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A convenient and efficient C-OH bond activation, PdCI,(PPhs), catalyzed,
C-C bond formation of tautomerizable quinolinones

with the aid of BOP reagent and boronic acids

Yadavalli Suneel Kumar? C. Dasaradhan? Kamalakannan Prabakaran? Fazlur-Rahman
Nawaz Khan®"" Euh Duck Jeong™, Eun Hyuk Chung” Hyun Gyu Kim"

C30H21CI,NO,
Mol. Wt.: 498.4

White solid, m.p 120- 122 °C,*H NMR (400 MHz, CDCls) & 8.05 - 8.03
(d, J = 8.96 Hz, 1H), 7.67 - 7.62 (m, 2H), 7.51 - 7.47 (m, 4H), 7.41 - 7.38
(t, J = 7.48 Hz, 1H), 7.34 - 7.30 (t, J = 7.43 Hz, 1H), 7.26 - 7.27 (d, J =
1.97 Hz , 1H), 7.18 - 7.16 (m, 2H), 7.14 - 7.12 (m , 4H), 3.66 - 3.61 (g, J
= 7.11 Hz, 2H), 0.61 - 0.58 (t, J = 7.13 Hz, 3H); *C NMR (100 MHz,
CDCl3) 5 166.12, 158.36, 145.86, 143.89, 140.69, 140.19, 138.75, 134.41,
133.66, 133.29, 131.58, 131.30, 130.42, 130.00, 129.86, 129.48, 129.44,
129.07, 129.04, 128.14, 127.95, 127.28, 126.65, 126.57, 125.76, 124.87,

61.03, 12.90; IR (v, Cm'l) 2997.38, 2960.73, 2926.01, 2854.65, 1726.29, 1612.49, 1546.91,
1479.40, 1450.47, 1402.25, 1384.89, 1334.74, 1261.45, 1226.73, 1184.29, 1163.08, 1145.72,
1130.29, 1099.43, 1008.77, 825.53, 752.24, 744.52, 534.28; LC-MS: m/z calcd. for
C30H21C|2N02 498.4 found 500.0 [M+2]

C24H18CI,N,05

Mol. Wt.: 453.3173

White solid, m.p 115- 118 °C, *H NMR (400 MHz, CDCls) & 8.26 - 8.24
(dd, J = 5.04, 1.83 Hz, 1H), 8.16 - 8.14 (d, J = 8.84 Hz, 1H), 8.03 - 8.00
(dd, J = 7.28, 1.82 Hz, 1H), 7.73 - 7.70 (dd, J = 8.99, 2.14 Hz, 1H), 7.581
-7.56 (d, J = 7.96 Hz, 1H), 7.49 - 7.45 (dt, J = 7.51, 1.20 Hz, 1H), 7.43 -
7.39 (dt, J = 7.36, 0.70 Hz, 1H), 7.35 - 7.35 (d, J = 2.17 Hz, 1H), 7.31 -
7.29 (dd, J = 7.36, 1.28 Hz, 1H), 7.10 - 7.07 (t, J = 6.15 Hz, 1H), 3.87 (s,
3H), 3.86 - 3.83 (g, J = 3.09 Hz, 2H), 0.80 - 0.76 (t, J = 7.12 Hz, 3H); *°C
NMR (100 MHz, CDCl3) & 167.4, 159.7, 156.4, 146.1, 144.1, 141.0,

133.9, 133.7, 133.4, 131.7, 131.5, 131.1, 130.5, 129.7, 129.6, 126.8, 125.9, 124.9, 121.0,
115.6, 113.6, 61.5, 55.4, 13.4; LC-MS: m/z calcd. for C4H15CI,N,O3 453.3 found 455.0

[M+2].

Cy5H19ClILNO3
Mol. Wt.: 452.33

White solid m.p 121- 124 °C,*H NMR (400 MHz, CDCls) & 8.18 - 8.16
(d, J = 8.63Hz, 1H), 7.72 - 7.69 (dd, J = 8.95, 2.27 Hz, 1H), 7.58 - 7.56
(dd, J = 7.93, 0.81Hz, 1H), 7.49 - 7.45 (td, J = 7.44, 1.55 Hz, 1H), 7.42 -
7.36 (m, 2H), 7.34 - 7.29 (m, 4H), 7.01 - 6.98 (qd, J = 7.98, 1.36 Hz,
1H), 3.92 - 3.86 (q, J = 6.96 Hz, 2H), 3.86 (s, 3H), 0.84 - 0.81 (t, J =
7.13 Hz, 3H); *C NMR (100 MHz, CDCls) & 167.39, 159.73, 156.39,
146.07, 144.05, 141.03, 133.93, 133.73, 133.43,131.72, 131.56, 131.07,
130.47, 129.74, 129.57, 127.89, 126.80, 125.90, 124.85, 121.02, 115.56,

113.63, 61.49, 55.38, 13.40; IR (v. cm'l), 3132.40, 2995.45, 2929.87, 2833.43, 1730.15,
1606.70, 1583.56, 1573.91, 1550.77, 1490.97, 1469.76, 1450.47, 1435.04, 1396.46, 1346.31,
1288.45, 1244.09, 1226.73, 1213.23, 1170.79, 1112.93, 1087.85, 1053.13, 1020.34, 754.17;
LC-MS: m/z calcd. for C;5H19CI,NO3 452.3 found 454.0 [M+2].



3 White solid, m.p 140- 142 °C, *H NMR (400 MHz, CDCls) &

8.16 - 8.13 (d, J = 8.94 Hz, 1H), 7.75 - 7.73 (d, J = 2.13 Hz, 2H),
7.71 - 7.68 (dd, J = 8.99, 2.33Hz, 1H), 7.59 - 7.56 (dd, J = 7.98,
S o | 072 Hz 1H), 7.49 - 7.45 (td, J = 7.45, 1.73 Hz, 1H), 7.42 - 7.38
moi-wiag2.a303|  (td, J = 7.44, 1.12 Hz, 1H), 7.32 - 7.29 (m, 2H), 7.01 - 6.99 (d, J =
8.82 Hz, 2H), 3.95 - 3.89 (q, J = 7.12 Hz, 2H), 3.86 (s, 3H), 0.88 -
0.84 (t, J = 7.13 Hz, 3H); *C NMR (100 MHz, CDCls) & 167.7, 160.6, 156.0, 146.2, 143.9,
134.1, 133.8, 133.1, 132.2, 131.6, 131.4, 131.1, 130.4, 130.1, 129.7, 127.7, 126.8, 125.6,
124.8, 114.0, 61.4, 55.4, 13.5

y Off white solid, m.p 160- 162 °C, *H NMR (400 MHz, CDCl3) &
8.21 - 8.18 (d, J = 9.02 Hz, 1H), 8.15 - 8.13 (dd, J = 7.09, 1.32 Hz,
s 1H), 7.92 - 7.89 (dd, J = 6.90, 2.11 Hz, 1H), 7.77 (s, 1H), 7.75 -
7.72 (dd, J = 8.98, 2.30 Hz, 1H), 7.59 - 7.58 (d, J = 7.73 Hz, 1H),
7.50 - 7.34 (m, 6H), 3.83 - 3.81 (g, J = 2.93 Hz, 2H), 0.75 - 0.72 (t,
) Carecie:s] J = 7.14 Hz, 3H); **C NMR (100 MHz, CDCls) & 167.1, 151.5,
\ ——J 146.1,144.1, 140.1, 138.1, 135.1, 133.8, 133.7, 133.6, 131.8, 131.4,
131.0, 130.5, 129.7, 128.7, 127.5, 126.8, 125.9, 124.9, 124.9, 124.7, 123.8, 122.5, 61.5, 13.3.;
IR (v, cm™) 3089 ,2978 ,2864,1722 ,1597, 1564, 1545, 1489, 1469, 1431, 1402, 1313, 1300,
1221, 1128, 1088, 1009, 835, 759.

