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Experimental Section
General information:

All reactions under standard conditions were monitored by thin-layer chromatography (TLC) on gel F 254 plates. The silica gel
(200—300 meshes) for column chromatography was from the Qingdao Marine Chemical Factory in China, and the distillation
range of petroleum is 60—90°C. 'H and '*C NMR spectra were recorded in CDCl3 solution on the Varian Mercury-plus 300BB

instruments, and spectral data are reported in ppm relative to tetramethylsilane (TMS) as internal standard. MS were measured
on a HP-5988 spectrometer by direct inlet at 70 eV, and signals were given in m/z with relative intensity (%) in brackets.

Typical procedure for the reactions

General Procedure for Preparation of KF-Al,O;

To a solution of KF (58 g) in water (100 mL) was added Al,O; (100 g) with stirring. The mixture was stirred for 3 hr at 80°C,

then the solvent was evaporated and the solid was dried for 4 hr at 120°C to give KF- Al,O3.

Synthesis of (2R,25)-2,4-diphenylbutyronitrile 2a-i

1.2 mol malononitrile Q Hx CN
2 mol KF-Al,03 .

DMF, 90-100°C
R  1.4hr

R1

Compound malononitrile(2.4mmol), KF-Al,03(4mmol), o,B-unsaturated ketone 1a-i (2mmol) and DMF (30mL) was added to

a dry flask.. The mixture was stirred at 90-100°C for 1-8 h, then cooled to room temperature. The solid material was filtered off
and washed with DMF. The filtrate was concentrated and the residue was isolated with petroleum ether and ethyl acetate to

give the target products 2a-i.

Spectroscopic data for following adducts
(2R,25)-4-0Ox0-2,4-diphenylbutanenitrile 2a

O Hx cN Light yellow solid, yield 63%, mp 116-118°C, IR(KBr,cm™): 2237(CN), 1681(C=0); 'HNMR
Hb“; H; O (300MHz,CDCl;):6y 7.905-7.876 (d, 2H, J=8.7Hz, Ar-H), 7.581-7.536 (m, 1H, Ar-H ), 7.456-7.306 (m, 7H,
2a Ar-H), 4.545-4.498 (dd, 1H, J, ,=8.1Hz, J,,=6.0Hz, H), 3.740-3.652 (dd, 1H, J,,=8.1Hz, J,,=18.0Hz, H,),
3.527-3.439 (dd, 1H, J,,=6.0Hz, J,,=18.3Hz, Hy); 3C NMR(75.6MHz, CDCL3): 8¢ 194.5, 135.4, 135.1,
133.7, 129.1, 128.6, 128.2, 127.9, 127.3, 120.5, 44.3, 31.7; MS(EL, 70ev) (m/z,%): 235 (M*+,52.4), 130(33.9), 105(100),
103(23.0), 77(83.9); Anal.Caled for C,H,5NO: C, 81.68; H, 5.57; N, 5.95; Found: C, 81.59; H, 5.55; N, 6.10. CA 6268-00-
4.2
(2R,25)-4-Ox0-4-phenyl-2-p-tolylbutanenitrile 2b
Oy oN Light yellow solid, yield 72%, mp 130-132°C, IR(KBr, cm-'): 2239(CN), 1676(C=0); 'HNMR (300MHz,
CDC13): dy 7.909-7.882 (d, 2H, J=8.1Hz, Ar-H), 7.589-7.540 (m, 1H, Ar-H ), 7.462-7.411 (m, 2H, Ar-H
2b ),7.313-7.285 (d, 2H, J=8.4Hz, Ar-H), 7.138-7.155 (d, 2H, J=8.4Hz, Ar-H), 4.515-4.469 (dd, 1H, J, ,=8.1Hz,
Jxp=6.0Hz, H,), 3.724-3.638 (dd, lH, J,,=8.1Hz, J,,=18.0Hz, H,), 3.507-3.427(dd, 1H, J,,=6.0Hz,
Jv.=18.0Hz, Hy), 2.323(s, 3H, Ar-CH3); 13C NMR(75.6MHz, CDCl3): 8¢ 194.6, 138.1, 135.5, 133.7, 132.1, 129.8, 128.7,



127.9, 127.2, 120.7, 31.4, 20.9; MS(EL, 70ev) (m/z,%): 249 (M*,28.3), 144(69.2), 117(40.9), 105(100), 77(88.1); Anal.Calcd
for C;7;H,5NO: C, 81.90; H, 6.06; N, 5.62, 18.87; Found: C, 81.99; H, 5.95; N, 5.56. CA 95855-31-5.3
(2R,25)-2-(3,4-Dimethylphenyl)-4-0x0-4-phenylbutanenitrile 2¢
O Hx, oN Light yellow solid, yield 75%, mp 85-87°C, IR(KBr,cm!): 2237(CN), 1679(C=0); 'HNMR(300MHz,
CDCl;):0 7.910-7.882 (d, 2H, J=8.7Hz, Ar-H), 7.583-7.534 (m, 1H, Ar-H ), 7.456-7.405 (m, 2H, Ar-H ),
2e 7.226(s, 1H, Ar-H), 7.177-7.118 (m, 2H, Ar-H ), 4.474-4.428 (dd, 1H, J, ,=8.1Hz, J,,=5.7Hz, H,), 3.720-
3.632 (dd, 1H, J,,=8.1Hz, J,,=18.0Hz, H,), 3.496-3.415 (dd, 1H, J,,,=5.7Hz, J,, ,=18.0Hz, H,,), 2.245(s, 3H, Ar-CH; ),
2.224 (s, 3H, Ar-CH; ); 3C NMR(75.6MHz, CDCl;): 8¢ 194.7, 137.4, 136.7, 135.5, 133.6, 132.4, 130.2, 128.6, 128.4, 127.9,
124.6, 120.8, 44.4, 31.3, 19.6, 19.2; MS(EIL, 70ev) (m/z,%): 263 (M*,31.7), 158(42.9), 131(49.1), 105(100), 77(86.3);
Anal.Calcd for C1gH7sNO: C, 82.10; H, 6.51; N, 5.32; Found: C, 82.22; H, 6.55; N, 5.22.
(2R,25)-2-(4-Chlorophenyl)-4-oxo-4-phenylbutanenitrile 2d
O Hx on Light yellow solid, yield 55%, mp 109-110°C, IR(KBr,cm™): 2241(CN), 1675(C=0); 'HNMR (300MHz,
Hb“' H.a O y CDCl;):0 7.927-7.898 (d, 2H, J=8.7Hz, Ar-H), 7.628-7.579 (m, 1H, Ar-H ), 7.497-7.472 (m, 2H, Ar-H ),
2d 7.446-7.337 (m, 4H, Ar-H ), 4.584-4.537 (dd, 1H, J,,=7.2Hz, J4»=6.3Hz, Hy), 3.753-3.669 (dd, 1H,
Jux=1.2Hz, J,,=17.4Hz, H,), 3.544-3.485 (dd, 1H, J,,=6.3Hz, J,,=17.4Hz, Hy); '3C NMR(75.6MHz,
CDCls): 6¢ 194.3, 135.5, 134.4, 134.0, 133.7, 129.4, 128.9, 128.8, 128.1, 120.2, 44.3, 31.3; MS(EI, 70ev) (m/z,%): 271
(M+2,6.9), 269 (M*,20.1), 164(45.8), 137(18.5), 105(100), 77(99.7); Anal.Caled for C;sH,,CINO: C, 71.25; H, 4.48; N, 5.19;
Found: C, 71.33; H, 4.55; N, 5.02. CA 95855-32-6.3
(2R,25)-2-(3-Chlorophenyl)-4-oxo0-4-phenylbutanenitrile 2e

Ot oN Light yellow solid, yield 72%, mp 105-106°C, IR(KBr,cm!): 2238(CN), 1689(C=0); '"HNMR (300MHz,
C' CDCLy): 8y 7.904-7.878 (d, 2H, J=7.8Hz, Ar-H), 7.595-7.540 (m, 1H, Ar-H ), 7.460-7.411 (m, 3H, Ar-H ),
2e 7.343-7.284 (m, 3H, Ar-H), 4.529-4.482 (dd, 1H, J,,=8.1Hz, J,,=6.0Hz, H,), 3.750-3.652 (dd, 1H,

