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Scheme 1. Three-component synthesis of sterically congested 2,5-disubstituted 1,3,4-oxadiazoles 4 (see Table 1).

Table 1. Synthesis of sterically congested 1,3,4-oxadiazole derivatives 4a-o0 from (1R)-(—)-campherchinon 2 and (N-isocyanimino)-
triphenylphosphorane 3 in the presence of carboxylic acid 1 (See Scheme 1)
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Table 1. Continued
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One-pot, Three-component Synthesis of Fully Substituted 1,3,4-Oxadiazole

3-Hydroxyl-1,7,7-trimethyl-3-(5-phenyl)-1,3,4-oxadiazol-
2-yl]bicyclo[2.2.1]heptan-2-one (4a). White powder, yield:
90%, mp 173-175° IR (KBr): 3283 (OH), 2961, 2928, 1762,
1606, 1548, 1485, 1088, 785, 690 cm™'; 'H NMR § 7.50-
8.03 (m, SH, CHarom), 3.65 (s, 1H, OH), 2.52 (s, 1H, CH),
1.68-1.91 (m, 4H, 2CH,), 1.05 (s, 3H, CHz3), 1.16 (s, 6H,
2CH3). C NMR § 213.00 (C=0), 166.76, 165.54 (2C=N),
131.95, 129.01, 127.10 (5CH), 123.21 (C), 77.65 (C-OH),
58.29 (C), 52.79 (CH), 46.22 (C), 27.96, 23.29 (2CH»),
21.92, 20.42, 9.45 (3CH;3). MS m/z (%) 312 (M, 48), 269
(12), 241 (20), 202 (92), 187 (100),147 (28), 105 (40), 83
(44), 77 (48), 55 (56), 41 (32). Anal. Calcd for CisH20N203
(312.15): C 69.21, H 6.45, N 8.97. Found: C 69.15, H 6.51,
N 9.03.
3-[5-(4-Chlorophenyl)-1,3,4-oxadiazol-2-yl]-3-hydroxy-
1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4b). White
powder, yield: 88%, mp 127-129°. IR (KBr): 3354 (OH),
2960, 2928, 1762, 1606, 1547, 1458, 1100, 843 cm™'; 'H
NMR § 7.95 (d, *Jun= 6.5 Hz, 2H, CHurom), 7.45 (d, *Jun =
6.5 Hz, 2H, CHarom), 3.75 (s, 1H, OH), 2.51 (m, 1H, CH),
1.73-1.91 (m, 4H, 2CH,), 1.04 (s, 3H, CHj3), 1.16 (s, 6H,
2CH3). C NMR § 213.01 (C=0), 165.74, 164.24 (2C=N),
138.30 (C), 129.40, 128.37 (4CH), 121.88 (C), 77.60 (C-
OH), 58.29 (C), 52.75 (CH), 46.23 (C), 27.93, 23.31 (2CH>),
9.43, 20.42, 21.93 (3CH3). MS m/z (%) 346 (M", 32), 249
(20), 236 (48), 221 (64), 207 (32), 167 (28), 156 (36), 149
(96), 139 (100), 111 (56), 95 (48), 83 (68), 69 (56), 55 (72),
41 (64). Anal. Calcd for CigHi9CIN>O;3 (346.11): C 62.34, H
5.52, N 8.08. Found: C 62.39, H 5.47, N 8.03.
3-Hydroxyl-3-[5-(4-methoxyphenyl)-1,3,4-oxadiazol-2-
yl]-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4c). White
powder, yield 87%, mp 177-179°. IR (KBr): 3275 (OH),
2963, 2934, 1765, 1616, 1503, 1455, 1084, 837 cm™'; 'H
NMR § 7.92 (d, *Jim= 8.75 Hz, 2H, CHurom), 6.94 (d, *Ji =
8.75 Hz, 2H, CHarom), 4.00 (s, 1H, OH), 3.85 (s, 3H, OCH3),
2.46 (m, 1H, CH), 1.60-1.94 (m, 4H, 2CH,), 1.03 (s, 3H,
CH3), 1.04 (s, 3H, CH3), 1.16 (s, 3H, CHs). 3*C NMR §
213.08 (C=0), 165.18, 165.07 (2C=N), 162.41 (C), 128.87,
114.40 (4CH), 115.93 (C), 76.63 (C-OH), 55.47 (OCH3),
58.52 (C), 52.83 (CH), 46.18 (C), 27.97, 23.29 (2CH»),
21.92, 20.44, 9.45 (3CH3). MS m/z (%) 342 (M, 40), 293
(16), 271 (16), 245 (24), 232 (36), 217 (100), 203 (48), 176
(36), 149 (56), 133 (84), 83 (24), 69 (28), 55 (32), 41 (20).
Anal. Caled for Ci9H»N>O4 (342.16): C 66.65, H 6.48, N
8.18. Found: C 66.60, H 6.43, N 8.123.
3-{5-[4-(Bromomethyl)phenyl]-1,3,4-0xadiazol-2-yl}-3-
hydroxy-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4d).
White powder, yield 88%, mp 117-119°. IR (KBr): 3274
(OH), 2960, 2928, 1764, 1616, 1554, 1417, 1087, 858 cm™';
"HNMR § 7.99 (d, *Jun= 7.2 Hz, 2H, CHaom), 7.50 (d, *Jun
= 7.2 Hz, 2H, CHarom), 4.50 (s, 2H, CH>), 3.93 (s, 1H, OH),
2.51(m, 1H, CH), 1.73-1.85 (m, 4H, 2CH>), 1.04 (s, 3H,
CHj3), 1.17 (s, 6H, 2CH;). >*C NMR & 213.21 (C=0), 165.83,
164.85 (2C=N), 141.72 (2C), 129.68, 127.52 (4CH), 123.32
(C), 76.65 (C-OH), 58.28 (C), 52.79 (CH), 46.22 (C), 32.15
(CH»Br), 27.95, 23.28 (2CH,), 21.93, 20.42, 9.44 (3CHs3).
MS m/z (%) 404 (M*, 20), 296 (24), 279 (56), 214 (24), 159

