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L U e Y Ak kR A L AR A AR o 1-H
HE N g A 1k Ay Sk B A AL R A TRk
TR A AR AR b ik A7 A - (D T (B A Ak
%)@ AL e 2 (BUR S AL ) s @xE L) B & (i
PR AL ) O AR AL, = i 5 ke P R A R T S A R

Wi AHI: 2025-02-17; & E HH: 2025-03-22

[ 4% H ki B #A : 2025-04-07

ELTH: HRARM¥ES(22075260); PUJIE A RR R4
T 35 H (2022NSFSC0288)

EE BN RAN(1999-) , &, WL AR 58 4E , 3228 N 55 R A1 RH 5 I
5% . e-mail:1915814962@qq.com

BEERAN: B (1976-), 5, 88, 22N F S REHM B A L

HE5% . e-mail : yanghaijun@swust.edu.cn

Sl A AR ok A AR BRECE A1 - -3 4, 5- = i Lk (MTNP) /9 1 25 &

AL (CTNP) I A A T2 5% 2 A UK
AR ) g B SR R AR W SR A B AR 45
-3, 5- TR Rk (LLM-116) 8 440 HE-1-H1 2E-3,
5- il FE AL W (AMDP) , LLM-116 % dh i) 4K & il 7 77
TE R FEAE ) MR S 2, B R MTNP &
BJ5 ¥E HAEAE Y B s, BRI T MTNP B8y T2 6 A LA
M

AHEFELL 4- ML (1) Ry JsURE, 2 A Ak F Al 2 Bk
b R A A SE RN, ARAS T — B T 5 B B MTNP 1 87
Ty 8 05 ¥ R R AR /6 SR s, b S0 1 A O ik
AR Y e U R T A B, FLA RN SR PR TR A PR
8] 5 S5 5 05, O MTNP T RAL R L T #F 58 2Ll

okt

1 LIEER4H

1.1 WF 5=

TR - 4-G e | = 2R (I BT R T A A R B
JBe 0oy A B2 WD) 5 TG K B R BE L L B R B U K &
(NaBO,-4H,0) .k iR & £ (NaHCO,) . i i 2 & 4
(Oxone) ( |1 27 sa kA= AL BHE A7 BR 28w ) 5 & AR il 12
(98%) HRILIR (98% ) H B . L BE LG A1 T ik (16
s A W R R BRA ) 5 LR R R L 4-H
BB R R BUT M ORUE B N N-Z S R
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SRAF AR RO A BRI L i R

(s AR AR A A i A& (50%) .
1,4- 50N LR OWR NS NEE(HFIP) =51k
R CAICL) (SR FHRE 2= A R AR o

A - Spectrum f HL AR 4 21 SR WO 1A, 55 [
Perkin Elmer A ®] ,KBrJ& F;Avance Il 600 B9 48 T #%

R I 3 A, i 1 Bruker 24 7, DMSO-d, } %5 71 5
Agllent 1260 B = SBORAH 354, 56 15 Agilent A7 .
1.2 MTNP &R %

DL 4~k e (1) Sk Jokk 38 2 i Ak B SRR A S
A R AR SR OB A S B MTNP(Scheme 1),

Y

Cl Cl Cl
%7 Fuming HNO, OZN\%YNOZ Me,SO, OZN\%?/NOQ _BNH, _ ON\(% _HSOMHO, 0 N%/
HN—N H,SO, HN—N /\j—

1 2 3 MTNP

8 S
> o
Q\f»
N—N
/ 5
Scheme 1  Synthetic route of 1-methyl-3,4, 5-trinitropyrazole (MTNP)

1.3 &RiEE
1.3.1 4-5-1-BE-3,5-Z“REMNM(3)

S SCH[18-19 ] & L 4-5-1-F -3, 5-fi 3
MM (3) o AR RSB P A 30 mL kB2 (98%) ,
18 A A 4-5 M (1,3.06 g,30.30 mmol) . fF5E4
VRS RN 4 mLE MRS IR (98%) T )5 |
B TR ] 100 °C. R Z5 G, R H B =i 6 X
N R AR VK, IR TR R E, KU, T K B R Bk T
P U MR A AT B A R R 4-50-3, 5- A Sk (2)
A 80.1%., M :158.2~159.6 °C. IR(KBr,p/cm™):
3440, 2930, 1635, 1572, 1556, 1532, 1486, 1421,
1337,1210,1117,1003,839,818,762,

¥tk 2(1.16 g, 6.04 mmol) il A £ NaHCO,
(1.02 g, 12.14 mmol) Ml 10 mL 7K iy I W&, Bt £
10 min. RIEMAGR _FHE(1.52 g, 12 mmol), 7F

