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I. General Considerations

All the compounds used are analytical reagents and some chemicals are further purified by
recrystallization or distillation. Melting points are determined on X-4 micro-melting instrument and
thermometer is uncorrected. The 'H NMR (400MHz), *C NMR (100MHz), spectra are obtained on a
Bruker Avance II DMX400 spectrometer using DMSO-dg or CDCl; as the solvent. Chemical shifts are
reported relative to residue peaks of DMSO-ds (2.50 ppm for 'H and 39.51ppm for *C) and CDCl;
(7.26ppm for 'H and 77.23ppm for °C). '"H NMR signals at 3.33ppm and 1.56ppm are attributed to
protons of H,O in DMSO-dgand CDCl;. The 'H NMR and *C NMR are carried out using trimethylsilane
as the internal standard. Due to the existence of H-D exchange between sample and deuterated solvents,
amino groups are unable to give out their full signals. The following abbreviations are used to describe
peak patterns where appropriate: b = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet.
Coupling constants are recorded in Hertz (Hz). FT-IR spectra are recorded as KBr pellets on a Nicolet
Avatar spectrophotometer. Elementary analysis is executed on a CHN Micro-analyzer. X-ray
crystallographic data is collected on a Bruker APEX-II apparatus. Absorption spectra are measured on a
Shimadzu UV 2501(PC)S uv-vis spectrometer and fluorescence spectra are measured on a Perkin Elmer
LS55 spectrophotometer. The absolute fluorescent quantum yields of compounds 3a~n are measured with
naphthacence (®r = 0.6, A= 443nm) as a standard. EI-MS spectra for 6b~c are recorded on a GCT Pemier
mass spectrometer with 70eV attack, PIP temperature range is 50~250°C. APCI-MS spectra for 6b is
measured on an Agilent 6210 mass spectrometer (nebulizer: 10psig, dry gas: 4L/min, gas tempature:
325°C, vaporizer: 350°C, Corona needle: 4.0pA, ion mode: positive). EI-MS for other compounds are
executed on a HP 1105 mass spectrometer with 70eV attack. Column chromatography is carried out on
silica gel (10~40 mesh) with mixed solvents (petroleum-ethyl acetate; ethyl ether-petroleum ether).

II. General Procedure for p-Tolyl 2-cyanoacetates (5)

OCOCH,CN
H DCC, DMAP(cat.)
+ HOOCCH,CN > CHy
CHs

CHyCly/ether, 0~r.t., overnight 5

At room temperature, N, N-dicyclohexylcarbodiimine (DCC) (33mmol, 6.80g) and 4-(N,
N-dimethyl)aminopyridine (DMAP) (1.5mmol, 0.183g) are added to the solution of substituted phenol
(30mmol) in anhydrous CH,Cl, (50mL) and the resulted solution is stirred and kept in an ice bath at 0 °C,
cyanoacetic acid (33mmol, 2.80g) in anhydrous ether (30mL) is dropped into such mixture. Untill the
dropping is finished, the ice bath is removed and the mixture is stirred at room temperature overnight.
After filtration, the filtrate is evaporated under reduced pressure and the residue is separated by column
chromatography using ethyl ether-petroleum ether (1:2) as the eluent to afford the pure p-tolyl
2-cyanoacetate 5.

III. General Procedure for 3-(2-Hydroxy-5-methylphenyl)-3-oxo-propionitriles (2)

/©/OCOCH20N
CHs,

5

OH
hv, r.t. /@
—————— CH3 COCH,CN

CH3Cl, 20h
2

At room temperature, the CH;Cl solution (60mL) of p-tolyl 2-cyanoacetate (2.3mmol, 0.402g) is
poured into the quartz photo-reactor (made by ourselves, see the above picture) and then bubbled by N,
flow. The solution is irradiated under high-pressure mercury lamp (A=254nm) for 20h while the quartz
apparatus is cooled by water flow. The solution is gradually turned from colorless to brownish yellow and
then removed the solvent under reduced press by a rotating evaporator. The residue is separated on a
column chromatography using petroleum ether-ethyl acetate (4:1) as the eluent to afford pure
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3-(2-hydroxy-5-methylphenyl)-3-oxo-propionitrile 2.

IV. General procedure for 6-Methyl-4-0x0-2-(4-aryl)-3,4-dihydro-2H-chromene-3-carbonitriles
(4a~f /4a’'~1")

OH
CH3 COCH,CN

2
0.2eq Et3N
* MeOH, r.t. 4h
2 -,
CH3 “uCN
1a~f (0]
4a'~f' (syn)

At room temperature, Et;N (0.2mmol) is added to the solution of 3-(2-hydroxy-
5-methylphenyl)-3-oxo-propanenitrile (1mmol) and aldehyde (1.2mmol) in methanol (SmL), the resulted
mixture is stirred for 4h and then quenched by 0.1N HCI aqueous solution. The solution is poured into
water and extracted by EtOAc for two times. The combined organic layers are dried over anhydrous
Na,SO, and the solvent is removed under the reduced pressure. The residue is isolated on a silica gel
column chromatography using petroleum/ethyl acetate (3:1) as the eluent to offer the mixture of 4/4’ in
good yields.

V. General Procedure for 6-Amino-2,10-dimethyl-7-substituted-7H-5,13-dioxa-14-aza-benzo[a]
naphthacen-8-ones (3a~m)

OH . 0.2 eq EtzN
RCHO >
/@( toluene, r.t. 3h ChHs
CH COCH,CN

3 1a~m

2
At room temperature, EtN (0.2mmol) is added to the solution of 3-(2-hydroxy-5-
methylphenyl)-3-oxo-propionitrile (Immol) and aldehyde (Immol) in toluene (SmL) and the resulted

solution is stirred for 3h. A yellow precipitate is gradually generated. After filtration, the solid is washed
with some ether and ethyl acetate. The dried solid 3 is pure enough for spectral analysis.

VI. Thermal Transforms of 4a~e into 3a~e

R
o N
O 0.2 eq EtsN
CH3 CN toluene, 2h, 110°C

4a~elda'~e' R= H, CH3, OCH3, F, Br
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At room temperature, Et;N (0.2mmol) is added to the solution of 6-methyl-4-oxo0-2-(4-aryl)-
3,4-dihydro-2H-chromene-3-carbonitrile (1mmol) in toluene (SmL) and the resulted solution is heated at
110°C. After 15min, the colorless solution turns brightly yellow and the yellow solid is gradually
generated, the reaction is continuously carried out at the same temperature for 2h. After cooling to room
temperature, the precipitate is filtrated and washed with some ether and ethyl acetate. The dried solid is
pure enough for spectral analysis.

VII. General procedure for Intermediates 6b~c

2) 0.1N HCI 6b~c

R 1) 0.2eq Et3N, toluene
O 10min,110°C =
CHg g CN

o}
6b: R=OCH,

6¢: R=CHj

At room temperature,Et;N (0.2mmol) is added to the solution of 6-methyl-4-oxo0-2-
aryl-3,4-dihydro-2 H-chromene-3-carbonitrile (Immol) in toluene (SmL) and the resulted solution is
heated at 110°C. After 10min, 0.1N HCI (0.5mL) aqueous solution is dropped to quench the reaction.
When the solution is cooled to room temperature, it is filtrated and water is poured into it. The solution is
extracted by EtOAc( 2x10mL), the combined organic layer is dried over anhydrous Na,SO, overnight.
After filtration, the solvent is removed from the filtrate at reduced pressure and the residue is isolated by a
column chromatography using petroleum ether-ethyl acetate (2:1) as the eluent to provide the
intermediates 6b~c as white solids.

VIII. Characterization Data for Compounds 5, 2, 6b~c, 4a~f/4a’~f' and 3a~m

p-Tolyl 2-cyanoacetate 5: 88% yield, colorless oil; FT-IR(liquid film):
OCOCH2CN v 2966, 2263, 1770, 1507, 1337, 1198, 831cm™; 'H NMR(400 MHz,
CDCL): & 2.35(s, 3H), 3.68(s, 2H), 7.01(d, J=8.4Hz, 2H), 7.19(d,
CH; J=8.4Hz, 2H); *C NMR(100MHz, CDCl;): & 20.85, 24.91, 112.70,
120.64, 130.17, 136.54, 147.90, 161.76; EI-MS(70ev): m/z(%)175(M",

45), 108(100), 91(10), 77(35), 68(9), 51(13).

3-(2-Hydroxy-5-methylphenyl)-3-oxo-propanenitrile 2: 21% vyield,

white solid, m.p. 131-132°C; FT-IR(KBr): v 3421, 2950, 2261, 1644,

OH 1490, 1357, 1269, 1242, 761, 752 cm’'; '"H NMR(400MHz, CDCl;): &

/@: 2.33(s, 3H), 4.13(s, 2H), 6.96(d, J=8.4Hz, 1H), 7.31(s, 1H), 7.38(d,

CH3 COCH,CN J=8.4Hz, 1H), 11.26(s, 1H); *C NMR(100MHz, CDCL;): § 20.51, 29.35,

113.16, 117.22, 118.96, 128.85, 129.05, 139.32, 160.78, 192.21;

2 EI-MS(70ev): m/z(%) 175(M',80), 135(M'-CH,CN, 100), 107(M'-
COCH,CN, 36), 77(53), 51(18).

mixture of 4a/4a’ 6-Methyl-4-oxo0-2-phenyl-3,4-dihydro-2H-chromene-3-carbonitrile
4a/da’: 86% all yield, white solid, FT-IR(KBr): v 3063, 2260, 1704,
o © 1617, 1491, 1297, 1225, 837 cm™; "H NMR(400MHz, CDCl;): & 2.36(s,
3H), 3.77(d, J=2.4Hz, 0.12H), 4.15(d, J=12.4Hz, 0.89H), 0.46(d,
CH3/©;‘)\ N J=12.4Hz, 0.92H), 5.52(d, J=2.8Hz, 0.13H), 6.98(d, J=12.4Hz, 0.92H),
X 7.07(d, J=8.4Hz, 0.14H), 7.41(d, J=8.4Hz, 1H), 7.50(d, J=5.6Hz, 3H),
4a 7.57(m, 2H), 7.78(s, 1H); *C NMR(100MHz, CDCl3): & 20.47, 47.39,
© 80.91, 113.26, 118.08, 118.42, 126.93, 127.41, 129.16, 130.16, 132.62,
O 135.31, 138.68, 158.86, 182.69; EI-MS(70ev): m/z(%) 262(M*-1, 52),
/@;‘J 134(100), 106(20), 77(26), 51(13). Anal. Calcd. for C,;H;;NO,: C, 77.53;
CHs "CN H, 4.98; N, 5.32. Found: C, 77.41; H, 4.91; N, 5.34.
4a’ ©
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mixture of 4b/4b'

OCH,
O ".II©/
CHS/Q;J\CN

o]

4b OCHs
O '..'©/
O

4b’

mixture of 4c/4c’

mixture of 4d/4d’

CHj3

6-Methyl-4-0x0-2-(4-methoxylphenyl)-3,4-dihydro-2H-chromene-3-
carbonitrile 4b/4b". 95% all yield, white solid, FT-IR(KBr): v 3004,
2889, 2261, 1702, 1615, 1488, 1293, 1248, 1130, 830cm™; '"H NMR
(400MHz, CDCly): & 2.35(s, 3H), 3.82(s, 3H), 4.14(d, J=12.4Hz, 1H),
5.40(d, /=12.0Hz, 1H), 6.96(d, /=8.8Hz, 1H), 7.00(d, J=8.4Hz, 2H),
7.39(d, J=8.4Hz, 1H), 7.47(d, J=8.4Hz, 2H), 7.75(s, 1H); “C
NMR(100MHz, CDCls): & 20.45, 47.40, 55.41, 80.62, 113.39, 114.50,
118.07, 118.39, 127.36, 127.41, 128.40, 132.48, 138.60, 158.94,
160.86, 182.94; EI-MS(70ev): m/z (%) 292(M'-1, 100), 278(15), 159
(32), 134 (70), 107(11), 77(23). Anal. Calcd. for C;sH;sNO;: C, 73.69;
H, 5.16; N, 4.78. Found: C, 73.55; H, 5.11, N, 4.83.

