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F1 H N-NO,PKMEZE & REAL & W 10 M BE
Table 1

The properties of N-NO, based imidazole energetic compounds

compound T,/°C p/g-em™  AH/K-mol™  D,/m-s P/GPa IS/) FS/N OB/ % ref.
2 148 1.80 525.2 8402 29.8 1 240 -8.6 16-18
3 130 1.75 256.2 8504 31.9 3.5 85 121 17,19
4 17 1.77 305.4 8688 34.4 10.4 180 0 17,19
5a 135 1.73 735 8624 32.4 30.8 180 -25.1 17,19
5b 118 1.66 344.8 8073 26.7 32.5 180 -25.1 17,19
6 120 1.82 145.7 8764 35.1 14.5 169 5 17,19
7 113 1.77 -292.9 8131 29.6 25.2 240 0 17,19
8 >230 1.92 70.3 9015 — — — -19.9 20-21
11 238 1.68 — 7064 — 1 — =221 23
12 285 1.93 844.7 8305 — — — -39.3 24
13 185 1.83 — 7780 27.1 - — =50.7 25
14 195 1.95 — 9037 — — — -32.8 26
15 210 1.84 203.9 8773 — — — =29 27
16 249 1.94 — 7580 — — — -27.6 28-31
17 >200 2.04 -194.8 9205 30.1 — — 5 28-31

Note: T, is the temperature of initial decomposition; p is the actual density; AH is the theoretical heats of formation; D, is the theoretical detonation velocity; P is

the theoretical detonation pressure; IS is the impact sensitivity; FS is the friction sensitivity.

ON ON
N NH,4NO, / h{
/ ) H2S04 (95%) / Ac,0 )
N N
" |
NO,
OZN OzN
N
N
/ ) AcOH / )
N HNO3/A020 N
" |
NO,
Scheme 1  Synthesis of compound 17
OZN\
HN
N
§ A,
/N\ HNO3/Ac,0 /N\
0 _—
o)
= N 67% \&= \
N
N
: h / ! |/
— \_
0 0

Scheme 2 Synthesis of compound 2!

i B 4500 7E = I 4 0F Rl i HNOL/Ac,O itk &
BT - - 2-C = A AR ) -4, 5- T &1 H-BK (b
G 3) 4 1w E-2-( = RS L 3L )4, 5-
F-TH-DRME (fe 5% 4) 1-fi 5E-2-( = ms 28 H 3 ) -3a,
4,5,6,7,7a- N A -1H-ZKTE [d] KM (L5 90 5) 1l

CHINESE JOURNAL OF ENERGETIC MATERIALS

B2 (=4I H 3L )-3a,5,6,7a-MUSA-1H-[1,4] %
(2, 3-dIwkms ({9 6) M 1-mY H-2-( = 7 3% B
$)-4,5- T F-1H-PkWE-4,5- 2 — B . Z R R (fb&
Y 7). & 3~7(Scheme 3) B {4 bk mk 21 | £ AE
PR ] 57 NH A7 A5, BT 4B A7 il 5k & 0 Wi vy 11
L5 &AL A N=-NO,. H &, o1 T84 15 5 i %
G, AR XL B AT G AT — A3k . AT
i 5E AL G 3 B EECE A (12.1%) AT 4252 1 Bl
PR EE (3.5 ), 85 N R i (1 5 55 PE B (8504 m-s™',
31.9 GP)!" ATHE AL . (LA 4H,N-NO, 5
FHAR Y FL T L L1, S %5 1.77 g-em™,
P Ry 8688 mesT, HAA BAR WA £ (71 °C) , Al fE K
IWHEEAEH . G 5478 X (5a) I (5b) 7 Fil
gty Horh saf & vERe st A F) 8624 m-s7', M
5b ¢k 8073 m-s'. X FlAEWe6, T4 THO.
N HEFH &R, QR RFEE, 2ZRIE0 1L
G W AT R e R R TR B e I R A
£ E (8764 m-s', 35.1 GPa) Fl % & (1) HL Al J% )&
(14.5),169 N) o H T mi MK (<110 C) . k&M 6
AR TR e s M2 ek . (kA 7 TAMAZ
Mok 48 I 7E7E IR S PEAE (8131 m-s ) AR . @it 1k
G 3~7 PEREXT b & BE, 22 BR - 40 HE B BR i A0 R e
W, i Z Ak 9 5a.5b UL K 6 A H HAh 2 3R 1k
Y B A AL G 4.7 HA T 220
A A AL 2025 4 %54

% 33 % (505-522)



508

B AR W B

H NO,
HNO4/AC,0
—
RT
N N
H O

73%

No2
3
N NO: HNO/AC,0
>_< RT
N NO, 28-34%

[OIH: :NOZ
0 H NO,

AcO H NO2
HNO4/Ac,0
— —_—
RT
N
AcO H N,

80%

Scheme 3  Synthesis of compounds 3-7'"7-")