Jux=8.1Hz, J,,=17.7THz, H,), 3.533-3.441 (dd, 1H, J,,=6.0Hz, J;,=17.7Hz, H,); '3*C NMR (75.6MHz,
CDCl;): o¢ 194.2, 136.9, 135.2, 134.7, 133.8, 130.3, 128.6, 128.4, 127.9, 127.5, 125.6, 119.9, 43.9, 31.3; MS(EI, 70ev)
(m/z,%): 271 (M+2,2.5), 269 (M*,7.3), 164(23.1), 137(6.9), 105(100), 77(65.2); Anal.Calcd for C;cH,,CINO: C, 71.25; H,
4.48; N, 5.19; N, 18.87; Found: C, 71.33; H, 4.55; N, 5.07. CA 344280-04-2.
(2R,25)-2-(4-Methoxyphenyl)-4-0xo0-4-phenylbutanenitrile 2f
Ohx, CN Light yellow solid, yield 69%, mp 113-114C, IR(KBr, cmP-'?): 2235(CN), 1678(C=0); PIPHNMR
Hb“" ,;a (300MHz,CDCIB3p):0Byg 7.923-7.898 (d, 2H, J=7.5Hz, Ar-H), 7.605-7.556 (m, 1H, Ar-H ), 7.478-
x# OMe 7 425 (m, 2H, Ar-H), 7.351-7.321 (d, 2H, J=9.0Hz, Ar-H), 6.907-6.880 (d, 2H, J=8.1Hz, Ar-H), 4.523-
4476 (dd, 1H, JB,,=7.8Hz, JB,1,3=6.3Hz, HB,g), 3.787 (s, 3H, Ar-OCHB;p ), 4.140-4.039 (dd, 1H, JB,.z=7.8Hz,
JB.yp=18.3Hz, HB;p), 3.732-3.648 (dd, 1H, JB,,z=6.3Hz, JBy,z=18.3Hz, HByg); P'3*C NMR(75.6MHz, CDCIB33): 6Bc
5l194.7,159.4, 135.6, 133.8, 128.7, 128.6, 128.0, 127.1, 120.9, 114.5, 55.3, 44.4, 31.0; MS(EI, 70ev) (m/z,%): 265 (MP*F,22.2),
160(25.9), 133(57.0), 105(62.8), 77(99.8), 43(100); Anal.Calcd for CB,;sHB;s55NOB,g: C, 76.96; H, 5.70; N, 5.28; Found: C,
77.05; H, 5.55; N, 5.02. CA 3261-89-0.P*
(2R,25)-2-(4-Chlorophenyl)-4-ox0-4-p-tolylbutanenitrile 2g
Ohx. ON Light yellow solid, yield 66%, mp 93-94C, IR(KBr,cm'): 2247(CN), 1676(C=0); 'HNMR
Hb Ha O (300MHZ CDCl;):0y 7.816-7.778 (d, 2H, J=8.4Hz, Ar-H), 7.421 (s, 1H, Ar-H ), 7.317-7.226 (m, 5H, Ar-H
29 ) 4.532-4.486 (dd, 1H, J,,=7.8Hz, J,,=6.0Hz, H,), 3.724-3.638 (dd, 1H, J,,=7.8Hz, J,,=18.0Hz, H,),
3.507-3.427 (dd, 1H, J;,,=6.0Hz, J,,,=18.0Hz, Hy), 2.388 (s, 3H, Ar-CHj; ); 3C NMR(75.6MHz, CDCls;):



8¢ 193.7, 144.9, 137.1, 134.8, 132.8, 130.3, 129.4, 128.4, 128.0, 127.6, 125.7, 120.1, 43.8, 31.4, 21.6; MS(EL, 70ev) (m/z,%):
285 (M+2,3.6), 283 (M*,11.7), 164(8.3), 137(3.1), 119(100), 91(43.5); Anal.Calcd for C;;H4CINO: C, 71.96; H, 4.97; N,
4.94; Found: C, 71.85; H, 5.05; N, 4.86. CA 1267378-25-53
(2R,25)-2-(4-Methoxyphenyl)-4-0x0-4-p-tolylbutanenitrile 2h
QHx, N Light yellow solid, yield 62%, mp 97-98°C, IR(KBr,cm™): 2239(CN), 1676(C=0); 'HNMR (300MHz,
OMe CDCls): 6y 7.810-7.782 (d, 2H, J=8.4Hz, Ar-H), 7.333-7.306 (d, 2H, J=8.1Hz, Ar-H), 7.239-7.212 (d, 2H,
2 J=8.1Hz, Ar-H), 6.886-6.858 (d, 2H, J=8.4Hz, Ar-H), 4.488-4.441(dd, 1H, J,,=7.2Hz, J,,=6.0Hz, Hy),
3.798 (s, 3H, Ar-OCHj;), 3.683-3.593 (dd, 1H, J,,=7.2Hz, J,,=18.0Hz, H,), 3.476-3.396 (dd, 1H, J,,=6.0Hz, J,,=18.0Hz,
H,),2.376 (s, 3H, Ar-CHj; ); 3C NMR(75.6MHz, CDCl;): 8¢ 194.2, 159.2, 144.6, 133.1, 129.3, 128.5, 127.9, 127.0, 120.9,
114.3, 55.1, 44.1, 30.9, 21.5; MS(EL, 70ev) (m/z,%): 279 (M*,44.6), 160(25.6), 159(43.7), 146(38.2), 133(35.4), 119(65.2),
43(100); Anal.Calcd for C;sH,,NO,: C, 77.40; H, 6.13; N, 5.01; Found: C, 77.30; H, 6.11; N, 5.27. CA 101733-90-8.4
(2R,2S)-2-[4-(Dimethylamino)phenyl]-4-0x0-4-p-tolylbutanenitrile 2i
O Hx cN Light yellow solid, yield 57%, mp 90-91°C, IR(KBr,cm-'): 2242(CN), 1676(C=0); 'HNMR(300MHz,
NCDC13):8H 7.806-7.778 (d, 2H, J=8.4Hz, Ar-H), 7.225-7.204 (m, 4H, Ar-H ), 6.681-6.653 (d, 2H,
2 ' J=8.4Hz, Ar-H), 4.434-4.388 (dd, 1H, J,,=7.8Hz, J,=6.0Hz, H,), 3.654-3.449 (dd, 1H, J,,=7.8Hz,
Jap=18.0Hz, H,), 3.449-3.361 (dd, 1H, J,,=6.0Hz, J,,=18.0Hz, H,), 2.896( s, 6H, Ar-N(CHs;); ), 2.372 (s, 3H, Ar-CH; );
BC NMR(75.6MHz, CDCl;): 6 194.5, 150.1, 144.4, 133.2, 129.2, 127.9, 122.2, 121.2, 112.5, 44.3, 40.2, 30.8, 21.5; MS(EI,
70ev) (m/z,%): 292 (M*,16.9), 204(16.8), 173(7.7), 159(100), 119(24.6), 91(27.0); Anal.Calcd for C;9H,oN,O: C, 78.05; H,
6.89; N, 9.58; Found: C, 77.95; H, 6.79; N, 9.65.

Synthesis of 1-(1-aryl-5-methyl-1H-1,2,3-triazol-4-yl)-ethanones 3a-f

Compounds 3 were prepared by the reaction of 1-azido-4-substituted benzene' with pentane-2,4-dione. A cold solution of
CH;ONa(0.23mol, in 120mL absolute methanol) was added to the mixture of pentane-2,4-dione(17mL) and 1-azido-4-
substituted benzene(about 0.15mol) and stirred for 1 h at 0~5°C. Then the mixture was refluxed on an oil-bath for 10 h. Finally,

the mixture was acidified with concentrated hydrochloric acid. Compound 1 was separated and crystallized from methanol.

1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)ethanone 3a

9 White powder, yield 58.5%, mp 99-101°C, IR(KBr,cm™!): 3460, 3345, 3106, 1901, 1681, 1553, 1503, 1418, 1369,

Néﬁ 1280, 1215, 1085, 951, 771, 690, 555, 491; 'HNMR (300MHz,CDCl;): & 7.552-7.578(m, 3H, Ar-3,4,5), 7.408-
% 7.448(m, 2H, Ar-2,6), 2.729(s, 3H, CH;CO), 2.571(s, 3H, Tr-CH;); '*C NMR(100.6MHz, CDCl;): 8¢ 193.9, 143.3,
137.1, 135.0, 129.7, 129.4, 125.0, 27.46, 9.79; MS(EI, 70ev) (m/z,%): 201(M*,13), 173(1), 158(18), 130(57), 118(7), 103(11),

77(97), 65(3), 43(100). CA 51118-32-2.6

1-(5-Methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)ethanone 3b

{L Whit powder, yield 52.6%, mp 105-107°C, IR(KBr,cm™!): 3459, 3345, 3050, 1924, 1688, 1549, 1515, 1414, 1367,

é 1276, 1214, 1078, 949, 825, 671, 558, 499 ; 'THNMR (300MHz,CDCl;): $ 7.360-7.384(d, 2H, J=7.2Hz,Ar-2,6), 7.306-
® 7.333(d, 2H J=8.1HzAr-3,5), 2.757(s,3H, CH;CO), 2.573(s, 3H, Tr-CH;), 2.468(s, 3H, Ar-CH;); '3C