6-Methyl-4-0x0-2-(4-methylphenyl)-3,4-dihydro-2H-chromene-3-
carbonitrile 4c: 91% all yield, white solid; FT-IR(KBr): v 2885, 2259,
1701, 1617, 1489, 1298, 1224, 1131, 819 cm™; 'H NMR(400MHz,
CDCly): 6 2.35(s, 3H), 2.41(s, 3H), 3.75(d, J=3.2Hz, 0.07H), 4.14(d,
J=12.0Hz, 0.94H), 5.42(d, J=12.4Hz, 0.96H), 5.49(d, J=2.4Hz, 0.08H),
6.96(d, J=8.4Hz, 0.96H), 7.06(d, J=8.8Hz, 0.12H), 7.29(d, J=7.6Hz,
2H), 7.39(d, J=8.4Hz, 1H), 7.43(d, J=7.6Hz, 2H), 7.76(s, 1H); "*C
NMR(100MHz, CDCls): 6 20.47, 21.36, 47.35, 80.83, 113.37, 118.10,
118.41, 126.89, 127.38, 129.82, 132.39, 132.52, 138.63, 140.26, 158.94,
182.88; EI-MS(70ev): m/z(%) 276(M'-1, 62), 262(24), 134(100),
115(11), 105(21), 78(21), 52(10). Anal. Caled. for C;sHsNO,: C, 77.94;
H, 5.45; N, 5.05. Found: C, 77.82; H, 5.49; N, 4.99.

6-Methyl-4-0x0-2-(4-fluorophenyl)-3,4-dihydro-2H-chromene-3-
carbonitrile 4d: 78% all yield, white solid, FT-IR(KBr): v 2259, 1707,
1615, 1515, 1489, 1298, 845, 833 cm™'; 'H NMR(400MHz, CDCly): &
2.36(s, 3H), 4.10(d, J=12.4Hz, 1H), 5.45(d, J=12.4Hz, 1H), 6.97(d,
J=8.4Hz, 1H), 7.19(t, /=8.4Hz, 2H), 7.41(d, J=8.4Hz, 1H), 7.56(dd,
J=5.6, 8.0Hz, 2H), 7.77(s, 1H); *C NMR(100MHz, CDCl;): & 20.48,
47.53, 80.17, 113.18, 116.48(d, *Jor =21Hz), 118.02, 118.34, 127.43,
128.90(d, *Jcr =9Hz), 131.26, 132,78, 136.75, 158.69, 163,54(d, 'Jer
=248 Hz), 182.46; EI-MS(70ev): m/z(%) 280(M'-1, 94), 134(100),
106(46), 78(38), 51(18). Anal. Calcd. for C{;H,FNO,: C, 72.57; H,
4.30; N, 4.98. Found: C, 72.51; H, 4.33, N, 4.95.



mixture of 4e/de’

Br
O
CHngN

mixture of 4f/4f'

CHs

CHs

4f

6-Methyl-4-0x0-2-(4-bromophenyl)-3,4-dihydro-2H-chromene-3-

carbonitrile 4e/4e': 83% all yield, white solid; FT-IR(KBr): v 3054,
2886, 2260, 1708, 1616, 1488, 1294, 1222, 825 cm’; 'H NMR
(400MHz, CDCl;): & 2.35(s, 3H), 3.76(d, J=1.6Hz, 0.27H), 4.09(d,
J=12.4Hz, 0.69H), 5.43(d, J/=12.0Hz, 0.73H), 5.50(s, 0.29H), 6.97(d,
J=8.4Hz, 0.73H), 7.06(d, J/=8.4Hz, 0.33H), 7.43(m, 3H), 7.62(m, 2H),
7.75(s, 1H); *C NMR(100MHz, CDCl5): & 20.47, 45.19, 47.37, 78.38,
80.20, 112.67, 113.15, 118.05, 118.15, 118.29, 118.36, 123.79, 124.31,
127.46, 127.75, 128.55, 132.28, 132.36, 132.83, 132.85, 133.97,
134.35, 138.80, 139.03, 158.66, 159.03, 182.12, 182.41; EI-MS
(70ev): m/z(%) 342(M°, 41), 262(8), 134(100), 127(10), 106(20),
71(27), 51(11). Anal. Calcd. For C{;H,BrNO,: C, 59.65; H, 3.54; N,
4.09. Found: C, 60.02; H, 3.58; N, 4.14.

6-Methyl-4-ox0-2-(3-nitrophenyl)-3,4-dihydro-2H-chromene-3
-carbonitrile 4f/4f": 74% all yield, white solid; v 3383, 2892, 2259,
1703, 1615, 1531, 1489, 1351, 1223, 734 cm™'; '"H NMR(400MHz,
CDCly): 6 2.37(s, 3H), 3.88(d, J=2.8Hz, 0.26H), 4.16(d, J=12.4Hz,
0.67H), 5.61(d, /=12.4Hz, 0.71H), 5.68(d, J/=2.4Hz, 0.29H), 7.01(d,
J=8.4Hz, 0.71H), 7.12(d, J=8.4Hz, 0.29H), 7.46(m, 1H), 7.71(m,
1H), 7.49(m, 1H), 7.91(d, J=7.6Hz, 0.72H), 7.98(d, J=7.6Hz,
0.30H), 8.34(m, 1H), 8.46(s, 0.29H), 8.53(s, 0.70H); “C NMR
(100MHz, CDCl;): 6 20.49, 44.93, 47.30, 77.75, 79.56, 112.30,
112.93, 118.05, 118.14, 118.30, 118.33, 121.33, 121.94, 124.49,
124.94, 127.53, 127.85, 130.26, 130.35, 131.91, 133.15, 133.24,
137.01, 137.40, 138.97, 139.21, 148.54, 148.65, 158.31, 158.59,
181.45, 181.76; EI-MS(70ev): m/z (%) 307(M'-1, 46), 261(11), 186
(19), 134(100), 117(11), 106(17), 77(28). Anal. Calcd. for
C7H2N,04: C, 66.21; H, 3.92; N, 9.09. Found: C, 66.34; H, 3.96;
N, 9.13.

Intermediate 6b: 51% yield, white solid; m.p. 208-209°C; FT-IR
(KBr): v 3384, 3178, 2932, 1607, 1512, 1240, 1178, 1030, 836 cm™;
'H NMR(400MHz, DMSO-dq): & 2.30(s, 3H), 2.37(s, 3H), 3.66(s,
3H), 3.83(s, 3H), 3.87(s, 1H), 5.13(s, 1H), 6.66(d, J=8.4Hz, 2H),
6.82(d, /=8.0Hz, 1H), 6.93(d, J/=8.8Hz, 2H), 7.03(d, J=8.4Hz, 2H),
7.11(m, 2H), 7.34(d, J=8.4Hz, 1H), 4.46(m,3H), 7.53(s, 1H), 7.62(s,
1H), 9.53(s, 1H); *C NMR(100MHz, DMSO-dq): & 20.37, 20.49,
38.39, 49.62, 54.83, 55.16, 78.95, 79.82, 92.11, 112.10, 113.73,
115.87, 116.57, 117.42, 122.19, 124.42, 124.92, 127.26. 127.49,
129.30, 129.66, 130.65, 131.09, 131.14, 133.23, 133.81, 149.81,
151.49, 156.45, 157.71, 160.00, 171.95; EI-MS (70ev): m/z (%)
568(M-H,0, 37), 461(M-H,0O-CH;C¢H,, 35), 292(100), 159(22),
134(49), 77(17); APCI-MS (H' source): m/z 587(M" +1). Anal.
Calcd. for C3H30N,Oq: C, 73.69; H, 5.16; N, 4.78. Found: C, 73.77;
H, 5.20; N, 4.73.



Intermediate 6¢: 42% yield, white solid; m.p. 177~178°C; FT-IR
(KBr): v 3419, 2923, 2854, 1608, 1529, 1238, 1058, 807 cm™;
'H NMR(400MHz, DMSO-dq): & 2.18(s, 3H), 2.30(s, 3H), 2.37(s,
3H), 2.39(s, 3H), 3.86(s, 1H), 5.14(s, 1H), 6.82(d, J/=8.4Hz, 1H),
6.88(d, J=8.4Hz, 4H), 7.11(m, 1.68H), 7.28(d, J=8.0Hz, 2H),
7.35(d, J=8.4Hz, 1H), 7.40(d, J=7.6Hz, 2H), 7.48(m, 2H), 7.61(s,
1H), 9.55(s, 0.63H); *C NMR(100MHz, DMSO-de): & 20.36, 20.47,
20.53, 20.85, 38.65, 49.41, 79.20, 79.75, 91.95, 115.86. 116.59,
117.27, 122.16, 124.40, 124.88, 127.30, 127.48, 127.89, 128.97,
129.73, 130.04, 130.68, 132.32, 133.27, 133.85, 135.20, 136.06,
138.92, 149.75, 151.51, 156.41, 171.94; EI-MS (70ev): m/z (%)
554(M", 6), 536(M-H,0, 57), 445(M-H,0-CH;0C4H,, 100), 276(8),
135(8), 91(7), 77(3). Anal. Calcd. for C;H30N,O4: C, 77.94; H,
5.45; N, 5.05. Found: C, 78.11; H, 5.41, N, 5.03.

6-Amino-2,10-dimethyl-7-phenyl-7H-5,13-dioxa-14-aza-benzofa]
naphthacen-8-one 3a: 72% yield, yellow solid, m.p. 283-284 °C;
FT-IR(KBr): v 3342, 1660, 1616, 1548, 1385, 813, 732 cm™; 'H
NMR(400MHz, DMSO-dg): 6 2.36(s, 3H), 2.45(s, 3H), 5.48(s, 1H),
7.80(t, J=7.2Hz, 1H), 7.19(t, J=7.2Hz, 2H), 7.32(d, J=8.4Hz, 1H),
7.39~7.50(m, 5H), 7.68(s, 1H), 8.13(s, 1H), 8.39(bs, NH,); “C
NMR(100MHz, DMSO-d¢): 8 20.37, 20.46, 34.53, 92.43, 101.05,
116.07, 117.20, 119.36, 123.25, 124.05, 124.69, 126.21, 127.29,
127.85, 133.15, 133.29, 134.68, 145.87, 149.31, 152.09, 156.82,
160.94, 164.28, 174.03; EI-MS(70ev): m/z(%) 420(M", 35), 343(M"
-C¢Hs, 100), 111(18), 97(33), 83(34), 69(39), 57(68). Anal. Calcd.
for C,;H,0N,O5: C, 77.11; H, 4.80; N, 6.67. Found: C, 77.04; H,
4.75; N, 6.71.

6-Amino-2,10-dimethyl-7-(4-methyoxyphenyl)-7H-5,13-dioxa-14-a

za-benzo[alnaphthacen-8-one 3b: 85% vyield, yellow solid, m.p.
291-292 °C; FT-IR(KBr): v 3399, 1637, 1616, 1558, 1497, 1382, 811
em”; '"H NMR(400MHz, DMSO-dg): & 2.34(s, 3H), 2.43(s, 3H),
3.61(s, 3H), 5.40(s, 1H), 6.71(d, J=8.0Hz, 2H), 7.28(d, J=7.2Hz, 3H),
7.37~7.47(m, 3H), 7.66(s, 1H),8.11(s, 1H), 8.31(bs, NH,); °*C NMR
(100MHz, DMSO-dy): ¢ 20.38, 20.47, 33.72, 54.86, 92.79, 101.34,
113.21, 116.03, 117.18, 119.45, 123.32, 124.05, 124.70, 128.32,
133.03, 133.07, 133.22, 134.62, 138.32, 149.30, 152.10, 156.57,
157.67, 160.96, 164.13, 174.03; EI-MS(70ev): m/z(%) 450(M", 45),
343(M" -CH;0CsH,, 100), 225(7). Anal. Caled. for CosHyN,Oy: C,
74.64; H, 4.92; N, 6.22. Found: C, 74.71; H, 4.95; N, 6.17.

