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Al 20% KB RR , AL st T AR AL T MRERIR (w =
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Scheme 1 Synthesis route of 4-nitropyrazole
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& : 99.8%(HPCL) ; '"H NMR ( DMSO-d, ,400 MHz)
8:8.292 (s, 5C—H), 8.808 (s, 3C—H), 13.924
(s, N—H); "C NMR (DMSO-d,, 400 MHz) §
129.83 (3C, 5C), 135.84 (4C); IR(KBr, p/cm™"):
3186 (N—H), 1538, 1346 cm™'(C—NO,) ; HRMS
calcd for C;H,N,O,Na 136. 0123, C,H,N,O,Na,
157.9931, found 136. 0120, 157.9938; J& % 4 ¥F
(C,H,N,O,, %), Szilifl. C31.78, H 2.71, N 37.09;
. C31.85, H2.68, N37.17,
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E n(CEMBLER) @ n(RERIR) © n(im)=3:2.1:1,
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Fig. 1 Effect of molar ratio of fuming nitric acid and parazole

on the yield of product
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Fig.2 Effect of temperature on the yield of product
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Fig.3 Effect of reaction time on the yield of product
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Fig.4 Molecular structure of 4-nitropyrazole
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Fig.5 The crystal packing of 4-nitropyrazole
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Table 1 Crystal structural data of 4-nitropyrazole

item value
empiric formula C,H,;N,0,
formula mass 113.08
temperature/K 100.8
crystal system triclinic
space-group P-1
a/A 8.0329(11)
b/A 9.6305(8)
c/A 9.9036(8)
al/(°) 74.393(7)
B/(°) 81.560(9)
/(%) 83.196(9)
V/A? 727.40(13)
Z 6
p/mg - mm~ 1.549
/_1,/mm71 0.132
F(000) 348
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Table 2 Atomic coordinates and isotropic thermal parameters
of 4-nitropyrazole

atom x/a y/b z/c U/A?
N(4) 1.3402(18) —0.5403(15) 0.4404(13)

H(4) 1.2934 —-0.4548 0.4093 0.0220
O(3) 1.3088(18) -0.8772(14) 0.7997(12)

N(7) 1.5885 —-0.5091 0.1823 0.0240
O(1) 0.9321(18)  0.1675(13) 0.1348(13)

O(4) 1.5131(18) —0.9824(13) 0.6816(13)

O(2) 0.8446(16)  0.0666(14) 0.3549(13)

N(9) 1.8851(19) =0.3811(17) =0.2329(14)

N(2) 1.2104(19) =0.2549(15) 0.3080(13)

H(2) 1.2489 -0.3371 0.3576 0.0240
N(8) 1.5580(18) —0.3238(14) 0.0350(13)

H(8) 1.4740 -0.2762 0.0713 0.0230
N(1) 1.2688(19) —-0.1936(15) 0.1713(13)

H(T1) 1.34940 -0.2301 0.1206 0.0240
N(5) 1.4683(18) —0.6083(15) 0.3693(13)

H(5) 1.5155 -0.5718 0.2854 0.0220
N(6) 1.4089(2) —0.8802(15) 0.6931(14)

O(6) 1.8790(18) —-0.2707(15) —0.3313(12)

N(3) 0.9389(19)  0.0692(15) 0.2444(15)

O(5) 1.9856(17) —-0.4878(16) —0.2348(13)

C(8) 1.7665(2) —-0.3850(18) —0.1100(16)

C(3) 1.0855(2) —0.1693(18) 0.3538(17)

H(3) 1.0253 -0.1866 0.4436 0.0240
C(9) 1.6425(2) —-0.2771(18) —0.0914(16)

H(9) 1.6222 -0.1886 -0.1557 0.0230
C(5) 1.4052(2) —-0.7560(17) 0.5749(16)

C(2) 1.0622(2) —0.0495(17) 0.2422(16)

C(6) 1.5098(2) =0.7393(17) 0.4490(16)

H(6) 1.5933 —-0.8069 0.4245 0.0220
C(7) 1.7509(2) — —0.4969(18) 0.0123(16)

H(7a) 1.8181 —-0.5839 0.0299 0.0240
C(4) 1.3005(2) -0.6291(17) 0.5660(16)

H(4a) 1.2172 —-0.6098 0.6359 0.0210
C(1) 1.1800(2) —0.0681(18) 0.1298(16)

H(1a) 1.19410 -0.0037 0.0411 0.0240
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Table 3 Selected chemical bond lengths of 4-nitropyrazole

bond length/ A bond length/ A

N(4)—H(4)  0.8600 N(1)—H(1) = 0.8600
N(4)—N(5)  1.3641(18) N(1)—C(1) 1.3240(2)
N(4)—C(4) 1.3250(2) N(5)—H(5)  0.8600
O(3)—N(6)  1.2337(18) N(5)—C(6) 1.3300(2)