Sikder % "7E HNO,/Ac,O %A F A A5 71,3,
4,7-DUfilFE S -2 H-BKR [ 4, 5-b ]I - 2- B (TNABN)
TNABN(fb 4G9 8) H A m % B2 (1.92 g-em™) Fl i 43
(9015 m-s™), H I HATAR P& H IR (TNGU) T i 7k
IR, BB TNGU Hhg | A B AR 8 6 ik AT DU =
SRR E MEY . Pagoria S LUK AL Y DU U4 BUA
[3.3.0]2F Bt -3 2y J5 Rk i 17 A Ak i & B, 8 B A+
15 °CHF, AT A58 1,4, 6- =Gl He S Sk 3[4, 5-d] bk
-2 (1 H)-BR (fb&919) s 76 il B3 T+ 2 20~50 CZ [

HNOg/ACzO

N NO,
H \[ J HNO4/AC,0 \iNﬁ?oz

72%
NO,

_HNOgACO [ I \> g

7%

6

AcO N NO,
T
N N
AcO ©
NO,

w3 EN 1, 3,4, 6-PUR LN ARk 4, 5-d ]Ik
me-2 (1H)-Bi (fL59010) o %058 3% W1 55 v 04 2 B T
JEREAE E— L WAL TS HE RN NH. (b A9 f10 A
BRI E (MR 1.91 g-ecm™), HAbPEfE 5 HMX
A HLAT v T e L FH AN

18 25 2 7E HNOL/AC,O 54 Rl 17 6,6'-(2
Pi-1,2- " F)X(1,3, 4- = Hl 3L pU S vk me I [ 4, 5-d ] Bk
Me-2,5(1TH,3H) -8 (b5 11) . B TE% 11
THNA N=-NO,, 2 M LR K, 43 FHESIR B % il

No2

H
H
N N
[ I >:o- 2HCI* Hy0
N
N
N H

HNOg/ACQO

<I%

40%
NO
2 10 2

Scheme 4 Synthesis of compounds 8—10"7*

Chinese Journal of Energetic Materials, Vol.33, No.5, 2025 (505—522)

<I%o

[I%

No2
OZN\ /NOZ
N N
_ HNOgA®O
0
N N
H

ON

60%

www.energetic-materials.org.cn



T 22 NH 5 1k i N-NO, 8 & & & fe 1k & W (0 0F 52 o B

509

HEA B EE(1.68 g-cm™) K HEH (7064 m-s™),
B AN, F T 3 7 R 35 19 0 ik BB, i 3 14 75 S 00
55 MR PR P L0 XU AR 51 R R ) R T o
R W OE W B A2 K B A% T K fR B0 X
J5 B BE AL B W I K A M A 25, XE LA 2 iR
201 34F, o W5 R T LA H IR = 3 A O JEURE 28 il
Ak il £ O A 3 H IR — R IR (TNDGU L, L& 4 12) 97
B ST G120 RIKS R
Thight (D,=8305 m-s™") % £ (1.93 g-cm™) DL K #4
FasEPE (285 °C). AW 123H 5 4% N 8305 m-s ',
22 R FH I (DSC) & IRl 284.8 °C, Lr G 1k g
BLAT, AT KR 2 4 1 50 DA R T A5 4

X AH 5% 250 5m P RP % 42 (Scheme 6) 43 I 7
HNO,/Ac,O FTHNO,/N,O 44 T & iifs 3] 5-2 -1,

OZN\N)k

HNOy/AC,0

3,6-—HH -1 H-AIF [d] k-2 (3H) - (fb 54 13) .
2 (1) BLEERAL P2 R AU N 1%, 3% 1] g 43R _E A
i e A A Ak S F R OR B B i TR AR S R £
L HOZ R R e R . LCT ) MR, 2
RPN A AR A R A (i) o 2 (il
TR B G w3, v B ERE R, KW AL
WA Bh T i k. TR RS
Y113 1B AU 7780 mesT'

1997 4%, Jy 4 i 4 i 7E HNOL/N, O, 1 45
TA M1, 3-2f -2, 40 (=14 3 & FO)-H Ik
(BTNDNG .,k &¥14). T &AM A, kA
Y14 % A% 1.95 g-cm ™, 158 38 9037 m-s'.
AN A A 14 B RAr i R e M (195 °C) Ak
fiff R P o H RO g o, G Uk AR A D R A . R

0 0

)]\N/NOZ

: : 85%

H

N N A, N
HN\H/NH HN\[( ON—" Y \NOZ N ~~nNo,
0 0 0 O
0 0 0 0

)J\ /u\ NO

65% HNO;
_—

orHN03lA020

N N N N\NO

Y

Scheme 5 Synthesis of compounds 11 and 1277

N
HNO4/H,SO,
0 B ——_—
A
\N N Ac
H \

Ac,0 ‘ 120°C

H
N
: HNOa/ACZO
11%
HoN i

(i)

