Supporting Information (SI)

Transition-Metal Free [3 + 2] Cycloaddition of Nitroolefins
and Diazoacetonitrile: A Facile Access to Multi-substituted

Cyanopyrazoles

Zhen Chen, Yue Zhang, Jing Nie, and Jun-An Ma*

Department of Chemistry, Tianjin Key Laboratory of Molecular Optoelectronic
Sciences, and Tianjin Collaborative Innovation Center of Chemical Science &
Engineering, Tianjin University, Tianjin 300072, P. R. of China

E-mail: majun_an68@tju.edu.cn

Contents
1. General INformation ..............coooiiiiiiiiii e 2
2. Experimental SeCtion...............cooooiiiiiiiiii 3
2.1 General procedure for the preparation of N2CHCN .............ccooooiiiiiiiiiiicceee 3
2.2 General procedure for one-pot transformation of nitroolefins with N;CHCN............ 3

2.3 General procedure for three component reaction of nitroolefins 1, N CHCN and alkyl

RALIAES..... .o e nrae e e 12
2.4 General procedure for transformation of 4a. ...................ccoooiiii 20
3. X-Ray Crystallographic data ...............ccoociriiiiii e 23
. NMR SPECLTA ..ottt ettt ettt sa b e s a b e e s b e e e b e e e abe e e sbbe e sabe e sabe e et e e e abeeenane s 25



1. General Information

H, F and *3C NMR were recorded at 400 MHz (*H NMR), 376 MHz (**F NMR) and 100 MHz
(*3C NMR), respectively. Chemical shifts were reported in ppm from tetramethylsilane with the
solvent resonance as the internal standard (d4-MeOH: 61 = 4.87, 3.31 ppm, 6¢c = 49.15 ppm; CDCls:
dn = 7.26 ppm, 6¢c = 77.20 ppm; ds-DMSO: o1 = 2.50 ppm, d¢c = 39.52 ppm; THF: &4 = 1.73 and
3.58 ppm, dc = 25.37 and 65.57 ppm;). Multiplicity was indicated as follows: s (singlet), d (doublet),
t (triplet), g (quartet), m (multiplet), and dd (doublet of doublets). Coupling constants were reported
in Hertz (Hz). High resolution mass spectrometry (HRMS) spectra were obtained on a microTOF-
QIl or Waters Micromass GCT Premier Instrument. IR spectra were recorded on an AVATAR 360
FT-IR spectrometer. Melting points were measured on a WRS-1A digital melting point apparatus

and are uncorrected.

Materials: Tetrahydrofuran (THF) and toluene were distilled from sodium/benzophenone; CH.Cl;
(DCM), CHCIs, and N, N-dimethylformamide (DMF) was distilled from CaH,; CHsCN was
distilled from P2Os. All commercially available reagents were used without further purification.
Analytical thin layer chromatography was performed on 0.20 mm silica gel plates. Silica gel (200—

300 mesh) was used for flash chromatography.

CAUTION: diazoacetonitrile (NCHCN) is potentially explosive! Although no accident occurred

during the course of this study, stringent safety precautions are necessary for all reactions of

N>,CHCN.



2. Experimental Section

2.1 General procedure for the preparation of N2CHCN

2-Aminoacetonitrile hydrochloride (4.63 g, 50 mmol) was dissolved in water (10 mL) in a 50 mL
round-bottomed flask immersed in an ice-water bath, and then CH2Cl, (20 mL) was added. The
mixture was stirred vigorously, and NaNO; (3.45 g, 50 mmol) was added over 5 min. After stirring
for another 15 min, the mixture was extracted with CH>Cl, (50 mL), and the organic layer was
washed with saturated aqueous NaHCOj3 solution and dried over Na;SO4. Removing the solvent at
0 °C under vacuum gave the desired NoCHCN as a yellow liquid.

2.2 General procedure for one-pot transformation of nitroolefins with

N2CHCN
1 N02 + N>CHCN C32C03 (1 5 equiv) NC /N\
R /\/ 2 _ - -
R? THF, rtfor 1-3 h R
1, 0.5 mmol 2 equiv Method A , R?

Method A: An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with
nitroolefin 1 (0.5 mmol, 1.0 equiv), and Cs,CO3 (244.4 mg, 0.75 mmol, 1.5 equiv). Then THF (5
mL) and N2CHCN (67.0 mg, 1.0 mmol, 2.0 equiv) were added. The resulting mixture was stirred at
room temperature for a specific time until nitroolefins 1 disappeared. Then the insoluble solid was
filtered, rinsed with ethyl acetate, and the filtrate was concentrated in reduced pressure. The residue
was further purified by a silica gel column chromatography (PE/EA = 6/1) to vyield the

corresponding 3-cyanopyrazoles 2.

NC
NS NOZ + N-CHCN CSQCO3 (25 equiv) /N\
2 > <~ NH
THF, rtfor 3 h
NaN02
1a, 0.5 mmol THzo Method B 2a
NCCH,;NH,eHCI

Method B: A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with 2-
aminoacetonitrile hydrochloride (2.0 mmol) and water (0.2 mL). This solution was cooled to 0 °C
before dropwise addition of an aqueous solution of NaNO; (2.1 mmol in 0.3 mL of water). After

completion of addition, the reaction mixture was allowed to warm to room temperature and stirred
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for 1 h. Then THF (5 mL), nitroolefins 1 (0.5 mmol) and Cs,CO3 (1.25 mmol) were added
successively, and the mixture was stirred at room temperature for an additional 3 h. The insoluble
solid was filtered, rinsed with ethyl acetate, and the filtrate was concentrated in reduced pressure.
The residue was further purified by a silica gel column chromatography (PE/EA = 6/1) to yield the

corresponding 3-cyanopyrazoles 2.

4-Phenyl-1H-pyrazole-3-carbonitrile (2a): Method A: 71.0 mg, 84% yield; Method B: 64.5 mg,
76%; white solid; m.p.: 146 — 147 °C; IR (KBr) v 3261, 3049, 2926, 2245, 1706, 1447, 1158, 812,
758, 695 cm!'; TH NMR (400 MHz, MeOD) § 8.05 (s, 1H), 7.66 — 7.57 (m, 2H), 7.42 — 7.35 (m,
2H), 7.34 — 7.26 (m, 1H), 4.87 (s, 1H). ¥C NMR (100 MHz, MeOD) & 131.28, 130.16, 129.11,
128.84, 128.04, 127.79, 123.10, 115.94. HRMS (ESI): m/z calculated for CioHgN3* [M + H]":
170.0713, found: 170.0711.

NC

Me

4-(p-Tolyl)-1H-pyrazole-3-carbonitrile (2b): Method A: 80.5 mg, 88% yield; Method B: 60.5 mg,
66%; white solid; m.p.: 143.5 — 144.5 °C; IR (KBr) v 3150, 2994, 2232, 1704, 1490, 1338, 800 cm
!; TH NMR (400 MHz, MeOD) $ 7.97 (s, 1H), 7.47 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H),
4.87 (s, 1H), 2.29 (s, 3H). 13C NMR (100 MHz, MeOD) & 139.08, 130.71, 128.48, 128.25, 128.06,
127.59, 122.88, 116.05, 21.33. HRMS (ESI): m/z calculated for Ci;HioN3* [M + H]": 184.0869,
found: 184.0870.

NC

MeO
4-(4-Methoxyphenyl)-1H-pyrazole-3-carbonitrile (2¢): Method A: 81.4 mg, 82% yield; white
solid; m.p.: 134 — 135 °C; IR (KBr) v 3264, 2925, 2853, 2241, 1715, 1506, 1252, 1027, 807 cm’!;

TH NMR (400 MHz, DMSO) & 14.04 (s, 1H), 8.33 (s, 1H), 7.60 (d, J= 8.7 Hz, 2H), 7.03 (d, J= 8.7
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Hz, 2H), 3.77 (s, 3H). '3C NMR (100 MHz, DMSO) § 158.99, 127.68, 125.78, 122.18, 120.53,
118.89, 115.42, 114.55, 55.20. HRMS (ESI): m/z calculated for Ci;HoN3O* [M + H]*: 200.0819,
found: 200.0820.