6-Amino-2,10-dimethyl-7-(4-methylphenyl)-7H-5,13-dioxa-14-
aza-benzofalnaphthacen-8-one 3c: 78% yield, yellow solid, m.p.
231-233 °C; FT-IR(KBr): v 3400, 1616, 1556, 1496, 1384, 1263,
813 cm™; "H NMR(400MHz, DMSO-de): & 2.15(s, 3H), 2.36(s, 3H),
2.45(s, 3H), 5.42(s, 1H), 6.96(d, J=8.0Hz, 2H), 7.30(dd, J=8.0,
14.4Hz, 3H), 7.39~7.50(m, 3H), 7.67(s, 1H), 8.12(s, 1H), 8.36(bs,
NH,); *C NMR (100MHz, DMSO-dq): & 20.38, 20.47, 20.51, 34.16,
92.60, 101.18, 116.06, 117.19, 119.40, 123.28, 124.04, 124.69,
127.21, 128.38, 133.12, 133.36, 134.66, 135.22, 143.02, 149.30,
152.08, 156.69, 160.93, 164.22, 174.02; EI-MS(70ev): m/z(%)
434(M", 88), 343(M"-CH3C¢H,, 100), 217(14), 91(7). Anal. Calcd.
for C,3H»,N,05: C, 77.38; H, 5.11; N, 6.45. Found: C, 77.45; H,
5.13; N, 6.38.



6-Amino-2,10-dimethyl-7-(4-fluorophenyl)-7H-5, 13-dioxa-14-aza-b

enzofalnaphthacen-8-one 3d: 58% yield, yellow solid, m.p. 294-295

OC; FT-IR(KBr): v 3448, 1627, 1556, 1384, 1267, 701 ecm™; 'H
NMR (400 MHz, DMSO-dg): 6 2.33(s, 3H), 2.42(s, 3H), 5.47(s, 1H),
6.97(t, /=8.8Hz, 2H), 7.29(d, J=8.4Hz, 1H), 7.37~7.47(m, 5H), 7.65

(s, 1H), 8.09(s, 1H), 8.31(bs, NH,); *C NMR(100 MHz, DMSO- d):

3 20.36, 20.45, 33.98, 92.37, 101.03, 114.42(d, *Jr=21 Hz), 116.06,
117.18, 119.40, 123.30, 124.08, 124.74, 129.12(d, *Jov=8 Hz), 133.15,
133.18, 133.30, 134.76, 142.05, 149.33, 152.11, 156.81, 159.59,
161.03, 163.04(d, 'Jop=210 Hz), 174.06; EI-MS(70ev): m/z(%)
438(M", 42), 343(M" -FC4H,, 100), 95(9), 69(6), 55(12). Anal. Calcd.

for C,;H oFN,Os5: C, 73.95; H, 4.37; , 6.39. Found: C, 74.08; H, 4.33;
N, 6.44.

6-Amino-2,10-dimethyl-7-(4-bromophenyl)-7H-5, 13-dioxa-14-
aza-benzofalnaphthacen-8-one 3e: 71% yield, yellow solid, m.p.
277-278 °C; FT-IR(KBr): v 3420, 1644, 1555, 1422, 1385, 1266,
815 cm™; 'TH NMR(400MHz, DMSO-de): & 2.36(s, 3H), 2.45(s, 3H),
5.49(s, 1H), 7.31(d, J=8.4Hz, 1H), 7.36~7.46(m, 6H), 7.49(d,
J=8.0Hz, 1H), 7.68(s, 1H), 8.13(s, 1H), 8.34(bs, NH,); *C NMR
(100MHz, DMSO-dy): 6 20.38, 20.47, 34.20, 91.92, 100.63, 116.12,
117.24, 119.30, 119.36, 123.18, 124.05, 124.73, 124.86, 129.59,
130.73, 133.26, 133.41, 134.76, 145.04,149.36, 152.10, 156.90,
161.09, 164.26, 174.03; EI-MS(70ev): m/z(%) 498(M'-1, 20),
343(M"-1-BrC¢H,, 100), 155(10), 91(12), 76(17). Anal. Calcd. for
Cy7HoBrN,0;: C, 64.92; H, 3.84; N, 5.61. Found: C, 65.11; H, 3.88;
N, 5.57.

6-Amino-2,10-dimethyl-7-(4-chlorophenyl)-7H-5,13-dioxa-14-aza-
benzolaJnaphthacen-8-one 3f: 68% vyield, yellow solid, m.p.
298-299 °C; FT-IR(KBr): v 3428, 1644, 1556, 1421, 1266, 816 cm™;
'H NMR(400MHz, DMSO-dq): & 2.35(s, 3H), 2.44(s, 3H), 5.49(s,
1H), 7.23(d, /=8.4Hz, 2H), 7.31(d, J=8.4Hz,1H), 7.38~7.43(m, 4H),
7.48(d, J=8.8Hz, 1H) 7.67 (s, 1H), 8.12 (s, 1H), 8.38(bs, NH,); "°C
NMR(100MHz, DMSO-d¢): & 20.38, 20.47, 34.13, 92.04, 100.70,
116.11, 117.23, 119.30, 123.17, 124.04, 124.72, 127.81, 129.18,
130.83, 133.27, 133.41, 134.76, 144.63, 149.36, 152.09, 156.92,
161.08, 164.28, 174.05; EI-MS(70ev): m/z(%) 454(M", 60), 343(M"
-CIC¢H,, 100), 227(15), 157(8), 75(6). Anal. Caled. for
CyHyCIN,O5: C, 71.27; H, 4.21; N, 6.16. Found: C, 71.37; H, 4.24;
N, 6.14.

6-Amino-2,10-dimethyl-7-(2-chlorophenyl)-7H-5, 13-dioxa-14-
aza-benzofalnaphthacen-8-one 3g: 47% yield, yellow solid, m.p.
263-265°C; FT-IR(KBr): v 3439, 1638, 1560, 1383, 1265, 817 cm™;
'H NMR(400MHz, DMSO-dg): 82.32(s, 3H), 2.43(s, 3H), 5.69(s,
1H), 6.57(s, 1H), 7.11~7.29(m, 4H), 7.39~7.48(m, 3H), 7.57,(s, 1H),
7.75(s, J=8.0, 1H), 8.38(bs, NH,); *C NMR(100MHz, DMSO-dc):
o 20.89, 20.98, 36.45, 91.49, 99.76, 107.20, 116.55, 117.76,
119.65, 123.54, 124.40, 125.35, 127.00, 128.60, 130.20, 132.57,
133.28, 133.81, 133.91, 135.27, 141.69, 149.79, 152.61, 157.98,
161.08, 16532, 174.55; EI-MS(70ev): m/z(%) 454M", 18),
419(M" -Cl, 27), 343(M" -CIC4H,4, 100), 111(22), 91(23), 75(35),
55(46). Anal. Calcd. for C,;HoCIN,O;: C, 71.27; H, 4.21; N, 6.16.
Found: C, 71.22; H,4.17; N, 6.19.



6-Amino-2,10-dimethyl-7-(2-ethyoxyphenyl)-7H-5, 13-dioxa-14-aza

-benzo[alnaphthacen-8-one 3h: 61% yield, yellow solid, m.p. >300
OC; FT-IR(KBr): v 3330, 1647, 1560, 1498, 1382, 1264, 813 cm;
'H NMR(400MHz, DMSO-dq): 5 1.33(t, J=6.8Hz, 3H), 2.34(s, 3H),
2.43(s, 3H), 4.02 (q, J=7.2Hz, 2H), 5.52(s, 1H), 6.81(t, J=7.2Hz, 1H),
6.93(d, J=8.4Hz, 1H),7.08(t, J/=8.0Hz, 1H), 7.26(d, J/=8.4Hz, 1H),
7.33(d, /=7.6Hz, 1H), 7.43~7.46(m, 3H), 7.59(s, 1H), 7.91(bs, NH,);
8.11(s, 1H) ; “C NMR(100MHz, DMSO-dq): 614.57, 20.41, 20.49,
30.84, 64.56, 92.40, 100.36, 113.09, 116.02, 117.26, 119.48, 121.20,
123.26, 123.94, 124.72, 127.64, 130.14, 133.10, 133.21, 134.12,
134.60, 149.16, 152.22, 154.44, 156.65, 160.42, 164.99, 173.84;
EI-MS(70ev): m/z(%) 464(M", 35), 417(12), 343(M" -OC,H;sCgH,,
100), 129(11), 111(15), 97(22), 84(41), 69 (36), 55(61). Anal. Calcd.
for C,oH,4N,04: C, 74.97; H, 5.21; N, 6.03. Found: C, 75.05; H, 5.22;
N, 6.06.

6-Amino-2,10-dimethyl-7-(4-N,N-dimethylaminophenyl)-7H-5,1
3-dioxa-14-aza-benzofalnaphthacen-8-one 3i: 79% yield, yellow
solid, m.p. 252-254 °C; FT-IR(KBr): v 3431, 1637, 1557, 1498,
1384, 1265, 814 cm™; '"H NMR(400MHz, DMSO-dy): & 2.34(s, 3H),
2.43(s, 3H), 2.73(s, 6H), 5.30(s, 1H), 6.50(d, J=8.8Hz, 2H), 7.17(d,
J=8.8Hz, 2H), 7.28(d, J=8.4Hz, 1H), 7.36~7.46(m, 3H), 7.65(s, 1H),
8.10(s, 1H), 8.24(bs, NH,); *C NMR(100MHz, DMSO-dy): & 20.88,
20.96, 34.02, 40.66, 93.62, 102.07, 112.53, 116.50, 117.65, 119.99,
123.85, 124.51, 125.15, 128.31, 133.43, 133.50, 133.65, 134.85,
135.07, 149.55, 149.76, 152.57, 156.83, 161.41, 164.55, 174.56;
EI-MS(70ev): m/z (%) 463(M", 27), 343 [M" - (CH;) ,NC¢H, 100],
120(39), 105(51), 91(51), 77(76), 65(23), 51(27). Anal. Calcd. for
CyoH,sN305: C, 75.13; H, 5.44; N, 9.07. Found: C, 75.08; H, 5.41;
N, 9.14.

6-Amino-2,10-dimethyl-7-(2,3-oxymethyloxyphenyl)-7H-5,13-
dioxa-14-aza-benzolalnaphthacen-8-one 3j: 80% vyield, yellow
solid, m.p. 272-274 °C; FT-IR(KBr): v 3394, 1651, 1556, 1498, 1381,
1268, 802 cm™; "TH NMR(400MHz, DMSO-dy): § 2.30(s, 3H), 2.39(s,
3H), 5.34(s, 1H), 5.82(d, J=5.6Hz, 2H), 6.64(d, J/=8.0Hz, 1H), 6.72(d,
J=8.4Hz, 1H), 6.97(s, 1H), 7.26(d, J=8.4Hz, 1H), 7.33~7.44(m, 3H),
7.63(s, 1H), 8.06(s, 1H), 8.33(bs, NH,); "“C NMR(100MHz,
DMSO-d¢): & 20.38, 20.47, 34.27, 92.54, 100.55, 101.22, 107.72,
108.25, 116.09, 117.24, 119.38, 120.09, 123.25, 124.05, 124.73,
133.11, 133.17, 133.33, 134.78, 140.31, 145.61, 146.82, 149.23,
151.88, 156.70, 161.04, 164.18, 174.06; EI-MS(70ev): m/z(%)
464(M", 40), 343(M" -OCH,OC¢H;, 100). Anal. Caled. for
CygHpoN,Os: C,72.39; H, 4.34; N, 6.03. Found: C, 72.44; H, 4.36; N,
5.98.



