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1. General information

All reactions were carried out under air atmosphere in a dried tube. Chemicals were
either purchased or synthesized according to references. All a-oxocarboxylic acids
compounds except benzoyl formic acid were prepared according to literature!. Silica
gel was purchased from Qing Dao Hai Yang Chemical Industry Co. Analytical thin
layer chromatography (TLC) was performed on precoated silica gel Fps4 plates.
Compounds were visualized by irradiation with UV light (254 nm).

Analytical information: 'H NMR and 3C NMR spectra data were recorded by a
BRUKER AVANCE III 400 MHz spectrometer ('"H 400 MHz, 13C 100 MHz), using
CDCl; as the solvent with tetramethylsilane (TMS) as the internal standard at room
temperature. 'H NMR spectral data are given as chemical shifts in ppm followed by
multiplicity (s- singlet; d- doublet; t- triplet; q- quartet; m- multiplet), number of
protons and coupling constants. '3C NMR chemical shifts are expressed in ppm.
Infrared spectra were recorded with a Thermo Scientific Nicolet 6700 FT-IR
Spectrometer. HRMS data were obtained using AB SCIEX Triple TOF 5600+ high
resolution mass spectrometer (USA). The products listed below were determined by
'H and '3C NMR spectra.

2. General procedure for the preparation of products 3

Under air atmosphere, a-oxocarboxylic acids 1 (0.2 mmol), thiuram disulfides 2 (0.4
mmol, 2.0 equiv.) and KOH (0.4 mmol, 2.0 equiv.) were charged into a 10 mL
sealable tube equipped with a magnetic stirring bar. After the addition of DMSO (1.0
mL), the resulting mixture was stirred at 80 °C for 48 h in oil bath. After cooling
down, the reaction mixture was quenched with a sat. NH4Cl solution and subsequently
extracted with ethyl acetate. The combined organic layers were dried over anhydrous
Na,SO,, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (elute: petroleum ether-EtOAc) to give the pure product
3 in moderate to good yields.

3. General procedure for the preparation of products 4

A mixture of a-oxocarboxylic acids 1 (0.2 mmol), thiuram disulfides 2 (0.4 mmol, 2.0
equiv.), KOH (0.4 mmol, 2.0 equiv.), tosyl chloride (0.4 mmol, 2.0 equiv.) and 1.0
mL of 1,4-dioxane was added in a 10 mL sealable tube and stirred at 100 °C for 24 h
under air atmosphere. The progress of the reaction was monitored by thin-layer
chromatography. After cooling down, the reaction mixture was quenched with sat.
NaHCO; solution and subsequently extracted with ethyl acetate. The combined
organic phases were dried over anhydrous Na,SO,, and filtered. The residue was
evaporated under reduced pressure and purified by flash column chromatography
(elute: petroleum ether-EtOAc) to give the pure product 4 in moderate to good yields.

4. References

1 a) C. Pimpasri, L. Sumunnee, and S. Yotphan, Org. Biomol. Chem. 2017, 15, 4320-4327; b) X.
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Chen, X. Cui, and Y. Wu, Org. Lett. 2016, 18, 3722-3725.

5. Characterization data of the products

N,N-dimethylbenzothioamide (3a): Purification by column chromatography on
silica gel (R;= 0.40, petroleum ether/ethyl acetate = 3:1) yielded 3a (29.4 mg, 89%)
as a yellow solid; '"H NMR (400 MHz, CDCls) ppm: 7.37-7.27 (m, 5H), 3.60 (s, 3H),
3.16 (s, 3H); *C NMR (100 MHz, CDCl;) 201.3, 143.4, 128.6, 128.3, 125.7, 44.2,
43.2; IR(KBr): 3444, 3021, 2930, 1530, 1486, 1454, 1439, 1388, 1315, 1275, 1210,
1139, 999, 917, 763 cm'; HRMS (ESI) calcd. for CoH ,NS: [M+H]": 166.0690, found:
166.0692.

N/

N,N,2-trimethylbenzothioamide (3b): Purification by column chromatography on
silica gel (Ry= 0.36, petroleum ether/ethyl acetate = 3:1) yielded 3b (25 mg, 68%) as
a yellow solid; 'H NMR (400 MHz, CDCls) ppm: 7.21-7.15 (m, 3H), 7.13-7.11 (m,
1H), 3.61 (s, 3H), 3.04 (s, 3H), 2.24 (s, 3H); 3C NMR (100 MHz, CDCl;) 201.1,
143.3, 131.5, 130.4, 128.1, 126.2, 125.2,42.8, 42.2, 18.9; IR(KBr): 2927, 2855, 1517,
1481, 1389, 1294, 1279, 1136, 1043, 993, 883, 794 cm'; HRMS (ESI) calcd. for
C1oH4NS: [M+H]": 180.0847, found: 180.0846.

N,N,4-trimethylbenzothioamide (3c): Purification by column chromatography on
silica gel (Ry= 0.26, petroleum ether/ethyl acetate = 3:1) yielded 3¢ (33.6 mg, 93%) as
a light yellow solid; '"H NMR (400 MHz, CDCl;) ppm: 7.21 (d, J = 8.1 Hz, 2H), 7.14
(d, J = 8.0 Hz, 2H), 3.60 (s, 3H), 3.18 (s, 3H), 2.35 (s, 3H); '3C NMR (100 MHz,
CDCls) 201.7, 140.6, 138.7, 128.9, 125.9, 44.2, 43.3, 21.2; IR(KBr): 3444, 2926,
1608, 1503, 1453, 1386, 1289, 1217, 1180, 1045, 994, 883, 822, 616 cm'!; HRMS
(ESI) calcd. for C1oH4NS: [M+H]": 180.0847, found: 180.0846.
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4-isopropyl-N,N-dimethylbenzothioamide  (3d):  Purification by column
chromatography on silica gel (Ry= 0.34, petroleum ether/ethyl acetate = 3:1) yielded
3d (36.5 mg, 87%) as a light yellow solid; 'H NMR (400 MHz, CDCl;) ppm: 7.20-
7.16 (m, 2H), 7.12 (d, J = 8.2 Hz, 2H), 3.52 (s, 3H), 3.11 (s, 3H), 2.86-2.79 (m, 1H),
1.16 (d, J = 6.9 Hz, 6H); '*C NMR (100 MHz, CDCl;) 201.7, 149.5, 140.9, 126.3,
125.9, 44.2, 43.3, 33.9, 23.8; IR(KBr): 3443, 3024, 2959, 2926, 2866, 1607, 1523,
1497, 1459, 1393, 1286, 1214, 1140, 1054, 884, 830 cm!; HRMS (ESI) calcd. for
CioHgNS: [M+H]": 208.1160, found: 208.1161.

S
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N,N-dimethyl-3-(trifluoromethyl)benzothioamide (3e): Purification by column
chromatography on silica gel (Ry= 0.32, petroleum ether/ethyl acetate = 3:1) yielded
3e (24.1 mg, 52%) as a light yellow liquid; "H NMR (400 MHz, CDCl;) ppm: 7.59 (t,
J = 6.4 Hz, 2H), 7.51-7.49 (m, 2H), 3.61 (s, 3H), 3.17 (s, 3H); 13C NMR (100 MHz,
CDCl;) 199.2, 1439, 130.9 (q, J = 32.6 Hz), 129.0 (d, J = 7.1 Hz), 125.2 (q, J = 3.7
Hz), 125.0, 122.6 (q, J = 3.8 Hz), 119.6, 44.1, 43.2; IR(KBr): 2935, 1520, 1394, 1335,
1277, 1210, 1167, 1128, 1073, 1015, 909, 805, 701, 671 cm'; HRMS (ESI) calcd. for
CioHF5NS: [M+Na]*: 234.0564, found: 234.0565.

3-chloro-N,N-dimethylbenzothioamide 30): Purification by column
chromatography on silica gel (R, = 0.31, petroleum ether/ethyl acetate = 3:1) yielded
31 (29.7 mg, 74%) as a yellow solid; 'H NMR (400 MHz, CDCl5) ppm: 7.33-7.30 (m,
3H), 7.19 (td, J = 4.7, 2.2 Hz, 1H), 3.61 (s, 3H), 3.19 (s, 3H); *C NMR (100 MHz,
CDCl;) 199.2, 144.8, 134.3, 129.7, 128.6, 125.9, 123.8, 44.1, 43.2; IR(KBr): 2932,
1592, 1565, 1519, 1471, 1391, 1289, 1144, 1078, 1013, 898, 788, 752, 694 cm!;
HRMS (ESI) calcd. for CoH;CINS: [M+H]*": 200.0301, found: 200.0302.

4-chloro-N,N-dimethylbenzothioamide 3g): Purification by column
chromatography on silica gel (R = 0.30, petroleum ether/ethyl acetate = 3:1) yielded
3g (32 mg, 78%) as a light yellow solid; 'H NMR (400 MHz, CDC]l;) ppm: 7.34-7.31
(m, 2H), 7.25 (dd, J = 6.6, 2.0 Hz, 2H), 3.59 (s, 3H), 3.17 (s, 3H); *C NMR (100
MHz, CDCl;3) 199.9, 141.7, 134.6, 128.6, 127.3, 44.2, 43.3; IR(KBr): 3443, 3016,
2936, 1590, 1525, 1488, 1394, 1286, 1144, 1089, 1017, 989, 882, 728 cm'; HRMS
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(ESI) caled. for CoH;;CINS: [M+H]": 200.0301, found: 200.0300.

3-bromo-N, N-dimethylbenzothioamide (3h): Purification by column
chromatography on silica gel (Ry= 0.32, petroleum ether/ethyl acetate = 5:1) yielded
3h (29.6 mg, 60%) as a light yellow liquid; 'H NMR (400 MHz, CDCI;) ppm: 7.48-
7.44 (m, 2H), 7.25-7.22 (m, 2H), 3.58 (s, 3H), 3.17 (s, 3H); 3*C NMR (100 MHz,
CDCly) 199.1, 145.0, 131.5, 129.9, 128.7, 124.3, 122.4, 44.2, 43.2; IR(KBr): 3053,
2931, 1519, 1470, 1391, 1287, 1144, 1051, 995, 877, 786, 728, 694 cm™'; HRMS (ESI)
calcd. for CoH;BrNS: [M+H]*: 243.9796, found: 243.9795.

4-bromo-N, N-dimethylbenzothioamide (3i): Purification by column
chromatography on silica gel (Ry= 0.29, petroleum ether/ethyl acetate = 3:1) yielded
3i (31.6 mg, 64%) as a light yellow solid; 'H NMR (400 MHz, CDCls) ppm: 7.48 (dt,
J =189, 2.3 Hz, 2H), 7.19 (dt, J = 8.9, 2.3 Hz, 2H), 3.58 (s, 3H), 3.17 (s, 3H); 13C
NMR (100 MHz, CDCls) 199.9, 142.1, 131.5, 127.5, 122.7, 44.2, 43.3; IR(KBr):
3424, 3042, 2930, 1527, 1483, 1396, 1289, 1144, 1014, 989, 935, 880, 815 cm’;
HRMS (ESI) calcd. for CoH;BrNS: [M+H]": 243.9796, found: 243.9798.

N,N-dimethylthiophene-2-carbothioamide  (3j):  Purification by  column
chromatography on silica gel (Ry= 0.34, petroleum ether/ethyl acetate = 3:1) yielded
3j (18.9 mg, 55%) as a light yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.32
(dd, J = 5.1, 1.1 Hz, 1H), 7.05 (dd, J = 3.7, 1.1 Hz, 1H), 6.91 (dd, J = 5.1, 3.7 Hz,
1H), 3.51 (s, 3H), 3.37 (s, 3H); *C NMR (100 MHz, CDCl;) 191.8, 145.2, 129.2,
126.5, 126.4, 44.6, 26.9; IR(KBr): 3419, 3071, 2923, 2851, 1504, 1388, 1354, 1271,
1224, 1127, 1050, 976, 865, 835, 714, 629 cm'!'; HRMS (ESI) calcd. for C;H(NS,:
[M+H]*: 172.0255, found: 172.0254.

