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IR AR 20 CHF I A A 1.60 g (0.01 mol) &
FRIRFKIS WL, IRk e 58 )5, FHR 2230 Cl i 1 h, [
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"N NMR (acetone-d, ,500 MHz), §: 85.126 ( NH, );
215.568(C —N); 357.269(NO, ) ; IR(KBr,cm ") ; 3435,
3300 (N—H), 1647 (—NO, ), 1604 (N—H ), 1369,
1339,1299 (—NO, ), 1055, 956, 834, 793, 772, 623,
4525 EI-MS m/z(%): 216 (M*,22),170(100),89(45),
62(35) ; JTLRIMT C,H,CLN,O, (%) = TR (SEIE)
C 11.07(11.29) ,H 0.929(0.995) ,N 25.82(25.43),
2.3 BRESR

PR IO S R R o 0 AR o o ) S e
FHA WG IS T 20 CHERANEE,7 d 553 H]
T AR A R I E Y TG € B
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A1 B0 28 (e AE 1) MoKa B2k (A =0.071073 nm),
P w-07 =N, 75 296 (2) KIEE T, £ 2.81°<69 <
25.09°, -11<s h <9, -7< k <12, -14<I<17 5[l
L I B 0T 5 R 7023 A, H o S7 AT A R 1364 4
[Rint =0.0247 ], ¥R Z Lp P8¢ IE F 28 50 IR
KEIE, B35 1 Fourier 5 0 K i, 48 42 50 W de /) —
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Fig.1 Molecular structure of the title compound
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Fig.2 Packing diagram in a unit cell of the title compound

F1OAREE FAAR( x10%) AR EF F (nm* x107)
Table 1 Atomic coordinates( x10*) and equivalent isotropic

displacement parameters (nm?* x10°)

atom X Y z U(eq)
cl(1) 4527(1) 2597(1) 3767(1) 84(1)
cl(2) 1327(1) 283(1) 1596(1) 57(1)
N(1) 3997(2) 142(2) 3935(1) 60(1)
N(2) 2394(2) 1612(2) 4625(1) 50(1)
N(3) 2265(2) 286(1) 2595(1) 39(1)
N(4) 2097(2) 2500(2) 2552(1) 59(1)
o(1) 5031(2) —44(3) 3530(2) 106(1)
0(2) 3414(3) —569(2)  4430(2) 86(1)
0(3) 2915(2) 1982(2) 5322(1) 76(1)
0(4) 1245(2) 1329(2) 4522(1) 76(1)
c(1) 3318(2) 1441(2) 3773(1)  42(1)
C(2) 2492(2) 1399(2) 2892(1) 35(1)

x2 feEk

Table 2 Bond lengths (nm) for the title compound

bond length/nm bond length/nm
Cl(1)—C(1) 0.1719(2) N(2)—C(1) 0.1548(3)
CI(2)—N(3) 0.1722(17) N(3)—C(2) 0.1279(2)
N(1)—O(2) 0.1193(3) N(4)—C(2) 0.1328(3)
N(1)—O(1) 0.1199(3) N(4)—H(4A) 0.08600
N(1)—C(1)  0.1554(3) N(4)—H(4B) 0.08600
N(2)—O(4) 0.1191(3) C(1)—C(2) 0.1520(3)
N(2)—O(3) 0.1201(2)
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Table 3 Bond angles for the title compound

bond angle/(°) bond angle/(°)
0(2)—N(1)—O(1) 127.3(3) || C(2)—C(1)—N(2) 110.6(16)
O(2)—N(1)—C(1)  116.3(2) || C(2)—C(1)—N(1) 109.6(16)
O(1)—N(1)—C(1)  116.4(2) N(2)—C(1)—N(1) 104.0(16)
O(4)—N(2)—0(3) 127.0(2) C(2)—C(1)—CI(1) 113.2(14)
O(4)—N(2)—C(1)  116.1(17) || N(2)—C(1)—CI(1) 109.5(14)
O(3)—N(2)—C(1)  116.9(2) || N(1)—C(1)—ClI(1) 109.4(15)
C(2)—N(3)—CI(2) 112.3(13) || N(3)—C(2)—N(4) 129.7(18)

