T 2 B NH 516 59 N-NO, B & & & fe 1k & W i BF 58 9k

XEHS:1006-9941(XXXX)XX-0001-19

ETHRIANHBEULHN-NOBEERAULAWHHARER

BEE A %

(3 T AFMmEFKE, b 100081)

w O=E:

N—NO, 1F: 2 —Fft L 780 1) &5 BEBCICSE AT, LA i A D BE 0, J2 LR R 25 RDX \HMX CL-20 RYRE S SR TR . o A28 3R 5

REAL 5 ) DR EA T A ORS EE PRBE A A R T2 B 2 B SE o h TR R0 A N L R R B3 R [ A BE A T AR

RSG5 N=NO, AR M. ik, i B 45 % 28

GBI N—NO, 2 WU B S B X T 45 TR AT 52 B o

JHH S0 & BEAS LA T2 L AT S0 I A R AR AT 2 38 IR UK Rk SR AL & 1 B SR AL 5 ) = A W A RN

TUE A REARIME A W N—NO, I &

WEFETT 0 BEAT T SR, B B N—NO, 25 & R bR B 2R 1T 2

KA.
FESES: T)55;064

TREARL s BRI 28 R NH s N—NO, 2 5 fiff £k B

NERARE: A

R HEREE 7 40 825 % 2 3R NH R A 1) N—NO, B 28 & RE AL 2 10 e ) 2 JEats 1 il
B R B R 1 5 4 AR B 1 S P B

DOI1:10.11943/CJEM2025026

0 5 &

TREMOBL AR T T N R % R K 2 B =
FEHZE(TNT) BF =W B 3% = A ie (RDX) 34 U 37
DU e (HMX) , B 2 H iR 5 fie e B /S i 2 S A6 7
& HE(CL-20)""7, Bl & AE AR RE A W42 &
JHC R g A AH O 48 o (AR B AR BT8O0 T S B se
BLRE B 2 4 2 R )l

TNT figf T %k T C—NO,, 1 RDX . HMX Fl
CL-20 B 2K H T N—NO,, £ N—NO, E &I HA
SR S o e AR A SRR R M 2 — . B A
PR b & A KB Y R AR RS B C— N T N—N
FLRETRAGY M ETERERIE ., Mo AR
20 EAEAENG TR NH 5 2 A g PR 25 dh i sg e 1
B ORE Y S bR N P . B, 3, 4, 5= A ik e
2,4, 5-=fiF HE WKy TR QR AR AR TR M NH, S 2k
AR R, DT BR 1 T AT A R R

i AHEI: 2025-01-27; & EI B H#I: 2025-04-01

) 4% R B #: 2025-04-29

E®WHE: EXKAKRPFESRN(22205020)

TEER N : AL (1998-), & M L5 d, E2NETRHA
S . e-mail:3120221098@bit.edu.cn

BREBERAN: WIHK(1992-) , & Bl R, FENF &M ERITS

1 NH ZE 2 N—NO, B w] DA fif g iz [m] 8, 3n] DL ik —
HR AR bR 0 N—NO, B3I A —E T £
SRR A R R ek I E AR R S
NH i £k B A S v R o8 AT B2 3L

FERTARIE S 4R P 5] A N—NO, IR 1k 7 47
R %, % MK R A K HNO, . HNO,/H,SO,.
HNO,/(Ac),0 % . X Leffb A 2 i i K 1) B sl 112
FEREATA], DT B0 £k R 1 K Joni& FH IR R TRl . 7
MR R T, B A L NH RSP R =2 1
JeIR AR R 7 A NO,", HIR NO,TE NH i s 17 5%
HL U S AR %S, )i B 25 HTE R N—N O, s TEHEAL A
T, —SERE R R T LY VRS S MR IR T RS Ak 49 R
I NHNO, S5, EZH T5 i — e g SEme e ik &4,
HLHE T2 B3 3 T 70 3% T R TR k2 A T P A AL
— A NO,", HETT 5 5 R & A R F B R
FERZIA B N—NO, A A5 AR 40, i RDX
FTHMX G B, B A L E A9 R 45 428 N—NO, 5T A
D5 TR E R AT 5 A RS

B NH 7 5 0 B A A B2 454 32 22 DL T B
FAG YR T ORI B N—NO, JIT7E (1 5 2L 45
P 3 2558 T s Ik e | = s L K H A R 2 B AL A )
45 G, 0 G v — s e Sy i e 2 R AL S A 1

A 5. e-mail : Ihu@bit.edu.cn R TR S AT T pass S
S| AR e . L T 24 90 NH i A6 1 N—NO, B & A0 & e ik & 9 i WF 52 2E ) 1. & BB Ak, DOI:10.11943/CJEM2025026.