N, N-dimethylfuran-2-carbothioamide 3k): Purification by column
chromatography on silica gel (Ry= 0.28, petroleum ether/ethyl acetate = 7:1) yielded
3k (8.5 mg, 26%) as a light yellow solid; '"H NMR (400 MHz, CDCls) ppm: 7.39 (t, J
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= 0.9 Hz, 1H), 7.02 (dd, J = 3.4, 0.5 Hz, 1H), 6.38 (q, J = 1.8 Hz, 1H), 3.48 (s, 3H),
3.37 (s, 3H); 3C NMR (100 MHz, CDCls) 199.8, 152.5, 143.2, 117.7, 111.9, 44.4,
44.2; IR(KBr): 3443, 2924, 2852, 1650, 1511, 1465, 1390, 1294, 1141, 1076, 1025,
985, 751 cm!; HRMS (ESI) caled. for C;H;(NOS: [M+H]": 156.0483, found:
156.0481.

N7
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N,N-diethyl-4-isopropylbenzothioamide @3D: Purification by column
chromatography on silica gel (R = 0.40, petroleum ether/ethyl acetate = 5:1) yielded
31 (15.3 mg, 32%) as a light yellow liquid; "H NMR (400 MHz, CDCl;) ppm: 7.20 (td,
J=28.5,22Hz, 4H),4.15(q,J = 7.1 Hz, 2H), 3.48 (q, J/ = 7.2 Hz, 2H), 2.95-2.88 (m,
1H), 1.41 (t, J = 7.1 Hz, 3H), 1.26 (d, J = 6.9 Hz, 6H), 1.18 (t, J = 7.1 Hz, 3H); 13C
NMR (100 MHz, CDCl;) 200.8, 148.8, 141.4, 126.4, 125.1, 47.8, 46.1, 33.9, 23.9,
13.9, 11.3; IR(KBr): 3424, 2959, 2932, 2868, 1922, 1605, 1565, 1491, 1422, 1372,
1317, 1284, 1244, 1190, 1138, 986, 832, 746 cm'!'; HRMS (ESI) caled. for C4H,,NS:
[M+H]*: 236.1473, found: 236.1472.

3-chloro-N, N-diethylbenzothioamide (3m): Purification by column chromatography
on silica gel (Ry = 0.36, petroleum ether/ethyl acetate = 5:1) yielded 3m (25.8 mg,
56%) as a light yellow liquid; '"H NMR (400 MHz, CDCl3) ppm: 7.30 (d, J = 5.2 Hz,
2H), 7.25 (s, 1H), 7.15-7.12 (m, 1H), 4.13 (q, J = 7.1 Hz, 2H), 3.46 (q, J = 7.2 Hz,
2H), 1.40 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3)
198.2, 145.2, 134.3, 129.8, 128.1, 125.2, 123.2,47.9, 46.1, 13.9, 11.2; IR(KBr): 2976,

2934, 1592, 1564, 1497, 1408, 1381, 1285, 1141, 1078, 995, 857, 788 cm’'; HRMS
(ESI) calcd. for C1H;5sCINS: [M+H]": 228.0614, found: 228.0612.

ST

N,N-diethylbenzo|d][1,3]dioxole-5-carbothioamide (3n): Purification by column
chromatography on silica gel (Ry= 0.35, petroleum ether/ethyl acetate = 5:1) yielded
3n (13 mg, 25%) as a light yellow liquid; "H NMR (400 MHz, CDCls) ppm: 6.78 (dd,
J=15.3,3.6 Hz, 2H), 6.73 (dd, J = 8.0, 1.6 Hz, 1H), 5.99 (s, 2H), 4.12 (q, J = 7.1 Hz,
2H), 3.51 (q, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H) 13C
NMR (100 MHz, CDCl3) 199.9, 147.5, 147.4, 137.8, 118.8, 108.1, 106.6, 101.3, 47.9,
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46.2, 13.9, 11.2; IR(KBr): 2977, 2935, 1487, 1364, 1314, 1289, 1244, 1186, 1144,
1128, 1037, 986, 935, 895 cm’'; HRMS (ESI) calcd. for C,HgNO,S: [M+H]*:
238.0902, found: 238.0903.

SA0Q

N,N-dibutylbenzothioamide (30): Purification by column chromatography on silica
gel (Ry= 0.40, petroleum ether/ethyl acetate = 3:1) yielded 30 (10 mg, 20%) as a
yellow liquid; '"H NMR (400 MHz, CDCl3) ppm: 7.28-7.20 (m, 3H), 7.15-7.12 (m,
2H), 3.99 (t, J = 7.8 Hz, 2H), 3.30 (t, J = 7.8 Hz, 2H), 1.79-1.72 (m 2H), 1.50-1.43
(m 2H), 1.37 (q, J = 7.5 Hz, 2H), 1.04 (q, J = 7.4 Hz, 2H), 0.94 (t, J = 7.3 Hz, 3H),
0.69 (t, J = 7.3 Hz, 3H); 3C NMR (100 MHz, CDCl;) 200.7, 144.0, 128.3, 128.0,
125.2,53.3, 51.5, 30.5, 28.1, 20.3, 19.8, 13.9, 13.5; IR(KBr): 3443, 2959, 2932, 2872,
1496, 1482, 1457, 1441, 1422, 1373, 1275, 761, 699 cm''; HRMS (ESI) calcd. for
Ci5HpNS: [M+H]": 250.1629, found: 250.1630.

N, N-dimethyl-2-oxo0-2-phenylacetamide (4a): Purification = by  column
chromatography on silica gel (R = 0.26, petroleum ether/ethyl acetate = 3:1) yielded
4a (31.5 mg, 89%) as a light yellow liquid; '"H NMR (400 MHz, CDCl3) ppm: 7.96-
7.94 (m, 2H), 7.64 (tt, J = 6.9, 1.2 Hz, 1H), 7.51 (t, J = 7.9 Hz, 2H), 3.12 (s, 3H),
2.96 (s, 3H); *C NMR (100 MHz, CDCls) 191.8, 167.0, 134.7, 133.1, 129.7, 129.0,
37.0, 34.0; IR(KBr): 3444, 2933, 1681, 1650, 1597, 1450, 1405, 1247, 1146, 994, 882,
726, 683, 643 cm!; HRMS (ESI) caled. for CgH;,NO,: [M+H]*: 178.0868, found:
178.0860.

N,N-dimethyl-2-0x0-2-(o-tolyl)acetamide  (4b):  Purification by  column
chromatography on silica gel (Ry= 0.30, petroleum ether/ethyl acetate = 3:1) yielded
4b (38.2 mg, 51%) as a colorless liquid; 'H NMR (400 MHz, CDCls) ppm: 7.70-7.68
(m, 1H), 7.50-7.46 (m, 1H), 7.31 (t, J = 6.8 Hz, 2H), 3.11 (s, 3H), 2.98 (s, 3H), 2.66
(s, 3H); 3C NMR (100 MHz, CDCl5) 193.7, 167.8, 141.5, 133.7, 132.6, 132.5, 131.6,
126.2, 37.1, 34.1, 21.7; IR(KBr): 3442, 2929, 2851, 1680, 1635, 1457, 1406, 1240,
1157, 1124, 989, 887, 741, 645 cm™'; HRMS (ESI) calcd. for C{;H{4NO,: [M+H]":
192.1025, found: 192.1021.
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N,N-dimethyl-2-0xo0-2-(m-tolyl)acetamide  (4c):  Purification by  column
chromatography on silica gel (R, = 0.31, petroleum ether/ethyl acetate = 3:1) yielded
4c¢ (21.2 mg, 56%) as a yellow liquid; "H NMR (400 MHz, CDCl;) ppm: 7.83 (d, J =
8.2 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 3.11 (s, 3H), 2.95 (s, 3H), 2.44 (s, 3H); 13C
NMR (100 MHz, CDCl;) 191.5, 167.3, 145.9, 130.7, 129.8, 129.7, 37.0, 34.0, 21.9;
IR(KBr): 3444, 2926, 1646, 1605, 1573, 1406, 1250, 1146, 999, 887, 762, 614 cm’!;
HRMS (ESI) calcd. for C;H4NO,: [M+H]": 192.1025, found: 192.1015.

2-(3-methoxyphenyl)-N, N-dimethyl-2-oxoacetamide (4d): Purification by column
chromatography on silica gel (R, = 0.28, petroleum ether/ethyl acetate = 3:1) yielded
4d (22.5 mg, 55%) as a yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.50-7.48
(m, 2H), 7.41 (t, J = 8.2 Hz, 1H), 7.20-7.17 (m, 1H), 3.87 (s, 3H), 3.12 (s, 3H), 2.96
(s, 3H); 3C NMR (100 MHz, CDCl5) 191.7, 167.0, 160.1, 134.4, 130.1, 122.8, 121.6,
112.8, 55.5, 37.1, 34.0; IR(KBr): 3445, 2928, 1681, 1650, 1597, 1487, 1281, 1261,
1221, 1136, 1045, 1007, 764, 646 cm™'; HRMS (ESI) calcd. for C;;H4NOs: [M+H]":
208.0974, found: 208.0970.

2-(4-methoxyphenyl)-N, N-dimethyl-2-oxoacetamide (4e): Purification by column
chromatography on silica gel (Ry= 0.36, petroleum ether/ethyl acetate = 1:1) yielded
4e (31.9 mg, 77%) as a light yellow solid; '"H NMR (400 MHz, CDCl;) ppm: 7.91 (d,
J =8.9 Hz, 2H), 6.97 (d, J = 8.9 Hz, 2H), 3.89 (s, 3H), 3.11 (s, 3H), 2.96 (s, 3H); 13C
NMR (100 MHz, CDCl;) 190.5, 167.4, 164.8, 132.1, 126.2, 114.3, 55.6, 37.1, 34.0;
IR(KBr): 3449, 2925, 1664, 1647, 1603, 1573, 1401, 1263, 1147, 1026, 859, 775, 613
cm'; HRMS (ESI) caled. for C;1H 4NO3: [M+H]": 208.0974, found: 208.0960.

2-(4-isopropylphenyl)-N, N-dimethyl-2-oxoacetamide (4f): Purification by column
chromatography on silica gel (Ry= 0.36, petroleum ether/ethyl acetate = 3:1) yielded
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4f (30 mg, 69%) as a colorless liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.87 (d, J =
8.3 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 3.12 (s, 3H), 3.02-2.93 (m, 1H), 2.96 (s, 3H),
1.27 (d, J = 6.9 Hz, 6H); '*C NMR (100 MHz, CDCl;) 191.5, 167.3, 156.6, 131.0,
129.9, 127.2, 37.1, 34.5, 34.0, 23.6; IR(KBr): 3451, 2963, 2930, 1678, 1648, 1604,
1462, 1414, 1252, 1149, 1057, 996, 782, 715 cm™'; HRMS (ESI) caled. for C;3HgNO,:
[M-+H]*: 220.1338, found: 220.1333.

2-(benzo|d][1,3]dioxol-5-yl)-N,N-dimethyl-2-oxoacetamide (4g): Purification by
column chromatography on silica gel (R,= 0.35, petroleum ether/ethyl acetate = 1:1)
yielded 4g (27.8 mg, 63%) as a light yellow liquid; '"H NMR (400 MHz, CDCl3) ppm:
7.50 (dd, J = 8.1, 1.6 Hz, 1H), 7.42 (d, J = 1.6 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.08
(s, 2H), 3.10 (s, 3H), 2.95 (s, 3H); 13C NMR (100 MHz, CDCls) 190.1, 167.2, 153.3,
148.6,127.9, 127.4, 108.4, 108.3, 102.2, 37.1, 34.0; IR(KBr): 3450, 2921, 1638, 1502,
1440, 1265, 1097, 1035, 852, 769, 632 cm™'; HRMS (ESI) calcd. for C;{H;NOy:
[M+H]": 222.0766, found: 222.0760.

2-(3-bromophenyl)-V, N-dimethyl-2-oxoacetamide (4h): Purification by column
chromatography on silica gel (Ry= 0.32, petroleum ether/ethyl acetate = 3:1) yielded
4h (34.1 mg, 67%) as a colorless liquid; '"H NMR (400 MHz, CDCl3) ppm: 8.09 (t, J
= 1.8 Hz, 1H), 7.88 (dt, J = 7.8, 1.0 Hz, 1H), 7.77 (ddd, J = 8.0, 1.9, 1.0 Hz, 1H),
7.40 (t, J = 7.8 Hz, 1H), 3.13 (s, 3H), 2.97 (s, 3H); 13C NMR (100 MHz, CDCl;)
190.1, 166.2, 137.5, 134.9, 132.4, 130.6, 128.3, 123.3, 37.1, 34.1; IR(KBr): 3441,
2924, 1757, 1684, 1407, 1241, 1147, 999, 756, 641 cm'!; HRMS (ESI) calcd. for
C1oH1;BrNO,: [M+H]*: 255.9973, found: 255.9976.