Scheme 6 Synthesis of compound 13"

CHINESE JOURNAL OF ENERGETIC MATERIALS

87% ozN/ \ﬂ/ ~
A
02N N/

II O

~N N
i \

: [ N0,

48%

0 O

DBU

4
mv

A AR 2025 % %334 #5484 (505-522)



510

B AR W B

b — 2 Ak & W 0 R e ME AR L B R AT SR D
2,3-T Z A & 8 5 R R AT 47 & 0L, 15 3]
—H R BURH IR, HNO,/H,SO, fl HNO, 5 & A 1k
W& T HR4AE 31, 5-ZH k-2, 6-0 (=43 2
-4, 8- f K H IR (A& W 15) , R IR R
1.84 g-cm™ B H 8773 m-s'. H5AEW 14 ML,
T H LRSI A LG Y15 0% 518 5 A Bk
% HFE EPER B E 210 °C, 1975 4, Boileau!? %"
HEWET 1, 4- IR (DNGU L& 16)F11,3,
4,6-DUfil HPR (TNGU, (LG 17) 09 & W ik, WF 5

1E 100%HNO, 8 HNO,/H,SO, % 1 T 153 2tk & ¥
16, 4k 2L 7F HNO,/N,O, & 1 T i fb 15 21k 59 17,
fEE W17 K ke v 2, B BL AR 58 o S4B = AR K
KA Y A HNO, ik, B2, % I I Y B Ak 7= 5 4
ik . 2013 4 5 SOk 550 06 5 vk ko itk Sy B AT
HNO,/Ac,O it , A WOy i 4 PRI R, B e f o,
2 M4t (Scheme 7). DNGU(1.94 g-cm™) #il TNGU
(2.04 g-cm™) ¥ H 5 & % &, TNGU B & £
230 °C, M3 N 9205 m-s™ 2 (HIR P&, K B 5 4%
fift, DT BR ) T LS BR g H

O,N)3CH,C (ON)3CH,C NO,
(OoN)3 2\ R ~ \ R /
H
N N N N
14 : HNO/N,O5
15 : HNOz/H,SO0.
N N g N N
g s [k
R R
CH,C(NOp)s ON CH,C(NO,)s
14 R=H
15 R=Me
NO, ON /N02
H H 9 H
N N S N N N N
100%HNO; HNO/N,O5
0 0 0 0 0 0
HNO3/H,S04 HNO3/AC,0
N N N N 60% N N
H i 86% H / \
ON ON NO,

26-32]

Scheme 7 Synthesis of compounds 14-17"

SEELLE 17 B S A U AT LR B, K
43 B WK IRH 48 AT LAYE AR AT HN O, /Ac,O %4 F 51 A
N=NO,, DU BAE R MRS B IR PR 5L HN O, /N, O, 1R
% 5k 51 A N=NO,, 3% Al 38 1o $2 & 1 B 1 07 6 ok 42 &
WAL RE J1 o 40 45 A0 T 38 1 N- 20 Bk 1k O 2 0k X 4
D7 NH AT REBEPE ST A N=NO, . PERE 7 1, bk
HLIR BB N=NO, 2 ff 2 i 14 FAIL A J% B [
fIC, ik 59 3 .4 .75 i1 T B0 B 2R R MR B P 3R i 4
BN S EB o Ak A W AR M S LA BRI
ek s | [l B R S M AR A A T s L ik A 2,812,
LAY 1 A Bk S A A AR B 5
KA, H MU B A TR T ) s A g L sl A 418 07 3 i AN
N=NO, Z5 15 o &1 X B S0 30 25 4y AR e vk 5 R 35 1k
FIE 0 TR IR B0 4%, oA Ok T afE — 25 4 J R R 28 L, LT 15 7

2 MERZELEY
A A 2 T A JRUR A B 1 FLOT A R A L 3R

Chinese Journal of Energetic Materials, Vol.33, No.5, 2025 (505—522)

17
TNGU

) C—=N BUEE AT N—N L5 A F T 35 Ak & 4 09 28 %
UL KA oY A E - A R 5 A R AR T K
S 1 7 N o S o T I 3 S N O VA= e T I 3 6]
NH {7 5, 38 35 6 3 P9 AN 7 5 AT 8 4 (5] A—NO,.
—NHNO, . —NH, %) , & it A 2 F & ks 2 5 6
&Y. WEIEAE LB T ARk e 5] A N-NO, 1)
TR G W (B 2) B H A g s, Feh B a4k 5 0 1)
PEBEUNZE 2 BT .