NC

MesN

4-(4-(Dimethylamino)phenyl)-1H-pyrazole-3-carbonitrile (2d): Method A: 68.0 mg, 64% yield;
yellow solid; m.p.: 171 — 172 °C; IR (KBr) v 3231, 2912, 2240, 1715, 1607, 1510, 1352, 781 cm™;
'"H NMR (400 MHz, DMSO) & 13.95 (s, 1H), 8.25 (s, 1H), 7.51 (d, J= 8.8 Hz, 2H), 6.78 (d, /= 8.8
Hz, 2H), 2.91 (s, 6H). 13C NMR (100 MHz, DMSO) $ 149.88, 127.09, 127.00, 126.50, 120.09,
117.34, 115.78, 112.59, 39.99. HRMS (ESI): m/z calculated for C;2H;sN4™ [M + H]*: 213.1135,
found: 213.1139.

NC

F
4-(4-Fluorophenyl)-1H-pyrazole-3-carbonitrile (2¢): Method A: 82.5 mg, 88% yield; white solid;
m.p.: 168 — 169 °C; IR (KBr) v 3527, 2925, 2240, 1707, 1476, 805 cm™'; 'H NMR (400 MHz,
MeOD) & 8.05 (s, 1H), 7.66 — 7.59 (m, 2H), 7.17 — 7.09 (m, 2H), 4.87 (s, 1H). ’F NMR (376 MHz,
MeOD) 6 -115.80 (m). 13C NMR (100 MHz, MeOD) 6 163.92 (d, J=244.9 Hz), 129.79 (d, J= 8.2
Hz), 128.86, 127.65 (d, J = 3.2 Hz), 127.05, 123.09, 116.97 (d, J=21.8 Hz), 115.81. HRMS (ESI):
m/z calculated for C1oH7FN;* [M + H]": 188.0619, found: 188.0618.

NC _N

<~ NH

Cl

4-(4-Chlorophenyl)-1H-pyrazole-3-carbonitrile (2f): Method A: 95.5 mg, 94% yield; white solid;
m.p.: 157158 °C; IR (KBr) v 3150, 2903, 2235, 1708, 1481, 1342, 1096, 813 cm’!; 'H NMR (400
MHz, MeOD) § 8.07 (s, 1H), 7.63 —7.52 (m, 2H), 7.43 — 7.28 (m, 2H), 4.87 (s, 1H). 1*C NMR (100
MHz, MeOD) 6 134.85, 130.24, 129.97, 129.14, 129.01, 126.68, 123.03, 115.74. HRMS (ESI): m/z

calculated for C1oH7N3CI™ [M + H]*: 204.0323, found: 204.0326.
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Br

4-(4-Bromophenyl)-1H-pyrazole-3-carbonitrile (2g): Method A: 119.0 mg, 96% yield; Method
B: 115.5 mg, 93% yield; white solid; m.p.: 165 — 166 °C; IR (KBr) v 3116, 2919, 2236, 1706, 1471,
1002, 809 cm’!; TH NMR (400 MHz, MeOD) & 8.08 (s, 1H), 7.55 — 7.47 (s, 4H), 4.88 (s, 1H). 13C
NMR (100 MHz, MeOD) 6 133.24, 130.37, 129.37, 129.00, 126.70, 122.99, 122.84, 115.71. HRMS
(ESI): m/z calculated for CioH7BrN3;* [M + H]": 247.9818, found: 247.9812.

NC _N

<~ NH

F3C

4-(4-(Trifluoromethyl)phenyl)-1H-pyrazole-3-carbonitrile (2h): Method A: 103.0 mg, 87%
yield; Method B: 73.5 mg, 62% yield; white solid; m.p.: 138 — 139 °C; IR (KBr) v 3275, 2941, 2244,
1706, 1327, 1122, 831 cm™'; 'TH NMR (400 MHz, DMSO) & 14.28 (s, 1H), 8.59 (s, 1H), 7.86 (dd, J
= 23.4, 8.3 Hz, 4H). ’F NMR (376 MHz, DMSO) 4 -61.12 (s). ¥C NMR (100 MHz, DMSO) §
133.97, 129.48, 128.11 (q, J = 31.8 Hz), 126.93, 126.12 (q, J = 3.8 Hz), 124.20 (q, J = 270.3 Hz),

124.19, 121.12, 114.95. HRMS (ESI): m/z calculated for C{iH;F3N3* [M+H]*: 238.0587, found:

238.0587.

NC

4-(4-Cyanophenyl)-1H-pyrazole-3-carbonitrile (2i): Method A: 80.5 mg, 83% yield; white solid;
m.p.: 272 — 273 °C; IR (KBr) v 3124, 2374, 2312, 1719, 1518 cm'; "TH NMR (400 MHz, DMSO)
514.26 (s, 1H), 8.56 (s, 1H), 7.85 (dd, J=22.5, 8.0 Hz, 4H). 13C NMR (100 MHz, DMSO) & 134.49,
133.03, 129.61, 126.70, 123.84, 121.09, 118.67, 114.88, 110.19. HRMS (ESI): m/z calculated for

Ci1HeN4Na* [M+Na]*: 217.0485, found: 217.0480.
NC N

'\

MeO ~NH



4-(3-Methoxyphenyl)-1H-pyrazole-3-carbonitrile (2j): Method A: 87.5 mg, 88% yield; white
solid; m.p.: 145 — 146 °C; IR (KBr) v 3144, 2931, 2240, 1715, 1592, 1470, 1250, 782 cm’'; 'H
NMR (400 MHz, DMSO) 6 14.13 (s, 1H), 8.45 (s, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.29 — 7.23 (m,
2H), 6.97 — 6.84 (m, 1H), 3.79 (s, 3H). *C NMR (100 MHz, DMSO) § 159.77, 131.11, 130.26,
128.61, 125.66, 120.90, 118.55, 115.34, 113.26, 112.04, 55.14. HRMS (ESI): m/z calculated for
Ci11H1oN3;O™ [M + H]*: 200.0819, found: 200.0817.

NC _N

<~ NH

OMe

4-(2-Methoxyphenyl)-1H-pyrazole-3-carbonitrile (2k): Method A: 83.7 mg, 84% yield; white
solid; Method B: 81.5mg, 82% yield; white solid; m.p.: 148 — 149 °C; IR (KBr) v 3177, 2950, 2240,
1707, 1473, 1250, 1019, 751 cm™; 'TH NMR (400 MHz, DMSO) 6 14.04 (s, 1H), 8.22 (s, 1H), 7.57
—7.46 (m, 1H), 7.40 — 7.30 (m, 1H), 7.11 (d, J= 8.3 Hz, 1H), 7.03 (t, /= 7.5 Hz, 1H), 3.83 (s, 3H).
13C NMR (100 MHz, DMSO) § 155.96, 129.90, 129.53, 129.25, 122.88, 121.83, 120.70, 118.50,
115.24, 111.64, 55.26. HRMS (ESI): m/z calculated for C;1H;oN3O" [M + H]*: 200.0819, found:
200.0817.

NC

Br
4-(2-Bromophenyl)-1H-pyrazole-3-carbonitrile (2I): Method A: 108.0 mg, 87% yield; white
solid; m.p.: 172 — 173 °C; IR (KBr) v 3144, 2242, 1713, 1501, 1464, 1404, 753 cm’!; "TH NMR (400
MHz, DMSO) 6 14.20 (s, 1H), 8.27 (s, 1H), 7.76 (d, J= 8.0 Hz, 1H), 7.47 (d, /= 4.3 Hz, 2H), 7.38
—7.31 (m, 1H). BC NMR (100 MHz, DMSO) & 133.13, 131.84, 130.77, 130.33, 130.20, 128.05,
124.84, 123.47, 122.94, 114.41. HRMS (ESI): m/z calculated for CioH7BrN3* [M + H]": 247.9818,

found: 247.9816.

4-(Naphthalen-1-yl)-1H-pyrazole-3-carbonitrile (2m): Method A: 100.0 mg, 91% yield; white



solid; m.p.: 175 — 176 °C; IR (KBr) v 3153, 2939, 2232, 1710, 1510, 774 cm™'; "H NMR (400 MHz,
DMSO) § 14.33 (s, 1H), 8.40 (s, 1H), 8.02 — 7.97 (m, 2H), 7.89 (d, J= 7.7 Hz, 1H), 7.64 — 7.54 (m,
4H). 13C NMR (100 MHz, DMSO) & 133.44, 131.08, 130.56, 128.70, 128.49, 127.93, 127.37,
126.85, 126.31, 125.56, 124.89, 124.16, 123.90, 114.72. HRMS (ESI): m/z calculated for C4HoN3*

[M + H]": 220.0869, found: 220.0873.
NC

4-(Naphthalen-2-yl)-1H-pyrazole-3-carbonitrile (2n): Method A: 95.7 mg, 87% yield; white
solid; m.p.: 190.5 — 191.5 °C; IR (KBr) v 3265, 2952, 2240, 1711,1512, 1266, 793, 741 cm’!; 'H
NMR (400 MHz, DMSO) & 14.24 (s, 1H), 8.54 (s, 1H), 8.21 (s, 1H), 8.06 — 7.75 (m, 4H), 7.51 —
7.47 (m, 2H). ¥C NMR (100 MHz, DMSO) & 133.16, 132.32, 128.79, 127.91, 127.70, 127.41,
126.78, 126.40, 125.81, 124.81, 124.79, 121.18, 115.48. HRMS (ESI): m/z calculated for C14HoN3*

[M + HJ": 220.0869, found: 220.0872.

