y
88/0°L
[4251%5
8ril'L
665C°L
S/6C°L
q8lel
S¥Ce Ly
Seve s
€C6e L~

gL
&ﬁ.ﬁ
0008
zzoc s’

€06

Fl0E

[00¢

%o.w
—1w
=

o'l
=00°L

A

50 40 3.0 2.0 1.0 0.0

6.0

8.0

9.0

10.5

12.0

135

1 (ppm)

6095'LE—

£99¢ L€~
1899 tC -~

9Z18'9.L
S091°LL
e8Lv' Ll

¢/00'8L1—
LI¥Seel—
l8veszL”

velgoe _.\
LECrOrl—

YISy oSt —

€0€1'951—
cleyigl—

S6¥9°LLL—

20 10

30

50

80

80

170 150 130 110 90
1 (ppm)

190

210

S26



1m

oNo.m.N
.wmom.m.\/.

205691
LS04
26102

820141
869141
€162 L1
VLS L]
2oy 1y
8605'L,

9Lb9 L

mhwm.m
vmmN.w
#0828
GE8C'8”

5.0 4.0 3.0 20 1.0 0.0

8.0

8.0

9.0

10.5

12.0

13.5

1 (ppm)

8y _.NV
7A=Y ¥4

1091L° 2L

_‘m.vm.mhw
LeLe L

6586 LI —
2092221~
OF00'SZ L,
1zez8zl

967r'8zL
6125621
£L08°IE)

S0809S51—
2667’ 191—

WESLLL—

20

30

50

80

80

110 20
1 (ppm)

130

150

190

210

S27



In

6L1€°¢—

9GCI6e—

02169
11969
6686'9
PoY0'L
SL0T'L
6022 L)
0LEz'L
0922
18z L
20448
vesla’

=00¢

—e0e

50 40 30 20 10 00

6.0
1 (ppm)

8.0

12.0 10.5 9.0

13.5

60¢S L—

8/¢6'65—

8oLy
Y091’ 2L}
vilv L

96€1°001—

YRZS P hL~
8175 LML —
ISI5Z2L—
YBES ITL—
80£56217

arieorl—

£€868'/G1~
869C°191—
8261l 191-"

08€89L1—

20 10

70 60 50 30

80

170 150 130 110 90
1 (ppm)

190

210

S28



1o

16622
0g _.m.Nv

6.68'¢—

SC06'9y
98£6'9
6656'9
Lri69
€050°L
6E80°L
vavl'Ll-;

mth....\
£ro1'8
omt.mw.

—=-10¢

(00'L
e DO'E
————— L0
-|HM_M,_, o'l
{Y1og

—— 00}

0.0

2.0 1.0

5.0 4.0 3.0

6.0

8.0

9.0

10.5

120

136

1 (ppm)

(17 ¥
EIvs _.NV

1£68'95—

€869/
P09L 2L+
0zle 4L’

6880001

£89F Pl
99/ LLL—
056522 L—
€962 /21
oaigszL’
1062 /€1—
95/z0vL”

1808'LS 1~
vLIO 91—
Z8CL Il

8826'9L1—

20

40

130 110 Q0
1 (ppm)

150

170

210

S29



LL0€°)

glege—

¢l

26069
17169
9€96'9
Z696'9
8586’9
Pi66'9
0L

N.Sn.L
18918~
606187

{

=10¢

(ol
001
2202
A 10¢

oy
=00'}

0.0

2.0 1.0

5.0 40 3.0

8.0

12.0 10.5 9.0 8.0

13.5

1 (ppm)

1€95° 1 —

L8r' e~
99—

POP6'SS—

_‘N.vm.mhj
1091 2L v
Liv il

660001 —

S99V PLL~
[Ai=i= R
6E8LCCL—
G968'LC 1~
LLGGBZL

ovScovl—

0L9€°0G1—

savE/GL—
6150191
Ll Pl

SES0LLL—

10

30

80

130 110 90
1 (ppm)

150

170

210

S30



LLEET—

Y1169
£020°L{
62011
156121
1512

689C°L1
996€°L

Nwmw.bw
£055 2

zig9 st

8roc'8
mvwm.wﬂ

~10C

reo'e
l0¢
c0'e
c0'c
== 00'}

200’}
=00’}

1 (ppm)

14 13 12 11 10

15

clesle—

on._uw.mh/
Nom_..._KN
8Ly L.

