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A PR A ; DSC-204 25 7% 49 4 i AL (STA449C #!
P TR R Y, 78 [ Netzsch 2 H] .
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Scheme 1 Synthetic route of 5-methyl nitrate-1, 5-dinitroox-
azine (TNOP)

2.3 XIgitEE
231 3-(MT & )-5,5-0 E B BHE1, 3-IE &
(ABNHP)H & &

M 100 mLEERE A 40 mL P, I 44 2 d i
A= IR IEF % (10.0 g,66.2 mmol) 5 & A L4l
(3.9 2,97.5 mmol) , N5 1A & T = i\ FHEHE 30 min,
B J ] 44 22 R A3 AR RO AU T % (4.8 g,65.6 mmol)
5P (5.4 g, 65.4 mmol) , b5 F v 5 1 9
pHZE 6, JF N 3 ho [ 585, 2l R VR (45 i .
TR AR 111 g, K 76.9%.

'"H NMR (500 MHz, CDCl,) é: 4.35(m, 3H),
4.06(dd, 2H),3.93(d, 1H),3.24(dd, 2H),2.29(s,
TH) , 1.10 (s, 9H). ”C NMR (500 MHz, CDCl,) é:
87.28, 81.45, 68.41 64.70, 52.95, 49.26, 26.56;
IR (KBr, v/cm™) : 3686, 3232, 2976, 2882, 1544,
1485, 1367, 1232, 1153, 1092, 1008, 948, 880,
837, 742, 607; L& 43 11 (C,H,,N,O,,% ) : B,
C 49.53,H 8.31,N 12.84;5Zli{H, C 49.38,H 8.45,
N 12.95,

2.3.2 3,5-Z ®4 E-1, 3-IE & g-5-F K W B A
(TNOP)HI& B

0 CUkit T, 7840 A B P14 8 0y = 1B o A
9 mL TSR, IR R E 2 0 CIa it Z 12T A =
BB 4 mLS K ZHE7 mL AR T 0 CFHEHE
Y5 b J5 2% 12 m A E & ABNHP (0.5 g, 2.2 mmol) .
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FrRNAR R AR IS, B T RN . N 58 5 R AR
FEIA 200 gk, 2 b Uk VR A5 AR B A R
0.33 g, 1% 59.8%.

"H NMR (500 MHz, DMSO-d,)58:4.39(d, 1H) ,
4.55(d, 1H) ,4.65(dd, 1H) , 5.15(m, 3H) , 5.4 (d,
1TH),5.84(d,1H);"”C NMR(500 MHz,DMSO-d,)é:
47.96,68.77,70.82,77.33,83.56; R(KBr,v/cm™) :
3040, 2927, 1668, 1656, 1563, 1535, 1394,
1349, 1279, 1074, 868; JL & /0 #r (C,H,N,O,,% ) :
PRI {H ,C 23.82,H 3.20,N 22.22;52l{& ,C 23.85,
H3.26,N 21.91,
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Bk (R 2 A B S VR A5 2 T B DI,
B Z R, WU AEY) R E T T 0N AR
B OB O F 20 CFE#E R B2 KR
) 375 W G £ A

PR 0.25 mmx0.21 mmx0.14 mm [ TNOP
BNh EAT X S LA O L8, ] Cu Ka 5 2 (A =
0.071073 nm) , f1 & B A &, 76 296 (2) KR E T, U
w-0 4 77 A FHHEIE ] 1 2.907°<0<27.540° 3 i
BT AT 5 A3 28673 A, gk 3 AT 4 A 2243 A
(Rint=0.1178) . i 1& 245 # B # i SHELEX-97 5
SHELXL-97 B4 1 o A U5 5 A Aw B 45 1) S vk A
FE R F & M B R /N A B E . R RZERF R =
0.0603,wR,=0.0925,GOF=1.043,
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FER R :0.79 mg A0 NAUG HE : = A R AT
TREEVE ] %1 (20 °C)~300 °C JHE#Z 10 K-min™',
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Scheme 2 Reaction mechanism of oxazine cyclization

3.2 mEEHIH

TNOP 1y fib Ik S R e S5 W E TE 5 T3R8 1, 4y 745
e HHEFR 7 LI 1a 8 1b, &b i 46 S0 5 Hirsh-
feld 2 & WL 1 18 1de R 2 8 S — i A1 43 i
W 2.