Bull. Korean Chem. Soc. 2012, Vol. 33, No.2 3

(60),116 (100), 83 (48), 69 (36), 55 (80), 41 (56). Anal.
Calcd for Ci9H2iBrN»O3 (404.07): C 56.31, H 5.22, N 6.91.
Found: C 56.36, H 5.17, N 6.86.
3-[5-(3,4-Dimethylphenyl)-1,3,4-oxadiazol-2-yl]-3-hydr-
oxy-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4e). White
powder, yield 86%, mp 152-154°. IR (KBr): 3285 (OH),
2943, 2928, 1764, 1615, 1551, 1489, 1088, 856, 726 cm™;
"HNMR & 7.21-7.80 (m, 3H, CHarom), 3.57 (s, 1H, OH), 2.48
(m, 1H, CH), 2.31 (s, 6H, 2CH3), 1.62-1.96 (m, 4H, 2CH.>),
1.05 (s, 3H, CH3), 1.16 (s, 6H, 2CH3). *C NMR & 213.00
(C=0), 16634, 165.20 (2C=N), 141.26, 137.51 (2C),
130.22, 128.05, 124.62 (3CH), 120.93 (C), 76.65 (C-OH),
58.26 (C), 52.80 (CH), 46.20 (C), 27.95, 23.30 (2CH>),
19.94,19.62 (2CHs), 21.91, 20.44, 9.45 (3CH3). MS m/z (%)
340 (M7, 68), 269 (24), 243 (48), 230 (28), 215 (88), 201
(92), 175 (24), 149 (36), 133 (100), 116 (32), 105 (44), 69
(40), 55 (40), 41 (44). Anal. Calcd for CH24N-03 (340.18):
C 70.56,H 7.11, N 8.23. Found: C 70.50, H 7.17, N 8.17.
3-{5-[4-(Tert-butyl)phenyl]-1,3,4-oxadiazol-2-yl}-3-hydr-
oxy-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4f). Color-
less Oil, yield 87%, IR (KBr): 3408 (OH), 2963, 2871, 1762,
1615, 1500, 1458, 1112, 843 cm™'; 'HNMR § 7.95 (d, *Jim =
8.0 Hz, 2H, CHurom), 7.49 (d, *Jin = 8.0 Hz, 2H, CHarom),
3.51 (s, 1H, OH), 2.47 (m, 1H, CH), 1.62-1.90 (m, 4H,
2CHy), 1.34 (s, 9H, 3CHz3), 1.04 (s, 3H, CHz3), 1.17 (s, 6H,
2CH3). *C NMR § 213.11 (C=0), 165.37 (2C=N), 155.62
(©), 126.95, 125.97 (4CH), 120.61(C), 76.66 (C-OH), 58.27
(C), 52.86 (CH), 46.20 (C), 35.06 (C), 31.07 (3CHz3), 27.98,
23.24 (2CH>), 21.92, 20.43, 9.45 (3CH3). Anal. Calcd for
C»H2sN>0s3 (368.21): C 71.71, H 7.66, N 7.60. Found: C
71.76,H 7.61, N 7.65.
3-Hydroxyl-1,7,7-trimethyl-3-[5-(4-methylphenyl)-1,3,4-
oxadiazol-2-yl]bicyclo[2.2.1]heptan-2-one (4g). White
powder, yield 86%, mp 136-138°. IR (KBr): 3281 (OH),
2955, 2929, 1766, 1615, 1548, 1499, 1088, 823 cm™'; 'H
NMR § 7.89 (d, *Jin= 6.25 Hz, 2H, CHaurom), 7.26 (d, *Jin =
6.25 Hz, 2H, CHarom), 3.73 (s, 1H, OH), 2.50 (s, 1H, CH),
2.40 (s, 3H, CHs3), 1.67-1.95 (m, 4H, 2CH>), 1.04 (s, 3H,
CHj3), 1.16 (s, 6H, 2CH3). *C NMR § 213.11 (C=0), 165.34
(2C=N), 142.50 (C), 129.67, 127.05 (4CH), 120.66 (C),
76.66 (C-OH), 58.27(C), 52.84 (CH), 46.20 (C), 27.97,
23.28 (2CH,), 21.92, 21.62,20.43, 9.45 (4CH3). Anal. Calcd
for C19H22N»03 (326.16): C 69.92, H 6.79, N 8.58. Found: C
69.86, H 6.73, N 8.52.
3-[5-(4-Bromophenyl)-1,3,4-oxadiazol-2-yl]-3-hydroxy-
1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4h). White
powder, yield 87%, mp 153-155°. IR (KBr): 3354 (OH),
2959, 2925, 1762, 1603, 1542, 1486, 1087, 838 cm™'; 'H
NMR § 7.89 (d, *Jun= 8.5 Hz, 2H, CHarom), 7.62 (d, *Jum =
8.5 Hz, 2H, CHarom), 3.78 (s, 1H, OH), 2.47 (m, 1H, CH),
1.63-1.97 (m, 4H, 2CH>), 1.05 (s, 3H, CHj3), 1.16 (s, 6H,
2CH3). *C NMR § 210.00 (C=0), 165.73, 153.50 (2C=N),
132.38, 128.49 (4CH), 127.86, 122.21 (2C), 76.23 (C-OH),
58.28 (C), 52.73 (CH), 46.23 (C), 27.95, 23.32 (2CH»),