9LPE S
6¥S9'S1L1
9080°8L1L
frd T T AR
S6¥S'ECL
680C°5C 1
POV oCL-t
L150'6C _.M

0LBS6eL
¢LSI0rL—

8551951 —
891191
8096'191 \
LOBS €L

€56 LLL—

50 30 20 10

860

170 150 130 110 20
1 (ppm)

180

210

S31



1r

LSPee—
0ec6e—

c916'9
0269
02869
61869
croo’L
1010°L
c680°L77

_.th.....\
10918
nmwr.mv

|

=I8¢C

=ZB'C

96'0
00’1
l0e
Mmm.—
[41nd

=00}

1.0 0.0

20

30

40

5.0

6.0

8.0

9.0

10.5

12.0

135

1 (ppm)

gzl —

Z166'95—

Fm.vm.mh/
nom_‘.hhuﬂ
18L¥ AL

¥rPeco0l—

C09L P~
G89E° LI~
£56¢°1C1—

79/8.71—
gozzoel”

0sslovl—

w06 LS|~
1489191~
800¥ 91"

169941

110

130

150

170

190

210

1 (ppm)

S32



1s

8TIvT— ~-€0¢
vaBLE— ;-‘No.m
1289

£000°2 J
1620°L [
€10¢L | 50°C
151z L | (g0
891E'L1 —— 0,
LY LY ——— ,Mm.m
zisy L .M.ﬂrs._

€0r0'8— |iroo._‘

0.0

1.0

2.0

3.0

50 40

8.0

9.0

10.5

12.0

13.5

SLHLE—

Lleyes—

€091°LL

mm.vm.mhw
8Liell

€802°CLL
192+ SL1
56957511
orLr 2Ll
9LL0IZ 1
€852 ;x
¥O6YSC L
ZII9GEL
82HY62 Qﬁ
1S97'6ZL %‘
IEIEL

SCOTPS1l—

8.60°191—F
€08¥' 191
¢605'191

810V .LLL—

™

ot

80 70 60 50 40 30 20 10

170 150 130 110 90
1 (ppm)

190

210

S33



1t

S6EE°C—

vieee—

81169
5269
9869
¥000°2 1
0910°2
z0oL 2%
%wﬁﬂ
gzrz )
0501 87
zsal's

A

~10c

(10}
J20E
L0t
fooz

20z
~00'1

1 (ppm)

14 13 12 1 10

15

SPrele—

¥696'95—

€EP8'9L
€09} °LL-
y8.LV LL-

S0Z1°001—

mmhm..v_._.
w—om.m_‘rw
6% _.m.m_.r\
190¥ L1L

ZEVB ITL—
6315621

0S65'0r1L—

_.mhw.....m _./
Y6019 1L
0EC5' 191
10S85€9l
SS0CP9L

9608'9L1—

10

130 110 90
1 (ppm)

150

170

210

S34



1u

€0lee
9 me.Nv.

89€6°9;
Z690°2
S60L'L]
vZslLL
£567L1
9e8T L
5988/
ZreE L
8607 L |

£rz5.”
£168°7
Gom.%
61161
aree L’

ok
8¢

—20¢

=001
=00}

-——==00}

0.0

20 1.0

3.0

4.0

50

8.0

8.0

9.0

10.5

12.0

13.5

1 (ppm)

€851} —

Y155 FNV
8€65 L

m_..vm.mh/

OOTF &2

69111

N.m_u_.._._._:ur
0Lee’ L1

€ELLOCL—
80¥L vl
1ES6'8C1—

c9B86'LE1—
€9eL°0FL

9€8LCS 1 —

9zEr'8sL—
€1809 Q
9z9'191

€L16'9L1—

90 80 7.0 60 50 40 30 20 10

1 (ppm)

190 ‘170 150 130 110

210

S35



1v

S9te+ - 106
ELvET— -00°€
1650'2

WPELL

1061/

865C |

666 L

97 /| .
6ZYE L [ios
8¢ /1 i,
EQEW hlmu 201
e L’ f*VOEL
£006'Z —00'1
28.%

6026'L |

98262

b

3.0

0.0

1.0

20

5.0 4.0

8.0

8.0
1 (ppm)

12.0 10.5 9.0

13.5

1€85° 1 —

L0LY 1E~
890L'17E—

Nm.vm.mh/
nom_..hhﬂ
S8ivLL

mNo_.._._._.V
L9Ee° LI

88002 L —
0/96'12 &m
S91ETL
I¥E96TL

0L99°0F1—

Cre90SLy
SL6ECSL—
280¥'851—

£G809 Q
0LLE'191L

€CH6'9LL—

% 80 70 60 50 40 30 20 10

1 (ppm)

190 170 150 130 110

210

S36



1w

yeoee—

9ge6'e—

6LI6'D
¥Z96'9
1v169
9£86'9
£900'2
80t
1ZoL L~
S

66918~
1z61'8”

=10€

—c0'e

00'G
MDO.N
00'L
Hu._.go.m

=00}

10.5

0.0

4.0 30 2.0 1.0

50

8.0

8.0

9.0

12.0

13.5

1 (ppm)

