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mh, HEXT S5 R i AT TARSY ; SR TG-DTG il DSC 4
SRS ESE TAR& 9 2 R0 3 (AT S, TiAh T HCAR
HAERE , R N A 5 $E A4 00 T i S Ak B o

2 ERHSH

2.1 A ENEE

O (it o3 0 40% ), ik i B e Ak el )
J7s G b, AL, B IR AN, L, o A Al AR
WA AL TR T WA IR (98% ), Tk 9%, V5 % 1
AR A R

ZF-1 8 = &MY, g2 s 7R T
NEXUS 870 #U {if BL iy 25 48 21 4p S 3% A, 58 [F THER-
MO NICOLET A&l ; AV 500 %I (500 MHz) ¥ 5 4% 14
4R, Fi 1+ BRUKER 23 7] ; VARIO-EL-3 #4505 43 #r
%, ff[E EXEMENTAR /A &) ; GCMS-QP2010 % i i
A0, BAEHA 7l LC-20T0A T8 25 3 e AH €8 3% 4% (15
—AkiE) , B B H N E] X-6 B A S E AR, b
SRR A BRA A5 TA2950 #A A, 3£ [H Nicolet
v w); Q-200 AU ZE R AL, R TA W]
2.2 LI
2.2.1 3,6-ZHENCH-1,2,4,5-ME(1)HER

ZECHR[9-10] G &W 1, 00% 10.65 % ;
"H NMR (DMSO-d,,500 MHz), 8: 4.24(m, J=
11.1 Hz, 2H), 4.36(m, J=20.5 Hz,2H), 4.70
(m, J=13.4 Hz, 2H), 5.58(d, /=6.85 Hz, 2H),
5.83(d, J=5.15Hz, 2H); "C NMR ( DMSO-d,,
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125 MHz) §: 65.56, 70.59, 87.36; IR(KBr, »/cm™).
3522, 3296, 2994, 1668, 1542, 1384, 1129, 1085,
931, 781; Anal. Calcd for C, H,, N, O,: C 30.26,
H4.23, N 11.76; Found: C 30.56, H 4.08, N 11.98,

ONO  OH
O,N— >—NO.
HO OH ¢ ‘ ‘
O// \\o base nitration HO 2 ONO,
+ — ON NO, nitration
CHaNO, nitration 20°C
HO OH .
20C ONO  ONO,
1
ON NO,
ONO . ONO,
Scheme 1
2.2.2 1,4-Z“8F-2 5-"HEEEE-3,6-—HEFCK

(2)B9&E R

BEFE T f 3.6 mL S EFR A 1.2 mL ¥R R
(28.6 mmol) H1, SR J5 7 O°CF Zrditn A fk & 9 1
(0.476 g, 2 mmol) fR+FIIEEE 1.5 h, &0 58 Bk
RBEAEIA 20 g vkok i, vk, K Bk, TR A P 6
£ 0.48 g, It 73.14% , m. p. :241. 4°C (dec),
"H NMR ( DMSO-d,, 500 MHz), §: 4.89(m, J=
8.75,2H), 5.60(q, /=7 Hz,2H), 5.94(q, /=
2 Hz, 2H), 6.88(d, J=7 Hz, 2H); "C NMR
(DMSO-d, ,125 MHz) §: 67.46, 77.10, 81.85; IR
(KBr, »/cm™): 3556, 3017, 1671, 1575, 1562,
1296, 1124, 1033, 862, 789 cm™; Anal. Calcd for
C,H,N,0,,: C21.96, H2.46, N 17.07 ; Found:
C21.99, H2.51, N 16.38,
2.2.3 1,2,4,5-MAEEEE-3,6-“HERCHKE(3) M