Kumar 2258 33 78 100% HNO,/Ac,O IR 2 4
PR A AL BE ML (Scheme 8) , 45 2 — il F BUIC Y 7= )
1,1 - RS- TH, 1 H-3,3" - XU s (b &40 18) . k&
Wy B v A (1.81 g-em ™) AT 3K (8300 mes™),
) B L A 4 e 0 BB E ME (183 °C) IR JEE (20 ),
240 N) . Shkineva " #f il 76 HNO,/Ac,O IR ik 4 14
TAHEMT 2,2,5,5 -PUfig3E-3, 3 - BBk (fL 591 19) .
AL A 19 B R W 28 3] N-NO, JLF 5 i e 2F 3
ST N IE S AR TR R R A T O RO R
wOHRAEYEAREE(.86 g-cm™) H5EEN
At

www.energetic-materials.org.cn



JE T 2 PR NH Bl 4k /9 N-NO, B 5 & & fig 1k & W i BF o5 ok i 511

NO,

N
ozN\N/N\ . /N\N/Noz y 7t )\(o
— — J 0 \

I N—N
NO, ON /N N NO,
21 ON 22
N02
0—N — N—0O
ON—_ .~ \ N —N0: N / N NO
N XX N Y OZN/\/ Va N/ Z Sy—N0
— — 0—N —
NO, 2 ON 2 ON
ON ON y
N N N 2
N / \|N ON \N/N\ N\|N ON
SN 0 N%N 0 = \\8—<\NJ\N4N N\ —
NO, VR WA N NO \ N\ N
N— N NO, 2 N—\h N \No2
25 26
ON NOZ
NO,
\ ;o\
N
/ v
ON NO, |
NO,
27 28

B2 & N-NO,ILmES LAY
Fig.2 N-NO, based pyrazole energetic compounds
F2 H N-NO, MM GEIL S W0 1k
Table 2 The properties of N-NO, based pyrazole energetic compounds
compound T,/ °C plgem™ AH/kl-mol™ D,/m:-s™ P/ GPa 1S/) FS/N OB/ % ref.
18 183 1.81 413.9 8300 28.8 20 240 -28.6 12,33
19 152 1.86 4441 8926 35.4 2 60 -25.5 34
20 145 1.95 550.9 9460 40.9 3 20 -25.5 33
21 159 1.83 762.1 8855 34.2 8 150 -33.5 35
22 186 1.84 882.4 8766 33.3 13 220 =39.1 35
23 156 1.82 825.4 8904 35.1 17 200 -33.5 36-37
24 172 1.83 992.5 8867 34.5 8 — =39.1 36-37
25 206 1.85 407.1 8869 34.5 2 40 5.1 38
26 200 1.89 728.0 8565 31.5 30 >360 —47.1 38
27 397 1.90 948.0 8519 30.3 >40 >360 0 39
28 113 1.85 311.4 8933 35.9 2.5 36 18.3 40

Note: T, is the temperature of initial decomposition; p is the actual density; A H is the theoretical heats of formation; D, is the theoretical detonation velocity; P is

the theoretical detonation pressure; IS is the impact sensitivity; FS is the friction sensitivity.
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(34.2 GPa.33.3 GPa). HI T N-NO, 1) # i 5 68 42
i, BT LAk & 9 21 F0 22 19 5 i 38 B & IR (159 °C
186 °C). fEMCIERE [ 720 % WA FE HNO,/Ac,0
Z1F N (Scheme 9) & W TG 21,22 1 7] 43 544
T, 3.5-B0(1, 4- 4 -1 H-IHE R -3 ) -1, 2, 4-TE — s
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Scheme 9 Synthesis of compounds 21-247°7"
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T 2 B NH 516 59 N-NO, B & & & fe 1k & W i BF 58 9k

513

(fb&923)F15,5" -3 (1, 4- G 5L -1 H-NEwk-3-%5) -3,
31,2, 4-BE ) (kG 24) . 5ROV ETIAF L,
TG ¥ 23 Fi1 24 B %5 B Rk SR AE 51 AN 3 I
Wom, G 23 W% BN 1.77 geem” 3G &
1.83 g-cm™ L5 24 %N 1.78 g- cm‘*iﬁ[]ﬁ
1.95 g-cm™, 8 #4355 5] 8904 m-s™ #] 8867 m-s™',
B2 Ak 59 23 Fil 24 (9 PR E PE W REAR, fb 59 23
B 43 i R B TR B 314 CCREMRE 172 °CL kA W) 24
HI TR 317 CRERZE 145 C7' Bk &9 21 5
23.22 524 585 F Rk, 21 522 IR A HER

218 AL VI R HERR 11T 22 98 BSR4 4 T 1T
AR, 23 f T H R — A e HL B R AR S - T
I 72.4°0) Z0H A, 24 TE S T 5 0tk v S TR B
35.8°0Y AR , 2o 7 HERBA HO I Y [] 43 5 4 1K
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HN- N\ Ny ON
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= b Z N N — - o
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NO, \ \N _NH
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Scheme 10 Synthesis of compounds 25 and 26"