BEBEFE 4 ho S UEATH A TTE , KT, TS 2 A

B ER 3, % 95.6% . M8 :97.7~98.1 °C. IR(KBr,
v/cm™):3447,2870,1560,1504,1437,1376,1331,
1304,1046,880,760;'H NMR (400 MHz, DMSO-d,,
25 °C)8:4.28(s,3H) ;"°C NMR(101 MHz, DMSO-d,,
25°C)8:148.32(5),143.45(5),106.09(s),43.97(s),
1.3.2 4-FRE-1-BE-3,5-Z“rHEMNMK(4)

¥ kA4 3(0.52 g,2.52 mmoD) ¥ T 20 mL A7 ik
FE K TR AW AR (1,64 g,15.31 mmol)
FIBREZ4M (0.14 g, 1.01 mmol). 35 °CJ I H 2 R
TR CHEJZ2 A3 2 W), 10% HCIHRIE = pH=1,%

Chinese Journal of Energetic Materials, Vol.33, No.4, 2025 (317-323)

ALk KBRS B T . IR SR O R
B, KPR RS, TR 8 dh . BT AR
BIFPER ST b A e AR 4, 772 89.6%. A :
89.8~90.3 °C. IR(KBr,v/cm™) :3447,2938, 2846,
1615, 1518, 1478, 1456, 1408, 1387, 1315, 1299,
1069, 896, 784; 'H NMR (400 MHz, DMSO-d,,
25°C)8:7.74(s,1H),7.23(d,5H) ,4.65(s,2H) ,4.13
(s, 3H) ; "C NMR (101 MHz, DMSO-d,, 25 °C ) &:
141.63(s),138.88(s),134.27(s),129.03(s),127.66(s),
48.64(s),43.56(s).
1.3.3 MTNP

(1) 43k

FEW T AW 4061 g, 2.20 mmol) i T
3 mLVRBLER (98% ), i HF B 2 J5URME % o K S M
B VKK B, A AT NaHCO, K % )8 pH=7~8, a@ﬁ
SR AR T, 1 A Fh K PR, Jo K B R 6 T, B2
4 45 B A4 -1 ORE-3, 5T B ik ik (5) ,FE%E
95.2% ., M :159.7~163.2 °C. IR(KBr, v/cm™) :
3476, 3457, 3361, 3336, 2928, 1644, 1634, 1569,
1478,1437,1391,1352,1112,1035,887,835,783,
757,665,621;'H NMR(400 MHz,DMSO-d,, 25 °C)
8:7.26(s,2H), 4.20(s,3H) ; °C NMR (101 MHz,
DMSO-d,, 25 °C)8:139.64(s) ,132.70(s),130.80(s),
43.41(s),

TE0 CTF ¥ 1k&4 5(0.10 g, 0.52 mmol)iF T
1.3 mL ¥ i /R (98%) ™, 22 1% i i 0.65 mL H,O,

A A AL www.energetic—materials.org.cn
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(50%) , 5 il I IR BE A6 10 CA 47 o Ikl sE Ee )R B
T BE R B 20 °C, 2 68 3% 2k W D 2 g 58 BRI L ¥ A
BN F W SN B AR UK, SR SR A, T8 TiE
AT BN IR B A E K 6, 77 % 48.7%. & 1904~
92.4 °C, IR(KBr,v/cm™):2860,1581,1338,1051,
904,844,777 ;'H NMR(400 MHz,DMSO-d,, 25 °C)
8: 4.27 (s, 3H) ; "C NMR (101 MHz, DMSO-d,,
25 9C)8:155.60(s),147.29(s),108.39(s),43.48(s).

(2) —#ik

Z| TS Y 4(0.06 g, 0.22 mmol) % T
0.8 mL¥EBLIR (98% ), i +E 2y 30 min, H i TLC
7N R B 58 Be ) Ho 2212 i A 0.4 mL H,O,
(50%). WMWK T 0 CTHFEL 3 h, AT R, fEHE
b R S IR B RN HEAT R R S 5
IR A, R OB e (2 a5k W) o R
BB, o8, K BE, T A RR A ke, ™
%.60.5%.