=953

PEPE R 4 3.6 mL ZBFRINE] 1.2 mL 9% i iR
(28.6 mmol) i SR J57E 0 C T srditm Ak &9 1
(0.476 g, 2 mmol), hin 5 Z& 18 FF 5 = 20 °C Jx J
1.5 h, O 5E B I A8 A 20 g vkoK v, 3 3, 7k
e, TR A RAR 0.59 g, 0% 70.57% ,m. p. :
192.0 °C (dec), IR(KBr, »/cm™): 2996, 1703,
1676, 1574, 1384, 1295, 1055, 842, 803 cm™';
Anal. Calcd for C,H, N, O,,: C 17.23, H 1. 45,
N 20.10; Found: C17.51, H 1.68, N 19.63,
2.3 KEVIRREFRREMINE

FRECO.1 g L& 2 4388 F 20 mL L BEMIE T %
CARFRLE 1 - 1) IR AR =R T e, o

CHINESE JOURNAL OF ENERGETIC MATERIALS

DEMCB IR RO B 75 ML A8 44 %, W ) )5 75328 T B0 4

PEHUL S 0.39 mmx0.31 mmx0.15 mm ) B
i, 7F Bruker Smart APEXITICCD fif 54X |, & A &5
g 40 Mo K (A =0.071073 nm) 544, Llw-0J7
L, B HE R 3.21°<0=<<25.09 °, 7 296 (2) K
T, e B A7 49 a5 2548 A, A 57 A 4 AL 987 A
(R, =0.0405) Kudfi2e LP F2 g W Wi IE , B B 3% Tk
Fl Fourier & mUuksR AR , 28 400 M e /D 3 LR F kAT
1BIE . it 5t SHELXL-97 SR fFmsg ™ . b
Y2 B AR W3R 1,CCDC 5: 1026619,

®1 EY 2 MRELE

Table 1 Crystal data of compound 2
formula CeHgN, Oy,
formula mass 328.16
crystal system Monoclinic
space group P2(1)/n
a /A 7.094(17)
b /A 7.804(19)
c/A 10.23(3)
B/(°) 101.83(4)
crystal size /mm? 0.39%0.31x0.15
volume /A’ 554(2)
V4 2
Peaied /8 - cm? 1.966
T /K 296(2)
A /A 0.71073
reflections collected/unique 2548/987
parameters 102
GOF on F? 1.096

final R, , wR,/I>20 (1)
final R, , wR,/all data

0.0417,0.1142
0.0485, 0.1239

largest diff. peak and hole /e - A~ 0.273 and -0.297

2.4 ERPAHEM(DSC) LI E&H

FEE TA A F Q-200 A 2% /% H 4 i AN, S & A
A4S 0.1 MPa, FHEE R 10 °C - minT'
WFER 0.5 ~1.0 mg, iR M40 4,
2.5 MEB-ZWMHWIE(TG-DTA) LW £ 4

F[E Nicolet 73 ] TA2950 #H AL, g & F AR,
JREEHEFE : 30 ~400 °C, FHi N 10 °C - min™' 5 5 FE
0.5 ~1.0 mg, ik AE LN 45 & o

3 HR5WiR

3.1 &GRSR
R &9 1 fERSIR - O BHA & PRI A 4L (0 °C),
8 AEIRERIE S 1,4- TR HE-2,5- TN IR -3, 6-
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TR O BE(2) PR RN AR RN R N T B T
=& 20 CRN, A4S 2] DU RS R R b A4 1,2,4,5-14
TEPRTE-3 ,6- AH S IR O BE (3) , LAk f SR R b &
Y2 TEIR - IR &R 20 °CEAT R AF Ak S, [+]
B AT LIS 2 U SRR R L A 3