NMR(100.6MHz, CDCl;): 3¢ 194.4, 143.6, 140.4, 137.4, 132.9, 130.2, 125.1, 27.81, 21.24, 10.09; MS(EI, 70ev)
(m/z,%): 215(M*,19), 187(5), 172(31), 144(100), 130(16), 117(17), 91(88), 77(11), 65(76), 43(91). CA 194478-14-3.5
1-[1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl|ethanone 3¢



ﬁ Yellow powder, yield 63.2%, mp 108-110°C, IR(KBr,cm-'): 3437, 3343, 3097, 1921, 1687, 1548, 1496, 1412, 1368,

P 1274, 1212, 1089, 949, 839, 652, 555, 500; 'HNMR (300MHz,CDCl;): & 7.546-7.585(d, 2H, J=11.7Hz, Ar-2,6),

w 7.399-7.429(d, 2H, J=9.0Hz, Ar-3,5), 2.757(s, 3H, CH;CO), 2.599(s, 3H, Tr-CHs;); '3C NMR(100.6MHz, CDCl;): 8¢
194.0, 143.5, 137.2, 136.0, 133.7, 129.8, 126.4, 27.62, 9.92; MS(EI, 70ev) (m/z,%): 235(M*,4), 207(1), 192(5),

178(1), 164(18), 130(3), 111(22), 75(38), 65(1) 43(100). CA 33821-38-4.6

1-[1-(2-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]ethanone 3d

A Yellow powder, yield 58.5%, mp 92-94°C, IR(KBr,cm™!): 3441, 3344, 3069, 1936, 1681, 1552, 1489, 1420, 1365,

N,
N

@rm 1282, 1216, 1080, 951, 764, 654, 565, 446; 'HNMR (300MHz,CDCl;): 8 7.374-7.606(m, 4H, J=6.9Hz, Ar-3,4,5,6),
3" 2.753(s, 3H, CH;CO), 2.428(s, 3H, Tr-CH;); '3C NMR(100.6MHz, CDCl;): 8¢ 194.1, 143.0, 139.1, 132.9, 132.0,
131.6, 130.6, 129.0, 128.0, 27.68, 9.41; MS(EL, 70ev) (m/z,%): 235(M*,9), 207(2), 192(15), 178(2), 164(35), 130(5), 111(32),

75(49), 65(1), 43(100). CA 1017471-30-5.

1-[1-(4-Ethoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]ethanone 3e

N’N’\;& Yellow powder, yield 67.5%, mp 101-103°C, IR(KBr,cm™'): 3432, 3334, 3062, 1899, 1682, 1550, 1480, 1441, 1425,

1375, 1286, 1239, 1075, 959, 869, 785, 669, 642; 'THNMR (300MHz,CDCl;): § 7.351-7.321 (d, 2H, J=9.0Hz,Ar-2,6),

B 7.057-7.027(d, 2H J=9.0Hz,Ar-3,5), 4.144-4.121(q, 2H, J=6.9Hz, Ar-OCH,CH3), 2.747(s, 3H, CH;CO), 2.552(s, 3H,
Tr-CHs;), 1.452-1.429(t, 3H, J=6.9Hz, Ar-OCH,CH;); '3C NMR(100.6MHz, CDCl;): 8¢ 194.4, 160.1, 143.5, 137.5, 127.9,
126.6, 115.2, 63.97, 27.75, 14.65, 10.03; MS(EI, 70ev) (m/z,%): 245(M*,10), 217(3), 202(9), 188(15),175(20), 160(5),
146(64), 91(11), 65(40), 43(100). CA1017471-10-1..

1-[5-Methyl-1-(naphthalen-2-yl)-1H-1,2,3-triazol-4-yl]ethanone 3f

&k White powder, Yield: 73.8%; mp 146-8°C; IR(KBr,cm™'): 3429, 3346, 3057, 1927, 1681, 1598, 1557, 1420, 1363,
) 1272, 1215, 1079, 951, 865, 826, 755, 670, 480. 'H NMR(300MHz,CDCl;): 7.896-8.038 (m, 4H, Ar-1,4,5,8), 7.501-
3 7.624 (m, 3H, Ar-2,6,7), 2.778 (s, 3H, CH;CO), 2.642 (s, 3H, TRZ-CH3;); *C NMR(100.6MHz, CDCl;): 3¢ 194.2,
143.6, 137.5, 133.2, 132.8, 132.5, 129.8, 128.2, 127.8, 127.6, 127.4, 124.2, 122.4, 27.72, 10.11; MS(EI, 70ev) (m/z,%):

251(M+., 17), 222(3), 208(9),194(3), 180(61), 153(14), 127(63), 101(12), 77(22), 63(10), 51(13), 43(100); Anal. Calcd for
CsH13N,0: C, 71.70; H, 5.21; N, 16.72; Found: C, 71.57; H, 5.45; N, 16.56. CA 1157067-74-7 7%

Synthesis of (E)-3-aryl-1-(1-aryl-5-methyl-1H-1,2,3-triazol-4-yl)-prop-2-en-1-ones 4a-j

o 0
N —
A e a2cHo N ) A
N A ATCHO | Ny,
N CH3 KOH,EtOH A/
Ar
R 4

A mixture of aromatic aldehyde (0.012mol) and compound 3(0.01mol) dissolved in ethanol(70mL) was added slowly to an

aqueous solution of potassium hydroxide(0.0128mol) in water (10mL). The mixture was stirred in crushed-ice bath for 2h,

stirred at 20~25 “C for 4 h. The mixture was filtrated and the residue was washed with cold water and cold alcohol. The

product was crystallized from ethanol to give 4a-j.

(E)-1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-phenylprop-2-en-1-one 4a


https://origin-scifinder.cas.org/scifinder/substances/answers/4EC8F963X86F35099X4FB4274B4897450E93:4EDBD6BCX86F350B0X313810EC1749BEE7AC/1.html?key=REGISTRY_1157067-74-7&title=1157067-74-7&launchSrc=sublist&p=1&nav=eNqNkj-IE0EUxl8SwoEX5LxGBE8sDhTF2YTEXCSC3u6OGlxycuvBcc0x2Qy56O7OOjMbk-bQQi1srjDaWFxh5_WKhfaCYCMKIhyCpTYWgpUzm-T-gGimesx77_fe9_G2vkNWQopImC1h27TLprVcKV8qns2b-eVioVgp5LFVmCudMzGem7dUaUNwOHSDdAjySdhCtVDSFuXTXzef_br7oJKGVA2yHeLHtMthareuHgcNyu9v9WcmH20_TAN0IwCYUMA1CZPu0jW8uLq44GBX_TBxC9Yho_IpCRne4PtHmoz5lITvjvM7H57-_qFGroxGRiAhzZluz-moM4qEUIzTjLeQRwRiwiMcCco7lKMmC0g7RB4LAhYil3HpRtQ7v_F8c-bJ9ts0pB3IBb0F3myHxL9KexJOOgpkKJCRgIwByBiAjAHIUJVVByaCniYKCUccrcCIZds3nHZ4kzavELHmUlntRpFa7nAiUKfRvvQn_-NK_8upY9qykQ1J1TD_yr7Xf_zyRSmjLb2dU6ZNXbgI-qUU9cSYkt98-_y--nrjZyI3G_QSnWfG0am7Z3fEKpsol1AZpxOHcUA5kbSpGUmn8mKdQ_lfS4u4ISQJPYrcUaTb1QYwfNOJUwd3D0YP2puMJOTcJdO9Pl-38GrN_t_IoU9_2XcvVZ_aUQkHbOxauG7X6pe76nqFIMkN_gGK5h3H

NN

é 'THNMR (300MHz,CDCl;): & 8.154-8.101 (d, 1H, J=15.9Hz, 2-CH), 7.960-7.907 (d, 1H, J=15.9Hz, 3-CH), 7.757-
@« 7.726 (m, 2H, Ar-H ), 7.610-7.421 (m, 8H, Ar-H ), 2.691 (s, 3H, Tr-CH; ); '3C NMR(100.6MHz, CDCl;): 3. 184.0,
143.7, 143.3, 138.3, 135.2, 134.7, 130.3, 129.8, 129.4, 128.6, 128.5, 125.0, 122.8, 10.08; MS(EI, 70ev) (m/z,%): 289
(M*,11.6), 233(24.2), 180(19.0), 131(14.4), 118(58.9), 103(36.1), 77(100), 51(43.5). Anal.Calcd for C;3HsN;O: C, 74.72; H,
5.23; N, 14.52; Found: C, 74.60; H, 5.01; N, 14.61. CA 1207996-14-2 8
(E)-1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-p-tolylprop-2-en-1-one 4b

N {v\@White powder, yield 92%, mp 168-170°C, IR(KBr,em): 1663, 1601, 1112, 1085, 1066, 1035, 979, 765, 687;