XUE Meng-xin,HU Lu. Review on N—NO: Type NitrogenRich Energetic Compounds Based on Nitration of Heterocyclic NH Groups|J]. Chinese Journal of

Energetic Materials( Hanneng Cailiao), DOI:10.11943/CJEM2025026.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK XXXX HF & XX A& HXX# (1-19)



BE AR W B

1T BKEEZELEY

I e 2 ply 79 A T 7 280D R — A ik iR T 3% 2 1Y)
FLICER 35 1 A B B K i DL R S i b
A& N—N &5 N=N #, HAE ST =mk,
DK I 2 BE AL A W D AE AR TE R NH B A6 E R R
PER R I 8, 25 7E KM [ NH 7 85 5] A N—NO, 1]
DA A 1) Bl 38 3 — 1k i, 2 T B v L S bR v M L A
M T AR LT RILE Y L5 A N—NO, I 17
Flb G0 (B 1), I 88 T &k, Hrh sk &9
P BE AN 1 TR .

T, 4-ZhEmkm (kA DHERFPENAE R T2 2
H,S0O,/Ac,0 5 NH,NO, f iR A bk 2, iZ T2
FEREAG PRI S B2 T2 etk oy T Bk R A HNO,/

0—n
ON / \
N O/N \
§
N
r|uo O\N\ | NO
2 O/N
1 2 3

i 0
N N02 N N02
N NO:
N NO 0 2
\ 2 \
NO,

NO,
5b 6

OZN\N

<I% <I% H

OQN/ \N

9 10
NO2 (OgN)aCHgC R NOQ
N
HN N\ ;o
NO, ON CHaC(NO)3
13 14 R=H
15 R=Me

B1 & N—NO,KMEEIEILEY

Fig.1 N—NO, based imidazole energetic compounds

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-19)

Ac,0 5 AcOH R & &' (Scheme 1) , = % 1] 4
% 82%. AW IEE N 91~92.5 C, 2005i[:,§ma
REENINE 1, A- T SR R g B A i R RE RN RS 1 E
T THRSE, A1, 4-Z i FE WK FE 89.4~100 °CH —
AN FE AR W B FE 135~175 °C 22 Al A — A58 K1Y 53 fif
R | A AT IA R X R T ARG 1A A BT Y
e EHMAE R 2. L tbA W1 — AR R Er ik
FH T 45 PR BB T 00 = 1 & Be A RE, 4N B HEAS B AR E
[ 2, 4-hig S ks 45

Chand 25" 7 i £ HNOLJAC,O & F & T
7- HE-3, 4-2 (AR AR R -7 H-3A0, 4dt-pk e If:
[4,5":5,612K3F[2,1-c:3,4-c' ][ 1,2,5]0 —wk) (fk
AY2). SEiEMEL, S AMEEMLE Y 2 B E R
(1.8 g-em ™) FUREMERE (AU S EOLEA B2 1L
MUE (11,240 N) 5 iR EE (148 °C)170