LA, 3107 ecm T (k& 2) ,2996 cm”
(fb&9 3) BB h C—H MZE IR 3 R | T
MRS FE 1 51 AL #E 1671 cm™ 1296 cm™ (fb &4
2),1703,1676 cm™ 11295 cm™ (fb4& % 3) Bt iE
BT SR ER ) RRAE I s th TE Y 2 R EEAN R
F LA 3556 cm ™ HEIE A A R R B AR s A 3
i, 3300 ~3600 cm™ 2 [ {35 KL R A 0 31 2k EL i B
i T T 5 119 R I 0, 2 B IO 5 k4 38 il b 7 745 Sy b
AEER IR . g LRI P, kA 2 19T H NMR
AVAfE S0, B AR 1 01, 400 R
(6.88),C3 1 Co fii & (5.94),C2 fl C5 fii &
(5.60),C1 F1 C4 {4, (4.89); &4 2 " C NMR
A =455 0, 4y 3l C3 fi C6(81.85),C2 F1 C5
(77.10) ,C1 F1 C4(67.46) , i T HL 17 1 i 5 > il 1% 1
FESFRHL FIT LAAF T IV A I8 Fi, 75 5 4580 th bl A, 5 350AH
XA H A C LM% KA R SR . JTTR
T ARG 2 RN 3 1 S I (EURT BE (D I A i, B AT 2T
Hh Bilh TR AT LU E AL G 2 R 3 A
3.2 k&M ?2 BUEEHTAR

e 2 B ERHE AR 3 ) L AR 2, 4k
B2 MR VB ORI A LR 2, AT 1]
DIE W LG 2 50 F A Qe ah il I iE R E A2
B WAL S R IR L RS A &R R
HEE— CX . (baW 2 s Faimh e be
ki A G N AR T a B, WA R R R R
SR R 543 500 R e g, 3X Fh 43+ HE 51 Jr 5K BE JG 6 K AR
IR e =50 =R UR S VAN K| AN SN 5% i A )

0(1)

c 2
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1 &2 A
Fig.1 Crystal structure of compound 2
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Fig.2 Molecular packing of the unit cell of compound 2

x2
Table 2

angles of compound 2

a2 Bk o IS Vo A A LIS A

Selected bond lengths and bond angles/torsion

bond Iength/A bond Iength/f\
N(1)—O0(2) 1.199(3) |[c(1)—C(3)# 1.500(4)
N(1)—O0(3) 1.201(4) ||[C(1)—C(2) 1.510(4)
N(1)—C(2) 1.481(4) ||[C(1)—H(1A) 0.9800
N(2)—O(5) 1.177(4) ||C(2)—C(3) 1.489(4)
N(2)—O(4) 1.182(3) ||[C(2)—H(2) 0.9800
N(2)—O(6) 1.389(3) ||C(3)—0O(6) 1.431(3)
O(1)—C(1) 1.392(4) [|C(3)—C(1)# 1.500(4)
O(1)—H(1) 0.8200 ||C(3)—H(3) 0.9800
bond angle/(°) ||bond angle /(°)
O(2)—N(1)—0O(3) 125.13(19)[|[N(1)—C(2)—C(3) 111.1(2)
O(2)—N(1)—C(2) 119.5(2) |[N(1)—C(2)—C(1) 107.9(2)
O(3)—N(1)—C(2) 115.4(2) [|C(3)—C(2)—C(1) 110.18(17)
O(5)—N(2)—O0(4) 129.4(2) |IN(1)—C(2)—H(2) 109.2
0O(5)—N(2)—0(6) 118.60(17)||C(3)—C(2)—H(2) 109.2
O(4)—N(2)—O0(6) 112.0(2) ||C(1)—C(2)—H(2) 109.2
C(1)—O(1)—H(1) 109.5 O(6)—C(3)—C(2) 107.15(17)

O(1)—C(1)—C(3)# 111.62(17)
O(1)—C(1)—C(2) 106.0(2)
C(3)#1—C(1)—C(2) 109.3(2)
O(1)—C(1)—H(1A) 109.9
C(3)—C(1)—H(1A) 109.9
C(2)—C(1)—H(1A) 109.9

0(6)—C(3)—C(1)#1107.1(2)
C(2)—C(3)—C(1)# 109.4(2)
0(6)—C(3)—H(3) 111.0
C(2)—C(3)—H(3) 111.0
C(1)#1—C(3)—H(3) 111.0
N(2)—O(6)—C(3) 115.8(2)

bond

dihedral angle/(°)