2 HR5R

21 SEURNHR

2 k[ 18-19], LI 4-GMEms (1) K JRL, 20
b AL A A B 4-50-1-FF 323, 5- T RG SRk mE (3) .
FEMEE RN Z b, 8 T A AR R BB EE RO
T B A5 XA A W 3 S A R 5

(1) &AL

PLEUK R @ B AR B A& 3 1 A S AL R
T i Tk TR A% R DA PR TR R0 O Tk A
o I e RN, AS T 5 0 R U R R 4-H AR
J¥ie R e GRUT e AU i A kg B AR 7R R TR X
&Y 34T T &AL NI 9E (R 1) S5R KM, U
AU e FARUT e S B HE AR i, A s ) o7 BEL K 46
JE AL I AR AT B0 S Ak 7 o fdF 4-H SRR R
Jiig U Ry G FE AR50 st e A5 B A = . He g
T, LA B R s B AR A 7 SR AR AT SOTE S 2R

R FAALLUR i

Table 1 Screening of amination reagents

number reagent yield / %
1 4-methoxybenzylamine 46.0

2 benzylamine 52.0

3 tert-butylamine -

4 tert-octylamine -

Note: The reaction was carried out in acetonitrile/water at 76 °C

CHINESE JOURNAL OF ENERGETIC MATERIALS

F 5 3 LU T Ay 2 B A i)

(2) BRI

DL e Ry 2 AR, 25 88 1 A (] s g 4 57 4
[ 4 =Ry g (B 1) . S5 RBR,ELEIK &
NI HUBE SRS b ) A 4 0 7 R AR .
%43 Hr ("H NMR, "C NMR) &7~ , L 2 F5 | OB Ef
DMF i i 1R R e & Al  H A e e —
FHSE AR A B =00 o DA ik /7K Sk i 00 e v [ A4 4
() 7= AL TE 2 69.5% , LRI R W AT o TR R AFE T,
A Tk AR T K Ve B R X B AR, T R SR D K i A
Bl S o
69.5

707 628
601 555

50 483 465 463
401
301
201
10-
]

yield / %

1 2 3 4 5 6
solvents

Solvent: 1, 1,4-dioxane, 101 °C; 2, DMF, rt; 3, petroleum
ether/water, rt; 4, ethanol, 78 °C; 5, methanol, 65 °C; 6,

acetonitrile/water, 76 °C
BT R bl 4 57 SR A 5
Fig.1 Effects of solvents on the yields of intermediate 4

(3) $hHE

TEZ R T, LA i BE-7K o SR 3 5, B Rz it [i) 2
12 h, 587 % e B0 % SR AR (] 2) .
SRR B W MR, A A 4 007 AR
W24 nCR M) = n(3) K 601 B, 7= % 5 5 3K 86.5%
SN, 3 BN e, AT LR A B A A
FEAR IR KRR A ZRE LR S AR
B3 MIE A EEIRIE N 6: 1.

90+

85-

865 457 gs6
— 87 8
80.8
L

801 765,

754
1 69.8
70

o
65.2

65-: 61.:t/'

60

yield / %

121 31 41 &1 61 T4 81
n(benzylamine) : n(3)
B2 BOREEX ] R 47 AR 5 R
Fig.2 Effects of feed ratios on the yields of intermediate 4
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SRAF AR RO A BRI L i R

(4) i B2

LA M Ay A0, 7 ol ik /K Ry SR I L R
W SA6A W 3 EEIR LRy 611, 42 T R0 i B X o
] 4 7= S5 (& 3) o 455 WoR |, Bl % 15 09 T
D K 4 19 7% S G 3R R A% L7 35 °C R BUIG (1, 7
%4 89.6%, HTE 15~55 CIN, t a4k 4 19 7= R 3 8 F
80% o FH UG AT DL, 122 % Jk A 52 7 A AR A 14 i 35
AT T LK.

] 89.6
90_ .\283
881 - / — g4
s 867 /'
S| 83.6
2 84_ <
82 /
804 795
78 T T T T T T T T T T T 1
0 10 20 30 40 50 60

temperature / °C
B3 N T R A 4 7 200 5 )
Fig.3

mediate 4

Effects of reaction temperatures on the yields of inter-

2.2 MTINPHIEHMR

(1) A

HHT, — R A I T B0 L Ak B TR e 4
Dy s AR R RS R B
P2 A HFIP/AICL R AL N o 25 R R BT, th TR M4
55, I R G vk S B b B A 4 4 B R s i =R 2
2 (B IR  HFIP/AICI, 45 58 R 1A & B, 38 AT 45 3] iR 7
Pr5(E4) . B &, B AR 8 IR R i, 7 328
1R TS 06 SR AL TR A A S S 3

1004
907 95.2
80- 756
=
= 60
Q
>
404
20
AcOH  CFCOOH HFIPIAICI,  H,SO,

debenzylation reagents
Reaction conditions (0.28 g of 4) : 1, AcOH (2 mL); 2,
CF,COOH (2 mL); 3, HFIP (5 mL)/AICI, (0.5 g); 4, conc
H,50,(2 mL), 25 C
B4 MR HIXT A Y 5 FR R
Fig.4
pound 5

