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EXPLOS5 (V6.05.04 ) 8K {4158 1 48 8k &, 6 e 3] =
BREGRILAYHAEREAEERE .
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1, 78 BR KK s NanoSTAR X 5948 /N BUSHAY , 72 [
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e H) 2 F bR 52 S A BR A .
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Scheme 1 Synthesis of compound 1
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AR o H R BIR G WAE S CLA N HiEdE 1 h, 5
KB IR ZE 30 CIH I 24 ho 58 R B IR A
PIEIA 30 g Wk rh VR K o 7= ) DA W T U HE R O
Wt g . HAE KRG, S il E R T
FEH AR ARG AESD1(336.7 mg, 64.5 %) .

KNO; + H,S0,

H,50, + HNO;

1]

H,NO5"

HN

]
N C—H + 3NO,NO; ——— >
>\ ]

HO

HN

T

\

Y

Scheme 2 Synthetic mechanism of compound 1
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"H NMR(500 MHz,DMSO-d,,25 °C)8:9.01(s,H,NH),
7.73 (s, 2H, NH,) ; “C NMR (500 MHz, DMSO-d,,
25 °C)8:191.32 (C—(NO,),) , 163.53 (C—C) ,
161.14(C=0),156.28(C—NH,) ; IR(KBr,v/cm™) :

3437.40, 3091.10, 2915.90, 2772.84, 1709.53,
1690.13, 1658.44, 1610.86, 1558.90, 1511.54,
1416.78, 1385.21, 1328.80, 1280.24, 1192.48,
1145.57, 1108.84, 1085.71, 1063.40, 980.72,

878.15, 833.25, 805.38, 785.93, 768.12, 742.18,
696.51,642.72,598.60,581.48
1.2.2 HH5HEaENR
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FH 22 78 1 2 B (DSCO) I 5E 1A 90 1 1 B it 41
g, AGE A 10 °C-min', 16 5 F  50~400 °C,

PERETT A 38 % B 37 oK BEAE A B3LYP Sk 41
XEAE A W AR RS E AT B e 55 i3 FH EXPLOS
(V6.05.04) F A" Ak A 1 1 14 A5k 8 R T 6 A7 338
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Fig.1 (a) Single-crystal X-ray structure of compound 1; (b) Side view of compound 1; (c) Hydrogen bond network in com-

pound 1; (d) Crystal packing of compound 1
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Table 1 The crystal data and structure refinement for com-
pound 1

parameter 1

empirical formula C,H,N,O,

formula weight 261.13

temperature / K 296(2)

wavelength / A 0.71073

crystal system

Monoclinic

space group C2/c

a/A 10.183(4)
b/A 9.388(3)
c/A 21.324(8)
a/(°) 90

B/(°) 100.246(10)
y/(°) 90

volume / A 2005.9(13)
z 8

D /g-cm™ 1.729
F(000) 1056

two theta range

for data collection / (°)
index ranges

reflections collected
independent reflections

data / restraints / parameters
Goodness-of-fit on F*

final R indices [ />2sigma(1) ]
R indices (all data)

largest diff. peak and hole / e+A”
CCDC

2.973 to 24.991

-11<h<11, —11<k<11, —25<(<25
1729

1729 [R(int) = 7]

1729 /0/ 164

1.002

R,=0.0570, wR,=0.1377
R,=0.1201, wR,=0.1634

0.340 and -0.251

2338772

R2 EW 1R RK

FHE A

Table 2 Selected bond lengths and angles of compound 1

Atom bond  atom bond angles
lengths / A /(°)

