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1. General Information

Starting materials 1 was synthesized according to the previous literature.!
Fe(NO;)3-9H,0 (a purity of 98.5%) and HNOj; (65~68%) are available from Sinopharm
Chemical Reagent Co. Other reagents (chemicals) were purchased from commercial
sources (J&K, Sigma Aldrich, Alfa Aesar, etc.), and used without further purification.
Solvents were dried and distilled prior to use. 'H NMR spectra were recorded in
deuterated solvents on a Bruker 400 (400 MHz) spectrometer and calibrated to the
residual solvent peak or tetramethylsilane (6 = 0 ppm). Splitting patterns are designated
as singlet (s), doublet (d), triplet (t), broad (br), multiplet (m). J-values are in Hz. High-
resolution mass spectra (HRMS) data were obtained by using EI or ESI ionization. All
reactions were monitored by TLC with Huanghai GF254 silica gel coated plates. Flash
column chromatography was carried out using 200-300 mesh silica gel at increased
pressure. Unless otherwise noted, all reactions were carried out under nitrogen
atmosphere with magnetic stirring.

1. (a) Sinclair, G. S.; Yang, T.; Wang, S.; Chen, W. H.; Schipper, D. J., Org. Lett. 2017,
19, 802-805; (b) Lian, J.-J.; Chen, P.-C.; Lin, Y.-P.; Ting, H.-C.; Liu, R.-S., J. Am.
Chem. Soc. 2006, 128, 11372-11373; (c) Xu, T.; Yang, Q.; Ye, W.; Jiang, Q.; Xu, Z.;
Chen, J.; Yu, Z., Chem. Eur. J. 2011, 17, 10547-10551.

1. Characterization data of starting materials 1
N,N-bis(3-(4-(tert-butyl)phenyl)prop-2-yn-1-yl)-4-methylbenzenesulfonamide (1d)

tBu tBu
X & F

Yellow solid (m. p. 111 - 112 °C); yield: (76%);

'H NMR (400 MHz, CDCl3) § 7.70 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.4 Hz, 4H), 7.15 (d,
J = 8.0 Hz, 2H), 7.06 (d, J = 8.4 Hz, 4H), 4.34 (s, 4H), 2.21 (s, 3H), 1.20 (s, 18H); 13C
NMR (100 MHz, CDCl;) 6 151.80, 143.79, 135.42, 131.50, 129.63, 128.01, 125.19,
119.27, 85.92, 80.99, 37.54, 34.78, 31.17, 21.46; HRMS (GC-TOF) calculated for
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C33H37NO,S: 511.2545; found: 511.2547.

N,N-bis(3-(4-cyanophenyl)prop-2-yn-1-yl)-4-methylbenzenesulfonamide (1f)

NC CN

Yellow solid (m. p. 162 - 163 °C); yield: (15%);

'"H NMR (400 MHz, CDCl;) 6 7.79 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.4 Hz, 4H), 7.29 (d,
J=8.Hz, 4H), 7.27 (d, J= 8.0 Hz, 2H), 4.45 (s, 4H), 2.33 (s, 3H); 13C NMR (100 MHz,
CDCls) 6 144.14,135.26, 132.17, 131.95, 129.71, 128.02, 126.85, 118.17, 112.15, 86.09,
84.30, 37.52, 21.50; HRMS (ESI-TOF) calculated for C,;H;9N;0,S ([M+Na]"):
472.1096; found: 472.1088.

N,N-bis(3-(3-chlorophenyl)prop-2-yn-1-yl)-4-methylbenzenesulfonamide (1h)

Cl
¢ N _N_F

White solid (m. p. 87 - 88 °C); yield: (77%);

'H NMR (400 MHz, CDCl3) § 7.72 (d, J = 8.4 Hz, 2H), 7.23 - 7.17 (m, 4H), 7.10 (t, J =
8.0 Hz, 2H), 7.06 - 7.00 (m, 4H), 4.35 (s, 4H), 2.29 (s, 3H); *C NMR (100 MHz, CDCl3)
0 144.17,135.36, 134.01, 131.56, 129.76, 129.68, 129.49, 128.88, 128.09, 123.80, 84.52,
82.94, 37.65, 21.50; HRMS (ESI-TOF) calculated for C,sH;yCI,NO,S ([M+Na]") :
490.0412; found: 490.0404.

N,N-bis(3-(2-chlorophenyl)prop-2-yn-1-yl)-4-methylbenzenesulfonamide (1i)

cl cl
S =

Brown solid (m. p. 122 - 123 °C); yield: (73%);
'H NMR (400 MHz, CDCls) § 7.70 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.19 -
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7.11 (m, 6H), 7.07 (t, J = 7.6 Hz, 2H), 4.46 (s, 4H), 2.15 (s, 3H); 3C NMR (100 MHz,
CDCl3) & 143.98, 135.94, 135.07, 133.36, 129.62, 129.56, 129.17, 127.93, 126.31,
122.23, 86.91, 82.73, 37.54, 21.36; HRMS (ESI-TOF) calculated for C,sH;9CI,NO,S
([M+Na]"): 490.0412; found: 490.0404.

4-methyl-/V, N-bis(3-(thiophen-2-yl)prop-2-yn-1-yl)benzenesulfonamide (1k)

Brown solid (m. p. 73 - 74 °C); yield: (52%);

'"H NMR (400 MHz, CDCls) 6 7.76 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.21
(dd, J=5.2 and 1.2 Hz, 2H), 7.03 (dd, J= 3.6 and 1.2 Hz, 2H), 6.90 (dd, J; = 5.2 and 3.6
Hz, 2H), 4.42 (s, 4H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCls) & 144.10, 135.14,
132.61, 129.78, 127.90, 127.54, 126.91, 122.06, 85.64, 79.23,37.78, 21.61; HRMS (ESI-
TOF) calculated for C;;H;7NO,S; ([M+Na]"): 434.0319; found: 434.0339.

dimethyl 2,2-bis(3-([1,1'-biphenyl]-4-yl)prop-2-yn-1-yl)malonate (1p)

White solid (m. p. 129 - 130 °C); yield: (51%);

'H NMR (400 MHz, CDCl;) 8 7.59 (d, J= 7.2 Hz, 4H), 7.54 (d, J = 8.4 Hz, 4H), 7.48 (d,
J=28.0 Hz, 4H), 7.45 (d, J = 8.0 Hz, 4H), 7.37 (t,J = 7.2 Hz, 2H), 3.85 (s, 6H), 3.34 (s,
4H); 3C NMR (100 MHz, CDCls) 6 169.46, 140.90, 140.40, 132.18, 128.88, 127.64,
127.05, 126.96, 121.99, 84.64, 83.77, 57.36, 53.02, 24.01; HRMS (ESI-TOF) calculated
for C3sHp304 ([M+Na]*): 535.1886; found: 535.1863.

diisopropyl 2,2-bis(3-(4-methoxyphenyl)prop-2-yn-1-yl)malonate (1r)
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White solid (m. p. 66 - 67 °C); yield: (41%);

'"H NMR (400 MHz, CDCls) 6 7.31 (d, J = 8.8 Hz, 4H), 6.80 (d, J = 8.8 Hz, 4H), 5.11
(hept, J = 6.4 Hz, 2H), 3.78 (s, 6H), 3.20 (s, 4H), 1.26 (d, J = 6.4 Hz, 12H); 3C NMR
(100 MHz, CDCl;) 8 168.57, 159.32, 133.04, 115.43, 113.81, 83.25, 82.78, 69.34, 57.13,
55.25, 23.56, 21.57; HRMS (ESI-TOF) calculated for C,90H3,04 ([M+Na]"): 499.2097,
found: 499.2077.

N,N-bis(3-(4-methoxyphenyl)prop-2-yn-1-yl)methanesulfonamide (1u)

MeO OMe

Red oil; yield: (72%);

'"H NMR (400 MHz, CDCl;) 8 7.34 (d, J = 8.8 Hz, 4H), 6.81 (d, J = 8.8 Hz, 4H), 4.43 (s,
4H), 3.81 (s, 6H), 3.08 (s, 3H); *C NMR (100 MHz, CDCls) 8 159.97, 133.28, 114.13,
114.01, 86.10, 80.84, 55.33, 38.78, 37.90; HRMS (ESI-TOF) calculated for C,;H,NO,4S
([M+Na]*): 406.1089; found: 406.1091.

N,N-bis(3-(4-methoxyphenyl)prop-2-yn-1-yl)benzenesulfonamide (1v)

MeO OMe
SO,Ph
X N F

White solid (m. p. 97 - 98 °C); yield: (31%);

"H NMR (400 MHz, CDCl3) 6 7.92 (d, J= 7.2 Hz, 2H), 7.53 (t, J= 7.2 Hz, 1H), 7.47 (4,
J="1.2Hz, 2H), 7.16 (d, J = 8.8 Hz, 4H), 6.78 (d, J = 8.8 Hz, 4H), 4.44 (s, 4H), 3.80 (s,
6H); *C NMR (100 MHz, CDCl;) 8 159.76, 138.64, 133.19, 132.81, 128.91, 127.98,
114.28,113.82,85.71, 80.22, 55.29, 37.53; HRMS (ESI-TOF) calculated for CsH,3NO4S
(IM+K]*): 484.2331; found: 484.2321.
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2. General procedure for products 2 and 3

To an oven-dried Schlenk tube equipped with a magnetic stirring bar were added 1,6-
diyne 1 (0.20 mmol), Fe(NO;);-9H,0 (81 mg, 0.20 mmol, 1.0 eq.), MeCN (0.5mL), and
HNO; (65~68 %, 2.5 pL) under N, atmosphere. The reaction was carried out at room
temperature. The reaction mixture was filtered through Celite, and the filtrate was
evaporated in vacuum. The residue was purified by silica gel column chromatography to

give the products 2 or 3.
3. Characterization data of products 2 and 3

(4-methoxyphenyl)(4-(4-methoxyphenyl)-5,5-dinitro-1-tosyl-1,2,5,6-

tetrahydropyridin-3-yl)methanone (2a)

OMe

Yellow solid (m. p. 171 - 172 °C); yield: 97 mg (85%);

'"H NMR (400 MHz, CDCl;) 8 7.79 (d, J = 8.8 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.41 (d,
J=28.0 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.58 (d, J = 8.8 Hz,
2H), 4.42 (s, 2H), 4.12 (s, 2H), 3.83 (s, 3H), 3.63 (s, 3H), 2.48 (s, 3H); '3C NMR (100
MHz, CDCl5) 6 192.15, 164.75, 160.35, 145.44, 144.79, 132.08, 131.90, 131.27, 130.48,
127.79, 127.40, 126.66, 122.60, 116.84, 114.20, 113.82, 55.60, 55.06, 50.64, 47.28,
21.68;

IR (cm™): 2939, 2842, 1662, 1599, 1560, 1512, 1456, 1357, 1308, 1294, 1256, 1181,
1165, 1032, 1006, 846, 810, 784, 771, 755, 664, 565, 549; HRMS (ESI-TOF) calculated
for C,7H»5N306S ([M+Na]®) caled. 590.1210; found: 590.1184.