Effects of debenzylation reagents on the yields of com-
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* H 50%H,0,/H,S0,. 50%H,0,/CF,COOH
NaBO,-4H,0/AcOH & Oxone/H,SO,-water 5¢ & fk
R NG Y 54T T 258 (81 5) . 25 %
W, R SR R 2 RR EfL & 15 5 MTNP, o,
PL50%H,0,/H,SO, i E A& R BT MTNP 7= 285 5

] 48.7
2 465 147 436
40-
= 30
=)
Q
> 201
101
H,0,/H,S0, H,0,/CF,COOH NaBO,/AcOH Oxone/H,SO,

oxidation systems

Reaction condition (0.10 g of 5) : 1, 50%H,0, (0.65 mL)/
H,50, (1.3 mL) , 0 °C , 3 h; 2, 50%H,0, (0.65 mL)/
CF,COOH (1.3 mL),0 °C, 3 h; 3, NaBO,-4H,0 (0.41 g)/
AcOH(4 mL),55 °C,4 h; 4, Oxone (0.83 g)/H,50,(0.4 mL),
40°C, 12 h

B 5 AR MTNP ™ 2515 16

Fig.5
MTNP

Effects of different oxidation systems on the yields of

(2) —HLE

gk B A R B MTNP, (H 8 /F 23t
50%H,0,/H,5O,. 50%H,0,/CF,COOH. Oxone/f
MR 7K A5 R R R VR AR &, WT [R5 S B b R) A4 4 0 i
AR AL R, DT B D B AR D TR . SE R A IR R
B, R X e S A iR R ] — 7L R B MTNP (B 6) o

. 516 189
40.8

40
= 301
he]
Qo
> 201

101

H,0,/H,S0, H,0,/CF,COOH Oxone/H,S0,

oxidation systems

Reaction condition (0.28 g of 4) : 1, 50%H,O, (0.65 mL)/
conc H,SO, (2 mL), 25 °C, 3 h; 2, 50%H,0, (0.65 mL)/
CF,COOH (2 mL), 25 °C, 3 h; 3, Oxone (1.53 g)/conc
H,SO, (1 mL), 40 °C, 12 h

Bl 6 A [m] 4 Al A 20k — vk B B MTNP 77 3 4 52 1]

Fig.6 Effects of different oxidation systems on the yields of
MTNP via one-pot method

Sttt
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L Oxone/Hit R -7K Ay S8 Ak AR Z2 I, 2 7 88 B85 12, 7™ 2% flg
%o B LS ' AR R N 50%H,0,/H,S0,,
HMTNP =R &5 .

Pl 50%H,0,/H,S0, b A ik 1k & , 2% k[ 15,
23] 5 H ) &k 4 R 0.06 g, it AL S H = A
0.5 mL, % % T Bl & X MTNP =R i s (E 7).
SRR KM TSR ARk &9, O BB B
12 JH 5 550, MTNP 7 S8 58 38N 5 BEAIG s >4 B 1R 1 A
0.8 mLI} , MTNP /= R # 5 ,

a4 R 0.06 g, iR 0.8 mLE, %
g2 7 it A AL SN MTNP 7= R 520 (181 8) . B &
BT U SR BB, MTNP 77 358 5 B0 i 5 W A BRI 5 3

22 597
55- B55_— 08
. 50]
= 45] 27
£, 407 36.4
35'_
30
25] 21.8
201
04 0.6 0.8 1.0 12 14
H,S0,/ mL

7 H,SO, JHEXF MTNP 7= 3 1) 5 iy
Fig.7 Effects of H,SO, dosages on the yields of MTNP

T2 MTNP G IRHL LEL
Table 2 Comparison of synthetic procedures for MTNP

624 605

60.4
60 —— "\58.6
58] / "
564 55.4

54
521
50

yield / %

481 465
46

02 03 04 05 06
H,0,/ mL

B8 H,O,HHEXF MTNP =24 5 i
Fig.8 Effects of H,0, dosages on the yields of MTNP
FAL SN 0.4 mLIF, MTNP 7= 3 4 7 35 60.5%.
LA IR R 0.8 mL, i WAL S & 0.4 mL oK
)ik 4 RN AL R B AT 41.5%

(3) MTNP & 2 H#E

ASBEFE LA 4-50me e (1) O Js0RE, 22 GiF 4k P 3Rk
I LR SEALSE RO, R RS T MTNP B &
Tk o 07k T AL BT AR AR TR = (Table 2,
entry 2) UCRCRAL  J8 B £ (Table 2, entry 3) XL
& (Table 2,entry 4) JZ W A &6l 4 T. 28 4% %4
AR K (Table 2, entry 5) (2 54k & B [ AR £F 7E 5
i = (Table2, entry 6) 4% [n) &, HAT Z5 44 A 5 4E
i AR L 5 T LR OR

entry  starting materials main reactions yield / %  process analysis

1 4-chloropyrazole benzylamination, then oxidation 41.5 mild, easy scale-up

215! 1-methylpyrazole direct nitration 12.0 high temperature (150 °C)

3le] 1-methylpyrazole iodination, then nitration 35.4 complex?*!