C(2)—N(4)—H(4A) 120.0
C(2)—N(4)—H(4B) 120.0
H(4A)—N(4)—H(4B) 120.0

N(3)—C(2)—C(1) 113.8(16)
N(4)—C(2)—C(1) 116.5(17)

R4 HEAM

Table 4 Torsion angles for the title compound

bond angle/ (°) bond angle/(°)

O(4)-N(2)-C(1)-C(2)  20.8(3)
0O(3)-N(2)-C(1)-C(2) -161.2(19)
O(4)-N(2)-C(1)-N(1) =96.9(2)
O(3)-N(2)-C(1)-N(1)  81.2(2)
O(4)-N(2)-C(1)-CI(1) 146.24(19)
0O(3)-N(2)-C(1)-Cl(1) =35.7(2)
0O(2)-N(1)-C(1)-C(2) =95.2(2)
O(1)-N(1)-C(1)-C(2)  83.1(3)
O(2)-N(1)-C(1)-N(2)  23.2(3)
O(1)-N(1)-C(1)-N(2) -158.6(2)

O(2)-N(1)-C(1)-CI(1)  140.1(2)
O(1)-N(1)-C(1)-CI(1) -41.6(3)
Cl(2)-N(3)-C(2)-N(4)  1.2(3)
Cl(2)-N(3)-C(2)-C(1) —179.97(13)
N(2)-C(1)-C(2)-N(3) -98.7(2)
N(1)-C(1)-C(2)-N(3)  15.4(2)
Cl(1)-C(1)-C(2)-N(3)  137.9(16)
N(2)-C(1)-C(2)-N(4)  80.3(2)
N(1)-C(1)-C(2)-N(4) —165.6(19)
CI(1)-C(1)-C(2)-N(4) -43.1(2)

®5 #HREBEHSH(nm’ x107)
Table 5 Anisotropic displacement parameters (nm® x 10°)

for the title compound

atom Ui u22 U33 u23 u13 u12

Cl(1)  86(1) 104(1) 64(1) 0(1) =-11(1) -60(1)
cl(2)  73(1)  50(1)  47(1) -8(1) =17(1) =10(1)
N(1) 66(1)  72(1)  43(1) —2(1) =12(1)  13(1)
N(2) 72(1)  44(1)  34(1) -3(1) 3(1)  =3(1)
N(3) 47(1)  34(1)  37(1) —3(1)  -4(1)  =3(1)
N(4)  100(2)  32(1)  45(1) o(1) -18(1) =5(1)

o(1) 67(1) 155(2)  96(2) 2(2) 4(1)  49(2)
0(2) 139(2)  54(1)  66(1) 12(1) 9(1) ~ 16(1)
O(3) 118(2) 77(1) 35(1) =11(1) =7(1) =12(1)
0o(4) 60(1) 114(2) 55(1) —12(1) — 15(1) =10(1)
c(1) 47(1)  45(1)  35(1) -1(1) o(1) =11(1)
c(2) 43(1)  32(1)  31(1) 0(1) 3(1)  -5(1)

I E R R R4y 7 CH,CLN, O,
AHXT 53 T H oh 216,98, O 1E 58 &, 25 [A] #f & Pben,
PR SE . a=0.9940(17) nm,b=1.0628(19) nm,
c=1.4487(3) nm, V =1.5304(5) nm’, Z =8,
D, =1.883 g+ cm ™ ,F(000) =864, [ TAkHRH H
fife it o S5HZE 110 A, 20 B/ b ik B IE (X T
AR 1) [FPE R EE B, 6 T R AU SR A 1)
SPERER ) o X TF 1 >20 (1) B8 i i 2 22 5 5
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R, =0.0325,wR, = 0. 0784, XF 4= % B ¥ i s 22 N 7
R, =0.0356,wR, =0. 0811, & £ #l &4 B S =1. 088,
w=1/[c"(F) +(0.0622p)*], p = [ F, + 2Fc* 1/3, 1%
RIERBHALRE (A 0) o =0.001, (Ap) 0 =0.242 x
107 e-nm’,(Ap),., = =0.317 x10 7 e - nm’,

