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Scheme 1  Synthesis route of 1-Methyl-3 4-dinitropyrazole(MDNP)
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2.3 ABMER
2.3.1 DNP &/

[i) 2B A7 U B T S P PR B A 100 mL Y 1 B ik
A 16 mL 20% A MR BRER , FREL 3 g 3 -FiFf 5k ntk w4t
A 2%, BN 4.9 mL 96. 5% % JH M
iR, RS AE 95 ~110 °C, i 0.5 h, B4, BlA
WEUK, FER UK 2 Z )5, STk 2 IRFEHL(25 mLx4) , &
JEANUAE, ZE R, T 155 2.43 g ML, FIHIDS
SRSV T E 45 5, >R FH ORI R I s 700 % B A 7= 4
kG, A6 65 °CF 10 mL 2R R S E 45 5 4w T
PR, 78 % 57.93%, m. p. 83 ~85 °C (3CHk
"85 °C), IR (KBr,v/cm™'): 3435 (N—H),
3152(N—H), 2928(C—H), 1555(C—NO, ), 1382
(C—NO, ), 1348 (C—NO,); 'H NMR (CDCl,,
300 MHz) §: 8.71 (t, J=8 Hz, 3H),

2.3.2 1-BE-3,4-ZwEMNK (MDNP) &K

#H 50 mL DMF F 250 mL PO [ g8, %
4.36 g(0.028 mol) DNP Z#iin ABeHi b dit £
TEJE 5 DNP 52 & fitJ5 B 5.75 g(0.041 mol) %
M2 B0 2 18 m A b K FHIR B 90 °CIE |, T 46 1] 5 g
W 25 mL(0. 297 mol) ik B2 — W1 i, 4% il i n
BT mL - minT o W ANEEE KB RIR N 6.5 h,
Bk R B EE A 300 mL ZE K, PR, e —
BCO ] AR LD AR IR A D il gk . & e 2K
FPURG W (25 mLx4) , & 3¢ A HUAH, 9805 g 2%, 74
5 mLEE L EHPR AR . 50 mL 2R T 15 C R H i
HLE i, BRI, B SRR T, 45 MDNP
4.54 g 1948 95. 7% , ¥ AH 0 335 I 45 21 B 3K 96% LU
I, m.p. 20 °C(SCH{E ' 20 ~21 °C), IR (KBr,»/
cm™ ). 3435 ( N—H), 3152 ( N—H ), 2930
(N—CH, ), 1555 (C—NO, ), 1382 ( C—NO, ),
1348 (C—NO,); 'H NMR (CDCl,, 300 MHz) §:
8.01 (t, J=8 Hz, 3H), 4.14(t, J=8 Hz, 3H);
Anal. calcd for C,H, N, O,:. C 27.92, H 2. 34,
N 32.55; found C 28.02, H 2.52, N 32.39,

3 HRSWie

3.1 DNP BEH K EHMRUL
3.1.1 RMNREX MDNP S EH N
CEE[14]E 4 H T DNP A ik T2, A0
SETE g DNP AR SO0 () T 28 5 AT Ak o
DNP 4.36 g(0.028 mol),DMC 25 mL(0.297 mol),

CHINESE JOURNAL OF ENERGETIC MATERIALS

BRIR4H 5.75 g(0.041 mol) ,DMF 50 mL, ¥ 6.5 h,
FH LA S I B X B AR Ak A ) MDINP 15 5 52 i 1) 52 55
HRWET,

F 1 WAL N B X MD NP 253 3 (952 i

Table 1 Effect of methylating temperature on the yield of
MDNP
temperature /°C 45 65 85 90 95
yield /% 12.5 33.6 78.8 95.6 92.0

M ATE B BN BE T L A R
2 e R N R B, 2R IR B 90 “C I AR R A
5 (95. 6% ), 2 J& B A I B2 /9 TH e, A5 3 BT R
FF P P AL 50 DMC /s a3y 90.2 °C L 7EMR T
B A5 A T BE Y R B A U A T, RO A R i
BHOFACR AR &, = 5 3. il E & T 90 °C
I, BEE I 9 T RN DMC /28 %, = B0H B
Py f A T B B, R, AN I 50 B R N it
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90 “CZ&MF T BRI, S B [ F AR AL 7 %) MDNP
We AL B SE B 45 R IL SR 20 th 3 2 AT, 2 R I
A E] 6 h i, ™ W) 15 R0 K F) 95% , Bifi & S N I (]
BAE A, i A O AR B T BEE S I TR SE G E
PR, INMA WS B S LIS [R] 2 6.5 hy

F 2 HUREAL SN ] % MDNP 15 3 i1 52

Table 2  Effect ofmethylating time on the yield of MDNP
time/h 4 5 6 6.5 7
yield/% 56.5 77.8 95.0 95.9 94.2