F 1 TNOP [ R 451 B b
Table 1 Crystal structure data of TNOP

parameters DNHM
molecular formula C,HgN, Oy
relative molecular weight 252.15
T/K 293(2)

crystal system

orthorhombic

space group Pbca

a/A 12.1305(17)
b/A 10.2837(16)
c/A 15.591(2)
a/(°) 90

BIC°) 90

crystal size/mm 0.25%0.21x0.14
VIAS 1944.9(5)
V4 8

p/g-cm™ 1.722
F(000) 1040

MA 0.71073
GOFon F, 1.043

final R indexes (I>20,)) R,=0.0603
final R indexes (all data) R,=0.1400
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B 1 TNOPHI(a) k&S, (b) fh g HE LA, (c) 2D 45 2L
%, (d)Hirshfeld 2 &l

Fig.1 Molecular structure(a), packing view(b), 2D finger-
print plots(c), hirshfeld surface(d) of TNOP
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2 B E T [F]— > C L B Al 2 5 HY 6 82 15 2 25 ()
S AT, 27 R L TR R 5 ) A L R A R
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&2 TNOP I A — 1
Table 2 Selected bond lengths and dihedral angle of TNOP

bond bond length/A  bond bond angle/(°)

N(2)—N(1)—C(4) 119.2(19)
O(2)—N(2)—0(3) 124.3(2)
O(5)—N(3)—C(3) 118.5(2)
O(4)—N(3)—C(3) 117.0(2)
O(7)—N(4)—0(6) 117.1(2)
C(4)—C(3)—N(3) 110.5(19)
C(5)—C(3)—C(4) 111.7(19)
O(3)—N(2)—N(1) 118.2(2)
O(4)—N(3)—0(5) 124.5(2)
C(1)—N(1)—C(4) 116.3(2)
O(2)—N(2)—N(1) 117.5(2)
O(8)—N(4)—0(6) 111.7(2)

N(4)—O(6) 1.414(3)
O(6)—C(5) 1.440(3)
O(1)—C(1) 1.422(3)
N(2)—O0(2) 1.223(3)
N(1)—N(2) 1.367(3)
O(5)—N(3) 1.218(3)
O(8)—N(4) 1.195(3)
O(3)—N(2) 1.224(3)
N(3)—C(3) 1.529(3)
C(2)—C(3) 1.525(3)
C(3)—C(4) 1.526(3)
C(3)—C(5) 1.521(3)

BB, DN A K 4 e . e Ak, T N—O By )
BIASTE] A A5 ] — A 2 LA AR B 2 7.
i TNOP & iR $5 80 8 2 Hirshfeld i & (& 1c.d) Al
LLE B, 53 1) S 53 WA AE 2 R S E T ), ix 8k
5 AH AR L (745 TNOP 437 H faf 43 A5 58 Ry 35957, i —
A BB PR R e ek

M1 256 3 3 AL AL G W TNOP [ 4544 v, {7
F RS E 1 N—NO,, &b F 15 37 807 &, M A 2 BE
i BAR Y BT IZ RS W E SRR AL G W AR R
REEM G ED ., XA THENEFH P
BB E PR X 5 I A AR RN . I
Hh , TNOP M FUZ5 4 vh o] LUB 24778 /D & H 25 1
XX AR E A W R A R S
3.3 TNOPHI#ITH

ETHEE F 10 Kemin™ K, TNOP Y DSC-TG i
LK 2 R .

M 2 0T LA ), TNOP & S 8%, 24 44 =
90 CHY, & R I IR W I ZE AR ZE 110.8 CHY, B
N A K, K # -1.32 mWemg ™, % g B A T
TNOP (/G bRl B, M g 7R 110.8 °C o T 24 4
£182.0 CH KR IF i Rt i IR 2 203.5 °C
B, 35 2 B I 75 P B e KB, 9 9.99 mW-mg™'. %
TR TNOP 1 #5312 72 . TNOP 9 43 fiff i #4064
203.5 C, A g N 728.5 )-g7'c MR MM E
218.2 CHF 5 — B st 56 . BE & W k2L 7t &,
TNOP FF U6 45 — Be o fife it 72, R 7E A E 243.7 °CHY,
REEE B ag IR . DSC B2k % B TNOP (1 78
S1 RIS, FRE R B AR B A TR I A3 i T AR S 22 Y
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Fig.2 DSC and TG curves of TNOP
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IR FRE G)B—772A-97 ,%F TNOP K i 14 J8 F 1
17 Friak , 0F 5 Hw ORI A g 28 5 1wl 2
SR EVER B REL A TNTON 5 ANTON 194 4
PEREIEAT R AP g . S5 R B TNOP iy fi o B
B8 KT 50 ), R V% 5 (5 kg 7% #E ) H,,>100 cm,
JEPEREE FS>360 N, JB TR MEZ . X T2 5 H 45
FAG e, W R AR B B 47 A A% P A A5 B 4R )
W, AW PR A5 2 ) 22 S5 0 A 500 25 A A 4 A X
B R Ay WO AL R T BRI 22 B 28 43 1 ) 05 X 2 B0
i PR ZR 0 L 2 % R A AR AR L (A5 R
PEREDE S o MEE TR A 1S00n=38 ) 5 1S, pron=26 J,
ZORAS T TNOP 8B 4 Bt W 5 00 H A W e Joe 25 1k
&Y, X E8EEH H7E ADTON H, S A LA B 1
FEPERLZE  MAE TNTON H, C—5 o b (4 6 HEh e
BOE WA AR .