White solid, m.p 111- 114 °C, *H NMR (400 MHz, CDCl3) & 8.195 -
8.173 (d, J = 8.96 Hz, 1H), 7.733 - 7.688 (m, 3H), 7.562 - 7.539 (dd, J =
1.41, 1.41 Hz, 1H), 7.505 - 7.402 (m, 5H), 7.340 - 7.317 (dd, J = 7.59,
1.40 Hz, 1H), 7.309 - 7.303 (d, J = 2.17 Hz, 1H), 1.938 (s, 3H).; **C
OO NMR (100 MHz, CDCls) & 203.68, 155.58, 145.92, 142.20, 139.53,
Mo w3228 J 135.43, 133.49, 133.43, 133.05, 131.90, 131.54, 131.48, 130.54, 129.82,
129.42, 129.12, 128.84, 126.96, 126.11, 124.82, 31.77.; IR (v, cm™), 3224.98, 3091.89,
3059.10, 2995.45, 2958.80, 2922.16, 2852.72, 1697.36, 1639.49, 1627.92, 1548.84, 1483.26,
1467.83, 1444.68, 1431.18, 1394.53, 1342.46, 1226.73, 1195.87, 1180.44, 1130.29, 1097.50,
1078.21, 1055.06, 1033.85, 972.12, 921.97, 827.46, 794.67, 765.74, 754.17, 732.95, 721.38.;
LC-MS: m/z calcd. for C,3H315CI,NO 392.3 found 394.0 [M+2].

Light yellow solid, m.p 196- 199 °C, *H NMR (400 MHz, CDCls) &
8.175 - 8.152 (d, J = 9.02 Hz, 1H), 7.723 - 7.706 (dd, J = 6.69, 2.27 Hz,
1H), 7.700 - 7.688 (t, J = 2.35 Hz, 1H), 7.631 - 7.629 (d, J = 0.8 Hz,
1H), 7.603 - 7.581 (dd, J = 7.89, 0.91 Hz, 1H), 7.544 — 7.524 (d, J =
7.92 Hz, 1H), 7.509 - 7.486 (dd, J = 7.97, 1.65 Hz, 1H), 7.471 - 7.430
CasthisCliNO, (dt, J = 7.41, 1.27, Hz, 1H), 7.387 - 7.346 (dt, J = 7.18, 1.14 Hz, 1H),

7.321 - 7.311 (dd, J = 3.06, 1.68 Hz, 1H), 7.302 - 7.293 (t, J = 1.85 Hz,
1H), 7.273 - 7.261 (d, J = 4.72 Hz, 1H), 2.325 (s, 3H).; *C NMR (100 MHz , CDCls) &
202.90, 155.53, 153.67, 145.92, 144.75, 141.86, 133.98, 133.86, 133.36, 132.90, 132.23,
131.73, 131.42, 130.84, 129.94, 128.30, 127.22, 126.39, 125.92, 124.67, 123.64, 122.11,
111.78, 108.67, 31.79.; IR (v, Cm™), 3130.47, 3055.24, 2924.09, 2854.65, 1705.07, 1612.49,
1546.91, 1471.69, 1425.40, 1384.89, 1352.10, 1328.95, 1257.59, 1197.79, 1161.15, 1132.21,




1087.85, 1055.06, 912.33, 819.75, 769.60, 748.38, 540.07.; LC-MS: m/z calcd. for
C25H15C|2N02 432.3 found 434.0 [M+2]

C21H13CLNOS
Mol. Wt.: 398.31

White solid, m.p 125- 128 °C, *H NMR (400 MHz, CDCl3) & 8.146 -
8.123 (d, J = 9Hz, 1H), 7.695 - 7.673 (m, 1H), 7.593 - 7.582 (d, J = 4.52
Hz, 1H), 7.563 - 7.543 (d, J = 7.75 Hz, 1H), 7.488 - 7.411 (m, 3H), 7.334
- 7.313 (dd, J = 7.38, 1.08 Hz, 1H), 7.270 - 7.265 (t, J = 1.88 Hz, 1H),
2.076 (s, 3H).; *C NMR (100 MHz, CDCls) & 204.35, 150.04, 145.90,
141.76, 140.60, 135.06, 133.31, 133.20, 133.08, 132.03, 131.47, 131.32,
130.61, 129.83, 128.39, 126.99, 126.94, 126.50, 125.97, 124.68, 31.78.;

IR (v, cm™), 3111.18, 3076.46, 2958.80, 2924.09, 2852.72, 1705.07,

1564.27, 1548.84, 1467.83, 1433.11, 1384.89, 1352.10, 1321.24, 1195.87, 1170.79, 1097.50,
1080.14, 1056.99, 1031.92, 1014.56, 970.19, 866.04, 844.82, 833.25, 808.17, 792.74, 763.81,
746.45.; LC-MS: m/z calcd. for C;;H13CIL,NOS 398.3 found 400.0 [M+2].

CasH18CIoN,03
M2|. WHt.: 465.33

Half white solid, m.p 151- 154 °C, 'H-NMR (400 MHz, CDCl5) 6 9.326

-9.322 (d, J = 1.67 Hz, 1H), 9.082 - 9.077 (d, J = 2.13 Hz, 1H), 8.661 -
8.652 (t, J = 2.00 Hz, 1H), 8.206 - 8.184 (d, J = 9.45 Hz, 1H), 7.778 -
7.750 (dd, J = 8.99, 2.16 Hz, 1H), 7.619 - 7.60 (d, J = 7.6 Hz, 1H), 7.546
- 7.504 (dt, J = 7.47, 1.56 Hz, 1H), 7.483 - 7.444 (dt, J = 7.47, 1.00 Hz,
1H), 7.366 - 7.361 (d, J = 1.93 Hz, 1H), 7.326 - 7.305 (dd, J = 7.48, 1.25
Hz, 1H), 4.484 - 4.431 (g, J = 7.11 Hz, 2H), 2.048 (s, 3H), 1.453 - 1.418

(t, J = 7.09 Hz, 3H).; **C NMR (100 MHz, CDCls) & 203.01, 164.77, 153.09, 151.71, 151.09,
146.01, 142.58, 137.46, 135.35, 135.15, 134.36, 133.12, 133.09, 132.08, 131.89, 131.59,
131.00, 130.06, 127.36, 126.19, 126.17, 124.83, 61.70, 31.91, 14.28.; IR (v, cm™) & 3072.60,
2980.02, 2910.58, 2852.72, 1720.50, 1705.07, 1602.85, 1560.41, 1546.91, 1469.76, 1456.26,
1421.54, 1392.61, 1361.74, 1271.09, 1224.80, 1186.22, 1128.36, 1112.93, 1099.43, 1080.14,
1022.27, 831.32, 767.67, 738.74, 661.58, 557.43, 516.92.; LC-MS: m/z calcd. for
C25H18C|2N203 465.3 found 467.0 [M+1]

Cy6H21CIoNO,
Mol. Wt.: 450.36

White solid, m.p 132- 135 °C,*H NMR (400 MHz, CDCls) & 8.159 -

8.137 (d, J = 8.97 Hz, 1H), 7.714 - 7.687 (dd, J = 8.96, 1.83 Hz, 1H),
7.563 - 7.543(d, J = 7.76 Hz, 1H), 7.479 - 7.400 (m, 2H), 7.339 -
7.322 (m, 2H), 7.230 - 7.209 (d, J = 8.4 Hz, 1H), 4.089 - 4.037 (g, J =
7.04 Hz, 2H), 1.886 (s, 3H), 2.282 (s, 3H), 1.442 - 1.408 (t, J = 6.97

Hz, 3H).; *C NMR (100 MHz, CDCls) & 202.66, 159.35, 156.13,

145,53, 141.48, 137.99, 136.31, 133.38, 133.18, 132.95, 131.66, 131.22, 131.08, 130.52,
130.36, 129.67, 126.85, 125.86, 124.61, 116.77, 111.52, 63.26, 31.03, 20.08, 14.66.; IR (v,
cm™) & 3053.32, 3037.89, 2980.02, 2924.09, 2899.01, 2881.65, 1703.14, 1608.63, 1568.13,
1548.84, 1502.55, 1465.90, 1435.04, 1388.75, 1350.17, 1338.60, 1294.24, 1244.09, 1193.94,
1170.79, 112450, 1114.86, 1078.21, 1055.06, 962.48, 879.54, 852.54, 833.25, 808.17,
790.81, 759.95.; LC-MS: m/z calcd. for C,6H21CIo:NO, 450.4 found 452.2 [M+1].