9EYS L —

6956'95—

m_.._ww.mh
mmm_‘.th
ViiviL

€6€1'001—

€89l
0€CT' S
90t'SLL

8616721 —
8976'221L—
10596217
£L008EL—

9z.8'651
901LCC9l~
890€191
LIyl

646L9L1—

2981151
\

20

30

50

60

170 150 130 110 90
1 (ppm)

190

210

S37



1x

180€° L —

S0C6'e—

Z16'9)
80769
€6.6'9
07669
6911 LY
865C L
Yeze Ly
\82€L
8eL1'8
sobLs’

~<— 106

— 0t

[10e
S0
~-00'Z
o0z

‘ooz
~00'}

1 (ppm)

14 13 12 1 10

15

S0S¥ LE~
9889 1L

155665 —

¥816'9.L
L09L'LL
JAYAYA

9S1L001—

hmom..v_._.
mmNN.mFFW
SLLESLL

leeleel—
061¥'SC _‘%
€196'LC1
910L6217
|
€5¥8°0C1-

¥el9051—

1582461~
6.83651

6CLCV9 _.\
20989 1—

10

20

30

150 130 110 90 70
1 (ppm)

170

190

210

S38



-

86689
12069
00€6'9
£€€6'9
Sr¥6'9
8/¥6'9
LS50 L~

wNmN.h\
9 Fm.hM
60€6'L

Z/080L—

-2Z0'6

~10¢

oL
o'l
oo'c

_

€0'¢c
€0'¢C
c0e

=00}

—00'L

1 (ppm)

10

12

13

15

9.18'02—

SPClLE~
ST e —

Pavayatetatel

veol'ee

Lieee
1619'6¢
98¢/'6¢
C/C6'6E
SSvlor

9/¥Le0L—

vNo_‘.m_‘F/
LIS S —

€6.LE° 11—
C9SL LT~
SS1LC6C Fw
9CcIT0EL

S/E8'6E1—

16E56F1—

008C'LS1—
981¥'09 _.M
1e1L29l

86€59'SL1—

10

20

60

170 150 130 110 20 70
1 (ppm)

190

210

S39



1z

S8¥Y -
olose”

JATAR

Eumm.@
mhmm.mw
09999
06999

S80C L~

1209°2
6919°2
18€9°2
8L¥9°/
0£59°2 ]

86982

98000} —

L

2

|
|
——

e
P

-10¢

~10¢
e0'c
M_.O.N
5%
Uﬂfro.—
00'L

=00}

10.0 2.0 8.0 7.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

11.0

0S1¥°0C—

L201'68
8lL¥Z6e

Zloo oo

£025'6¢
£6599'6¢
£86L°6E
19¢6'6¢

SL06FLL
6090°8LL
¥£66°0Z 1
0gTreT)
60SZ'ET1
9667 ¥T 1
0951421
G8/6/T1
1801° 1 Jr
09g1'1E1
Lo eELf
6ETL Y %
ZIPlsel

Zl69esl—

LOSL'6GL—
S61e'191

1€96'GLL—

80 70 60 50 40 30 20 10

170 150 130 110 90
1 (ppm)

190

210

5S40



2a

esee’l—
095’1 —

109z 2
£89k'L
0L8F'L
55052
£r9 '/
8269'/ |
1701 2
¥9z. 21
EYRINE
9941
602 27

mnmq.mﬂ
veiy8
20998
€1898

0421701
mhm_..o_.v

L

) —z0')

=— 500
101
. +00T
oL

00}

10

1

12

13

14

15

_‘hmo.oh
Zr E.hhw

SLITLL
0gee’LL

vIBITIL—
VE6Y LLL—
081ETZL—
968662 L7
7£89°92 %
Z86t L2) \

1CTB'EEL

7AY A 1N
BLLZG5L

Geeeell—

50 40 30 20

80 70 60
1 (ppm)

110

130

190 170

210

S41



2b

S88FC—
vriee—

L Ive
EvLLL
1092 2
Szzy'L
169¥'2
606Y'
80952

oleg' L~
4345
6¥0¥'8

87 Su.mw\

|
€0t'g-

hmmo.o_‘v
9/11°0L

=10¢

Fl0¢

=00°L

10.5

12,0

0.0

2.0 1.0

3.0

4.0

50

8.0

920

13.5

1 (ppm)

8l

£999'96—

LC¥8'9L

gy
LityLl’