21.92, 20.43, 9.43 (3CH3). Anal. Calcd for CisH9BrN>O;3
(390.06): C 55.26, H 4.89, N 7.16. Found: C 55.31, H 4.94,
N7.11.
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3-[5-(4-Fluorophenyl)-1,3,4-oxadiazol-2-yl]-3-hydroxy-
1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (4i). Colorless
Oil, yield 85%, IR (KBr): 3416 (OH), 2964, 2928, 1760,
1611, 1500, 1417, 1237, 845 cm™'; '"H NMR § 7.15-8.07(m,
4H, CHarom), 3.55 (s, 1H, OH), 2.51 (m, 1H, CH), 1.74-1.87
(m, 4H, 2CH>), 1.05 (s, 3H, CH;), 1.16 (s, 6H, 2CH;). *C
NMR & 212.96 (C=0), 166.75, 165.26 (2C=N), 161.50 (C,
d, 3Jer = 503.3 Hz), 129.44 (2CH, d, *Jcr = 8.8 Hz), 119.87
(C, d, *Jor= 4.4 Hz), 116.40 (2CH, d, *Jcr = 22.6 Hz), 76.23
(C-OH), 58.28 (C), 52.72 (CH), 46.23 (2C), 27.92, 23.32
(2CH,), 2191, 20.43, 9.43 (3CH3). Anal. Calcd for
CisH19FN2O5 (330.14): C 65.44, H 5.80, N 8.48. Found: C
65.39, H 5.74, N 8.53.
3-Hydroxyl-1,7,7-trimethyl-3-[5-(3-methylphenyl)-1,3,4-
oxadiazol-2-yl]bicyclo[2.2.1]heptan-2-one (4j). White
powder, yield 89%, mp 134-136°. IR (KBr): 3282 (OH),
2959, 2927, 1762, 1597, 1557, 1456, 1089, 819, 723, 688
cm™'; 'TH NMR & 7.33-7.83 (m, 4H, CHyom), 3.95 (s, 1H,
OH), 2.53 (m, 1H, CH), 2.39 (s, 3H, CH3), 1.77-1.85 (m, 4H,
2CH»), 1.04 (s, 3H, CH3), 1.05 (s, 3H, CH3), 1.16 (s, 3H,
CH3). ’C NMR § 213.04 (C=0), 165.50 (2C=N), 138.89
(C), 132.72, 128.88, 127.59, 124.26 (4CH), 123.30 (C),
76.66 (C-OH), 58.28 (C), 52.84 (CH), 46.20 (C), 27.97,
23.28 (2CH»), 21.25 (CH3), 21.93, 20.43, 9.45 (3CH3). Anal.
Caled for Ci9H2oN>O3 (326.16): C 69.92, H 6.79, N 8.58.
Found: C 69.87, H 6.85, N 8.64.
3-Hydroxyl-1,7,7-trimethyl-3-[5-(1-naphthyl)-1,3,4-oxa-
diazol-2-yl]bicyclo[2.2.1]heptan-2-one (4k). White powder,
yield 86%, mp 135-137°. IR (KBr): 3426 (OH), 2925, 2872,
1760, 1579, 1536, 1456, 1108, 857, 774 cm™'; 'H NMR §
7.51-9.16 (m, 7H, CHarom), 3.62 (s, 1H, OH), 2.57 (m, 1H,
CH), 1.66-1.96 (m, 4H, 2CH>), 1.08 (s, 3H, CHj3), 1.20 (s,
6H, 2CH;). °C NMR § 213.34 (C=0), 16521 (2C=N),
133.86, 130.00, 128.30 (3C), 132.84, 128.74, 128.66,
128.22, 126.71, 126.04, 124.78 (7CH), 76.43 (C-OH), 58.33
(C), 52.87 (CH), 46.28 (C), 28.03, 23.36 (2CH,), 21.95,
20.45, 9.47 (3CH3). Anal. Calcd for C2xH2»N»0s (362.16): C
72.91,H 6.12,N 7.73. Found: C 72.85, H 6.17, N 7.78.
3-[5-(3-Chlorophenyl)-1,3,4-oxadiazol-2-yl]-3-hydroxy-
1,7,7-trimethylbicyclo[2.2.1]heptan-2-one  (41). White
powder, yield 88%, mp 146-148°. IR (KBr): 3272 (OH),
2962, 2928, 1764, 1581, 1547, 1444, 1092, 806, 779, 680
cm™'; 'TH NMR & 7.43-8.01 (m, 4H, CHuom), 3.15 (s, 1H,
OH), 2.52 (m, 1H, CH), 1.70-1.95 (m, 4H, 2CH>), 1.05 (s,
3H, CHs), 1.07 (s, 3H, CHs), 1.17 (s, 3H, CH3). >*C NMR §
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213.12 (C=0), 165.34, 161.20 (2C=N), 135.31 (C), 132.02,
130.22, 127.06, 125.19 (4CH), 124.13 (C), 73.65 (C-OH),
58.46 (C), 52.82 (CH), 46.24 (C), 27.94, 2331 (2CHo),
21.92, 20.42, 9.43 (3CHj3). Anal. Caled for CisHisCIN3O
(327.81): C 65.95, H 5.53, N 12.82. Found: C 65.83, H 5.49,
N 12.77.