.Light yellow solid, m.p 80- 83 °C,*H NMR (400 MHz, CDCl5) & 8.198

- 8.167 (dd, J = 8.92, 3.49 Hz, 1H), 7.715 - 7.693 (d, J = 8.90 Hz, 1H),
7.612 -7.660 (dd, J = 13.01, 7.97 Hz, 1H), 7.512 - 7.475 (t, J = 7.51 Hz,
1H), 7.430 - 7.413 (d, J = 6.85 Hz, 1H), 7.393 - 7.270 (m, 3H), 6.872 -
6.727 (m, 2H), 3.752 (s, 3H), 1.911 (s, 3H).; *C NMR (100 MHz,

C24H16C1LFNO,

Mol Wi 44029 CDCl3) & 159.72, 159.26, 158.44, 158.37, 157.49, 157.42, 149.26,

146.14, 146.01, 141.19, 141.09, 136.94, 136.77, 133.88, 133.76, 133.73, 133.57, 133.44,
133.29, 132.14, 131.92, 131.61, 131.29, 131.08, 130.98, 130.91, 130.81, 130.69, 130.04,
129.95, 127.54, 127.07, 126.41, 126.15, 124.80, 124.78, 117.06, 116.98, 116.88, 116.79,
108.94, 108.72, 108.43, 108.21, 107.03, 107.00, 106.49, 106.47, 56.10, 55.83, 30.34, 29.92.;
IR (v, cm™), 3116.97, 3072.60, 3008.95, 2956.87, 2926.01, 2839.22, 1699.29, 1616.35,
1579.70, 1552.70, 1471.69, 1436.97, 1384.89, 1354.03, 1276.88, 1240.23, 1197.79, 1083.99,
1035.77, 931.62, 833.25, 785.03, 744.52, 686.66. LC-MS: m/z calcd. for Cy4H16CI,FNO,
440.3 found 442.0 [M+2].

O ~CHO
N/
C16H11NO
Mol. Wt.: 233.26

Off White solid, m.p 110- 112 °C, 'H NMR (400 MHz, CDCls) &

10.191 (s, 1H), 8.867 (s, 1H), 8.236 - 8.214 (d, J = 8.8 Hz, 1H), 8.042 -
8.024 (d, J = 7.2 Hz, 1H), 7.090 - 7.867 (t, J = 8.0 Hz, 1H), 7.705 -
7.625 (m, 3H), 7.582 - 7.561 (m, 3H).; **C NMR (100 MHz, CDCl5) &
191.73, 160.50, 149.78, 138.3, 137.90, 132.84, 130.41, 129.76, 129.63, 129.58, 128.92,
127.80, 127.68, 126.55.; IR (v, cm™), 3053.32, 3028.24, 2927.94, 2862.36, 2746.63, 1693.50,
1676.14, 1656.85, 1614.42, 1583.56, 1575.84, 1554.63, 1487.12, 1454.33, 1384.89, 1371.39,
1157.29, 112257, 1076.28, 1008.77, 821.68, 775.38, 754.17, 713.66, 704.02, 613.36,
457.13.; LC-MS: m/z calcd. for C16H;1NO 233.3 found 234.0 [M+1].

White solid, m.p 132- 134 °C,*H NMR (400 MHz, CDCl5) & 10.19

O (s, 1H), 8.83 (s, 1H), 8.25 - 8.22 (t, J = 5.8 Hz, 1H), 7.87 - 7.84 (t, J
CirHiaNO, ~2 o = 5.2 Hz, 1H), 8.00 - 7.99 (d , J = 5.6 Hz, 1H), 7.65 - 7.59 (m, 3H),
Mol Wt.:263.29  '§ 7 10 - 7.08 (m, 2H), 3.901 (s, 3H).; *C NMR (100 MHz, CDCls) &
191.77, 160.78, 159.86, 149.71, 138.20, 132.52, 131.77, 130.23, 129.50, 129.42, 127.69,
127.23, 126.20, 114.27, 55.47.; IR (v, cm™) 5 3049.46, 2970.38, 2939.52, 2854.65, 2843.07,
1691.57, 1656.85, 1604.77, 1583.56, 1552.70, 1516.05, 1487.12, 1454.33, 1384.89, 1371.39,
1296.16, 1257.59, 1174.65, 1155.36, 1111.00, 1035.77, 1020.34, 842.89, 788.89, 752.24,
736.81, 549.71, 487.99.; LC-MS: m/z calcd. for C17H13NO, 263.3 found 264.1 . [M+1].

White solid, m.p 97- 99 °C, *H NMR (400 MHz, CDCl3) & 9.55 (s, 1H),
8.39 (s, 1H), 8.13 - 8.12 (d, J = 4.0 Hz, 1H), 7.81 - 7.73 (m, 2H), 7.640
-7.61(t,J = 4.4 Hz, 1H), 7.52 - 7.45 (m, 3H), 7.41 - 7.39 (d, J = 7.8 Hz,
1H), 6.99 - 6.95 (m, 5H); *C NMR (100 MHz, CDCls) & 188.78,

ol 2 N sl 159.65, 148.48. 140.70, 138.45, 135.75, 135.35, 131,31, 129.71, 128.83,

128.72, 128.66, 128.39, 128.37, 127.21, 126.98, 126.31, 126.29, 126.17,
125.33; IR (v, cm™) & 3057.17, 3043.67, 3026.31, 2852.72, 2723.49, 1693.50, 1658.78,



1616.35, 1585.49, 1556.55, 1490.97, 1479.40, 1450.47, 1436.97, 1384.89, 1367.53, 1276.88,
1153.43, 112450, 1107.14, 1018.41, 1008.77, 920.05, 825.53, 756.10, 748.38, 700.16,
513.07; LC-MS: m/z calcd. for C2,H15sNO 309.4 found 310.1[M+1].

~-CHO |  Off White solid, m.p 130-132 °C.*"H NMR (400 MHz, CDCls) & 10.20

N° N (s, 1H), 8.89 (s, 1H), 8.84 - 8.83 (d, J = 5.6 Hz, 2H), 8.24 -8.21 (d, J =
CisH1oN,0 NI 8.8 Hz, 1H), 8.07 - 8.05 (d, J = 8.4 Hz, 1H), 7.95 - 7.91 (t, J = 7.7 Hz,
Mol. Wt.: 234.25 B _ 13
1H), 7.72 - 7.68 (t, J = 7.6 Hz, 1H), 7.62 - 7.61 (d, J = 5.6 Hz, 2H); *°C
NMR (100 MHz, CDCl5) & 190.23, 157.50, 150.19, 149.59, 145.52, 139.09, 133.17, 129.79,
129.54, 128.31, 127.40, 126.77, 124.58; IR (v, cm™), 3045.60, 3024.38, 2993.52, 2872.01,
2758.21, 1689.64, 1616.35, 1598.99, 1579.70, 1544.98, 1489.05, 1409.96, 1394.53, 1375.25,
1186.22, 1161.15, 1120.64, 835.18, 786.96, 758.02, 721.38, 698.23, 540.07, 462.92; LC-
MS: m/z calcd. for C15H10N20 234.3 found 235.1 [M+1].