96¥E 0L —
€268'0LL~

L oll—
9/8c¢cl—
€€58'9C 1~

165EHEL—
£682¥C1 g\
5/08'Gel

PEVSTSin
08¢ess1—

orysI9L—

9660'8L1—

s

190 180 170 160 150 140 130 120 110”(100)90 80 70 60 50 40 30 20 10
ppm

200

542



2¢

100S°C~
€665

9/86'C—

1961714
€6L1°L
165C°L
9rBe L
SSov'L
FATA A
208v'L

1ze18—
Loe s
02zEs \
clLite

08¢6'6—

10

1

12

13

14

15

16

1 (ppm)

YO0 LE-
ZeEzEe””

99595

9C¥8'9L

ZO03F 2L ]

GLiv 1Lt

20PLP0L—

9/28°0bL—
L1259U -
£EGO LI
6/99°€C1
201651
A4
e TEL
92L6GE L

€C19¢S 1~
00¥5'SS1—

€CBS 191 —

eroC8LL—

0

50 40 30 20 10

170 150 130 110 9 80 70 80
1 (ppm)

190

210

S43



2d

€e157

Yrosc-
ces0r—

55T L
969T £
95/T L
zz6T L
zg67L
52052
16052
BEI8L
63182
Emm.%
L
|
18858

98900}~
6060701

=10¢

10

11

12

13

14

15

1 (ppm)

66.1°LC—

0209’ le~
apsl'se—

0619'65—

9C¥8'9L

POV L

81110

Yr61'S01—
[A=TA A
6191911~

65¢LeCl—
969C1C F.H
108 ¥E L

CZe0Bil
6211251~
SP61L'SS1—

1285191 —

0L0C8L1—

%0 80 70

150

210

0

40 30 20 10

80 50

1 (ppm)

110

130

170

190

S44



2e

J_

0zesT—

86C L
P52
98/5'2
1865°L |
1629'4 1
820L'L
PLbL L
€694}
16282}
zevmst

0eee8—

£599'8
mmmm.ﬂ
gec.8

mmwr.orv
Le0coL

—00'¢

[00¢

I bt
- c0e
=i

.MH 00’}
+20°T

RNt

—00'}

10

11

12

13

14

15

1 (ppm)

eL0Z L —

LACEIN

i

VUSRI

SLIV L

010L°C—
¥Z8e LI —
€6LYZZL—
8z8lL vzl
Z002'9Z L

064812 t\

¥io16el!

69LTSL—
6£5T'Ga 1"

SL0G8LL—

170

210

40 30 20 10

70 60 50

80

90

110

1 (ppm)

130

150

190

S45



2f

ziee s,
€268 1
e 1
688 L1
G
100/

GIEG 1
2955 L1
8r.q I
8899 /-f
VLW

oz.0'8”
068F 8¢
1058
get5 8

06866~
zLooL

oe

M‘L Lol
& 00’1
= ms._

— 100}

— '+00'1
20T

—— o0’}

4.0

0.0

1.0

20

3.0

5.0

8.0

9.0

10.5

1.5

13.0

0/60°Le—

ce8s’le—-
geelse—

8LY89L-
100V 2L}
LIV 11

GESF ZLL—
£6ZT LLL—
L1E9TZL-
Z5v0°+e %
ze8sozt
195692 J,ﬂ
cgig el

P 6PL—
8r95 251~
¥E0OPS L

000C8L1—

10

40

110 90
1 (ppm)

130

150

190

210

S46



clss L —

[4A%=FAN
9829°¢

165C°L
0,552
88/5'/
8509'L
080L°L
18¢L'L
v8vLL
90182
cles’s

ceeg8—
61898~
LIvL'8
£€29L'8

momo.o_‘v
G800l

=

L

s0E
“00'e

oo'e
%_10.— i

=101
F66'0
00l

o'l

=00’}

10

1

12

13

14

15

1 (ppm)

061212~
1886'12

LZP8'9Ly

TOIP L

0L1vLL

[AcT# A
Ly LLL—
660¥'¢C1l—
cenl’ect
FATA /A%
9268'9C L
FAI AT A
69lc0ct

P698°¢S 1~
EFBO PGl

WiS8LL—

10

50

80

90

130

150

170

190

210

S47



2h

096~
0z85Cc”

€092/
1911
]
6vo 21
681
560921
16511
821921
z Fm@.bw

9902
ze9l'8—
922e87F
mmmv.&\ﬁ
16587
67e5'8-

Lol
_.Nm_.._u_.v

[

_—

e —
E—3

—

Ire0'e

B>

750’}
msg
=001
B0l

lgo')

£00')

roel

w. LO'bt

0.0

1.0

3.0 20

40

5.0

8.0

9.0

10.5

12.0

13.5

1 (ppm)

[ATAN AN
9zevee”