4-(Anthracen-9-yl)-1H-pyrazole-3-carbonitrile (20): Method A: 121.5 mg, 90% yield; yellow
solid; m.p.: 191 — 192 °C; IR (KBr) v 3277, 3046, 2927, 2241, 1711, 1512, 1271, 875, 733 cm’'; 'H
NMR (400 MHz, DMSO) & 14.52 (s, 1H), 8.75 (s, 1H), 8.43 (s, 1H), 8.17 (d, /= 8.1 Hz, 2H), 7.70
(d, J= 8.3 Hz, 2H), 7.59 — 7.48 (m, 4H). 3C NMR (100 MHz, DMSO) & 131.92, 130.86, 130.62,
128.67, 128.07, 126.66, 125.56, 125.40, 123.55, 121.54, 114.37. HRMS (ESI): m/z calculated for

CisHi2N3* [M + H]™: 270.1026, found: 270.1026.
NC

S
\ o]
4-(Furan-2-yl)-1H-pyrazole-3-carbonitrile (2p): Method A: 71.5 mg, 90% yield; white solid;
m.p.: 191 - 192 °C; IR (KBr) v 3280, 3159, 2927, 2242, 1627, 1536, 1474, 1348, 1150, 1007, 800,
735 cm™'; 'TH NMR (400 MHz, CDCl3) § 12.11 (s, 1H), 7.98 (s, 1H), 7.46 (d, J= 1.3 Hz, 1H), 6.81

(d, J=33 Hz, 1H), 6.50 (dd, J= 3.3, 1.8 Hz, IH). 3C NMR (100 MHz, CDCL3) & 144.24, 142.48,
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126.34, 120.95, 119.22, 113.76, 111.82, 107.42. HRMS (ESI): m/z calculated for CsHsN3NaO* [M

+ NaJ*: 182.0325, found: 182.0327.

NC

\_s
4-(Thiophen-2-yl)-1H-pyrazole-3-carbonitrile (2q): Method A: 80.5 mg, 92% yield; white solid;
m.p.: 162 — 163 °C; IR (KBr) v 3257, 2241, 1712, 792, 686 cm’'; "TH NMR (400 MHz, DMSO) §
14.17 (s, 1H), 8.41 (s, 1H), 7.56 (dd, J = 5.0, 0.6 Hz, 1H), 7.40 (d, J = 2.8 Hz, 1H), 7.15 (dd, J =
5.0, 3.6 Hz, 1H). 3C NMR (100 MHz, DMSO) § 131.05, 128.20, 128.10, 125.83, 124.95, 120.58,

120.04, 114.74. HRMS (ESI): m/z calculated for CsHesN3S* [M + H]": 176.0277, found: 176.0276.
NC N

'\

<~ NH
CO,Et
Ethyl 3-cyano-4-phenyl-1H-pyrazole-5-carboxylate (2r): Method A: 105.0 mg, 87% yield; white
solid; m.p.: 122 — 123 °C; IR (KBr) v 3240, 2922, 2246, 1721, 1298, 1206, 1023, 767, 700 cm’'; 'H
NMR (400 MHz, DMSO) 6 15.17 (s, 1H), 7.58 — 7.40 (m, 5H), 4.24 (q,J= 7.1 Hz, 2H), 1.17 (t, J
= 7.1 Hz, 3H). 3C NMR (100 MHz, DMSO) & 158.06, 131.24, 129.72, 129.50, 129.07, 128.70,
128.36, 128.25, 128.15, 61.37, 13.70. HRMS (ESI): m/z calculated for Ci3Hi2N302" [M + H]*:

242.0924, found: 242.0922.

4-Phenyl-3,4-dihydrochromeno[3,4-c]pyrazole-1-carbonitrile (2s): Method A: 116.0 mg, 85%
yield; white solid; m.p.: 143 — 144 °C; IR (KBr) v 3258, 3056, 2916, 2239, 1706, 1462, 1269, 750,
694 cm'!; TH NMR (400 MHz, DMSO) & 14.34 (s, 1H), 7.68 (dd, J= 7.5, 1.2 Hz, 1H), 7.46 — 7.32
(m, 5H), 7.26 — 7.18 (m, 1H), 7.12 — 06 (m, 1H), 7.01 (d, J= 8.0 Hz, 1H), 6.72 (s, 1H). *C NMR
(100 MHz, CDCl3) & 150.59, 137.95, 129.42, 129.12, 128.83, 127.28, 122.45, 122.20, 117.36,

116.04, 74.02. HRMS (ESI): m/z calculated for Ci7H12N30" [M + H]": 274.0975, found: 274.0976.



(E)-4-Styryl-1H-pyrazole-3-carbonitrile (2t): Method A: 70.0 mg, 72% yield; white solid; m.p.:
130131 °C; IR (KBr) v 3158, 2936, 2240, 1710, 957, 754, 696 cm!; "TH NMR (400 MHz, DMSO)
0 14.05 (s, 1H), 8.29 (s, 1H), 7.52 (d, J= 7.5 Hz, 2H), 7.36 (t,J= 7.4 Hz, 2H), 7.31 — 7.22 (m, 1H),
7.12 (dd, J=53.1, 16.5 Hz, 2H). *C NMR (100 MHz, DMSO) & 136.47, 130.00, 128.84, 128.41,
127.97,126.31, 123.91, 121.58, 116.00, 114.78. HRMS (ESI): m/z calculated for Ci2H1oN3* [M +

HJ": 196.0869, found: 196.0865.

MeO
(E)-4-(4-Methoxystyryl)-1H-pyrazole-3-carbonitrile (2u): Method A: 75.5 mg, 67% yield; white
solid; m.p.: 157 — 158 °C; IR (KBr) v 3249, 3115, 2952, 2240, 1711, 1506, 1245, 806 cm'; '"H
NMR (400 MHz, DMSO) 6 13.99 (s, 1H), 8.24 (s, 1H), 7.47 (d, J= 8.6 Hz, 2H), 7.12 (d, J=16.5
Hz, 1H), 6.96 — 6.85 (m, 3H), 3.75 (s, 3H). 3C NMR (101 MHz, DMSO) § 159.23, 129.73, 129.08,
127.91, 127.66, 124.27, 121.32, 11491, 114.28, 113.61. HRMS (ESI): m/z calculated for

Ci3H12N30* [M + HJ™: 226.0975, found: 226.0980.

NC N
PN NH
NO,

(E)-4-(2-Nitrostyryl)-1H-pyrazole-3-carbonitrile (2v): Method A: 96.0 mg, 80% yield; white
solid; m.p.: 190 — 191 °C; IR (KBr) v 3279, 3953, 2928, 2238, 1719, 1518, 958 cm’'; "TH NMR (400
MHz, DMSO) 6§ 14.13 (s, 1H), 8.38 (s, 1H), 8.02 — 7.89 (m, 2H), 7.73 (t, J = 7.4 Hz, 1H), 7.57 —
7.45 (m, 2H), 7.15 (d, J = 16.3 Hz, 1H). *C NMR (100 MHz, DMSO) & 147.71, 133.59, 131.18,
129.53, 128.86, 127.93, 124.54, 123.84, 123.09, 121.71, 121.22, 114.45. HRMS (ESI): m/z

calculated for C1oHoN4O,* [M + HJ*: 241.0720, found: 241.0725.
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4-(Phenylethynyl)-1H-pyrazole-3-carbonitrile (2w): Method A: 70.5 mg, 73% yield; Method B:
53.0 mg, 55%; white solid; m.p.: 133 — 134 °C; IR (KBr) v 3260, 2250, 1705, 1476, 751 cm’'; 'H
NMR (400 MHz, DMSO) & 14.33 (s, 1H), 8.43 (s, 1H), 7.56 — 7.50 (m, 2H), 7.47 — 7.37 (m, 3H).
13C NMR (100 MHz, DMSO) & 133.49, 131.35, 129.19, 128.86, 126.11, 121.67, 113.44, 107.19,
93.50, 77.67. HRMS (ESI): m/z calculated for Ci2HsN3* [M + H]™: 194.0713, found: 194.0714.

