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2.3 MTO BI& /R

[i] 25 A7 40 HF R BE T ] 9 i A 9 100 miL Py
P INA 14 mL 8% [ 4 B (0.02 mol) 4
1.4 g(0.02 mol) L E 2.2 g(0.021 mol) Bk R
PR A e 4, MG A & RV WO, i AR SE A
il AR 0 HY B W (0. 02 mol HEEE ik T
8 mLHIEE) 44k 0.5 h J5 , H 4% R IR A W i A
R4 (20 g) (MHEBE (20 mL) 7K (200 mL) 1 IR &
IR E [, R 0.5 h, B & 20 °C,2 mol « L7
MRARZR pH 3, U8 OmEPE s A P e A,
OB S A AL B VR T IR, MgSO, T8, 258 1 J5
Ml 0.46 g, A M (LMROTR - Hbi=1:2)
Ja FHRE @A 0.4 g,m.p. 82 ~83%C I 20%,
4 i >99% (HPLC)

"H NMR ( DMSO-d,/TMS) 8. 7. 47 (1H, s,
C,H),7.66(1H,s, C.H); IR(KBr,cm™)» : 3027,
1372 (—CH, ); 1556, 1446, 1463 ( triazole ) ; 902
(N—O); Anal. calcd for C;H,N,O. C 36.36, H 5.05,
N 42.42; Found: C 36.19, H5.27, N 42.59,

2.4 DNMTO W& R

25 mbL = i, 0 e 4 FF iR R T K8 Bk g
20 CLAF, ¥ 0.1 g MTO Jm A RIS SRR IR T, FHiR 2
100 °C, [y e b 0.5 h, [ b 58 58, B, ok, — &
HBEAEE, K,CO, T, KM 0.18 g , m.p.
128 ~129 °C, @A fi H 45 &, 15 8 Ak AR [E440.15 g,
W% 80% , 4l >99% (HPLC) ,m. p. 131 ~132 °C,
BMILFE16% (LI B NEEY) .

"H NMR ( DMSO-d,/TMS) &: 4. 16 (3H, s,
CH,); IR(KBr,cm™)p . 2957,1374 (—CH, );
1573, 1437 (triazole); 890 (N—O); 1556, 1343
(—NO, ); Anal. caled for C;H,N,O,: C 19.05,
H1.59, N 37. 04; Found: C 19. 24, H1.71,
N 37.22; MS m/z; 189 (M*), 173 (M -0,
143 (M-NO,) ,

2.5 HEHEMRE

Ffl Gaussian 09" 2 /5, X DNMTO 4 B3LYP/
aug-cc-pVDZ JLl 4= Ak i1 5, oK 159 # B8 1 b A/
{8, 4% 3l 43 B TG 1 A
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3.1.1 RESK B SRR NI
FEn(Z /) n(ER M) « n(H ) =
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1:1:1(0.02 mol) , BRI 20 g, e Wi Bf[A] 0.5 h {45
PER L BFFE 1 IR XT 48 5 SO B SR SE R A R LR T
MFE T AT ,60 CLRLN i, 45 & SR xfE LT, B
IO I BE B T e, WA B i e e, A P B, A
) Il 3L 3 BE (100 °C) W, Wi 3R 3k 3 20% , 4l Ji 15
99.5% , [Nt , 3 ‘B S B S 100 °C o

Rz RIREEX MTO W 15200

Table 1 Effect of reaction temperature on yield of MTO

T/°C yield/% purity /%

40 - -

50 - -

60 3 98.3

70 8 99

80 10 99

90 15 99.4
100 20 99.5

P R 3 RN I B SR B S AS () RN R [
XF 45 A PR BN 5 ) (BN L BE 2 0k 100 °C) |, 5250
RN 2, K 2 WTLIE I, B B I [A] A SE 4,
WO T2 T 1A T, 24 S B R TE] R 0.5 h B R A e 4k
g5 8 1R S AL L1 I A - | B = ) X DA R T = S VA
AfE R 0.5 h,

R2 PG MTO W i) 52 1

Table 2  Effect of reaction time on yield of MTO
t/h yield/% purity /%
0.1 8 98
0.3 15 99
0.5 20 99
1 19.8 99
1.5 19.5 99

3.1.2 RE 5 E X E 4 R BB 75 00

J 7 R R Ak B R I R R g R 3L R OT TR
N it B X A A6 G 5 DNMTO W53 1 5% i) (2 Rz B[] 4
H0.5h) IR K3, B3 WLLEH,40 °C
DA B, A Ak S5 g e DA EAT , HL46 BN 5 5 Bl A s g i
JE R TR U R B AR R, 2 3k B A TR R ] e
(100 °C) , Uk FE 3] 80% , I w5 B, R i T
K, 9 0, 36 'R N R BB 100 °Co 4 A A A,
DNMTO) A R LI 52 it 2 NOJ X = e B | i Jit
TR . OB ET, =M AEER = 6. 24 NOJ 1)
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1 DNMTO % B3LYP/aug-cc-pVDZ 14k J5 1ty 45 #4
Fig. 1 Geometric configuration of DNMTO optimized at
B3LYP/aug-cc-pVDZ level

SN R 100 °CHs 5% A ] S 7 15 [1] 6 it 1k
BB FEm, SRR as R K 4, R4 ATLLED A
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(3G A0, -0 ) #% By, 7 W O O L ORI AIR . H
B 2 318 B W R 0.5 hy