C(2)—0(1) 1.221(3) C(1)—N(4)—H(4A) 120.0
C(4)—N(6) 1.518(4) C(1)—N(4)—H(4B) 120.0
C(4)—N(7) 1.523(4) H(4A)—N(4)—H(4B) 120.0
C(4)—N(5) 1.544(4) N(1)—C(1)—N(2) 119.1(3)
C(1)—N(4) 1.287(4) C(3)—N(1)—C(1) 114.7(3)
C(3)—C(4) 1.520(4) N(1)—C(3)—N(3) 130.2(3)
C(1)—N(1) 1.350(4) C(3)-N(3)—C(2) 115.1(3)
C(3)—N(3) 1.321(4) N(3)—C(2)—N(2) 117.7(2)
C(2)—N(2) 1.364(4) C(1)—N(2)—C(2) 122.9(3)

HAEFE 4 He s ek o b, S A S A S A B AR
B 41.9%, B O---H/H---O %t 55 41 B AE JH stk i ok,
N 36.2% , Hik & N--H/H-N, N 57%. Hita] 4,

CHINESE JOURNAL OF ENERGETIC MATERIALS

F3 AW SRR A
Table 3 Hydrogen bonds lengths and angles of compound 1

d(D—H) d(H---A) d(D—A) <(DHA)
D—H---A o o o

/A /A /A /()
N(4)—H(4B)---O(1) 0.86 1.93 2.787(4) 174.9
N(4)—H(4A)---O(2) 0.86 2.41 3.220(4) 156.7
N(2)—H(2)-+N(3) 0.86 2.14 2.991(4) 168.1

O+ H AR BAE R 33X DU AN 43 v e PR i A BLAE o

R T 2B ST A A EAE L B Multi-
winJE A7 T R S A BV 2 BT (NCH) |, 45 5 o
Bl 2¢ it o DAAR AR fif B 245 S v il 21, e A S 1 K
AT 3.0 A, 3 7 5 S5 (935 BBl (£ P 2 vp ] LAAR
EOWE R 3R B R g A DR R R H R FE(C—0) =
58 W n A B (N (4) —H(4B)~O (1)) iyt K N
1.93 A, X Ak A W R % R S BB . [
ST ) A7 7E B Y - AHEAEFH (OO M B AR, &%
Bh M5 B AE B 33.0%, XK T O---H #H H 1E
D)o XSG 1 BAT R 3R e T

F TN T IEALA 1 PR e A4 1
L 34 187 (ESP) #E4 7 20 Hr AR 9% He i b 3500 A3, n &1 2d
Jis o B H S R AE £ (+79.12 keal-mol™)
PrF =R S H R e ME S (=36.85 keal-mol™)
WELAE SRR . — R UL, IE B F # ] Y
i R 2210 (ESP,, ) B K 25 F BUH & ML . 53 =
W H 3 =l (RDX) (ESPy, 4 71.47 keal-mol™; & 2e)
A AW 1 B E A ESP,,(115.97 keal-mol ™),
Ut AL A 1 X AR HLARER B = T RDX.
2.3 WMERESH

M EEETREM N EEY AKX, R
TG 1 DSC X ik & 1 i o Mg e g if A7 17 I, 45
RwmE3pm®. h&EW1 HESH, Ak, |
DSC it £ ol Hi b & ¥ 1 & Wk 4r R R E A
150.4 °C, 43 fit Ve I B 4 179.4 °C, 38 1 il £k L 40 11
BRI G R R 1834 )-g7' . 1 TG 4k
AL, A A1 7E 151 CCHEIE 4R 2k L X 5 DSC
it £ R 0 — B0 AR A 1 A R T o S R
ANBrBEL S — B BE A 150.8~190.6 °C, Fi il k4 K
92% , 55 B Bt N 190.6~213.2 °C, Fi ik A N
8% , #& A~k B K A 100%, kAW e A
91 1 -
24 BERBEMRE