3.1.3 k3t MDNP B R K

Yk bR 5 e R A R A5 B Y — AN R R T
P2, 0 H R B LAk BB 0 A X 4255 1) DMC, TR |
ARl /D, 2 R ICH SR AR RE o, 7= A Rk
%5 G SR AR O 2 B T IR SR OB i 4y
{5 B AR A W0 0 2 AN 25 774 o0 B 1 AN

90 °C,DMF 50 mL, JZ )i/ 6.5 h, DNP DMC 5
K,CO, ¥kt tbxs H bR fb 5 MDNP 15 25 52 1 (14 52
gk oW R 3, & 3 AT LA OB EE R
n(DNP) : n(DMC) : n(K,CO,)=1:10.5 : 1.5,

Zi L Prik: LL DNP g JE kL DMF %5 %) . DMC
R B AE R (K, CO, S ik 7l & i MDNP (13844 T

bt A 2015 % # 234 %34 (222-225)



224

TKIGF, L, BN, ATE, KA

A ROBIIRE 90 °C, e BiAFIE] 6.5 h, ¥kl
n(DNP) : n(DMC) : n(K,CO,)=1:10.5:1.5,
AL = AT 563K 95.7% o ZEA T —2F DNP g1 %
57.93% , HAr= W i3 % 55.6% .

R3  WRIER X MDNP 153 A 5 i

Table 3  Effect of molar ratio of raw materials on the yield of
MDNP

n(DNP) : n(DMC) : n(K,CO;) yield/%

1:4:1.5 46.7

1:6:1.5 82.2

1:8:1.5 90.6

1:10.5:1.5 95.7

1:12:1.5 94.9
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S U, = F P R R T TG AU R IR . A
[F) 14y PR A 300 el T 25 A PR A A TR, B A RO TR
A5 AR SR % 0 10 B e — R T AR
B 1AL G B AR AR R R o A e A TR B
Yyl , 75 & sk G AL B BT 5207 18] . DMC Ay 4k (o L 2
WA DU R e T AR W R D035, 07 A2 R B
AU G T RN DL A R PE RS . fE AT
I HRAER, O R CH,T, DMS, 7% 45 5% BURE 5K By
Pt . e BB T AT AT T SRR,
LH AR IR 4, 0] LI R R — W R (5 T
) 152 F B AR AR ), B 7 0 B9 75 23 L SR D L R
THERR R 5% o Ik, AN 5 AL B BT 3 AR
TR — W iR o

R4 BB R B R

Table 4 Effect of methylating agent on reaction
methylating agent  Me, SO, CH,l Me, CO,
yield/% 89 55 95
toxicity violent higher lower
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3,4-fiE L 2R 1 A P 2, B R A IR
LT BE 7, o ks 20 8 R 1 K % T DM, 5 K, CO,
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Scheme 2 Mechanisms of methylation reaction
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Fig.1 DSC curve of MDNP

4 &

(1) DL 3-ff Bt m >y J5okE 58 2o w4 64k
BT HART= W, I b AT T S5 RAE

(2) WA AR T 24 R« RBREE 90 °C,
KV 6.5 h,n(DNP) @ n(DMC) : n(K,CO,)=
1:10.5 1 1.5, HAR Y E805304 55.6%

(3) H Ak it 70 R 4 €038 550 e 1 — P s, ARRF
T AL G SRR B R R R e S T W
P& s Al TBIESE 7 1)

B3k

[1] Lebedev V P, Matyushim Yu N, Inolemtcev Ya D. Thermochem-
ical and explosive properties of nitropyrazoles[ C] // Int. ICT
Conference on Energetic Materials. Russia. 1998: 180.

[2] BHHLE, tRaspk, FAMS. A saiawnrridtmi]. &
HERTEL, 2006, 14(6) : 475-480.
YANG Shi-ging , XU Song-lin , LEl Yong-peng. Development on
NitogenHeterocyclic Energetic Compounds[})]. Chinese Journal of
Energetic Materials( Hanneng Cailiao) , 2006, 14(6) : 475-480.

[3] Smolin E M, Lorenee R. The chemistry of heterocyclic com-
pounds ( s-triazines and derivatives) [ M]. New York: Inter-
science Publishers Ine, 1959 . 347 -348.

[4] o], Sk, 20, . 1-E-3,5- 2R 3E-1,2,4- =0k Y

FIMBREL]. SHEMH, 2011 (6): 501-504.
YANG Ke-ming,CAO Duan-lin, LI Yong-xiang, et al. Synthesis

and characterization of 1- methyl -3, 5-dininitro-1, 2, 4-trazole

[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) ,

2011 (6): 501-504.