3-Hydroxyl-1,7,7-trimethyl-3-[5-(2-methylphenyl)-1,3,4-
oxadiazol-2-yl]bicyclo[2.2.1]heptan-2-one (4m). White
powder, yield 87%, mp 110-112°. IR (KBr): 3417 (OH),
2957, 2925, 1763, 1600, 1542, 1455, 1109, 772, 723 cm™;
"H NMR § 7.05-7.91 (m, 4H, CHarom), 3.80 (s, 1H, OH),
2.64 (s, 3H, CH3), 2.48 (m, 1H, CH), 1.69-1.97 (m, 4H,
2CH), 1.04 (s, 3H, CHz3), 1.05 (s, 3H, CH3), 1.16 (s, 3H,
CH;). °C NMR § 213.95 (C=0), 168.45, 166.35 (2C=N),
138.51 (C), 131.72, 131.44, 129.17, 126.13 (4CH), 122.53
(C), 93.15 (C-OH), 58.31 (C), 52.87 (CH), 46.26 (C), 28.05,
23.25 (2CH,), 19.24 (CH3), 21.94, 20.41, 9.44 (3CH3). Anal.
Caled for CioH22N>O3 (326.16): C 69.92, H 6.79, N 8.58.
Found: C 69.86, H 6.73, N 8.64.

