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Diastereoselective Synthesis of Novel cis-1,3-Diarylspiro
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Abstract; Thirteen novel 1,3-diaryl-substituted spiro[ pyrazole-4,2’-pyrazolo[ 1,2-a ] pyrazoles ] de-
rivatives(3a ~3m) were synthesized by triethylamine catalyzed 1,3-dipolar cycloaddition of cyclic
azomethine imines with 4-arylidene-5-methyl-2-phenylpyrazol-3-ones in refluxing acetonitrile. The
structures were characterized by 'H NMR, "C NMR, IR and HR-MS(ESI). The single crystal struc-
tures of 3d, 3h, 3j and 31 were investigated by X-ray single diffraction. The results indicated that 3
have unusual cis-1,3-diaryl-configuration.
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1 Ar? H3C
Ar> Arl /N\
@/ HC_ N-Ph
N o ] BN T
N~ © N, J=g CHiCN, reflux \ o
'Tl N Ar2
@) Ph
1a, 1b, 1f, 1i, 11 2a~2e, 2j, 2I, 2m 3a~3m
Comp 3a 3b 3c 3d 3e 3f 3g
Ar' CeHs  p-CH3CeHs  p-CH3CgHy p-CH3CgHy p-CH3CgHs  p-CH30CgH,  p-CH30CgH,
Ar? p-BrCgH, CeHs p-CH3CeHs  p-CH30C6H, p-BrCgH, p-CH3CgHs  m-CICgH,4
Yield/% 56 60 68 70 75 68 64
Comp 3h 3i 3j 3k 3l 3m
Ar1 p-CH3OC5H4 p-CIC6H4 p-ClCeH4 p-BI’CeH4 p-BrCeH4 p-BrCGH4
Ar? p-BrCgHy, CgHs p-ClCgHy p-BrCgH, m-NO,CgHy p-NO,CgHy
Yield/% 65 60 78 75 78 74
Scheme 1
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T W R AT 1, 3-H AR 3 in B Sz 7 A o Mt
W[ 1,2-a ] I K B A3 A1 0 ) 0 5 2
IR, FRAT ATy b Jk PRR AR AL R AT 1, 3-
B RIS R, A B T MR B 2,2 -neme [ 1,2-
a ] ML ] FTER [ — A mg k-3, 2 - e IE [ 1,2-a ik
W VRTAE T o SR REERAR A L I 1
13- B0 i 52 17 R 1 S P, FRAT T 4 2
FET IR A WAL 5 4-3F 55 3-5-H JL-2- 2K 5L
MHER-3 - 1, 3-fH A A B S E AT 5

R = O AT, SR8 A H K (1a,
1b, 1f, 1i, 11) 5 4-75 ) Fe-5-F Fe2 - KEntkmws-3-
fii (2a ~2e, 2j, 21, 2m) /£ S o[BI SN, 48
13- A s s v A B T 13 S 1,3-—
F5 A 02 [ 4 2 - R I [ 1, 2-a ] I
i (3a ~3m, Scheme 1), HiZ5#)2:'H NMR,
BC NMR, IR fl HR-MS(ESI) #1F, & X-44k
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1.1 EHKA

XT-4 7Y B0 s A Gl B R ALIE ) 5 Agilent

DD2 400 MHz A% 4R 4% ( CDCL, S #51) , TMS
SHINFR) ;Bruker Tensor 27 AU 2T #p 635 ( KBr &
F7) ;5 Bruker MaXis %Y i /55 43 #F it 3% {% ; Bruker
Smart APEX-2 # X-Iif 4 . S AT S o

1 Al 2a ~ 2m #8530k 774 8 HA T
IR A R 1 o o Al

1.2 3a~3m #5& Rili%

RN PR IMA10.5 mmol, 2 0.5
mmol, =, 0.1 mmol 12 15.0 mL, [B] i )2
76 h JiEZE RV, BR AW 2 Rk AL 2 A (BRI
A 28R Ol =171, V/V) alifk1s 3a ~
3m,