N02 /N02
N/ N NO, N NO, H,% N NO,
Y O O (&
N N NO, N NO, N NO
\ 2
NO

| NO,
PSR N NO, N N/
j@%w[I%
- N\ NO, N N\
NO,
2

/NO ON~—_ )]\/\N/U\N/

TN H
\NO2 OZN/ \H/ \/N\\( TNO,

NO, O,N NO,
H g \ /

N N N N
O:< :[ %O 0:< :[ >:O
N N N N

H
ON O,N NO,

16 17

4
mv

B AT AL www.energetic-materials.org.cn



T 2 B NH 516 59 N-NO, B & & & fe 1k & W i BF 58 9k

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.
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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 4071 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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AW 21) A5, 5 -3 (T, 4- ff§ HE-1 H-nfk =338 )2,
29R(1,3,4BE k) (kA 22). (kAW 21 M
22 B B TR 4 (8855 mesT H1 8766 m-s') Fil g
J£(34.2 GPa.33.3 GPa). W T N—NO, 4 fif 2 fig
A, BT AR A 9 21 7022 19 40 i TR AR (159 °C
186 °C). fEMCIER [ 720 % WA 7E HNO,/Ac,0
Z1F N (Scheme 9) & W TG 21.22 19 7] 43 44
R, 3.5- (1, 4- R -1 H-nkmk-3-38) -1, 2, 41 g

PN

N—N -
M )\(S N——-N
HN—N HNO3/AC20 2 21 81%
it. 8h
N—NH
M H W 9
A M )\< W
N—N
ON 79%
N—0O0
N M )\(S
A % i
HN—N HNO3/AC,0
Cph 66%
rt. 8h
N N
o o
OaN \>_</ NO, . o/N\ /N\o
- / N NO,
N N = =
a ) - -/ ] ' ' N\
N
N/ N\N N N|
H H N ~~N
/ 4 61% \
ON ° NO,
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

9

(fb&923)F15,5" -3 (1, 4- G 5L -1 H-nEmk-3-%5) -3,
31,2, 4-RE ) (kG 24) . 5ROV ETIAR L,
G ¥ 23 Fi1 24 1) %5 B Rk SR AE 51 AP B I 3
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, (b5 23
BR) 43 i R B R B 314 CCREMIRE 172 °CL kA W) 24
HI AT 317 CCRRAK E 145 °C7), Bk a9 215
23.22 5 24 5 R [F]53 S A A A R T AR 00 3 S B X
AR FBAG Y 21 22 R E (8 )13 D Tk
G 23.24(13).17 ).

\\8_< J\ H NOa/ACzO
\( AcOH

N\N 70%

HNOg/ACQO

H
N N
HN— \ N O,N
\\2_<\NJ\N4N N\ BN W’ ‘\%—<
NO, \( \N/

80%

N—\h

Scheme 10 Synthesis of compounds 25 and 26"

T A EDY G T ORI 3, 6- f 5 nik e Jf
[4,3-c]ntms (DNPP)TE N,O, i 1 F (Scheme 11)
B A B T 0% 19 1, 3, 4, 6-PU fil§ JE itk ms IF
[4,3-c]ntme (f &9 27) . ﬂcA%N%ﬂ&:F}%F
(1.90 g-cm™) A1 % @& M9 4% 2% M B8 (8519 m-s™

NO, ON
: \
N4 | Ny s / N,
\ N/ CH,Cly \ /
H \
OQN 2 N
27
ON  NO,
NO,
\
Fa
NO

7%
DNPP

——N——0H
(( v
e 15%

Scheme 11

2
28

Synthesis of compounds 27 and 28"7*"
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Abhishek %59 53 78 100% ) HNO,/Ac,O fili fk.
2 F (Scheme 10) il & T (E)-1, 2-X0(5-(1, 4-— fif§
FE1 H-ME -3 ) -1, 3, 4T 23 ) T U (fbA )
25)FI(E)-1,2-%(5-(1,4- " filFE-1 H-nkmE-3-38) -1 H-1,
2,4- =33 (LAY 26) . XPIANLAE Y-S RV R
A L B A e ne G W 25 MR R
8869 m-s', Mk 34.5 GPa, 1k & ¥ 26 1Y 1% Ny
8565 m-s ', & JE K 31.5 GPa, T4 T W41 1A
SUHEVE T ARG 25 R 26 HA ) (1.89 g-em ™
1.89 g-cm™) | 43 L B2 (206 °C 200 °C) FlA: i 4
(407.1 kJ-mol™. 728 kJ-mol™) , & & 1 fig 5 RDX

