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Fig.1 Unstable azole nitramide compounds and their hydro-
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Scheme 1 Hydrolysis reactions of compound 7 and 8.

2.2.2.2 [3,3-3(1,2,4-F 2 _ ¥ )]-(4,4-—K)-5,5'-
ZER(9) M E R

FREL516 mg(2 mmol) [ 5,5 - fif i 3-3, 37- X
(1,2, 4-W8 Zw) (7) , I A A BEHEF 19 25 mL B
o, BECS L ZE R A ACH: A A i i BAGRR O 2K
AEE I, VA W P T €8 B VR, 38 T AR DRy YRR U
W, 20 ] A4 R A IS AR S 30~60 min J5 B
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W9, 77 50%. '"H NMR(400 MHz, DMSO-d,)s:
12.60 (s, 2H) . ""C NMR (101 MHz, DMSO-d,)$§:
159.13,147.53;IR(KBr,v/cm™):522,619,752,888,
937, 986, 1174, 1253, 1435, 1538, 1768, 1948,
2132, 1496, 2752, 3120, C,H,N,O, (170.01) :
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caled: C 28.25,H 1.19,N 32.94; found: C 28.22,
H1.13,N 32.84,
2.2.2.3 [2,2-3(1,3,4-F 2 " ¥ )]-(4,4-2K)-5,5'-
ZER(10) & K
FREC516 mg(2 mmol) 1 2, 2"-fif i H-5, 57-XL
(1,3, 4-1E — ) (ICM-101,8) , Il A A i £ 1 1)
25 mLBE Y, S mL ZE IR A Al R i
TGS IR 22 7K A W 0, 5 T P 1 0 A e YA, 8 W A Ry
BV T VA R, 2 R A 0 A J Ak BB+ 3~5 min i,
PRI, F AR IR IR R B A ] S L B
HORIR AR A a8 D B R AR OK VR IR, TR AR
146 mg /=¥ 10, = % 43%. 'H NMR (400 MHz,
DMSO-d,) 8: 13.22 (s, 2H) . "C NMR (101 MHz,
DMSO-d,)8:153.21, 142.69;IR(KBr, v/cm™):523,
620, 681,754, 770,932,950,1087,1147, 1170,
1266, 1398, 1558, 1770, 1866, 3248, C,H,N,O,
(170.01) : caled: C 28.25, H 1.19, N 32.94;
found: C 26.88, H 1.18, N 33.57,
2.2.2.4 [3,3-30(1,2,4-F8 — M )]-5,5'-— ) — 8 &b
(1) ERK
FREC170 mg(1 mmol) 9 9, il A A it $ 7 19
25 mLBEI R, LS mL ZE 08 K i A A FERR B
KOH 112 mg(2 mmol) JF ¥ fi# 75 1 mL 28 18 K, it
FEN B A B P EE W B R R O T
VW WG 35 RS 15 B JE 60E W A 1A 210 mg
BUA =811, 723 85% ., "C NMR(101 MHz,D,0)
5:174.79,161.01;IR(KBr,»/cm™) : 783, 870, 933,
977, 1216, 1284, 1294, 1468, 1664, C,K,N,O,
(245.92) : caled: C 19.51, H 0, N 22.77; found:
C19.57, HO0.15, N 22.24,
2.2.2.5 [2,2-W(1,3,4-FE - )]-5,5'-Z" i —¢R &k
(12)ERK
FREL 170 mg(1 mmol) i 10, Jin A# A g £ 7 19
25 mLBEIR P, B S mL ZE B K fin A Hdh B FR B
KOH 112 mg(2 mmol) JF ¥ 7E 1 mLZ& 1K v, 9
FET B I A B, B B s S IR
B U I B S R R A AR T ARSI A TSR &
AT L IR € [T, 2ok B AR IR B B K 190 mg RIS 7= 4
12,7 77%, "C NMR(101 MHz,D,0)8:166.76,
146.09. C,K,N,0,(245.92) :calcd: C 19.51, H 0,
N 22.77; found: C 18.91, H0.11, N 23.01.
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Fig.2 The NBO charge distribution and LUMO distribution of compound 1 and 2
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Scheme 2 Hydrolysis reaction conditions and products of compound 7 and 8
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Table 1 Cell parameters of compound 10, 11 and 12
parameters 10 11 12
empirical formula  C,H,N,O, C,K,N,O, C,HyK,N,Of
formula mass 170.1 246.28 318.34
T/K 296(2) 173 173
A A 0.71073 0.71073 0.71073
crystal system monoclinic monoclinic monoclinic
space group P2,/c P2,/c P2,/n
a/A 8.5963(18)  6.832(5) 10.623(3)
b /A 4.9064(9) 9.023(7) 3.8716(9)
o A 7.0531(12)  6.646(5) 14.346(3)
a/(°) 90 90 90
B/(°) 95.699(8) 102.177(14)  98.654(5)
y/(°) 90 90 90
V/A? 296.01(10)  400.5(5) 583.3(2)
Lo z 2 2 2
RC Ao 8 H D./g-cm™ 1.908 2.042 1.813
I i 7 8 i 55
b) o)
4 ’ o
- . $ W2 sNAT W2 |
T e e e
: ek RELTHTRL
10 FTTTT I
% . ) S8 & e i
B T A Xy
“ e re, g
1 12 .

& 4 mA%1onﬂMZMMWﬁWE

Fig.4 The single-crystal structures of compound 10, 11 and 12
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Scheme 3 Hydrolysis of gem-dinitro oxadiazole compounds
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Fig.5 The equivalent structures and NBO charge distributions of different nitroamino-azoles
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Stability of Oxadiazole Nitramide Compounds in Water and Its Hydrolysis Mechanism

ZHANG Zhen-qgi, MA Qing, LU Huan-chang, LIAO Long-yu, FAN Gui-juan
(Institute of Chemical Materials , China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: To explore the hydrolysis behavior and internal rule of oxadiazole nitramide compounds, the natural bond orbit
(NBO) charge distribution and lowest unoccupied molecular orbital (LUMO) orbital distribution of unstable oxadiazole nitra-
mide compounds were analyzed by theoretical calculation. LUMO orbital coverage was found in the carbon center connected
with the nitramide group, which was the possible reaction site and the NBO charge at this site was the highest in the molecule
(usually around 0.7 a.u), which was the main factor leading to the occurrence of hydrolysis reaction. Based on this conse-
quence, the hydrolysis reactions of N, N'-([3,3'-bi(1,2,4-oxadiazole) ]-5,5'-diyl)dinitramide and N, N'-([2,2'-bi(1, 3, 4-oxa-
diazole) -5, 5'-diyl) dinitramide (ICM-101) compounds were successfully predicted. The hydrolysis products [3, 3'-bi (1, 2,
4-oxadiazole) ]-5,5'(4H,4'H)-dione and [2,2'-bi(1, 3, 4-oxadiazole) ]-5,5'(4H, 4’H)-dione were obtained by hydrolysis ex-
periments in boiling water. Then the corresponding structures were characterized, the site of hydrolysis reaction was identified,
and the mechanism of hydrolysis reaction was elucidated. Using the method of structural equivalence, the order of the hydrolysis
activity of azole nitramide compounds was put forward as follows: furazan < 3-substituted-1,2, 4-oxadiazole <1,2, 4-triazole <
1,3, 4-oxadiazole < 5-substituted-1,2, 4-oxadiazole.

Key words: oxadiazole nitramide compound; hydrolysis reaction; structural characterization;theoretical calculation; mechanism
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