3a; HE R, P23 56%, m. p. 160 ~ 162
°C; 'H NMR 8: 7.80 ~7.77 (m, 2H, ArH),
7.44 ~7.39(m, 4H, ArH), 7.28 ~7.29(m, 2H,
ArH), 7.26 ~7.25(m, 1H, ArH), 7.24 ~7.22
(m, 3H, ArH), 7.04 ~7.02 (m, 2H, ArH),
5.66(s, 1H, CH), 4.41(s, 1H, CH), 3.95 ~
3.88(m, 1H, CH), 3.27 ~3.19(m, 1H, CH),
3.08~2.99(m, IH, CH), 2.97 ~2.90(m, 1H,
CH), 1.56(s, 3H, CH;); "C NMR §; 173.9,
170.5, 159.1, 137.3, 134.5, 132.0, 131.6,
129.1, 129.0, 128.9, 126.0, 125.8, 122.2,
119.2,77.3,72.7, 63.5,47.8, 31.8, 17.2; IR
v: 2871, 1702, 1494, 1397, 1 320, 1 246,
1125, 1081, 1007, 854, 806, 725 ¢cm™'; HR-
MS(ESI) m/z; Caled for C,, H,y N, O, Br{[ M +
H] "}515.107 7, found 515. 108 4,

3b: [ E K, 2% 60% , m. p. 198 ~ 200
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°C; '"HNMR §:7.82~7.79(m, 2H, ArH), 7. 41
(t, J=8.0 Hz, 2H, ArH), 7.30 ~7.27(m, 2H,
ArH), 7.26 ~7.22(m, 2H, ArH), 7.14 ~7.10
(m, 4H, ArH), 7.07 ~7.05 (m, 2H, ArH),
5.74(s, 1H, CH), 4.38(s, 1H, CH), 3.93 ~
3.86(m, 1H, CH), 3.24 ~3.16(m, 1H, CH),
3.07 ~3.00(m, 1H, CH), 2.96 ~2.90(m, 1H,
CH), 2.27(s, 3H, CH,), 1.57(s, 3H, CH,);

BC NMR 6: 173.4, 170.9, 159.6, 138.9,
137.4, 135.3, 129.6, 128.9, 128.8, 128.6,
128.2, 125.9, 125.6, 125.0, 119.3, 77.4,

77.2,72.9, 63.8, 47.9,32.1,21.1, 17.1; IR
v: 3020, 1 713, 1 594, 1 500, 1 455, 1 368,
1327, 1246, 1 187, 1 095, 1 016, 857, 816,
753 em~'; HR-MS(ESI) m/z: Caled for C,gH, N,
O,{[M+H]"1451.212 9, found 451.213 4,

3c: A [E A, 22 68% , m. p. 184 ~ 186
C; '"HNMR §:7.81 ~7.79(m, 2H, ArH), 7. 41
(t, J=8.0 Hz, 2H, ArH), 7.23(t, J=7.2 Hz,
1H, ArH), 7.13 ~7.05(m, 6H, ArH), 7.02 ~
7.00(m, 2H, ArH), 5.70(s, 1H, CH), 4.37
(s, IH, CH), 3.93 ~3.87 (m, 1H, CH),
3.22~3.15(m, 1H, CH), 3.08 ~3.02(m, 1H,
CH),2.95~2.88(m, 1H, CH), 2.28(s, 3H,
CH,), 2.27(s, 3H, CH,), 1.56(s, 3H, CH,);
“C NMR §: 172.9, 170.9, 159.7, 138.8,
137.9, 137.4, 132.2, 129.6, 129.5, 128.9,
128.7, 125.9, 125.6, 124.8, 119.2, 77.3,
72.9,63.7, 48.2, 32.4, 21.1, 21.0, 17.2; IR
v: 1714, 159, 1502, 1453, 1365, 1 322,
1242, 1184,1090, 1029, 859, 821, 755 cm ™',
HR-MS (ESI) m/z; Caled for CHyN,O, { [ M +
H]*}465.228 5, found 465.229 3,

3d: [HEAFE R, % 70%, m. p. 178 ~ 180
°C; '"HNMR§: 7.80(d, J=8.0 Hz, 2H, ArH),
7.41 (t, J=8.0 Hz, 2H, ArH), 7.23(t, J=7.2
Hz, 1H, ArH), 7.13 ~7.11 (m, 2H, ArH),
7.07 ~7.00(m, 4H, ArH) , 6.82 ~6.80(m, 2H,
ArH), 5.69(s, 1H, CH), 4.37(s, 1H, CH),
3.93 ~3.87(m, 1H, CH), 3.76(s, 3H, OCH,),
3.22~3.15(m, 1H, CH), 3.08 ~3.01(m, 1H,
CH),2.95~2.89(m, 1H, CH), 2.27(s, 3H,
CH,), 1.57(s, 3H, CH,); "C NMR §; 172.9,

170.9, 159.8, 159.3, 138.8, 137.4, 129.6,
128.9, 128.7, 127.2, 126.2, 125.9, 125.6,
119.2, 114.2, 77.2, 73.0, 63.5, 55.2, 48.2,
32.3,21.1, 17.2; IR »: 3 003, 2 834, 1 713,
1599, 1505, 1455,1363, 1318, 1249, 1184,
1122, 1087, 1030, 923, 829, 758 ¢m~'; HR-
MS(ESI) m/z: Caled for C,o0H,yN, O, { [M+H] " |
481.223 4, found 481.224 0,