Off White solid, m.p 125- 127 °C,'H NMR (400 MHz, CDCls) &

cf 9.95 (s, 1H), 8.87 (s, 1H), 8.22 - 8.20 (d, J = 8.4 Hz, 1H), 8.06 -

CeH1oCINO O 8.04 (d, J = 8Hz, 1H), 7.91 - 7.87 (t, J = 7.6 Hz, 1H), 7.70 - 7.66 (t,

Mol. Wi 267.71 J=7.6Hz, 1H), 7.61 - 7.59 (t, J = 4 Hz, 1H), 7.54 - 7.52 (t, J = 3.6

Hz, 1H), 7.50 -7.47 (m, 2H); *C NMR (100 MHz, CDCl5) & 190.60,

158.20, 149.84, 137.74, 137.04, 133.28, 132. 88, 131.61, 130.84, 129.81, 129.79, 129.74,

128.07, 127.90, 127.63, 126.99; IR (v, cm™), 3068.75, 2873.94, 1693.50, 1616.35, 1587.42,

1554.63, 1494.83, 1452.40, 1435.04, 1384.89, 1371.39, 1159.22, 1124.50, 1064.71, 823.60,
765.74, 756.10, 709.80.

O ~-CHO )} Pale yellow solid, m.p 102- 104 °C, *H NMR (400 MHz, CDCl5) § 10.18

=

N O (s, 1H), 8.86 (s, 1H), 8.22 - 8.20 (d, J = 8.4 Hz, 1H), 8.04 - 8.02 (d, J =
cl 8.4 Hz, 1H), 7.92 - 7.88 (t, J = 7.2 Hz, 1H), 7.76 - 7.75 (d, J = 5.6 Hz,
yoietioCNO N 1K), 7.68 - 7.64 (t 3 = 7.6 Hz, 1H), 7.53 - 7.48 (m, 3H); *C NMR (100

MHz, CDCl3) & 191.04, 158.85, 149.70, 139.69, 138.72, 135.11, 133.08,

130.25, 130.02, 129.78, 129.70, 129.65, 128.66, 128.02, 127.65, 126.68; IR (v, cm™) &

3064.89, 3030.17, 2918.30, 2866.22, 1689.64, 1616.35, 1581.63, 1556.55, 1490.97, 1477.47,

1448.54, 1396.46, 1384.89, 1367.53, 1155.36, 839.03, 779.24, 758.02, 738.74, 690.52; LC-

MS: m/z calcd. for C16H10CINO 267.7 found 268.0 [M+1].

N Off White solid, mp 177- 179 °C,"H NMR (400 MHz, CDCl5) § 9.94 (s,
NN | 1H), 8.79 (s, 1H), 8.36 - 8.35 (dd, J = 5.00, 2.0 Hz, 1H ), 8.19 - 8.17 (d,
~0 N | J=8.4Hz, 1H), 8.03 - 8.01 (dd, J = 7.29, 2.0 Hz, 2H), 7.88 - 7.84 (dt, J

HioN
woeii92 | =8.38, 1.6 Hz, 1H), 7.66 - 7.62 (td , J = 8.04, 0.8 Hz, 1H), 7.17 - 7.14
(dd, J = 7.24, 4.8 Hz, 1H), 3.91 (s, 3H); °C NMR (100 MHz, CDCly) §
190.34, 160.87, 155.64, 149.77, 148.37, 139.99, 137.05, 132.18, 129.35, 129.28, 128.01,
127.48, 126.53, 121.44, 117.59, 53.40; IR (v, cm™), 3059.10, 2953.02, 2924.09, 2852.72,

1737.86, 1695.43, 1616.35, 1587.42, 1554.63, °1492.90, 1462.04, 1446.61, 1402.25, 1371.39,




1298.09, 1257.59, 1224.80, 1157.29, 1109.07, 1070.49, 1012.63, 806.25, 788.89, 767.6; LC-
MS: m/z calcd. for C16H12N,0, 264.28 found 265.1 [M+1].

O . CHO
- CF
N 3

Mol. Wt.: 301.26

(s, 1H), 8.93 (s, 1H), 8.31 (s, 1H), 8.07 - 8.03 (m, J = 4.00, 2H),
7.94 - 7.92 (d, J = 8.00 Hz, 1H), 7.86 - 7.82 (m, J = 8.00 Hz, 2H),
7.73- 7.69 (m, J = 8.40 Hz, 2H).; *C NMR (100 MHz, CDCls) &
190.5, 158.5, 149.2, 139.5, 138.2, 133.8, 133.5, 131.7, 131.4, 129.7,
129.5, 129.4, 128.4, 127.6, 127.2, 127.2, 126.8, 126.5.; IR (v, cm™) 3123, 3074, 2925, 2874,
1695, 1687, 1619, 1585., 1487, 1460, 1431, 1384. 1342, 1325, 1255, 1173, 1151, 1113, 1097,
1078, 932, 854, 810, 759, 754, 704, 652, 478.; LC-MS: m/z calcd. for C17H1FsNO 301.26
found 302.1 [M+1]..

M White solid, m.p 112- 114°C, *H NMR (400 MHz,CDCls) & 10.17

1H), 8.85 (s, 1H), 8.22 - 8.20 (d, J = 7.20 Hz, 1H), 8.02 - 8.00 (d, J =
6 Hz, 1H), 7.91 - 7.86 (t, J = 8.8 Hz, 1H), 7.83 - 7.80 (d , J = 8.4 Hz,
1H), 7.77 - 7.75 (d, J = 8.40 Hz, 1H), 7.71 - 7.64 (t, J = 6.80 Hz,
1H).; ®*C NMR (100 MHz, CDCl3) & 190.2, 157.9, 149.3, 139.9,
133.6, 133.1, 132.6, 131.1, 129.7, 129.6, 128.6, 128.1, 127.6, 126.8,
113.5.; IR (v, cm™) 3179, 3126, 2228, 1703, 1691, 1620, 1550, 1489, 1384, 852, 817, 754

White solid, m.p 145- 147°C, *H NMR (400 MHz, CDCl3) & 10.10 (s,
CN |

CHO

Mol. Wt.: 258.27

s White solid, m.p 145- 147°C, *H NMR (400 MHz, CDCl3) & 10.20 (s,
O > | 1H), 8.88 (s, 1H), 8.22 - 8.20 (d, J = 8.40 Hz,1H), 8.06 - 8.04 (d, J =
e 8.00 Hz, 1H), 7.94 - 7.91 (t, J = 8.40 Hz, 1H), 7.71 - 7.67 (t, J = 8.00 Hz,
Mol Wt.: 285.7 | 1H), 7.48 (s, 1H), 7.33 -7.27 (m, 2H).; *C NMR (100 MHz, CDCl3) &

190.5, 149.6, 139.2, 133.3, 129.8, 129.7, 128.3, 127.5, 126.8, 126.4,

117.5, 117.2, 116.1, 115.8.; IR (v, cm™) 3132, 3082, 3057, 3013, 1701, 1618, 1605, 1578,

1558, 1400, 1371, 1089, 862.; LC-MS: m/z calcd. for CisHigCIFNO 285.7 found

286.0[M+1]. .

White solid, m.p 123- 128°C, *H NMR (400 MHz, CDCl3) & 10.43 (s,
1H), 8.61 (s, 1H), 8.33 - 8.29 (d, J = 15.6 Hz, 1H), 8.16 - 8.14 (d, J =
8.40 Hz, 1H), 8.11 - 8.07 (d, J = 15.6 Hz, 1H), 7.95 - 7.93 (d, J = 8.00
Hz, 1H), 7.88 - 7.84 (t, J = 7.20 Hz, 1H), 7.73 - 7.71 (d, J = 7.60 Hz,
2H), 7.60 - 7.57 (t, J = 7.60 Hz, 1H), 7.44 - 7.40 (t, J = 7.2 Hz 2H),
7.37 - 7.33 (t, J = 7.20 Hz, 1H); **C NMR (100 MHz, CDCls) & 191.8, 154.5, 149.7, 143.9,
138.1, 136.8, 133.1, 129.6, 129.1, 128.9, 127.9, 127.3, 127.2, 126.5, 123.9; IR (v, cm™) 3095,
3030, 2922, 2760, 1693, 1633, 1610, 1587, 1550, 1489, 1431, 1400, 1384, 1373, 1182, 1109,
985, 786, 763, 752, 711, 688; LC-MS: m/z calcd. for C1gH1sNO 259.3 found 260.1[M+1]. .