6TV9L

YOIV LT

6LV 11

8/¢6'LLL—

w6 Ll —
1S¢8 gL —
SOLYP9CL—

FAZY R %
96¥6° 01—

60€9°CS 1~
WSESSL-

9LI€8LL—

9 80 70 60 50 40 30 20 10

1 (ppm)

190 170 150 130 110

210

S48



wmm.v.N/
Fnhm.NN
6¢B8S¢C

5592 L
zescL
avov'L
0sev'L
zagy'L
908v'L
0sey'L
6005'L
0025'L
16GL'8—
15828
Ze0ve]
LbZr'a

12966~
866

y00°E
109

001

4.0

13.5

2.0 1.0 0.0

3.0

5.0

8.0

8.0

9.0

10.5

12.0

1 (ppm)

eLLL _.Nj_r
SCC6 _.NH
¥ZB8ece

viiviL

0986 LLL—
0L8T 2~
518811~
S0¥9°€Z Q
Zree ozl

vOv2'8z)

YeI9OrL—

86¥9°¢S 1~
86C8'F51

029g8Ll—

80 70 60 50 40 30 20 10

90

130

150

170

190

210

549



AR =00'6
BLSF T~ J.00°¢]
6rIST Z0'e
|
1
09z 2 4m
S0vE'L _
z[Re o] _
k=1
oLeL
12\
iZA% )
2l ) __J /80T
gacy' - T feo
eL6L L~ —=l0'l
o8~ - 2= 10'1
Y628 -L 1oL
riye8 ﬁ 10}
zz9e'8 001
£legg
201001 _ _r
mNS.Ev CORL

N

0.0

1.0

5.0 4.0 3.0 20

8.0

9.0

10.5

12.0

135

1 (ppm)

6ELL1g~
glerze”

PV I Y.

VIoI o

98¥1'SE~

on.vm.mh/
mom_..._r_“N
S8Lv' 1L

08e8'LLL—

cled LIl —
0S¥SECL~,
LPE6'9C 1~

Pee0vel—
¥Scoorl—

SeCe8rl—
186525 FM
€LIBYSL

0ePL'8LL—

9 80 70 60 50 40 30 20 10

1 (ppm)

190 ‘1?0 150 130 110

210

S50



2k

S/9vT—

SO¥TL
£69T L
zrses
IR R
#8051
€1z,
6092
822911
Nmnm.h,W
92992~

1SZh'8—
mmnm.mkw
:mn.mg_,
|
osecg’
900001+,
SrLO0L

__,L_,,,ili;

00'e

00}
z0'l
[feot
=320l
=007

|
—=z?0
=z}
too'k
‘501

-— 001

1.0 0.0

2.0

40 30

5.0

6.0

8.0

9.0

10.5

12.0

135

1 (ppm)

£€8eCee—

mm.vm.mh
oom_‘.hhv
9lLieLL

86181 —

A0SR
EEVAYARY

gLog8zl”
SPESeel—

6/68°0F1—

QLT ¥SL~
6E9L'65L-"

6YS08L1L—

10

40 20

50

80

110 90
1 (ppm)

130

150

190

210

S51



21

h”
GEEG'L Mv.
61091 ] e
]
9/¥92— —-10¢
9852
Logr . |
155K L _
€G2¥'11
19652
1104 H Lz
9614 B
bt i [[20L]
521824 e _H%. ﬂ
: i perm—
cieg st =0
zoor's — A1
602y'8) oot
wevs | [Lro1
|
£665'9"
18001 7 =00’}
8290°0} _

3.0 2.0 1.0 0.0

5.0 4.0

8.0

8.0

9.0

10.5

12.0

13.5

1 (ppm)

1E15¢C—

09’ le—-
0c0z'se—

98¥6'9.

UL

8LIeLL

LLLLCLL
¥08S 21—
2980¥C L~

B8EEL
ceveorl—
65lcerl—

nmom..vm_.M
LLEL'SS

8LiCc8L1—

10

80

170 150 130 110 20
1 (ppm)

180

210

S52



2m

£09¥ T~
ELST

[AYAFR]
SS¥C L
9862,
0cles
velel
S¥8eL
0/62°L
1811 L
8oL

£€9/08-

85 Fm.m\,\
£67C'8
Vraya

L1616

/E0°E
o€

rL0°b

=
-
—_—

o'l
c0'l
00’1

~z0')
=a0'l
o'l

=00}

0.0

1.0

5.0 4.0 3.0 20

8.0

8.0

9.0

10.5

12.0

13.5

1 (ppm)

va_..NNv
[ AR 44

6/¥6'9L
@mm_..hhw
eLieLL

Clo9'LLL—

SrPr LLL—
GIEOTTL—
£8¥LET 1
vzl

zzes 9Tt

6.08'/2 t\ﬂ
£E1Z8EL

[FAYA =1 EN
SZ6Z'SS L

¥6018L1—

80 70 60 50 40 30 20 10

20

170 150 130 110
1 (ppm)