2-(4-bromophenyl)-V, N-dimethyl-2-oxoacetamide (4i): Purification by column
chromatography on silica gel (Ry= 0.30, petroleum ether/ethyl acetate = 2:1) yielded
4i (46.9 mg, 92%) as a light yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.82
(dd, J = 6.8, 1.7 Hz, 2H), 7.66 (dd, J = 7.0, 1.8 Hz, 2H), 3.12 (s, 3H), 2.96 (s, 3H);
B3BC NMR (100 MHz, CDCls) 190.5, 166.4, 132.4, 131.9, 131.1, 130.2, 37.1, 34.1;
IR(KBr): 3442, 2933, 1678, 1650, 1586, 1399, 1247, 1146, 1071, 996, 882, 841, 762,
647 cm'; HRMS (ESI) calcd. for CoH;;BrNO,: [M+H]*: 255.9973, found: 255.9971.

S9



2-(3-chlorophenyl)-N, N-dimethyl-2-oxoacetamide (4j): Purification by column
chromatography on silica gel (Ry= 0.35, petroleum ether/ethyl acetate = 2:1) yielded
4j (27.1 mg, 64%) as a light yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 7.93 (t,
J=1.6 Hz, 1H), 7.83 (d, J = 7.7 Hz, 1H), 7.61 (dd, J = 8.0, 1.0 Hz, 1H), 7.46 (t, J =
7.8 Hz, 1H), 3.13 (s, 3H), 2.97 (s, 3H); 3C NMR (100 MHz, CDCl;) 190.2, 166.3,
135.4, 134.7, 134.6, 130.3, 129.5, 127.8, 37.0, 34.1; IR(KBr): 3443, 2931, 1685, 1650,
1573, 1412, 1240, 1149, 1002, 896, 760, 729, 675, 643 cm-'; HRMS (ESI) calcd. for
C1oH1CINO,: [M+H]": 212.0478, found: 212.0475.

2-(4-chlorophenyl)-N, N-dimethyl-2-oxoacetamide (4k): Purification by column
chromatography on silica gel (Ry= 0.30, petroleum ether/ethyl acetate = 3:1) yielded
4k (32.1 mg, 76%) as a yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 7.89 (dt, J =
9.0, 2.3 Hz, 2H), 7.49 (dt, J = 9.0, 2.3 Hz, 2H), 3.12 (s, 3H), 2.97 (s, 3H); 13C NMR
(100 MHz, CDCl3) 190.3, 166.5, 141.3, 131.5, 131.0, 129.4, 37.0, 34.1; IR(KBr):
3443, 2929, 1684, 1651, 1589, 1401, 1249, 1148, 1085, 996, 885, 847, 772 cm!;
HRMS (ESI) calcd. for C1oH;;CINO,: [M+H]": 212.0478, found: 212.0479.

2-(4-fluorophenyl)-N, N-dimethyl-2-oxoacetamide (4l): Purification by column
chromatography on silica gel (Ry= 0.32, petroleum ether/ethyl acetate = 3:1) yielded
41 (30 mg, 77%) as a yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 8.01-7.97 (m,
2H), 7.21-7.17 (m, 2H), 3.12 (s, 3H), 2.97 (s, 3H); *C NMR (100 MHz, CDCls)
190.0, 168.0, 166.0 (d, J = 127.8 Hz), 132.5 (d, J = 9.8 Hz), 129.6 (d, J = 2.8 Hz),
116.3 (d, J = 22.2 Hz), 37.1, 34.1; IR(KBr): 3441, 2929, 1674, 1637, 1598, 1507,
1401, 1273, 1234, 1149, 997, 886, 847, 770, 613 cm!'; HRMS (ESI) calcd. for
C1oH11FNO,: [M+H]*: 196.0774, found: 196.0756.

N, N-dimethyl-2-0x0-2-(3-(trifluoromethyl)phenyl)acetamide (4m): Purification by
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column chromatography on silica gel (R,= 0.30, petroleum ether/ethyl acetate = 3:1)
yielded 4m (30 mg, 61%) as a yellow liquid; "H NMR (400 MHz, CDCl;) ppm: 8.23
(s, 1H), 8.14 (d, J = 7.8 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.67 (t, J = 7.8 Hz, 1H),
3.15 (s, 3H), 3.00 (s, 3H); 3C NMR (100 MHz, CDCls) 189.9, 166.0, 133.8, 132.9,
131.8 (q,J = 33.1 Hz), 130.9 (q, J = 3.5 Hz), 129.7, 126.3 (q, J = 3.7 Hz), 123.4 (q, J
= 270.9 Hz), 37.1, 34.2; IR(KBr): 3425, 2928, 2854, 1689,1651, 1612, 1439, 1407,
1334, 1237, 1171, 1143, 1072, 1002, 765, 695, 654 cm''; HRMS (ESI) calcd. for
C11H1F3NO;: [M+H]": 246.0742, found: 246.0732.

2-(furan-2-yl)-NV,N-dimethyl-2-oxoacetamide (4n): Purification by column
chromatography on silica gel (Ry= 0.30, petroleum ether/ethyl acetate = 3:1) yielded
4n (17.7 mg, 53%) as a light yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 7.71 (d,
J=0.9 Hz, 1H), 7.37 (d, J = 3.6 Hz, 1H), 6.61 (dd, J = 3.6, 1.6 Hz, 1H), 3.09 (s, 3H),
3.04 (s, 3H); *C NMR (100 MHz, CDCls) 178.5, 165.4, 150.2, 148.7, 122.3, 112.9,
37.2, 34.5; IR(KBr): 3449, 3129, 2923, 2852, 1652, 1568, 1463, 1391, 1302, 1259,
1151, 1029, 999, 773, 658 cm’!; HRMS (ESI) calcd. for CgH(NOs: [M+H]":
168.0661, found: 168.0645.

N, N-dimethyl-2-0xo0-2-(thiophen-2-yl)acetamide (40): Purification by column
chromatography on silica gel (Ry= 0.29, petroleum ether/ethyl acetate = 3:1) yielded
40 (36.6 mg, 72%) as a light yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.82
(dd, J = 3.8, 1.0 Hz, 1H), 7.79 (dd, J = 4.9, 1.0 Hz, 1H), 7.18 (dd, J = 4.8, 4.0 Hz,
1H), 3.10 (s, 3H), 3.04 (s, 3H); *C NMR (100 MHz, CDCl;) 183.5, 165.9, 140.3,
136.4, 136.1, 128.6, 37.3, 34.5; IR(KBr): 3442, 3080, 2927, 1647, 1508, 1407, 1246,
1144, 1053, 965, 842, 746, 643 cm'; HRMS (ESI) calcd. for CgH (NO,S: [M+H]":
184.0432, found: 184.0418.

O
N7
o N
N,N-diethyl-2-oxo0-2-phenylacetamide (4p): Purification by column chromatography
on silica gel (R,= 0.35, petroleum ether/ethyl acetate = 8:1) yielded 4p (24.2 mg, 59%)
as a colorless liquid; "H NMR (400 MHz, CDCls) ppm: 7.97-7.95 (m, 2H), 7.68-7.64
(m, 1H), 7.53 (t,J = 7.9 Hz, 2H), 3.59 (q, J = 7.2 Hz, 2H), 3.27 (q, J = 7.1 Hz, 2H),

1.32 (t, J = 7.2 Hz, 3H), 1.18 (t, J = 7.1 Hz, 3H); '*C NMR (100 MHz, CDCl) 191.6,
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166.7, 134.6, 133.3, 129.6, 128.9, 42.1, 38.8, 14.1, 12.8; IR(KBr): 3443, 2977, 2934,
1681, 1640, 1597, 1449, 1383, 1233, 1146, 856, 721, 689, 632 cm''; HRMS (ESI)
calcd. for C,H(NO,: [M+H]": 206.1181, found: 206.1180.

O
N/\
o K
N, N-diethyl-2-0x0-2-(m-tolyl)acetamide (4q): Purification = by  column
chromatography on silica gel (Ry= 0.34, petroleum ether/ethyl acetate = 5:1) yielded
4q (16.2 mg, 37%) as a light yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 7.83 (d,
J = 8.2 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 3.56 (q, J = 7.2 Hz, 2H), 3.23 (q, J = 7.1
Hz, 2H), 2.43 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H); 13C NMR
(100 MHz, CDCls) 191.4, 166.9, 145.8, 130.9, 129.7, 129.6, 42.1, 38.7, 21.9, 14.1,
12.8; IR(KBr): 3442, 2970, 2931, 1675, 1640, 1605, 1444, 1382, 1238, 1217, 1180,
1147, 1099, 863, 785, 755, 612 cm™'; HRMS (ESI) calcd. for C;3H;sNO,: [M+H]":
220.1338, found: 220.1336.

/O 0]
\©\'HJ\N/\
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N, N-diethyl-2-(4-methoxyphenyl)-2-oxoacetamide (4r): Purification by column
chromatography on silica gel (Ry= 0.42, petroleum ether/ethyl acetate = 1:1) yielded
4r (20.3 mg, 43%) as a colorless solid; '"H NMR (400 MHz, CDC]ls) ppm: 7.92-7.89
(m, 2H), 6.99-6.95 (m, 2H), 3.89 (s, 3H), 3.55(q, J = 7.2 Hz, 2H), 3.24 (q, J = 7.1 Hz,
2H), 1.28 (t, J = 7.2 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls)
190.4, 167.1, 164.7, 132.1, 126.4, 114.3, 55.6, 42.1, 38.7, 14.1, 12.8; IR(KBr): 2975,
2936, 1671, 1644, 1599, 1573, 1511, 1461, 1310, 1266, 1241, 1173, 1144, 1023, 864,
844, 786, 611 cm'; HRMS (ESI) caled. for C;3H;gNOs: [M+H]*: 236.1287, found:
236.1287.

o)
N7

SN

N, N-diethyl-2-(4-isopropylphenyl)-2-oxoacetamide (4s): Purification by column
chromatography on silica gel (Ry= 0.36, petroleum ether/ethyl acetate = 8:1) yielded
4s (25.5 mg, 55%) as a light yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.86 (d,
J = 8.3 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 3.56 (q, J = 7.2 Hz, 2H), 3.24 (q, J = 7.1
Hz, 2H), 3.01-2.95 (m, 1H), 1.30-1.27 (m, 9H), 1.16 (t, J = 7.1 Hz, 3H); 3C NMR
(100 MHz, CDCl;) 191.4, 167.0, 156.4, 131.2, 129.9, 127.1, 42.1, 38.7, 34.5, 23.6,
14.1, 12.8; IR(KBr): 3443, 2966, 2934, 2874, 1678, 1644, 1604, 1462, 1418, 1383,
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1364, 1235, 1184, 1145, 1057, 866, 785, 712 cm™'; HRMS (ESI) calcd. for C,sH,NO,:
[M+H]": 248.1651, found: 248.1655.

Br o
\©\'HJ\N/\
o K

2-(4-bromophenyl)-V,N-dibutyl-2-oxoacetamide (4t): Purification by column
chromatography on silica gel (R,= 0.45, petroleum ether/ethyl acetate = 20:1) yielded
4t (40.6 mg, 60%) as a yellow liquid; "H NMR (400 MHz, CDCls) ppm: 7.80 (d, J =
8.5 Hz, 2H), 7.65 (d, J = 8.5 Hz, 2H), 3.49 (t, J = 7.6 Hz, 2H), 3.14 (t, J = 7.7 Hz,
2H), 1.69-1.62 (m, 2H), 1.57-1.49 (m, 2H), 1.41 (q, J = 7.5 Hz, 2H), 1.19(q, J = 7.5
Hz, 2H), 0.99 (t, J = 7.3 Hz, 3H), 0.83 (t, J = 7.3 Hz, 3H); '3C NMR (100 MHz,
CDCl;) 190.3, 166.5, 132.3, 132.2, 131.0, 129.9, 47.4, 44.1, 30.7, 29.4, 20.2, 19.8,
13.8, 13.6; IR(KBr): 2960, 2932, 2873, 1684, 1644, 1586, 1459, 1398, 1248, 1208,
1175, 1070, 1011, 944, 765 cm'; HRMS (ESI) calcd. for C1¢H»,,BrNNaO,: [M+Na]":
362.0732, found: 362.0731.