C,8H13NO
Mol. Wt.: 259.3




cHo_ White solid, m.p 128- 130°C, *H NMR (400 MHz, CDCl3) § 10.55 (s,
= 1H), 8.81 (s, 1H), 8.22 - 8.19 (d, J = 8.80 Hz, 1H), 8.01 - 7.99 (d, J =
O N HNoS 8.40 Hz, 1H), 7.95 - 7.93 (t, J = 4.00 Hz, 1H), 7.90 - 7.86 (m, 2H), 7.58
Mol Wi 289351 J (s, 1H), 7.45 - 7.41 (m, 2H):; 3C NMR (100 MHz, CDCl3) & 190.9,
152.9, 149.4, 141.1, 141.1, 139.9, 138.5, 132.7, 129.4, 129.2, 127.7, 127.6, 126.2, 125.6,
124.6, 124.4, 122.3: IR (v, cm™) 3065, 2957, 2922, 2853, 1692, 1614, 1578, 1556, 1491,
1393, 1373, 1111, 1014, 916, 862, 800, 744.5; LC-MS: m/z calcd. for C1sH1;NOS 289.35
found 290.0 [M+1].

Pale yellow, m.p > 250°C, ‘H NMR (400 MHz, CDCls) 8 12.27(s,
1H), 10.28 (s, 1H), 8.54 (s, 1H), 7.96 — 7.93 (d, J = 8.64 Hz, 1H),
7.69 —7.67 (d, J = 8.44 Hz, 1H), 7.39 — 7.38 (t, J = 7.84 Hz, 1H), 7.29
~7.27 (t, J = 7.87 Hz, 1H); ©°C NMR (100 MHz, CDCls) & 187.7,

C,oH,NO
Mol. Wt 17517 1 161.4,142.4,141.1, 133.7, 130.9, 125.6, 122.6, 118.1, 115.4.




000 0=~ _
pLOTO—

AT

N
009°0—
i?'."-]'li}-/-

C3oH21CI,NO,
Mol. Wt.: 498.4

ppm




C30H21CI,NO,
Mol. Wt.: 498.4

iR

ppm

160 140 120 100 80 60 40 20

180




. rS9'voee al O &
T T_"I__ r (N L= A T cl o
SHEL096T O
TERE LBBE C30H1ClLNO,

=N res vl

- |  r¥ZTEGL
- FES'SZE

—

- I rEF 6601
— rBEOEL L |

"“1J_,_ FZLSELL |

I
—__FB0'E9L b |
Sekvard
—_— _____,ru'gam

- - — — ~ gz ZO¥L
———— 1P 0GF L

—— Loreiri

s

" “E¥zIol

I — el i T2 PV

_—— ~BE FEEL

)
o~

<JJ Mol. Wt.: 498.4

T — L0 LFPPE

1/em

SC 111




C30H21CI,NO,

Mol. Wt.: 498.4
= IS POS = LOS @ —
_I
[ | LA S I L3 v T T i ¥ ¥ T T ¥ ¥ I v L
—_— —_— — > _—
o <> —_— P




ppm

(|
0

cOQrE
'_9 - C24H15CIN,03
9 a7y L Mol. Wt.: 453.3173

A
g

052" 8-
852" 8
£92'8




Ca4H18ClLN,O3
Mol. Wt.: 453.3173

L INM,‘ H .

ppm

160 140 120 100 80 60 40 20

180




C24H18CIN,05
Mol. Wt.: 453.3173

O E9I=S

v B e = e - = o =S STH
_— f— _ f— o
— e




Q98" &
698" E

HEy°
coe”
£ch’
g86’

BHE"
166"

g200°
cgZ’
ST

00£" ¢

€z

Cy5H19ClLNO3
Mol. Wt.: 452.33

ppm

7 b 5 4 3 2 1 0
Eﬁu
=
L3

8

9

g

!

1

e
=
L]

Al
[y
=]
e

E

=
= |
-—

_:]

L
o ) o e e
= | ||

.-"II
=
=
—




i ||MH

ppm

180 160 140 120 100 80 60 40 20

200




—— ril #5.

——= 7€ 0201 f
_— ! - rEL'ESOL
— | rﬁﬂ'dﬁm
| -EBTLLL
— Irﬁi'll}JlLL o dl
g — EZHLZL
e —
_—— J|r | rerozz)
== JiEd gl |

_lEAvEL= -
- FOr9EEL—"

- | | “18'eLsL
— | ‘sgessl
— t0L 9001 1

\____ rEvEEsZ

CasH19ClLNO.
j . 25111912103
. LB 'GE6E Mol. Wt.: 452.33

- ~GF'566¢

— 0¥ ZELE
~g6'FECE
6L GLFE

T
e
L {LE LZPE




M

CysH19ClLNO5
Mol. Wt.: 452.33
3
2
F
elrA=x- 454 O SSi~ B
—3
l LB L] L] ' ] L 3 ¥ l ' L] ¥ ¥ ¥ v r
> _ == | —  — <>
L == ] L < =2 —-_— <3




A

LI L T
Py —
L L

FFE"
298"’
RLE"

1y L]

L e |

>

-]

S6Z°L
SLE" L
LTET L
[8E " L
FRE"L

ppm

OC25ngC|2NO3
Mol. Wt.: 452.3293|




O
al ~

o Cy5H19CILNO3
Mol. Wt.: 452.3293

N

160 140 120 100 80 60 40 20 ppm

180




wwwww

. =

LI —I-'I I—'_
PR

alL U

¢
Cu6H19CILNOLS
Mol. Wt.: 480.41)

A

ppm

|

I
=
o

|

[zz9
~fe0l
=501

L

(]
o | o
==

)
= [
= |
- ..-:i[ 1=




O
C26H19C|2NOZS
Mol. Wt.: 480.41}

ol 1|

Ppm

160 140 120 100 80 60 40 20

180




‘___——
=
—
T
———
-"_-—\_
———
I — —G6'66L
.
— —HL'SER
—
—_— FLLBOOL
-__ SR LB0L
E—— FFE0EE
e FEG[H}EL: — ____II
—_— | reS ELEL
— _— 4 GZZOFL
T — gl YEF|
_.=—':;j roL6or.

= “LZ'¥951
ik_ L90°'L6S)

o)
C26H19C|2NOZS
Mol. Wt.: 480.414

— 62 PORT
60z

_T —O8 680E

\\}—ﬁi'ﬁl-hf

—

L

—E¥ZELL

1500

4000

1/cm

SC 121




O
C26H19C|2NOZS
Mol. Wt.: 480.414

O OoS?v O 6% O Sy

R i M o L U —
- [ == _ o | — = | =
(<=2 > - < L= —




ppm

0

Cy3H15CILNO
Mol. Wt.: 392.28

)

L




Tom

L0 0= = b

™ T "
o

| =

1
LL TE—

—

= o

| =

[T%]

[

2

2

150

Cy3H15CI,NO —
Mol. Wt.: 392.28

89" €07 — c




L4

FL SOL
4% veL

[90'5501

\\ - |I

I e

= |

— = N, |
6T OELL= J

||-iL'P§.-l

LOL
ros Ledl

|
4

—————

e 0EL L
= — 1856

—_—

i

L
=0 LE¥|

_.,-'Ei FEFEL

ES' PEEL

BO FrFL

-1

- LEE LOF)

| —
B T 2

CFEEYS L

g
J—— 1T L)

“6¥ 6E9|

Mol. Wt.