(5,5-dinitro-4-phenyl-1-tosyl-1,2,5,6-tetrahydropyridin-3-yl)(phenyl)methanone
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(2b)

Yellow solid (m. p. 82 - 83 °C); yield: 60 mg (59%);

"H NMR (400 MHz, CDCl;) 6 7.76 (d, J= 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.49 (4,
J=17.6 Hz, 1H), 7.43 (d, J= 8.0 Hz, 2H), 7.35 (t, /= 7.6 Hz, 2H), 7.09 - 7.05 (m, 5H),
4.46 (s, 2H), 4.18 (s, 2H), 2.50 (s, 3H); *C NMR (100 MHz, CDCls) 8 193.76, 145.51,
145.11, 134.63, 133.89, 131.97, 130.51, 130.40, 129.96, 129.89, 129.39, 128.80, 128.49,
128.40, 127.80, 116.52, 50.58, 47.19, 21.70; IR (cm™'): 2925, 1654, 1589, 1566, 1450,
1384,1359, 1318, 1163, 1124, 1035, 1009, 816, 770, 749, 699, 684, 669, 571, 549; HRMS
(ESI-TOF) calculated for C,sH,1N304S ([M+Na]") caled. 530.0998; found: 530.0967.

(5,5-dinitro-4-(p-tolyl)-1-tosyl-1,2,5,6-tetrahydropyridin-3-yl)(p-tolyl)methanone
(20

Yellow solid (m. p. 77 - 78 °C); yield: 44 mg (42%);

'H NMR (400 MHz, CDCl;) 6 7.70 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.42 (d,
J=28.4 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.0 Hz,
2H), 4.43 (s, 2H), 4.13 (s, 2H), 2.49 (s, 3H), 2.35 (s, 3H), 2.13 (s, 3H); '3C NMR (100
MHz, CDCl3) 6 193.30, 145.98, 145.44, 144.87, 139.89, 131.95, 131.30, 130.47, 129.73,
129.66, 129.60, 129.12, 127.92, 127.79, 127.45, 116.68, 50.61, 47.20, 21.87, 21.68,
21.14;
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IR (cm'): 2924, 1664, 1604, 1589, 1568, 1540, 1451, 1359, 1316, 1289, 1260, 1185,
1164, 1090, 1005, 817, 779, 771, 664, 560, 549; HRMS (ESI-TOF) calculated for
Cy7H,5N304S ([M+Na]®) caled. 558.1311; found: 558.1263.

(4-(tert-butyl)phenyl)(4-(4-(tert-butyl)phenyl)-5,5-dinitro-1-tosyl-1,2,5,6-

tetrahydropyridin-3-yl)methanone (2d)

tBu

tBu

White solid (m. p. 107 - 108 °C); yield: 80 mg (65%);

'H NMR (400 MHz, CDCl;) 6 7.70 (d, J = 8.0 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.41 (d,
J=28.0 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.4 Hz,
2H), 4.45 (s, 2H), 4.17 (s, 2H), 2.48 (s, 3H), 1.25 (s, 9H), 1.08 (s, 9H); '3C NMR (100
MHz, CDCl3) 6 193.75, 158.23, 152.83, 145.43, 144.91, 131.95, 131.74, 130.49, 129.73,
129.31, 128.75, 127.81, 127.62, 125.50, 125.12, 116.67, 50.61, 47.27, 35.23, 34.46,
30.91, 30.87, 21.68; IR (cm): 2965, 2870, 1664, 1603, 1589, 1569, 1384, 1365, 1264,
1164, 1091, 1004, 767, 662, 585, 549; HRMS (ESI-TOF) calculated for C3;3H;37N304S
([M+Na]") calcd. 642.2250; found: 642.2240.

methyl 4-(5-(4-(methoxycarbonyl)benzoyl)-3,3-dinitro-1-tosyl-1,2,3,6-

tetrahydropyridin-4-yl)benzoate (2e)
CO,Me
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Yellow solid (m. p. 83 - 84 °C); yield: 40 mg (32%);

'H NMR (400 MHz, CDCl;) 5 8.00 (d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.72 (d,
J=28.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz,
2H), 4.46 (s, 2H), 4.21 (s, 2H), 3.93 (s, 3H), 3.81 (s, 3H), 2.51 (s, 3H); '3C NMR (100
MHz, CDCl3) 6 192.45, 165.27, 165.13, 145.18, 144.93, 136.27, 134.80, 134.11, 131.40,
131.06, 130.07, 129.60, 129.53, 129.15, 128.67, 127.88, 127.29, 115.55, 52.15, 51.83,
49.98, 46.64, 21.22; IR (cm™'): 2955, 2926, 2853, 1726, 1664, 1588, 1570, 1437, 1406,
1360, 1282, 1162, 1111, 1018, 966, 853, 787, 774, 732, 706, 660, 577, 549; HRMS (ESI-
TOF) calculated for Cy9H,5N304;S ([M+Na]*) caled. 646.1108; found: 646.1099.

4-(5-(4-cyanobenzoyl)-3,3-dinitro-1-tosyl-1,2,3,6-tetrahydropyridin-4-
yl)benzonitrile (2f)

Yellow solid (m. p. 84 - 85 °C); yield: 47 mg (42%);

'"H NMR (400 MHz, CDCl;) 8 7.85 (d, J= 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.70 (d,
J=8.4 Hz, 2H), 7.45 (d, J= 8.0 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.8 Hz,
2H), 4.46 (s, 2H), 4.21 (s, 2H), 2.51 (s, 3H); '*C NMR (100 MHz, CDCl;) & 191.88,
145.89, 136.37, 134.55, 132.91, 132.36, 131.76, 130.76, 130.65, 129.49, 128.05, 127.77,
118.33,117.23,117.12, 115.68, 114.55,50.36,47.02,21.74; IR (cm'!): 2925, 2854, 2232,
1676, 1589, 1571, 1405, 1359, 1314, 1289, 1254, 1163, 1090, 1005, 855, 814, 773, 664,
576, 548; HRMS (ESI-TOF) calculated for C,;H9NsO;S ([M+Na]") calcd. 580.0903;
found: 580.0902.

(4-chlorophenyl)(4-(4-chlorophenyl)-5,5-dinitro-1-tosyl-1,2,5,6-tetrahydropyridin-

3-y)methanone (2g)
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Yellow solid (m. p. 73 - 74 °C); yield: 52 mg (45%);

'H NMR (400 MHz, CDCl;) 8 7.71 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.43 (d,
J=28.0 Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.8 Hz,
2H), 4.43 (s, 2H), 4.15 (s, 2H), 2.50 (s, 3H); '*C NMR (100 MHz, CDCl;) & 192.27,
145.66, 145.31, 141.75, 136.56, 131.95, 131.83, 131.23, 130.68, 130.56, 129.48, 128.96,
128.59, 127.78, 127.61, 116.20, 50.48, 47.09, 21.72; IR (cm™"): 2924, 1665, 1588, 1570,
1488, 1401, 1359, 1256, 1164, 1091, 1017, 788, 757, 662, 578, 549; HRMS (ESI-TOF)
calculated for C,sH;9CI,N30,S ([M+Na]") calcd. 598.0219; found: 598.0187.

(3-chlorophenyl)(4-(3-chlorophenyl)-5,5-dinitro-1-tosyl-1,2,5,6-tetrahydropyridin-
3-y)methanone (2h)

Yellow oil; yield: 42 mg (37%);

"H NMR (400 MHz, CDCl;) 6 7.72 (d, J = 8.4 Hz, 2H), 7.69 (s, 1H), 7.64 (d, /= 8.0 Hz,
1H), 7.48 (d, /= 8.0 Hz, 1H), 7.44 (d, J= 8.0 Hz, 2H), 7.34 (t, /= 8.0 Hz, 1H), 7.12 (d,
J=28.0 Hz, 1H), 7.07 (s, 1H), 7.03 (t, /= 8.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 4.44 (s,
2H), 4.18 (s, 2H), 2.51 (s, 3H); *C NMR (100 MHz, CDCls) 8 192.23, 145.68, 145.34,
135.32,135.25, 134.68, 134.61, 131.88, 130.58, 130.41, 130.25, 130.03, 129.83, 128.94,
128.14, 128.05, 127.78, 127.53, 116.03, 50.45, 47.10, 29.71, 21.72; IR (cm™'): 2925,
2854, 1664, 1588, 1570, 1448, 1356, 1290, 1251, 1174, 1089, 1008, 770, 758, 722, 667,
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550; HRMS (ESI-TOF) calculated for C,sH;9yCI,N;0,S ([M+Na]*) caled. 598.0219;
found: 598.0203.