F O
\©\[HJ\N/\
o U

N,N-diethyl-2-(4-fluorophenyl)-2-oxoacetamide (4u): Purification by column
chromatography on silica gel (Ry= 0.32, petroleum ether/ethyl acetate = 8:1) yielded
4u (13.5 mg, 31%) as a light yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.98
(td, J=5.4,2.0 Hz, 2H), 7.18 (t, J = 8.6 Hz, 2H), 3.56 (q, J = 7.2 Hz, 2H), 3.24 (q, J
=17.1 Hz, 2H), 1.29 (t,J = 7.2 Hz, 3H), 1.16 (t,J = 7.1 Hz, 3H); 3C NMR (100 MHz,
CDCl;) 189.9, 167.9, 166.4 (d, J = 110.0 Hz), 132.4 (d,J =9.6 Hz), 129.8 (d,J = 2.7
Hz), 116.3 (d, J = 22.1 Hz), 42.2, 38.9, 14.2, 12.8; IR(KBr): 3447, 2979, 2925, 1682,
1643, 1599, 1508, 1462, 1235, 1145, 1099, 867, 786, 609 cm'; HRMS (ESI) calcd.
for C;,HsFNO,: [M+H]": 224.1087, found: 224.1086.

7 9
0 N7
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N,N-diethyl-2-(furan-2-yl)-2-oxoacetamide (4v): Purification by column
chromatography on silica gel (R = 0.30, petroleum ether/ethyl acetate = 3:1) yielded
4v (16.8 mg, 43%) as a yellow liquid; '"H NMR (400 MHz, CDCl3) ppm: 7.70 (d, J =
1.0 Hz, 1H), 7.33 (d, J = 3.6 Hz, 1H), 6.60 (dd, J = 3.6, 1.6 Hz, 1H), 3.52 (q, J = 7.2
Hz, 2H), 3.32 (q, J = 7.1 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H);
3C NMR (100 MHz, CDCl;) 178.8, 165.3, 150.3, 148.5, 122.0, 112.8, 42.3, 39.3,
14.2, 12.7; IR(KBr): 3442, 3128, 2979, 2934, 1644, 1568, 1460, 1392, 1262, 1038,
978, 836, 770 cm'; HRMS (ESI) calcd. for CgH;4NOs: [M+H]*: 196.0974, found:
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196.0964.
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N,N-diethyl-2-0x0-2-(thiophen-2-yl)acetamide (4w): Purification by column
chromatography on silica gel (Ry= 0.29, petroleum ether/ethyl acetate = 8:1) yielded
4w (16.3 mg, 39%) as a light yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 7.78 (d,
J=4.4Hz, 2H), 7.18 (t,J =4.4 Hz, 1H), 3.53 (q,J = 7.2 Hz, 2H), 3.23 (q, J = 7.1 Hz,
2H), 1.27 (t, J = 7.2 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls)
183.7, 165.7, 140.6, 136.1, 135.9, 128.6, 42.4, 39.3, 14.3, 12.7; IR(KBr): 3443, 2978,
2935, 1641, 1409, 1355, 1242, 1145, 1055, 830, 751, 631 cm’'; HRMS (ESI) calcd.
for CoH14sNO,S: [M+H]*: 212.0745, found: 212.0741.

N,N-dibutyl-2-0x0-2-phenylacetamide (4x): Purification by column
chromatography on silica gel (R,= 0.46, petroleum ether/ethyl acetate = 20:1) yielded
4x (29.2 mg, 46%) as a yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.94-7.92
(m, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 3.50 (t, J = 7.6 Hz, 2H),
3.15 (t, J = 7.7 Hz, 2H), 1.71-1.63 (m, 2H), 1.57-1.50 (m, 2H), 1.42 (q, J = 7.5 Hz,
2H), 1.18 (q, J = 7.5 Hz, 2H), 1.00 (t, J = 7.4 Hz, 3H), 0.82 (t, J = 7.3 Hz, 3H); 1°C
NMR (100 MHz, CDCl;) 191.6, 167.1, 134.5, 133.4, 129.6, 128.9, 47.4, 44.0, 30.6,
29.5, 20.2, 19.8, 13.8, 13.5; IR(KBr): 2960, 2932, 2873, 1682, 1643, 1597, 1449,
1378, 1316, 1247, 1210, 944, 724 cm'; HRMS (ESI) calcd. for CsHo4NO,: [M+H]":
262.1807, found: 262.1801.

N/\/\
OK/\

N,N-dibutyl-2-(4-isopropylphenyl)-2-oxoacetamide (4y): Purification by column
chromatography on silica gel (R,= 0.26, petroleum ether/ethyl acetate = 10:1) yielded
4y (26.8 mg, 44%) as a light yellow liquid; "H NMR (400 MHz, CDCl;) ppm: 7.88 (d,
J=8.3 Hz, 2H), 7.37 (d, J = 8.2 Hz, 2H), 3.51 (t,J = 7.6 Hz, 2H), 3.16 (t, J = 7.7 Hz,
2H), 3.04-2.97 (m, 1H), 1.73-1.65 (m, 2H), 1.60-1.53 (m, 2H), 1.44 (q, J = 7.6 Hz,
2H), 1.29 (d, J = 6.9 Hz, 6H), 1.21 (q, J = 7.1 Hz, 2H), 1.02 (t, J = 7.3 Hz, 3H), 0.84
(t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCl3) 191.4, 167.3, 156.3, 131.3, 129.9,
127.1, 47.4, 44.0, 34.5, 30.6, 29.5, 23.6, 20.3, 19.8, 13.9, 13.6; IR(KBr): 3454, 2961,
2932, 2873, 1679, 1642, 1605, 1462, 1250, 1213, 1182, 1057, 944, 780, 713 cm;
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HRMS (ESI) calcd. for Ci9H30NO,: [M+H]": 304.2277, found: 304.2277.

Br o
mNM
o L~

2-(4-bromophenyl)-V, N-diethyl-2-oxoacetamide (4z): Purification by column
chromatography on silica gel (Ry= 0.36, petroleum ether/ethyl acetate = 8:1) yielded
4z (24.9 mg, 43%) as a light yellow liquid; '"H NMR (400 MHz, CDCl;) ppm: 7.81
(dd, J = 6.8, 1.7 Hz, 2H), 7.65 (dd, J = 6.9, 1.7 Hz, 2H), 3.55 (q, J = 7.2 Hz, 2H),
3.23(q,J = 7.1 Hz, 2H), 1.28 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H); 3C NMR
(100 MHz, CDCl;) 190.3, 166.2, 132.4, 132.1, 131.0, 130.0, 42.1, 39.0, 14.2, 12.8;
IR(KBr): 3424, 3062, 2977, 2931, 1678, 1583, 1438, 1340, 1296, 1232, 1214, 1175,
1070, 972, 868 cm™'; HRMS (ESI) calcd. for C;,H;sBrNO,: [M+H]*: 284.0286, found:
284.0280.

N,N-dibutyl-2-0x0-2-(thiophen-2-yl)acetamide (4a’): Purification by column
chromatography on silica gel (Ry= 0.36, petroleum ether/ethyl acetate = 8:1) yielded
4a’ (20.8 mg, 39%) as a yellow liquid; '"H NMR (400 MHz, CDCls) ppm: 7.78-7.76
(m, 2H), 7.17 (dd, J = 4.6, 4.1 Hz, 1H), 3.47 (t, J = 7.6 Hz, 2H), 3.24 (t, J = 7.7 Hz,
2H), 1.68-1.61 (m, 2H), 1.60-1.52 (m, 2H), 1.40 (q, J = 7.5 Hz, 2H), 1.22 (q, J = 7.7
Hz, 2H), 0.98 (t, J = 7.3 Hz, 3H), 0.85 (t, J = 7.3 Hz, 3H); 3C NMR (100 MHz,
CDCly) 183.7, 166.0, 140.7, 136.0, 135.8, 128.5, 47.6, 44.4, 30.8, 29.4, 20.2, 19.8,
13.8, 13.6; IR(KBr): 2960, 2933, 2873, 1643, 1514, 1459, 1410, 1250, 1212, 1145,
1055, 932, 731, 671 cm’!; HRMS (ESI) calcd. for C4H»,NO,S: [M+H]*: 268.1371,
found: 268.1376.

6. Single-crystal X-ray structure of 3d

Figure S1. Single-crystal X-ray Structure of 4-Isopropyl-N, N-dimethylbenzothioamide 3d
The structure of 3d was determined by the X-ray diffraction. Compound 3d was
recrystallized from Dichloromethane/n-Hexane. Further information can be found in
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the CIF file. This crystal was deposited in the Cambridge Crystallographic Data
Centre and assigned as CCDC 1873946.
Table S1 Crystal data and structure refinement for 3d.

Identification code 201809391
Empirical formula CioH7NS
Formula weight 207.32
Temperature/K 293(2)

Crystal system monoclinic
Space group P2,/c

a/A 6.3585(5)

b/A 10.9450(11)

c/A 17.5672(13)

a/° 90

pB/e 92.051(7)

v/° 90

Volume/A3 1221.78(18)

Z 4

Pealcg/cm? 1.127

wmm-! 2.041

F(000) 448.0

Crystal size/mm? 0.17 x 0.1 x 0.06
Radiation CuKa (A =1.54184)
20 range for data collection/®9.522 to 134.052
Index ranges -5<h<7,-13<k<12,-20<1<20
Reflections collected 4465

Independent reflections 2177 [Rine= 0.0282, Ryigma= 0.0369]
Data/restraints/parameters ~ 2177/13/144

Goodness-of-fit on F? 1.039

Final R indexes [[>=26 (I)] R;=0.0566, wR,=0.1577

Final R indexes [all data] R;=0.0760, wR,=0.1751

Largest diff. peak/hole / e A3 0.20/-0.26

Table S2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic
Displacement Parameters (A2x10%) for 201809391. Ugq is defined as 1/3 of of the

trace of the orthogonalised Uytensor.
Atom X y z U(eq)

C1 9542(4) 7170(3) 4814.2(14) 62.6(7)

C2  8769(4) 7985(2) 5421.4(14) 58.8(6)

C3  8768(4) 7617(3) 6174.8(15) 68.4(7)

C4  7945(5)  8340(3) 6728.5(17)  80.9(8)
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C5  7115(5)  9472(3) 6561(2) 87.3(9)

C6  7107(5)  9839(3) 5815(2) 86.6(8)
C7  7893(5)  9114(3) 5248.7(17) 74.8(8)
C8  6303(10) 10181(5) 7257(3) 89.9(15)
C8A 5980(20) 10546(12)  6919(7) 89.9(15)
C9  7010(16)  11527(7) 7225(5) 118(2)
C9A 7660(40) 11045(16)  7438(12) 118(2)
C10 3860(20) 10109(13) 7225(6) 113(3)
CI0A 4490(50)  9940(30) 7479(15) 113(3)
Cll 13052(4)  7097(3) 5456.7(19) 82.1(9)
Cl2 12223(5)  5831(4) 4332(2) 91.4(10)
N1 114733)  6725(2) 4879.2(13) 66.8(6)
S1 7884.2(13)  6843.1(11)  4079.5(4) 98.0(4)

Table S3 Anisotropic Displacement Parameters (A2x10%) for 201809391. The
Anisotropic  displacement  factor  exponent takes the form: -
2n2[h?a*2U;+2hka*b* U, t...].