3-Hydroxyl-1,7,7-trimethyl-3-[5-(3-phenoxyphenyl)-
1,3,4-oxadiazol-2-yl]bicyclo[2.2.1]heptan-2-one (4n). White
powder, yield 86%, mp 105-107°. IR (KBr): 3159 (OH),
2950, 2927, 1762, 1596, 1551, 1448, 1098, 894, 759, 688
cm'; '"H NMR § 7.01-7.77 (m, 9H, CHaom), 3.62 (s, 1H,
OH), 2.49 (m, 1H, CH), 1.68-1.96 (m, 4H, 2CH>), 1.04 (s,
3H, CH3), 1.15 (s, 6H, 2CH;). *C NMR § 205.96 (C=0),
165.97, 157.98 (2C=N), 156.45, 154.60 (2C), 130.53, 129.98,
124.98, 124.01, 121.75, 119.23, 117.07 (9CH), 122.11 (C),
76.45 (C-OH), 58.26 (C), 52.88 (CH), 46.21 (C), 27.90,
23.31 (2CH>), 21.92, 20.42, 9.44 (3CH3). Anal. Calcd for
C24H24N204 (40417) C 7127, H 598, N 6.93. Found: C
71.33,H5.92, N 6.87.

3-[5-(3,5-Dimethoxyphenyl)-1,3,4-oxadiazol-2-yl]-3-hydr-
oxy-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (40). Yellow
Oil, yield: 88%. IR (KBr): 3465 (OH), 2961, 2873, 1762,
1601, 1557, 1456, 1159, 884 cm™'; 'TH NMR & 6.58-7.19 (m,
3H, CHarom), 3.82 (s, 6H, OCH3), 3.70 (s, 1H, OH), 2.51 (m,
1H, CH), 1.67-1.90 (m, 4H, 2CH>), 1.03 (s, 3H, CH3), 1.04
(s, 3H, CH3), 1.16 (s, 3H, CH3). *C NMR & 213.87 (C=0),
166.67, 161.07 (2C=N), 161.07, 124.86 (3C), 104.18, 104.62
(3CH), 76.45 (C-OH), 58.28 (C), 55.64 (20CH3), 52.78
(CH), 46.19 (C), 27.94, 23.29 (2CH>), 21.92, 20.43, 9.44
(3CHj3). Anal. Caled for Co0H24N205 (372.17): C 64.50, H
6.50, N 7.52. Found: C 64.45, H 6.55, N 7.57.
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Figure 1. '"H NMR spectrum of 4a.
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Figure 2. '*C NMR spectrum of 4a.
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Figure 3. IR spectrum of 4a.
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Figure 4. Mass spectrum of 4a.
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Figure 5. '"H NMR spectrum of 4b.
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Figure 6. °C NMR spectrum of 4b.
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Figure 7. IR spectrum of 4a.
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Figure 9. '"H NMR spectrum of 4c.
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Figure 10. °C NMR spectrum of 4.
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Figure 11. IR spectrum of 4c.
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Figure 13. 'H NMR spectrum of 4d.



Ali Ramazani et al.

18  Bull. Korean Chem. Soc. 2012, Vol. 33, No. 2

08

00T 02T

0v%T

091

08T

0oe

0%°T
0
ZH 00°T
0
Wa
ZHW 06£2568°29
89LZE
saajaweaed Burssaooid - 24
ZHW S000TET"0S2Z zo4ds
gp 00°02 £11d
gp 00702 211d
gp 00°¢€ 21d
o28n 00°08 zadod
HT ZONN
91z3TeEM 20¥dddo
sSmnmmEmm NM .Hm_zzg EEEEEEES
ZHW 0B8ZSTO06° 29 1045
ap 00°0 11d
o38N 00°8 1d
J¢ET TOoNN
======== TJ TIANNYHD) =s======
098 000Z0000°0 Z1p
038 000000€E0°0 e
028 00000000°S 1a
A 0°00¢E aL
o280 00" 9 dad
o9sn 00Z° €€ mMa
5°529T oy
098 TSPBSLT"Z ov
ZH T086ZZ°0 SE¥AId
ZH THZ"090ST HMS
0 sa
00z SN
€120 LNIATOS
9¢€559 aL
ogbdbz 00¥d'INd
€T/HT AND um §  QHHO¥d
joads WONLSNI
EV'6 _Bwty
SZ90TT0Z 23ed
s193swexed uorirstnboy - zd
T ONDO¥d
LZV ONdXd
T-TTeUTSZ HWYN

SIajaueied vleg JulIInD

Co<)

AFdIaAMNnaua

<D

cT 9v
6L°CS

82°8S

00°LL
IS LL

CE LT ————0_
(AR RA!