6-Amino-2,10-dimethyl-7-[(3-methyloxy-4-ethyloxy)phenyl|-7H-5,1

3-dioxa-14-aza-benzolalnaphthacen-8-one 3k: 84% vyield, yellow
solid, m.p. 257-258 °C; FT-IR(KBr): v 3368, 1615, 1550, 1496, 1374,
1263, 814cm™; "H NMR(400MHz, DMSO-dg): & 1.22(t, J=6.8Hz, 3H),
2.36(s, 3H), 2.45(s, 3H), 3.67(s, 3H), 3.86(q, J=6.4Hz, 2H), 5.39(s,
1H), 6.71(s, 2H), 7.23(s, 1H), 7.30(d, J= 8.0Hz, 1H), 7.73~7.74(m,
3H), 7.69(s, 1H), 8.12(s, 1H), 8.30(bs, NH,); *C NMR(100MHz,
DMSO-dy): 6 14.74, 20.39, 20.49, 34.19, 55.47, 63.62, 92.79, 101.24,
112.53, 113.02, 116.05, 117.21, 119.13, 119.47, 123.33, 124.08,
124.70, 133.05, 133.10, 133.25, 134.64, 138.95, 146.42, 147.98,
149.29, 152.11, 156.49, 160.98, 164.16, 174.12; EI-MS(70ev): m/z(%)
494(M", 30), 343(M'-CH;0C,HsOC¢H;_ 100), 55(12). Anal. Calcd.
for C30H,6N,Os: C, 72.84; H, 5.30; N, 5.67. Found: C, 72.93; H, 5.33;
N, 5.61.

6-Amino-2,10-dimethyl-7-(2,4-dichlorophenyl)-7H-5,13-dioxa-14-a

za-benzo[alnaphthacen-8-one 31: 49% yield, yellow solid, m.p.
224-225°C; FT-IR(KBr): v 3451, 1638, 1559, 1499, 1376, 1265, 815
ecm; 'H NMR(400MHz, DMSO-de): & 2.34(s, 3H), 2.44(s, 3H),
5.73(s, 1H), 7.27~7.33(m, 2H), 7.39~7.49(m, 4H), 7.59(s, 1H), 7.82(d,
J=8.4, 1H), 7.82(bs, NH,) 8.12(s, 1H); “C NMR(100 MHz,
DMSO-d¢): 6 20.40, 20.47, 35.87, 90.49, 98.90, 116.04, 117.26,
119.17, 123.05, 123.92, 124.90, 126.47, 129.07, 131.70, 133.11,
133.33, 133.43, 134.16, 134.77, 140.08, 149.35, 152.14, 157.68,
160.72, 164.88, 173.99; EI-MS(70ev): m/z(%) 488(M -1, 11), 453(22),
368(13), 343(M"-1-C1,C4Hs, 85), 313(20), 239(22), 129(20), 111(23),
97(37), 83(46), 69(56), 57(100). Anal. Caled. for C,7H5CI,N,05: C,
66.25; H, 3.71; N, 5.73. Found: C, 66.33; H, 3.74; N, 5.77.

6-Amino-2,10-dimethyl-7-styryl-7H-5, 13-dioxa-14-aza-benzo

[a]naphthacen-8-one 3m: 41% yield, yellow solid, m.p. 224-225
OC; FT-IR(KBr): v 3430, 1640, 1556, 1497, 1386, 1266, 812 cm';
'H NMR(400MHz, DMSO-dq): & 2.39(s, 3H), 2.43(s, 3H), 5.09(d,
J=5.2Hz, 1H), 6.15(d, J=16.0Hz, 1H), 6.38(dd, J=5.6, 15.4Hz, 1H),
7.13(t, J=6.8Hz, 1H), 7.20~7.27(m, 4H), 7.34(d, J=8.0Hz, 1H),
7.40~7.49(m, 3H), 7.76(s, 1H), 8.07(s, 1H), 8.46(bs, NH,); "*C
NMR(100MHz, DMSO-d): & 20.42, 20.48, 32.19, 89.98, 98.54,
116.11, 117.23, 119.39, 123.21, 124.10, 124.63, 126.00, 127.05,
128.04, 128.45, 129.86, 133.09, 133.19, 133.27, 134.54, 136.87,
149.46, 152.20, 157.05, 161.00, 164.55, 174.14; EI-MS(70ev):
m/z2(%) 446(M", 8), 343(M" -CH=CHCHs, 30), 154(14), 143(26),

125(20), 111(29), 97(47), 84(82), 69(68), 55(100). Anal. Calcd. for
C2oH,N,05: C, 78.00; H, 4.97; N, 6.28. Found: C, 78.06; H, 5.01;
N, 6.23.

IX. Crystallographic Data for 3b

(1) X-ray data collection, structure determination and refinement

A yellow single crystal (0.225 x 0.068 x 0.038mm) was attached to a glass fiber and mounted on a
Bruker APEX-II quipped with a graphite momchromated Mo K, (A=0.71073A) radiation source and a
CCD detector. Absorption correction was applied by empirical absorption based on (y-scans. The
structure was solved by direct methods using SHELXS-97 and refined by full matrix least-squares on F*
using SHELXL-97. Molecular graphics were produced using SHELXTL. Non-hydrogen atoms were
refined anisotropically. H atoms of N, and Os were initially located in a difference Fourier map. The other
H atoms were placed in geometrically idealised positions and constrained to ride on their parent atoms.
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(2) Supplemental material
Crystallographic data, tables of atomic coordinates and thermal parameters, and full lists of bond
lengths and angels have been deposited with the Cambridge Crystallographic data Center (CCDC), No.
661620. Copies of this information can be obtained free of charge from The Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (fax: +44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk or

http://www.ccde.cam.ac.uk)

(3) Crystallographic Data

Table 1 Crystal data and structure refinement for compound 3b

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.60
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

xiamin
C,3H74N>05
468.49
2952) K
0.71073 A
Triclinic, P1
a=9.4429(13)A
a=69.635(9)°.
b=11.1580(16)A
B=78.846(9)°".
c=12.0491(19)A
v=87.735(9)".
1167.2(3)A°
2, 1.333 mg/m’
0.092 mm’'
492
0.225 x 0.068 x 0.038 mm
1.84 to 25.60°.
-11<h<11, -13<k<13, -14<I<14
7088 /3580 [R(int) = 0.0443]
81.3%
Empirical
0.9915 and 0.9819
Full-matrix least-squares on F*
3580/1/335
0.991
R1=0.0595, wR2=0.1129
R1=0.1552, wR2 =0.1560
0.182 and -0.220 e.A™




Table 2. Atomic coordinates (x10*) and equivalent isotropic displacement

parameters (A*x10%) for compound 3b.

X y z U(eq)
O(1) 12016(3) 9288(3) 770(3) 52(1)
0(2) 10977(3) 6767(2) 4251(3) 56(1)
0(3) 10609(4) 14466(3) 1610(3) 85(1)
0O(4) 5125(3) 9242(3) 3557(3) 51(1)
0O(5) 3490(4) 1134(5) 1288(4) 82(1)
N(1) 8741(4) 7444(3) 4638(3) 49(1)
N(2) 6294(5) 10232(4) 1654(5) 57(1)
C(1) 16725(4) 6774(4) 1579(5) 78(2)
C(2) 15170(5) 6775(4) 2246(5) 55(1)
C(3) 14673(5) 5922(5) 3433(5) 66(2)
C4) 13288(5) 5925(4) 4076(5) 67(2)
C(5) 12348(5) 6798(4) 3541(5) 49(1)
C(6) 12767(5) 7639(4) 2350(5) 43(1)
C(7 14189(5) 7605(4) 1733(4) 53(1)
C(8) 11686(5) 8501(4) 1842(5) 43(1)
C©) 10293(4) 8428(4) 2618(4) 36(1)
C(10) 9971(5) 7589(4) 3795(5) 47(1)
C(11) 7625(4) 8118(4) 4248(4) 41(1)
C(12) 7704(4) 8970(4) 3067(4) 38(1)
C(13) 9168(4) 9376(3) 2176(4) 37(1)
C(14) 9614(4) 10730(4) 2025(4) 38(1)
C(15) 9709(4) 11731(4) 938(4) 48(1)
C(16) 10046(4) 12959(4) 818(4) 54(1)
C(17) 10316(4) 13215(4) 1806(5) 53(1)
C(18) 10278(4) 12234(4) 2892(4) 49(1)
C(19) 9922(4) 11001(4) 2986(4) 43(1)
C(20) 10408(6) 14867(4) 2607(5) 99(2)
C(21) 6420(5) 9478(4) 2754(5) 44(1)
C(22) 5044(5) 8510(4) 4761(4) 46(1)
C(23) 6256(4) 7927(4) 5136(4) 44(1)
C(24) 6078(5) 7211(4) 6377(5) 51(1)
C(25) 4766(5) 7081(4) 7195(5) 52(1)
C(26) 4609(5) 6328(4) 8544(4) 76(2)
C(27) 3573(5) 7681(4) 6757(5) 59(1)
C(28) 3706(5) 8389(4) 5541(5) 59(1)




Table 3. Bond lengths (A) for compound 3b.

0(1)-C(8)
0(2)-C(10)
0(2)-C(5)
0(3)-C(17)
0(3)-C(20)
0(4)-C(21)
0(4)-C(22)
0(5)-H(51)
0(5)-H(52)
N(1)-C(11)
N(1)-C(10)
N(2)-C(21)
N(2)-H(1)
N(2)-H(2)
C(1)-C(2)
C(1)-H(1A)
C(1)-H(1B)
C(1)-H(1C)
C(2)-C(7)
C(2)-C(3)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(6)-C(7)
C(6)-C(8)
C(7)-H(7)
C(8)-C(9)
C(9)-C(10)
C(9)-C(13)
C(11)-C(12)
C(11)-C(23)
C(12)-C(21)
C(12)-C(13)
C(13)-C(14)
C(13)-H(13)
C(14)-C(19)
C(14)-C(15)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)

1.270(5)
1.352(4)
1.401(5)
1.363(5)
1.400(5)
1.375(5)
1.383(5)
0.72(9)
1.00(6)
1.334(4)
1.360(5)
1.325(6)
0.860(10)
0.86(5)
1.531(6)
0.9600
0.9600
0.9600
1.361(5)
1.414(6)
1.386(6)
0.9300
1.366(5)
0.9300
1.403(6)
1.410(5)
1.448(5)
0.9300
1.445(6)
1.383(5)
1.507(5)
1.399(5)
1.480(5)
1.381(5)
1.551(5)
1.524(5)
0.9800
1.378(5)
1.384(5)
1.371(5)
0.9300
1.386(5)

C(16)-H(16)
C(17)-C(18)
C(18)-C(19)
C(18)-H(18)
C(19)-H(19)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(22)-C(23)
C(22)-C(28)
C(23)-C(24)
C(24)-C(25)
C(24)-H(24)
C(25)-C(27)
C(25)-C(26)
C(26)-H(26A)
C(26)-H(26B)
C(26)-H(26C)
C(27)-C(28)
C(27)-H(27)
C(28)-H(28)

0.9300
1.378(5)
1.390(5)

0.9300

0.9300
0.9600
0.9600
0.9600

1.369(5)
1.401(6)
1.409(5)
1.403(6)

0.9300

1.386(5)

1.528(6)
0.9600
0.9600
0.9600

1.385(6)