0(2)—N(1)—C(2)—C(3) 12.6(2)
O(3)—N(1)—C(2)—C(3) -167.71(18)
O(2)—N(1)—C(2)—C(1) -108.3(2)
O(3)—N(1)—C(2)—C(1) 71.4(3)
O(1)—C(1)—C(2)—N(1) 60.7(2)
C(3)#1—C(1)—C(2)—N(1) -178.85(14)
O(1)—C(1)—C(2)—C(3) -60.8(2)
C(3)#1—C(1)—C(2)—C(3) 59.7(3)
N(1)—C(2)—C(3)—0(6) 64.9(2)
C(1)—C(2)—C(3)—0(6) -175.51(15)
N(1)—C(2)—C(3)—C(1)# -179.28(14)
C(1)—C(2)—C(3)—C(1)# -59.7(3)
O(5)—N(2)—0(6)—C(3) 1.4(2)
O(4)—N(2)—0(6)—C(3) -179.06(17)
C(2)—C(3)—0(6)—N(2) -134.98(16)
C(1)#1—C(3)—0(6)—N(2) 107.7(2)
Note: Symmetry codes: #1 -x+2, -y+2, -z+1

L
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W 3,6 i SE TR O BE R RS 3 R 16 A 40 0 45 B 90 S A 667
AR, HIREET ALEW 2 07 EE DX 4 0 80
WAEE. WK 2 iTLE W LB 2 70 F R AE S5 180.;16@ ;8 o
O(1)—H(1)+O(5) (2 x-1/2,-y+3/2 z+1/2) , 4 2 80 98.47% o B
Y E (L ) 2 1R B0 R B 2280C Ly g
o 40- F30 E
g 300.00C o 2
®3 fkaw2 mEAR 2071 4.982% =
bl d bond f d 26446 04— [10
Table 3 Hydrogen bond for compound 2 0 68969 Lo
D HoA d(D—H) d(H-A) d(D-A) 2 (DHA) 0 5 100 150 200 250 300
/A /A /A /(°) temperature / °C
O(1)—H(1)---O(5)# 0.820 2.144 2.950 167.68 4 ’ﬂﬁ%% 2 1 TG-DTG FH%?;’%
Note: Symmetry codes: #2 x-1/2, - y+3/2 z+1/2. Fig.4 TG-DTG curve of compound 2
3.3 MMEREHR 100 :2
L4902 F13 i) DSC SR W 3 B , i 41 3 < 8] [t i
. . v o e N = 20% 199.98°C =4
AT LAE HYTE A 38 31 40 i T BE LA R, P A & 9 3 e A A E o0l (25 g
. LAY 2 B3 HCE I (3 43 B4 T 241.1 C - 4
192.0 °C, R RIS B I B 5 B/, R W kAR T TR 8 » 2:260CL10 2
FUR A it LB 2 1) TG-DTG 434 B % dn &) 4 242.90 2628% [5
FIF %, IPEL 4 v LU 45 180.46 “C %4 IR Ho ik " 5.626% 0

SE B KT AR R W B AE 242,80 °C, Yk B ) Gk
264.46 CHF, Wi Rt 50 R IR B 93.10% , Bl & Tt
(Tt e, 9 itk — 26 o i, iR 3 T iR $1300..00 °CHf, 4
FE LA 4 L4y 4.982% [l “FRit " . b 3
(1) TG-DTG s A B W& 5 fiw, WIEL 5 hal L&
FE124.46 CRILE Y 3 B R , fie Ko it 41 2K e
FRAE 199.98 °C, 243 B 51 1k 242.90 °CHt, ¥ % 214
ff VR Ry 94. 37 % , B4 I B W TH s, ) Stk — 25 o fie
TR 3] 292. 60 CH, 4 o7 B A 43 fiff 56 4=, HOB 42
2.628% 1“5k, Xf Ik DSC fil TG-DTG 4> #r &% &,
RILH R LG PRI KA Ak I B 80k BB A
SR TG B 5 RN LA B i R E . (R
H A 2 7 F A7 e S0k, LAY R IR 5 4 b,
I, et ik &9 3 45