T .
N /N ON
N/ \N/N\NOZ

N
N N ON
N =
RS
N P
NH NO,

30.3 GPa). BT N—NO,fEMEZ k&Y 27
FE & T 23 o i, DT BRI T LSS BRI o P B
SOV o AR AR W S S-S L -3 3k Y SE -2 HAnik
WA JEE R 1 3k A v BT R TR AR 1 - -3 e g ik (kA
Y128). T HEA I N—NO, A L&Y 28 H
A % (1.85 g-om ™) AR R PEAE (8933 m-s™',
35.9 GPa) ,fH N—NO, 5] A [F I F#EAE T2 &9
A EME (113 C) MM E (2.5 ),36 N).
XFF ML N—NO, [ 51 A, 4 22 55010 Nk e - 42
A LA 3 HNOL/AC,O S S5 8 o 8 43 45 44 v NH 1
PEAZ S, AT DL 3 #5059 TFAA/HNO, 5 N,O, £ 7F F
FIAN—NO,. IW¥RE A , T ubm g aen
B 1 Fe e MR DR e A i 48 T, IR MR R R T
R, Y e I 1 [R) B 77 26 i 0 BE B A& W AR e
WETNH. ZHKkE, & N—NO, It 5 H e & %50
*HJ@"J@zmﬂfﬂ‘éﬁﬁ%ulﬂ%ﬁw A HERRAE &
REfL &, AL &) 21~24. BLAL , 56T ik g B 1 £ 4=
%H—ﬂc XF T H: (6] 43 S A0 A G S T REE Y B R

N XK XXXX HF & XX A& HXX# (1-19)
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BE AR W B

23 18] o X T ni e 5 RE AL 45 W0, A il A A 2R B A

e 22 0 /R 1 S8 O [ 41 T L BRORQ A P [ 3] 4 45 07
T3 A B R BT R0

3 SHEZELEY

“MEER =ANABETHHICAARLEY, =4
AR T MAESH1,2,3-081,2,4-00, 1,2,3-=

T N—NBEXS AR B B ST OC T N—C it . =Wl T
BA T &, AR E B . = A i UL
ST G e 2 Pl A PR P A BR kB BE 45
¥y, PR 2 B T BT R R RE A R . RS R
TLAFAE=mE E5I A N—NO, By 8 Firfb &4 (1 3) , H
HER A5 W B P RE AN 3 3 BT .

Browne* il T 1 3-& 5:-1,2,4- = mimad A AL

WERT T, 2, 4- R R EL A AR R T AR UK L i Wl CON-Z R =k (A 29) B9 B T Ik
272 kJ-mol™ 109 kJ-mol™ i # = T f5 & E 2 & H (Scheme 12). fEIZI M H ,HNO,/H,SO, M HNO,/Ac,0
0l N
O N—N
i " )\
= ON
OZN\N //N02 OQN_N/ \y/ 2 \( >/< N02
Py /: >— =N N—N
O:N NOQ
29 30 31 32
I
N
\/ \/N HN\N H
NO, __N N\N
>/<\ N N\N/ r |
N= =N \ \ 4 ) /N\N/ \N
> VAR No;
N N
P PN
ON N N
? 33 NG 3
OzN N02
OZNQ(
’%N Newo
N\
v N N
ON NO,
3 & N—NO, =AML GY
Fig.3 N—NO, based triazole energetic compounds
3 W N—NO, MK FTREAA Y I PERE
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;

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

NO, NO,

T )~
KN \= N <~ N)
Scheme 12  Synthesis of compound 29"
stk R AREA RIS W29, A & H b
(CH,CI,) ¥ 71 5 il A 0% = B35 38 M 1
N,O; T 5| A N—NO, Z& M4 5] A& 29, 1%
WEFE UL 3 A5 XA AL A5 R SR E PR . B
R (1.82 geem™) IR, AE B (515.6 kJ-mol™) ¢
o, B R R R AR