0.9300
0.9300




Table 4. Bond angles (°) for compound 3b

C(10)-0(2)-C(5) 119.8(4)
C(17)-0(3)-C(20) 118.2(4)
C(21)-0(4)-C(22) 121.3(3)
H(51)-0(5)-H(52) 123(7)
C(11)-N(1)-C(10) 115.8(4)
C(21)-N(2)-H(1) 115(3)
C(21)-N(2)-H(2) 121(3)
H(1)-NQ2)-H(2) 123(5)
C(2)-C(1)-H(1A) 109.5
C(2)-C(1)-H(1B) 109.5
H(1A)-C(1)-H(1B) 109.5
C(2)-C(1)-H(1C) 109.5
H(1A)-C(1)-H(1C) 109.5
H(1B)-C(1)-H(1C) 109.5
C(7)-C(2)-C(3) 116.1(5)
C(7)-C(2)-C(1) 121.9(5)
C(3)-C(2)-C(1) 122.0(4)
C(4)-C(3)-C(2) 123.5(4)
C(4)-C(3)-H(3) 118.3
C(2)-C(3)-H(3) 118.3
C(5)-C(4)-C(3) 118.6(5)
C(5)-C(4)-H(4) 120.7
C(3)-C(4)-H(4) 120.7
C(4)-C(5)-0(2) 115.6(5)
C(4)-C(5)-C(6) 120.4(5)
0(2)-C(5)-C(6) 124.0(4)
C(5)-C(6)-C(7) 118.9(4)
C(5)-C(6)-C(8) 116.7(4)
C(7)-C(6)-C(8) 124.4(5)
C(2)-C(7)-C(6) 122.4(5)
C(2)-C(7)-H(7) 118.8
C(6)-C(7)-H(7) 118.8
0(1)-C(8)-C(9) 124.1(4)
0(1)-C(8)-C(6) 119.0(5)
C(9)-C(8)-C(6) 116.9(5)
C(10)-C(9)-C(8) 123.1(4)
C(10)-C(9)-C(13) 117.4(4)
C(8)-C(9)-C(13) 119.3(4)
0(2)-C(10)-N(1) 110.8(4)
0(2)-C(10)-C(9) 119.5(4)
N(1)-C(10)-C(9) 129.7(4)
N(1)-C(11)-C(12) 123.2(4)
N(1)-C(11)-C(23) 116.6(4)
C(12)-C(11)-C(23) 120.2(4)
C(21)-C(12)-C(11) 116.6(4)
C(21)-C(12)-C(13) 121.7(4)
C(11)-C(12)-C(13) 121.7(3)
C(9)-C(13)-C(14) 111.7(3)
C(9)-C(13)-C(12) 109.5(3)
C(14)-C(13)-C(12) 110.4(3)
C(9)-C(13)-H(13) 108.4
C(14)-C(13)-H(13) 108.4
C(12)-C(13)-H(13) 108.4
C(19)-C(14)-C(15) 117.5(4)
C(19)-C(14)-C(13) 120.5(4)
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C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
0(3)-C(17)-C(18)
0(3)-C(17)-C(16)
C(18)-C(17)-C(16)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18)
C(19)-C(18)-H(18)
C(14)-C(19)-C(18)
C(14)-C(19)-H(19)
C(18)-C(19)-H(19)
0(3)-C(20)-H(20A)
0(3)-C(20)-H(20B)

H(20A)-C(20)-H(20B)

0(3)-C(20)-H(20C)

H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)

N(2)-C(21)-O(4)
N(2)-C(21)-C(12)
0(4)-C(21)-C(12)
C(23)-C(22)-0(4)
C(23)-C(22)-C(28)
0(4)-C(22)-C(28)
C(22)-C(23)-C(24)
C(22)-C(23)-C(11)
C(24)-C(23)-C(11)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(27)-C(25)-C(24)
C(27)-C(25)-C(26)
C(24)-C(25)-C(26)
C(25)-C(26)-H(26A)
C(25)-C(26)-H(26B)

H(26A)-C(26)-H(26B)

C(25)-C(26)-H(26C)

H(26A)-C(26)-H(26C)
H(26B)-C(26)-H(26C)

C(28)-C(27)-C(25)
C(28)-C(27)-H(27)
C(25)-C(27)-H(27)
C(27)-C(28)-C(22)
C(27)-C(28)-H(28)
C(22)-C(28)-H(28)

122.0(4)
121.9(4)
119.0
119.0
119.5(4)
120.2
120.2
124.5(4)
115.4(4)
120.1(4)
118.9(4)
120.5
120.5
122.0(4)
119.0
119.0
109.5
109.5
109.5
109.5
109.5
109.5
112.7(4)
124.1(5)
123.2(4)
119.1(4)
122.9(5)
117.9(4)
115.3(5)
119.1(4)
125.6(4)
123.7(4)
118.1
118.1
118.3(5)
119.0(5)
122.8(4)
109.5
109.5
109.5
109.5
109.5
109.5
119.6(5)
120.2
120.2
120.2(4)
119.9
119.9




Table 5. Hydrogen coordinates (x10) and isotropic displacement parameters

(A’x10%) for compound 3b.

X y z U(eq)
H(1A) 16789 7249 736 117
H(1B) 17000 5909 1685 117
H(1C) 17360 7162 1899 117
HQ3) 15309 5327 3801 80
H4) 13004 5345 4854 81
H(7) 14467 8170 947 63
H(13) 9049 9365 1389 44
H(15) 9539 11565 269 57
H(16) 10094 13617 79 65
H(18) 10488 12395 3551 59
H(19) 9890 10340 3720 52
H(20A) 9451 14621 3071 149
H(20B) 10533 15780 2335 149
H(20C) 11103 14474 3100 149
H(24) 6876 6801 6672 61
H(26A) 4692 6905 8963 115
H(26B) 5355 5712 8673 115
H(26C) 3682 5894 8843 115
H(Q27) 2687 7608 7277 71
H(28) 2906 8786 5241 70
H(1) 5430(20) 10450(40) 1560(40) 85(16)
H(2) 7020(50) 10380(50) 1060(50) 110(30)
H(51) 3130(90) 1690(80) 1350(90) 230(50)
H(52) 3020(60) 450(60) 1110(50) 140(20)




Table 6. Anisotropic displacement parameters (Ax10°) for compound 3b.

Ull U22 U33 U23 U13 Ul12
o(1) 49(2) 63(2) 36(2) -14Q2) -5(2) 2(2)
0(2) 49(2) 63(2) 46(2) 702) -12Q2) 10(2)
03)  138(3) 52(2) 67(3) -18(2) 23(2) 20(2)
0(4) 38(2) 69(2) 39(2) -14Q2) 4(2) 1(2)
0(5) 59(2) 79(3) 108(4) 25(3) 3102) 3(2)
N(1) 41(2) 62(2) 38(3) -14Q2) -5(2) 9(2)
N(2) 46(3) 74(3) 49(3) -16(3) -19(3) 9(3)
c(l) 51(3) 95(4) 89(4) -33(4) -13(3) 18(3)
Q) 42(3) 69(3) 54(4) -26(3) -6(3) 5(3)
Cc@3) 55(4) 77(4) 70(4) 27(4) 23(4) 25(3)
C(4) 60(3) 74(3) 59(4) -11(3) -18(3) 20(3)
C(5) 33(3) 57(3) 55(4) 21(3) -5(3) 203)
C(6) 39(3) 53(3) 40(3) -17(3) -1103) 4(2)
C(7) 49(3) 61(3) 49(3) 20(3) -9(3) 5(2)
C(®) 48(3) 49(3) 40(3) 20(3) -14(3) 13)
C(9) 33(3) 38(3) 31(3) -6(2) 13) 2(2)
C(10)  48(3) 49(3) 46(4) -17(3) -15(3) 9(3)
cal  3703) 49(3) 40(3) -19(3) -5(3) -1(2)
Cc(12)  36(3) 52(3) 27(3) -16(3) 4(3) -102)
C(13)  3403) 46(3) 29(3) 11Q2) 502) 0(2)
Cc(14)  36(2) 43(3) 34(3) -10(3) 9(2) 1)
c(15)  50(3) 58(3) 36(3) -18(3) -7(3) 2(2)
c(6)  733) 47(3) 35(3) -4(3) -9(3) -5(2)
ca7)  5903) 45(3) 51(4) -11(3) -11(3) -6(2)
c(18)  59(3) 51(3) 40(3) -15(3) -17(3) -1(2)
C(19)  47(3) 47(3) 32(3) -8(2) -12(2) 1(2)
C(20)  153(5) 50(3) 116(6) 33(4) 71(5) 13(3)
c2l)  38(3) 53(3) 43(3) -18(3) 7(3) -4(2)
C(22)  50(3) 54(3) 35(3) -17(3) -6(3) -5(3)
C23)  4203) 48(3) 40(3) -16(3) 3(3) -1(2)
C4)  50(3) 53(3) 44(3) -11(3) -4(3) -5(3)
C(25)  55(3) 53(3) 42(4) -13(3) 4(3) -11(3)
C(26)  85(4) 82(4) 46(4) -12(3) 6(3) 7(3)
CR7)  4703) 70(3) 55(4) 26(3) 9(3) 3(3)
C(28)  44(3) 77(4) 51(4) 22(3) 2(3) 0(3)




X. 2D NMR Experiments for the intermediates 6b~c

(1) NMR experimental parameters of HMQC data

pulse program for acquisition (PULPROG) = hmqcph
time domain size(TD) = 1024
number of scans (NS) = 140
number of dummy scans(DS) = 8
sweep width in Hz (SWH[Hz]) = 4807.69
acquisition time (AQ[s] ) = 0.1065460
receiver gain (RG) =203
dwell time (DW[ps] ) =104.000
pre-scan-delay (DE[us] ) =6.00
J(XH) ( CNST2 ) =145.0000000
d0 = 3u, dO[s] = 0.00000300
relaxation delay; 1-5*T1 (D1[s] ) = 1.50000000
d2=1s/(cnst2*2), d2[s] = 0.00344828
delay for disk I/O (D11[s] ) = 0.03000000
d13=3u, d13[s] = 0.00000300
1/(2*SW(X))= DW(X), INO[s] = 0.00002613
STICNT=1td1/(2), STICNT= 128
Channel f 1
Nuleus for channel 1 (NUC1) = 1H
f 1 channel: 90 degree high power pulse (P1[us] ) =7.00
P2=p1*2, p2 [us] = 14.00
f 1 channel: power level for pulse(default), PL1[dB] =-2.00
frequency of observe channel (SFO1{MHz] ) = 400.1324024
Channel f 2
file name for cpd2 (CPDPRG2) = grap
nuleus for channel 2 (NUC2) = 13C
f 2 channel: 90 degree high power pulse (P3[us] ) = 15.00
f 2 channel: 90 degree pulse for decoupling sequence(PCPD2[us] ) = 65.00
f 2 channel: power level for pulse (default), PL2[dB] =-3.10
f 2 channel: power level for CPD/BB decoupling, PL12 [dB] =9.64

frequency of observe channel (SFO2[MHz] ) = 100.6223261
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(2) NMR experimental parameters of HMBC data

pulse program for acquisition (PULPROG) = hmbclpndqf
time domain size(TD) = 4096
number of scans (NS) = 640
number of dummy scans(DS) = 16
sweep width in Hz (SWH[Hz]) = 4807.69
acquisition time (AQ[s] ) = 0.4260340
receiver gain (RG) =287
dwell time (DW[ps] ) =104.000
pre-scan-delay (DE[us] ) =6.00
J (XH) (CNST2 ) =145.0000000
J(XH) long range (CNST13) = 8.0000000
d0 = 3u, dO[s] = 0.00000300
relaxation delay; 1-5*T1 (D1[s] ) = 1.50000000
d2=1s/(cnst2*2), d2[s] = 0.00344828
d6= 1s/(cnst13*2), d6[s] = 0.06250000
1/(2*SW(X))= DW(X), INO[s] = 0.00002613
Channel f 1
Nuleus for channel 1 (NUCI1) = 1H
f 1 channel: 90 degree high power pulse (P1[us] ) = 7.00
P2=p1*2, p2 [us] = 14.00
f 1 channel: power level for pulse(default), PL1[dB] =-2.00
frequency of observe channel (SFO1[MHz] ) = 400.1324024
Channel f 2
nuleus for channel 2 (NUC2) = 13C
f 2 channel: 90 degree high power pulse (P3[us] ) = 15.00
f 2 channel: power level for pulse (default), PL2[dB] =-3.10

frequency of observe channel (SFO2[MHz] ) = 100.6223261

19



Base-catalyzed and Solvent-dependent Cascade Reaction in

Regioselective Synthesis of Novel Fused Polycycles

Min Xia*, Guo-Feng Xiang, Bin Wu, Yi-Feng Han
Department of Chemistry, Zhejiang Sci-Tech University, Hangzhou 310018, P. R. China
Phone/fax: +86(571)86843224; E-mail: xiamin@zstu.edu.cn

