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Synthesis of N-azo-bridged nitro-diazoles***¥
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Table 1

tro-diazoles!

Physicochemical properties of N-azo-bridged ni-
33-34]

D p HOF T, IS FS
oM eem™  Jmest /GPa Kemol' fC 4 N
1 1.81 8928 34.8 687.42 240 5 60
2 1.82 8964 35.1 687.42 223 5 80
3 1.80 8834 34.6 788.9 195 2 40
4 1.85 8979 35.6 591.66 258 15 160
5 1.83 8932 35.1 612.18 232 10 120
6 1.92 8255 30.6 665.82 251 4 40
7 1.86 7632 24.9 577.8 271 25 360
8 1.77 8702 31.4 1259.18 154 2 40
TNT 1.65 6881 19.5 -68.1 300 15 -
RDX 1.80 8977 35.2 71.04 230 7.4 120
HMX 1.905 9144 39.2 74 275 7.4 120
CL-20 2.038 9706 45.2 411.32 195 4 48

Note: p isdensity measured by gas pycnometer (25 °C). D is detonation ve-
locity. p is detonation pressure. HOF is heat of formation. T,is decom-

position temperature (onset). IS isimpact sensitivity. FS is Friction sen-

sitivity.
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Scheme 2 Synthesis of several 5/6/5 fused heterocyclic com-
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Table 2

heterocyclic compounds!

Physicochemical properties of several 5/6/5 fused
35-37]

D p HOF T, IS FS
comp.

/grcm™ /m-s" /GPa /kJ-mol™ /C /) /N
9 1.907 9400 38.0 787 138 53 92
10 1.955 9631 44.0 758.2 233 10 240
12 1.887 9256 36.7 1318.8 111 2 20
RDX 1.800 8795 349 71.04 204 7.4 120
HMX 1.905 9144 392 74 275 7.4 120

CL-20 2.038 9706  45.2  411.32 195 4 48

Note: p isdensity measured by gas pycnometer (25 °C). D is detonation ve-
locity. p is detonation pressure. HOF is heat of formation. T, is decom-
position temperature (onset). IS isimpact sensitivity. FS is Friction sen-

sitivity.
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Scheme 7 Synthesis of compound 25 and its salts*"’
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Scheme 8 Synthesis of compounds 30-32/°27%
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£33  bEW 30-32 1P AL R R 55

Table 3 Physicochemical properties of compounds
30-32052754]
D p HOF T, IS FS

comp. _ _ _

/gecm™  /m-s" /GPa  /kJ-mol™" /C /) /N
30 1.798 8433 32.32 579.5 80 4 360
31 1.83 8964 36.6 555.1 150 1.5
32 1.94 8997 36.2 1630.2 113 14.5 -
RDX 1.800 8795 34.9 71.04 204 7.4 120
HMX  1.905 9144 39.2 74 275 7.4 120

CL-20 2.038 9706  45.2 411.32 195 4 48

Note: p isdensity measured by gas pycnometer (25 °C). D is detonation veloc-
ity. p is detonation pressure. HOF is heat of formation. T,is decomposi-

tion temperature(onset). IS isimpact sensitivity. FS is Friction sensitivity.

H¢JT , Shreeve %" I[HI 58 1,2, 4- =3 1,2, 4,

5- 0 R B A R A0 R AT MR L, B T — R & RE ML
4% 33-38(Scheme 9) . X T &AM EM KM, R
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LAY ETE KMnO, BRPE 1 F A . Xk Ay
FLA R 0% B R SR R R L X A T T 45
1,2,4-=08FF 1,2, 4, 5- DU 8RB0 285 L8 A Ay Ok I 4 14
F. Hpfb A9 35b 1% ¥ Hik 1.99 g cem” A G

2077 kJ-mol™, Kot It I H A5 2 A9 H# 335 10233 mes™'s
T\ N N
/[;'( Ly AN N
*N Bleach V=N N = NH3
NN N N
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NO, PR N :
-N N N B B >:N\ N a b
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v N R o,N
N RO N 2Cation
-V 2Ag 3
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- > N
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N
" 36 N M