Cy3H15CILNO

1
{

1 392.28

rZLZS8E
rl 2262
{08 BGEZ
. -GV G66T
==L BS0E
68 L 6OE

[

86 ¥ZTE__
_>—zLere

Logse0L [

1/cm

SC127




Cy3H15CILNO
Mol. Wt.: 392.28
4
=4
rtad = 1S = £ >4 o ST =]
4
i
- e Rl (e SRR T W e
C — C— <> _

il




J

ppm




irapipesluips

C,5H15CILNO,
Mol. Wt.: 432.3

ppm

180 160 140 120 100 80 60 40 20

200




=

f.

FEEZLE
r90'5501

—
- |
—

—

r S8 LEO

Jzelt

rSLLaLL

—— L G0LL

'\_3;591593

—,

60 vZ6E

T-GH FHEL

Cy5H15CILNO,
Mol. Wt.: 432.3

- PZ'GS0E

gﬂu-'zmz

-

y— L LFFE

1/cm

SC 128




3
C25H15CIL,NO;
Mol. Wt.: 432.3
2
4
O == O S - 5
3
3
*
:
4
— v —§ v 7 — -
 — — f— =>
_— — L S




Q00" 0=

£80°0—"

ol

C21H15CLNOS
Mol. Wt.: 398.31

ppm

— =

— T

™ <Tpoe

= &

= =t

s

-

[~ 301
=50°)
—81¢
60T

L o WO
=00°)




I.I

C,1H13CILNOS
Mol. Wt.: 398.31

ppm

180 160 140 120 100 80 60 40 20

200




_ | rS okl
—_— | ffreress
—_— L T6L

T—— | IR

—_— _ rSe'egs |

 ——8 J-Eﬂl aa’
—Grodal -
=705 p 10}
=_____ | [rz61e0l
1 669501
]
= ~05°LE0 L
e —GLO0LELE
— R E-TIY!
= rvzizel
— —01'ZSEL
— B FEEL
— S L L EER b—
T —— LER LOFL
— == “rE'ersi
i L1z vas)
P — —20'504)

'E.

t.

\.\ rEL TGRE
S | :
= FE0PEEE

=—08 8562
= 0¥ OL0E

YLl
-

Co1H13CLNOS
Mol. Wt.: 398.31

{ _

FLE

S —srovre

I

3000

4000

1cm

SC129




Cp1H13CLNOS
Mol. Wt.: 398.31

O 8O0 0™ O 0%V




Tt

Y

CosH15CIoN,03
Mol Wi 465,33

1k

ppm




C25H18CIoN203

180 160 140 120 100 80 60 40 20 Ppm

200




=

—

——2Z6'91S
= rE¥ LGS
—_— ]
=_ rPLBEL
—— | rioLol
—— | [EELES
= rLE ZE0L
e ["L-ﬂWL
S | [E¥ 6801
= |[E8ELLL
—;JQEJJELI
s =l rZZo8l
—_— J roewEzL
— — J 60 LLZT)
o ___||:|?'i- LoE |l — -
e ——— | I.-I.Q'EEEI-
—-——:—_'.Erﬁ'-larlr
— 0T 9GS
— oLV
——— ~LB'9¥GL
L P'09G |
S \ggzooL
P ——=L0'80LL" T\
{: LOG 0ZLL
f o b
a ]
O N\ N
cl -
Cl (0]
. fELESET O
_E____r_rﬂg'ﬂ' L BE C25H1gCIoN203
—— ~Z0086E :
? -09'ZLO0E
~— _ 98 06EE
" -85 GEFE

1icm

SC130




(

0.0
“3
N N
9
Cl 7
0°
Ca2sH18CIoN,03
Mgl.Wt.:4M

-

O L9

O 99




nnnnn

i J=———

I:;Inn P —
210 | -
ol U

CysH21CI,NO,
Mol. Wt.: 450.36

ul o On = 0D
R uR=R R st

] O] O] 0D 0D -

..,,
I I
P
LU B
e
v ow

[a3}
[en]
[en]

J_ 0 SV S

I

ppm

0

L~

| 8] |

I
=
[l
Lo

{

3

|

L
o=
&|o
— |

.'_
=
-

.,_
o
o

11
£
l
£

£

1
In |
=
-

|




Cy6H21CI,NO,
Mol. Wt.: 450.36

|M

140

100 80 60 40 20

120

180 160

200




—— 1_-| TS L
= T dooe ]
— . L'EI-I}I* |
c:::___,__J|%z el
.-_=.____—___—— EFEE
— -rhlgﬁi
—— T
— TCLZRLO0L
—_— ] frﬁﬂPLHL
-— | s el |
T —_———-ﬁq'ﬂ-iLL__. |
—— 6461 1
—_— — _||‘ IrE'I}'PPEL
— ¥z ¥6ZL_ |
—__._{I-E-E.EEI-
— — __.,:mugc:l.
R — —GLBEEL
T = -0 SEV L _
— — +  “DE'SOFL
— = 1-S5°Z0G 1
—— g
T teLaegl
e — T Lese0sl
LyLE0LL

I gl 1Vl i T

rﬁﬁl LBBE

[rro6682

e
—

———— - Z0'086Z

68 LEOE
LZE'ES0E

Co6H21CILNO,
Mol. Wt.: 450.36

ey i
3 —BL9PFE

1/cm

SC 131




Ca6H21CINO,
Mol. Wt.: 450.36

TS




nnnnn

U

Cy4H16CIL,FNO,
Mol. Wt.: 440.29

Ju

1

ppm

0

I,
=+
—
o}

3

.|_
-—
o

- L |
_I; E.F'é'jﬂ. 3.]
| |¥ ||

L
8




C4H16C1LFNO,
Mol. Wt.: 440.29

J___NLMJL_LM

180 160 140 120 100 80 60 40 20 ppm

200




LT_ }_._
TT==_____ ,99'989 i
B —— IS PR
— —E0S8L B
—_— ~LEEEH
o . B
——— 29|26

—— — _~BB'ER0L
— rBL LB
i rET OFZL
— =g 9Lzl
— EOPSEL
i _~B8'¥EEL
—_— e ALBOCFI
S ~80 LL¥L
_— —_— _=___r[|-.-l'E§§L
— e S OLBLG
< Lge'a101
PE— ~6Z 660

rod 6ERE
' rh0'9Z6Z CpaH16CLFNO,

—_— |
il Mol. Wt.: 440.29

= __ral9g6z

=--56800€

:]"DQ'E.JJ}E
{ Y89 LE

"":}—ﬁi'mrc

E

1'cm

SC132




Cy4H16CI,FNO,
Mol. Wt.: 440.29

O OV Vv

1




wwwww

Mol. Wt.: 233.26

|

Jl

ppm

]
[
=

10

11




T 0—

Mol. Wt.: 233.26

BETGL -,

ST LL
ar°LL

85921+
89°LZTA)
08 LTT-N
Z6" 531::}:::-
85 6ZT-0

EE'EET—?
TR/
va-zeTf
06" LET -
BEEET-
AL BFT

05 08T —

EL"TET —

-

160 140 120 100 g0 &0 40 20 0 FPEm

180




—ELLSF

_-1__
— _.-'- Ot '€ 15
.-?:__—_

;o0 0L
== _r99ELL
— L FSL

_ll"El 9 LZ8

——— gegLs
—

— — — L L el

— FEZeL0|

— . LS ELL

—~BZ LG
FBE LLEL
FBEFEEL

— I-EE'EE?L
- = rZLievi

— 4 | reovssl

- - rHE'sLst
y — G5 ERG |
e — EZFFLOL
R G501 - -
“¥19L01 |

6
_ O ZORE Mol. Wt.: 233.26

¥ LZEZ

=¥ Z'BZ0E
W ZEES0E

J_4>— 20 ZTGE

1/cm




0G# W/ Z 'SIN+

Mol. Wt.: 233.26

0vEe

-0y

-09

-08

-00)