NC N

—'\\

~_NH

4-Phenethyl-1H-pyrazole-3-carbonitrile (2x): Method A: 81.0 mg, 82% yield; white solid; m.p.:
65 — 66 °C; IR (KBr) v 3274, 2931, 2241, 1707, 1452, 1350, 748, 705 cm’'; 'TH NMR (400 MHz,
CDCls) 6 12.39 (s, 1H), 7.40 (s, 1H), 7.32 — 7.24 (m, 2H), 7.23 — 7.13 (m, 3H), 2.97 — 2.88 (m, 4H).
13C NMR (100 MHz, CDCls) & 140.34, 128.61, 128.52, 126.52, 126.46, 124.50, 113.72, 36.28,

25.36. HRMS (ESI): m/z calculated for Ci1oH12N3* [M + H]*: 198.1026, found: 198.1029.

=N
Me =~ NH

4-Butyl-1H-pyrazole-3-carbonitrile (2y): Method A: 44.7 mg; 60% yield; yellow oil; IR (KBr) v
3273,2946, 2242, 1707, 1463, 1351, 1137 cm’!; 'TH NMR (400 MHz, CDCl3) § 12.59 (s, 1H), 7.56
(s, 1H), 2.70 — 2.54 (m, 2H), 1.60 (dt, /= 15.3, 7.6 Hz, 2H), 1.37 (dq, J = 14.6, 7.3 Hz, 2H), 0.93 (t,
J=7.3Hz,3H). BC NMR (100 MHz, CDCls)  128.35, 127.82, 124.50, 113.95, 32.36, 23.28, 22.26,

13.83. HRMS (ESI): m/z calculated for CsH2N5* [M + H]*: 150.1026, found: 150.1026.

NC
Me /N\

~_NH

Me
4-Isobutyl-1H-pyrazole-3-carbonitrile (2z): Method A: 55.0 mg, 74% yield; yellow oil; IR (KBr)

v 3187, 2959, 2241, 1705, 1465, 1142 m™'; TH NMR (400 MHz, CDCl3) 8 12.74 (s, 1H), 7.56 (s,
1H), 2.49 (d, J= 7.0 Hz, 2H), 1.97 — 1.79 (m, 1H), 0.92 (d, J = 6.6 Hz, 6H). *C NMR (100 MHz,
CDCl3) & 128.93, 126.36, 124.99, 114.02, 32.63, 29.52, 22.16. HRMS (ESI): m/z calculated for

CsHi2N3* [M + H]*: 150.1026, found: 150.1024.
NC N

—\

<~ NH
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4-Cyclohexyl-1H-pyrazole-3-carbonitrile (2a’): Method A: 75.5 mg, 86% yield; white solid; m.p.:
91-92°C; IR (KBr) v 3271,2928, 2856, 2240, 1706, 1450, 1348 cm™'; "TH NMR (400 MHz, CDCl5)
0 12.72 (s, 1H), 7.53 (s, 1H), 2.73 — 2.55 (m, 1H), 2.02 — 1.93 (m, 2H), 1.86 — 1.68 (m, 3H), 1.45 —
1.29 (m, 4H), 1.27 — 1.21 (m, 1H). ¥*C NMR (100 MHz, CDCls) § 133.53, 126.94, 123.05, 114.24,
33.89, 33.82, 26.33, 25.80. HRMS (ESI): m/z calculated for C1oH14N3* [M + H]*: 176.1182, found:

176.1185.
NC

_N
~_NH

Ethyl 3-cyano-1H-pyrazole-4-carboxylate (2b’): Method A: 45.5 mg, 55% yield; white solid;

EtO,C

m.p.: 140 — 141 °C; IR (KBr) v 3254, 3152, 2982, 2247, 1708, 1090, 762 cm''; "H NMR (400 MHz,
DMSO) & 14.46 (s, 1H), 8.61 (s, 1H), 4.27 (q, J = 7.1 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H). 3C NMR
(100 MHz, DMSO) & 160.43, 134.13, 124.78, 116.99, 113.22, 60.70, 14.04. HRMS (ESI): m/z

calculated for C;H7N3O:Na* [M + Na]*: 188.0430, found: 188.0428.

2.3 General procedure for three component reaction of nitroolefins 1, NCHCN and alkyl

halides.

R3

N,CHCN NC_N NC N

R1/\/N02 R3X (X = I, Br) _ 1L(N—R3 + 1LN

R2 Cs,CO4, THF R ) R ,

R R

rt,1-3h
1 3 3"

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with nitroolefin 1 (1.0
mmol, 1.0 equiv), and Cs,CO;3 (814.6 mg, 2.5 mmol, 2.5 equiv). Then THF (10 mL), N.CHCN
(134.1 mg, 2.0 mmol, 2.0 equiv) and alkyl halide (1.5 mmol, 1.5 equiv) were added successively.
The resulting mixture was stirred at room temperature for a specific time until nitroolefins 1
disappeared. Then the insoluble solid was filtered, rinsed with ethyl acetate, and the filtrate was
concentrated in reduced pressure. The residue was further purified by a silica gel column
chromatography (PE/EA = 8/1 to PE/EA = 4/1) to yield the corresponding 3-cyanopyrazoles 3 and

5-cyanopyrazole 3.

12



NC _N

<~ N-Me

1-Methyl-4-phenyl-1H-pyrazole-3-carbonitrile (3a): 133.5 mg, 73% yield; colorless oil; IR (KBr)
v 3129, 2951, 2850, 2236, 1610, 1443, 1163, 1010, 760 cm’'; "TH NMR (400 MHz, CDCls) 8 7.62
(s, 1H), 7.59 (d, J= 7.4 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.3 Hz, 1H), 3.98 (s, 3H). 13C
NMR (100 MHz, CDCl3) 6 129.55, 129.24, 128.79, 128.28, 126.76, 121.99, 114.52, 40.25. HRMS

(ESI): m/z calculated for CiiHioN3* [M + H]": 184.0869, found: 184.0865.

1-Methyl-4-phenyl-1H-pyrazole-5-carbonitrile (3a’): 33.0 mg, 18% yield; white solid; m.p.: 61.5
— 62.5 °C; IR (KBr) v 3054, 2853, 2229, 1555, 1449, 1391, 764, 694 cm'!; "TH NMR (400 MHz,
CDCls) 6 7.69 (s, 1H), 7.56 (d, J = 7.4 Hz, 2H), 7.35 (t, /= 7.5 Hz, 2H), 7.28 (t, /= 7.3 Hz, 1H),
3.93 (s, 3H). *C NMR (100 MHz, CDCI3) 4 136.65, 129.25, 129.02, 128.84, 128.07, 126.04, 111.49,
111.18, 38.15. HRMS (ESI): m/z calculated for C;1HioNs" [M + H]": 184.0869, found: 184.0871.

NC N

g

~_ N-Me

Me

1-Methyl-4-(p-tolyl)-1H-pyrazole-3-carbonitrile (3b): 118.0 mg, 60% yield; white solid; m.p.:
128 — 129 °C; IR (KBr) v 3096, 3019, 2952, 2866, 2237, 1563, 1441, 1163, 1012, 809 cm™'; 'H
NMR (400 MHz, CDCl3) & 7.59 (s, 1H), 7.47 (d, J= 8.1 Hz, 2H), 7.21 (d, J= 7.9 Hz, 2H), 3.94 (s,
3H), 2.36 (s, 3H). *C NMR (100 MHz, CDCls) 6 138.04, 129.75, 128.58, 128.10, 126.52, 126.45,
121.49, 114.65, 40.06, 21.19. HRMS (ESI): m/z calculated for CioH12N3* [M + H]*: 198.1026,

found: 198.1025.

Me
1-Methyl-4-(p-tolyl)-1H-pyrazole-5-carbonitrile (3b’): 37.5 mg, 19% yield; white solid; m.p.: 68

13



— 69 °C; IR (KBr) v 3030, 2922, 2918, 2226, 1558, 1504, 1451, 964, 815, 516, 476 cm™'; '"H NMR
(400 MHz, CDCls) & 7.62 (s, 1H), 7.40 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 3.92 (s, 3H),
2.25 (s, 3H). *C NMR (101 MHz, CDCL) § 138.45, 136.95, 129.93, 129.86, 126.46, 126.35, 111.65,
111.61, 77.52, 77.20, 76.88, 38.50, 21.26. HRMS (ESI): m/z calculated for C1;HoNs* [M + H]*:
198.1026, found: 198.1028.