N(7)—H(7)  0.8600 N(6)—C(5) 1.4320(2)
N(7)—N(8)  1.3613(19) N(3)—C(2) 1.4240(2)
N(7)—C(7) 1.3250(2)  C(8)—C(9) 1.3810(2)
O(1)—N(3)  1.2370(18) C(8)—C(7) 1.3890(2)

O(4)—N(6)  1.2331(18) C(3)—H(3)  0.9300
0(2)—N(3)  1.2327(17) C(3)—C(2) .3820(2)
N(9)—O(6)  1.2353(19) C(9)—H(9)  0.9300
N(9)—O(5)  1.2316(19) C(5)—C(6) 1.3790(2)
N(9)—C(8) 1.4270(2)  C(5)—C(4) 1.3890(2)
N(2)—H(2)  0.8600 C(2)—C(1) 1.3870(2)
N(2)—N(1)  1.3605(18) C(6)—H(6)  0.9300
N(2)—C(3) 1.3290(2)  C(7)—H(7)A  0.9300
N(8)—H(8)  0.8600 C(4)—H(4)A  0.9300
N(8)—C(9) 1.3240(2)  C(1)—H(1)A 0

—

.9300

LR A4 MR 5 AT AL, TR I wE BR Y 4R
C(1)—C(2)—C(3)—N(2) .C(2)—C(3)—N(2)—N(1),
C(3)—N(2)—N(1)—C(1) N(2)—N(1)—C(1) —C(2),
N(1)—C(1)—C(2)—C(3) WMol H: -0.6°,
0.4°.-0.10°,-0.27°.0. 5°, #BHEIE 0°, 13 B Atk mbs 21
) AR D A A U T AR R — . C(2)
o #y 5 om om O o oM &
0.8°(@c(1)—c2r—nen—oc) ) T 0-4°(@c(3)—c2r—nin—oc2) ) »
WAL T 0% M H, N HifiRA,C(3)—C(2)—N(3),
C(3)—C(2)—C(1) .C(1)—C(2)—N(3) iy 1 fA 7
SA. 125.64° 107.14° 127, 23°, =FH Z MEE T
360°, A A AE F A AT N(3) 5 i e 35 75 — >
HA; O(T)—N(3)—C(2).0(2)—N(3)—0(1),
O(2)—N(3)—C(2) By — 1 1 7> % HJ: 117.94°,
124.18°.117.88°, =3 Z Fi2ly 360°, AT UL fif§ 5 rhr i) & it
T NC3) R T O (1) O(2) fE—AF 1 i, ) 3%
W% 0y 7 He3 TP 454 .

M & 6 Al ] SR A 4 L3 A 4-fi
M e g3 10 g U N—H - N R — AT, S Y
Y A1 Rk nb e %) 35BS E 1, S TET A 47 B itk e Sy
T2 RIS 2 5 R Z Wi AR Ty . XA
SE R 4 ME AR N R, ARG R IR E
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Table 4 Bond angles of 4-nitropyrazole

bond angle/(°) bond angle/(°)
N(5)—N(4)—H(4) 126.00 C(9)—C(8)—N(9) 125.91(15)
C(4)—N(4)—H(4) 126.00 C(9)—C(8)—C(7) 106.82(14)
C(4)—N(4)—N(5) 108.05(13) C(7)—C(8)—N(9) 127.27(15)
N(8)—N(7)—H(7) 126.00 N(2)—C(3)—H(3) 126. 60
C(7)—N(7)—H(7) 126.00 N(2)—C(3)—C(2) 106.71(14)
C(7)—N(7)—N(8) 107.92(13) C(2)—C(3)—H(3) 126. 60
0(6)—N(9)—C(8) 117.51(15) N(8)—C(9)—C(8) 107.03(14)
O(5)—N(9)—0O(6) 124.31(14) N(8)—C(9)—H(9) 126.50
O(5)—N(9)—C(8) 118.18(14) C(8)—C(9)—H(9) 126.50
N(1)—N(2)—H(2) 125.00 C(6)—C(5)—N(6) 125.81(15)
C(3)—N(2)—H(2) 125.00 C(6)—C(5)—C(4) 107.17(13)
C(3)—N(2)—N(1) 110.06(13) C(4)—C(5)—N(6) 127.00(14)
N(7)—N(8)—H(8) 124.90 C(3)—C(2)—N(3) 125.64(15)
C(9)—N(8)—N(7) 110.13(13) C(3)—C(2)—C(1) 107.14(14)
C(9)—N(8)—H(8) 124.90 C(1)—C(2)—N(3) 127.23(15)
N(2)—N(1)—H(1) 125.90 N(5)—C(6)—C(5) 106.88(14)
C(1)—N(1)—N(2) 108.11(13) N(5)—C(6)—H(6) 126.60
C(1)—N(1)—H(1) 125.90 C(5)—C(6)—H(6) 126.60
N(4)—N(5)—H(5) 125.00 N(7)—C(7)—C(8) 108.10(15)
C(6)—N(5)—N(4) 109.94(13) N(7)—C(7)—H(7)A 125.90
C(6)—N(5)—H(5) 125.0 C(8)—C(7)—H(7)A 125.90
O(3)—N(6)—C(5) 117.95(14) N(4)—C(4)—C(5) 107.96(14)
0(4)—N(6)—0O(3) 124.55(14) N(4)—C(4)—H(4)A 126.00
0(4)—N(6)—C(5) 117.50(14) C(5)—C(4)—H(4)A 126.00
O(1)—N(3)—C(2) 117.94(14) N(1)—C(1)—C(2) 107.98(14)
0(2)—N(3)—0(1) 124.18(14) N(1)—C(1)—H(1)A 126.00
0(2)—N(3)—C(2) 117.88(14) C(2)—C(1)—H(1)A 126.00