Contents:

Spectra copies of compounds 5, 2, 6b~c, 4a~f/4a’~f' and 3a~m............................ell 20~76


mailto:xiamin@zstu.edu.cn

kol oo =
o o ™=
Rl [aris ) in
- ol -
Current Dats Parazmeters
HhME wilale0szal
EXFND i
PROCHG 1
Fé - Aoquisiticon Paramoebeors
OCOCH,CN Date_ 2006082
Time 14.2%9
INSTRUM spect
PROBHD S mm BAQNP Swi
PULPRESG 23
5 D Bh53E
SOLVENT ooels
N3 if
frl] 2
CHs; SWH B223.685 He
FIDRES 0.1254 Hz
A 3_98AR38T seo

RG 228
I a6t 300 usec
6.00 usec

297 & B
ol 1.00000000 sec
Lo 1

]
SPal A0 1324710 MHz
P2 - Processing parameters
S5I I2TEG
5F L0003, 1300035 MHz
WOW EM
588 o
LB 0.30 Hz
l LEizY @
PC 1.00
JL ll
e B B B B L B B L e L WL B L B N S R B
8 7 6 5 4 3 2 1 0 ppm
=11 b P
b b= b =

L3 o] ol Ly



1681 764
147900
136.543

OCOCH,CN

CH3

130,171

" it
g =} =
=3 - i
v . & om
= 3 v
o - =
— = N~

Current Dabs
HAME

EXPNG
PROCRO

FE o opogulad

Time
IHSTRUM
BROBHD
PULEROG
]
SOLVENT
N3

o5

SWH
FIDRES
A

RO

DN

o
BOFD2
FLZ
EL1Z

— Prodess

|
160 140

|
120 100

CHANNEL f1

Parameters
#lgliolza4
2

1

mlon Parameters
20070126
14,00
spact

5 omm BPAGKE Swi

14
Z4038.461 He
O.366T38 Hz
1.2631988
2050
20,800 use
6,00 u
S00.0
00000000 sea
G.OF000000 see
1.8559308938 ¢

usec
-3.00 4B
13.48 dB
14,00 di

400 1316005 Mhz
ing parameters
32TeR
100, 6127690 MHz
0
1.00 Haz
4]
1.40



; [ B R | w3y —
[a 3 Ll i Sl ] ™ "t
x LB T R R -] — ™
~ [ P i
Current Data Parzmeters
HAME w1 lg0eanTl
EXFHD i
H PROCKHD 1
Fé - Aoquisition Paramohters
COCH,CN Date_ 20060907
Time 10.40
IMSTRUM spect
2 PROBHD 5 mm BAQNFP Swi
PULPRGG 2ol
D Ba53E
M SOLVENT i ]
N3 1h
CHs 05 2
SWH 8223.685 Hz
T T T I T T T FIDRES 0125483 He
Al 3984 T s
7.4 7.2 7.0 PRrm o les
oW & 200 usec
DE .00 usec
TE FA5.EF K
»l 1.000000380. sec
Lo 1
I uses
dB
Mz
FZ - Processing parameters
5I F2TEE
5F 2003, 1300076 MEz
Wow EM
555 o
EB 0.30 Hz
58 9
P 1.00
1 I Y S A

3 2 1 0 ppm



192217

1ED . TED
139.324

129059
128,862

—_

CHs

COCH,CN

2

eeee— 15 953
——— 11T 22

—— 113.164

29.358

20517

Data P
L
PROCNC
Fé - Acquisition Paramebers
Date_ 20060308
Time 9.1%
INSTRUM spoct

PROBHD S omm BAQNE Swi

PULPREG zgdodd

D Bu5IE

BOLVENT il

N3 837

i) 4

SWH 24038461 Hz

FIDRES Q_36RTHE Hz

Al 13631988 sen

R 2050

Dl 20,800 usec

DE .00 usec

TE Fa4.4 K

ol Z2.000000480. sec
1 Q3000000 sec

Tno 1

memimimim o CHANMEL Tl i

XUCL lac

El 5.00 usec

BL1 00 dB

SFOL 100, 2209300 MHx

CHAMNEL fZ =

200

180

|
160 140

T
120

wal
ad.,
-3
13,48
#00, 1316000 MHx
Fé - Processing parameters
3278
100, 612700 Mee
EM
2.00 Hz

1.40



e o T oo i =
e e @ =
Pt R " =
i i T e o
Current
NIMME
EXFHNC
FROCKC
O " - Aoquisition Parameters
Date_ Z0DTRREG0
Time 10.48
CH y INSTRUM spect
CHs * 8 CN PROBHD 5 mm PABBI 1H/
o) PULPROE w3
\ TD BE53E
4a SOLVENT cpelLs
3 16
2
H225.685 Hz
0125483 He
39846387 sec
87
&0 300
T T T T T 2953{\
7.8 7.6 7.4 T.2 PRIt 180000000 sec
7.00 usec
—2.00 dB
£00.132471L0 MHz
B2 - Proocessing parameters
81 EETER
5F L0003, 130008E MHz
WOW E
358
LE
GB
PC
1 __JL _)nL _J
B B ki B i L R B A W L R S
6 5 4 3 2 1 0 ppm
oo (- =
(@ @ i o
[=18=] [=1 I~ L]




] {es] —
o 1’11 L un o=
W o 1ol o b {=1
. . 1 ol - =
™ L= o n, {=1
w0 ul ™ = =
= - b a B o
Current Data Parameters
HAME 2 lglTOgzel
EXPNG 23
FPROCHG 1
P2 opoqulsizion Paramecers
Dt 20070826
Time 11.01
o . THSTRUM spect
. EROGHD 5 mm PABBI 1H/
PULEROG Eqpoii
+ CHs "“"CN o BS536
CHs SULVENT CoCis
o N5 3126
4a' ] i
Z4038.461 He
QL3EETOE Hz
1.363198E sec
36
20,800 usea
6,00 usec
2353 K
2,00000000 seo
G_03000000 sac
1.89999998 sec
1
THANNEL f1 ========
13
14,30 usec
-3.00 dB
100 _EZREZ9S MHEz
L R mm————
waltzlé
p: |
E0.00 usec
—-2.00 4B
18.50 dB
18.50 dB
4901316005 MHz
FZ - Processing parameters
1 T I T ! T 7 I T T ! T I T I I ! T 5L Z2TER
180 160 140 120 100 80 60 40 20 0 ppmg, e EaeRl e
S5R 0
LB 1,00 Hz
&) 0
FC .40



CHs

4b’

""CN

CH3

10 00 T - e o =
o 2 ey u ™ ur f=3
o A L e P @ =
i e @ mm o =
© Data Parsmeters
2{lgoinezTl
1
Fé - Aoquisiticon Paramebers
Date_ 200T4R2T
Tirme 5. 34
INSTRUM spect
PROBHD 3 mm BABBI 1H/S
PULPROSG el
D Hhode
SOLVERT folel
juss] 16
i) 2
SWH H225.685 Hz
FIDRES Qo1EE4RS He
ALy 39848 e
Ri3 101
i ! ' f f Dl &0.300 usec
.8 7.6 7.4 7.2 j=i=ii} BE .00 usec
TE 2948 K
ol 1.00000000 sec
TDO 1
wmssmsss CHANNEL f1 sswsswus
18
7.00 usec
-2.00 dB
P01 A0 1324710 MHEz
FZ - Processing parameters
51 E2Tes
5F L0 1300086 Mg
WoW EM
558 o
LB 0,30 He
GB a
ol 1.00
\ A J

LA B L W W W B L B L L L B L L

8 7 6 5 4 3 2 1 0  ppm
Ewgaﬁﬂ 85 a3 é ﬁé
L B N = = ala ol o ol e




r- =
- e iy " 0o
o o [ig i o
. " o " "o
) o . . o
oz (2] = "~ o
=1 = @ “n o ca
Current Tata Parameters
FAME #lgtoEzel
EXPHC z
PROCHE 1
CH
3 Fi - Acqulsinlon Parameters
Diate 2007087
Time n.48
CH n INSTRUM spect
+ 3 CN PROBHD 5 mm BABBI 1H/
CHs o -
4b'
1R
i
24038461 He
O.36E798 H
1£.30 usec
-3.00 dB
100 EZPERAE MH=z
mmmmmnem CHANNEL 2 ==ee———
00 uses
-2. 00 4B
15.50 aB
18,50 di
400 1318005 MHz
FZ2 - Processing parameters
I T ! " I T ! T T N I ! 1 ' T ! L N T T I T 5L 32768
55 100, 6127703 MH=z
200 180 160 140 120 100 80 60 40 20 0 ppmy.y e
S5p o
LB 1,00 He
Ga 4]

FO 1.40



418
T 5.35E
124
35l

3852
nooon

-
e 8 155
Ty

Fé - Aoquisiticn Paramebers
Date_ Z00TRRET
Time 13.43
INSTRUM spect
FROBHD 5 mm PABBI 1H/
PULPROE 34
pus}
SOLVENT
NE
nE
SWH
FIDRES
Al
R

=2
bl
TG 1

wwas CHANNEL f1 sswsswss
1E
7.00 usec
-2.00 dB
403 1324710 MHz

P2z - Processing parameters

51 z2Ted

3F 400, 1300083 MHz
W EM

558 g

LB 0.30 Hz
GB a

Pz 1.00

e



Ta2.942

e 158,942

i U1 B -1

[—— T 11 (1]
132,481

CH3

4c

CN

OCHs

128,401

127409
127.358

===

EOLELT

55409

47,395

204

Current
NAME
EXPNC
PROCNC

FE o Aog
=

Time
IHSTRUM
EROBHD
PULEROG
T
SOLVENT
NE

s

SWH
FIDRES

FE - Pro

Data Parameters
2 lg gz
2

1
ulsizlon FParamecers

20070927
14,15

soect
5 mm PABRI 1H/
zgpglQ
CELEL

i
24038461 He
0.366798 Hz
1. 3631988 gec
36
20,800 usec
4,00 usec
Za5.f H
QOUONCUD s
JI0000G0 sec
89999998 sec
1