190

210

S53



2n

9085 ¢

05¢6'c—

£8689|
125697
#7959
009Z'L—
SZ19L~

8£9T'8
¥81TS

6lzes
95688

Lrrl oL
mhmr.orv

3.0

13.0

0.0

1.0

2.0

4.0

5.0

11.0 10.0 9.0 8.0

12.0

Lievee—

€es6'95—

¢m.vm.mh/

YOIV LL

9Lle44-

002966 —

[A1%5) _._.;

wwmm.h_‘;f
S69C°CC ;_r
SE€08'€C _gr
€60 L 1y
£¥60'821—+
16168217

6C6L0V1—

¥BECSS Iy
6060951 —

66CC P9l —

9969°LL1—

170

9 80 70 60 50 40 3.0 20 10

1 (ppm)

130 110

150

190

210

S54



20

Yco9c
[43 Fm.Nv

66 e —

019697
996’9
2296’9
6586'0
69660
90002
16521~
60ZF 11
vmmu.ﬁ
02088+,
mmmﬂ.m%
1558 ]
639%'8

£8866—

i

=009

~0e

~£0T
20T
201
Lo
‘20z

=00}

50 4.0 3.0 20 1.0 0.0

6.0

8.0

9.0

_.mNN.NNv.
905¥'CC

2086'S5—

Nm.vm.mh/

RN

(=i g PP.\

vLicLL

269966

1828' Ly
LLISO'8LLY|
801LEZe LA
16¥8'CC by
Zpeo'Le _./
0680'8C 1~

2096°€E L —
G/BE8EL—
vLLLOvL

thv.mmr/
¢S51L951—

06¥C Y9l —

€L98°LL1—

80 70 60 50 40 3.0 20 10

170 150 130 110 20
1 (ppm)

190

210

S55



't

Cees+

rioT—

6888'C—

9£98'9
7198'9
¥806'9
2Z1691
0£26'9
89269
$O9Z L~
V6L L~
YOve8
0 me.&,ﬁ
slogs]

nmmm.w\

Nomo.oFM
6¥.0°01

—00'6

Y

400

i

—00¢

10

"

12

13

14

15

1 (ppm

oPeo'le—
20L1'9€—

9/68'65—

¥at6'9,
Z09L' 2L
VLI

6¥.L9'66—

£288 Ly
09 _‘m.h_‘:_/

15€8'1C ;,,r
16E8'CC r/
65¥0°'LC r/p

orzr ez’
1086 €51 —

1855 0L

008681 —
9988'¥51—

9CLLYIlL—

(A% T

9 8 70 60 50 40 30 20 10

1 (ppm)

190 170 150 130 110

210

S56



S57

10

20

30

50 40

60

70

J s
0€9rZZ—
o
Yooz~ ~10°€
L
F <
66GC 2 L w y
0l L mmwmmmx
0SSk L 3
=ity " LIS LL
8c6k L
Y5 L
6295/ oozt
9rro'L  — %o._ £ 628 L0k
§599'2 =yl 2o 106201
ol -MTS H o= PPO0TLL
E98L 4= QU] 660,94 —
06029 % €0'l 0892'2C1—
85229 00'H o 0212621~ =
€Zer'8 ool Raleio s W e
G901 =) 90Ct Ly L—
ommvo@ -.Lmoo.F T
902’0l 089G 4G
L= 1970651+
90¥2 09—
verezal’
-
9r9L'8LL—
-
-
LR

80

170 150 130 110 90
1 (ppm)

190

210




2r

1909°C—

oLi6e—

2LP6'9
60569
06869
62669
15002
9,002
209z 2~
pLOp LT
IS AN
E.mm.mw,.
\zze sl
ocirs]

Nm.vv.m__

vmwo.o_.\/.
S460°01

—00'¢

—e0'¢

Moo.—

00°L

=201
101
=00']
00’}
lzo'l
‘00’1

=00}

0.0

1.0

4.0 3.0 20

5.0

8.0

9.0

10.5

12.0

135

1 (ppm)

€0y ce—

Pee0'95—

nw.vm.mh/

QU L4

vLIg L L

6lcli66—

SLPS LY
8958211\
HELTTLy
82Z6'SZ 1|

LESL Bz At
6208'8Z 1L
LZle6el”

99cC vl —

18¥L'G5 L
LFL9GL—

€85F 91—

el LLl—

9 80 70 60 50 40 30 20 10

1 (ppm)