NC N

=N\

~N-Me

F
4-(4-Fluorophenyl)-1-methyl-1H-pyrazole-3-carbonitrile (3c): 129.0 mg, 64% yield; white solid;
m.p.: 143 — 144 °C; IR (KBr) v 3126, 2961, 2847, 2235, 1614, 1556, 1400, 1228, 819 cm’!; 'H
NMR (400 MHz, CDCl3) 8 7.60 (s, 1H), 7.56 — 7.47 (m, 2H), 7.11 — 7.02 (m, 2H), 3.96 (s, 3H). °F
NMR (376 MHz, CDCls) 8 -113.22 — -113.33 (m). *C NMR (100 MHz, CDCl3) & 162.53 (q, J
=246.5 Hz), 128.78, 128.47 (q,J=8.2 Hz), 127.19, 125.66 (q, J=3.3 Hz), 121.66, 116.12 (q, J=21.6

Hz), 114.41, 40.17. HRMS (ESI): m/z calculated for C;;HoFNs;™ [M + H]": 202.0775, found:

202.0777.
Me
NC NI\
[ N
F

4-(4-Fluorophenyl)-1-methyl-1H-pyrazole-5-carbonitrile (3¢): 36.0 mg, 18% yield; white solid;
m.p. 62 — 63°C; IR (KBr) v 3119, 3066, 2948, 2856, 2229, 1558, 1503, 1233, 834, 756, 522 cm’!;
"H NMR (400 MHz, CDCl3)  7.70 (s, 1H), 7.56 (dd, J= 7.8, 5.5 Hz, 2H), 7.09 (t, J= 8.5 Hz, 2H),
4.04 (s, 3H). ’F NMR (376 MHz, CDCl3) 6 -112.44 — -112.74 (m). 3C NMR (100 MHz, CDCl5)
0162.69 (d, J=248.6 Hz), 136.97, 128.92, 128.30 (d, /= 8.2 Hz), 125.55 (d, /= 3.4 Hz), 116.25 (d,
J = 21.8 Hz), 111.87, 111.35, 38.61. HRMS (ESI): m/z calculated for C;;HoFN3* [M + H]":
202.0775, found: 202.0773.
NC N

—_—

<~ N-Me

Cl

4-(4-Chlorophenyl)-1-methyl-1H-pyrazole-3-carbonitrile (3d): 135.0 mg, 62% yield; white
14



solid; m.p.: 100 — 101 °C; IR (KBr) v 3127, 2948, 2237, 1552, 1487, 1163, 1095, 1006, 820 cm;
TH NMR (400 MHz, CDCL3) & 7.65 (s, 1H), 7.53 — 7.47 (m, 2H), 7.39 — 7.32 (m, 2H), 3.9 (s, 3H).
13C NMR (100 MHz, CDCL3) § 133.98, 129.29, 128.90, 127.94, 127.85, 126.88, 121.61, 114.34,

40.24. HRMS (ESI): m/z calculated for C;;HoN3CI* [M + H]*: 218.0480, found: 218.0483.
!\/Ie
N\
[ N

NC

Cl

4-(4-Chlorophenyl)-1-methyl-1H-pyrazole-5-carbonitrile (3d’): 37.0 mg, 17% yield; white solid;

m.p. 56 — 57°C; IR (KBr) v 3116, 3054, 2920, 2851, 2230, 1550, 1487, 1094, 965, 828, 730, 479

cm'; 'THNMR (400 MHz, CDCl3) 8 7.75 (s, 1H), 7.59 — 7.52 (m, 2H), 7.43 — 7.37 (m, 2H), 4.08 (s,

3H). 13C NMR (100 MHz, CDCl3) & 137.18, 134.55, 129.56, 128.85, 127.96, 127.86, 112.14,

111.35, 38.80. HRMS (ESI): m/z calculated for CiiHoN3CI" [M + H]*: 218.0480, found: 218.0485.
NC N

'\

~_ N-Me

FiC

1-Methyl-4-(4-(trifluoromethyl)phenyl)-1 H-pyrazole-3-carbonitrile (3e): 183.5 mg, 73% yield;
white solid; m.p.: 109 — 110°C; IR (KBr) v 3133, 2237, 1321, 1107, 828 cm’'; 'TH NMR (400 MHz,
CDCl3) 6 7.73 — 7.63 (m, 5H), 4.02 (s, 3H). '’F NMR (376 MHz, CDCl3) 8 -62.72 (s). 3C NMR
(100 MHz, CDCl3) ¢ 133.13, 130.17 (q, J = 32.5 Hz), 129.33, 126.96, 126.71, 126.25 (q, J = 3.8
Hz), 124.08 (q, J=270.4 Hz), 122.21, 114.17, 40.40. HRMS (ESI): m/z calculated for C;oHoF3N3*

[M + HJ*: 252.0743, found: 252.0743.

Me
N\
[ N

NC

FsC

1-Methyl-4-(4-(trifluoromethyl)phenyl)-1 H-pyrazole-5-carbonitrile (3e’): 50.0 mg, 20% yield;
white solid; m.p.: 98 —99°C; IR (KBr) v 3118, 3054, 2230, 1620, 1330, 1161, 1111, 1071, 841, 597,
478 cml; TH NMR (400 MHz, CDCl3) 6 7.81 (s, 1H), 7.69 (dd, J=25.4, 8.2 Hz, 4H), 4.08 (s, 3H).
IF NMR (376 MHz, CDCls) & -62.77 (s). ¥C NMR (100 MHz, CDCls) § 137.15, 132.87, 129.92

(q, J = 32.5 Hz), 127.96, 126.50, 126.06 (q, J = 3.8Hz), 123.91 (q, J = 270.4 Hz), 112.36, 110.96,
15



38.55. HRMS (ESI): m/z calculated for C1,HoF3N3* [M + H]™: 252.0743, found: 252.0745.
NC

1-Methyl-4-(naphthalen-2-yl)-1H-pyrazole-3-carbonitrile (3f): 147.0 mg, 63% yield; white solid;

N

p—

~_N-Me

m.p.: 112 — 123 °C; IR (KBr) v 3129, 3056, 2949, 2235, 1609, 1403, 1161, 814, 751 cmr'; 'TH NMR
(400 MHz, CDCls) § 7.99 (s, 1H), 7.84 — 7.67 (m, 3H), 7.58 — 7.40 (m, 4H), 3.80 (s, 3H). 13C NMR
(150 MHz, CDCl3) § 133.36, 132.70, 129.00, 128.85, 128.07, 127.86, 127.69, 126.71, 126.68,
126.45, 125.25, 124.47, 121.63, 114.72, 40.10. HRMS (ESI): m/z calculated for C;sHioNs* [M +

H]": 234.1026, found: 234.1025.

1-Methyl-4-(naphthalen-2-yl)-1 H-pyrazole-5-carbonitrile (3f”): 46.5 mg, 20% yield; white solid;
m.p.: 108 — 109°C; IR (KBr) v 3055, 2941, 2851, 2378, 2229, 1603, 1439, 1393, 853,817, 751,474
cm’'; TH NMR (400 MHz, CDCls3) 8 7.94 (s, 1H), 7.74 — 7.66 (m, 4H), 7.60 — 7.54 (m, 1H), 7.44 —
7.34 (m, 2H), 3.84 (s, 3H). 3C NMR (100 MHz, CDCl3)  136.92, 133.15, 132.68, 129.26, 128.68,
127.94, 127.49, 126.45, 126.37, 126.31, 124.98, 123.80, 111.61, 111.39, 38.19. HRMS (ESI): m/z

calculated for C1sH12N3" [M + H]*: 234.1026, found: 234.1028.

4-(Furan-2-yl)-1-methyl-1H-pyrazole-3-carbonitrile (3g): 123.0 mg, 71% yield; white solid;
m.p.: 69 — 70°C; IR (KBr) v 3129, 2926, 2855, 2239, 1535, 1156, 1010, 807, 743 cm’'; "TH NMR
(400 MHz, CDCl3) 6 7.66 (s, 1H), 7.40 (s, 1H), 6.73 (d, /= 3.3 Hz, 1H), 6.44 (dd, /=3.0, 1.7 Hz,
1H), 3.95 (s, 3H). 3C NMR (100 MHz, CDCl3) § 144.50, 142.03, 127.49, 120.23, 119.60, 113.86,
111.64, 106.79, 40.23. HRMS (ESI): m/z calculated for CoHsN3;O" [M + H]": 174.0662, found:

174.0665.
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4-(Furan-2-yl)-1-methyl-1H-pyrazole-5-carbonitrile (3g’): 36.5 mg, 21% yield; white solid; m.p.:
65 — 66°C; IR (KBr) v 3120, 2947, 2230, 1631, 1464, 1399, 1343, 989, 891, 756, 593 cm’'; 'H
NMR (400 MHz, CDCl3) 6 7.63 (s, 1H), 7.35 (d,J= 1.1 Hz, 1H), 6.58 (d, /= 3.3 Hz, 1H), 6.36 (dd,
J=3.2, 1.8 Hz, 1H), 3.92 (s, 3H). *C NMR (100 MHz, CDCls) § 144.42, 142.40, 135.47, 121.17,
111.62, 110.70, 110.39, 107.22, 38.44. HRMS (ESI): m/z calculated for CoHgN3;O" [M + H]*:

174.0662, found: 174.0663.