(2-chlorophenyl)(4-(2-chlorophenyl)-5,5-dinitro-1-tosyl-1,2,5,6-tetrahydropyridin-
3-yDmethanone (2i)

Yellow solid (m. p. 78 - 79 °C); yield: 50 mg (44%);

"H NMR (400 MHz, CDCl;) 6 7.76 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.25 -
7.18 (m, 3H), 7.10 (d, /= 8.0 Hz, 1H), 7.01 - 6.92 (m, 3H), 6.79 (t, J = 8.0 Hz, 1H), 5.00,
3.87 (both d, J = 12.8 Hz, each 1H), 4.65, 4.14 (both d, J = 18.4 Hz, each 1H), 2.51 (s,
3H); 3C NMR (100 MHz, CDCls) 6 193.70, 148.14, 145.39, 136.98, 134.45, 132.89,
132.42,131.44, 131.32, 131.16, 130.49, 129.78, 129.44, 129.26, 127.79, 126.92, 126.60,
126.05, 115.49, 49.78, 47.13, 21.72; IR (cm™'): 2925, 1664, 1587, 1572, 1534, 1470,
1450, 1436, 1356, 1295, 1245, 1162, 1090, 1061, 1003, 852, 766, 753, 732, 719, 663,
573, 548; HRMS (ESI-TOF) calculated for C,sH;9CIl,N3;0,S ([M+Na]") calcd. 598.0219;
found: 598.0211.

naphthalen-1-yl(4-(naphthalen-1-yl)-5,5-dinitro-1-tosyl-1,2,5,6-tetrahydropyridin-

3-yDmethanone (2j)

Yellow solid (m. p. 182 - 183 °C); yield: 28 mg (23%);
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'"H NMR (400 MHz, CDCl;) 6 7.81 (d, J= 8.4 Hz, 2H), 7.78 (d, J = 7.2 Hz, 2H), 7.63 (d,
J=28.0 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.44 (d, /= 7.2 Hz,
2H), 7.41 - 7.29 (m, 5H), 7.20 (d, J = 8.4 Hz, 1H), 7.11 - 7.08 (m, 2H), 6.76 (t, J = 8.0
Hz, 1H), 5.09,4.11 (both d, J = 12.6 Hz, each 1H), 4.73, 4.36 (both d, J = 18.4 Hz, each
1H), 2.56 (s, 3H); 3C NMR (100 MHz, CDCl;) 4 195.16, 148.91, 145.52, 134.07, 133.35,
133.23, 132.80, 132.25, 131.61, 130.62, 130.25, 129.74, 129.41, 128.78, 128.45, 127.98,
127.88, 127.37, 127.01, 126.87, 126.29, 126.01, 124.29, 124.20, 123.97, 116.37, 50.49,
47.72, 21.78; IR (cm): 3048, 2923, 2853, 1660, 1587, 1566, 1508, 1450, 1365, 1231,
1175, 1090, 979, 814, 804, 781, 663, 573, 549; HRMS (ESI-TOF) calculated for
C37H5N504S ([M+Na]") caled. 630.1311; found: 630.1323.

(5,5-dinitro-4-(thiophen-2-yl)-1-tosyl-1,2,5,6-tetrahydropyridin-3-yl)(thiophen  -2-

yl)methanone (2k)

S

TsN | (0]
S
O,N NO, | 4

White solid (m. p. 124 - 125 °C); yield: 28 mg (27%);

'"H NMR (400 MHz, CDCl;) 8 7.71 - 7.69 (m, 4H), 7.42 (d, J = 8.0 Hz, 2H), 7.23 (dd, J
= 5.2 and1.2 Hz, 1H), 7.07 (t, J = 4.4 Hz, 1H), 6.91 (dd, J = 3.6 and 1.2 Hz, 1H), 6.77
(dd, J=5.2 and 3.6 Hz, 1H), 4.44 (s, 2H), 4.16 (s, 2H), 2.49 (s, 3H); *C NMR (100 MHz,
CDCl3) & 185.40, 145.63, 145.45, 140.24, 137.13, 136.47, 132.43, 131.68, 130.54,
130.24, 130.04, 128.69, 127.81, 127.04, 122.86, 115.84, 50.38, 47.23, 21.69; IR (cm!):
3092, 2924, 1649, 1584, 1568, 1410, 1352, 1330, 1317, 1173, 1153, 1053, 833, 770, 745,
714, 663, 548; HRMS (ESI-TOF) calculated for C,H{7;N;0,S; ([M+Na]") calcd.
542.0127; found: 542.0102.

dimethyl 4'-methoxy-6-(4-methoxybenzoyl)-2,2-dinitro-2,5-dihydro-[1,1'-
biphenyl]-4,4(3H)-dicarboxylate (21)
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Yellow solid (m. p. 110 - 111 °C); yield: 27 mg (26%));

'"H NMR (400 MHz, CDCl;) 8 7.85 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.87 (d,
J=8.8 Hz, 2H), 6.56 (d, J= 8.8 Hz, 2H), 3.85 (s, 3H), 3.80 (s, 6H), 3.74 (s, 2H), 3.65 (s,
3H), 3.21 (s, 2H); *C NMR (100 MHz, CDCl;) 6 193.89, 168.71, 164.39, 159.95, 149.63,
132.08, 131.81, 127.25, 125.99, 123.34, 120.35, 113.96, 113.51, 55.53, 55.02, 53.70,
50.47, 35.45, 32.66; IR (cm™): 3024, 2958, 2842, 1761, 1655, 1597, 1560, 1513, 1459,
1441, 1321, 1262, 1210, 1180, 1169, 1029, 1019, 953, 846, 830, 809, 754, 620, 566;
HRMS (ESI-TOF) calculated for C,sH,4N,Oy; ([M+Na]") calcd. 551.1278; found:
551.1239.

dimethyl 4'-chloro-6-(4-chlorobenzoyl)-2,2-dinitro-2,5-dihydro-[1,1'-biphenyl|-
4,4(3H)-dicarboxylate (2m)

Orange solid (m. p. 72 - 73 °C); yield: 36 mg (34%);

'H NMR (400 MHz, CDCl3) 6 7.79 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.8 Hz, 2H), 7.05 (d,
J = 8.4 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 3.81 (s, 6H), 3.74 (s, 2H), 3.22 (s, 2H); 13C
NMR (100 MHz, CDCl;3) 6 193.94, 168.48, 150.04, 141.14, 135.93, 132.58, 131.85,
130.77, 129.43, 129.24, 128.58, 126.00, 119.75, 53.84, 50.39, 35.32, 32.58; IR (cm!):
2955,2923, 1740, 1671, 1589, 1570, 1437, 1314, 1272, 1215, 1093, 1016, 952, 847, 827,
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789, 550; HRMS (ESI-TOF) calculated for Cp3H;sC1,N,O9 ([M+Na]") caled. 559.0287;
found: 559.0285.

dimethyl 4'-fluoro-6-(4-fluorobenzoyl)-2,2-dinitro-2,5-dihydro-[1,1'-biphenyl]-
4,4(3H)-dicarboxylate (2n)

Yellow solid (m. p. 140 - 141 °C); yield: 30 mg (30%);

"H NMR (400 MHz, CDCl3) 3 7.87 (dd, J = 8.8 and 5.6 Hz, 2H), 7.08 (t, J= 8.8 Hz, 2H),
7.01 (dd, J = 8.8 and 5.6 Hz, 2H), 6.75 (t, J = 8.8 Hz, 2H), 3.81 (s, 6H), 3.74 (s, 2H), 3.23
(s, 2H); BC NMR (100 MHz, CDCl;) 6 193.74, 168.54, 167.65 (d, 'Jcr= 256 Hz), 164.29
(d, "Jcr = 249 Hz), 150.14, 132.63 (d, *Jcr = 8 Hz), 132.25 (d, 3Jcr = 10 Hz), 130.81,
127.02, 126.04, 119.91, 116.21 (d, °Jcr = 22 Hz), 115.52 (d, *Jcr = 22 Hz), 53.83, 50.40,
35.35, 32.60; F NMR (376 MHz, CDCl;) 6 -101.96, -110.57; IR (cm™'): 2961, 2921,
1752, 1670, 1592, 1562, 1507, 1437, 1316, 1230, 1158, 1099, 1067, 964, 848, 749, 687,
612, 565; HRMS (ESI-TOF) calculated for C3H;3sF2N,Og ([M+Na]*) calcd. 527.0878;
found: 527.0868.

dimethyl 2,2-dinitro-4'-(trifluoromethyl)-6-(4-(trifluoromethyl)benzoyl)-2,5-
dihydro-[1,1'-biphenyl]-4,4(3H)-dicarboxylate (20)
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Yellow oil; yield: 21 mg (17%);

'H NMR (400 MHz, CDCl;) 8 7.91 (d, J= 8.0 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.31 (d,
J = 8.4 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 3.83 (s, 6H), 3.77 (s, 2H), 3.26 (s, 2H); 13C
NMR (100 MHz, CDCl;) 6 194.17, 168.39, 150.43, 137.09, 135.64 (q, °Jcr = 33 Hz),
131.50 (q, 2Jcr=33 Hz), 131.11, 129.55, 128.74, 128.19, 126.47, 125.93 (q, 3Jcr =4 Hz),
125.23(q, 3Jcr = 4 Hz), 124.68 (q, 'Jcr = 271 Hz), 121.97 (q, Jcr = 271 Hz), 119.48,
53.93, 50.41, 35.28, 32.58; I°F NMR (376 MHz, CDCl3) 3 -63.31, -63.41;

IR (cm™): 2961,2921, 1742, 1680, 1591, 1570, 1327, 1268, 1173, 1130, 1068, 1020, 849,
756, 665, 612; HRMS (ESI-TOF) calculated for C,sH;sFsN,Oo¢ ([M+Na]") calcd.
627.0814; found: 627.0819.

dimethyl 6-([1,1'-biphenyl]-4-carbonyl)-2,2-dinitro-2,5-dihydro-[1,1':4',1"'-
terphenyl]-4,4(3 H)-dicarboxylate (2p)

White solid (m. p. 88 - 89 °C); yield: 101 mg (81%);