& B Scheme 13 Y J ¥ , Jadhav %' fifi
HNO, Ac,O fl HCI IR R IR R, fE IR TR R A S T
X 5-filf H-2, 4- T & -3H-1,2, 4-=W-3-fi (NTO) #E 47
fis b, 45 2 1 2, 4-ZfiF FE-5-04 -1, 2, 4-— -3
(DTNTO, L &9 30) . DTNTO [ 7 & (4 hy,, N
80 cm, FE 48 & g 250 N, 75 AH [\ #3845 1 F
DTNTO #I A Lt RDX Fl HMX 548 75 iU WL . 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 fif 7% , Venugopal ** i i 7£ HNO,/
Ac,O M & 1F ~ mi L 15 5] 2, 5, 8-= filf -5, 8-—
A-2H-#IF[1,2-d:3,4-d":5,6-d"] =([1,2,3]-=
) (A1 33) . & A TR B 2L 854 iz Ak & P 4
A AR B IE AR (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 R AR (38 °C), HABTE MR FREfFFE . R
BN BILRE &Y i — 4 N—NO, i 2
Wi %, o il RS LA .

M 4r 4 78 HNOL/AC,O S F A T 1,2-X
(T-RFE-TH, 2" H-[3,3"-%(1,2,4-=m) |-5"-F) — %
(e BY34) 1,5 -W3E-1H,2'H-3,3"-3W(1,2,4-=
M) (fb AW 35) A1, 5 - hig -2 -( SR IR 3K )-1H,
2'H-3,3"-X0(1,2,4-=m) (fk&W36). HTHnT4a
P AT 4 1 HE B SR AR TP AR KR Y mem A
HAE LSO A Y 34 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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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 M Lt , N—NO, 19 51 A XA & i 4 3 B A 1E 1)
M (Dy y70=7540 m-s™", D, 3,=8795 m-s")"' H 1k
&Y 30 1 E P 6k B 21.8%, 7 R S E
2.08 g-cm™, DTNTO MY IF %0 V-4 {ff 2L ] FH 4 4 it 551
T ) AR S5 RE R N

FEOFSERGE T HNO,L/TFAA £ 18 T & 5 21
1,3- A JE-TH-1, 2, 4- = (fb & 31 11,17, 3,
37-DUREHE-RT,2,4 = (fb AW 32) % (Scheme 14)
fE4 W 31 458 F 1 N-NO, RN Fa &, 1618 B & K 1y 3R
BT, aRkRAKME. Sea31 ML, ki 32800
S 55 R B R R P 2 DT G 3k 3R AT A DG
i %

NO.

2
N NO,
ad
NN

(1370.45 kJ-mol™) , B I 4 (8421 m-s™)., L&
Yy 35 32 B B4 1 PR E PR (173 °C) Rl R 4 i 48 5%
1 HE (8656 m-s™',31.3 GPa). H1 T3] AA N—NO,
FIRS A7 5 A 1 S 9 A RE AR X B 25 1B B 9 36 I A oy
fiff i B A 25 AU 136 °C B I H A L HMX & 19 42
% PERE (9254 m-s™',37.7 GPa) Fli& Hh iy I EE (11 ),
250 N).

AT 1 AT AR Y R 22 B — e 2R T )
i# 1 HNO,/Ac,O FTHNO,/TFAA 5451 A N—NO,,
WA D HAT DU N,O &5 o FEPERE L, T =k A
Ep ) e AU, TR 0 AR A R o B 1 A
K R DA MRS MERE o (HR MR Y N—NOL R 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
BREMN N—NO LAY . W, X F =g 48 &
N—NO, b5 ) fig 1t 5 Fa e 1k - 185 55 5 T A7 7R 3K
Pk 8

N XK XXXX HF & XX A& HXX# (1-19)
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NO,
HN——N\\ N—-—N\
N
N
HNOa/ACQO /
O,N—N
53% \ _—=
N
N
N\N/
HN\N HN
>/<\ i
NO
NH 2
N \ HN03/A020 >/‘< )\ N\N/
AcOH,rt \r / )
N\NH 1% ON i N/
NH
34
H N N
/ \
’%N N\N HNO3/Ac,0 I/ > < |N
e /> <\ /|K ACOH, it /N\N/ \NJ\
N N 2 NO,
NO, 72%
ON  NO
OZN NOZ 2
HNO3/AC,0
ACOH, it

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
£ RDX (137 ! £L B N—NO, 454 . /N IJC AR A HE T
JC2% PR AT T 22 1 AT A B 1 R S B M A L A
b W3E 5 B T AT R AR AR AT 0 PR M R ]
B3 7 50 v 1) % B AR SR MR . R BB T AR S TR
LAY ESIA N—NO, B 12 F ik &9 (F 4) 3F 5
5T A RO LA Y R RE I R 4 TR