1-Methyl-4-(thiophen-2-yl)-1H-pyrazole-3-carbonitrile (3h): 126.5 mg, 67% yield; white solid;
m.p.: 48 — 49 °C; IR (KBr) v 3117, 2944, 2237, 1720, 1453, 1405, 1350, 1156, 815, 709 cm’!; 'H
NMR (400 MHz, CDCls) § 7.58 (s, 1H), 7.32 (dd, J = 3.6, 1.0 Hz, 1H), 7.24 (dd, /= 5.1, 1.0 Hz,
1H), 7.02 (dd, J = 5.1, 3.6 Hz, 1H), 3.88 (s, 3H). *C NMR (100 MHz, CDCls) § 130.47, 128.32,
127.59, 124.73, 124.44, 121.47, 120.45, 113.96, 39.70. HRMS (ESI): m/z calculated for CoHsN3S*

[M + HJ*: 190.0433, found: 190.0434.

Me
NC N/\
[ N
S
\_s

1-Methyl-4-(thiophen-2-yl)-1H-pyrazole-5-carbonitrile (3h’): 36.0 mg, 19% yield; white solid;
m.p.: 73 — 74 °C; IR (KBr) v 3106, 2942, 2856, 2227, 1436, 1392, 952, 837, 707, 468 cm’'; 'H
NMR (400 MHz, CDCl3) 8 7.55 (s, 1H), 7.24 (dd, J = 3.6, 0.9 Hz, 1H), 7.17 (dd, J= 5.1, 0.9 Hz,
1H), 6.94 (dd, J = 5.1, 3.7 Hz, 1H), 3.89 (s, 3H). *C NMR (100 MHz, CDCls) § 136.58, 130.85,
127.91, 125.43, 124.96, 123.97, 111.21, 110.92, 38.47. HRMS (ESI): m/z calculated for CoHsN3S*

[M + HJ*: 190.0433, found: 190.0437.

17



NC N

g

~_ N=Me

1-Methyl-4-phenethyl-1H-pyrazole-3-carbonitrile (3i): 113.5 mg, 54% yield; colorless oil; IR
(KBr) v 3130, 3027, 2935, 2860, 2234, 1614, 1450, 1400, 747, 699 cm™'; '"H NMR (400 MHz,
CDCl3) 6 7.29 — 7.24 (m, 2H), 7.21 — 7.13 (m, 3H), 7.08 (s, 1H), 3.83 (s, 3H), 2.91 — 2.82 (m, 4H).
13C NMR (100 MHz, CDCls) & 140.46, 129.71, 128.45, 128.41, 127.22, 126.28, 123.97, 113.85,
39.82, 36.21, 25.35. HRMS (ESI): m/z calculated for Ci3H14sN3* [M + HJ": 212.1182, found:
212.1182.

M
NC ©

1-Methyl-4-phenethyl-1H-pyrazole-5-carbonitrile (3i’): 27.5 mg, 13% yield; colorless liquid; IR
(KBr) v 3062, 3028, 2938, 2861, 2230, 1726, 1600, 1493, 1449, 1396, 1314, 1006, 850, 745, 701,
493 cm’!; 'TH NMR (400 MHz, CDCl3) 8 7.26 — 7.20 (m, 3H), 7.18 — 7.10 (m, 3H), 3.85 (s, 3H),
2.90-2.80 (m, 4H). 3C NMR (100 MHz, CDCls) § 140.16, 138.35,129.34, 128.27,128.21, 126.11,
113.73, 110.41, 38.04, 35.96, 25.49. HRMS (ESI): m/z calculated for CisHisN3* [M + H]*:

212.1182, found: 212.1183.
NC _N
~_ N=Me
CO,Et
Ethyl 3-cyano-1-methyl-4-phenyl-1H-pyrazole-5-carboxylate (3j): 79.1 mg, 31% yield; light
yellow solid; m.p.: 101 — 102 °C; IR (KBr) v 3060, 2986, 2944, 2235, 1727, 1461, 1292, 1028, 699,
646 cm’!'; 'TH NMR (400 MHz, CDCls) 8 7.50 — 7.47 (m, 2H), 7.46 — 7.42 (m, 3H), 4.34 (q,J = 7.1
Hz, 2H), 4.17 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCls) § 160.97, 140.11,
133.22, 129.69, 129.23, 128.50, 128.31, 116.50, 110.13, 61.68, 39.56, 14.23. HRMS (ESI): m/z

calculated for C1sH14N30," [M + H]*: 256.1081, found: 256.1083.
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Ethyl 5-cyano-1-methyl-4-phenyl-1H-pyrazole-3-carboxylate (3j’): 122.5 mg, 48% yield;
yellow solid; m.p.: 40 — 41 °C; IR (KBr) v 3062, 2986, 2907, 2333, 2241, 1724, 1443, 1294, 1213,
1112, 761, 702, 490 cm’!; TH NMR (400 MHz, CDCl3) § 7.43 — 7.37 (m, 5H), 4.23 (s, 3H), 4.23 —
4.18 (q,J= 7.1 Hz, 2H), 1.10 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 159.05, 132.06,
130.70, 129.74, 129.09, 128.80, 128.22, 123.88, 113.10, 61.85, 41.50, 13.66. HRMS (ESI): m/z

calculated for C14H14aN3O2" [M + H]™: 256.1081, found: 256.1086.

3-Methyl-4-phenyl-3,4-dihydrochromeno[3,4-c|pyrazole-1-carbonitrile (3k): 137.9 mg, 48%
yield; yellow solid; m.p.: 112 —-113 °C; IR (KBr) v 3062, 3039, 2946, 2359, 2237, 1659, 1446, 1301,
1210, 1018, 978, 757, 700, 459 cm’!; 'TH NMR (400 MHz, CDCl3) 4 7.80 (dd, J= 7.6, 1.5 Hz, 1H),
7.36 —7.32 (m, 3H), 7.25 (dt, J= 7.6, 3.9 Hz, 2H), 7.12 (td, J = 8.1, 1.6 Hz, 1H), 6.99 (td, J= 7.5,
1.1 Hz, 1H), 6.85 (dd, J= 8.1, 0.9 Hz, 1H), 6.38 (s, 1H), 3.52 (s, 3H). 3C NMR (100 MHz, CDCl5)
0 149.95, 136.64, 136.43, 129.93, 129.37, 129.30, 127.64, 122.65, 122.43, 117.92, 117.77, 117.30,
115.92, 114.15, 74.54, 37.90. HRMS (ESI): m/z calculated for CisH14sN3O" [M + H]*: 288.1131,

found: 288.1134.

NC Me
N
/N

0~ “Ph

2-Methyl-4-phenyl-2,4-dihydrochromeno[3,4-c]pyrazole-1-carbonitrile (3k’): 89.1 mg, 31%
yield; yellow solid; m.p.: 124 — 125 °C; IR (KBr) v 3062, 3038, 2941, 2864, 2229, 1612, 1446,
1208, 1035, 975, 751, 699, 459 cm’!; TH NMR (400 MHz, CDCl3)$ 7.71 (d, J = 7.5 Hz, 1H), 7.43
—7.41 (m, 2H), 7.39 — 7.33 (m, 3H), 7.25—-7.21 (m, 1H), 7.04 (t,J= 7.7 Hz, 2H), 6.37 (s, 1H), 4.02
(s, 3H). BC NMR (100 MHz, CDCl3) 8 152.27, 146.84, 138.54, 130.29, 128.98, 128.84, 127.29,
123.72,122.62, 119.58, 118.01, 115.70, 111.13, 109.24, 75.87, 38.64. HRMS (ESI): m/z calculated

for CisH14N3;O" [M + H]*: 288.1131, found: 288.1139.
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~_ N=Bn

1-Benzyl-4-phenyl-1H-pyrazole-3-carbonitrile (31): 173.5 mg, 67% yield; white solid; m.p.: 56 —
57 °C; IR (KBr) v 3126, 3039, 2947, 2236, 1607, 1426, 1346, 1155, 1011, 749, 696 cm'; 'TH NMR
(400 MHz, CDCls) 8 7.59 (s, 1H), 7.53 (d, J = 7.3 Hz, 2H), 7.35 — 7.21 (m, 8H), 5.25 (s, 2H). 13C
NMR (100 MHz, CDCI3) 6 134.53,129.25, 128.95, 128.94, 128.65, 128.02, 128.00, 127.97, 127.92,
126.44, 121.68, 114.58, 57.09. HRMS (ESI): m/z calculated for Ci7H14N3* [M + H]*: 260.1182,
found: 260.1180.