'"H NMR (400 MHz, CDCl;) 6 7.93 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.58 (d,
J=8.4 Hz, 2H), 7.44 (t, J = 7.2 Hz, 2H), 7.44 - 7.36 (m, 3H), 7.31 (t, J = 7.2 Hz, 2H),
7.29 - 7.25 (m, 3H), 7.12 (d, J = 8.4 Hz, 2H), 3.83 (s, 6H), 3.80 (s, 2H), 3.30 (s, 2H); 13C
NMR (100 MHz, CDCl3) & 195.03, 168.67, 149.86, 146.75, 141.88, 139.77, 139.51,
133.18, 131.01, 130.16, 130.11, 128.98, 128.72, 128.50, 127.69, 127.28, 127.23, 126.96,
126.69, 126.67, 120.12, 53.79, 50.55, 35.51, 32.71; IR (cm): 3036, 2957, 1742, 1662,
1597, 1563, 1445, 1316, 1260 1213, 1187, 845, 766, 733, 696; HRMS (ESI-TOF)
calculated for C35H,3N,Og ([M+Na]") calcd. 643.1693; found: 643.1672.

diethyl 4'-methoxy-6-(4-methoxybenzoyl)-2,2-dinitro-2,5-dihydro-[1,1'-biphenyl]-
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4,4(3H)-dicarboxylate (2q)
OMe

Yellow solid (m. p. 97 - 98 °C); yield: 42 mg (38%);

'"H NMR (400 MHz, CDCl;) 6 7.86 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.86 (d,
J=8.8 Hz, 2H), 6.56 (d, J = 8.8 Hz, 2H), 4.29 - 4.20 (m, 4H), 3.84 (s, 3H), 3.73 (s, 2H),
3.64 (s, 3H), 3.19 (s, 2H), 1.28 (t, J= 7.2 Hz, 6H); 3C NMR (100 MHz, CDCl;) 6 194.03,
168.34, 164.39, 159.92, 149.76, 132.11, 131.82, 127.29, 125.93, 123.42, 120.43, 113.95,
113.49, 71.09, 63.04, 55.52, 55.01, 50.50, 35.28, 32.57, 13.81; IR (cm™'): 2986, 2842,
1737, 1647, 1596, 1562, 1509, 1254, 1181, 1032, 841, 752; HRMS (ESI-TOF) calculated
for C7HsN,O; ([M+Na]") caled.579.1591; found:579.1612.

diisopropyl 4'-methoxy-6-(4-methoxybenzoyl)-2,2-dinitro-2,5-dihydro-[1,1'-

biphenyl]-4,4(3 H)-dicarboxylate (2r)
OMe

White solid (m. p. 102 - 103 °C); yield: 36 mg (31%);

'H NMR (400 MHz, CDCl;) 8 7.88 (d, J= 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.87 (d,
J= 8.8 Hz, 2H), 6.56 (d, J = 8.8 Hz, 2H), 5.08 (hept, J = 6.4 Hz, 2H), 3.84 (s, 3H), 3.70
(s, 2H), 3.64 (s, 3H), 3.15 (s, 2H), 1.27 (d, J = 6.4 Hz, 6H), 1.24 (d, J = 6.4 Hz, 6H); 13C
NMR (100 MHz, CDCl3) & 194.18, 167.93, 164.39, 159.89, 149.80, 132.15, 131.83,
127.29, 125.85, 123.49, 120.48, 113.95, 113.47, 71.09, 55.52, 55.01, 50.46, 35.06, 32.51,
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21.47, 21.20; IR (cm!): 2983, 2937, 2841, 1728, 1647, 1599, 1556, 1512, 1454, 1421,
1375, 1260, 1212, 1177, 1106, 1030, 963, 905, 849, 835, 756, 693, 615, 577, 515; HRMS
(ESI-TOF) calculated for Cy9H3,N,O;; ([M+Na]*) calcd. 607.1904; found: 607.1888.

(4'-methoxy-6,6-dinitro-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl)(4-

methoxyphenyl)methanone (2s)

OMe

Colorless oil; yield: 54 mg (66%);

'H NMR (400 MHz, CDCl;) 8 7.80 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 8.8 Hz, 2H), 6.84 (d,
J=28.8 Hz, 2H), 6.58 (d, J = 8.8 Hz, 2H), 3.83 (s, 3H), 3.65 (s, 3H), 3.11 (t, /= 6.8 Hz,
2H), 2.69 (t,J= 6.8 Hz, 2H), 2.01 - 1.95 (m, 2H); 3C NMR (100 MHz, CDCl5) & 195.03,
164.21, 159.82, 150.47, 131.78, 131.56, 127.23, 127.11, 124.26, 122.00, 113.94, 113.48,
55.51, 55.01, 33.15, 27.59, 17.45; IR (cm'): 2923, 2840, 1662, 1598, 1556, 1512, 1459,
1317, 1253, 1172, 1030, 839, 794, 747, 581; HRMS (ESI-TOF) calculated for
C,1HyoN,O7 ([M+Na]*) caled. 435.1169; found: 435.1179.

(4-methoxyphenyl)(4-(4-methoxyphenyl)-5,5-dinitro-5,6-dihydro-2 H-pyran-3-

y)methanone (2t)

OMe

MeO
Yellow oil; yield: 42 mg (51%);
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'"H NMR (400 MHz, CDCl;) 6 7.82 (d, J= 8.8 Hz, 2H), 7.11 (d, J = 8.8 Hz, 2H), 6.82 (d,
J=8.8 Hz, 2H), 6.62 (d, /= 8.8 Hz, 2H), 4.87 (s, 2H), 4.71 (s, 2H), 3.82 (s, 3H), 3.66 (s,
3H); 3C NMR (100 MHz, CDCl;) 8 192.31, 164.56, 160.30, 146.21, 131.94, 131.16,
127.21, 126.95, 122.87, 115.10, 114.10, 113.85, 70.26, 68.06, 55.55, 55.08; IR (cm!):
2935, 2841, 1731, 1659, 1598, 1512, 1460, 1259, 1168, 1029, 841, 607, HRMS (ESI-
TOF) calculated for C,0HgN,Og ([M+Na]*) calcd. 437.0961; found: 437.0970.

(4-methoxyphenyl)(4-(4-methoxyphenyl)-1-(methylsulfonyl)-5,5-dinitro-1,2,5,6-

tetrahydropyridin-3-yl)methanone (2u)

OMe

Yellow oil; yield: 63 mg (64%);

'"H NMR (400 MHz, CDCl;) 6 7.79 (d, J=9.2 Hz, 2H), 7.08 (d, J = 8.8 Hz, 2H), 6.83 (d,
J=8.8 Hz, 2H), 6.62 (d, /= 9.2 Hz, 2H), 4.66 (s, 2H), 4.36 (s, 2H), 3.83 (s, 3H), 3.66 (s,
3H), 2.96 (s, 3H); 3C NMR (100 MHz, CDCl5) 4 191.98, 164.73, 160.43, 144.90, 132.02,
131.29, 127.66, 126.73, 122.55, 116.66, 114.21, 113.90, 55.60, 55.10, 50.39, 46.94,
38.00; IR (cm'): 2930, 2838, 1660, 1598, 1513, 1458, 1301, 1262, 1168, 1027, 840, 773,
551; HRMS (ESI-TOF) calculated for C,;H,;N3OoS ([M+Na]*) calcd. 514.0896; found:
514.0884.

(4-methoxyphenyl)(4-(4-methoxyphenyl)-5,5-dinitro-1-(phenylsulfonyl)-1,2,5,6-

tetrahydropyridin-3-yl)methanone (2v)
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White solid (m. p. 73 - 74 °C); yield: 97 mg (85%);

'H NMR (400 MHz, CDCl) & 7.82 (d, J= 8.8 Hz, 2H), 7.79 (d, J= 8.8 Hz, 2H), 7.73 (¢,
J=17.6 Hz, 1H), 7.65 (t, J = 7.6 Hz, 2H), 7.04 (d, J= 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz,
2H), 6.60 (d, J = 8.8 Hz, 2H), 4.45 (s, 2H), 4.15 (s, 2H), 3.84 (s, 3H), 3.64 (s, 3H); 13C
NMR (100 MHz, CDCl3) & 192.12, 164.77, 160.37, 144.67, 135.14, 134.23, 132.09,
131.26, 129.88, 127.72, 127.46, 126.64, 122.55, 116.73, 114.22, 113.83, 55.61, 55.07,
50.58, 47.21; IR (cm™): 2931, 2837, 1657, 1598, 1566, 1513, 1447, 1361, 1317, 1293,
1262, 1174, 1029, 844, 811, 771, 751, 692, 612, 577; HRMS (ESI-TOF) calculated for
Cy6H23N306S ([M+Na]") caled. 576.1053; found: 576.1023.

7-methoxy-9-methyl-4,4,9-trinitro-2-tosyl-2,3,4,9-tetrahydro-1H-indeno|[2,1-
c|pyridine (3a)

ON No,

TsN OO OMe
NO,

White solid (m. p. 160 - 161 °C); yield: 14 mg (14%);

'H NMR (400 MHz, CDCl;) 8 7.74 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.19 (d,
J=2.4Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H), 6.90 (dd, J, = 8.4 and 2.4 Hz, 1H), 4.78, 4.07
(both d, J = 13.2 Hz, each 1H), 4.30, 4.02 (both d, J = 18.0 Hz, each 1H), 3.84 (s, 3H),
2.47 (s, 3H), 2.03 (s, 3H); 3C NMR (100 MHz, CDCls) 4 160.38, 145.73, 145.44, 142.65,
132.50, 130.47, 130.36, 128.33, 127.74, 122.32, 115.31, 112.12, 110.60, 94.05, 55.82,
50.06, 43.29, 22.60, 21.68; IR (cm™): 2922, 1584, 1546, 1493, 1443, 1357, 109, 1168,
1119, 1090, 1029, 954, 823, 664, 550; HRMS (ESI-TOF) calculated for C,;H»oN4O9S
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([M+Na]") calcd. 527.0849; found: 527.0858.