257 fexo 241.1°C

heat flow / W-g"
=)

0 100 200 300 400
temperature / °C

3 fLEWr2 M3 ) DSC £k
Fig.3 DSC curves of compound 2 and 3
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0 50 100 150 200 250 300
temperature / °C
E5 &% 3m TG-DTG ik
Fig.5 TG-DTG curves of compound 3

3.4 EgETfL

K17 sR IS 1Y B3LYP 7k, 7E 6-31G(d, p)
FRA KT s T WA AL 0 R AR U AR R
FH K-) 28 20 P A AL 9 0 45 43 R RN G AT T
TAl (A5 2 ABCH 35 T 50 S 8 B E AR ) L A5 R LR
4, MR A ATHL G 2 R0 3 By R R R A
T PETNG 659 2 048 UG IR T PETN, L&)
3 5 PETN AY; k& 3 %V & T PETN,

48 @

(1) BLZ T (40% ) A 1 W A5 g 2 4 BB £
T PR IR RS SR B 1, 4- TR -2, 5 -
Walie-3,6- A HEIA b (2) M1 1,2,4,5-DURH IR IG-3
6-fif 23 2 ke (3), B R N 7. 79% A
7.52% JFFAF A AR AT T AL

(2) HiFF TG 2 WA, KB EY 2 3
An i T LR AR R SRR R P2(1) /n HAL B Y 2
(9 53 S A S R HLAFAE 53 1 ) U

(3) fb&¥r 2 03 AR 53 530 0 241.1 C A
192.0 °C K TS H 95.02% il 97.37% , Biff L
St
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Table 4 Calculated performance of compound 2 and 3

compound OB? /% p’ /g cm™ AHY /K - mol™ DY /m -7 p® /GPa Q" /K - kg™
2 -19.51 1.966" -356.41 9079 37.75 6669
3 1.91 1.97 -111.87 9616 43.26 7123
PETN'7! -10.1 1.77 -122.00 8600 - 6404

Note: 1) density of single crystal; 2) oxygen balance; 3) density; 4) enthalpy of formation; 5) detonation velocity; 6) detonation pressure; 7) heat of explosion.
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Synthesis, Crystal Structure and Thermal Properties of Two Nitrate Esters Energetic Materials of
3,6-Dinitrocyclohexane

LI Xiang-zhi, LI Hui, LIAN Peng, LAl Wei-peng, ZHOU Cheng, WANG Bo-zhou
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. Two nitrate ester energetic materials 1,4-dihydroxy-2,5-dinitrato-3 ,6-dinitrocyclohexane (2) and 1,2,4,5-tetranitrato-
3,6-dinitrocyclohexane (3) were synthesized from glyoxal and nitromethane by the process of condensation and nitration with to-
tal yields of 7.79% and 7.52% , and the structures were characterized by IR, NMR, and elemental analysis. The single crystal of
compound 2 was obtained. Thermal and detonation properties of compound 2 and 3 were studied with TG-DTG, DSC and B3LYB
method. Results show that the crystal of compound 2 belongs to the monoclinic system with space group of P2, /n. The thermal
decomposition peak temperatures of compound 2 and 3 are 241.1 °C and 192.0 °C. The detonation velocity and detonation pres-
sure of compound 2 and 3 were 9079 m - s™', 37.75 GPa and 9616 m - s™', 43.26 GPa, respectively.

Key words: 1,4-dihydroxy-2,5-dinitrato-3,6-dinitrocyclohexane; 1,2 ,4,5-tetranitrato-3 , 6-dinitrocyclohexane; synthesis; crystal
structure; thermal property
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