N

{%@White powder, yield 86% , mp 163-165 C, IR(KBr,cm!): 1666, 1597, 1084, 1065, 1038, 1020, 995, 975, 923, 886,
0 812, 764, 738, 693; 'HNMR (300MHz,CDCl;): 88.113-8.058 (d, 1H, J=16.5Hz, 2-CH), 7.941-7.888 (d, 1H,
© ®  J=159Hz, 3-CH), 7.653-7.480 (m, 9H, Ar-H ), 2.614 (s, 3H, Tr-CH; ), 2.329 (s, 3H, Ar,-CH; ); 13C
NMR(100.6MHz, CDCl;): 6 184.4, 144.0, 143.7, 141.0, 138.3, 135.4, 132.2, 129.9, 129.6, 129.5, 128.7, 125.2, 122.0, 21.47,
10.27; MS(EIL, 70ev) (m/z,%): 303 (M*,10.8), 274(1.1), 247(15.4), 194(20.6), 145(14.9), 118(72.2), 91(17.6), 77(100),
51(44.3). Anal.Calcd for CoH;N30: C, 75.23; H, 5.65; N, 13.85; Found: C, 75.18; H, 5.27; N, 13.97. CA 1207996-19-7 °
(E)-3-(4-Chlorophenyl)-1-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)prop-2-en-1-one 4c

% White powder, yield 90%, mp 179-181°C, IR(KBr,cm!): 1666, 1603, 1107, 1085, 1029, 988, 911, 890, 818, 788,
N’NI\MWSZ 688; 'THNMR (300MHz,CDCl;): 6 8.113-8.058 (d, 1H, J=16.5Hz, 2-CH), 7.894-7.841 (d, 1H, J=15.9Hz, 3-
@ «  CH), 7.667-7.589 (m,5H, Ar-H ), 7.485-7.392 (m, 4H, Ar-H ), 2.675 (s, 3H, Tr-CH; ); *C NMR(100.6MHz,

CDCl;): 8¢ 184.1, 143.9, 142.0, 138.6, 136.3, 135.4, 133.4, 130.0, 129.9, 129.7, 129.1, 125.3, 123.5, 10.30; MS(EI,

70ev) (m/z,%): 323(M*,9.6), 294(3.1), 267(27.1), 214(29.7), 165(24.0), 149(10.5), 137(13.7), 118(79.1), 101(19.3),
71(100),51(41.1). Anal.Calcd for CsH4CIN;O: C, 66.77; H, 4.36; N, 12.98; Found: C, 66.59; H, 4.12; N, 13.07.
(E)-1-(5-Methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)-3-phenylprop-2-en-1-one 4d

o White powder, yield 90%, mp 173-175 C, IR(KBr,cm-'): 1666, 1602, 1111, 1071, 1035, 1018, 989, 733, 693;
. } "HNMR (300MHz,CDCl;): 6 8.150-8.097 (d, 1H, J=15.9Hz, 2-CH), 7.950-7.897 (d, 1H, J=15.9Hz, 3-CH), 7.721-
7.434 (m, 2H, Ar-H ), 7.434-7.417 (m,3H, Ar-H ), 7.405-7.376 (d, 2H, J=8.7Hz, Ar-H ), 7.368-7.339 (d, 2H, J=8.7Hz,
Ar-H ), 2.665 ( s, 3H, Tr-CH; ), 2.475 (s, 3H, Ar;-CHj; ); *C NMR(100.6MHz, CDCl;): 3¢ 184.4, 143.9, 143.5,
140.3, 138.5, 135.0, 132.9, 130.4, 130.2, 128.8, 128.7, 125.1, 123.1, 21.22, 10.28; MS(EI, 70ev) (m/z,%): 303 (M*,5.1),
274(2.8), 260(3.2), 247(30.6), 194(35.8), 144(12.9), 132(98.4), 115(34.3), 103(64.6), 91(100), 77(63.3), 65(78.6), 51(35.3).
Anal.Calcd for C19H,N;0: C, 75.23; H, 5.65; N, 13.85; Found: C, 75.42; H, 5.28; N, 13.44. CA 1207996-15-3 10-11

ad

(E)-3-(4-Chlorophenyl)-1-(5-methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)prop-2-en-1-one 4e
N%\@ White powder, yield 79%, mp 177-179°C, IR(KBr,cm-!): 1664, 1605, 1032, 993, 887, 824, 786, 756, 'HNMR
"y “(300MHz,CDCl;): 8 8.105-8.050 (d, 1H, J=16.5Hz, 2-CH), 7.888-7.833(d, 1H, J=16.5Hz, 3-CH), 7.671-7.644 (d,
© « 2H, J=8.1Hz, Ar-H ), 7.413-7.386 (d, 2H, J=8.1Hz, Ar-H ),7.376-7.337 (m, 4H, Ar-H ), 2.657( s, 3H, Tr-CH; ),
2.476( s, 3H, Ar;-CH; ); *C NMR(100.6MHz, CDCl;): 8¢ 184.1, 143.8, 142.0, 140.4, 138.6, 136.4, 133.5, 132.9, 130.2, 129.9,
129.1, 125.1, 123.6, 21.24, 10.29; MS(EI, 70ev) (m/z,%): 337(M*,1.2), 308(2.7), 281(32.1), 228(28.4), 165(37.5), 137(26.2),
132(91.4), 91(100), 65(79),39(35.6). Anal.Calcd for C;9H;sCIN;O: C, 67.56; H, 4.77; N, 12.44; Found: C, 67.43; H, 4.92; N,
12.72. CA 1338725-21-5 10,11
(E)-1-[1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-3-phenylprop-2-en-1-one 4f
P White powder, yield 89%, mp 180-182°C, IR(KBr,cm™): 1665, 1601, 1153, 1092, 1068, 1031, 989, 843, 824, 775,
54 732, 689; 'THNMR (300MHz,CDCl;): 6 8.128-8.074 (d, 1H, J=16.2Hz, 2-CH), 7.956-7.904 (d, 1H, J=15.9Hz, 3-CH),
a o« 7.737-7.718 (m, 2H, Ar-H ), 7.595-7.565 (dd, 2H, J=9.0Hz, 1.8Hz ,Ar-H ), 7.558-7.419 (m,5H, Ar-H ), 2.687 (s, 3H,