7-chloro-9-methyl-4,4,9-trinitro-2-tosyl-2,3,4,9-tetrahydro-1H-indeno[2,1-
c|pyridine (3b)

ON No,

TsN OO cl
NO,

White solid (m. p. 170 -171 °C); yield: 20 mg (20%);

'"H NMR (400 MHz, CDCl;) & 7.74 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 1.6 Hz, 1H), 7.48 -
7.39 (m, 3H), 7.10 (d, J = 8.4 Hz, 1H), 4.79, 4.07 (both d, J = 13.6 Hz, each 1H), 4.32,
4.05 (both d, J = 18.4 Hz, each 1H), 2.47 (s, 3H), 2.06 (s, 3H); 13C NMR (100 MHz,
CDCl3) & 148.36, 145.59, 142.15, 135.08, 134.50, 132.38, 131.15, 130.53, 130.07,
127.75, 124.26, 122.51, 111.78, 94.03, 50.00, 43.36, 22.42, 21.70; IR (cm'): 2923, 1584,
1577, 1546, 1493, 1357, 1309, 1168, 1119, 1090, 1029, 954, 823, 664, 550; HRMS (ESI-
TOF) calculated for CyoH;7CIN4OgS ([M+Na]") calcd. 531.0354; found: 531.0361.

7-chloro-9-methyl-4-nitro-2-tosyl-2,3-dihydro-1H-indeno|2,1-c|pyridine (4b)

NO,
N
TsN ,O Cl

Orange solid (m. p. 173 -174 °C); yield: 10 mg (12%);

'H NMR (400 MHz, CDCl;) 8 7.89 (d, J= 8.4 Hz, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.16 (d,
J=28.0 Hz, 2H), 7.12 (dd, J= 8.4 and 2.0 Hz, 1H), 7.06 (d, J= 2.0 Hz, 1H), 4.49 (s, 2H),
4.24 (s, 2H), 2.26 (s, 3H), 2.07 (s, 3H). *C NMR (100 MHz, CDCl) 8 146.96, 144.50,
140.40, 139.32, 137.63, 137.23, 133.52, 131.95, 129.71, 128.83, 128.08, 127.97, 127.49,
126.99, 119.98, 45.37, 42.88, 21.38, 11.01; IR (cm™): 3068, 2988, 2918, 2836, 1593,
1516, 1452, 1356, 1164, 1103, 950, 814, 658, 546; HRMS (ESI-TOF) calculated for
Cy0H17CIN,O4S ([M+Na]*) caled. 439.0496; found: 439.0505.

S20



I1. X-Ray crystallographic Data for 2a, 2j and 3a

Single-crystal X-ray diffraction data were collected at 298(2) K on a Siemens
Smart/CCD area-detector diffractometer with a Mo Ka radiation (4 =0.71073 A) by using
the w-26 scan mode. Unit-cell dimensions were obtained with least-squares refinement.
Data collection and reduction were performed using the SMART and SAINT software.
The structures were solved by direct methods, and the non-hydrogen atoms were
subjected to anisotropic refinement by full-matrix least-squares on F? using the
SHELXTXL package. Hydrogen atom positions for all of the structures were calculated
and allowed to ride on their respective C atoms with C-H distances of 0.93-0.97 A and
Uiso(H) =-1.2 - 1.5U4(C).

Table S1. Crystallographic data

complex 2a 2j 3a
Formula Cy7H,5N300S Cs3H,5N504S C21Hz0N40S
Formula weight 567.56 607.62 504.47
Crystal system Monoclinic Orthorhombic Monoclinic
space group P2/c Pbca P2/c

a(A) 10.9913(8) 16.5068(7) 16.1433(7)
b(A) 20.6489(12) 12.2903(6) 9.7950(4)
c(A) 12.3839(8) 29.5223(10) 16.3549(7)
a(®) 90.00 90.00 90.00

I'XQ) 99.075(6) 90.00 114.957(2)
7 () 90.00 90.00 90.00
Volume (A3) 2775.4(3) 5989.3(4) 2344.62(17)
Z 4 8 4

T(K) 293(2) 300(2) 293(2)
Deylea (g/m?) 1.358 1.348 1.429
F(000) 1184 2528 1048
Reflections 10619 17515 14081
Unique 4885 3762 4094

Goof 1.015 1.041 1.101
R[> 20(])] 0.0587 0.0382 0.0805
WRy[ > 20(1)] 0.1498 0.0973 0.2554
CCDC NO. 1894188 1894189 1894190
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ITI. NMR Spectra

oz l—

LZg—

PET=—

G049
10044
[2FE
gLiF
s
6l

B9 2
Leed

G0 L~
L0

Pli=
I
2L
6L

FEE R
bLL

ol
I
)
e
—
=]
=
ooy
2
ooz
o
oot o
o3
_.r..l..
E
(=8
-2
g
wy
~
% |M.
4
[
ooz - —

Hooel

= oo0e

= oov

; 0Ob}
M 0oz
ooy

I ooz

0.5 0.0

1.0

75 7.0 6.5 6.0 5.5 5.0 45 40 3.5 3.0 25 20
fl (ppm)

8.0

aF Li—

Ll LE—
alpe—
PeLE—

HC. | -CH;

3= m_.__..__
[4 _..hh.ﬁ.
vy il
GE 08—

oA 58—

LTEL—

BLGTh,
Lo8z i,
EGEZIT
0g1El—

CHGEL—
BLEYL—

08 151—

3 NMR

(1003, CDCL:)

11

id

10

20

30

1
20 70
1 (ppm}

80

140

150

S23



1f ¥Cc BR

(

10

12}

O(BHz,
20

=

B0 50 40 30

70

f1 (ppm}
S24

120 1o 100 80 20

130

=
s
ul
= R m [ o CEN
e mm = =
e : o =
) =, = =
=g ./_/.. Hﬂ\ Ere : HS.._.\,;
05 12— o //
0
*
I3
[=]
\ o 25 e~ z
= W,
£ — fooe|
e
L=
L]
L
L]
E
S8 mh.mhur
= vO L ==
ag 22
" e — r N
St % el 0B ba—
008"
[=]
e
ul
M
[=] N
2 GLTLL—
Lral—
ul
M 58 9T
20/ 8T b
BT
(=] g ah
o ma.m- 2 5B IS I
9z L r i
_um.hw - Lig 0z 5EL
['y]
8§47 = Fooe| ™ .
2 _ Foo'z (2"
[T L=
=]

140

150




BTI—

SEp—
bOdy
z045,
EOi—
BOi—
ok
Lriz
G2
Fmﬁa

Loz

NE._

£Os

EL

o2

The

Lht=x

Bl

vz

ey T

gred gri-

— s e

75 74 73
fl ippm}

76

7T

=00y

ooy
= =00z
Szoe

.In~ 102

1.0 0.5 0.0

15

75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0
fl (ppm)

8.0

0% L=

S LE—

EEREFY)
auLs
ow..__.__..@_..

pEIE—
G re

0geCl—

GOBZL—
ag8acl
GFEZL
8961
=N T

LLFrlL—

GOBIL—

agail—

BYETL—
LA
as6z )

95 LEL-

LOFEL—

GEGEL—

1h EC MR
O0uHz, CDCL:)

=

131

fi (ppm}

133

129 128

130

132

134

135

136

10

a0 7o

I (ppm}

80

140 130

T
150

T
160

S25



SlLe—

aFy—

504
104
G024
AW
gl
vl
5L
ars
ats
Ll
aLs
gy
5z
CETRN
Ve

S0L—
L04—
GO

Thi—
£ri—
[A7EA
GlL
ars
ars
i

aps
5z -
1Ti—

1i M ME
(400Hz, CDC1s)

oz

T T
745 740 705 7.00
1 {ppm )

T
720

7.30

Fooe

Foos

~O00E
~oog
ooz

Foo'E

1.0 0.5 0.0

1.5

35 3.0 25 2.0

4.0
fl (ppm}

75 70 6.5 6.0 5.5 5.0

8.0

Qe i

FELE—

pLas,
S04
Lg L
Bl e

LEag-

ETLCL—

LEFZL—
LVBE L~

9EEEL—
L0GELF
rE5EL!

86ETL—

LESTL—

EGATI—
LERT I,

AgaTL
wﬂmwr“v

QEEEL—

LOGEL—
FESGEL—

11 *C MR

i

, CDC1z)

T T
133 131
fl ippm}

T
135

T
137

50

T T T T
130 120 110 100 50

140

1
150

ft {(ppm}

S26



FET—

o=

aH9
LE D
LED
ZHO
T
zo
£044
£
0z
vz
gzt
Gl
2007

5

1k H MR
(400MHz, CDCls)

B
bEO--
VB9
zBo

Ti £n
za L
ot
eosd

0z 14
0T 4%
LT &-F
Lz
STi—
Lol—

—ooe

b

.