Atom Up Uz, Usz Uz Uz Up
Cl 56.0(14) 74.5(16) 57.7(13) 3.1(12) 7.9(10) -12.1(12)
C2 474(11) 67.715) 61.5(13) 1.9(11) 3.009) -8.6(11)
C3 743(16) 70.0(16) 61.2(14) 33(12) 48(12) -0.1(13)
C4  96(2) 81(2) 67.1(16) -5.7(15) 16.3(14) -4.2(17)
C5 83.9(19) 82Q2) 97.4(17) -204(15) 17.9(16) -3.3(16)
C6 80.1(19) 67.7(17) 111.8(18) 0.4(16) 1.0(17)  8.7(15)
C7 683(16) 78.6(19) 77.2(17) 14.0(15) -12(13) -4.4(14)
C8 1334) 803) 573)  52)  13)  3303)
C8A 1334) 803) 573) 52  13)  3303)
CO  1527) 88(5)  112(6) -34(4)  -11(4)  3(4)
COA 152(7) 88(5) 112(6) -34(4) -11(4)  3(4)
CI0 141(10) 94(5) 108(8) 3(5)  576)  20(5)
CI0A 141(10) 94(5)  108(8)  3(5)  57(6)  20(5)
Cl1 55.7(14) 1042) 86.2(19) -7.0(17) -1.1(13)  0.6(15)
Cl2 85(2) 902) 101(2) -17.5(19) 22.1(17)  0.3(17)
N1 58.6(12) 74.5(14) 67.9(13) -5.0(11) 89(9)  -3.9(11)
SI 74.6(5) 154.6(10) 643(5) -21.9(5) -383) -12.2(5)

Table S4 Bond Lengths for 201809391.

Atom Atom Length/A Atom Atom  Length/A
Cl C2 1.4884) C5 C8A 1.526(12)
Cl N1 1.3214) Co6 C7 1.380(4)
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Cl1
C2
C2
C3
C4
Cs
Cs

S1

C3
C7
C4
C5
C6
C8

1.676(3)
1.384(4)
1.385(4)
1.372(4)
1.374(5)
1.371(5)
1.553(6)

C8 C9
C8 C10
C8A  C9A
C8A  Cl10A
Cll1 N1
C12 N1

Table S5 Bond Angles for 201809391.
Atom Atom Atom Angle/*

C2
NI
NI
C3
C3
C7
C4
C3
C4
C4
C6
C6

Cl
Cl
C1
C2
C2
C2
C3
C4
C5
C5
(O8]
Cs

S1 117.72(19)
2 119.3(2)
ST 123.02)
Cl 121.5(2)
C7  117.13)
Cl 121.3(2)
2 121.5(3)
C5 121.4(3)
C8  114.7(4)

C8A 142.1(6)
c4  117.2(3)
C8 128.1(4)

C6
C5
C6
C5
c9 C8
c9  C8
C5 CBA
C9A CBA
C9A CBA
Cl NI
Cl NI
Cll1 NI

C5
C6
C7
C8

1.541(11)
1.553(16)
1.48(2)
1.54(3)
1.459(4)
1.463(4)

Atom Atom Atom

C8A
C7
C2

C10
Cs

C10

CI10A
Cs

CI0A

Cl1l1

Cl12

Cl12

Angle/®
100.6(6)
122.1(3)
120.6(3)
107.8(6)
110.1(5)
109.9(7)
103.9(15)
101.4(11)
102.3(18)
124.8(2)
120.9(3)
114.3(2)

Table S6 Torsion Angles for 201809391.
ABCD

c1c2c3
crca2cy
C2CINI1
C2CINI
C2C3C4
c3cz2C7
C3C4C5
C3C4C5
C3C4C5
C4C5Co
C4C5C8
C4C5C8

C4
Cé6
Cll1
Cl12
(O]
C6
Co6
C8
C8A
C7
C9
C10

C4C5CRAC9A
C4C5CRACI10A -37.1(18)

Angle/*

-176.3(3)
177.4(3)
-8.7(4)
174.2(3)
-1.0(5)
1.5(4)
1.2(5)

-178.6(4)
176.0(9)
0.0(5)
136.1(5)
-104.0(6)
68.8(16)

ABCD

G5
C6
Co
C6
C6
C7 C2(C3
C8 C5C6
C8AC5C6
N1 Cl1C2
N1 Cl1C2
S1 C1C2
S1 Cl1C2
S1 CINI1
S1 CINI1

C6C7
C5C8

S18

C2
C9

C5C8 Cl10
C5C8AC9A
C5CR8ACI0A

C4
C7
C7
C3
C7
C3
C7
Cl1
C12

Angle/*

-1.3(5)

-43.6(7)

76.3(7)
-115.9(12)
138.1(13)
-0.4(4)
179.7(4)
-176.8(6)
-56.3(3)
128.0(3)
122.9(2)
-52.9(3)
172.2(2)
-4.9(4)



Table S7 Hydrogen Atom Coordinates (Ax104) and Isotropic Displacement
Parameters (A2x10%) for 201809391.

Atom X y z U(eq)

H3 9337 6861 6309 82
H4 7950 8059 7228 97
H6 6553 10601 5686 104
H7 7834 9386 4747 90
HS8 6856 9805 7729 108
HSA 5156 11084 6593 108
H9A 8518 11564 7224 177
H9B 6520 11955 7661 177
HO9C 6431 11899 6769 177
HY9AA 8234 10401 7754 177
H9AB 7085 11668 7753 177
HO9AC 8760 11389 7143 177
HI0A 3329 10432 6748 170
H10B 3316 10577 7636 170
H10C 3432 9272 7272 170
H10D 3267 9635 7203 170
H10E 4074 10525 7849 170
H10F 5204 9269 7732 170
HI11A 12606 7836 5696 123
H11B 14370 7234 5221 123
HI11C 13219 6464 5833 123
HI12A 11053 5366 4128 137
HI12B 13216 5293 4583 137
H12C 12891 6250 3925 137

Table S8 Atomic Occupancy for 201809391.

Atom  Occupancy Atom  Occupancy Atom  Occupancy
C8 0.677(7) HS8 0.677(7) C8A 0.323(7)
HSA 0.323(7) C9 0.677(7) HOA 0.677(7)
H9B 0.677(7) HOC 0.677(7) C9A 0.323(7)
H9AA 0.323(7) H9AB 0.323(7) HO9AC 0.323(7)
C10 0.677(7) HI0A 0.677(7) H10B 0.677(7)
H10C 0.677(7) C10A 0.323(7) H10D 0.323(7)
HIOE 0.323(7) HIOF 0.323(7)

Crystal structure determination of 3d: Crystal Data for C;;H{;NS (M =207.32

g/mol): monoclinic, space group P2,/c (no. 14), a= 6.3585(5) A, b =10.9450(11) A, ¢
519



=17.5672(13) A, p=92.051(7)°, V=1221.78(18)A3, Z=4, T=293(2) K, n(CuKa) =
2.041 mm', Dcalc = 1.127 g/cm3, 4465 reflections measured (9.522° < 20 <
134.052°), 2177 unique (Rjny = 0.0282, Rggma = 0.0369) which were used i all
calculations. The final R; was 0.0566 (I > 2o(I)) and wR, was 0.1751 (all data).

S20



7. Copies of 'H NMR and *C NMR spectra

o
ol R Bl Rl =l o = s} = b=
BRSO FRIGR DA — o % o sl =]
OF MR =G0 = ) vy 1
SOnCEIICEy AL E0, €0 CAE] 6 O O Y ) = ! =
Lol ot o ol ol i N o il ol i o o — 1

Ws-1 |
IH

CDCI3

201/WZY

9.0 8.5 8.0 7.5 7.0 6.3 6.0 35 5.0 4.5 4.0 3.5 3.0 25 20 L3 N(] 0.5 0.0 ppm

£
"H NMR spectrum of compound 3a
S g &&g EEE 39 %
N/ N/ Voo
e
cnei3 S
212IWEY

T T T T T T T T T T T T T T
2200 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S21



13C NMR spectrum of compound 3a

—3.6106
3.0438
—2.2425
— 1.5673
— 1.2541
~0.0003

W50-1
1H N

CDC13 |
33BIWZY

8.5 8.0 75 0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 L5 1.0 0.5 0.0 ppm

7.
=1k o i o1
== =) = =1
enl= L - o

~ % =358 N=1
o - NS N ——— ol v =
I~ 2 29F¥nS 00 ® -] b1
= o —CZew HER =5 %
[=] =+ N NN ~ =\ ol ol oo
& - m,—_—— ~ == = = -
\
| N N/ \/
W50-1
13C ~
CDCI3 N

358/WZY |

T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 I60 150 140 130 120 1100 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 3b

S22



——3.5962

= —3.1819

2.3488

— 1.6211

— 1,2540
—-0.0003

W61 N
1H

CDC13 |
333/WZY

W JL_,_JIUI N T

T
8.0 15 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm

- -

"H NMR spectrum of compound 3¢

2.045—
2,143 —~

3 Vﬂ?; g: Eﬂ‘m ~a =4
E =E 2o 2ok B3 3
= 38 &4 EES ¥ A
—_—— —— - o
) |
Vool N/ \/
S
W46-1
13C N/
CDCI3

T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 I60 150 140 130 120 1100 100 90 80 70 60 50 40 30 20 10 ppm

I3C NMR spectrum of compound 3¢

S23



DD 000N ol > Rl K —=N--] o0 W
0~ — O\ oo — o) =+ W00 — i oo
i - RSN S ] o ol - D O = —~ v
g e e £ N e cdionts b i
e Wy v o ecicicicia =
N\ | NNV V
W63
1H s
CDCI3
476/WZY
N~
| |
I
1
1
1
il
| I I‘I\
|
' I JL___JLJ& I R S S
) T T T T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3s 3.0 25 2.0 1.5 1.0 05 0.0 Ppm
=ik o1 o« oy =
<= o = = [}
eiled o (] I e |
"H NMR spectrum of compound 3d
= (=) (=] [t Bl
=3 =3 b ol ol ®© oV [ B — ol
& - w3 SRE =a 9 =
= ] & i ¥ S [ ] L]
= =+ =+ acl ~r= g - ) o L)
| [ N2 VoIl
W3
13C '
CDCI3
4T9WZY S
N~
|
i
[
|
1
|
i - o . A VJ s o i
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 3d

S24



E
g
)
0000~ —— -— F
|
9§71 —— -
-
9£88T — - =
COPTEr —_
_ LEET P —
Ca
]
o )
en
L= o PSILOL
S 5 g
q b 2
1219¢ — - — el m
_ 5 6629611
L2 S SEEETEl
— £909°ZC1
o) SrHO'TTI _/
[ €789 |
=+ g 0CTLTTL |
/ m TEHO'STL -\
s 1817671
Z— re o 05T -
1) 026TSTI
[7p] 182€'€z1
o,
[ 17) 6TSL LT
o S106T
oz80'621 )
S > i 061 )/
6 Z 86001 )
ts._mi \
" 9LIE IE]
n.,ué ré lH raoe'ert 4
£997°L e
PO8Y'L La
L88Y'L
9£6t'L \ d
T861'L e [ v 01T
010§'L pEa— R
0zIS'L b —
LILS'L- -
9485'L Fe
€009°L 991T661 —
M
s F&
—_ N
4 _RE
BI0R L

ppm

10

30

40

50

60

70

10 100 9% 80
S25

120

140

150

13C NMR spectrum of compound 3e

FsC
170 160

180

190

200

210

220

W55-1
13C
CDCI3
376/WZY



Vol il =R =Rl nll t B= 00 "0 5] =+ o6
E5TZSFIR0888 2R
FEmeRdaIIEEC s3Is
SRR SR s e 25

2

1

1

1

1

1
—3.6067
—3.1891

wds

IH C I -
cDCi3 N
A4TIWZY |

| ! 1y

T T T T T T T T T T T T T T T T T
8.5 8.0 dpa) 70 6.5 6.0 ) 50 45 4.0 Yol 30 25 20 1.5 1.0 05 0.0

g N

'H NMR spectrum of compound 3f

(=) s 20 Wy \O vy
= - AR&EY ez Iz
o~ oo el i -] o o
= ¥ Foowwe AS i)
g 3 28849 EEE ¢
| AN/ N/ \/
W45 It
13C
CDCI3
462/WZY S
Cl N~

ppm

T T T T T T T T T T

T T T T T T T T T T T T
2200 2100 200 190 180 170 160 IS0 140 130 120 110 100 90 80 70 60 50 40 30 20 10

I3C NMR spectrum of compound 3f

S26

ppm



I AN O O — =+ o b 3 Ll =3 8
st : (2 <t oo el o~ oy =t =1 8
Hrm e m A S 7= s 4 S3
R e P B - - ST
e | | \/
S |
-
Wd7-1 N
1H |
CDCI13
IWZY Cl
I
I
_ _ J
M Ly . :
T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 50 4.5 4.0 35 3.0 2.5 20 1.5 1.0 05 0.0 ppm
S|oe = A
Sl 5
'"H NMR spectrum of compound 3g
< 3 z3g —_— _—
g = 288 R 3¢
Y N/ \/
S
W47-1
-
13C
CDC13 N
35IWZY |
Cl