Kiw, EHIe, 2KrE, 4. 1- -4, 5- A BE 0k me i & B M R

fEL)]. &fEM A, 2009, 17(5): 531-533.

SONG lei, WANG Jian-long, LI Yong-xiang, et al. Synthesis and

characterization of 1-methyl-4,5-dinitroimidazole[ }]. Chinese Journal

of Energetic Materials( Hanneng Cailiao) , 2009,17(5) :531-533.

Katritzky A R. Physical methods in heterocyclic chemistry [ M].

New York: Academic Press, 1974.

7 B, A, AR, S SRR A BT IR B R L) ]

KHEZ2E R, 2005, 28(4) : 47-51.

JI Yue-ping, LI Pu-rui, WANG Wei, et al. A review of recent ad-

vances of energetic plasticizers[ J]. Chinese Journal of Explosives

and Propellants, 2005, 28(4) . 47-51.

[8] Ross Grimmett M, Richard Lim K H. Dinitration of |-meth-
ylpyrazole: I-methyl-3, 4-dinitropyrazole [ J ]. Aust J Chem,
1978, 31: 68-69.

[9] Ravi P, Surya P Tewari. Facil and environmentally friendly synthesis

—
w1

[6

[

—
~N

of nitropyrazoles using montmorillonite K-10 impregnated with bis-
muth nitrate[)]. Catalysis Communications, 2012, 19(1) . 37-41.
KRR 3,4- Zhs Bt e i) 5 L S P RERTSE [ D ] Hhdbkey:,2012.
DU Shan. Study on synthesis and properties of 3, 4-dinitropy-
razole[ D ]. Taiyuan: North University of China,2012.

[11] Janssen ] W A M, Koeners H J. PyrazolesXIl. The preparartion of 3

[10

—

(5)-nitropyrazoles by thermal rearrangement of N-nitropyrazoles[]].
The Journal of Organic Chemistry, 1973,38(10) : 1777-1782.

[12] Janssen ] W A M, Habraken C L, Louw R. On the mechanism of
the thermal N-nitropyrazole rearrangement evidence for a [1,5]
Sigmatropic Nitro Migration[)]. The Journal of Organic Chemis-
try, 1976, 41(10) ; 1758-1762.

[13 ]LI Yong-xiang, DU Shan, WANG Jian-long. 3, 4-dinitro-1H-
pyrazole benzene 0. 25-solvate[)]. Acta Crystallographica Sec-
tion E. Structure Reports Online, 2011, 67(6): 1369.

[14] Zaitsev A A, Kortusov | O, Dalinger I L, et al. The use of metho-
rymethyl group as a protecting group for the synthesis of ¢-meth-
yl-3-nitro-5-R-pyrazole[ ] ]. Russian Chemical Buldetin, 2009 ,58
(10): 2118-2121.

[15] &Fts, 26204, B — W ERAE B R AL sl o i )] kT
a4k, 2008(1): 20-23.

SHU Ting, LI Guang-xing. Progress in study of dimethyl carbonate as
methylating reagent[)]. Chemical Intermediate, 2008(1) ; 20-23.

[16] Rivetti F. In Green Chemistry: Challening Perspectives [ M ].
Tundo P, Anastas P, Eds, Oxford University Press, 2001 . 201.

[17] Pietro Tundo, Alvise Perosa. Green organic syntheses: organic carbon-
ates as methylating agents[)]. The Chemical Record, 2002, 2(1) : 13-23.

Optimization on Synthesis Process and Characterization of 1-Methyl-3 ,4-dinitropyrazoles

ZHANG Qiao-ling', LI Ya-jin', JIAO Qing-jie’, REN Hui’, LI Yong-xiang'

(1. College of Chemical Engineering & Environment, North University of China, Taiyuan 030051, China; 2. State Key Laboratory of Explosion Science and
Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: 1-Methyl-3 ,4-dinitropyrazole(MDNP) was synthesized using 3-nitropyrazole as starting material via nitration and methy-
lation, and its structrue was characterized by infrared spectrum (IR) , proton nuclear magnetic resonance ('H NMR) and differen-
tial scanning calorimetry (DSC). The methylation reaction conditions were optimized. Results show that its thermal decomposi-
tion temperature is 298 °C ,and melting point is 20 °C, having good thermal stability. The optimum conditions of methylation reac-
tion is as follows: the reaction temperature 90 °C, the reaction time 6.5 h, the molar ratio of 3 ,4-dinitropyrazoles, DMC(dimethyl
carbonate) to anhydrous potassium carbonate 1 : 10.5 : 1.5, and the yield of target product is 55.6%.

Key words: energetic material; 1-methyl-3 ,4-dinitropyrazole(MDNP) ; synthesis
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