2
-
4
1

CHANNEL £1 ==

130
1£,30 usac
-3.00 dB

190 BZRE225

CHEANNEL 2 =mm=em——
waltzlh
I
E0.00 asec
—-2.00 4B
18.50 dB
18.50 dB
G0_1ILEO05 MHz

cessing parameters

3ETER
1006127706 MHz
EM
o
1.00 Hez
0
1.40



124
093

4

Current Data Parameters
HAME wTlg0Tioda0dl
EXPNO 1
PROCND 1
Fé - dogquisition Paramohters
Tate_ 20070404
Time 9.52
INSTRUM spoot
PROBHD Z mm BAQNP Swi
FULPREG ELh iy
hur} B53536
SOLVENT opels
i) 16
s 2
SWH 8223685 Hz
FIDRES O_1E5483 Hz
Ady
R
Dl &3 8480 usec
T T T T A.O0 usec
TE 92 .3 K
7.8 7.4 7.2 7.0 ppm 1 1.00000020 sea
ThO i
wwsswwas CHANNEL f1 = ———
1
10,90 usec
-3.00 dB
400 1324710 MHz
P2 - Processing parameters
51 F2Tes
5F 4031300044 MHz
WOwW
558 a
EB 0.30 Hz
ez i
JL | FC 1.¢0
L B e L B I S L N N SN AR LI R
8 7 4 3 2 1 0 ppm
|
o f=r|alodfuw o3 (=1 (=]
e iAo o] B @® 2 S
Sirisi—is [=] - o
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Current Data Pa cters
NAME 2] lglT0927E
Br EXENG i
Br PROCHD 1
Fé - hoquisitign Paramekbers
. Date_ 2O0TIRET
+ CHs ""CN Time 15,31
CH3 INSTRUM spoot
PROBHD 5 mm BABBI 1H/
4e' 3 23
SOLVENT
N3
DE 2
SWH Hz
FIDEES Hz
JHT meo
Hoo6
0. 800 uzec
I||| .00 usec
ZARLE K
T T T T T 1.0()3000_(__! sea
7.8 T.6 7.4 7.2 7.0 ppm
wwsssss CHANNEL £1
NOJoL
B1
BL1 =
sral £00.132
¥Z - Processing parameters
51 E2TeH
SE L00.1300080 MEz
WoW EM
558 o
LB 0.30 Hz
o o
PC 1.30
S
L B L B O B (L S S I B S B L R
8 7 6 5 4 0 ppm
o o e ] v L ] ™
|0 [=]11=] L= L= o



Br

O
we
- o )

o @
o i : - CcH
i o S | e 3 CN
| : o
’ 4e'
Current Dats Parameters
KDME £3lgi710148
EXFMO 2
PROCHD 1
FZ - Aoquisition Parameters
= 20071019
15.28
spect
5 mm BABBI 1H/S
Ed 30
I
T T T L | T 0o
140 135 130 125 120 ppm 20.800 usec
6,00 usac
204 .4 K
2
80,00 usac
=2.00 dB
LS50 dBE
-50 dB
| 4901316005 MHE
F2 - Processing par
I T T T T T I ! I T I T T N T ! I ' I T g: 'Di.f.sﬁw
F 1006127690 MHz
180 160 140 120 100 80 60 40 20 0 ppmyy “ M
S5B 4]
LB 1.00 He
ciz] 4]

4]




-183
152
d.684
3877
2,378
o.odo

e
=
—:::.

4

Current Data Parameters
HAME #Tlg0i10081
EXPND 1
NO2 NO2 PROCNO 1
FE& - hoguisition Paramochters
0. 0. Date_ 20071008
: Time 9,59
+ INSTRUM spoot
y PROEBHD 5 mm BABBI 1H/
CHa CN CHs CN PULPROS 2530
e TD BH536
af 4 BOLVENT ool
NS i6
D3 2
SWH H223.685 Hz
FIDRES O_175483 He
ALy A_GHARIAT seo
Ri3 Hoo6
oW &3 200 usec
i .00 usec
TE FA4_6 R
ml 100000000 sec
TDO 1
T T T T
8.5 8.0 7.5 ppm b
-2.00 dB
A3 1324710 MHz
FZ - Processing parameters
SI F2Ted
5F 403, 1300053 MHz
WOwW
558 !
LB He
GE i
J PC 1.00
R B B L L L I L B I LU

9 6 5 4 3 2 1 ppm

8 7
SeEeEssy
] i o o i ] i e
dlel~isigici~|~Icla clg =

.29

7
3=

0

™
= (-]

0.26
0
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Current Tata Parameters
KAME 291g0 710081
EXPNG 22
PROCND 1
Fi o« hoqulsizlon Paramemers
[} NO, [ 20071008
19,12
spect
5 mm BABRBI 1LH/
0. zggegu
GLUERT .
4 i;buuhx o :
CH3 CH3 “"CN BE] 4
SWH F4038.461 Hz
4 (o] FIGHES O.366795 Hz
AL LAG63L98E sec
25,4
20,800
G, 00y
2048 @
200000000
G_O3000000 sec
L.B95399%8 za
1
CHANNEL £1 ========
1302
14,30 usec
-3.00 dB

A00.EZ2E295 MH=z

SFOE 4901316005 MEz

- Processing parameters
Z2T7eR
100 ,6127700 MHz
EM
o
1.00 Haz
0
1.40




5,460

ST Data P

HAME 2ilg0T03233
EXPNO i
FROCHD 1

Fé - dogquisition Paramekers
Date_ 20070323
Time 15.0
INSTRUM spoct
FROBHD 5 mm PAQNE Swi
FULPROE 3l

T 65536
SOLVENT DMED

N5 16

s 2

SWH H223.685 He
FIDRES Q125483 Ha
A 39846387 sen
RG 56

oW a3 300 uzec

DE
TE

T

oo

.00 use
e A )
1.00300000 sec

4001324710 MHEz

FZ - Processing parameters

0 ppm

278
4001229932 MHz

Q.30 Hz

1.18
05 -
.25
00
06 =

0
5
5



. ¥36
Sa.o821
152088
148,308
.BEY
134679
SOaeE
@81

174,033

led

14

101

92.432

a4

20,
20,371

Current Dsbts FParameters

HaME 2 lgutiEEas
EXPN 2
FROCHG 1
Fi o« hogulsizlion Paramecers
Dt 20070325
Time 17.21
LHSTRUM spect
EROBHD 5 mm BAQNE Swi
PULEROG Eapo il
T 63536
SOLVENT CMER
Wi HlLEno
DE i
SWH Z403E. 461 He
FIDRES O.366738 Hz
A 1.36319088 sec
RO 2050

20,800 uses
6,00 usec

AT.E K
200000000 sec
Go03000000 sac
1.893399938 seo

CHANNEL £1 ========
13
2.00 usec
-1.00 dB
100 6ZRE298 MHEE

L 2 mm——
waltzie
50,00 uses
—-3.00 dB
13.4% &B
PL1Z 1,00 di
e 4001316005 MHz2
F2 - Processing parameters
51 32768
58 1006128193 MH=z
S5 0
LB 1.00 He
et ] 4]

FL 1.40



F T o TR O O e S o
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e AD D S AP O T e O -
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— 52T
——— A5

T 2362

NSN\WHA

NAME

Time

pu1]

T T T T T
7.8 7.6 7.4 7.2 7.0 ppm

I W 1

L B L B Y L L N B L B B L BB LI B Rl WL

9 8 7 6 5 4 3 2 1 0 ppm
L ot I Y 5 2 é8§

=g |~ |~ el gg Eﬁ& o)

Current D
EXFND
FPROCND
bate_
IHNSTRUM
PROBHD
PULPROG
SOLVENT
Na
B22E.685 H2
)

Al B

eters
£ ilgOT0A304

ey

Fé - Ahoquisition Paramecters
A00TQE30
16. 10
speot
S mm BAQNE Swi

o

BiodE

DMER
16
2

10,90 usec
-3.00 dB
A0 1324710 MHz
- Processing parameters
32768
A0 1223923 MHz

EM
0,30 Hz

L1.00
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Current Dats Parameters
NAME ) lglToIi0d
EXPNC Z
FROCNG 1
FE -~ dcqulsizion Paramener
a_ 20070331
Time
LHSTRIM
BROBHD
PULEROG
T
SOLVENT
hi
Pl
SWH
FIDRES
4901316005 MHz
FZ - Progessing parameters
T T T T T T 51 32768
180 160 140 120 100 0 ppm; e aT
S5E 4]
La 1,00 Ha
ek} 0

EQ .40



5,405

P B P

7.5 7.9 Epm

2,490

ki

D

TTe—2.348

tars
231907052211

1
PROCHD 1

Fé - Aoguisitisn Paramebers
bate_ 20073522
Time 15.43
INSTRUM spoct
PROEBHD T omm BAQNE Swi
PULPROG EER I

BE5AE

Hz

BART meq
114
G.800 usec

6,00 usec

NOCL

E 10,90 usec
PL1 -3.00 dB
SPOl A0 13F4TLE MHz
P2 - Proocessing parameters
51 2768

58 A003.1300000

Wi EM

558 kal

LH 0.30 Hz
B a

PC 1.00

|

nfo) [wlojo] |o = B
elgl === |= S =
Ly b e o ™ o

ppm
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Current Tata Parameters

NAME 2ilgl?ns2zrl

EXPNC 2

PROCNG 1

Acgulsinlon Parameners

20070522

15,54

spact

5 mm BAQNE Swi

zqpalil

BIG3E

DMEG

15376

i

ZA403B. 481 He
Q.3667T3E Hz
LEEILIEE sec

36

20,800

i, 0

2949

2. 60000000
03000000 s
1.89539938 ¢

CHANNEL f£1
3.00 usec

-1.00 dB
100 E22B298 Mz

80.06 usec

-3.00 dB
153.48 aB
14.00 diE
40013168005 Miz
FZ — Processing parameters
T T ¥ T T T T T T y T ¥ T T T T 51 ZETER
58 1008128193 MHz
180 160 140 120 100 80 60 40 20 0 ppmy. - :
S5B 4]
] 1,00 He
[&12] 4]

FQ 1.40
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180 160 140 120 100




— &, ET0

— L EEE
Te——30d

Current Data Pa eters
MIME 2] lolindngl
EXFNOG i
PROCHD 1
Fé - ‘Aoquisiticn Parameters
Date_ 2007040
Time 10.42
INSTRUM spoct
PROBHD Z omm BAQNE Swi
CH3 2o
LLEAL
SOLVENT DMED
fuis]
D& 3
SWH Hz
FIDEES 3 Hz
BE
0. 200 usec
BL00 usaec
e
1.000000480 sea
T T T T wwmmnss CHANNEL F1 sewwswss
¥UoL 18
7.6 T4 T.2 7.0 ppm iy 60 wses
BL1 -3.40 dB
SPal £00.1324710 MHx
P2 - Processing parameters
51 E2Tes
5F L00.1300000 MHz
WoW EM
S50 o
EB 0.30 Hz
fore) o
J BE L.
. L .
L B L B B B B B L L B R
9 8 7 6 5 4 3 2 1 0 ppm
o fed e 620 6 = mio
=12 IB|R=e o bt B
|| = rliey = Lt L]



33.988

180 160 140 120 100 80 60 40 20




8

a0 - e

547
138
E
LB
T.4BE
T.480
T.439
7.407
T.364
1,365

L

7.323
T.308
EoETS

N\

kL3

T

R R R R AR ALY

7.5 7.4 7.3 ppm

13-

1
2

Current Data Parsmeters

WHME EilalRlZE0L
EXPNO 1
PROCND 1

Fé - dogquisition Paramebers
Eate_ 2006120
Time 11.48
ITHSTRUM spoot
PROBHD E mm BAQNE Swi
PULPREG #uid

pur} 65336
SOULVENT DMED

N3 i6

) 3

SWH H223.685 Hz
FIDRES Q_LEE4RE Hz
A AoGHARZAET sec
R 290

Dl a0 340 usec
BiE 600 usec
TE 310.8 R
m 1.00000000 sea
ThO 1

wwmswsne CHANNEL £1 swwswwma

10, DG uses

-3.00 dB
P01 400 1324710 MHEz
B2 - Processing parameters
51 E2Ted
5F L0003 13000080 MHEz
WO El
558 a
LB 0.30 Hz
Lei=) i
P 1.0