7.05 6.95
fl {ppm}

715

725

~oo¥

sl

=00&
=00¢Z
AL

g

=a0g

0.0

0.5

1.0

5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20
I (ppm}

7

8.0

[ 3= T

A

g e,
glLrk
[Pl
£TBL

rose—

a0zl

LEOZL—
06 LS

L9zElL—
FLSEL—

OLeFl—

anzzl—

LE9ZL—
PGLEL—
DELTLT

SL6TL—

LHZEL—

FLGEL—

133 131 129 127 125 123
fl (ppm}

135

i
100

120

140

150

30

40

50

&0

i
50

110

130

1 (ppm}

S27



PEE—

Sge—

ags
GEL
LEL
GEL
FFL
ars
L¥e
GF L%

EGL
GEL
85s

g

Fooy

Fooa

(z0z
Joop
fg5E
R o
‘oo

0.0

0.5

1.0

1.5

7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0
fl (ppm)

8.0

Lo kZ—

OZES—
9E LG5

1090
a0 iF
o 22’
LLER=
PO b

66 LTL—
96821~
aLieEl—

OFObLe,
0E0k L

a¥6al—

GE LEl—

9691
mn_.__.N_...V.

raLdl—

agadl—

aLiel—

ip “c MR
(100MHz, CDCLs)

128 126 124

130

f1 (ppm)

10

20

30

40

70 60 S0

00 90 80
fl (ppm}
S28

10

20

1

130

40

160 150 1

170



STl
aZz ru.

oze—

are—

a0,
806

LS
N_‘.mA
PLG

apg

BLan,
Lga

AT iy,

g

3

1=

ir H R
(400MHz, CDCI:

o

1.0 05 0.0

1.5

75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20
1 (ppm)

8.0

==
ElLieT

e BO-
aras
10440

8LEEF
szee’

LEE L~
EFG LT

FOEEL—

CEGSL—

£5881—

10

20

30

40

70 60 50

80
f1 (ppm)
S29

100 a0

10

120

150 140 130

160

170



a0 E—

e e

EF y—

099,
=g
8z &y
EE 4
og 24

0.5
Cl
i
N
lu *C MR
(100uHz, CDCL:)

1.0

15

20

25

Feoe

T
35

+00'9

40
fl (ppm)

=00y

45

6.0

6.5

=00

7.0

ooy

]

8.0

05 LE~
=T

EE'G5—

(¥ m_.__.___
E0°LL
PE .__..__W
a0e—

0Lag—

1Ok L
ELFLL

Ao EEL—

LEEGL—

10

40 20

o

30
fl (ppm)
S30

a0

T
150

T
160



0g'e—

-

PR
607
SLd

Py

ap 4
75+

i s
mm.hv

Lia—
ao”

I
=

9z L

g iy
ey
B Lt
75 &7
vg o
S

6L,
£6 i~

Iv 'H MR

(400, CDCL;)

Ch

6.9

7.1

T 7.5

79

=04

o0 ¢

=E0
ooy
+ED0T
S

o0z

1.0 0.5 0.0

1.5

7:5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20
fl (ppm}

8.0

EG L8

G55

[R=FY)

en thur
PE LI
zZoe—

[ ==

THE b
8TH L

B6Z1
CETR

LEEEL—

FHBEL—

QL6GL—

coel)

e MR

I
i1

1w

100

160

70 &0 50 40 30 20 10

S31

80
f1 (ppm}

S0

140 130 120 10

150



a¥ e

EgE—
EB E—
A

[

£5°m,
BG @~
z8 -
20 L
9z i~
_.._.
zy L
B L7
0L ﬁm
FRRTE

[z = p
a8

T0 L
#O L7

az I=

0F &
[

=
0L 4=
L=
og 2

H-NMR

9.}
COClsy

Za
(400MHz,

73 71 6.9 67
i (ppm)

75

T-T

Fooe

FeeL
ooz
Tast
Fooz

a0z
aog

35

7.5 7.0 6.5 6.0 55 5.0 45

a0

fi (ppm)

29" |lo—

aT ir—
05—
a0°'S5 7

09'gs’

b Ay
S0°LLF
e

Nm.m_‘_‘,_,
0T -

rEaLL—
09 ZZ1—
AR
oF L2 ﬂ
B LZL

8 0E L

62 PP Lo,
PGt

e 09—
7 ]

SLTEL—

CEHELL~
oz FLL

ragll—

09 zzl—

R A
oF 224~
8L 2Er"
BFOEL
1T 1E b,
08 LE L~

a0 el 4

BLFP I~
L=

2}

2a PC-NMR
00MHz, C

{1

|

|

iil |
1

|

130
fl (ppm)

|

15

120

125

135

140

145

|

|

40 20

T
M0 100 S0 80 70 60
fl (ppm}

T
120

T
140

T
170

200

S32



(=]
Fa
Lw
(=]
2 3
m Ll 041z~ g & -—
Ay - 5y
_n_nm o m
S u | Mo
= Bl ib— —
Fe 85°05— S
b
05z~ Fooer -y
= EAA: VN
b bOLLp
g2
Lw
L]
E
==
-2
8l booz) =
ar b Fooz) o
Wk zgaL— —
¥0 Ly s 08 L2 1
80 L s B BT
e, BE BT I¢
Iy 56 B2 1)
el Lw bg ek
H g
a4y Oz A LL Sk L~ TN
L - lg sl
o LS
o B o
Wl oz
IO [y Lw
s il st @
. L
£E ay 2
wil o
gl o~
oh b Foo's
18 TN 00
gif B oo 2
Gl ;
- B8k 9. E6l— w—
et 44 mao.m
540 Fea

a0 B0 70 &0 50 40 30 20 10

100
S33

180 170 160 150 140 130 120 110
fl (ppm)

180

200




£V
e E—
6F I

£l

£

58 o
g Ef
a6 o
85 o=
Gl 4

[

29 s
2= hw
0Ll

|

5]
L

2 H-R
(400MHz, CDCLz)

ooe
=F0E
Fooe

Floe

Fioe

wEDT
=00z
R
=Z0T
T E0E
beE L

1.0 0.5 0.0

1.5

75 7.0 65 6.0 55 5.0 45 40 35 30 25 2.0
fl (ppm}

8.0

FLE
ag Lo F
181
0z i .
1O 05—
zran
£ b2 .
GE 2L
=
|
SH LTI
BLATL =
agqgpL— zELZL % -
SHATL
TELTLAY, .
096ZL 2 —_—
es6zL | Ziezl- o =
GEETRY -
BEBEL™ gapzl-r oF
tabpl— EL6ZL o8 Jar—
BHGYL O
86501 | pgp—
(=]
-
@
0E LEL— -
=
GE LEL— - &
=
DEERL— o —

30 20 10

40

7o

T 1 1 1
130 120 110 100 80
fl (ppm)

T
140

1
T

1

180

180

1
200

S34



an -
ST —

aro—

L=

¥

965,
8F o~
oo 2
o

9z I
(S
I

b £
o

1N
a2
BO 21—
s

=106
3

13

1)

(400uHz,

.7

o006

|L Looel

Fooe

- wao.mu

72 71 FO0 69

74 73
i (ppm)
T

—=== [o0tH

75

B ooz
ooz
e
ooz

7.6
|

7.8

35 3.0 25 20 1.5 1.0 0.5 0.0

40
fI (ppm}

75

8.0

89" l—
12708,

L6 DE--
aFbE—
ez oe

LT —
La0s—

FTR-T
B0 L4
L L

L981—
ZL 5zl
9 LTl
SL8EI~:
EL6ZL
vrier)

VE bl
eF Skl
£ EZ5I—
£z 85—

SLUERL—

2d “e-NuR

(100MHz, CDCLs)

10

&0 40 20

T
100 S0 a0

i (ppm)

10

T
140

T T T
180 170 160

T
180

200

S35



10

20

30

40

50

60

EL

Lo
=
| w
(=]
W
& 7T e~
g o it
f ] - 4=
-}
‘5 99k,
&3 Le 86 6t
o™ v
€815+
51°zg
. uy
15 T —— Tooera
L 0z 94,
75 9
vaas
['F]
o
1ge— =ooe[
£ E— - =00E[ = E T
"5 BT LT) n
LZ = oozl = m
e Foozl o 8% LTL—
o §55LL—
ks o
M”M\ | = BT LTh o
L ui 20T 1y : o
G €5 BTI-  L98T—
L™ 20 0ELT
P~ wy . dr
| oF LEL e S
[« i oxpel!  FHEC oiE
eV L e EE PPl epezi, a2
St L G = 815¢1 xRz dx
| @ -
E
o w e L0081
04 J puch=+ "
bl = o ,
Q.h.,_.,. WOE -1 EL GBI, ]
€L 4= e Lz 59k 2
. Bl = = e L@ =
Pl s = e 2 -
gk L 6L o 1el—
9z i~ Lo e
£F i =00E w oF beL— kd
86 I~ = 2ozl ~ o
L W e T =] - H o
0L W08 = EpE 5P EEL-
88 Li— " ed — T—.D.Nlm

180 170 180 150 140 130 120 110 100 90 80
i (ppm})
S36

180

200



L& Z—

(548
av ¥

0z &
Fral
oF £—
BY L
L ha
g

HiC

0z L~
[

oF i,
ot i
o
ap

BY iy
0L it
b aF
e

=i
=

> 507
ooy

2f ‘H-NMR
(400a=, CDCL:)

=00d-
07

> 007

71

T2

7.8

7.8

=00e

Feoe
o

=002
=60E
00T
A0z

0oz

1.0 0.5 0.0

15

7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 2.0
fl (ppm}

8.0

L T

(AL
9E 05—

1L m:_u,_

[

2f “e-mR

T
CDCLs

11

=y

GE L

G5 bby
895 b
A :;,m
ezl
EEB LY
LLLT =
BFET L]
9,0l
agzel

GESFL—

Qe el

160

180

140 130 120 110 100 90 80 70 60 50 40 30 20 10
i (ppm}

150

170

180

S37



05—

Gl

EF ¥—

0o &,
A
20 A
60 47"

a i

SE I,
IE
oy i
vt 2

8o
04 2k
04 277
A

2g 'H-NMR

(40001, CDCL:)

70 69

T T T T T T
78 77 76 75 T4 T3 T2 T

1 (ppm)

=00E

00

Foog

1.0 0.5 0.0

15

e 7.0 6.5 8.0 5.5 5.0 45 4.0 35 3.0 25 20
fl (ppm)

8.0

—
A o =
3
GO A
2F 05— p
F\._:
£
Lran,
MD.......____‘
GE L
u
P M8
BLiTI—
0zal— F -—
LEAT L b
96 BT b - i
A [if3-1 48 o
a68gL— L
agagl— —
SEbPL— aFBE L a i—
LEGh L qE ——
a
aggy L/ =]
o=
u
ag0EL~ = E
BYDEL -
ETLEL— - s
"o
EHLEL~ =
GELELT | -
LTTEL— " —
F &

180 180 170 160 150 140 130 1200 110 100 50 &0 70 &0 50 40 30 20 10
fl (ppm}

200

S38



10

B

=

(100MHz, CDCLs)