Bn

N\

[ N

NC

1-Benzyl-4-phenyl-1H-pyrazole-5-carbonitrile (31’): 26.0 mg, 10% yield; white solid; m.p.: 67 —
68 °C; IR (KBr) v 3037, 2945, 2357, 2228, 1604, 1552, 1362, 765, 734, 469 cm™'; "TH NMR (400
MHz, CDCls) 6 7.76 (s, 1H), 7.65 — 7.53 (m, 2H), 7.37 — 7.23 (m, 8H), 5.39 (s, 2H). ¥C NMR (100
MHz, CDCl3) & 137.44, 134.84, 130.10, 129.15, 129.07, 128.90, 128.56, 128.42, 128.00, 126.40,
111.53, 111.09, 55.58. HRMS (ESI): m/z calculated for Ci7H14N3* [M + H]": 260.1182, found:

260.1184.

2.4 General procedure for transformation of 4a.

NC N OHC N
-\ o] A
— N-Me DIBALH, THF, 20°C — N-Me
3a

To a well-stirred solution of 4a (0.5 mmol) in dry THF (5 mL) at -78 °C was added DIBAL-H (1.0
mL, 1.0 M in toluene) dropwise under argon atmosphere. The reaction was allowed to warm to -
20 °C and stirred at the same temperature for 2 h until the starting material disappeared. Then the
reaction was quenched with 5% HCI, and extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over MgSQa, and concentrated under vacuo. The residue was further

purified by a silica gel column chromatography (PE/EA = 5/1) to yield the desired product.
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OHC N

g

~_N-Me

1-Methyl-4-phenyl-1H-pyrazole-3-carbaldehyde (4): 56.0 mg, 60% yield; white solid; m.p.: 83
— 84 °C; IR (KBr) v 3083, 2945, 2825, 2767, 1693, 1452, 1331, 1172, 842, 781, 698 cm’!; "TH NMR
(400 MHz, CDCl3) 6 10.00 (s, 1H), 7.54 — 7.48 (m, 2H), 7.44 (s, 1H), 7.36 — 7.29 (m, 2H), 7.28 —
7.22 (m, 1H), 3.85 (s, 3H). 3C NMR (100 MHz, CDCl3) 8 185.96, 146.03, 130.90, 130.42, 128.39,
128.10, 127.34, 125.41, 39.37. HRMS (ESI): m/z calculated for C;;H1iN.O* [M + H]*: 187.0866,

found: 187.0869.

NC _N

\ ; o
g N~Me LiAlH4, DCM, 0 -40 °C _

3a

A 25 mL two-necked, round-bottomed flask fitted with a condenser was charged with lithium
aluminum hydride, and the flask was thoroughly purged with a steady stream of Ar. After 5 min,
DCM (6 mL) was added. The mixture was cooled to 0 °C with an ice bath before dropwise addition
of a solution of 3a (0.5 mmol, 91.5 mg) in DCM (1 mL) via a syringe over 10 min. After vigorous
H: gas evolution ceased, the resulting mixture was allowed to reflux at 40 °C for 3h. Then the
solution was cooled to room temperature, diluted with 6 mL DCM, and quenched by water. The

precipitate was filtered through celite, and the filtrate was concentrated to give product 5.

HoN N

e

~_ N-Me

(1-Methyl-4-phenyl-1H-pyrazol-3-yl)methanamine (5): 81.5 mg, 87% yield; light yellow oil; IR
(KBr) v 3422, 3055, 2929, 1603, 1560, 1447, 1162, 1014, 763, 699 cm™'; '"H NMR (600 MHz,
CDCl3) 8 7.37 — 7.33 (m, 5H), 7.22 (t, J = 6.7 Hz, 1H), 3.95 (s, 2H), 3.84 (s, 3H), 1.56 (s, 2H). 1*C
NMR (151 MHz, CDCls) 6 150.65, 133.06, 129.11, 128.70, 127.57, 126.36, 120.39, 38.85, 38.75.

HRMS (ESI): m/z calculated for C1iHii1N>™ [M - NHz + H]*: 171.0919, found: 171.0917.

21



NC N

~_ N~-Me

KO'Bu, toluene, 80 °C, 5h

3a

A flame-dried flask equipped with a magnetic stir bar was charged with 3a (0.25 mmol, 45.8 mg),
KO'Bu (0.75 mmol, 3 equiv, 84.2 mg) and dry toluene (3 mL). The reaction mixture was stirred at
80 °C for 5 h under nitrogen atmosphere, and progress of the reaction was monitored by TLC. Upon
completion, the reaction mixture was treated with water. The insoluble solid amide was filtered,

washed with water, and dried under vacuum to provide the corresponding amide 6.

1-Methyl-4-phenyl-1H-pyrazole-3-carboxamide (6): 49.8 mg, 99% yield; light yellow solid; m.p.:
202 — 203 °C; IR (KBr) v 3462, 3344, 3293, 2922, 2854, 1693, 1469, 1348, 1024, 842, 762, 696
cm’; TH NMR (400 MHz, DMSO) 8 7.97 (s, 1H), 7.55 (d, J = 7.3 Hz, 2H), 7.49 (s, 1H), 7.33 (t, J
=7.5Hz, 2H), 7.24 (t,J="7.2 Hz, 2H), 3.89 (s, 3H). 13*C NMR (101 MHz, DMSO)§ 164.34, 142.14,
132.26, 131.78, 128.54, 127.90, 126.45, 122.53, 38.91. HRMS (ESI): m/z calculated for

CiHiiN3NaO* [M + Na]*: 224.0794, found: 224.0797.
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3. X-Ray Crystallographic data

The X-ray crystallographic structure for 3b (ORTEP representation with 50% probability thermal
ellipsoids) has been deposited at the Cambridge Crystallographic Data Centre (CCDC), under
deposition number CCDC 1523275. The data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via http://www.ccdc. cam.ac.uk/data_request/cif.

N(3)

\I

/

N
"
/ / \
The X-ray crystallographic structure for 3g (ORTEP representation with 50% probability thermal
ellipsoids) has been deposited at the Cambridge Crystallographic Data Centre (CCDC), under
deposition number CCDC 1813397. The data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via http://www.ccdc. cam.ac.uk/data_request/cif.
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The X-ray crystallographic structure for 3g” (ORTEP representation with 50% probability thermal
ellipsoids) has been deposited at the Cambridge Crystallographic Data Centre (CCDC), under
deposition number CCDC 1813396. The data can be obtained free of charge from the Cambridge

Crystallographic Data Centre via http://www.ccdc. cam.ac.uk/data_request/cif.