EAA A DY HE T R 3, 6- il ik nik mk Jf:
[4,3-c]tms (DNPP)7E N,O, i) & 14 F (Scheme 11)
GG Al 0% 1Y 1, 3, 4, 6-PU Y 3£ 0l mk Jf
[4,3- c]ﬂﬂj%(ﬂ:/\%27) 1&’\%27%%&’.?}%7“
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N | N
CHZCIQ \ 7
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7% ON NO,
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2
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Synthesis of compounds 27 and 28"7*"
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(\(7 N204
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Scheme 11
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B, TR AR, B8 G 21,2210
fEdERE (8 )13 e Fea 23.24(13 .17 ).
Abhishek 4538 3 75 100% B HNO,/Ac,O fi§ 1k
AT (Scheme 10) il 4 1 (E)-1, 2-3(5-(1, 4-—1if§
FE1H-EmE 33 ) -1, 3, 4-ME k25 RS (BB
25)FI(E)-1,2-F(5-(1,4- " fHFE-1 H-nkmp-3-56) -1 H-1,
2,4-=M-3-FE (LA W 26) . X AL A Y5 RO T
TR L B T A A R L Ve RE LG W 25 MR R
8869 m-s', M JE N 34.5 GPa, fb & ¥ 26 (1918 Ny
8565 m-s ', JE K 31.5 GPa, T4 1 W I 4 1 1)
SHEFER LA 25 F 26 B R % (1.89 g-cm ™,
1.89 g-cm™) & 20 fi# I (206 °C 200 °C) Fll AR i 4
(407.1 kJ-mol™, 728 kJ-mol™) , £ & Tk BE 5 RDX

FHIT o
N /N ON
N\
N/ o,

N N
N~ ON

T
"y

N—\H NO,

26

(1.90 g-cm™) F % & 09 ## % T 68 (8519 m-s™',
30.3 GPa), H1F N-NO, R EHKZE L&Y 27 78
TR 2o, DT BR T SRR o P R S
i I AR AW A 5 3 -3 TR 3 P 3 -2 H-mt s
%ﬁﬁ@ﬂ‘ﬁqﬂ%ﬁiﬁfﬂl‘ﬁﬂﬁm-ﬁﬁ%a fil§ {5 ek (fb 5 9
o BT RO EE A N-NO, I FEAE LS 28 B
?‘ﬁﬂ’ﬂ%‘ﬁm.% grcm™) FE 25 1 A (8933 m-s™',
35.9 GPa) ,{H N=-NO, 5| A [F B BEAL T ik &9
AFEPE(113 °C) PR E (2.5 ),36 N) .
XFF e N=NO, BB A, 4K 22 50001 i s 42w
PLil it HNO,/Ac,O /5280 . #5254 H NH 16 P55
55, 0] DLl i B9 19 TFAA/HNO, 3 N,O, 2514 F 51 A
N=-NO,. MM:RE TG , T ILms s R B 20 [ 5 i g
PERL K I A B T AR e PR AR T oy, H, Y npkis
W b [FI SRR O B i e G e e Ve 2 R . £

BkFE T N=NO, MM 5 T R A AHE R H 2 Jo iR
M GO R A R R TR W, ik &)
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21~24. MO, FETAEMEIRAIATAE Z AL, 0 T IR 23 57
H ARG RS PEREIT TS B AT ORI 23 ], X T bk 5 RE AL
BV RS R FE N P AL 22 35/ 25 B SR b 1] 4
DA B PR3 DI ] 8] 42 45 D5 ThT 3 A R B T 618

3 ZHMEIELED

MRS/ =N ABEFH TR EY, =1
ﬁﬁ%ﬁ%?HM1z3u&1z4uo1z&4

272 kJ-mol" A1 109 kJ-mol™",ii & & Fla & T2 Eh
T N—N B A ks 09 Tk ok T N—C 8. =l
NS A O = e L Bl i 0 O O o R 73 ' AW A
ﬁT%AA%%Wi%%ﬁmﬂﬁmﬁ%&W%
¥, BB )3z e T T R R A R . BT
TLUF#HE= %LﬁANNO%Sﬁ%A%%HLA
TR A W B P BE AN 3R 3 FTR .
Browne*"{}ifi T H 3-& 31,2, 4- = mil i A Ak
Prifil 26 C, N-Zfif 2 =k (fb 5% 29) B9 & W &