R 3 RNEEXT DNMTO W5
Table 3  Effect of reaction temperature on yield of DNMTO
T/°C yield/% purity/%
20 3 92
40 7 95
50 25 98
60 30 98
70 50 99
80 58 98
90 70 99
100 80 99
110 75 99
R4 NIE X DNMTO W52
Table 4  Effect of reaction time on yield of DNMTO
t/h yield/% purity /%
0.2 45 98
0.5 80 99
0.8 76 98.5
1 75 98
1.5 73 98

3.2 EFULEEHS
3.2.1 JL{a#gE

DNMTO 7& JL A 5 4k 5 B A8 Y K% D 4 5 AL &
1B B AR AR LR 5, X AR S B L AR A
RUSEAT IR 30 3, B A A3 1 g AR, 2R BT A By
PRI EAR D L, RIAR R RS 4548 . R 5 AT LR
TP R R TE L, B B C—C.C—N J& N—N
K (0.134 ~0.141 nm) LAz #E 1 WLE (0. 122 nm)
K, AR HERY BB (0. 146 nm) &5, #a T V- 11k

&5 DNMTO £ B3LYP/aug-cc-pVDZ {4k 5 B JLAT = %

Table 5 Geometric parameters of DNMTO optimized at B3LYP/aug-cc-pVDZ level
bond length/nm bond angle/(°) bond dihedral angle /(°)
C(1)—C(2) 0.141 C(2)—C(1)—N(10) 111.395 C(2)—C(1)—N(10)—N(3) ~0.510
C(2)—N(9) 0.138 C(1)—N(10)—N(3) 105.086 C(1)—N(10)—N(3)—N(9) 0.615
N(9)—N(3) 0.140 N(10)—N(3)—N(9) 112.264 N(10)—N(3)—N(9)—C(2) ~0.481
N(3)—N(10) 0.135 N(3)—N(9)—C(2) 105.028 N(3)—N(9)—C(2)—C(1) 0.146
N(10)—C(1) 0.134 N(9)—C(2)—C(1) 106.223 C(1)—N(10)—N(3)—C(4) 179.972
C(1)—N(11) 0.145 N(3)—N(9)— O(8) 121.971 N(10)—N(3)—N(9)—O0O(8) ~178.864
C(2)—N(14) 0.143 N(10)—C(1)—N(11) 119.323 N(3)—N(10)—C(1)—N(11)  -176.190
N(9)—O0(8) 0.127 C(1)—C(2)—N(14) 131.533 N(10)—C(1)—N(11)—O0(12)  -33.970
N(3)—C(4) 0.146 N(10)— N(3)—C(4) 126.564
N(11)—0(12) 0.126 C(1)— N(11)—0(12) 117.219

C(4)—H(5) 0.109 O(12)— N(11)—0(13) 126.343
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3.2.2 FEFETf %7 DNMTO % B3LYP/aug-cc-pVDZ {4k J (4 %
DNMTO & JE PRy fid T 6, 6 ol Ll Table 7 Bond order of DNMTO after optimized
EFL. MR FESEEMEEN CO1) . C2))JETWHAE bond bond order  bond bond order
BEEIERAT, BRI N R TR E B A, CD-C2) 09 c()-NOD) 1720
SRR L RS Y N (3) 5T A B 1 Sl C(“))*N(”; 0919 N(“))*N((”) RFees
) N(3)—N(10 0.982 C(2)—N(14 0.954
= it 2
i, 3 S T AR o 500 BT N(9)—O(8) G C (4= 10% 0 987
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Table 6 Atomic charges of DNMTO optimized at B3LYP/ zgg ]
aug-cc-pVDZ level a. u. 440 1
420 A
atom charge atom charge o a0
c(1) 0.377 C(2) 0.441 £ 330 1
N(3) ~0.159 C(4) 0.162 3& 360 1
H(5) 0.075 H(6) 0.096 ur ggg
H(7) 0.091 0(8) ~0.419 200 |
N(9) 0.123 N(10) ~0.139 280 -
_ 260 T T T T T T T T |
N 0.259 0Q2) 0.306 200 300 400 500 600 700 800 900 1000 1100
0(13) ~0.290 N(14) 0.253 K
0(15) ~0.279 0(16) -0.304
a. £ -T
800
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SHE G114 DR/ IN X A W 1 R S i 5 L I R R 0 |
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B2 DNMTO Sy th i 5B &R
Fig.2 Relationships between DNMTO thermodynamics prop-

erties and temperature
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Synthesis and Characterization of 2-Methyl-4 ,5-dinitro-1,2,3-triazole-1-oxide

YANG Wei, YU TAO, WANG Xiao-feng, WANG Bo-zhou, LI Ya-nan, WANG You-bing

(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: With glyoxal, methylhydrazine and hydroxylamine hydrochloride as starting materials,2-methyl-4 ,5-dinitro-1,2 ,3-tria-
zole-1-oxide( DNMTO) was synthesized by the process of condensation, oxime, cyclization and nitration with yield of 16% and
purity of 99% , and title compound and its intermediate were characterized by IR, '"H NMR and elemental analysis. Compared
with the four-step reaction in the literature, this approach was reduced to two steps. The optimum conditions for the cyclization
and nitration reaction were as follows: reaction temperature was 100 °C and reaction time was 0.5 h. The structure of DNMTO
was also estimated by a B3LYP method based on aug-cc-pVDZ basis set and the stable geometric configuration and bond order
were obtained. The relationships between temperature and thermodynamics properties were confirmed. The results show that all
thermal energy, thermal capacity and entropy increase with the increase of temperature.

Key words: organic chemistry; 2-methyl-4 ,5-dinitro-1,2,3-triazole-1-oxide; synthesis; characterization; theoretical calculation
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