Tr-CH; ); C NMR(100.6MHz, CDCl;): 8¢ 183.9, 143.9, 143.6, 138.3, 135.9, 134.7, 133.7, 130.4, 129.7, 128.7, 128.6, 126.3,
122.7, 10.13; MS(EIL, 70ev) (m/z,%):323 (M*,21.0), 294(3.5), 267(70.1), 214(47.3), 152(65.6), 131(100), 111(62.1), 103(59.1),
77(58.4), 51(27.9). Anal.Calcd for C;3H4CIN;O: C, 66.77; H, 4.36; N, 10.95; Found: C, 66.42; H, 4.53; N, 10.72. CA
1207996-16-4 7
(E)-1-[1-(2-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-3-p-tolylprop-2-en-1-one 4¢g
nNmWhite powder, yield 92%, mp 150-152°C, IR(KBr,cm™!): 1665, 1598, 1073, 1024, 997, 880, 875, 816, 771, 746,
é/o 725, 690; 'HNMR (300MHz,CDCl;): 8 8.113-8.060(d, 1H, J=15.9Hz, 2-CH), 7.952-7.900 (d, 1H, J=15.6Hz, 3-
“ CH), 7.653-7.442(m, 6H, Ar-H ), 7.255-7.227 (d, 2H, J=8.4Hz, Ar-H), 2.542 (s, 3H, Tr-CH3 ), 2.401 (s, 3H, Ar,-
CH,; ); 3C NMR(100.6MHz, CDCl;): 8¢ 184.4, 143.9, 143.5, 141.1, 140.2, 133.2, 132.3, 132.0, 131.9, 130.7, 129.7, 129.2,
128.8, 128.0, 122.0, 21.54, 9.73; MS(EI, 70ev) (m/z,%): 337 (M*,7.7), 281(10.5), 228(20.1), 152(100), 145(22.9), 115(37.8),
111(47.9), 91(24.4), 75(35.8), 44(34.5). Anal.Calcd for C,9H cCIN;O: C, 67.56; H, 4.77; N, 12.44; Found: C, 67.49; H, 4.82;
N, 12.27. CA 1207996-22-2 °
(E)-3-(4-Chlorophenyl)-1-[1-(2-chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl|prop-2-en-1-one 4h
P White powder, yield 95%, mp 156-158°C, IR(KBr, cm™'): 1664, 1608, 1087, 1066, 1025, 989, 890, 870, 825, 789,
NN{N\{V\@CVSQ 693; '"HNMR (300MHz,CDCl;): & 8.118-8.066 (d, 1H, J=15.6Hz, 2-CH), 7.909-7.855 (d, 1H, J=16.2Hz, 3-
©/ «  CH), 7.683-7.394 (m, 8H, Ar-H ), 2.548 (s, 3H, Tr-CH; ); 3C NMR(100.6MHz, CDCl;): 8¢ 184.0, 143.4, 142.2,
140.4, 136.4, 133.5, 133.0, 132.1, 131.8, 130.7, 129.9, 129.2, 129.1, 128.0, 123.4, 9.72; MS(EIL, 70ev) (m/z,%): 357 (M",7.6),
301(19.7), 248(27.2), 165(25.1), 152(100), 111(66.9), 102(34.4), 75(69.8), 51(18.5). Anal.Calcd for C,sH3Cl,N;0: C, 60.38;
H, 3.66; N, 11.73; Found: C, 60.18; H, 3.82; N, 11.66. CA 1207996-22-2 °
(E)-3-(4-Chlorophenyl)-1-[1-(4-ethoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]|prop-2-en-1-one 4i
0 Light yellow solid, yield 95%, mp 172-173°C, IR(KBr,cm™'): 1663, 1602, 1172, 1093, 1039, 1007, 989, 841, 812,
0 ] 784, 723, 698; 'THNMR (300MHz,CDCl;):  8.101-8.046 (d, 1H, J=16Hz, 2-CH), 7.884-7.831 (d, 1H, J=16Hz, 3-
Lw. o CH),7.669-7.640 (d, 2H, J=8.7Hz, Ar-H), 7.411-7.343 (m, 4H, Ar-H ), 7.571-7.541 (d, 2H, J=9.0Hz, Ar-H), 4.152-
4.082 (q, 2H, J=6.9Hz, Ar,-OCH,CH3;), 2.638 (s, 3H, Tr-CHj; ), 1.495-1.448 (t, 3H, J=6.9Hz, Ar,-OCH,CH;); *C
NMR(100.6MHz, CDCl;): 6¢ 184.1, 160.1, 143.7, 141.9, 138.7, 136.3, 133.5, 129.9, 129.1, 128.0, 126.6, 123.5, 115.2, 63.97,
14.66, 10.24; MS(EL, 70ev) (m/z,%): 367(M*,0.2), 339(5), 311(25.5), 258(21.3), 175(15.2), 165(83.9), 137(40.9), 102(50.9),
77(34.6), 65(100). Anal.Calcd for C,0H,sCIN;O,: C, 65.31; H, 4.93; N, 11.42; Found: C, 65.18; H, 4.82; N, 11.66.
(E)-1-[5-Methyl-1-(naphthalen-2-yl)-1H-1,2,3-triazol-4-yl]-3-phenylprop-2-en-1-one 4j
S White solid, Yield: 97.7%; mp 178-180°C; IR(KBr,cm™!): 1664, 1600, 1556, 1488, 1446, 1421, 1302, 1269, 1206,
1074, 1033, 989, 826, 689. 'H NMR(300MHz,CDCl;): 8.120-8.173(d, 1H, J=15.9Hz, CH=C-CO), 8.023-8.052(d, 1H,
Q. J=8.7Hz, C=CH-CO), 7.919-7.972(m, 4H, Ar-1,4,5,8), 7.718-7.747(m, 2H, J=8.7Hz, Ph-2,6), 7.544-7.632(m, 3H, Ar-
3,6,7), 7.409-7.438(m, 3H, J=8.7Hz, Ph-3,4,5), 2.732(s, 3H, TRZ-CH;); '*C NMR(100.6MHz, CDCl;): ¢ 184.4, 144.1, 143.7,
138.7, 135.0, 133.4, 133.0, 132.7, 130.5, 130.0, 128.9, 128.8, 128.5, 128.4, 128.0, 127.7, 124.4, 123.1, 122.6, 10.40; MS(EI,
70ev) (m/z,%): 339(M*,1), 310(3), 283(23), 268(3), 251(7), 230(22), 180(27), 168(42), 127(100), 115(20), 103(51), 77(61),
51(24), 39(11). Anal. Calcd for C»,H7N;0: C, 77.86; H, 5.05; N, 12.38; Found: C, 77.65; H, 5.27; N, 12.46. CA 1207996-22-
97

Synthesis of (2R,2S5)-2-aryl-4-(1-aryl-5-methyl-1H-1,2,3-triazol- 4-yl)-4-oxo-butanenitriles 5a-j



N

N ) A CH(CN
\N CH, 2(CN),
Art KF-Al,03,DMF

4

Compound malononitrile(2.4mmol), KF-Al,03(4mmol), a,B-unsaturated ketone 4a-j (2mmol) and DMF (30mL) was added to
a dry flask. The mixture was stirred at 90-100°C for 1-8 h, then cooled to room temperature. The solid material was filtered off

and the residue was washed with DMF. The filtrate was concentrated and the residue was isolated with petroleum ether and

ethyl acetate to give the target products 5a-j.

(2R,25)-4-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-4-oxo0-2-phenylbutyronitrile (5a)

. flr o White solid, yield 62%, mp 79-81°C, IR(KBr,cm™'): 2243(CN), 1685(C=0); 'HNMR(300MHz, CDCl;): 8y 7.620-

N/’\’:\i§®§©7.558 (m, 3H, Ar-H ), 7.476-7.306 (m, 7H, Ar-H ), 4.592-4.544 (dd, 1H, J, ,=8.4Hz, J,,=6.0Hz, H,), 4.007-3.918

© = (dd, 1H, J,,=8.4Hz, J,,=18.0Hz, H,), 3.820-3.740 (dd, 1H, J,,=6.0Hz, J,,,=18.0Hz, H,), 2.603( s, 3H, Tr-CH; );
3C NMR(75.6MHz, CDCl;): ¢ 190.8, 142.4, 1382, 135.0, 130.2, 129.7, 129.2, 128.3, 127.5, 125.2, 120.5,

45.1, 31.6, 10.1; MS(EL 70ev) (m/z,%): 316 (M™,8.6), 299(0.3), 235(4.1), 172(5.66), 158(23.5), 149(18.1), 131(21.8),
118(43.5), 103(10.6), 77(100), 39(8.8); Anal.Calcd for C,9H,(N4O: C, 72.13; H, 5.10; N, 17.71; Found: C, 72.00; H, 5.15; N,
17.66.
(2R,2S)-4-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-4-0x0-2-p-tolylbutyronitrile (S5b)
9w o  White solid, yield 63%, mp 65-67°C, IR(KBr,cm™): 2242(CN), 1685(C=0); 'HNMR(300MHz,CDCl;): 7.581-
“TMTSM (m, 3H, Ar-H ), 7.438-7.407 (m, 2H, Ar-H ), 7.351-7.323 (d, 2H, J=8.4Hz, Ar-H), 7.190-7.163 (d, 2H,
» J=8.1Hz, Ar-H), 4.547-4.500 (dd, 1H, J, ,=8.1Hz, Jx,=6.0Hz, H), 3.966-3.878 (dd, 1H, J,,=8.1Hz, J,;,=18.0Hz,
H,), 3.787-3.707 (dd, 1H, J,,=6.0Hz, J;,=18.0Hz, Hy), 2.575( s, 3H, Tr-CH; ), 2.325 (s, 3H, Ar,-CHj; ); 13C
NMR(75.6MHz, CDCl;): 8¢ 190.7, 142.3, 137.9, 137.8, 134.8, 131.9, 129.9, 129.6, 129.5, 127.2, 125.0, 120.5, 44.9, 30.9,
20.8, 9.9; MS(EI, 70ev) (m/z,%): 330 (M™,14.8), 301(1.2), 273(1.4), 172(2.7), 159(24.1), 144(1.7), 130(29.3), 118(34.9),
84(100), 77(77.4), 39(10.6); Anal.Calcd for CyoH3N4O: C, 72.71; H, 5.49; N, 16.96; Found: C, 72.86; H, 5.55; N, 16.80.
(2R,2S)-2-(4-Chlorophenyl)-4-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-4-oxobutyronitrile (5c)
9w o Light yellow solid, yield 70%, mp 71-73°C, IR(KBr,cm™): 2244(CN), 1685(C=0); 'HNMR(300MHz, CDCl3): 8y
”wmcﬂﬂﬂ(s, 3H, Ar-H), 7.560-7.329 (m, 6H, Ar-H ), 4.586-4.539 (dd, 1H, J,,=8.1Hz, J,,=6.0Hz, Hy), 3.966-3.879
= (dd, 1H, J,,=8.1Hz, J,,=18.0Hz, H,), 3.816-3.735 (dd, 1H, J,,=6.0Hz, J,,,=18.0Hz, H,), 2.575(s, 3H, Tr-CHs; );
BC NMR(75.6MHz, CDCl;): 8¢ 190.2, 142.1, 138.1, 134.7, 134.0, 133.5, 130.0, 129.5, 129.1, 128.8, 124.9, 119.9,
44.6, 30.8, 9.9; MS(EI, 70ev) (m/z,%): 352 (M+2,6.2), 350 (M*,16.1), 321(1.4), 293(2.5), 269(2.6), 159(38.1), 130(100),
118(29.8), 77(73.5), 51(93.5), 39(11.8); Anal.Calcd for C;9H,5CIN4O: C, 65.05; H, 4.31; N, 15.97; Found: C, 65.15; H, 4.55;
N, 15.88.
(2R,2S)-4-(5-Methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)-4-ox0-2-phenylbutyronitrile (5d)
N{’\?chWhite solid, yield 74%, mp 84-86C, IR(KBr,cm!): 2243(CN), 1685(C=0); '"HNMR(300MHz, CDCl;):6y 7.470-
SN 448 (d, 2H, J=6.6Hz, Ar-H), 7.413-7.354 (m, SH, Ar-H), 7.315-7.286 (d, 2H. J=8.7Hz, Ar-H), 4.588-4.539 (dd, 1H,
© * J..=8.1Hz, J,,=6.0Hz, H,), 3.996-3.908 (dd, 1H, J,,=8.1Hz, J,,=18.0Hz, H,), 3.814-3.734 (dd, 1H, J,,=6.0Hz,
Jvo=18.0Hz, Hy), 2.577( s, 3H, Tr-CH; ), 2.456 (s, 3H, Ar;-CH; ); 13C NMR(75.6MHz, CDCl;): 3¢ 190.8, 142.4, 140.5,
138.1, 135.1, 132.5, 130.2, 129.1, 128.2, 127.5, 125.0, 120.5, 45.1, 31.6, 21.2, 10.0; MS(EIL 70ev) (m/z,%): 330 (M*,17.4),
8



