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Scheme 1  Synthetic route of 3-cyano-4-nitrofuroxan
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500 MHz), 8: 6. 55 (s, 2H, NH,); "C NMR
(DMSO-d, , 125 MHz), 8:156.66 (C—NH, ), 106.93
(C=N), 95.65(C—CN); IR (KBr, »/cm™) : 3400,
3322, 3248, 3189, 2253, 1637, 1595, 1567, 1489,
1412, 1167, 1002, 854, 775, 676; Anal. Calcd. for
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Chinese Journal of Energetic Materials, Vol.25, No.6, 2017 (503-507)

(%): C23.09, N 35.90; Found C 23.05, N 35.68,
3 #R5iTR

3.1 “CHF#"N ZugiL

Xof T AN B 8 AR R PE 53, B 2 B A0 E AL A T
M0 B A — e M R R ek e &9, an 3-%
SL-4-mg LA ARk R HUE T S A sh kAR R
PR I , A B — 7 10 3 - k-4 - i ek g
FEVEAT A5 K (R 15 D0 T, A% % 335 2 ) DB A6 41 A7 4
JE A B A AR . AL 5 35 -4 3 vk e Ak
X LR AL SR TE 6 102.0 4k 2y 343 -4 -
AR ALK I R R 5 0 (Scheme 2) | S0k K 34 Xt
HFE w5 /05 5 6 3 A0 1 Bk IR T Ak 2E 7 B8 ) BLTE
8 155.0, FH Lt 3 -0 5L -4-fiF BL Wk 0f 7™ 25 T — 28 () 52
1717 748 b fie R 5 USEAH 3E  B , HAb 4 07 B8 S8 925,
Fi At T DA ) D 4R A kM A A R R T AR A X —

550 T AR H A R B e B T
FEATAR U H L AR T rh A N R AR o AR R SCk
AU A W 5 T 25 K X 3 -k -4 - ik Sk ke ]
PEHEAT TR a0 s 1 Fras . DAL DL A 0 g
FNDUSHEL, H o B X 5 50 F 45—, A Akikig
W ERRFAE TS AE S —9.94, —41.84 Ab, ff 3
AL BHEAE S -15.96, -92.01 4k,

0 0 0
N/ \N/ N/ \N
1550 C—C 925 1612\\0 é/ 30.7
0 C—C 92. 2 C—CG130.
/ /
05N C=N 05N C=N
102.0 105.8
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Fig.2 The optimized geometry of 3-cyano-4-nitrofuroxan

The optimized geometries and bond order of 3-cyano-4-nitrofuroxan

bond length/A bond order bond angle/(°)
N(1)—O0(3) 1.20499 1.5580 O(3)—N(1)—C(5) 135.72207
N(1)—O0(4) 1.47979 0.8422 O(3)—N(1)—0(4) 105.41208
N(1)—C(5) 1.34817 1.2813 N(1)—0O(4)—N(2) 108.87699
N(2)—O0(4) 1.35041 1.1263 N(2)—C(6)—C(5) 113.18254
N(2)—C(6) 1.29973 1.6202 0(9)—C(6)—C(5) 126.27560
C(5)—C(6) 1.42445 1.1736 C(5)—C(7)—N(8) 177.57722
C(5)—C(7) 1.41179 1.1018 C(6)—N(9)—O0(10) 117.55969
N(8)—C(7) 1.16263 2.8481 C(5)—N(1)—0(4)—N(2) 0.00079
C(6)—N(9 1.46409 0.9130 C(5)—C(6)—0(9)—O0(11) ~0.00688
N(9)—O(10) 1.22044 1.5326 O(3)—N(1)—C(5)—C(7) 0.00259
N(9)—O(11) 1.22925 1.4977 N(9)—C(6)—C(5)—C(7) -0.00195
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Table 2 Physical properties of 3-cyano-4-nitrofuroxan

HETRAGSEAF A B A 439.1 k) - mol ™ o I
FEHO Politzer 25 4R HAYA RIFE 13-4 34 3
AL I THE S AH,,,(86.5 k) - mol™ ), il >R 5%
[ A AE Bk AH (s, M, 298 K) #352.6 kJ -

K FH Kamlet-Jacbos ™ A X il 13-/ 3-4-f S 4
PR IR 1R 55 10 s, O 5 1 9 50) = WY B 2 08 = R R
Fig (TMETN) ST X L S5 R L3R 2, H13& 2w, HARfk
B (TM) 55 2 SRR RIS R T TMETN,

-1
mol™ ,

compoud formula N/% Qco /% p/g - cm™ A;H(s) /k) + mol™ p/GPa D/m - s
™" Cy;N, O, 35.9 10.2 1.74 352.6 30.9 8352.0
TMETN CsHyN, O, 16.5 6.3 1.47 -443.6 21.8 7410

Note: 1)TM is 3-cyano-4-nitrofuroxan; N is nitrogen content; Qg is oxygen balance assuming the formation of CO; p is density; AH(s) is enthalpy of formation;

p is detonation pressure; D is detonation velocity.
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Synthesis and Properties of 3-Cyano-4-nitrofuroxan

ZHAI Lian-jie'* , LUO Yi-fen'’ | LI Ya-nan'* HUO Huan'’, Bl Fu-giang'*, FAN Xue-zhong', WANG Bo-zhou'"’
(1. Modern Chemistry Research Institution, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: 3-Cyano-4-nitrofuroxan was synthesized from dicyanopropane via diazotisation, addition, cyclization and oxidation re-
actions, and its structure was characterized by IR, C NMR and "N NMR and elemental analysis. The yields of cyclization and
oxidation reactions are 55.1% and 83.6% , respectively. In the ”C NMR, the chemical shifts were assigned by comparing with
3-cyano-4-nitrofurazan, which further confirm the configuration of 3-cyano-4-nitrofuroxan. The bond order, density, enthalpy of
formation and detonation parameters of 3-cyano-4-nitrofuroxan were calculated theoretically. Results show that the minimum bond
order are N(1)—0O(4) (0.84) and C(6)—N(9) (0.91), the density isup to 1.74 g - cm™, the enthalpy of formation is
352.6 k) - mol™, and the detonation velocity and detonation pressure are 8352 m - s™' and 30.9 GPa, respectively.

Key words: 3-cyano-4-nitrofuroxan; synthesis; quantum chemistry
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