RN, 2, A-= A B AT AR R Y I AR RS 3ol (Scheme 12) EIZR L, HNO,/H,SO, fTHNO,/Ac,0
0l N
O N—N
i " )\
ON NO. = ON
2 \N / N— 2 OQN—N/ \’/ 2 \( Y( NO,
PL /> >¥ \%N N—N
O:N NOQ
29 30 31 32
I
N
VRN
wi & o,
2 ~
>/<\ T |N
N, NS \
| \ \ —— ON NO,
N / \ N TNH
OZN/ N N \NO
3 2 34 35
OzN N02
OZNQ(
’%N Newo
N\
v N N
ON NO,
B3 & N-NO,=mK&aetb &y
Fig.3 N-NO, based triazole energetic compounds
F3 & N-NO, =M E AR TERE
Table 3 The properties of N=NO, based triazole energetic compounds
compound T,/°C p/g-cm™ AH/K-mol™  D,/m-s™ P/ GPa 1S/) FS/N OB/ % ref.
29 — 1.82 515.6 8980 — — — -35.4 41
30 264 2.08 338.7 8795 40.14 — 250 21.8 42
33 38 1.82 710 8376 31.2 3 — -28.0 46
34 166 1.78 1370 8421 29.8 39 >360 -24.7 47
35 173 1.87 398.0 8656 31.3 22 >360 =7.1 46
36 136 1.90 510.2 9254 37.7 11 250 19.2 46

Note: T, is the temperature of initial decomposition; p is the actual density; AH is the theoretical heats of formation; D, is the theoretical detonation velocity; P is

the theoretical detonation pressure; IS is the impact sensitivity; FS is the friction sensitivity.
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JEF 8 BONH Al 4k 19 N-NO, 8 & & & fiE 1L & W (10 BF 58 oE B

_N N NOz N N 0z

HT\ \>7N/ j/ N,0s E \N4</ JN/

\N \N/ on \N/ N/
Scheme 12  Synthesis of compound 29"
iR R RS L& 29, N7 A H &
(CH,CI,) ¥ 71 5 il A 0% = B35 38 M 1
N,O; K N=NO, 51 ALY 29, 1% S W52 1 B T
I3 5 AR N RS AL S5 A B SR IR BRI o AL S R
(1.82 grem™ )L R M (515.6 k)-mol ™) # &, AT
B R VR

iz 8 Scheme 13 Y J7 75 , Jadhav %' ffi
HNO, Ac,O Il HCI IR R IR R, fE IR TR R E AL T
XF 5-fil -2, 4- " H-3H-1,2,4-= W3- (NTO) #E 17
AL, A4 B T 2, 4- 6 -5 -1, 2, 4= -3
(DTNTO, 4L &% 30) . DTNTO Ky o J& 1Y hyg,, N

80 cm, FEIE RS K 250 N, 7 AH R B ik & 4 T,
DTNTO #1A [t RDX #1 HMX B4 T5 I WL RS . 5

il 53%

N NO;, ON N ON " H N/
J \”/ HNOSTFAA Y \ \ TSN OHNOJTFAA N
i ALici N—NO, | >—< | | p
=~/ Mo \N N
H H NO,  ON

3

44-45]

Scheme 14 Synthesis of compounds 31 and 32

i Scheme 15 ff 7 , Venugopal ** i i 7£ HNO,/
Ac,O W & 1F ~ mi L 15 5] 2, 5, 8-= il -5, 8-
A-2H-#IF[1,2-d:3,4-d":5,6-d"] =([1,2,3]-=
W) (A9 33) . & A TR B 2R 854 iz Ak & P 4
A AR B IE AR B (710 k)-mol™) LK T (31.2 GPa).
HE T 1,2, 3 =25 0 v 1 7 AU S5 iz 16 B R 3R
Sy AR (38 °C), HABTE MR FRREfFFE. R
T ABULKR G A6 E Y 1 1 — 4 N=NO, (1 5 23 1K
20N AR E Y .

M 4r 4 78 HNOL/AC,O S F A T 1,2-X
(1-RFE-TH, 2" H-[3,3"-%(1,2,4-=m) |-5"-F) — %
(e AP 34) 1,5 -W3E-1H,2'H-3,3"-3W(1,2,4-=
M) (fb AW 35) M1, 5 - hig -2 -( SRR 3K )-1H,
2'H-3,3"-X0(1,2,4-=m) (k& 36). HTHnT4a
P AT A 1 HE B SR AR TP AR KR Y e A
HAE LSS Y 34 H A B0 BLAK R E (39 ,
360 N) o [AIEHL G 34 th A — 1 N=N# K £
N— N 8, 8 a8 % m , Bl 38 A s i AR R kS
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515
0 0
HN)j\NH HNOy/AC,0/HCI OzN\N)kN/NOQ
>:N/ 36% >:N/
ON ON

Scheme 13  Synthesis of compound 30"

NTO # t, N=NO, 551 A XAk A& 4 0 5% o B A 1E )
M (Dy y70=7540 m-s™", Dy 3,=8795 m-s")"™' H 1k
&Y 30 1 E F 6k B 21.8%, 7 R S E
2.08 g-cm™, DTNTO Y IF % V-4 {ff 2L ] FH 1 4 it 551
T ) AR S e RE R N R

FEOFSERGE T HNO,L/TFAA £ 18 T & 5 21
1,3- - TH-1, 2, 4- = (fb &P 31 11,17, 3,
37-DUREHE-RT,2,4 = (fbA W) 32) % (Scheme 14)
fE4 W 31 450 F i N-NO, RN Fa & , 76 18 B & K 1y B
B, aRkAKME. Sha31 ML, ki 32800
S 55 R B R R P 2 DT G 3k 3R A5 A DG
i B

NO.