TR pomm——

T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 I60 150 140 130 120 1100 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 3g

S27



B R EE R 2 E g 3 s
S5¥¥33ISS408AS s = IR s
NN S PRI o o - - T
p— e
| \=" |
S |
WS1-1 Br -
IH N
CDC13 |
30WZY
‘| 1 I !
A A O | |
T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 05 00 ppm
S = = —
S (S I3 I
=l p B3
'"H NMR spectrum of compound 3h
g T pgRBy - o
g Z  AEEES EZY ne
g 4 gasad el e
= —_ —-‘—-‘T--—- &~~~ $¢
]
W51-1
13C Br
CDC13 N/
359/WZY |
‘l
|
|
|
|
|
I
wnnl«‘mmv Y v
T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 3h

S28



RN R R B =R — R -RX-) =

AC—ornaono T m®a =

SoAERDES AR w =~ 50

s E e e g B el e s

L e e e e el ol e
HN \%,4 ‘
o 2

—3.1700

1.6034

0.0002

1.2575
1.2548

W52
1H S
CDCI3
367T/WZY
-
’Tj
Br
I |
[ |
,JL‘_‘_,J l_,l\_,‘4;I
L L
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 15 7.0 6.5 6.0 3.5 5.0 4.5 4.0 35 3.0 25 20 Ly 1.0 0.5 0.0 ppm
il lei el o)
'"H NMR spectrum of compound 3i
oe =] [ -
g 2 HEEZ TeR 25
% T bBEr 2EE s
2 g =& 9§ P i
= — —_—— ~~r~ =+
] N \/
{
W52
13C S !
CDCi3 |
JISIWZY _ |
'Tl ‘
Br
|
|
|
.. o v i nanie aand
T T T T T T T T T T T T H T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 40 30 20 10 ppm

13C NMR spectrum of compound 3i

S29



o
W 00 00 = 00 TF [~ O <f 00 \O — 00 = =l =1
ST — ol — 0000 — o wy
SN cnnt IS5 a w n
M=o gaad R ] nooo 3
L e e i = =R =R} o i i ]

35115
TT—3.3730

jﬁ
:
{
=

CDCI3 S N—

448/WZY

T T T T T T T T T T T T T T T T T T
8.5 8.0 75 70 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0 ppm

1

T.000°=

'"H NMR spectrum of compound 3j

> = g859 Tecg I ~
g g 3l 388 E
2 g ass EES 3 &
|V %
W49-1
13C
CDCI3
463/(WZY ms
s N—
/

T T T T T T T T T T T T T T T T T T T T T T
2200 2100 200 190 180 170 160 IS0 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

I3C NMR spectrum of compound 3j

S30



SNSTZOIZLREZ - Sean - "
£8a588828828 i 2085 S
r;-:rir‘-'r-rfr-'r-';«‘jxoc v ﬂ"nrr"‘r'- - —

N AN N | N .

W54-1

1H

CDCI3 \ S

ATUWZY ,

O N—
[
I
I
)i |
JL_,;U A i S RIS RENTEI (S
T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 50 4.5 4.0 35 30 25 20 1.5 1.0 0.5 0.0 ppm
w2 b <l crleni
"H NMR spectrum of compound 3k
& 2 Z 2 3 oo =
1= =3 =] a o= G2z =
= = = ~ 3 =23 )
& ol o ~ - NSO - -
S m o =§ = NSNS B
\ ;
| || N %

W54-1

13C S

CDCI3

4TIWZY m

O N—
|
I
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 3k

S31



1291°1
0081°L
8L61°1
ersTl _

™ -

9LLT T —

OP6E T~
8I1F1
S6TF'1 \

T88C'T

$7887
LO68T /.
O0LI6T —=
re6T—7
91€6T
E19P°¢ -
T61E
oLerE—7
orISE

8FTIY
STHIp-
£091°t \ /

08L1'%

7891°L

OFLIL N

S681°L

0861°L — ~
SEIT'L \
wITL

LY8TL

Wo6d-4
1H
CDCI3
532IWZY

L

ppm

6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

6.5

0

~

IINOQ
e len)

r’ﬁ
%
b

—/911°C

7.5

80

™N000T

'"H NMR spectrum of compound 31

IZIe I —
FRIGEl —

9E88'ET —
8668°¢E ——

0001°9F —_
oseL'Ly —

TR0l
- \
orELL

1680°STT —
968£ 91 —

96EF IFl ——

0ZE8 8] ——

TEBL'OOT —

Wod-4
13C
CDCI3
545/WZY

ppm

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

200

13C NMR spectrum of compound 31

S32



0.0 ppm

68T 11 — -
9€98°¢l — =

0.5

1.0

191°1
06L1°1 /
961 - =
L98E'T ~_
SPOP L —7

wls - B | f SRIT9F —
1681 9016'LE— =
[ =
o
Lo ey
d
€614°9L
£9E0°LL V
Ficy PPSELL
o=
STEr'E
£06tE L N

en
e
o]
Qo
(o8
80K°€ \ - e - LT nmu
198F°€ [>)
(A
Iy = o
o_N_.w// - = \4.|So.m
L6SIE—7 - —200 g
sery / m 1181°€zl
L7 ™~ .
zZ - o 0S€T°ST1 —= /
m SLYIBTL — Z N
[7p] PEIL°6T1
L2 ©n sscepel — O
> 0L02°SPT —
- ” N
. . )
=
O
&
LTarL
ozTI'L
€LENL =
ErFIL- =) = 2001
TRP1L - ) 0001
mwmwm\ - J ., et 12L1°861 ——
LE6T'L =
990€°L
L=
= el
ww A
3] . ,0
W T m = Mo = 2 Shs

ppm

S33

13C NMR spectrum of compound 3m




L e
g
(=Y
L=
=
1SPT 1 — _
[ a £006°E1 — -
=1
LoL1°1
S88I°l W s
£902°1 M S
SPLT T — - = - =961t
9LET —7 - = 5 o=
=l — I
$668°1 o o &
o o 4
-
I
=
- en
P e =] LEOL9L
=i m 86T0°LL W
SETSE—F - — FR 0T © L
EIPSE Y
660 - g
OLITE - _ . Yoo 8
LFELE =EE &
PESIy o — LFIET01
< © £E65°901 ~—_
£ 9011°801 —
o
Us]
z T88LRIT —— A
<+~
Q |\
c 2 z
9066°S _ @ 1)
w::.eM 3 — & 60T o THOL'LEL
0eL9- =
Erel9 ULyl
£0pL9- Fe Z. 18057171
EPPLO B /P60
0LLLY - / S _ =000T
PESL N. Z w L2 lH
SI8LO
996L'0 \\ 2 - 3 O/\O
9r8T'L La
LS
<
L wn
O/\O *
0SS8°661 ——
L=
=
"
L&
el Pl
6 —— N - N
rLERG = mw W a4 m W
2 = oL ad
=88 2203

ppm

S34

13C NMR spectrum of compound 3n




—

91071
9LTL1
9LEL']
CEPLl
corLl
LySLT
YLl
869L°1
TTeLl
998L°1

|

N
NN

o

W59-2
1H
CDC13
481/WZY

6.0 55 5.0 4.5 4.0 35 3.0 2.5 20 1.5 1O 0.5 00 =05 -10 ppm

6.5

70

75

8.0

85

9.0

'"H NMR spectrum of compound 30

FOSFEL ~_
€888°El —
BLOL'6T —_
£660°07
6L01'87 —
01€8°08 —

TO0 18 ——
9OLT'ES —

TEOL9L
zee0'LL v
OPELL

96LI'STI ~_
POS6'LEL —
967821~

0LLO'EP] —

69147000 —

S0 54

W59-2
13C
CDCI3
S505/WZY

10 ppm

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

210

13C NMR spectrum of compound 30

S35



w0000-——

LSST T ——

COsLT ——

0r96'T —
siTre—

6hLTL
Te6h LA
£L6Y L+
1TIC LA
81£67LA|
1£29°L /
1979°L
629L
80v9'L
LPPoL
06+9'L
1099°L
2699'L
7999'L
SE6'L
93€6°L \

CEr6'L
£966°L
68S6°L

ppm

1.0 0.5 0.0

1.5

~
ol
el

ik

1=
leri

4.0

45

50

6.0

6.5

7.0

T20-3
CDC13
170/WZY

'"H NMR spectrum of compound 4a

SC66'EE ——
PPO'LE—

LSEL9E
8ESU°LL W

TILE'LL

€L00°6TL

0059621 >
8680°€C1 —
PO0LPEL =

SO0 L91 —

868L°161

20 10 ppm

30

50

60

13C NMR spectrum of compound 4a

70

110 100 90 80

120

2100 2000 190 18O 170 160 150 140 130

220

T20-3
CDCI3
1T2/WZY

S36



0000~ —

89T —

LTI —

LTHO'T

EF997 —

9LL6T— -~
FOLIE —

10LTL
6767°L

TIEL
10£€°L
886t'L -\
8197'L /
9081 L\
£961L
£667'L
E8LY'L
9089°L
2089°L

/
ﬁ%i
FI10LL

055
IH

CDCI3

o el )

|

405/WZY

00 ppm

05

55 50 45 4.0 35 3.0 2.5 20 15 1.0

6.0

15 7.0

8.0

85

9.0

'"H NMR spectrum of compound 4b

9IEL’IE—

62807 ——
S0S0°LE —

8TTL9L
01P0°LL v
€8CELL

TH919T1 s
0TLSTET
LS TE
60£9°Z€1 W
0SSO'EEI
P

£818°L91 —

£orL'eel —

055

13C
CDCI3
412IWZY

ppm

10

30

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
13C NMR spectrum of compound 4b

0

S37



_—7.8478
T~—7.8273
73162

S
%,

ol ! -} v =
-R=] o= vl sl Tel
&= - « - vy
o] ol b Lo il
~ = oo ol — -

—0.0003

(0]
051
1H
CDCl13 N -~
382UWZY
o |
|
‘\
| | g
|
4.1 ‘ 1 JJ\_‘_._AJ;_;_/\—JQ‘_“—I;
T T T T T T T T T T T T T T T T
8.3 8.0 TN 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2y 2.0 1.5 1.0 0.5 0.0 ppm
‘
S = (== o
i ol lerillert o
"H NMR spectrum of compound 4¢
(=] L} o~ =X K]
-+ [oa] o —_—g =+ =~ o0 L= = ~
E g L 22E 52 %
5 = 233 s Se =
2 = £ 283 ¥ 5% =
| |
‘ \V ‘[
|
(0]
051 [l
13C
CDC13 -
BAWZY N
o |
I
I I
| X ¢
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 4¢

S38



<0000~ —

16621 —

1£69'1 —

£886'T —
TLITE——

7998t —

SELI'LA
LSLILA|
86L1°L
0z81°L
s

HOEY'L
19L¥°L
L8LY'L
BLBYL
126¥'L
996%°L

058
IH

CDCI3

408/WZY

45 40 35 3.0 25 20 15 1.0 05 00  ppm

50

5.5

6.0

6.5

70

8.0

"H NMR spectrum of compound 4d

82007 ——
TES0LE—

0EPS'Ss —

STILOL
0802, =

08vELL A

€182 — —>_

EI9 1Tl —_
SLIBTTI — O

£150°0E1 — o

or el ——

LOTT091 —
/

£910°L91 —

£9L9°161 —

058

13C
CDCI3
415/WZY

ppm

10

160 150 140 130 120 110 100 90 80 70 60 50 40 30
13C NMR spectrum of compound 4d

170

S39



40 30 20 10 ppm

30

60

70

80

90

S40

120

130

LE
&
0000~ —— -1 re 3
1
: i
re
SLLY6T — —
86.80—— -4 - 9P96'€E —— B —
I = 0980°LE —— -
95T — - lLJ E
SERLT—— = L L829'SS —— = m
L=
5
)
-
TR omes
=3 i o 3
) . ° 989E°LL
€986 T — = = b = S8l
€901 — = S e0le m
=}
L0y (&)
) 5
CRYRE—— = |\m o L6I't m
\ & \
—>__ m BITEFIT— Z— .
v Q O
(@) [ = [P}
m.. 8161971 — e} - m
© L2 oY reorTeEl — = .M
3 o
=
O/ HE \
LOPRH9T —— =
[ PEBELIT — =
L=
PEY6'9 ~_ _ = -
95869 — & L S 80t
EB— B 187061 — -
"
=
6206'L
- . / 2 =
€L06°L — E — = 000
16l & = 8
Sz 22 ek -
E=0F EC0T