PLESRIGH,C(1)—C(2) 810 0.1520(3) nm,
PLC(T) gy, M C(2)—C(1)—N(1).C(2)—
C(1)—N(2) N(2)—C(1)—N(2).C(2)—C(1)—
CI(1) N(1)—C(1)—CI(1) FHIN(2)—C(1)—Cl(1) 435I
$7109.63(16)°.110.63(16)°.104.02(16)°.113.20(14)°,
109.42(15)°.109.54(14)° 325 )5 109.5° X FBF1 CI(1)
JFFHEE CONERFRAET sp’ 24k, BArfba Pty 1
i FOX-7 4» T IO 45 4 A8 h DU T (R 254 o [+)
IF e CIOT) Ji Y 5 H e AR A A i 141
C(JEFHI, XRH N N—CHKIC(1)—N)H
0.1554(3)nm,C(1)—N(2) 4 0.1548(3) nm J#FOX-74)
Tl N—C 4#1:[0.13938(18) nm F10.14184(18) nm]
BHRK, C(2)—NG)#K A 0.1279(2) nm 258 # )AL
FERHIERG . 7E N3) Jii Bl CLQ2) R FHBURE R TS,
FHEE L C(2)—N(4) K4 0.1328(3) nm, 4 FOX-743F
HHR A3 N—C ££:[0.1306(2) nm F10.1322(2) nm ]
TG 3% 2 CH(2) IR B E T

—MAFIE T el AR o B s B hn 5, %5 B
WA G . fLE 9 1-8-1,1- A 38-2- (N-EUIKk L) &
LEA FOX-7 AHEG, B T A SR 1, 7 P A
KA AL AL N 1.883 g - cm 7R IEALF FOX-7
(D, =1.885g-cm™) X 8 ZH K FOX-7 4> F 22
ARHER, GTRIE | )2 NI AFTE B K 1 4 ¥ A &5, 43
FRIZE G B, LAY 1-8-1,1- 5 5E-2- (N-GURER)
VY G S il L TESE A 1| i TR
ARE R R HE R, P RO 2 o Rl & W1 iy
SRR R B (9 90 °C), gy i I BE o B AR (R
136.6 °C) ,iX LW HAED E ML FOX-7 2%,

(1) FERRYEZAE T, FOX-7 @ E R T2 kA4
WL T AR O I 5, B 2 A S RS R o

(2) WM& -5 - -2 (N-GUBR L)
CHEHE X B G AT I E T RS R4, 1A
HIEAEHF ,J& Pben s [alff, D, =1.883 g - cm ™,

(3) T-5-1,1- R E-2-( N-GE KL ) e il 2 T
FOX-7 {y-F- 1 4544, 5 1 43 1 [8] ) B &, 20 7 A
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WANG Xi-jie, ZHOU Cheng, WANG Bo-zhou, et al. An im-
Synthesis and Crystal Structure of 1-Chloro-1,1-dinitro-2-( N-chloroamidino) -ethane

ZHOU Cheng, ZHOU Yan-shui, HUO Huan, Bl Fu-giang, WANG Bo-zhou, MA Ya-nan
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. 1,1-Diamino-2,2-dinitroethylene (FOX-7) was investigated in oxidation reactions. 1-Chloro-1,1-dinitro-2- ( N-chloro-
amidino ) -ethane was obtained in a mixture of potassium permanganate and concentrated hydrochloric acid with the yield of 70% .
The reactivity of electrophilic substitution reaction of FOX-7 was confirmed, and the reaction mechanism was investigated. The
structure was identified by NMR,IR,MS and elemental analysis. The single crystal of 1-chloro-1,1-dinitro-2-( N-chloro- amidino) -
ethane was cultivated from dichloromethane. The crystal structure was determined by a X-ray single crystal diffractometer. Results
show that the empirical formula is C,H,Cl,N,O, and the formula weigh is 216.98 ,the crystal is orthorhombic system,space group
Pbcn with crystal parameters of a =0.9940(17) nm,b =1.0628(19) nm,c=1.4487(3) nm,V =1.5304(5) nm’,Z=8,
D, =1.883 g-cm™,F(000) =864 ,R, =0.0325,wR, =0.0784. The compound’s melting point is 90 °C ,decomposition temper-
ature is 136.6 °C,so,the thermal stability is short of FOX-7.

Key words: physical chemistry; crystal structure; 1,1-diamino-2,2-dinitroethylene (FOX-7); 1-chloro-1,1-dinitro-2-( N-chloro-
amidino) -ethane; synthesis; electrophilic substitution reaction
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