2
N NO,
ad
NN

(1370.45 kJ-mol™) , B i 4 (8421 m-s™)., L&
Y) 35 2% B0 A0 (1 VAR E M (173 °C) F R A 11 4 55
P HE (8656 m-s™',31.3 GPa). H T35 A N-NO,
FIRS A7 5 A 1 S 9 RE AR X B2 25 BB 90 36 1 A oy
fiff Wk BE 25 AN R 136 °C B H BAT [ HMX & A9 42
% PERE (9254 m-s™',37.7 GPa) Fli& Hh iy I EE (11 ),
250 N).

MG BT AT DS S K 2 800 — e 42T A
i & HNO,/Ac,O FIHNO,/TFAA I 44451 A N-NO,,
WA DHT U N,O 464 . FEMERE L, F =4
B ) e AU, TR 0 AR B R o B 1 A
I R DL KR R RE . HE, S N-NO B E
Mg 25 IR 1,2, 3- = 25 5 43 fife ok R T 24, DA T
S Ak 2E AR R R IR E R R 2% HRGE ik & R
oA AT DL R T NS E Y e RS R
BEER N-NO, L& . B, X+ =g 42 %
N-NO, 2t & ¥ fie it 5 %@ P V-8 4 5 A 7R BCR
Pk 8
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N \ HN03/A020 >/‘< )\ N\N/
AcOH,rt \r / )
N\NH 1% ON i N/
NH
34
H N §
/ \
’%N N\N HNO3/Ac,0 I/ > < |N
e /> <\ /|K ACOH, it /N\N/ \NJ\
N N ) NO,
NO, 72%
0N NO
OZN NOZ 2
HNO/AC,0
ACOH,tt

N—N
6:46—47:

Scheme 15 Synthesis of compounds 33-3

4 NITH RESBENLED

I W4 28 85 4 T S A NH A i AT 5 LA R A1, 38 43
AL 7S TC AU 2% P0 R AR AE NH AL S, T A8 45 228
L RDX [ 37 FF L BE N-NO, 4544 . N ITZ4 FRHH HE 1T
e IR HAT B L (0 R/ e g Sk B A 5, 3 o1k
A Wy I8 o BT AT AR AR B A 1 PR E T R [ s
WA B 0% AR e . PR B T AR N T A AR
HEAEW L5 N=-NO, 1 12 Fifb &9 (K 4) I B 45
T A BT e A Wit Re in 2 4 iR .

1948 4, Mckay %5 X} B il 5 M2 Ak 5 W i 17 1 1k
WF 9% . Ho, 3 3 HNO, i b 58 75 1) 16 3E-2-fiF 2
B 3-TARBKR (LB 37) . aY 37 hEHE
15380, L B AEAE RO T R G Y 37a. G 37
Yk SR ARSI A5 T AL S AR R, 3-SR -1, 3- A
I ke (b AW 38)% . 1970 4F , Mckay % & B LA
2-0i A -4 R D20 M E RS 7 mol Y &
HNO,/Ac,O IR & 1K & #F 17 i 4k e i 45 2 1, 3-— fiF§
Fe-4-FIEIR O (fb A9 39) , 5 2 mol 24 ik [ I
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MRmE-1,3- A O (kAW 42) G 1% T
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s Ab ™ WA % B, ) AR, R DU AN AR 1Y
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S JEORE FE R M B TR AL T NL,O, BB AL A
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(TNAD, k591 43). (bEW A3 AW HLRLH %
BE R 1.80 g-em™, i 5 SR B S 9.8 ), R TI A K 24 R4
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I T P NH A AR 1 N-NO, B 5 % & fE 1L £ 1 1% B 5% i T 517
NO:
NO, 0 0 Pt
HN/ )L HN
OzN N02 ON NO, )\ NO
~ - ~ - 2
OZN\N)\N U U\ T
k) CH; k/kCHs
37 38 39 40
‘o 0 NO, NO,
i )}\ | | ON NO,
ON NO, N N
o NN
2
STy k J
N N N g 0
| | | o
CHs ONO, NO, NO,
# 42 43 “
0
)L OZN\ /NO2
OyN N
) 3 oZN\N N/N02 N NO, N N
k ) : " O:< >:O
K 8 N N NO, N:ZN
N | NO, / \
NO, ON NO,
45 46 47 48
4 & N-NO,NTLAMILTRIEGY
Fig.4 N-NO, based six-membered nitrogen heterocyclic energetic compounds
R4 T N-NO,ARILARIF TR AW TERE
Table 4 The properties of N=NO, based six-membered nitrogen heterocyclic energetic compounds
compound T,/ °C plgem™ AH/kl-mol™ D ,/m-:s" P/GPa 1S/) FS/N OB/ % ref.
43 — 1.80 276.2 8530 32.1 9.8 — —44.7 50
44 231 1.78 —249 8322 31 38 >360 —-28.8 51
45 158 1.56 87 7495 22 26 320 —44 51
46 211 1.93 145.6 9095 40.2 — — -6.8 52-54
47 135 1.78 319.3 8733 35 13.7 120 0 19
48 255 1.93 -81.39 9034 39.4 — — -9.5 20