N(3)

\ o)
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4, NMR Spectra

4-Phenyl-1H-pyrazole-3-carbonitrile (2a)

62'E
0g'e
0g'E
€€
ee

L8y —

8L
6Z'L
0g'L
0E'L
el
LE'L
GE'L
OF'L
0F'L

19°L
m@,hw
£9'L

S08—

=111

€0'1
€T
00z

EF96°0

0.0

0.5

20 15 10

25

40 35 30

4.5

60 55 50

6.5

85 80 75 7.0

9.0

11.0 105 100 9.5

115

fl (ppm)

15'8%
L8y
i 8F
SLok
9g'6F
85'6F
6L6F

R

01"€Cl

6L LTI
08Tl
PR'8TL]
16zl
91'0gl’
8TIEN”

117

121

125

129

133

{1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
£l (ppm)

210 200

20

25



4-(p-Tolyl)-1H-pyrazole-3-carbonitrile (2b)

68T—

0g'e
0g'e
€€
€€
€€

L8P —

PL'L
aL'L
9r'L
8L
La'L—

NC

~_NH

Me

[

— BO0€

— Et0l

- oz

00T

- Ere'0

0.0

05

45 40 35 30 25 20 15 10

50

85 80 735 70 65 60 55
£l (ppm)

9.0

95

11.0 105

115

eele—

%14
L8R
k1
Slak
9¢'al
bl
aL'al

S09Ll
mm,Nmﬁ/
mm,hS‘/
90'8Cl
CT'8TL
8F'RCL

LLDEL
806l —

NC

SO9I1

88°CCl-

65°LT1,
90°821
$T'8T
8’871
1Logt’

80'6¢€l

~_NH

Me

)

125

f1 (ppm)

139

-10

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

20 210

f1 (ppm)

26



4-(4-Methoxyphenyl)-1H-pyrazole-3-carbonitrile (2¢)
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4-(4-(Dimethylamino)phenyl)-1H-pyrazole-3-carbonitrile (2d)
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4-(4-Fluorophenyl)-1H-pyrazole-3-carbonitrile (2e)
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4-(4-Chlorophenyl)-1H-pyrazole-3-carbonitrile (2f)
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4-(4-Cyanophenyl)-1H-pyrazole-3-carbonitrile (2i)
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4-(3-Methoxyphenyl)-1H-pyrazole-3-carbonitrile (2j)

r e
i |
0s'z— - GR'8E
0L'6E
e 1£'6E
L T6'6E
- - £L'6E
6LE S Tl Pl
SLop
plgg—
Lo
[CRY=1
0694
gﬁ.
€69 ,
. - +=101||
STy - ) 07z .Jm
LL = -~ €01 g
mm,w% &
LE'L =
- oo
6E'L %
Sh8— - —— 1960 PESLLAS
S R11~
o 06'0Z1—
99°ST1—
T 198217
Z - 9z 0£1
N/ \ M- et
O =
Z
LLGS1—
L™
(@)
Q -
=
=
£1rl— J - Tﬁa -
|

-10

30 20 10

40

200 190 180 170 160 5 140 130 120 110 100 90 80 70 60
f1 (ppm)
35

MeO

210




4-(2-Methoxyphenyl)-1H-pyrazole-3-carbonitrile (2k)
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4-(2-Bromophenyl)-1H-pyrazole-3-carbonitrile (21)
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4-(Naphthalen-1-yl)-1H-pyrazole-3-carbonitrile (2m)
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4-(Naphthalen-2-yl)-1H-pyrazole-3-carbonitrile (2n)
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4-(Anthracen-9-yl)-1H-pyrazole-3-carbonitrile (20)
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4-(Furan-2-yl)-1H-pyrazole-3-carbonitrile (2p)
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4-(Thiophen-2-yl)-1H-pyrazole-3-carbonitrile (2q)
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Ethyl 3-cyano-4-phenyl-1H-pyrazole-5-carboxylate (2r)
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4-Phenyl-3,4-dihydrochromeno|3,4-c|pyrazole-1-carbonitrile (2s)

0§'T—

L9y
00'L|
0L
L0Ld
LO'LY
80'L1
0T’ L7
0T LA
174
TT LA
€T LA
YTLF
§TLY
9€'L]
9¢ L
8 L]
65L]
F L]
£+ L]
L9
Lo
59
s97L)

PEPI—

A s

960

10

11

12

13

14

15

f1 (ppm)

68'8¢
oret
Ieet
78'6¢
€L6¢€
¥6'6¢
STor

0ri—

NC

10 -10 -20

70 60 50 40 30 20

80

90
1 (ppm)
44

190 170 150 130 110

210



(E)-4-Styryl-1H-pyrazole-3-carbonitrile (2t)
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(E)-4-(4-Methoxystyryl)-1H-pyrazole-3-carbonitrile (2u)
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(E)-4-(2-Nitrostyryl)-1H-pyrazole-3-carbonitrile (2v)
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4-(Phenylethynyl)-1H-pyrazole-3-carbonitrile (2w)
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4-Phenethyl-1H-pyrazole-3-carbonitrile (2x)
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4-Butyl-1H-pyrazole-3-carbonitrile (2y)
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4-Isobutyl-1H-pyrazole-3-carbonitrile (2z)
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4-Cyclohexyl-1H-pyrazole-3-carbonitrile (2a”)
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Ethyl 3-cyano-1H-pyrazole-4-carboxylate (2b’)
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1-Methyl-4-phenyl-1H-pyrazole-3-carbonitrile (3a)
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1-Methyl-4-phenyl-1H-pyrazole-5-carbonitrile (3a°)
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1-Methyl-4-(p-tolyl)-1H-pyrazole-3-carbonitrile (3b)
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1-Methyl-4-(p-tolyl)-1H-pyrazole-5-carbonitrile (3b’)

STT—

w6e—

oTL
Nﬂ.nV
6E°L~
;HL%
9L

Me

=§0°¢

Feoe

90T

00T
v 00T

0.0 -0.5

0.5

40 35 30 25 20 15 10

4.5

60 55 5.0

6.5

7.0

7.5

9.0 85 80

9.5

fl (ppm)

9T TIT—

0§'8¢—

88°0L
ON‘E_‘W

TS'LL

19°111
E.:_v
SE9TI
or9TI
98°6T1
€6°671
m%mt\w
St8el

Me

-10

9 80 70 60 50 40 30 20 10
f1 (ppm)
57

190 170 150 130 110

210



4-(4-Fluorophenyl)-1-methyl-1H-pyrazole-3-carbonitrile (3¢)
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4-(4-Fluorophenyl)-1-methyl-1H-pyrazole-5-carbonitrile (3¢’)
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4-(4-Chlorophenyl)-1-methyl-1H-pyrazole-3-carbonitrile (3d)
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4-(4-Chlorophenyl)-1-methyl-1H-pyrazole-5-carbonitrile (3d”)
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1-Methyl-4-(4-(trifluoromethyl)phenyl)-1H-pyrazole-3-carbonitrile (3e)
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1-Methyl-4-(4-(trifluoromethyl)phenyl)-1H-pyrazole-5-carbonitrile (3e’)
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1-Methyl-4-(naphthalen-2-yl)-1H-pyrazole-3-carbonitrile (3f)
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1-Methyl-4-(naphthalen-2-yl)-1H-pyrazole-5-carbonitrile (3f°)
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4-(Furan-2-yl)-1-methyl-1H-pyrazole-3-carbonitrile (3g)
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4-(Furan-2-yl)-1-methyl-1H-pyrazole-5-carbonitrile (3g”)
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1-Methyl-4-(thiophen-2-yl)-1H-pyrazole-3-carbonitrile (3h)
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1-Methyl-4-(thiophen-2-yl)-1H-pyrazole-5-carbonitrile (3h’)
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1-Methyl-4-phenethyl-1H-pyrazole-3-carbonitrile (3i)
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1-Methyl-4-phenethyl-1H-pyrazole-5-carbonitrile (3i’)
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Ethyl 3-cyano-1-methyl-4-phenyl-1H-pyrazole-5-carboxylate (3j)

hm.ﬁ/

8T 1
Om.ﬁ\.

AR
m.*/
€€y
S€F
9€F

9T L1
T
£ L]
L

L
Lo
LAt
Sar
ey
9rL

9p L]
sy L]
ai
0S°L

NC

~_N-Me

CO,Et

=00t

=00°¢
70T

£0°¢
WMoo.m

-0.5

0.0

0.5

1.0

L5

4.0 35 3.0

55 50 45
f1 (ppm)

6.0

6.5

7.0

7.5

95 9.0 85 8.0

10.5

11.5

£CVI—

89°19—

88°9L
ON.E.W
Nm.hh

EI°0IT—
0§9IT—
1€°8CT
0¢°8C1
€76l

mw.mmﬂM

ULl
:.oi\

L6°09T—

NC

<~ N-Me

CO,Et

-10

170 160 150 140 130 120 110 100 9 80 70 60 50 40 30
fl (ppm)

180

74



Ethyl 5-cyano-1-methyl-4-phenyl-1H-pyrazole-3-carboxylate (3j’)
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3-Methyl-4-phenyl-3,4-dihydrochromeno|3,4-c|pyrazole-1-carbonitrile (3k)
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2-Methyl-4-phenyl-2,4-dihydrochromeno[3,4-c]pyrazole-1-carbonitrile (3k’)
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1-Benzyl-4-phenyl-1H-pyrazole-3-carbonitrile (31)
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1-Benzyl-4-phenyl-1H-pyrazole-S-carbonitrile (31°)
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1-Methyl-4-phenyl-1H-pyrazole-3-carbaldehyde (4)
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(1-Methyl-4-phenyl-1H-pyrazol-3-yl)methanamine (5)
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1-Methyl-4-phenyl-1H-pyrazole-3-carboxamide(6)
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