4% 1-methylpyrazole nitration catalyzed by Bi(NO,),/K-10 - poor reproducibility!™°!

5313 4, 5-trinitropyrazole (TNP)  methylation 92 difficult to synthesize TNP''")

ol17.25] 4-amino-3,5-dinitropyrazole oxidation, then methylation 84 synthesis of LLM—1 16 needs high temperature

(LLM-116) (170 °C) and high pressure
BE-1-H BE-3, 5- T G S ik e (4) B d A A AR A1

3 &it

(1) RL 4-S i mg o JsOkt i 2o fi Ak W24 R
S A R BN A SE RO, SE T MTNP B8 125 43
B, TR ARIE 41.5% . MIETAR ST ik T ik T
A J7 AT AE il o e S AL, AT A5 PR A 1R AR
] i 2 A AL 3 T AR AR TOR

(2) 38 3 3 50 W0 okE LE Bl BE A AL, Bl 2 4R R

CHINESE JOURNAL OF ENERGETIC MATERIALS

ik - 7K AP ), R R AR, n(CR R ) + n(4-5-1-H
K3, 5- TR LML, 3)=6:1, W IR BE 35 CHY L LA
Y1 4 1 7= N 89.6% ; LA R o i % K B, 4-
FE-1-H -3, 5- T fi FE ik ke (5) 77 R 95.2%; ok H
50%H,0,/H,SO, A ALK & , S AL & W) 5 1 2 B4
A, MTNP F=%k 48.7% .

(3) R R /A — B ik T e AR S Ak G 4 4 1)
T EE N B AAR B 50%H,0,/H.SOu, SEFL I 5 A
A A AL 2025 4

%334 %48 (317-323)
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SRAF AR RO A BRI L i R

AN R AT A Ak T #AE R R . SR N A
Y 4 /it 0.06 g, i iR FH &t 0.8 mL, o %A fb & H &
0.4 mLIF,MTNP 7= 235 60.5%
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A Simple Synthesis Method of 1-Methyl-3,4,5-trinitropyrazole(MTNP)

ZHANG Li', ZOU Jia', CHEN Zheng-guo', YU Si-jia', LI Hao-ran', SHI Hai-chuan', HUANG Ming*, YANG Hai-jun'
(1. School of Materials and Chemistry , Southwest University of Science and Technology , Mianyang 621010, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China)

Abstract: In order to solve the problems of high temperature and high pressure in the synthesis of 1-methyl-3, 4, 5-trinitropyr-
azole (MTNP), a new method of simple synthesis of MTNP was developed, that is, 4-chlorpyrazole (1) was used as raw materi-
al, and MTNP was synthesized by nitration, N-methylation, benzylamine amination and oxidation. The effects of material ra-
tios, temperatures, solvents, debenzylation reagents, and oxidation conditions on the yields of 4-benzylamino-1-methyl-3, 5-di-
nitropyrazole (4), 4-amino-1-methyl-3,5-dinitropyrazole (5), and MTNP were investigated. Fourier transform infrared spectros-
copy (FT-IR), nuclear magnetic resonance (NMR) and high performance liquid chromatography (HPLC) were used to charac-
terize the structures of the intermediates and target compounds. The results showed that when the intermediate 4 was synthe-
sized, the molar ratio of n(benzylamine) : n(4-chloro-1-methyl-3, 5-dinitropyrazole, 3)=6: 1, the reaction temperature was
35 °C, and petroleum ether/water was the solvent, the yield was 89.6%. In the synthesis of intermediate 5, concentrated sulfuric
acid (98%) was used as debenzyl reagent, and the yield was 95.2%. The yield of MTNP was 60.5% by using intermediate 4 as
substrate and “one-pot method” of debenzylation/oxidation. By optimizing the reaction conditions, the total yield of MTNP syn-
thesized from raw material 1 by one-pot method was 41.5%.

Key words: 1-methyl-3,4,5-trinitropyrazole(MTNP) ;one-pot synthesis; benzylamination; oxidation reaction
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