[%]
‘Suaju|




80" 0

HE0° L
EQZTL
BF9°L
foae

598" L

Wi

C17H13NO, O 0O

Mol. Wt.: 263.29

|

=
—

(i

ppm

0

=3}

10

11

&




N/

C17H13NO,
Mol. Wt.: 263.29

ppm

20

40

T | | | |
180 160 140 120 100 80

|
200




E_-_ .
—_ —B6'LEF _§
= —|L6¥5
WS— L8 9EL i
—_— r
- ( FPZEGL i
— d -G8 BHL
— 7 r6BZ¥E -
— V0200 T
‘Ef— llr.'l LGEDL -
— rO0TKLE L g
T ——— __l__ . —
- = 955l =
- __ J | rGa'vLll B
— J | resiszl
= TR | -
s ——GE" L LE |
——— f r 68 ¥EE |
— IrE:E:'rgrl.E_—--' i
——__;—ri d rel LEBFL
— ~50'9151 —g
———— —0LZ551 -
— OS5 EBS L -
e LLLv09L
——_ _'G@'g '.
J/ Lig gl
*-) i
_-i')l C17H13NO;
> Mol. Wt.: 263.29 —
{E; I
L rLO'EFBE [
| rS9'¥sez -
= 25'6E6Z
=LBE€ 0LBZ B
CO¥ BROE |
“‘x_______
T T—BLOvKE I
< |
i‘ g
| I I | I | I I I | | I I I I | I I I | |
= Ty o
8 = K i) &

1cm

SC038




X
N/

C17H13NO,

Mol. Wt.: 263.29

0G4 UW/ Z 'S+

L 92

02

09




CapHsNO
Mol. Wt.: 309.3606

0 ppm

£56 "9+

7660 "'I\u

%
Faf”

9Z9°L

B

AAN:

s

TeE'B

1313

LV L

L y
=

f
L Ll
=)

|

8
111]
E" =

:

ul
-
(]

:

5

|
=
=
—

[

10

11

12




C,,H1sNO
Mol. Wt.: 309.3606




= BlDDL
'L‘i;_—— [ rBEBFL |
TT— dropess
B e S T ——
—_—— TGO OZE]
T | ril BDO
i — 4 jurmm
fr=—— riE b L0
= FOSFZLL
_ g FEFEgLL
I EERLT = -
= | rESLBEL
fa— ey
re— r LB BERL | |
m———— FL Rl
- d Jrl:llif BLFL
—— —~ LG DEFI
_ - ——&G BE5 L
_ S BFSEG

-
e
L
f

- Ll

gL BSEL

ll\‘- —— ——BF ECLE

CGERLeL_

CyoH15NO
Mol. Wt.: 309.3606

L R

i
Losed

'“ﬂ-____ ..'I-I-Z B DR
e G EFDE
_\\_ LV iG0E B
—, i
- ——GE EISE
“ -
!
I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
8 £ R - v =
=




I[E
&

0L UZ'C 'S+

C2oH1sNO
Mol. Wt.: 309.3606

VO0IE

J0e) |




e e w

L
= Uy
==
= |

W | =
ale
™™

:

5]
=
-

: Ill.lr

:

0l | 3
=]
— | i

[_




| | | |J

ppm

180 160 140 120 100 80 60 40 20 0

200




_;_;': —— — 6 fow
J——— — 10°0%S
-
— rEC 86o
T e————— 4 FEECLEL
- — 20 85L
—_— ™05 98
— gL SER
N _——————
,,|_‘__——|-—
—
L:_—___
—_—=_ a4
_ — —~GLLEL
—_— “ZT ORI
—_ rSTGLEL
= rES veElL
B — - T Y
— [S068%I
—_— rE6'PES L
e - OL6LS]
e -IWEE'EEEL
—  LGEO ) e
{_,——-— 56801
2
{f“‘

¥

]'\_ VEBSLE
—__ rloraise
==_ sZ9'C68Z
":—L_—__r-rl-ugg'hzq}g

Y LO% SFOE

:}—ﬁi'ﬁwt

1000

1500

4000

1/cm

SC46




+MS, 1.0min #541

235.1

C15H10N>0
Mol. Wt.: 234.25

Intens.

(%]
100-

80+

20




£00° 0=~
890 0"

o
By

[
LAr]

N/
C16H10C|NO
Mol. Wt.: 267.71

|

0 ppm

11 10

12

23

)
ey}
=

S

LiLI) )
H

L
£
=
=

[
=
-

11
]
o
=

EIE




o«

~

o L
Cy6H10CINO

Mol. Wt.: 267.71

=]
Eh

(1%

[T




1500

_.‘__
-
—
£ |
= — 08604 i
N oL ess
——
— B It 1T i
e “00'EZ8 i
R S
—_— — L L ¥B0L
— - S} -
— ~FEEGLL
IS |
— r6E LLE|
—~— 68 FREL -
I :__:F #O9ER 1 i
. i 2 _~OF ES5FL
—— —ER ¥6¥L
— B0 ¥ES |
— = T-Z¥LBTL -
= . LGEGLOL
e 05EESL [
.-I..
Mol. Wt.: 267.71 I
< I
—— —W¥G ELHE
T Tm G J'H00E
> —6L9vFE i
<
3
I I I 1 I I I I 1 I I I I I 1 I 1 I I I I I 1 I
= L =
8 kR 2 Q

1/cm

SO48




Lo o) [

-0y

-09
o
Z ©
ok
TS
O m -08
T
. 001
0ede )

LG4 ULBT SN+ . ‘SUA)U|




OO0 0=~

690 0"

O ~CHO
e
Cl

C16H10CINO
Mol. Wi.: 267.71

ppm

10

11

]

L
| =

..,_
&l
-

I I[J

Al
HEE

0

rL
[}

Il
=]
=
—




SC04%9

Ll B

e

C16H10CINO
Mol. Wt.: 267.71

L=




_——
—
il
- FES'069
"'j_ - -l BEL
——=F0a5
- T BLL
_—E-: _“—E 0'GER
;—_
1:%__ -
T =
—— —9E'S5L L
= rEG LGEL
—_——— r B8 PEE L
Se— ror9ge L
= #5 BF
- ™~ LG'06F L
T = —G55°955 |
— 3 _‘-E G LESL
- — GEGLEL—
< LG aEG 1
-~
i
‘< O N CHO
‘- L
3 cl
¥ C16H10CINO
i Mol. Wt.: 267.71
\l"x.
S ETHONE
= =0t EILE'IE'

3000

4000

88 +#90c i
. |
_}"—GE Bt ] g
I|IIII|IIII|IIII|IIII|II
= L5 —
2 5 2 <

SC049




+MS, 3.1min #172

O ~CHO
e
Cl

C16H1oCINO
Mol. Wt.: 267.71

268.0

(]
100-

Intens.

376.1
.