&ML Hm g 2 2 %y A A —
JE S, O 7E TNOP & il B b, o L aE 47 45 & 4l
Ak, I I FH 1 $ el 5 00 2 45 SRR AR R 3, H SEM R
e 3R,

& 3T LA H TNOP B Ak 5t RofR 450, Uk 4%
KK BEEZ R 200 pmo BARAEAER N B b ffy L[]
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PR X R TNOP IR E R R iF i 5 — D HE
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PHELI S L, 0, B, A

B3 TNOP & Y 4 3 i B2 15
Fig.3 SEM photographs of TNOP
3.5 HiEREMERE

J WAL G W TNOP (9 9 4k J sk 22 Mg, R
Gaussian 09 2 /7", DL % £ 327 oA P38 5L 4] B3LYP/
6-311 G "Xt b AL B W 1 25 R AT AR Ak, DR G i Ot
B, U] 3R B T AR 25 A Sk iz Bere i i . R
Monte-Carlo ¥ T+ 5 Fo AR B, AT 45 21 3L 35 90 % B
38 o A 56 A T B IR AR 4 F R B AR AR A . i
FHEXPLOS SR 54 2z fb & W R, It S
EHE A TNTON 5 ANTON RE# #F A7 L0, 45 51 0L
3. RIGEEYW TNOP WY B EE MR 15 R R
P e 3P0 T il 2 & A L G % ADTON, fig & /K F
WA T A4 2 b & TNTON. i 3% T [6] — B R
WK E S Refb A tEaE 22 =, F B O & RE B
BE A 25 S LA o A A S K A b B O K i
MHWRE®, A2 N5 LE R THRIHMEEY
ST o T AECT AR 1 8 X B R A BE R R RE K T
H—E B AEH . 3SR 28R A, Koy
THERUR % DR, L8 IR . T 8 i 6 PP L g i
i S5 AT DU SHe L 9 ol 11 S0 i R o0, TR b L i o /KO e
I T WA Z B R T, TNOP W B W T
ADTON 5 TNTON,, J& — Rk B M ge L = o B Ak &

£3 TNOP LKFRsrWEE & e ik & Wik S 25 e
Table 3

TNOP and other oxazine compounds

Physicochemical and detonation performance of

T, T

m d

AH, D p IS FS
/gecm™ /C  /C /kJ+mol™ /m-s7"/GPa /) /N
TNOP 1.72 110.8 203.5 -346.6
TNTONI' 1.78 89 231 -249
ADTON! 1,56 -46 158 87

compound P

8112 29.23 >50 >360
8322 31 38 360
7495 22 26 320
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abstract: synthesis of 1,2, 3-triazoles from heterocyclic a-nitro

A Novel Melt-casting Explosive 5-Methyl nitrate-1,5-dinitrooxazine: Synthesis, Crystal Structure and
Properties

YANG Kai-di', ZHANG Jia-rong', XUE Qi', HUO Huan', Bl Fu-giang'*, WANG Bo-zhou' "
(1. Xi' an Modern Chemistry Research Institute, Xi' an 710065, Chinas 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi' an 710065, China)

Abstract: Using nitromethane, tert-butylamine and formaldehyde as raw materials, a novel melt-casting explosive 5-methylni-
trate-1, 5-dinitrooxazine (TNOP) was synthesized via condensation and nitration reactions with the total yield of 46.2%. FT-IR,
'"H NMR, "C NMR, elemental analysis and single-crystal testing approaches were conducted to obtain the structure of TNOP,
disclosing an orthorhombic crystal structure with a space group of Pbca and the density of 1.722 g-cm™. The melting point and
thermal decomposition temperature were examined to 110.8 °C and 203.5 °C using DSC technique, respectively. Furthermore,
the detonation velocity and the detonation pressure are predicted to be 8112 m-s™ and 29.23 GPa based on calculated enthalpy
of solid phase formation (=346.6 kJ-mol™). In addition, an impact sensitivity of 50 J could be obtained for TNOP. By coordinat-
ing the energetic groups N—NO,, C—NO, and —ONO, and facile synthesis process, TNOP was revealed with high energy,
low melting point and low sensitivity, implying that it can be used as potential melt-casting explosive in weapons.

Key words: melt-casting explosive; 5-methyl nitrate-1, 5-dinitrooxazine; synthesis; crystal structure ; performances
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