1948 4, Mckay %5 X} B il 5 M2 Ak 5 W i 17 1 1k
5% . Hop il it HNO, i 1k BE 15 21 1-6iF 3% -2-ff 5
B3 TARRBK (LB 37) . aY 37 hEHE
15380, L B AEAE RO T R G ) 37a. G 37
Yk SR ARSI A5 T AL S AR R, 3-SR -1, 3- A
I e (fbA Y 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-F IEIR OB (fb A9 39) , 5 2 mol 24 ik [ I
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73%

ozN/< )\(/ SN0

Al LA 3] N-(6-H JE-1-R55E-1,4,5, 6- DU S Mg hE-2-5% )
fild BE Bz (b A9 40) Al N-(4-H FE-1-fi 3%-1,4,5,6-4
AR NE-2- ) B (b AW 41 IR E W . BLAk,ER
A RITERI AL T Sy e AR R, 1, 3- T B -5 -1
MRmE-1,3- AR O (kAW 42) G 1% T
VE 2% B 3 8 9 755 A Ak 700 Ay FH B R L R0 1% 2T S B
R H AR W06 L. A Ak X AL S P
s Ab ™ WA % B, ) AR, R DU AN AR 1Y
STV o R A S R B 5 /N 2 AR E 1 & A
it 35 I A% A £k 7= 00 5 s Ak 390 1% o 28 55 s Ak 77 0 A7 AF
ok 2, AL RE 9 00 A A0 50 3 R A B A SRR R A S
Y. BRI, 7E A 5T IR A A W s A S5 7 et B R
A0 ol 28 R %o Y e 485 2R B S T

HHEIE LI, 4,5, 8- DU R A AIF-[4,4,0] -3
S JEORE FE R M B TR AL T NL,O, BB AL A
W 1,4,5,8- V04 %E-1,4,5,8- WA L4 3R-[4,4,0]-5 %%
(TNAD, k591 43). (bkEWA3 A WANDHLRLH %
BE R 1.80 g-em™, i 5 SR B S 9.8 ), R TI A K 24 R4
HEF 857
At
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I T P NH A AR 1 N-NO, B 5 % & fE 1L £ 1 1% B 5% i T 13
NO:
NO, 0 0 Pt
HN/ )L HN
OzN N02 ON NO, )\ NO
~ ~ ™~ - 2
OZN\N)\N U U\ T
k) CHs k/kCHg
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
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 T N—NO,ANTLHKRILTRLEY
Fig.4 N—NO, based six-membered nitrogen heterocyclic energetic compounds
R4 & N=NO,ARITCAAI LS REAL &Y 101 fE
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 R . 58 2B LE Y 45 M E
WA G Y 44 P A Em i EE . 1 G Y
44 BLAT RO PR E P (231 °C) AT S Y LA K
B£(38 1,360 N) . fh& ¥ 45 B A AR 0 3 38 1k 5% A8
WEE, h-46 Co M FEARM S E(1.56 g-cm™) ,
FEHAL A 7495 mesT'

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 . A AW 46 thER IR I AR T 4>
o] LB VE . R, 5 RDX AR EE , & ¥ 46 A 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-FHE-2-( =AY LI L) -1,4,5, 6- DU A IE (LA 47)
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/L HNO3 OZN\ )\ rearrangement OZN\N/kNH LO3> : \N N/ ’
HN NH T N hy
K) k) k) - k)
3a 3 a8
0
ON )J\ NO, 0
A X
02N N02
K)\ A i N d
CH3
39 N
_ NO, / |
‘o N02 HN HNO3/A020 ONO
T ? N ‘
N " 42
HNO3/AC,0 _NO, i
T '\(/L )
2
HN
HNO3/H,SO.
40 3/F0Uy HN X N
NO,
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|
0N
N N X N ONO,

Scheme 16  Synthesis of compounds 37-42""*"

NO,  NO,
H H | |
N N N N
NaNO,HCI
HNON,O5
h N 83% T T
NO,  NO,

Scheme 17 Synthesis of compound 43"