Note: T, is the temperature of initial decomposition; p is the actual density; A',H is the theoretical heats of formation; D, is the theoretical detonation velocity; P is

the theoretical detonation pressure; IS is the impact sensitivity; FS is the friction sensitivity.

FAA ST HNOL/TFAA 5040 F R i A i & BE AL
AW 3,5,5- A1, 3-8 R L (TNTON, fb & 1 44)
M 5-F A H-3,5- A4 -1, 3-BEE BE (ADTON, L &
Y1 45) . T BRI AR X PR BE 4 R
ANFE YR . 58 2B LE Y 45 M H
WA G Y 44 P A Em i EE ., W EY
44 FLA R0 R E M (231 °C) Al S 10 HIL B Ja
(381,360 N) . 1b& ¥ 45 B A %Y 3% 38 10 55 25 37
J#E,h-46 C. H FHAM % E(1.56 g-cm™) , H AR
HAL K 7495 m-s',

Rindone Z& Z A~ [ BA X} & W 1, 3, 5-= fi§
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1,3, 5-= W21 (fb 5 W 46) 1 7 Bk #EAT TR
b, ¥ HNO,/TFAA fi§ 1k 44 & 2 HNO,/Ac,O fif§ fk. .
EHERE A EE AR AR T AR
G 46 LRI BT AP HMNIEF L p
ML 5 0 5T il p-m 2L 9 K w 5 3898 T 4 [l AH
HAEM . BLAh A 46 R ERILM G AR T T
] LB VR . NI, 5 RDX AR EE , & %) 46 H A E
e R MR R ERE B IR H) 1.93 geem ™, R
iE# 9095 m-s™',

VFIE NI4T 38 T /8 HNO,/Ac,O 4 14 F il %&
T-AHE-2-( =AY LI L) -1,4,5, 6- DU A E (LA 47)
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Scheme 16  Synthesis of compounds 37—42"7*"

NO,  NO,
H H | |
N N N N
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h N 83% T T
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Scheme 17 Synthesis of compound 43"

51 47 (19 53 ff R R 135 °C L340 8733 m-s™',
] BF 2 B0 B AR i i o B (13,7 ) o BeSh e B W 47
IR BT R ECOT A R A R [ B X R A A . H
T AR T 110 °C(106.6 °C) , A 1 Ky 75 5 1 245 48
147 I

Agrawal %O 7E HNO,/Ac,O X R AL T 2,4,
6,8-MUfiH%E-2,4,6,8- T A A MIR[3.3.1 ] F4¢-3,7-—
il (TNPDU, fb & ¥ 48) . k& ¥ 48 Jy 75 JU 3 IR 45
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Scheme 18 Synthesis of compounds 44—46
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Scheme 19  Synthesis of compounds 47 and 489"
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CT) X5 bR e mp s | = s 284k 45 1 24 7] LAZE HNO,/
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Review on N—NO: Type Nitrogen-Rich Energetic Compounds Based on Nitration of Heterocyclic NH Groups

XUE Meng-xin, HU Lu
(School of Materials Science and Engineering s Beijing Institute of Technology s Beijing 100081, China)

Abstract: As a typical energetic substituent, N-NO, group exhibits high work capacity and is fundamental to the energy release
of typical explosives such as RDX, HMX, and CL-20. Nitrogen-rich heterocyclic energetic compounds have garnered extensive
research interest due to their high enthalpy of formation, high density, and environmental compatibility. However, the introduc-
tion of N=NO, is significant challenging due to the varying electrophilic reactivity of the NH sites in nitrogen-rich frameworks
and the metastable structures of the energetic molecules. Therefore, summarizing the synthesis reactions and properties of vari-
ous nitrogen-rich frameworks containing N-NO, is of great importance for the development of novel energetic materials with
practical applications. This review categorizes nitrogen-rich energetic frameworks and summarizes the synthesis and properties of
N-NO, in imidazole, pyrazole, triazole, and six-membered nitrogen-rich energetic heterocyclic compounds. The future devel-
opment potential and research trend of nitrogen-rich energetic compounds with N=NO, nitration of heterocyclic NH groups are
also prospected, so as to provide a valuable reference and guidance for the skeleton design, multi-functional group synergistic ef-
fect and synthesis of new N=NO, based energetic materials.

Key words: energetic materials;nitrogen-rich heterocycles;heterocyclic NH; N-NO, group;nitration reaction
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