3e: A [E A, 22 75% , m. p. 190 ~ 192
°C; 'H NMR 8: 7.81 ~7.79 (m, 2H, ArH),
7.44 ~7.40(m, 4H, ArH), 7.24(t, J=7.6 Hz,
1H, ArH), 7.11 ~7.01(m, 6H, ArH), 5.65(s,
1H, CH), 4.38(s, 1H, CH), 3.93 ~3.86(m,
IH, CH), 3.25 ~3.17(m, 1H, CH), 3.08 ~
2.99(m, 1H, CH), 2.96 ~2.89(m, 1H, CH),
2.27 (s, 3H, CH,), 1.57 (s, 3H, CH,);
“C NMR §: 173.8, 170.6, 159.2, 139.0,
137.3, 134.6, 132.0, 129.6, 129.0, 128.4,
126.8, 125.9, 125.7, 122.1, 119.2, 77.3,
72.7, 63.4, 47.9, 31.9, 21.1, 17.3; IR »:
3037, 2936, 2886, 1709, 1598, 1497, 1406,
1369, 1335, 1290, 1235, 1181, 1083, 1008,
859, 819, 754 ¢cm ' ; HR-MS(ESI) m/z: Caled for
CpuHyy N, O, Br {[M + H] "} 529.123 4, found
529.123 2,

3f. [ R, 2% 68% , m. p. 154 ~ 156
°C; 'H NMR 6: 7.79 ~7.78 (m, 2H, ArH),
7.43 ~7.39(m, 2H, ArH), 7.24 ~7.22(m, 1H,
AtH), 7.19 ~7.11(m, 3H, ArH), 7.06 ~7.02
(m, 1H, ArH), 6.98 ~6.87 (m, 2H, ArH),
6.83 ~6.78(m, 2H, ArH), 5.69(s, 1H, CH),
4.35(s, 1H, CH), 3.92 ~3.86(m, 1H, CH),
3.74(s, 3H, OCH,), 3.22 ~3.15(m, 1H,CH),
3.08 ~3.00(m, 1H, CH), 2.96 ~2.89(m, 1H,
CH), 2.27(s, 3H, CH,), 1.55(s, 3H, CH;);
“C NMR &: 170.9, 159.8, 159.6, 138.4,
137.4, 135.2, 128.9, 128.8, 128.7, 127.2,
125.6, 125.5, 123.4, 122.0, 119.3, 114.2,
72.8,63.7,55.1, 47.8, 32.0, 21.4, 17.2; IR
v:2 945, 2 836, 1 714, 1 601, 1 504, 1 455,
1362, 1299, 1246, 1176, 1124, 1086, 1030,
847, 757 em™'; HR-MS(ESI) m/z; Caled for C,,
Hy N, O, Na {[M + Na]"*} 503.205 9, found
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503.205 7,

3g: [ EA, % 64% , m. p. 156 ~ 158
°C; '"HNMRS§: 7.78(d, J=7.6 Hz, 2H, ArH),
7.43 ~7.40(t, J=6.4 Hz, 2H, ArH), 7.23 ~
7.22(m, 2H, ArH), 7.21 ~7.17(m, 2H, ArH) ,
7.16 ~7.13(m, 2H, ArH), 6.92 ~6.90(m, 1H,
ArH), 6.80 ~6.78(m, 2H, ArH), 5.66(s, 1H,
CH), 4.35(s, 1H, CH), 3.90 ~3.88(m, 1H,
CH), 3.74(s, 3H, OCH,), 3.23 ~3.20(m, 1H,
CH), 2.99 ~2.94 (m, 2H, CH), 1.67 ~1.60
(m, 1H, CH), 1.56(s, 3H, CH;); “C NMR §:
174.4, 170.6, 159.9, 159.1, 137.7, 134.9,
130.2, 128.9, 128.3, 127.2, 125.7, 125.3,
123.2,123.2, 119.3, 114.3, 72.6, 63.2, 55.2,
47.3,31.5, 17.2; IR »: 3 063, 2 995, 2 944
2830, 1713, 1601, 1505, 1460, 1412, 1364,
1302, 1246, 1 182, 1 089, 1 032, 907, 848,
758 ecm™'; HR-MS(ESI) m/z: Caled for C,y HyyN,
0,CINa{[M +Na] "} 523.151 3, found 523. 151 8,