K F BAM F i J7 1 6 1 A7 JRR R ) o, 0 A
d N 6 ), BRI O 210 N, JF 5 RDX | = i %
A A AL 2025 4 % 33 &

% 54 (448-454)
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B2 (a)fb&¥ 112D 880K Hl Hirschfeld 31 ; (b) A 454 1 89 54 BT 32 il 1 23 LE s (o) fe & 90 1 9 Al 2k 40 A1 B 46 1T 20 A7
(NCD; ()59 1 HL3 (ESP) 5 (e )RDX i1 # HL 34 (ESP)
Fig.2 (a) 2D fingerprint plots and Hirshfeld surfaces and of compound 1; (b)Individual atomic contacts percentage of com-

pound 1; (c) Noncovalent interaction analysis (NCI) of compound 1; (d) Electrostatic potential of compound 1; (e)Electrostat-

ic potential (ESP) of RDX

100 I08C | R (TNT) g, BRSP4, fL &1 1k RDX

° : FLAT T 7 A o ot R RO MRS R R L O 4

2 = (OB) RAEZ M — A EESH . WA T 4 A

= 50 2 2 POl T RN LA SR R KRB, 5

i = RDX(=21.6%) 1 Lt f & 90 1(=15.3%) 1 4 - 5 o

0o " AR G EE (p) W B & T INT B % JE

0 (1.65 g-cm™) , W& fik T RDX A9 % & (1.80 g-cm™) o

25 | 108 j® LA 1 02 B (AH) V=275 k) -mol . FI ]

10 0 temperature/?g‘) 20 EXPLOS5(V6.05.04) 85 T e 9 1 IR % S 80,

E3 AW 1 TG R DSC lh4: THEAAS 2 B 1 (D) K R (p) 4393 28 8167 m«s™' Al
Fig.3 TG and DSC curves of compound 1 27.6 GPa(#£4),

x4 EYTNEESE

Table 4 Physical and detonation properties of compound 1

compound T,/°C p/g-cm™ AH./k-mol™  D/m-s" p/GPa 1S/) FS/N OB/ %
1 150.4 1.73 -27.5 8167 27.6 6 210 -15.3
RDX? 204 1.80 70.3 8795 34.9 7.4 120 -21.6
TNT! 295 1.65 -59.4 6881 19.5 15 353 -74

Note: T, is decomposition temperature. p is crystal density. AH, is calculated heat of formation in solid state. D is calculated detonation velocity. p is calculated det-
onation pressure. IS is impact sensitivity. FS is friction sensitivity. OB is oxygen balance based on CO,. For a compound with the molecular formula of

CaHbOcNd, COZ( % )=1600[ (c—2a-b/2)/Mw ], Mw=molecular weight of compound.
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(1)L 4-F Fe-6-1 31,3, 5- = HE-2-B N JFUORE, &
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I3 g A i AL R L L 2T AR | 25 R A Y
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2 3Z WL AR AE (1S: 6 ), FS: 210 N), 1515 51
MG R 8167 m-s™, i1 5B K 27.6 GPa. ILAL,
PR T ok A B 22 1 = 3 B B A 2L Rk A
Wy WHRE R & RE AL AT 1) — AN A W T T R R A
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Synthesis and Properties of 6-Amino-4-(trinitromethyl)-2-carbonyl-1H-1,3,5-triazine

ZHANG Tong-wei, XU Yuan-gang, LU Ming
(School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: A novel high-energy compound, 6-Amino-4-(trinitromethyl)-2-carbonyl-1H-1, 3, 5-triazine, was synthesized in one
step. The crystal structure of this compound was characterized by X-ray single crystal diffraction. Its structure and properties were
characterized by 'H and C NMR, FT-IR and DSC. The detonation performance was calculated by EXPLOS5. The sensitivity test-
ing was performed according to the BAM standard method. The compound crystallizes in orthorhombic space group C 2/c,
a=10.183(4) A, b=9.388(3) A, c=21.324(8) A, v=2005.9(13) A’, «=90°, B=100.246(10)°, y=90°, Z=8. The calculated det-
onation velocity and pressure for compound 1 are 8167 m-s™ and 27.6 GPa, respectively, with measured impact sensitivity of 6
J and friction sensitivity of 210 N.

Key words: high energy density material;triazine derivative;synthesis;crystal structures;detonation performance
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