190 170 150 130 110

210

S58



2s

ce0sc—

8810t —

£e8rT L
00L2L
v
yeSr'L
CLiv'i
0e05°L
womh.h/
€308
558/

0res'8

¢8510L—

=Z0'e

JLJ@L_

=10'¢

- Rt

—=F00'1

)

5.0 4.0 3.0 20 1.0 0.0

6.0

9.0

10.5

12.0

13.5

1 (ppm)

oyl le—

ereles—

_.w.vm.o._“/

JOSELL

0LeLL

mmww.vo_.
26v9'L0 _./
85617201

LS16°0LL—

16447911 —

0ELLeTL—
892192 Fw
1810621
gsevocL!
syes oL’

¥88LZS 1~
L6E6'¥S1—
06509 _‘M
59658'19 _.l_‘
81ec'z9l

9e06'LL1—

90 80 70 60 50 40 30 20 10
1 (ppm)

190 170 150 130 110

210

S59



2t

SPSSL—

cre9c—

L116€—

1900°2
5i20L
82€0'L
00921
6CLY L]
6L L
vieyL

#%.h\
7918
8018
L1618
18618
895z'8"

_.nm_..o_.
mwoN.o_.W
Y910 _.L‘_
£CeCol

Ll

|

=10¢

-Z0¢

=Z0¢e
Fa0l
AND._‘
5001

+10'1
z0'L
00’1

=00}

0.0

1.0

20

3.0

5.0 40

6.0

8.0

9.0

10.5

12.0

13.5

660¥'¢C—

0220'96—

61989

OO L

69V LL

6€9. 66—

£€965201—
0LLE PLL~
8E96° 211~
0LLO¥C L~
901€8C 1~
196l —

S800°L¥rL—

1882961,
OVEZ 091
2629191~
508929 Q
6GGH 9}

1595 LL1L—

80

170 150 130 110 90
1 (ppm)

190

210

S60



2u

Ll09¢—

6652 L
SPOV L
1Ziy L
9121
ELErs
]
9G¥/
ey
12961~
Zre6 L
e
€500/

m:w.&
0rs86—

=109

J00°¢
=10'}
~00'}
2101
‘002

=00}

1 (ppm)

14 13 12 1 10

15

NmON.NNv.
Slovee

81189/~

QU L4

891y 11"

GE9T LI
PGPE LLLA
6€8G°LLL-

BL6Y6LL—
6126'1T Tm
9/v1'sz

29T YEL—
95€9'8¢1—
8612 1L

$009'051—
WAPR=TR
912785 :\ﬁ
5£99'09 1

06LYLLL—

9 8 70 60 50 40 30 20 10

1 (ppm)

190 170 150 130 110

210

S61



2v

|
|
OCE5+ LTFO.G
Ve Z— Jﬂ loe
665 L
1r9g s ]
98¢ /1
£90¥ L1
ST Ly
ZL6t L]
8ELG L .
1182t ___Jjooc
£808 Lt ==y 00}
5E96' Lt el
|
605€87 =300
veREs oot
\oo'L
veoss
ELE6 .
croee’ =t

1 (ppm)

14 13 12 1 10

15

£€905°¢C—

€629 LE—~
080C°SE—

mwﬂm.mh/

=EO9tEE
8.1¥ 11

£80€° L1y
SOSELLL
SP¥SLLL

Y0L1'8LL—
vL8 el
cL99gL—

0clLeEvel—
6EEL Irl—

08le6¥1—

€GeS —
61€1'85 _l%
0125091

vesc il —

80 70 60 50 40 30 20 10

130 110 20
1 (ppm)

150

170

S62



2w

c8l9e—

9996'C—

96102
9reo L
9pee s —
"
e,
£G21'8 \
161E'8 \

86098

96.6'9
Emm.m%

6E.6'6—

Lo

~0e

-ane

=00g
=Z0'1
ol
=001
MS.N

00t

=00'L

0.0

1.0

20

4.0 3.0

50

6.0

8.0

9.0

10.5

12.0

135

1 (ppm)

0csTee—

SPe09S—

ow.vm”mh/

paspag g PP\.