20

30

Zh ZC-MR
60 50 40

70

=]
=]
a2 us
T [ =
8 TL T~
e =
*2 - L BT
S
L w
5
ok Lk—
L= 5% 05—
5]
wwgz— 9 - =00el o T
e LEBk
o3 LT
vE L2
L w
L]
.-
C -3
8lh— =0z =
[=:]
PP~ pag. w Fo0Z| =
o £09LL—
P
WL ~ EGLTLY
204, b S0BT1|,
- rEBZL—
¥ = eooel
Ve’ . LrogLf
] wi __
i [ |
PARTE | PEEEL
el B oz - BaGEL”
; ZE i— ~& w
e0d
il (WA =
s YN hid ”
204 mwmw w
8oL ool
IS EEE vSr _Do.r
£l B¥L %8.? b
oz &y @ Sk
Nm.h.,_,r BB~ ~
peiof B9L— Waom_‘ o
mm.ﬁ 692 e Hmmm ~
erid. 8oL et ETTHL—
sred ordd MT_E
__ Zhigd 95l =
nat L

170 180 150 140 130 120 110 100 S0 80
1 (ppm}
S39

180

180

200



lge—

g
e
Tib—
arps

=g
Fi-Ee

G t—
N_um.\

Fy-]
6£9
Lea
CEY
FEG
969
GE G
Lo
£oL

7
aF L~
Gl L=
.__h.h\

200
BLO—
Leas”

ZE
FEOL
ARG~
BEA~
e

BOTi—
IV
0T 4

L
9L

Pr i~
=) Pl

GLi~
LL4

1.0 05 0.0

15

20

z5

=ooer

3.0

35

0ok

=LoL

45

Fzol

5.0

=ooLE

55

6.0

6.5

0oL
Feoe
=zl

‘e
=507,

7o

75

E0T

8.0

ft (ppm})

[ v

el L
8L6F

(o
O L2
e L2

GFSLL—

50921
ZEATL
mmmmwﬂr
BLRTL,
ariel

I

|
GHZEL

BEGEL—
Flafl—

0LE6L—

H:C.

180 180 170 180 150 140 130 120 10 100 a0 &0 70 60 50 40 30 20 10
fl (ppm}

200

S40



10

20

30

40

50

60

70

=
[ =
| v e
2 - 8
m o 2 8rLT— __ m
& i)
s
=
- e TL ik
B 05—
uy
95 Z— |~ — Foog| ™
w
TN _
as - —=5 00} L=
CTN-2e - 0£94,
e
5 peal
Lo s
w
B0t L= Lo
L ~ = el T8
2 Woand - =
mm.w o b i | = Fl o,
8E i S ~ K
W= = =0l
gry’ BV - ooy L LE9LL—
(F ~ -3 LEETY
LEiSor E e LOazin
w7 i Y
P | mE iz
e L w mmhm%
o LFBTL]
_.v.h./ | - FA=ln
Eb - Ll =]
5b 4— M@ TEEPL—
B 1— Lo LEAEL—
(L= ~
srey  eg s F i
as =
s A ke =00l
90 L o e[ =
e A
oy 2 =2 =001
oz 4 ; :
W L = w 3w
el TN | o = =ag% e~
Y ~ 4 i
el 2 == F00°2
o5 4] a0z o
¥ |2 o arsal—

a0 &0

100
S41

180 170 160 150 140 130 120 110
f1 (ppm}

180

200



6% 2

SL—

L

506
alg
a8
0

06 &
L o
a0 2
\Z
-

L9k
ag h.__ﬂ
0L L

EZ0E

ez

%DD.N

ool
ool
R
ook
e

o0t

1.0 0.5 0.0

1.5

75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0
fl (ppm}

8.0

i
s
69 LE— wm
S 1
ET it . —_—
BE05— — —
HL..
¥
q
LLads
£0177
GE L
-
POLTL ol
LELTL— -
GHaTL— g
FOOE L,
$aGLL— FTOEL— o = —
reocl”” =
88TV~ | aq 01— ] —
roLizl— T —
vzoc— EFZEL— —— = (i ]
@ —
L¥BELF = [ 1
cliel” ——
SFEPLT w —
cashlS -
1FIEL— =
-
ELiEL— - a
a
orgel— FEOPIT =y —
¥

T 1 1 T 1
150 140 130 120 M0 100 S0 80 70
1 (ppm)

i
&0

1

70

1

T
180

150

S42



bCE—

GO
PLEA:
0gE—-
gae’

GHa-,
253"

ag9—
959~

9z

PEL
ags<

558~
859"

9a9,
aga—

aFa—
gEg’

e i—

PEL~
VS

i

3
;

HNE
(400MHz, CDCLs

6.8 66

7.4 T2 7.0
1 (ppm})

7.6

78

Foog

(O0E|
man
o009

‘oog L

Fooz
Looz

toog-

FaEL

1.0 0.5 0.0

1.5

25 20

30

35

55 5.0 45

6.0

65

7.0

7.5

8.0

1 (ppm}

Qg Ze--
S¥F GE—

K05
0LEG
Z055+
£9 55

zLak,
E0LL
SELL

LEE L
AFE LI

SE0ZTI—
BEST L

L e
gozel’

£96FL—

SEEGL—
GEVAl—
Ligal-

GHERL—

LGE L~
GEE L

SEDZL—

FEEZL—

BESTL—
GTLEL—

LELER~
auzel”

Y
Y

21 “o-nm
(100MHz, CDCL;

i

130 128 126 124 122 120 M& 16 114 112
fl (ppm}

132

|

T T T T T T L T ¥
180 170 180 150 140 130 120 110 100
fl (ppm}

t
180

200

S43



A

PLE~
LEET

vmm/
959~
L P
aos-
mmh.w
(3

8LiF
ogL

1%

2m H-NME,
(400u¥=, CDCLs)
A,

-3

=00E

=00Z
“Eog

=G0E
~o0E

A

Foog

1.0 05 0.0

15

75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20
1 (ppm)

a0

mm
95 ZE— = —F
TEsE— A= —2
BE 05— —
PHES
0484
£g i
i
&4 ]
0oez— -
]
SLEH— —
008ZL—  858TL— = . 3 4
PTETL—
irop/ | vEBTI= M = =
E¥ETI 3 g
pEbRL— E C—
210EL- =2
ro0sL— = e
SHLEL— -
BETEL— - o
]
avagL— —
ui
(]
EEGEL— -— 3
PEEBL— & —

10

20

50

T : : .
110 100 80 B0 70
1 (ppm)

1
120

160

170

S44



ETE—

PLE~
Lge

2L
G294

ira
B59—

aTi—

GHy

ags
MMMW
ag4s

zian
5L9—
119’

86497
oy
Los
NQhM
E[v
mah%
ars!

Bz i—

\
]

*H-KMR
[400MHz, CDCL:

2n

mﬂo 0z

“
w

72
fI (ppm)

76 T4

78

=00g

=00E
~oog

=o0e

ﬂDQw
-00'z

Fooe

0.0

1.0 0.5

15

5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 2.0
1 (ppm}

T

8.0

il
"
EFA= T
SE5E— @m
g =
dn
0t 05—
£8ES—
LLBy
O LbeF
pE Lo
0EG bhy, w
TEG L= —— gl
66 Ll _—
DESHY  zgus
2G5 by
mmm:‘,@. t |2
LZaLL-
LB LL— -—
LEB LL— —
yOazL— G = =
™
Lg0el— b =
srze
__ E
egzeld 3 -
=]
it —
IIDES —
POz -—
09194y, - B 5
fzpal-L SO04EH — L i
BOSaL— S
Sg2aLF —
rgagl =
(3]
LEOEL— =
SLZELF =
szeelf B
pLEGL— SSZEL) - -—
egzeld
E:

50 140 130 120 110 100 90 8 Y0 60 50 40 30 20 10
fl (ppm}

1

60

1

170

80

1

0

1

200

S45



—101 96
—-11057

2n FF-NMR
(3T@MH=, CDCI:)
]
- T T T T T T T T T T T T T T T T T T T T T
10 o -0 -20 -30 -40 -50 80 -7O -B0 SO0 -100 =120 -140 =180 -180 =200
fl (ppm)

S46



0.5

1.0

&

[

g 85 ze~
g 87 Ge—
S

15

20 “C-NR

L¥F 05—
EFES—

20

25

0484

3.0

30 20 10

I

(1
50 40

&0

70

T

¥
BZE— R e i 1F PEie

35

LLE~ —J 002
gEE~" ~z09

are Ll
LELEL
a9kl
31 ST
alsal
0zszl
ETGTLY
CHELL
==
FEETA Y
EGGEL
hv.m_NFL_
AR

C o EF0EL—

; 1
55 50 45 40
I (ppm)

6.0

65

GERAlL—
Thi
(AT .
9z I~ =004
0T == 00
zg

19— = =0T

05L— =003

70

75

LIPEL—

a.0

180 170 180 150 140 130 120 110 100 S0 80
fl (ppm)
S47

150

200



m

®mm

w o

¥

K 2o “F-R
(37AHz, cocls)

i}
T T ; T T T . T T I SRS .
50 52 54 56 60 64 J0 72 74 76 78 80

S48



0.0

10

1)

20

30

{1003z, CTC

Zp R
40

50

&80

70

u
| =]
L=
5 -
B bLgE-
m : i 1558~
_"._um [
& o
~ T SE05—
| G EG—
u
e
= vLal,
an Li+
L g
e E— ——— 0T “Eils
L
[25]
0gE T |
Ee Logal _E CCELAE)
+28 ETLTIAE
= TV
: o] BEBTL
-~ u
s o [ Lioel—
o a | L LE b
b F e zZrnzi—
62 1| = L= .
prape - e ggagL— BFEEL— -
8z L e i zrezL”
6 L4
7 iy s
[ [ e
Ebd mm.h.__"__,. o LgaEL—
ST se [ 2
az e nE = m.__m.v_‘lu
& . ~g « EELL SR o
=Ty L5 4 = LLBELT
G4 BE LS L w™
7 BT f2s .o agLpl— —
BE X £9' 44 ©
o Lr Lgga)—
g &
o 2 T
A Lo
(aan GLapL- —
ap - w
gL B - o ~
[ legs
; & EOGEL— e i
RE A 5 Ly agabl
e o

80

128
100 90
fl (ppm}
S49

1o

132
120

130

40

1

1 (ppm}
50

140
1

160

180 170

180

200



BLE—

PHE~
ELE—
pge”

[
GTF

559~
g9

SEHO—

i

SHiA
vl

GO
L2597

GEG,
aEg—

2E9—

az i

GEL
FX: Vi

2q H-WME
(400Hz, CDC1.)