Jl; W

2010
I

130.2




[00° 0=-~_
TLO 0O—

~. CHO

NS

I

O N
C16H12N20,
Mol. Wt.: 264.28

i

ppm

0

[
ﬁ I,
] d-:-'[m‘
o122

!

i
rl
=
£

TU_.JI
)
=

12




Mol. Wt.: 264.28

PPpm

| | | | |
180 160 140 120 100 80 60 40 20

|
200

1 E—




=G 80e

rGF 0L0 L

e |

rLOBOLL_ |

f___:__lg-ﬁ_ﬁjriﬁl{;-;r-
=8 FZl|

. S— | rBg 1521

— 4 | re0'86Z)
—— " | BELLEL
|

—_

—_— -

=

———— - ]
— ——r L 9OF ¥

FLO L0

res’ elol
|

rSe clFl

s A

—06 Z6¥ |
—_—— O P55

-

_LEGE'g|

—

\oggigsL

NZv LEG
Gl

-

“EFSEDL

i
{

C16H12N20, i
\ Mol. Wt.: 264.28 I
. FZL 25T |
——_ _ _r60'¥Z6T
_—  “-Z0'ES6Z
’“-; 01'650€ I
T —BL6LbE -
P
I I I I I I I I I I I I I | I I I I I I I I I
= =
8 T K & & &

SC092




Zju 006 008 00L 009 009 00¥ 00€ 00¢ 0
i 1 1 i L L 1 i i L A 1 i 1 1 1 1 1 L 1 1 1 L 1 L 1 | L 1 1 1 1 L Y l . “ q_ t __ L Il L
COEl
-0¢
-0b
2 { =z 3 4474
g )=~ 3% 1
7 N \ONHA./_
Ts
o3 A
=
-08
. 001
}'69¢ ™
0C# UWZ'Z ‘SIN+ . ‘SUBJU|




-----

Cq7H1oFsNO
Mol. Wt.: 301.2626

N\

11

12




Cy7H10F3NO
Mol. Wt.: 301.2626

mEm

(]

|

%]

ik}

o U

14

[
s ]




__=E_-__‘____ II'E‘E'E.{F'
— Irﬁ"LEEi _
= F20 w0 L
P f
= | LL'¥GL
S— rS6'65.
——— TOL0LE ] |
f—————— ] riv'vaE -
P— 2O LE6
h__T-|=— _|I g_-LE.EiﬂL
= [0 [Lﬁm
—_— P o5 LsLL |
— T FELTLLL
e B0 GGZL— S
f_—__——_——_j (0L'SZEL
_——— Jrav Z¥EL
= — 68'FEEL
e FRLLERL
1_—__-_—lLL'{I-ﬁ_lLH
*:._1_ ZL'LB¥L
P —GBFSHES L
— gz'eLol
e == LL'L8O
e+ SBOI

C17H10F3NO
Mol. Wt.: 301.2626

S ¥BELRT
==-60 ¥Z6Z

,-Eﬁ'ELL_g

4000

——— e ~EG'PLOE
SAGLEZELE
‘1-\'——_
>—oe0ewe i
I{IT | I I I I I I I I I I I I I I I I
= Ty o
S £ © 3 2

1/cm

SC039




e 006 008 oo 009 00 ooy 00E e N
[ . T a «q~ e T T
VLT
L0z
— e O
e
ary
&% ®
5=
3
08
1'20¢ i
206} mm__
0114 UIC'E ‘SH+ o |'sua




ppm

0

8

11 10 9
I L
32

12

13

oy
=
-~—

=
o

o
=
£

—

i
=
—

1]
—
=
—

|

=
=
-—

|




ppm

[}

151




— L FEL
—ZuLle
~-¥5 IS8

p— — —GE FEE L

—50'68¥L
—14'0551

—~ 120291
LGB
vLEDLL

— gL LEEE

3000

0
4000

1/cm

SC040




EQD70=—~_

0 ppm

I~
A A
WY T =

C16HoCIFNO O

Mol. Wt.: 285.7002
Cl

10

11

12




L
=11

C16H9C|FNO ]

Mol. Wt.: 285.7002
Cl

-
i
-

FE 9L I
a1/ f )
O " ]

- )
ereerdl
=0 ) -
i
- i
[ 5 & |
L -
796 b -

(]




——
-
a_
Fo——R BROL

-\=-.
[ -S—

—=— R ZBE

e

< FBELAEL

I ~——! ~ZEDOFL

- [ Ll LGl

_;
e Y DB
“BZELEL

f

/,— ZT DL
CHO

C16HgCIFNO
Mol. Wt.: 285.7002

Cl

\ S BERE

[ [EZIDE

4 | iV iG0E
M_,' 5Z ZROE

T Ok e

I15|:[||I

-BEELLE
LEFFEE
=Ll LTPE
e \\BLOFFE
5{7——— EZ TBFE
| I I I I | I I I I 1 1 1 I I
= F K iy &
'F

4000

1/cm




+MS, 3.3min #182

286.0

130.2

2422

165.1

200

Intens.
(%]
1001

40-

20-




— W

L.

Mol. Wt.: 259.3019

i

ppm

0

10

11




§1 0

58°9L~
9t LL
8k LL

%

2578t
05°9¢1
81421

EZ'LZT-\

LS'LZY§§§E
26" 521

11*6315;7F
99'6:14//'
90'sstd//”
LLr st/
80861

06 €T
n'sﬁ/
0586t~

9L 1gY

C1gH13NO
Mol. Wt.: 259.3019




— r65'889
—  _rELL _
— W ArATl
— - L8 E0L
— L06'98.L
T
—
——— it R 32 ]
=
— — 06041
_ ~BE'TELL
_ [EEELEL
= , 68 ¥8EL
_ | rZE 0¥
I —: TR T
_— _sS0'68¥L
— FLL085L
T —ar i8S
——————— GG 0 1O}

R EE————— s [
{‘;: LOS €GO L
2
s
'?- CHO
5
¢ C1gH13NO
') Mol. Wt.: 259.3019
1{‘-—IFL'U-9£E

*.-91'Z262Z
e L L OEDE
== -.gs 5608

1/cm

SC47




+MS, 3.4min #183

260.1

Mol. Wt.: 259.3019

Intens.

]
1007

604




QU0 ==

590" 0=

i
S454 LT

=

N
C1gH13NOS
Mol. Wt.: 289.351

.

10

12

13

0 ppm

T TR
IS EEEEE
= || = | = | = |

£
=
—

'-l

:

=
=
—




N
CigH1;NOS
Mol. Wt.: 289.351

ppm

180 160 140 120 100 80 60 40 20 0

200




e A

o =—oF 008

———

———g|'Z98
= 61916

= —09'%L0L
<
e S————— —00 kL L

—_——————
——

— JFEE'ELEL
- L9ZBEL
— _rLB06¥]

— — 7
————— 959551

S R 1)

= NZFFLOL

— —L5 LG9l

—( s
I
W
CagH1NOS
Mol. Wt.: 289.351

. FELZSEE

—- _ _-9.'ZZ6Z

T - LB 9S6E
LG8 FO0E

LSRN




w006 002 009 005 00y 00 002 0
Y e j bbb oyt
0892 |
444 H0?
COEl |
-0F
85 09
o} =D
5 &3
O3 L
=
08
| 0062 o]
G614 UWQ'E SIN+ . "SUBJU|




LEG E—

OLE'E

WRTL

PEErANS
4454~
B L
PFEE—

BLLOT—

ELE ET—

T

Mol. Formula: CigH7NO2




Pl !
BO6E -
026 -,
T4 y
e
£l J

BESHL
mu&

LOTT) ~—
T
M OE} —
MEDL ="
[ 1 —
wew -

g —

G681 —

~o

i

X




[A]

Ie il co

=2 e NESI OV THANOEN, SXAE0N 1D T 65 P ISOPMEA



11}

b5

[usdd]

s

Isiceo

-,

——rmdeyHESIVIEI S\ FTENN D T 65 PTISOPMEE




udd 0ST- 00T- 0g- 0 0g

08T 04
0 a9
ZH 00°T g1

Wd Mam
ZHW 080FLZOTZOT as

aL

204¥dTNd

/99 QEg¥d ww g JTHE04Ed
103dE WNEISNI
80787 SWTL
STSOFTOZ 23271

q

25

FTS0FMNI

sI=1zweIEs BlEQ ML
oo
-]
o I

LNI-d0d

The Overlap *H NMR spectra of the starting material (red spectrum) and the phosphonium
salt intermediate (blue spectrum) and the P NMR of the phosphonium salt intermediate