301(0.7), 273(2.5), 198(6.9), 186(9.9), 172(41.4), 158(20.9), 132(75.4), 91(100), 39(36.3); Anal.Caled for Ca0H,sN,O: C,
72.71; H, 5.49; N, 16.96; Found: C, 72.68; H, 5.54; N, 16.87.

(2R,25)-2-(4-Chlorophenyl)-4-(5-methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)-4-oxobutyronitrile (Se)

N m White solid, yield 65%, mp 81-83°C, IR(KBr,cm-'): 2244(CN), 1685(C=0); 'HNMR(300MHz, CDCl;):8;; 7.429-
Y7200 (m, 8H, Ar-H ), 4.580-4.553 (dd, 1H, J,,=8.1Hz, Jyy=6.0Hz, H,), 3.955-3.867 (dd, 1H, J,.=8.1Hz,
© * J.=18.0Hz, H,), 3.810-3.730 (dd, 1H, J;,=6.0Hz, J,,=18.0Hz, Hy), 2.558( s, 3H, Tr-CH ), 2.444 (s, 3H, Ar,-
CH, ); 3C NMR(75.6MHz, CDCLy): 8¢ 190.3, 142.1, 140.4, 138.1, 134.0, 133.5, 132.3, 130.1, 129.1, 128.8, 124.8, 119.9,
44.6, 30.8, 21.0, 9.9; MS(EL, 70ev) (m/z%): 366 (M+2,5.7), 364 (M*,16.0), 335(1.8), 307(2.3), 225(2.5), 172(43.9),
150(35.8), 145(58.4), 132(71.3), 91(100), 39(21.1); Anal.Calcd for CoH;CIN,O: C, 65.84; H, 4.70; N, 15.36; Found: C,
65.79; H, 4.55; N, 15.60.

(2R,2S)-4-[1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-4-0x0-2-phenylbutyronitrile (5f)

oo Light yellow solid, yield 74%, mp 98-100°C, IR(KBr,cm™!): 2243(CN), 1686(C=0); 'HNMR(300MHz, CDCl;): &y

4 Je 2 7.564-7.517 (m, 2H, Ar-H ), 7.460-7.296 (m, 7H, Ar-H ), 4.571-4.523 (dd, 1H, J, ,=8.4Hz, J,,=6.0Hz, H,), 3.980-

r 3.892 (dd, 1H, J,,=8.4Hz, J,,=18.0Hz, H,), 3.787-3.707 (dd, 1H, J,,=6.0Hz, J,, ,=18.0Hz, Hy), 2.589(s, 3H, Tr-CHj;

); BC NMR(75.6MHz, CDCl;): 6¢ 190.6, 142.4, 138.1, 136.2, 134.9, 133.4, 129.9, 129.1, 128.2, 127.4, 126.3, 120.4,

44.9, 31.4, 9.9; MS(EIL, 70ev) (m/z,%): 352 (M+2,7.3), 350 (M*,21.6), 321(2.9), 293(3.7), 279(4.0), 192(47.2), 165(60.1),

152(83.7), 116(88.8), 111(100), 39(16.9); Anal.Calcd for C,oH;sCIN4O: C, 65.05; H, 4.31; N, 15.97; Found: C, 64.95; H,

4.45; N, 15.69.

(2R,2S)-4-[1-(2-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-4-0x0-2-p-tolylbutyronitrile (5g)

N%White solid, yield 69%, mp 75-77°C, IR(KBr,cm'): 2243(CN), 1686(C=0); 'HNMR(300MHz, CDCl;):0y 7.626-
\ 7.550 (m, 2H, Ar-H ), 7.528-7.333 (m, 4H, Ar-H ), 7.200-7.175 (d, 2H, J=7.5Hz, Ar-H), 4.560-4.512 (dd, 1H,
@F *° J..=9.0Hz, J,,=6.0Hz, H,), 4.000-3.909 (dd, 1H, J,,=9.0Hz, J,,=18.0Hz, H,), 3.808-3.728 (dd, 1H, J,,=6.0Hz,
Jv.=18.0Hz, Hy), 2.453( s, 3H, Tr-CH; ), 2.333 ( s, 3H, Ar,-CHj; ); 3C NMR(75.6MHz, CDCl,): 8¢ 190.5, 141.7, 139.8,
137.8, 132.4,132.1, 131.8, 131.2, 130.4, 129.6, 128.8, 127.9, 127.1, 120.5, 44.9, 30.9, 20.8, 9.2; MS(EI, 70ev) (m/z,%): 366
(M*,6.5), 364 (M*,17.3), 335(1.6), 293(3.9), 283(4.3), 221(4.5), 206(5.6), 193(52.7), 152(83.5), 130(73.1), 111(100),
39(28.7); Anal.Caled for C»0H,;CIN4O: C, 65.84; H, 4.70; N, 15.36; Found: C, 65.90; H, 4.39; N, 15.44.
(2R,25)-2-(4-Chlorophenyl)-4-[1-(2-chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-4-oxobutyronitrile (5h)

o

w o Light yellow solid, yield 77%, mp 113-115°C, IR(KBr,cm™"): 2244(CN), 1683(C=0); 'HNMR (300MHz, CDCl5;):
”’Tm&m 7.655-7.478 (m, 3H, Ar-H ), 7.435-7.337 (m, 5H, Ar-H ), 4.584-4.535 (dd, 1H, J, ,=8.1Hz, J,,=6.3Hz, H,),
ﬁjm s 3.994-3.906 (dd, 1H, J,,=8.1Hz, J,,=18.0Hz, H,), 3.841-3.759 (dd, 1H, J,,=6.3Hz, J,,=18.0Hz, Hy,), 2.464(s,

3H, Tr-CH; ); 13C NMR(75.6MHz, CDCl;): 8¢ 190.3, 141.8, 140.1, 134.3, 133.5, 132.6, 132.3, 131.6, 130.7,
129.3,128.9, 128.1, 120.1, 44.9, 30.9, 9.5; MS(EI, 70ev) (m/z,%): 386 (M+2,4.6), 384 (M",7.5), 355(0.6), 303(1.8), 221(2.8),
206(4.2), 192(29.4), 165(33.9), 152(100), 111(86.7), 75(66.3), 39(10.8); Anal.Calcd for C;9H4CI1,N4O: C, 59.24; H, 3.66; N,
14.54; Found: C, 59.17; H, 3.55; N, 14.45.