140

200 190 180 170 160 150
I3C NMR spectrum of compound 4e

210




_—17.8809
T-17.8602

7.3673
7.3467

S
72743

— O
T =D 0 = = oo
—_——h GO W N -~ o oL
S8 A a8
Lelaa R s No WMo Ko N o] bt ool el

-0.0002

13C NMR spectrum of compound 4f

S41

064 O L |
1H ;
CDCI3
4B4WZY N/
|
[ |
1
[
| SR I W ‘
_ J J 1
T T T T T T T T T T T T T T T T T T 1
85 8.0 TS 7.0 6.5 6.0 525: 50 45 4.0 35 3.0 25 20 1.5 1.0 05 0.0 -0.5 ppm
|
| )m — —‘ o]
=] 1S =I5 &
ol e~ onl<t| b=l
"H NMR spectrum of compound 4f
< o« ] o= O
= S 2 S5d 388 gaT: 8
7 8 2 Ko Faa 585 1§
> S A 288 ~e g g
- - — —_—— ~ = e oh e o
. il I/ Ao
|
|
064 |
13C
CDCI3 o
507/WZY
N/
I
|
I
R et e A P
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



BEEroIoeRs x 53 2 3 g
ARIEIINZE = sz z 4 =
[ N RNV © e i —_ — T
] ‘ '
~gV | || | |
o) o N
063 < _
IH
CDC3 o) N
483/WZY |
(0]
!
|
[}
1 | .
wd (" i UIL 5 ok L - A_/\__J ,/L_ . l
T T T T T T T T T T T T T T T T
8.0 715 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm
I o
IS g g B
] - i criller
'"H NMR spectrum of compound 4g
2 3 2E 5o S 2 S s
S i s 9 &e 532 GEA 5d
g g R S8 zEd e~ A P
g g 5% 55 Ez: e S
| | | \V V| NV |
O
0 < i
cDCi3 P
S06/WZY 0 N
o |
I
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 4g

S42



‘
ppm

20000~ —— = =

0.0

SOLE0— =
6PSTT — - L S6ELPE — =
1 6880°LE — i

£969°T — -

10O

AR, SR
T
20 1.5

PILET— - — <

=
Cﬁ
3
e

S0CL9L
PRE0LL D =

J

T
3.
T

ppm

10

30

40

60

70

sere— -

)
IS
oty

09SE°LL o

3.5

4.0

9T €T —_
L68TBEL ~_ O
9LIS 0T —_ O =

120 110 100 90 80
S43

130

C06ETEN V\
1006 ¥£1 =
wisLer "

6.0

EELTL
1925°L
8S65°L J, &
PSIPL /_,

LISLLA

zvsrL|
Eﬁ,T/,,
06sLL - — P
LILLL = &
IHLLL
POLLL — -
68LLL ﬂj

LPOS'L- NI

18082
80L8°L
TH8%L
9L88'L g‘
2068 L |
£180°8
9580°8

006081

6.5

~

'"H NMR spectrum of compound 4h
N
I

Br
7.0
Br

0602991 —

I

|
=
o

y |

:

A
s

6580°061 —

9.0

056

1H
CDCI3
406/WZY

T
9.5

056

13C
CDCI3
413IWZY

140
13C NMR spectrum of compound 4h

R -
2000 200 190 180 170 160 150

0




—3.1168
—2.9637

— 1.6998

—i D531

—-0.0002

057
IH Br
CDCI3 O
A0T/WZY
-
T
I
|
I
4 U - |
T T T T T T T T T T T T T T T T
8.5 8.0 15 70 6.5 6.0 5:5 50 45 40 3.5 3.0 25 20 15 1.0 0.5 ppm
|
CIUC\ =1
’g‘ 8 £
cilled eriledt
"H NMR spectrum of compound 4i
ad a o~ <t o
2 3 EER gE
=] "] i e
g £ EER =3
‘
N ¥
|
057 Br [
13C O
CDCI3
414/WZY -
I
|
I
i
| |
T T T T T T T T T T T T T T LA T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 50 40 30 10 ppm

13C NMR spectrum of compound 4i

s44



£
=
=
0000~ —— - =
gl
S6L80— - o 8LTIPE— =
= 9600°LE —— -
PESTT— -
|
€91LT— = L
| -
e
o
<
-
Fa 1m 062L 9L~
5 lm—-
STL6T p < me © R
— - L=
t9T1'E — = 2 “ Toge m..
[ o
o0 o
S
FS
\ g \
z— - 2 z—
o o O oL o
O  98sr6Tl % _
') - Q. 0sre0El —= e)
[w N z509'pEl —
oY, Lreorel \
- L8SESE
- W
s m
(@] (@]
- L197°991
[ e
YL L
SovrL -
209%°L 2// e
86Lr'L \
LO0Y'L 9261061 —
0£09°L :
9079°L -
0£2T9°L -
TETYL \
STrRL
LiTeL)
61€6'L e
09562 % % %
el ag
CW _ SURS
Zz8g S EZO%

ppm

10

160 150 140 130 120 110 100 90 80 70 60 50 40 30
I3C NMR spectrum of compound 4j
545

170




ppm

10

30

40

60

70

£
[=x
o=
iy
e
1
£000°0- —— -4 Le
Lw
(=]
896075 —
66P0°LE —
[e
T — -
Lw
PoILT — -
1 kg &
- =) £12L9L~
ra = WL —> =
w 995€°LL
65967 — = L= &,
W — = — “ 6L0°E m
- o
L S
] G
L= o
\ N g
z— e =
< o)
O S eweren o
D 9
/
L= Q. 8600 1€l —=
O 3 T
e DMA SLTE 1Pl —
Url
| o Z
=]
| =
© Fe 881991 O
€SLTL ®)
pILPL) _
TLLLA) s
8I8t'L
6€6HL =y
L86H'L — F 2 =Tt
PPOS'L £60£°061 —
0288~ o
i
LLSS'L L o ot
ST68'L )
cr06°L )
£606°L %\ Lo
0S16°L
4 Lo
b (-2
gz
nmA%
S—=0e L

052

10100 90 80
S46

120

130

210 200 190 180 170 160 150 140
13C NMR spectrum of compound 4k

T
220

385IWZY

13C
CDCI3



O on
£3ead
[=E=1-3-3
£ e h O O,
o6 o6 = =~ 1~

79793
7.9741
7.2787
7.2081
7.2031
7.1867
7.1700

L7.1651

- —3.1198
——2.9717

— 1.7567

—1.2562

-0.0002

O
053
1H
CDCI3 N -
403/WZY |
|I |
l S
J W ,J\, e
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 15 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
[=] (=] [=1la)
el I erilen
'"H NMR spectrum of compound 41
% o3 2523 23 s -
z BG83 7333 ga S2R 22
o =g Nele SO oty =<
S ees asad = EES 53
- ‘
\l/ NPV N/ |
|
F I
053
13C O
CDCI3
410/WZY -
’T
|
I
|
‘ .
‘ ‘]‘ '
" i “ H BT Lﬂ. s ‘JM o sty oy
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 41

S47



£
=N
20000~ — _ L
re
! e
| T3
T = 6L0T HE — -
| Feo PS90°LE —— -
T p— -
- L=
=
L =
<
{ el 8POL'9L
6L667— - 2 Le e g m_S”RW
osHIE— - ) et W 10VE"LL
ER 1
o) 16957611
o [>) 96L0'721 -
= G4 £68L11 | \
= © $397°9Z1 |
\ 180€°9T1 // Z—
zZ— m YSHE9T1 y,,
-4 m mﬁ:.cﬂé O
= 166t°LT1
© Q 8L9°6T1 / )
O . Q P688°0€ 1 N
[w m.. LFT6'0E1 -
1096051
o 56601 /)
[n M 8LETIE]
o 995" 1€ \\_
Z. z468'1€1
= C8TTTEL hwo
(@) F3 an 08v671 o
oy — 196L°¢€1
L 110991 —
ra
)
2
6TLTL— 9288681 -
69F9'L -
999'L e
6989, = o — SP0'T
9988'L B -
1006 T s 0zo?
TEE18 —— _ J — T
s . = ] ;
90€T8 g - -
brotas] WW [ mcm W
E=0F EC0 T

ppm

180 170 160 150 140 130 120 110 100 ‘50 80 0 60 5‘0 40 30 20 IIO
13C NMR spectrum of compound 4m
548

190




7.7197
7.7175
7.3797
-7.3707
6.6185
6.6145
6.6095

T~172776

<

6.6055

_—3.0877

T TT—3.0403
1.7225
_—1.2999
T—-1.2558
0.8802

—=0.0002

/9
059
~
IH
CDCI3 O 'Tl
416/WZY
(@]
I
| |
; i
I I 1 I
N A ]
T T T T T T T T T T T T T T T T T T
§5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00  ppm
L
§} 2 ‘s| S
= — ] eriles
'"H NMR spectrum of compound 4n
wy o o wy =
3 o 2a 2 2 mea £
= = as ] ne = s
o8 w =] ol (o] 5 d . : 2
= < a 8 = EEe =3
I Y . N/ bt
(@]
050 72 \
Eocis ~
449/WZY @) N
o |
|
| |
|
| | I
e ’ J = bt B W - :
T T T T T T T T T T LM T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of compound 4n

S49



0000~ —

PEETT —

9ISL'T —

0EF0°E —_
8001°€—

TWLUL

1281°L
#Es%
IH61°L -

LLLTL—
S98LL
068L'L
(86L°L
ZI08'L—
HOIS'L
6T18'L
00z8'L
FITs'L

D

_

054

1H
CDCI3
404/WZY

1.0 0.5 ppm

L5

4.0 3.5 30 25

4.5

5.5

6.0

6.5

8.0

8.5

"H NMR spectrum of compound 40

£Tor vt —
8IPELE—

S0EL9L
oRH0LL =

099¢°LL A

2909°871 — Z—

89€1°9€1 ®)
PO6E 9Ll

£9PE 0P — (@)

LOLR'S91 ——

100§'€81 ——

054

13C
CDCI3
411/WZY

ppm

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

0

13C NMR spectrum of compound 40

S50



0.5

1.0

=S8t°¢ 0L088¢ —
6011TF —

1.5

E

E

| SN

0000~ —— - F2
IPE8°T1 ~_
LU —

e - TTE
J

Lo
o~
=¥
L 4
el hel
= )
- 5 OLILOL~,
folek Lo 6FE0LL
SLETE - Qo T
€657~ - _ 0T Q.
0ELTE— —Be =
PIPSE ~_ B _ Le _— o
€655E 7 = — - It S
€LICE o
965°¢ Lo o
-
Lo m
/ %
Z Lo o g
b 17 £656'8E1
(@] o 881061 =
9262651 —
(@] | . M 00SSHET
s s
=
L. n
YOLTL 2
L83V SOFE 991 —
vTobL / -
PLOSL re
1LTS'L-
6E19°L / ]
0LI9L T
00T9L— =100 L
95£9°L ———
:wﬁ& [ o =007 L
1759'L~ =
699'L
8T6'L -
91£6'L ) [o
£6v6'L