RS A-THELNL A

Table 5 Torsion angles of 4-nitropyrazole
bond angle/(°) bond angle/(°)
N(4)—N(5)—C(6)—C(5) 0.01(19) N(5)—N(4)—C(4)—C(5) -0.09(18)
O(3)—N(6)—C(5)—C(6) 178.52(16) N(6)—C(5)—C(6)—N(5) -178.40(16)
O(3)—N(6)—C(5)—C(4) 0.50(3) N(6)—C(5)—C(4)—N(4) 178.41(16)
N(7)—N(8)—C(9)—C(8) 0.22(19) O(6)—N(9)—C(8)—C(9) 1.30(3)
O(1)—N(3)—C(2)—C(3) -178.78(16) 0(6)—N(9)—C(8)—C(7) -179.80(17)
O(1)—N(3)—C(2)—C(1) 0.80(3) N(3)—C(2)—C(1)—N(1) -179.14(16)
O(4)—N(6)—C(5)—C(6) -0.90(3) O(5)—N(9)—C(8)—C(9) -178.16(17)
O(4)—N(6)—C(5)—C(4) -178.94(17) O(5)—N(9)—C(8)—C(7) 0.70(3)
O(2)—N(3)—C(2)—C(3) 0.40(3) C(3)—N(2)—N(1)—C(1) -0.10(19)
O(2)—N(3)—C(2)—C(1) =179.98(16) C(3)—C(2)—C(1)—N(1) 0.50(2)
N(9)—C(8)—C(9)—N(8) 178.85(16) C(9)—C(8)—C(7)—N(7) 0.20(2)
N(9)—C(8)—C(7)—N(7) ~178.90(16) C(6)—C(5)—C(4)—N(4) 0.09(19)
N(2)—N(1)—C(1)—C(2) -0.27(19) C(7)—N(7)—N(8)—C(9) —0.11(19)
N(2)—C(3)—C(2)—N(3) 179.09(16) C(7)—C(8)—C(9)—N(8) -0.20(2)
N(2)—C(3)—C(2)—C(1) -0.60(2) C(4)—N(4)—N(5)—C(6) 0.05 (19)
N(8)—N(7)—C(7)—C(8) -0.05(19) C(4)—C(5)—C(6)—N(5) -0.06(19)
N(1)—N(2)—C(3)—C(2) 0.40(2)
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One-Pot Two Steps Synthesis of 4-Nitropyrazole and Its Crystal Structure

LI Yong-xiang, DANG Xin, CAO Duan-lin, CHAI Xiao-xiao
( School of Chemical Engineering and Environment North University of China, Taiyuan 030051, China)

Abstract: 4-Nitropyrazole(4-NP) was synthesized via a “one-pot two steps” method using pyrazole as raw material in a fuming
nitric acid (w=98%) /20% oleum system. The target product was characterized by IR spectrometry, nuclear magnetic resonance
spectroscopy, high resolution mass spectrometry and elemental analysis. The single crystal structure was determined by X-ray sin-
gle-crystal diffractometer The effect of material ratio, reaction temperature, and reaction time on the yield of product was studied.
Results show that the best synthesis process is n(fuming nitric acid) : n(oleum) : n(concentrated sulfuric acid)
1.5:3:2.1:1, reaction temperature 50 °C, reaction time 1.5 h, the highest yield is 85%. The single crystal structure of 4-NP
belongs to triclinic crystal system, its space group is P-1 with cell paramaters of a=8.0329(11) A,b=9.6305(8) A,c=9.9036(8) A,
a=74.393(7)°,8=81.560(9)°,y=83.196(9)°,V=727.40(13) A*,Z=6,p=1.549 mg - mm~* 1 =0.132 mm™" F(000)= 348.

Key words: 4-nitropyrazole; “one-pot two steps” method; nitrification; crystal structure
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