(2R,2S)-2-(4-Chlorophenyl)-4-[1-(4-ethoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-4-oxobutyronitrile (5i)

[}

w o  White solid, yield 64%, mp 76-78°C, IR(KBr,cm™): 2244(CN), 1685(C=0); 'HNMR(300MHz, CDCl5): 8y 7.454-
“Nimw.ms (m, 6H, Ar-H ), 7.054-7.024 (d, 2H, J=9.0Hz, Ar-H), 4.599-4.553 (dd, 1H, J,,=7.8Hz, J,,=6.0Hz, H,),
T * 4.162-4.090 (q, 2H, J=6.9Hz, Ar;-OCH,CH3), 3.951-3.865 (dd, 1H, J,,=7.8Hz, J,,=17.7Hz, H,), 3.812-3.732 (dd,

1H, J,,=6.3Hz, Jy,=17.7Hz, Hy), 2.548( s, 3H, Tr-CH; ), 1.481-1.434 (,3H, J=6.9Hz, Ar;-OCH,CH;); 13C
NMR(75.6MHz, CDCly): 8¢ 190.4, 160.1, 142.1, 138.3, 134.2, 133.6, 129.3, 128.9, 127.5, 126.5, 120.1, 115.2, 63.9, 44.7,
30.9, 14.5, 9.9; MS(EL 70ev) (m/z,%): 396 (M+2,4.4), 394 (M*,12.2), 366(1.2), 337(4.7), 216(23.1), 202(39.2), 175(100),
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150(52.8), 146(80.4), 65(70.9), 39(29.7); Anal.Calcd for C,,H9CIN,O,: C, 63.88; H, 4.85; N, 14.19; Found: C, 63.96; H,
5.01; N, 14.00.
(2R,25)-4-[5-Methyl-1-(naphthalen-2-yl)-1H-1,2,3-triazol-4-yl]-4-0x0-2-phenylbutyronitrile (5j)
2 o White solid, yield 77%, mp 118-120°C, IR(KBr,cm™): 2239(CN), 1690(C=0); 'HNMR(300MHz, CDCl;):3 8.029-
"/N'\"\ﬁ;ﬁ©7.999 (d, 1H, J=9.0Hz, Ar-H), 7.921--7.898 (m, 3H, Ar-H ), 7.634-7.587 (m, 2H, Ar-H ), 7.511-7.247 (m, 6H, Ar-H ),
) * 4.599-4.551 (dd, 1H, J,,=8.7Hz, J,,=6.0Hz, H,), 4.021-3.931 (dd, 1H, J,,=8.7Hz, J,,=18.0Hz, H,), 3.834-3.753
(dd, 1H, J,,=6.0Hz, J,,,=18.0Hz, H,,), 2.632( s, 3H, Tr-CH; ); '*C NMR(75.6MHz, CDCl;): 8¢ 190.7, 142.4, 138.4,
134.9, 133.3, 132.7, 132.2, 129.9, 129.1, 128.4, 128.2, 127.9, 127.8, 127.5, 127.4, 124.2, 122.2, 120.5, 45.0, 31.5, 10.1;
MS(EL 70ev) (m/z,%): 366 (M*,8.8), 337(1.1), 309(0.6), 222(7.2), 208(11.9), 181(66.8), 168(26.4), 127(100), 116(36.2),
77(27.4), 39(8.4); Anal.Calcd for C»3HgN4O: C, 75.39; H, 4.95; N, 15.29; Found: C, 75.29; H, 5.05; N, 15.02.

Synthesis of (1’R,1°S)-2-(3-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-0xo0-1-phenylpropyl)malononitrile 6a-j

0
N ~ a2 CH,(CN
’\i/ \ Ar 2( )2
N “CH, Al,O3,DMF
Ar’
4 6

Compound malononitrile(2.4mmol), Al,O3;(4mmol), a,B-unsaturated ketone 4a-j (2mmol) and DMF (30mL) was added to a
dry flask. The mixture was stirred at 90-100°C for 7 h, then cooled to room temperature. The solid material was filtered off and

the residue was washed with DMF. The filtrate was concentrated and the residue was isolated with petroleum ether and ethyl

acetate to give the target products 6a-j.

(I’R,1°S)-2-[3-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-oxo0-1-phenylpropyl|malononitrile (62a)

9 woCon Light yellow solid, yield 72%, mp 50-52°C, IR(KBr,cm-'): 2255(CN), 1682(C=0); 'HNMR(300MHz, CDCl;): 6y
NNM 7.603-7.554 (m, 3H, Ar-H ) 7.497-7.390 (m, 7H, Ar-H ), 4.590-4.572 (d, 1H, J=5.4Hz, H.), 4.113-3.988 (m, 2H, H,,
@ = H,), 3.906-3.836 (m, 1H, H,), 2.588(s, 3H, Tr-CH; ); *C NMR(75.6MHz, CDCl;): 8¢ 192.4, 142.5, 138.2, 136.3,

134.9, 130.2, 129.7, 129.1, 128.9, 128.0, 125.1, 111.9, 111.6, 41.2, 41.0, 29.1, 10.0; MS(EIL, 70ev) (m/z,%): 355 (M*,0.8),

290(1.4), 266(4.7), 235(4.7), 202(6.3), 180(7.2), 158(14.5), 130(25.3), 118(33.1), 105(23.0), 77(100), 39(15.9); Anal.Calcd

for C,H;N;s0: C, 70.97; H, 4.82; N, 19.71; Found: C, 70.88; H, 4.69; N, 19.66.
(I’R,1°S)-2-[3-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-ox0-1-p-tolylpropyl)malononitrile (6b)

0 S White solid, yield 62%, mp 53-54°C, IR(KBr,cm™'): 2255(CN), 1682(C=0); 'HNMR(300MHz, CDCl;): 6y 7.581-

e - 7.544 (m,3H, Ar-H ), 7.435-7.347 (m, 4H, Ar-H ), 7.206-7.181 (d, 2H, J=7.5Hz, Ar-H), 4.564-4.545 (d, 1H,
w J=5.7Hz, H,), 4.095-3.974 (m, 2H, H,, Hy), 3.849-3.777 (m, 1H, H,), 2.536(s, 3H, Tr-CHs; ), 2.323 (s, 3H, Ar,-
CH3; ); 3C NMR(75.6MHz, CDCl;): 8¢ 192.3, 142.5, 138.6, 138.1, 134.8, 133.3, 130.1, 129.6, 129.5, 127.8, 124.9,
111.9, 111.6, 41.2, 40.6, 29.2, 20.9, 9.9; MS(EL, 70ev) (m/z,%): 369 (M*,1.9), 323(1.2), 303(0.6), 249(1.8), 220(9.2),
158(11.2), 131(17.1), 118(49.1), 105(8.6), 91(17.0),77(100) , 39(26.0); Anal.Calcd for C,,H9NsO: C, 71.53; H, 5.18; N,
18.96; Found: C, 70.48; H, 5.05; N, 19.00.
(I’R,1°S)-2-[1-(4-Chlorophenyl)-3-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-oxopropyl|malononitrile (6¢)

o Light yellow solid, yield 73%, mp 63-65°C, IR(KBr,cm™): 2255(CN), 1681(C=0); "THNMR(300MHz, CDCl;): 3y

"TMCJSDJ.&O (m, 3H, Ar-H ), 7.575-7.364 (m, 6H, Ar-H ), 4.603-4.586 (d, 1H, J=5.1Hz, H.), 4.095-4.027 (m, 2H,
6 10



H,, H,), 3.863-3.763 (dd, 1H, J,,=9.9Hz, J,,=20.1Hz, H,), 2.552(s, 3H, Tr-CH; ); 1*C NMR(75.6MHz, CDCl;): é¢ 191.9,
142.4, 138.3, 134.9, 134.7, 130.2, 129.7, 129.5, 129.0, 125.1, 125.0, 111.7, 111.4, 41.0, 40.4, 28.9, 10.0; MS(EI, 70ev)
(m/z,%): 391 (M+2,0.3), 389 (M*,1.4), 323(3.1), 294(1.1), 267(8.8), 214(12.2), 158(14.3), 130(16.0), 118(68.1), 77(100),
39(10.2); Anal.Calcd for C,H,CINsO: C, 64.70; H, 4.14; N, 17.96; Found: C, 64.63; H, 4.09; N, 17.90.
(I’R,1°S)-2-[3-(5-Methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)-3-oxo0-1-phenylpropyljmalononitrile (6d)

o o, Light yellow solid, yield 72%, mp 54-56°C, IR(KBr,em™1): 2255(CN), 1682(C=0); 'HNMR(300MHz, CDCls): 8

“7§$€§@7.485-7.460 (d, 2H, J=7.5Hz, Ar-H), 7.403-7.300 (m, 7H, Ar-H ), 4.625-4.607 (d, 1H, J=5.4Hz, H.), 4.125-4.015 (m,

@ “ 2H, Hy, H,), 3.875-3.773 (dd, 1H, J,,=9.9Hz, J,,=20.7Hz, H,), 2.501(s, 3H, Tr-CH; ), 2.423 (s, 3H, Ar;-CH; ); 13C

NMR(75.6MHz, CDCls): 8¢ 192.0, 142.3, 140.3, 138.0, 136.3, 132.1, 129.9, 128.8, 128.6, 127.8, 124.7, 111.9, 111.6,

41.0, 40.7, 28.9, 20.9, 9.8; MS(EL, 70ev) (m/z,%): 369 (M*,7.4), 304(4.6), 276(3.7), 202(11.9), 172(50.0), 145(69.7),

132(82.6), 103(34.5), 91(100), 77(14.1), 39(30.5); Anal.Calcd for Co,H;oNsO: C, 71.53; H, 5.18; N, 18.96; Found: C, 71.49;
H, 5.05; N, 19.02.