066

1H
CDCI3
421/WZY

ppm

60 50 40 30 20 10

70

100 90 80

I.IO
s51

150 140 130

13C NMR spectrum of compound 4p

160

200 190 180 170

210

13C

CDCI3

066
454/WZY



£
g
i="
200070~ — = PLESTL ~—_
PLOUPL—
Lo 868817 —
=]
8871l
Y
ezl - = T <Eere LPELSE—
Jeci=2 - - £6TE B —
19971 = = =999°€ 8880°CF
4871 Lo
020¢'1 o
B159'L A w _
[ i
=2
STErT— - e e
! e WL~
L80T€ m WL —>
$9TTE / 2 3 SOPELL-
TWPE e~ . B L
0797 — J 60T m-,
Ll -
m_mw..w.\/ - —————— = 080T O
PorsE .\ -~z &
£L96°E \ 2
£686°€ Lo =
A s m
La m
|\ 5
< | = O SILOGTI
a o, SOPL6TI —
O 17) 6088°0¢1
O L &
M LESL°SP] —
LS Z
) =
= 9+6991 ——
FE
659T'L
%mﬁw —— “EH0T
80I€'L g L
€08 L ~__ - r— TI98°161 —
0F8'L - ———————— - IIE
*<
L
o0
& )
] =
=t
E=Cn

ppm

10

60 50 40 30

70

10100 90 80
S52

120

130

210 200 190 180 170 160 150 140
13C NMR spectrum of compound 4q

220

075

13C
CDCI3
536/WZY



re
g
=
“
LS
1
£RPRT1 ~—_
0000~ —— - S 08T+ —
798977 ——
7
00880 = LE6Y'6T —
LICTT /
N s - T
1//! = = g % - e
sesTl— B " =— uvww,ﬁ LETT'TF
629T1 \m L, eLe
6087 17/ N
88621 = 2029'65 ——
99.9'1
=}
Fe (-
<
S ee0LoL
ra g o Rd
=] T
9ITE 2 oweu
LY = B
T _ e
869CE — - mT 5
PITSE~_ - - _
ErPSE —7 - = o T P60T rnlu.
Te9sE 5
085°€ - S - T
Emﬁ.\ F= m I
Tl —— /
2 pd
/ vy N
A N m.w 868€'921 o
il g} -
pd
o 2 piooze— o -
O - ~
©) s S
-
Z
e lH O
LTILPIT — \ .
956’9 Lo $SL0°L91 —
21969\ o
L5960 \
L8169 — —— [ 2 00T
E86'9
10669 -
sz b PLSE 061 —— _
7688'L 2
8S68'L
S006'L — _ ) o T
ZEl6'L =
0816'L \
b6 ;
[ oo
<] >
N
1,82 - 1,82
o oc
Ez=6z = 52887

ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
13C NMR spectrum of compound 4r
553

0




2000 0-—

60711
98e1'l
£9L1°1
LT9T'1

$89TT — -
008T'1

9987'1

SHOE'T \

8LS9'L

9SETE—=
ﬁmmm,m\
1Lze

Trese
1766°€
00LS°€

ohmw,mg\_

€992 L~
0THEL—
gegeL "

8T8 L~ _
€Ly L~

077
1H
Ci

13

498/WZY

0.5

1.5 1.0

2.0

25

35

4.5

5.0

5.5

6.0

6.5

g

j

=
o
i

||

T}
]
oi

|

"H NMR spectrum of compound 4s

96E8°TT —
WP —
0898°€CT —
186967 ——
PLSY PE —
0EEL'8E —
IS —

950L°9L
900 LL >

soreel "

STITLEl —_
6406671 ——
EEGITET -

TE0F981 —

8EB6'99T ——

BLEET IOl —

077

13C
CDCI3
S10WZY

90

120

140

T
180

190

ppm

10

80

100

110

130

160 150

170

210 2

220

I3C NMR spectrum of compound 4s

S54



E
&
=N
i
rs
00€8'T1 —
0000~ — = e TS8Pl —
"
rs
€1P1°T
“Ww: / L= TLS6'8E —
_ = T —TETT 06¥1'Th ——
0S5 W = F—— = B
6£9T'1 .
818T'1 [
86671~
Lo -
117 -
o .
e B om
2 TIVELL
001TE o,
% (=]
Emm.w/ Le
Sy - —I80% m
woTE—" 5
90ESE ~_ _ Lo e
S8YSE 7 - - Y 5
Eﬁ.mx
PERSE Ls m
Zz— =
[ n Q
(@) - 9]
&
o 2 e 0SSE°ZE
s Z
vy
Lo -
e =1
m CS81'991 —
Lwn
o
o
€L9T'L = N
OFt9'L - srreoel—
9LPY'L | o
Eccs% B
6V99'L — - = = —000¢
£56L°L— - = [w 60T
L66L L % L2
STIsL
L918°L s
32 LW
o2 B
Ezad
c—Us

ppm

60 50 40 30 20 10

70

120 110 100 90 80
S55

130

150 140

I3C NMR spectrum of compound 4t

Br
X 190 180 170 160

210

456/WZY
220

069
13C
CDCI3




0000-—

worrl
SE;/
LI81T—\

06971 —#
0L8T'1 \
6r0E'T

L7991 "

L6ITE
FLETE
TeeTe
6TLTE—
SPECE~—_

$TSSE 7
POLS'E
£886°¢

1091°L
SISIL—
620C'L
o%E\
#096'L
596'L
6EL6'L -
€T86'L -
6066'L
8566'L

070
1H

CDCI3

e

425/WZY

§

v

]

4.0 35 30 25 20 15 1.0 05 0.0 -0.5 ppm

45

5.0

= BSTE
=JFee

'"H NMR spectrum of compound 4u

8LTRT] — =

£9CT vl —

651688 — -

99T Th —

LEOL'9L
%S.RW
06EE"LL

T68E91

I 18°6T1
PIP8°6T1 o

BELETET w. (@) -

9ILFTEL

660£°S91 L
190F991
9098°L91 =

1098°681

070

13C
CDCI3
45TIWZY

_moﬂ.o:_ g A / :

ppm

210 2 190 180 170 1e0 150 140 130 120 110 100 90 80 70 60 50 40 30 20 IIO

220

13C NMR spectrum of compound 4u

S56



ppm

20000~ — = re
[ 09L9°TT ~—_ -
b i YSYTPL — -

re

w L=

eIt
£061°1 /
18021 -\ - s e———= AT
vSETT —7F = [ TN\OFE 118768 —
Jecl [ T — -
£1LT1 L=
65991 — STy |
L=
=
[ e AV_.
[ o~
, =] BLOLOL~,
o - m 092014 —>
S015°€ [el o e
et e I —anz =2
£9pEE —= - — ) [, UE g
et T
= ) [P g
01£5E I rw
0675 = )
=t
E ez — -
%
v m 6L10°TT1 —
/ 3 -/
Z Le Q, Z
= 2 o
) . o o
4
o , = CEPERPL —_ =
I Z eustosi — _—
pum— e
o re an e
N [ -
196579 P £T8T°691 ——
£009°9 - J e —57
E:EW _— S0
6099 I
E o LT9L8LL —
e
ETLTL [
_:.NE.W - | =G0l
LTEEL L
SLOL'L- —— I o
660LL— b 000
re
I wy
> [ 2
iy [ EM
ZE t ~ul
— B =203
SRt L E20R

ppm

S57

13C NMR spectrum of compound 4v




w0000-——

CE9SE \

9991°L
SLLI'L Wn
¥881°L

wort

§TULLL~
€E8LL—

0.0 ppm

0.5

1.0

20

25

30

|

=)
g

i

35
=3
=
=

i

6.0 5.5 5.0 45 4.0

"H NMR spectrum of compound 4w

6.5

7.0

15

8.0

8.5

079
CDCI3
499/WZY

IH

ELT] —
CILT YL —

SLLT6E —
0E6E'Tr —

P60L 9L
£LE0'LL W
0SPE'LL

PECSRET —

9Z68°SET ~_
6660951 —
SS8S 0P ——

LSRYCYl ——

S899°ER] ——

(s |
o 5
o

pu—

P

079

13C
CDCI3
511/IWZY

ppm

180 170 160 150 140 130 120 100 90 80 70 60 50 40 30 20 10
13C NMR spectrum of compound 4w
558

190

2

210

220




E
g
=
=
= TIPS'El ~
S8¥8°El — s
L FFOL6] — o
T 68707~
11§62
e ] 2696 W s
= 80€9°0¢
A
re 14207 —
s - - - —berE veer'ly — =
= e L2 iere
- ~list
oo,
- I J
—~38e1T
L= =] 8S0L9L~
= = 1€20°LL >
= GOPE'LL -
- o
F
fe o
0ot ©
G
= Ln To0e m
L=
N m
- O WIS~
it o,  rs96Tl —= - =
pa @ Gleeee— _
6140 el
@) s an
© . Z
[ v
[ S - N
=]
oo — O
Fa (@)
8697'L
wa:/
céms/
9ETS'L €886 161 —
STI9L W
€1€9'L
wo%s\
8TT6'L
1926'L
OvP6'L
el el
o HM
i MW ~URS
2LoN L2008

ppm

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
13C NMR spectrum of compound 4x
559

0




SP8T'L
00967 —>

0998 ~__
8988°L

5T5IWZY

078
IH
CDCI3

-1.5 =20 ppm

-1.0

1.0 05 00 =05

L5

20
o2~
<fcnien
erledled

25

3.0

50 45 40 35

5.5

85 80 75 70 65 60

9.0

L=
BIES
e ery|en|

:

2
'"H NMR spectrum of compound 4y

)

=
=
ol

|

b
=]
il

8€06°¢1
0081
18LL°61

SLST0T =
L69SET —
65767

£669'6T W
w907
ogstre

Pes6Er ——
ELPY L —

PO6IOL -~

9E10°LL
w_mm.hh\

TELOLTT —_
FrL86C] —
oPOETEN —

£88T°0¢1

€60€°L91 —

€0LET61

078

13C
CDCI3
STOWZY

10 ppm

20

130 120 110 100 90 80

140

200 200 190 180 170 160

220

13C NMR spectrum of compound 4y

S60



£000°0~

58.;
S9T80 |
8rP8°0+|
TIL6'0 4
9686°0
640071 +
PEPIT

8€91°1
mmw_A_/
10Tt
ma_m.H‘/
98€T'1
FAS YA i)

61951
108€1 /
9861
OLIY 1 —7
oLt 1 V7
81671

sy
662¢ 1)
96+<1 -

£89C°T
LLIOT
1LE9°1
£619°1 -
65971
LOLY]
9SL9°1

1

8E60°T -
wile
LEPIE
6291°E
m\

6991°¢
198¢°¢
1€08°¢

Br

969TL ——
TIPY'L
ES.@V

BO8LL—=
:;.n\

071

IH

CDCI3

486/WZY

-1.0 ppm

0.5

0.0

0.5

v
o

6.5 6.0 5.5 50 4.5 4.0

7.0

7.3

8.0

j

=)
1
ori

cﬁ
by
=

|

~
o
o1
i

=2

1
&
e

(=1
&
&
el

0
Il
s
i

"H NMR spectrum of compound 4z

EISEEN
LIERET—
L89L°61 ~—_
i el
G0EV 6T —_
1€89°0€ —

0St1 v —
00FF Lk ——

PETLOL
G00LL >

osreil

SEE6'6CI
F100°1€1 Vl
Te61TEL
LYTE'TE]

L80S™99] —

£5TE°061 —

Br

071

13C
CDCI3
509 WZY

ppm

90 80 70 60 50 40 300 20 10

100

210 2 190 180 170 160 150 140 130 120

220

13C NMR spectrum of compound 4z

S61



<000°0-

8L09°1
STTY’l
TLT9'l

£88F'E

9691°L
65L1°L
[
ve81°L
sl
PI9LL
TE9LL
PLOLL

LOLL'L
VeLLL

080

1H
CDCI3
500/WZY

'"H NMR spectrum of compound 4a’

LO8SET
PoREEl
TO8L'61
826107

TI6E 6T —_
LTLL0E—

60T P —
€E00° Ly —

OLILOL
SPE0LL > —

Lasei

9576'El ——
0851581
wsssEl— O
1989°0F1 —

96£0'991 ——

TS9O ERl ——

080

13C
CDCI3
S12/IWZY

ppm

90 80 70 60 50 40 300 20 10

100

210 2 190 180 170 160 150 140 130 120

220

13C NMR spectrum of compound 4a’

S62