51 47 (9 53 ff R R R 135 °C L340 8733 m-s™',
] BF 2 B0 B AR i i o B (13,7 ) o KA LB 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) . L& ¥ 48 Jy 75 JC 3 IR 45
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B IRSK T3 /0N S R, B IO B R A K e, TR
FRRPEN T REE R A 1E . fL & 48 B AT 4
Fare (255 °C) FEEMERE(9034 m-s™',39.4 GPa) , 7
JHE 18 500 0K 24 K 7 45087 A Y A N

XFUA b 12 R G W 0 W T AT A R
T B Z M, S U2 N—NO, 51 A 7 %
2 Z , W HNO,. HNO,/Ac,0. HNO,/N,O, I &
HNO,/TFAA S fif fb 4 R ¥ A )3l o e dh, 3 43 = 0
Hh R Ak 70 P 2 AR Ak 7 ol 28 2 5 il Ak 1 45
B, FEORL Y R A, kA1 37 .38.39.40
1A o RS 7S T0 2% B 1 AT AB M Ao U BT 28 Ak A
L EA NV EIGIPNE G b & R E AN L AR
Z A S5 AR AR T SV 4 DT (A5 3% 254k
G W B B I R . PR SRS A g A
B G B 7 e X R R N B R KR L 5 =
At
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15

O,N NO, ON NO
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98%
N 0 N 0
~_— o S
44
ON N, ON N
% HNO4/TFAA %
85%
N 0] N (0]
>‘/ ~~" oN” ~~"
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0 0
)k ON )L NO,
HN NH NO,* \N N/
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46
NO,": HNO3/TFAA,CH3NO,
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Scheme 18 Synthesis of compounds 44—46

NH NO, N NO,
HNO;;/ACQO \> %NOZ
—_—
: : : 84% N NO
NH NO, \ 2
NO

2

4
0 0

By w J

HN NH Y N
HNOy/AC,0
R ——
82%

HN NH

N N
OQN/ T \N02
0
48

Scheme 19 Synthesis of compounds 47 and 489"

G o T HEBUR K% b 10 B I 2% BE SHL M R
P, WAk A9 45 .47 B UL, TEAS T IR &R ARG TR B AU
PO 265 11 ) 2 LA B o i i R 5 B K AT 1 B A S5 TR B
KK W J1 AEIFRATFT o

5 BRE5RE

X LR IR R BT 48 M Rl A BRI | ke |
PLK S TEZR M5 N—NO, L& W), 45 3R R W N—NO,
BT A RIEX PR RE RS 0 A 2R e 2R AL & W)
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H, —AE HNO,/Ac,O Z&F T A LLSE I N—NO, A 4]
5 FERE AT 5] A N—NO, eI 12 & %
BE RN R PR (AR B REAR T 40 F AR e . B 4
4 RT3 2o 5 H Al 3 A P BE L W C—NO, 45 v] SE B AE &
W)V . Horp RER o S5 5 AR LS TR E
PEREAR, B o e LA e e . B, an ol 78 R 24 BF
gl A N—NO, 1 [a] i feff LR 7 552 4 19 B e 1 il 7
B e ) — R

L X 48 Fh AL G WY A BT k5 A5 A R R A BT
AL LR 4548

CT) X5 bR e mp s | = s 284k 45 1 24 7] LAZE HNO,/
Ac,O £ T EIA N—NO,. 3% /& K Ay ik e | g | =
W ELA D5 AR B AT SR AU TR R 5 R IR A
REEAL TR R D NO, MR B, Wl 55 1R & il 4k 8 J , i
WD RO B R A . EA  HNOL/TFAA 5 N,OL K &
5 FH T e A = k2SS W R AL

(2)%FF R ZE5I A N—NO, Bt &8 ki3, EF
i 8 BE DL SR Ve RE A TR L (EL R AR T 4
FasE k. a5 A N—NO, B 1T LSS Y
AEE i | W I PR IR RS 1 o A 1 b 54 21~ 24,
> 55 48 v ] B i 47 R A W 1 B AR A i
(<140 °C) Bk 5% 3~7. % & N—NO,
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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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