L BRI B B A N B BRI R L

7

8
ey Eréﬂu
b B s B B
el -1l B B -1

B 5 4

L L B L LI L B B D

3

aanl



180 160 140 120 100 80 60 40 20 57




.22
5. 496

7.4 7.3 7.2 ppm

—— L EEE
———2.355

Current
NAME
EXPNC
PROCNG

Dats Parameters

ZilgDR123

Fé - -Apquisition Paramebers
bate
Time
IMSTRUM

FIDRES
A
RG
D
DE
=2
nl

TGD

ZODELEZT

5,16

spect

o omm FAQNE Swi

PRI

BE536

DMED

16

2
H225.685 Hz
OoLEE4ES He

3_oSHAR3ET ses

114
60330 usec

B.00 ugec
Q0.0 K

1.00000030. ses

0 useac
3.00 dB
4091324710 MEz

2 - Processing parameters

0 ppm

32768
£00.,.1300000 MHz
EM

0,30 Hz
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Current Data Parsmeters
HNBME wilglEl2E7l
EXFNC 2
PROCND 1
Fé - hoguisition Paramohbers
Date_ 2006127
Time 11,44
INSTERUM spect
PROBHD S mm PAQNE Swi
PULPRES Zgdedg
D BE536
SOLVENT DMED
N3 12856

4
24038 461 Hz
O.5366758 Hz

LLo3AELAEE seo
2050

20_200 usec

.00 usec

300.0 K

LA0J00000. saec

LGE000000 =sec
1

ey

imimimiiom CHENNEL F1 i i

HOo 13m
El 5.40 uszec
EL1 -1.00 dB
SFO1 100, 6228300 MHz
CHANNEL f2
waltzl@é
nus2 18
BIPDZ 2,00 usec
PLZ -3.00 dB
BLiZ 13.48 dB
SEOE 4001316000 MHz
Fé — Processing parameters
3T 32768
SF 100, 6128133 MEx
T T T T T T T I L] it
180 160 140 120 100 40 20 0 ppmsst o
LB 2.00 He
=R o]
B2 1.40



——0.535

i )|

\J

3z

e EL R

e

\L_

Currant
WhME
EXFND
FROCHD

Data Pa etars
e ilglT0a1E2
1

Fé - Aoquisition Paramebers

bate
Time
INSTRUM
PROBHD
PULPROG
o
SOLVENT
N3

oE

SWH
FIDRES
Al

RE

o

DE

T2

m

oo

Z00T03ELE

15.25

spect

Tomm PAQNE Swi
el

BL536

Z
8223.685 Hz
O.125483 Ha

1.9846387 sec
181
Gl 20 usec
.00 usec
2815 K
1.00000080 sea

10,90 usec
-3.40 dB
A00.1324TL0 MHz

Pz - Processing parameters

B B B L L R L L L L L WL LR |

2

9 6

o~

8 T
fsjfafé?ggs 8 )
[ e e 3

3

LLRLEL LRI BN L Ry B L

ppm

E2TEE
A03, 1300000 MHz

0,30 Hz



Current Dats Parameters
NRME 2jlgli03led
EXFMO 2
PROCHD 1
heguisition Parameters
20070316
15,01
spect
awi
-1.00
1006228298
T T T T T v T T T T T T T T T T T T T :
5F 1006127630 MHz
180 160 140 120 100 80 60 40 20 0 ppmyy “ M
S5B 4]
LB 1.00 He
ciz] 4]

4]




el i) o
w3 e Y e
ade g o ™, ™
R e

<

Current Data Parameters

MNAME rJLo0T0TRES
EXEND 1
PROCND 1
Fé - Apguisibtion Paramokeors
Dmte_ 200707240
Time 0.2%
INSTRUM spoot
FROBHD 5 mm BABBI 1H/
PULPROG Pk 2e]
TD 45336
BOLVEMT CMES
W3 12505
DE el
SWH G223.685 Hz
FIDRES Q.125483 Hz
fited 2. 9846387 sec
RG 144
oW 0. 800

6.0
TE 297 .2 F
i 1. Q0000000
TDO 1

s s CHANNEL £l s

1
7.00 usec
-2.60 dB

A00.. 1324710 MHx

Pz - Processing parameters

5I 2768
5 4001300000 MHz
WOw
S5B Q
EB 0.30 Hz
GEB g

L PC 1.00

i - s,

LY DL BT ML B B R B N L B B S L (R B B B AL Ll

6 5 4 3 2 1 0 ppm

8 7
ah#ﬁﬁ%ﬁ ] w =18 @
e e e e e e e B @ ™ =2a <
Ead Bl E =105 160 B £ B B = ol Ll L]

T
9



I

SN

W

180

120

100




— 5.305

T T T ; T T |
7.7 7.6 7.5 7.4 7.3 T.Z ppm

J

Z.734

Current Data Parameters
HAME e llgDT042TE
EXFNOD 1
PROCHO 1
Fé - Aoquisition Paramebers
Date_ 20070427
Time 15.46
INSTRUM spoct

PROEBHD o omm FAQNE Swi
PULFRGG

O

SOLVENT

N3

i)

SWH

FIDRES

Al

RG

L

DE

TE 300.0 K
m 1.00000040 sec
TDO. 1
wwsswmas CHANNEL f1 sswsswua
NSL 18

bl 10,90 usec
FL1 -3.400 4B
SP01 A0P. 1324710 MHz
PZ - Processing parameters
SI E2TEE

58 4001300000 MHz
Wow EM

55B o

LB 0,30 Hz
ez o

FC 1.40

L L L L L S B L L L L L AL L LA B B

9 8 7 6 5 4

wled) [ uﬁdﬂ L3 o ?h
@Ko (Srioo « <
| eledle=|ed o v4

L AL BB L UL LR S L

0 ppm
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e 15257
—
— i b o
%125 14E

Current Dats Parameters
HAME 2 lgni0ezas
EXPNC i
PROCKG 1
R Aoquisizlon Paramecers
Dt 200704258
Time 14,11
LHSTRUM spect
BROBHD 5 mm BAQNE &wi
PULERCG Eapa 3
D B5536
SOLVENT DME0
W& ZE4EE
] 4
SWH 24038.461 H=
FIDRES O.3RETE Hz
A 1. 36319088 sac
R I2TEE
LW 20,800 asec
oE 6,00 uses
TH 300.0 K
il 2.00000000 sec
41l Q3000000 sec
DELTR 1.899999%38 sec
oo 1
I I
40,5 CHANNEL £1 ========
1z
.00 usec
-1.00 dB
100 EZZ8298 MH=
e THANNEL 2 ==ee————
DERG2 waltzlh
HUCz IH
ECPD2 80.00 asec
PLZ -3.00 4B
BPLLZE 15.48 dB
PLLZ 14.00 di

SEOE 4a0. 1316005 Mz
FZ - Processing parametears
B T T | I i I I T ] T I T T ! | T 51 32TaE
RE! 1008127690 MHz
180 160 140 120 100 80 60 40 20 0 ppmy.y o
25R 0
] L.00 He
GH 0

FLO

1.40



iy o e e ol i e o
N N [ R h e
L [ ] R
o e oae 0 e

—5.3%1
.88

<

¥

Current Data Parameters

g g =

LN Lt et e e e e et e e
T I T T I T T I L

9 8 7 6 5 4 3 2 1 0 ppm

T T T

1
oiw| Wwolo|m [w o {;mm (=101 =
L] O e e i i O ] [ (b=t b=t
o 0o [ = =i 3 o

4001324710

FETED
£00, 1300000

NAME =31g0TO070EL
EXFNO 1
FROCND 1
Fé - hoquisition Parameters
Bate_ 20073702
Time 10,27
INSTRUM spect
FROBHD 5 mm BABBI 1H/S

3 oA

aho3E

SOLVENT DMED
juds) 1
nE i
SWH 85 Hez
PIDRES B3 Hz
AR BE
R
DW ugec

e

Iousec

dB
Mz

- Processing parameters

MHz

Hz



ar — N s Biel [0 R B ]
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Current Dets Parameters
NAME 9 lglinREes
EXPNG i
Hs PROCNG 1
F2 o« dcqulsizlon Paramezers
Diate_ Z00TOEZ4E
Time 15,41
LHSTERUM spect
BROGHD 5 mm PABBI 1H/
PULEROG
T
SULVENT
wE
DE 4
SWH 240380461 He
FIDRES O.366798 Hz
A 1. 36319088 sec
RG i
el 20,800 uses
oE 6,00 usec
P - 4
2,00000000 seo
G_03000000 sec
1.8959999%8 =
1
CHANNEL £1 ========
13
14,30 usec
-3.00 dB
100 _EXZREZ98 MH=m
FZ - Processing parameters
T N T T T 1 T ] ! T T I T I T T T ] 51 Z2TER
180 160 140 120 100 80 60 40 20 0 ppmg., LR e
S5B 0
] 1,00 He
[&12] 0

FQ 1.40



Z3Llg0T05189

PROCKD 1
F& - Aoquisition Paramekers
Date_ 20073518
Time 1e.,40
INSTRUM spoct
PROBHD Z mm BRONE Swi
PULPROG PRI
TD BS53E
SOLVENT
HE
D3
SWH
FIDRES
Al
RG
Dl a3 800 usec

3 6,00 usec
T2 Fa4.49 K
il 1.00000000 ses
TGO 1

s s CHANNEL 1 s
I f f f I NUCL 18

7.4 7.2 T.0 6.8 jej=inl =58 10.%8 usec
PL1 -3.00 4B
SPOL A0F 1324710 MHz
P2 - Processing parameters
51 E2TEH
5F A03, 1300000 MHEz
WO EM
5581 sl
EB 9.30 Hz
GB @

BC 1.00
e L-._].._A Y

8 7 6 5 4 3 2 1 0 ppm

ofed] foflm)s]i (0 o (o oo
Sl=| 2lg|g|s|a= S |8 & &
aill=]  Ieledl el el oil I+ odled



43

12.5

/

current

2 - Acquisition Paramehbers
: 20070521
16.37
spech
5 omm PAQNE Swi
zodcil

200000000 sec
Q.02000000 sec

ML ] 711 1 3y D e ——

CHANNEL f2 =

13,48
400, 1316000

- Processing paramctors
32T6H

10061258133 MHz

180 160 140 120 100 80 60 40 20 0 m‘)mt‘.ﬁB

LB 2,00 He
GR 4}
PC 1.40



— 5.733
5

Current Data Parzmeters
HAME zjlgd10706
EXFHO 1
PROCND 1
Fé - hoquisition Paramocters
Date_ 20070706
Time 15.43
INSTRUM spech

PROBHD 5 mm BABEI 1H/
PULPREE

T
SOLVENT
N3
nE
SWH
FIDRES
A
RG
v
2085 F
T 1.00000000 sec

CHANNEL {1 sswsswss
18
700 usec
-2.00 dB
A0 1324710 MHEz

P2 - Processing parameters

5I E2TeE
3F 4001300000
Wi E
588 4
EH 0.30 Hz
58 a

) kl i PC 1.00

10 9 8 7 6 5 4 3 2 1 0 ppm

i il
wYmmmWw i m‘e\n|
qe g g2 @ =22
Sicil=|=|ai p= oo
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129
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Current
NAME
EXPNG
PROCNG

LHSTRUM
EROBHD
PULERCG
T
SOLVENT
N5

D3

HWH
FIDRES
AQ

R

DN

NUCZ
BCPDZ
PLZ
PL1Z
PL13

SEOZ

T T T
57

20 PPMgy
258
o8
GA

FO

e CHENNEL

Daba Parameters

29 Llel 70706
2
1

< Aogulsinlon Parameters

ZL0T0T0E
15,52

5 14

5 mm BABBI 1H/
zgpalil

f5536

OMED

FOE0E

i

Z24038.461 Hz
OL3EETIE Hz
CEEIL9BE sec

FATaE
20,800
6,00 g
2O08.7 H
2.00000000 sec
0300000 sec
1.89999938 «

1
CHRANNEL f1 ========
132
14,30 usac
-3.00 dB

100.6328298 Mz

£5 mmm——

¥}
80.00 usec
-2.00 dB
18.50 &B
18.50 4B

4001316005 MHz

- 1“.’0<.‘E55‘;Eq DAFamMetars
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