69.1¥' L1

9eC. 66—

1260'801—
€LS96° 1L
9926'SLL"
JAZA 44N

A A

18SL9CL—
6.0V6EL"

OPPBPSL
LELOSE—

FARH & ] _.M
£005'991

199 L1 —

190

30 20 10

50 40

80 70 60

130 110 20
1 (ppm)

150

170

210

S63



2x

£968'C—

06289
1206'9
0069
cre6'9
6269
P L —

266L L —
86¢1'8

th_‘.mL__
thN.wx
S.l¥'8

18666~
02001~

=00¢

—

2 =
——

00’1
00’1
=00}
=10l
00l
M_‘o.—
00’1
00’1

=00’}

1 (ppm)

14 13 12 1 10

15

8655'LE~
£€8.11'9€—

LEP6'SS—

w_‘._um.mh/

R

TOTF 2L

89.V'LL

1¥95'66—
100801

LPLL PRI~
€984 L1~

629V'9C1—

9686'5E _.M
vLI09EL

9L1€6¥1—
€SEL PGS —

¢S81'¢9 FM
€86C191

9geeyLLL—

10

170 150 130 110 20
1 (ppm)

190

210

S64



FAS N o

099¢°C~
666Y'C

Sc0ge—

LSPB'9,
6589
65969
809%' L~
19262~
£5TH's
mmmq.%\ﬁ
78558

€286
hmmw.mv

GECL0L—

—00'6

=16'¢

/001
=001
=l
=101

=Z0'1
oz

=00'L

{feor

0.0

2.0 1.0

3.0

4.0

5.0

6.0

9.0

10.5

12.0

135

1 (ppm)

8019l
€91T _.n/
mnw......wn/
YE0l 62

ECYTHBE
18E'6E
P0CS 6
£659'6E
186.'6€
G9L6'6E

18¢8'101—

Zr09'0Ll—
L0SO°9LE~
0S60° L1~
YeeSecl—
9L¥E9C L
£689'9CL

916 0rL—

S80L°8F1—
€905 —

1596291 —

869¢€°9L1—

10

110 20
1 (ppm)

130

150

180

210

S65



27

10
S66

20

30

I o
825502
F o
9652, 5 zeol6e
500677 Lw anﬂmny |
|- ey C1OCBS 3
0zeee— e €025 6E 1
h . 269968
L« 086/ 6¢
Z956'6¢
1
I w
2828 2
Lizes
gge s L o
BLYE L
9e9'L i
mmmm.__H ﬁwod- ~
8219, |¢S.N
7989/ ] 4 P,
i 5. Y 681101
il 80LEB0L—
cehe —e0z] £P00°94L—
FNFQmN s
89298 1984T81—
£62001 i S
w00l o BISEI
: . €102°5EL
Leeeo -Tof1 8509°G¢ |
$900°ZG 1~
N 1002551
Ea 1Z1509L—
[ o
9/68°9/1—
3
0
x

80 70 60 50 40

150 130 110 20
1 (ppm)

170

180

210




6€8°C —

§180'2y
5050
0901 L
9221 /A
9LEL LA
ARTR
2891/
ITAWE
6€81°L
19817/
62642
6102°L1
126211
200¢°L
9e0€°L
ezLe L
L91€°2

= ¢07¢

0.0

3.0 2.0 1.0

4.0

5.0

6.0

8.0
1 (ppm)

12.0 10.5 9.0

13.5

LIETLE—

€¢r8'9. \
c091°L. 7
mnt\hh

7166011 —

Lel29lL —
00921 /

L6lg6ct —
LB6GCSEL —
L6.E0VL —

879897 —
06¢6'LG1 —

|

20 10

30

40

170 150 130 110 90 70 60 50
1 (ppm)

190

210

S67



5. Detection the generation of H, by GC

5.1 The conditions of GC

Using Ar as carrier gas, thermal conductivity detector (TCD temperature was 120 °C) and
stainless steel column (column length 2 m, column temperature at 40 °C, Tam TDS-01 60~80
mesh) were used for gas chromatography analysis. Under the conditions of gas velocity of
0.06 Mpa and the flow rate of 60 mL/min, gas was analysized at room temperature with

injection of 20 uL.
5.2 The experimental photo-induced hydrogen evolution of 1n

The chromatographic ethanol (250 mL) was degassed for an hour by ultrasonic. Then, sodium
sulfite (28 g) and hydroquinone (2.2 g) was added and the mixture was refluxed for 3 h to
remove the solvent deoxidization. The compound of 1n (171 mg, 0.5 mmol) was dissolved in
100 mL deoxidization chromatographic ethanol at room temperature in a quartz tube 1. In the
same conditions, quartz tube II without compound 1n was prepared. All operations above
were conducted in argon atmosphere. After strict sealing, quartz tube I and II were irradiated
with a high-pressure mercury lamp (500 W) at room temperature for 3 hours and the yield of

2n was 54%.
5.3 The results and discussion of detection H,

According to the experiment data, the reference substance H, retention time tR; was 1.4713
min (Figure 1); the retention time tR; in the quartz tube I was 1.4533 min (Figure 2). That is
to say that there was generated H, in the tube 1. The quartz tube II was not found H,. It is

indicated that the annulation of 1n was hydrogen evolution.
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Figure 1 Chromatogram of reference substance H,
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Figure 2 Chromatogram of gas in the tube I
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