3h: [ E R, 2% 65% , m. p. 200 ~ 202
°C; 'H NMR 6: 7.81 ~7.79 (m, 2H, ArH),
7.43 ~7.39(m, 4H, AtH), 7.25~7.22(m, 1H,
ArH), 7.16 ~7.13(m, 2H, ArH), 7.03 ~7.01
(m, 2H, ArH), 6.80 ~6.77 (m, 2H, ArH),
5.64(s, 1H, CH), 4.36(s, 1H, CH), 3.93 ~
3.86 (m, 1H, CH), 3.74 (s, 3H, OCH,),
3.24 ~3.17(m, 1H, CH), 3.06 ~3.00(m, 1H,
CH),2.96 ~2.89(m, 1H, CH), 1.58(s, 3H,
CH;); "CNMR §: 173.9, 170.6, 160.0, 159. 2,
137.3, 134.6, 132.0, 129.0, 127.2, 126.8,
125.7, 123.2, 122.1, 119.1, 114.3, 77.3,
72.7, 63.3, 55.2, 47.8, 31.9, 17.3; IR »:
2945, 1707, 1607, 1503, 1408, 1370, 1303,
1248, 1178, 1086, 1 041, 826, 771 ¢cm™'; HR-
MS(ESI) m/z: Caled for C,s Hyy N, O;Br{[ M +
H]*}545.118 3, found 545. 118 6,

3i: [AEE, 2% 60% , m. p. 168 ~170 C;
'"HNMR §: 7.81 ~7.79 (m, 2H, ArH), 7.44 ~
7.40(m, 2H, ArH), 7.29 ~7.27(m, 4H, ArH) ,
7.25~7.23(m, 2H, ArH), 7.18 ~7.16(m, 2H,
ArH), 7.14 ~7.12(m, 2H, ArH), 5.74(s, 1H,
CH), 4.37(s, 1H, CH), 3.94 ~3.87(m, 1H,
CH), 3.22 ~3.15(m, 1H, CH), 3.07 ~3.01

(m, 1H, CH), 2.97 ~2.89(m, 1H, CH), 1.58
(s, 3H, CH,); "C NMR §: 173.5, 170.6,
159.2, 137.3, 135.2, 134.9, 130.4, 129.2,
129.0, 128.9, 128.3, 127.4, 125.8, 125.0,
119.2,76.8,72.8, 63.9, 47.9,31.9, 17. 1; IR
v: 2928, 2843, 1706, 1 598, 1 496, 1 366,
1319, 1245, 1179, 1 096, 1 017, 847, 782,
708 ¢cm~'; HR-MS(ESI) m/z: Caled for C,,H,,N,
0,Cl{[M+H]"}471.158 2, found 471. 158 6,

3j: [ E R, 2% 78% , m. p. 204 ~ 206
°C; '"HNMR 6. 7.81 ~7.79(m, 2H, ArH), 7.43
(t, J=8.0 Hz, 2H, ArH), 7.28 ~7.27(m, 3H,
ArH), 7.25 ~7.23(m, 2H, ArH), 7.18 ~7.16
(m, 2H, ArH), 7.09 ~7.07 (m, 2H, AH),
5.68(s, 1H, CH), 4.36(s, 1H, CH), 3.93 ~
3.86(m, 1H, CH), 3.23 ~3.16(m, 1H, CH),
3.08 ~3.02(m, 1H, CH), 2.97 ~2.90(m, 1H,
CH), 1.55(s, 3H, CH;); "C NMR §: 173.9,
170.3, 158.8, 137.2, 135.0, 134.2, 133.8,
130.1, 129.3, 129.1, 129.0, 127.3, 126.4,
125.9, 119.1, 72.7, 63.4, 47.8, 31.8, 17.2;
IR v: 2942, 2885, 1704, 1494, 1407, 1370,
1336, 1285, 1234, 1184, 1092, 1009, 824,
762, 733, 701 ¢cm ™' ; HR-MS(ESI) m/z: Caled for
CpyHyN,0,CL {[M +H]"}505 119 3, found
505.119 8,