(I’R,1°S)-2-[1-(4-Chlorophenyl)-3-(5-methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)-3-oxopropyl|malononitrile (6¢)

He, ON
H,

oua  Light yellow solid, yield 62%, mp 56-57°C, IR(KBr,cm™!): 2255(CN), 1682(C=0); 'HNMR(300MHz, CDCl;): 8y
Nhfﬁ%z@tm7.446-7.284 (m, 8H, Ar-H ), 4.607-4.590 (d, 1H, J=5.1Hz, H,), 4.091-4.004 (m, 2H, H,, Hy), 3.847-3.750 (dd, 1H,
© * Jux=9.3Hz, J,,=19.8Hz, H,), 2.522(s, 3H, Tr-CHj; ), 2.448 (s, 3H, Ar;-CH; ); *C NMR(75.6MHz, CDCl3): 8
191.9, 142.3, 140.5, 138.2, 134.8, 134.7, 132.2, 130.2, 129.4, 129.2, 124.8, 111.7, 111.4, 41.0, 40.5, 28.9, 21.1, 9.9; MS(EI,
70ev) (m/z,%): 405 (M+2,0.4), 403 (M*,1.3), 338(0.3), 310(0.2), 215(1.8), 188(4.7), 172(12.6), 145(20.4), 132(26.5),
84(100), 39(20.2); Anal.Calcd for C,,H3CINsO: C, 65.43; H, 4.49; N, 17.34; Found: C, 65.38; H, 4.40; N, 17.55.
(I’R,1°S)-2-{3-[1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-3-0xo0-1-phenylpropyl} malononitrile (6f)
) °:HCC “» White solid, yield 79%, mp 55-57°C, IR(KBr,cm!): 2256(CN), 1684(C=0); 'HNMR(300MHz, CDCl;): & 7.575-
o 7.528 (m, 2H, Ar-H), 7.483-7.452 (m, 2H, Ar-H), 7.429-7.353 (m, 5H, Ar-H), 4.566-4.547 (d, 1H, J=5.7Hz, H,),
4.095-3.994 (m, 2H, H,, Hy), 3.877-3.773 (dd, 1H, J,,=10.8Hz, J,,=21.0Hz, H,), 2.544(s, 3H, Tr-CH; ); 13C
NMR(75.6MHz, CDCl;): 8¢ 192.1, 142.6, 138.2, 136.3, 133.3, 129.9, 129.1, 128.8, 127.9, 126.3, 111.8, 111.6, 41.2, 40.9,
29.1, 9.9; MS(EI 70ev) (m/z,%): 391 (M+2,2.1), 389 (M*,5.9), 324(5.3), 296(2.8), 257(6.8), 207(6.7), 192(39.5), 165(65.6),

152(95.9), 111(100), 39(22.3); Anal.Calcd for CaH¢CINsO: C, 64.70; H, 4.14; N, 17.96; Found: C, 64.77; H, 4.03; N,
17.85.

[e]

(I’R,1’S)-2-{3-[1-(2-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-3-0x0-1-p-tolylpropyl}malononitrile (6g)
9w 5 White solid, yield 70%, mp 57-58°C, IR(KBr,cm™): 2255(CN), 1684(C=0); 'HNMR(300MHz, CDCls;): 8y 7.630-
”'N'\;iig?@\7.454 (m, 3H, Ar-H), 7.415-7.353 (m, 3H, Ar-H), 7.218-7.192 (d, 2H, J=7.8Hz, Ar-H), 4.572-4.555 (d, 1H,
% J=5.1Hz, H,), 4.105-3.972 (m, 2H, Hy, H,), 3.892-3.796 (m, 1H, H,), 2.413(s, 3H, Tr-CH; ), 2.335 (s, 3H, Ar,-
CH3;); BC NMR(75.6MHz, CDCl;): 8¢ 192.2, 141.9, 139.9, 138.6, 133.2, 132.4, 132.2, 131.3, 130.5, 129.7, 128.8,
128.0, 127.7, 111.9, 111.7, 41.2, 40.6, 29.2, 20.9, 9.3; MS(EL, 70ev) (m/z,%): 405 (M+2,1.9), 403 (M*",4.7), 338(1.5),
310(1.5), 257(2.7), 221(6.6), 193(32.1), 152(100), 111(58.2), 91(21.9), 39(27.6); Anal.Calcd for C,,H,sCIN;sO: C, 65.43; H,

4.49; N, 17.34; Found: C, 65.55; H, 4.44; N, 17.29.

(I’R,1°S)-2-{1-(4-Chlorophenyl)-3-[1-(2-chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-3-oxopropyl} malononitrile (6h)
0w Light yellow solid, yield 78%, mp 64-66°C, IR(KBr,cm™!): 2255(CN), 1683(C=0); 'HNMR(300MHz, CDCl;): oy

N’Tﬁiﬂﬁﬂ.&lﬂjﬂ (m, 2H, Ar-H), 7.550-7.454 (m, 2H, Ar-H), 7.425-7.376 (m, 4H, Ar-H), 4.584-4.566 (d, 1H, J=5.4Hz,

©/ o H,), 4.095-3.978(m, 2H, H,, Hy), 3.882-3.814 (m, 1H, H,), 2.425(s, 3H, Tr-CHj; ); '*C NMR(75.6MHz, CDCl;):

d¢ 191.9, 141.9, 140.1, 134.9, 134.7, 132.5, 132.2, 131.5, 130.7, 129.4, 129.3, 128.9, 128.1, 111.7, 111.4, 41.1, 40.6, 29.0,
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9.5; MS(EI, 70ev) (m/z,%): 425 (M+2,2.4), 423 (M",2.6), 358(2.3), 330(1.9), 257(3.5), 192(29.2), 165(43.3), 152(100),
111(24.7), 39(28.3); Anal.Calcd for C»,H,sCLN;O: C, 59.45; H, 3.56; N, 16.51; Found: C, 59.55; H, 3.45; N, 16.55.
(I’R,1°S)-2-{1-(4-Chlorophenyl)-3-[1-(4-ethoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-3-oxopropyl}malononitrile (6i)
N % White solid, yield 77%, mp 58-60°C, IR(KBr,em™'): 2256(CN), 1681(C=0); 'HNMR(300MHz, CDCls): 5;; 7.448-
e 407 (d, 2H, J=6 3Hz, Ar-H), 7.419-7.282 (m, 4H, Ar-H), 7.036-7.013 (d, 2H, J=6.9Hz, Ar-H), 4.623-4.605 (d, 11,
bowor " J=5.4Hz, H.), 4.129-4.002 (m, 4H, Hy, H,, Ar;-OCH,CHs), 3.841-3.744 (dd, 1H, J,,=9.3Hz, J.»=19.8Hz, H,),
2.503(s, 3H, Tr-CH; ), 1.467-1.421 (t, 3H, J=6.9Hz, Ar,;-OCH,CH;); 3C NMR(75.6MHz, CDCl;): 3¢ 191.8, 160.0, 142.2,
138.3, 134.8, 134.7, 129.4, 129.1, 127.2, 126.3, 115.1, 111.7, 111.4, 63.8, 40.9, 40.4, 28.9, 14.4, 9.8; MS(EI, 70ev), (m/z,%):
435 (M+2,1.4), 433 (M*,4.9), 405(1.3), 340(1.1), 202(48.0), 188(36.4), 175(98.2), 162(54.4), 146(89.1), 65(100), 39(51.4);
Anal.Calcd for C»3H,(CINsO,: C, 63.67; H, 4.65; N, 16.14; Found: C, 63.77; H, 4.72; N, 16.03.
(I’R,1°S)-2-{3-[5-Methyl-1-(naphthalen-2-yl)-1H-1,2,3-triazol-4-yl]-3-oxo-1-phenylpropyl} malononitrile (6j)
. " White solid, yield 82%, mp 59-61°C, IR(KBr,cm-1): 2254(CN), 1681(C=0); 'HNMR(300MHz, CDCl;): &;; 8.044-
Ha 8.017 (d, 1H, J=8.1Hz, Ar-H), 7.966-7.911 (m, 3H, Ar-H), 7.653-7.587 (m, 2H, Ar-H), 7.517-7.366 (m, 6H, Ar-H),
SN 4.586-4.566 (d, 1H, J=6.0Hz, H.), 4.131-4.000 (m, 2H, H,, Hy), 3.918-3.839 (m, 1H, H,), 2.608(s, 3H, Tr-CHj; ); 13C
NMR(75.6MHz, CDCls): 8¢ 192.4, 142.7, 138.5, 136.4, 133.4, 132.8, 132.2, 129.9, 129.2, 128.9, 128.3, 128.0, 127.9, 127.8,
127.6, 124.3, 122.2, 111.8, 111.6, 41.3, 41.2, 29.2, 10.2; MS(EL 70ev) (m/z,%): 405 (M*,2.5), 340(0.2), 312(1.1), 251(7.5),
208(14.2), 181(67.2), 168(26.6), 127(100), 103(25.7), 39(22.2); Anal.Caled for C,5HoNsO: C, 74.06; H, 4.72; N, 17.27,
Found: C, 74.00; H, 4.86; N, 17.15.
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