89°62T —

L TIPT

[
zge-¥J

Figure 14. >*C NMR spectrum of 4d.
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Figure 15. IR spectrum of 4d.
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Figure 17. "H NMR spectrum of 4e.
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Figure 18. 1*C NMR spectrum of 4e.
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Figure 18. >C NMR spectrum of 4e.
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Figure 19. IR spectrum of 4e.
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Figure 20. Mass spectrum of 4e.
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Figure 21. '"H NMR spectrum of 4f.
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Figure 22. '>*C NMR spectrum of 4f.
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Figure 23. IR spectrum of 4f.

Ali Ramazani et al.



Bull. Korean Chem. Soc. 2012, Vol. 33, No.2 29

One-pot, Three-component Synthesis of Fully Substituted 1,3,4-Oxadiazole

o|u|r|r] v |w]lo _\;nuﬁJ 8] N

o|o|wu|k||lm| |o]w (0} N] o

mjo|nju) || [ofs o = o

wdd 0 T [ € 4 S 9 L 8 6 0T
...... b s L e B s e ] | PR ST | 1 | |
\l
00°T 2d
0 g9
ZH 0E"0 a1
0 gss
W2 Mam
ZHW 00000ET"0SEZ ds _

89LEZE Is
sasjsweaed Bursssooad - zd
ZHW OTOOZET 0SE 1048
gP 00" € 11d
238N QL6 1d
HT TONN
EEEEEZEEE H“ Amgu EEsmEmER
238 000000007 € 1a
d 0°00€E a5
o@sn 0079 aa
Dasn 008°6L mMa
181 0¥
098 ZEEWLOE'T ov
ZH 9ZPZBEO sE¥AId
ZH ¥99°S9EZ9 HMS
0 sa
0T SN
[aelen] LNIATOS
PBEST aL
bz D0¥d1Nd
€T/HT 4ND ww §  QHEO¥d
3j0ads WNALSNI
80" %1 _PwTy
¥190TTO0Z a3eq

siajswexeg uorjTtstnboy - zJ

T ONDOdd

v6E ONdXd
T-FIEULD2Z HWYN
sIaj3wWered ejeg julaxand

o o
2
AIAMNAA oo

g ¥9E-2302Z

7
7
=

SS2°L
082" L

Figure 24. 'H NMR spectrum of 4g.
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Figure 25. *C NMR spectrum of 4g.
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Figure 25. '>*C NMR spectrum of 4g.
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Figure 26. IR spectrum of 4g.
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Figure 27. '"H NMR spectrum of 4h.
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Figure 28. >C NMR spectrum of 4h.
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Figure 29. IR spectrum of 4h.
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Figure 30. 'H NMR spectrum of 4i.
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Figure 31. >*C NMR spectrum of 4i.
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Figure 31. *C NMR spectrum of 4i.
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Figure 32. IR spectrum of 4i.
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Figure 33. 'H NMR spectrum of 4j.
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Figure 33. 'H NMR spectrum of 4j.
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Figure 34. °C NMR spectrum of 4j.
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Figure 35. IR spectrum of 4j.
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Figure 36. 'H NMR spectrum of 4k.
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Figure 37. °C NMR spectrum of 4k.
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Figure 37. 3C NMR spectrum of 4k.
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Figure 38. IR spectrum of 4k.
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Figure 39. 'TH NMR spectrum of 41.
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Figure 40. 1*C NMR spectrum of 41.
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Figure 40. *C NMR spectrum of 41.
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Figure 42. 'H NMR spectrum of 4m.
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Figure 43. °C NMR spectrum of 4m.
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Figure 43. >*C NMR spectrum of 4m.
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Figure 44. IR spectrum of 4m.
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Figure 45. "H NMR spectrum of 4n.
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Figure 46. '>*C NMR spectrum of 4n.
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Figure 46. '>*C NMR spectrum of 4n.
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Figure 47. IR spectrum of 4n.
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Figure 48. '"H NMR spectrum of 4o.
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Figure 49. '>*C NMR spectrum of 4o.
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Figure 50. IR spectrum of 4o0.
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