3k: (AR, 23 75% , m. p. 210 ~ 212
°C; '"HNMR §: 7.79 (d, J=8.0 Hz, 2H, ArH) ,
7.44 ~7.40(m, 6H, ArH), 7.25 ~7.23(m, 1H,
ArH), 7.10(d, J=8.0 Hz, 2H, ArH), 7.01(d,
J=8.0 Hz, 2H, ArH), 5.65(s, 1H, CH), 4.34
(s, 1H, CH), 3.93 ~ 3.8 (m, 1H, CH),
3.22~3.15(m, 1H, CH), 3.09 ~2.99(m, 1H,
CH),2.96 ~2.89(m, 1H, CH), 1.55(s, 3H,
CH,); "CNMR §: 173.9, 170.3, 158.8, 137. 1,
134.1, 132.2, 132.0, 130.7, 129.0, 127.6,
126.7, 125.9, 123.2, 122.3, 119.9, 72.5,
63.5, 47.8, 31.8, 17.2; IR »: 2 942, 1 740,
1655, 1600, 1494, 1406, 1369, 1336, 1288,
1238, 1184, 1082, 1008, 823, 759 cm~'; HR-
MS(ESI) m/z; Caled for C,, H,; N, O, Br, { [ M +
H] *}593.018 2, found 593.018 1,

31 [, =% 78% , m. p. 193 ~195 C;
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'"H NMR §: 8.19 ~8. 14(m, 2H, ArH), 7.78(d,
J=7.2 Hz, 2H, ArH), 7.48 ~7.42 (m, 5H,
ArH), 7.34 ~7.25(m, 2H, ArH), 7.12(d, J =
7.6 Hz, 2H, AtH), 5.75(s, 1H, CH), 4.39(s,
IH, CH), 3.99 ~3.92(m, 1H, CH), 3.28 ~
3.21(m, 1H, CH), 3.07 ~2.93(m, 2H, CH),
1.51(s, 3H, CH,); "C NMR §: 175.3, 170. 1,
158.2, 148.4, 137.9, 136.9, 132.2, 131.1,
130.4, 130.1, 129.0, 127.6, 126.1, 123.3,
120.3, 119.3, 72.3, 63.4, 47.2, 31.1, 17.2;
IR v: 3072, 2930, 1712, 1596, 1534, 1494,
1403, 1354, 1240, 1180, 1 088, 1 006, 822,
761, 718 em™'; HR-MS(ESI) m/z: Caled for C,,
H,,NsO,BrNa {[M + Na] "} 582.075 3, found
582.074 7,

3m; (@ EA, 2% 74% , m. p. 158 ~ 160
°C; 'H NMR §: 8.18 ~8.15(m, 2H, ArH),
7.80 ~7.78(m, 2H, ArH), 7.42 ~7.32(m, 7H,
ArH), 7.09(d, J=7.6 Hz, 2H, ArH), 5.74(s,
1H, CH), 4.37(s, 1H, CH), 3.94 ~3.89(m,
IH, CH), 3.25 ~3.19(m, 1H, CH), 3.01 ~
2.95(m, 2H, CH), 1.25 (s, 3H, CH,);
“CNMR §: 174.7, 169.9, 158.1, 147.7,
142.6, 137.0, 132.2, 130.3, 129.1, 127.6,
126.2, 126.0, 124.1, 123.3, 119.0, 72.4,
63.5, 47.5, 31.3, 29.6, 17.2; IR »: 3 072,
2925,2854,1714,1599, 1521, 1495, 1402,
1344, 1241, 1181, 1 114, 1 011, 846, 757,
719 em~'; HR-MS(ESI) m/z; Caled for C,, Hy, N
0,BrNa{[M +Na] " }582.075 3, found 582.075 6,

2 HR5ITR

2.1 Ak

BHSCHR I A R 3b, RSN SE 4, 7R
1L 30% Aida o S SN B[], ATH SR A 3 43 I BEAS
RESON o SR (Sh) 81k 500 m] DL ek 38 I i 45
o AL B = R, O AT PR S AR,
R A s 3b, 7= Z8 KRR R (29 60% ) o FE UL
BV AT AT LA 45 28 1409 7 38 i
Yo 109805 AT R W, AR SR i
IR P 5 M )N

2.2 RAE

(1) '"H NMR

Ty Bk e SR A TE 3 A F R R T
FORH AT BB T B 2 A AR X i A iR, (kB Y
(9" H NMR 3% /& v A3 S 7s — 4R AE I i, i
=T AU AR —FhAE XS W S A iR, an 3d £ 6
3.76 kbR AE 04 Sy AR L 20 L 5 2. 27 FIT S
LSTAMH B T A FE LY BRI 5 5. 89 il 6 4. 33
Ab RIS SR L PR C—H [ REAE M IS 06, 8 3. 93 ~
2. 89 4b 114) Z2 T W Sy ML AR WA ) A+ A 408 7 A 1 I
S i F AR BeREE T B 4 S H R

(2) X-GF& i fin it

Bl 1~ & 4 % 3d, 3h, 3j 7l 31 (Y 55 4544
Bl BT~ &4 w04 A5 EAT AR 0 AR X
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