=109

————— o0z

»00E
————— ‘oo¢
Roog
Foow
H%QDD.N ©
0w
e
0w
—=00zT
=poz) =
=
Zm
~a
) =2
=
+ = Fooz
.
= FO0T
© 00T
b
@
5 =
E 0z
= 00T

1.0 0.5 0.0

15

7.0 65 8.0 55 5.0 45 4.0 35 3.0 2.5 2.0
I (ppm})

75

2.0

LEEL—

LS TE~
8 GeE"

0505—

LOS57
2558/

FOES—

[5=Fa

(10083, CDCL)

2q R

#O L2
agi

BYE LL
GEELL—

EFDZI—
EBGTI~

THIEL-r
Leel

EEN

CHES—

BEFIL—
rER9l—

E0PEL—

GFE L~
SEE L

ev¥ocl—

ZFECL—

EGGCL—
BZLTL—

ZELEL
VEEELT

—

124 120 116 112

fi {ppm)

128

136

40

50

i i
100 50 a0

I (ppm)

140 1o

i
180 170

150

i
200

S50



ET L
ST I~

az 14

azl’

SlE—

PIE-
0LE~
FEE

£05,

506

a0G-
BOG-
oG
L
grgd

1:4:0N
159

ag9—

aTi—

L7
BEL

2r ‘R

(400MHz, CDCL.}

L1009
o

Foog

/O00E
Fooz
ooe

Toog

~ooe

=002
o0E

=oog

0.0

1.0 0.5

1.5

75 7.0 85 8.0 55 5.0 45 4.0 35 3.0 25 2.0
fl (ppm)

8.0

0z L~
i¥ _.va

L& e~
a0 G5E—

a¥ 05
LOS5F
A=g:1e3

60 L4

2r Yo
(100MH=, CDCL)

_..._.m_N._.
E0LLY
GELL

IFE LY
GEE LIS

arnzL—
SHGT b,

EHLELr
slrzel’

0g6¥L—

GEHES|—

GEFAL—
EFiH]—

alreEL—

LFELL~-
SEELLT

a¥otl—

BFEZL—

SEGTL—

GTLTL—

£gLEl—
SLZEL"

123 18 15
I (ppm)

127

131

40

100 90
1 (ppm)

t
110

140 120

1
160

70

1

200

S51



10

1¥
20

30

40

2s C-NE

50

60

0

L
< SFLI—
-~ L= 65 iT—
m SLEE—
a5
SH I~ | o
Loz FToTr LG5,
LG 55
uy
BHTY, B
e = FZOE
Legd - 0Lak
L2 TO L
BOE~ = FO0E ve L)
ZLe
L w
(3]
GoE— 3 =L0E
EgE— - =F0E DW
2=
e .4ﬂ
159 . ;
P -k.uqm L@ ” BFE L~
B PEE L
L 0ozzl—
| oo Lo LELT
EgE~ —puz| i
GEa- L 95 LEL T
- 8siel’
[=) |- 5
{1 A -MME.N-T. b
SO~ & :
E = 0G|
™ L2 21051
Ha
—_ - =
B T o TEESI—
2594 |« i
Fgo-t L% rooz] © LE¥al
[N
cga— = =E0T|
e0d— = LS~
w
agi— L _ 3
['F]
F P
8L~ BLL : . o - : E0SEL-
T:re L .Ja_um ~ J aoal
-]

80 a0
S52

100
1 (ppm})

10

il
120

130

170 160 150 140

180

180

200



99E—
e E—

L
A=

[3=0)
gorg-
13—
0L
Tl
az !

13
=0

I

EZ0E
=00

=0e
Fo0E

ooz
FO0E

Fooe

ooz

1.0 0.5 ]

[ 51

75 7.0 65 6.0 55 5.0 45 40 35 30 25 20
f {ppm)

8.0

~CHs

8055,
G555

aoass,
S04

zras
o1
ag 24

SEELL

oLy _‘_.W.
OrsLL”

LHTEL—
GEAZL—
gl lel—~
¥E _‘m_...__w

LTarl—

oEogl—
agral—

LEZEL—

/

Booam
(100u¥=, CDCl,

2t

GEELLY
0k
org L

LHETL—

GEOTL
LTLEL

al el
PELEVT

110

125 120 13
1 (ppm)

130

135

120

140

150

100 90 &0 70 &0 S0 40 30 20 10
I (ppm)

170 180 150 130 110

120

200

S53



96'Z—

ag'e—
E8'E—

98" F—

g —

Laen,
£og—
zeog—
o 4
oz 4=

8,
=

2u ‘H-NME
(400802,
| AR &

©DCl:)

— o0c

=00E
o

-— Foo'e

— Fooz

00E
= =00E

Fooz|

Fooz

75 7.0 65 6.0 55 50 45 40 35
fl (ppm)

8.0

ooge—

pEar—
BE 05—
0bS5F
09 5g/

bEad
EOLLF
sgLs

06E Ly
LT LL-L
999 L
SSTTI—
LYR:TARS

;14 _.m_.._._lu
cOzel”

a6¥rL—

£¥0al—
ELF91—

86 16—

O6ELL~
LZr LT

aggLl-

SETLl—

£L921—
Q9L

6T LEl—
cozel-—

1%
-3

Zu BC-0R
(1000iz, CDCL:)

122 18 14
1 (ppm)

126

130

10

20

40

T 50

T 1 T T T T T 1 T
180 170 160 1500 1400 1300 120 110 100 a0
fl (ppm)

180

1
200

S54



Po'E=
rEE—

Sl'y

SF—

150
oga-
zea—
70—
oc -
zo 4
59 L
Bl i
arof
v

158
058/

AN
s8'8”

FAIPE
¥

oz i=

'H-JR

1.3

Py
(400MHz, CDC

= TO0E
J

75 7.3 T 6.9 8.7
fl (ppm)

T

=10e
Eoog

Fooz

Toog
=g
=00g

20z
- oy
feoz

=

1.0 05 0.0

15

75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20
fl (ppm}

an

VT ib—
85 05—
10557
[

LAk,
EOL4F
sgis’

EHE LYy
ZTriiL
£ratl—
552 -
pIazL—
mhhmrw
8z hElL,
czrel’

L9t 1—

LED09L-
Liral—

ZlZel—

2w EC-aR

JER

1
1

00MHz, CDCI:s

EHE L
4 A0

eLall—

SSTTL—

FH9Zl—
9¥icl—
cLLEl’

2EG6Z1—

ST LEL—
GOZEL—

ETvEL—
FLSEL—

130 125 120 15
fl {ppm)

135

i,

|

|

150 140 130 120 10 100 90 B0 Y0 60 50 40 30 20 10
fl (ppm)

60

7o 1

a0

1

180

200

S55



1

100sHz, CDC1S)

3a S-MR

Lo
=
L w
-~ =
7
mm =] 2y rmw
T4 = 09T
.mm L
- ot
E0E— = =00E[ o BTEy— =
i
M agos— ﬁ\//
W EO0E| v \
£ T 55— L/
)
L= T
[}
i) e osan
=1 £ P
e ve L
01| et
B0 b FHER
BT ¥ o0k
e SO ¥E—
9l Tt
og " o950
090Lbs,
ZhELL=
& LEGLL—
Ts]
TETTI—
= PLLTIF
£E8TLT
9g0g L
8’9 " IFDEL
68 SUTH I
06 o PESYLn,
[Kag] L ELGY L
A0S Foop ™
0 £ 2]
L4 __ Fonz|
] ~ ag0aL—
b
=
=51

20
1 (gpm)

100 90
S56

10

120

-

150 140 130

160

170



10

3b Fe-WR
(100uHz, cDCI,
20

q

60 50 40 0

70
fl (ppm}
S57

o
=1
Uy
=l
L=
D4 L~
- [ Ad
[=]
a0c— =go gl ™
3 o I 9 Eb—
IFE— \ - —¥OEL
pr- 2]
x 0oos— b
3
[*¥]
Mo
£0%1
SO =
m_u..wJF og LEas
& |
0% Feoz| = €029
0gt— Eu) SELL
SE 0
o
2L~ T g
ool
e -
i EO b6
ul
M
= 8L LH—
w0
Lwn LGET L
= azvzl—
SLITL—
= LO0EL
mmmw S £g0EL]
SLLELT
I
BEL— RHOE| J
RS BYERE—
veiy e
iy - agayl—
" ed

130 120 110 100 50 a0

140

150



L0Z—
age—

HC

FTt—
B¥E—

a0
an!
Lis
zhe
£is
e
Ui
0L
az
b

88—
GEVE

4b 'H-NME :
(400MHz, CDCI:}

—o0e
rooe

ooz
=00g

L6'0
ns.aa._‘
-oog
=10z

=00 L

1.0 0.5 0.0

15

30 25 20

5

40
f1 (ppm)

75 7.0 6.5 6.0 5.5 5.0

&.0

5]
LI
L] ;
._. .-.”v_
>/ rd 3l
Bgii— O
5 -
_.r.:.N. n._
P z
o= L)
.rrrIJ
B Th— __, A =
LEGE— |
[&]
ry
(FL=Vo8
ve sl
BEOZL I
B LTI L8
26 2TLy;
808z r
£gazi— a
LIBTI—
F @
GHLEL— -
o
r=g
TYEEL =
BEA LI FoE
BEITL ]
LE4TIAL b
egazl— -
G LEL— s
ETLEL~ [ried
ETLEL— EELEL~ [
ZERELT
L 3
05Fkl— ZEBEL— =
agavL—
oFOFL— _
=

i T T T i f T
140 130 120 1a 100 80 80 70 &0

i
150

1 (ppm)

S58