N N
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) N3 N
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NSN - epen N N kel N\ HClr-50 N%\ \]/ N NN
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Scheme 9 Synthesis of 1,2,4-triazolo[4,3-b][1,2,4,5]-tet-

razine azo-bridging compounds'®*"’
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18 AN % B A I A RE AL S W Y S n B T RE I O kR 745
AN LG W 36 KRB T AR WAL & B AR E (T, = R
305 °C) 3 51 4 TR AL, B B T K o, 520 e
S 40 2 B8R AR B 9 — S5 TR T W 2 ey
=N3
e E Wi PEAL A PERE W3R 4. seel &
PPhy
Ra 1,2,4-=MIF 1,2, 4, 5-D4 548 AN & LG W 14 B4R NNy
2 o i 15557 N~ ‘NfN\jﬁ &3
Table 4 Physicochemical properties of 1, 2, 4-triazolo [4, 3 N-N j:
3-b]1[1,2,4,5]-tetrazine azo-bridging compounds'*~"! R
43 (X=NH,) 42 (X=NP(Ph)3)

p D p HOF T, IS Fs
COMP-oiem™ /mest JGPa /K-mol” /C /1 /N
34 1.85 9500 39.8 2037.8 170 14 <5
35a 1.84 9566 38.8 2014.7 240 10 >40
35b 1.99 10233 48.6 2099.3 185 14 >10
36 1.91 9200 34.8 1525.2 305 16 >360
37 1.77 8690 30.2 2194.6 183 1 <5
38 1.82 8542 28.8 1062 210 22 40
RDX 1.800 8795 349 71.04 204 7.4 120
HMX 1.905 9144 39.2 74 275 7.4 120
CL-20 2.038 9706 45.2  411.32 195 4 48

Note: p isdensity measured by gas pycnometer (25 °C). D is detonation veloc-
ity. p is detonation pressure. HOF is heat of formation. T,is decomposi-

tion temperature(onset). IS isimpact sensitivity. FS is Friction sensitivity.

2.3.2 N—NH, g BB

P SR A5 00— 3 B AR T R AR T A
SR EERRZ BRI . HoP AT 4-2 31,
2,4- =W RY, AR T T LR E R S AR =
R i IO | UG A N—NH 18 UHF 3% 14 22 UG
%, W Scheme 10 T . JEHUR RS 4L & 4 39 11 #4
RoE AR 47 (T,=313 °C) , I — A5 i 9 A8 Bl
(878 kJ-mol™) ., T SEHEMTIA LEY 41a-d
B 2R P e A IR, PRI R 0 A SRR s PR
UOE T REE MR, Kb usEERAT Y EEREN
W RE RN A LA, O SE S80I T RDX, AT 5 HMX
X, AL REZHSAAMEY M, AR E Mk (T,=
136 °C) AL AE & P (1S<3 DA 2% T2 3 U AT
A=Wy 43a-d ¥ BA 5 1 R E 1 (T,=245-290 °C),
X AU (1IS>40 ), 3X B2 25 T =R LN
S b H Z ) S5 A B

2015 4E, Shreeve Z 1 [G AL BRI 26 1,2, 4-— 1 ]
SDCHIEZMF % , & 8L T — Z 51 N, 25 ¥4 19 i 15k /& 280 L
AT, 1 Scheme 11 ffs . Hodh b &%) 47 (D=
8194 m-s™',p=28.5 GPa) LA [LAHHEAN(D=7819 m-s™",
p=24.4 GPa) T 4f (ks PEfe , & M o &R (1IS=6 DL
PETRHEANC1S=0.2 ), [H BRI AR XS 5 (FS=80 N

CHINESE JOURNAL OF ENERGETIC MATERIALS

a. R'=X, R%=R%=R*=H
b. R'=R%=X, R2=R%=H
c. R'=R%=R%=X, R*=H
d. R'=R%=R%=R*=x

Scheme 10 Synthesis of N-azo bridged 1,2, 4-triazole deriv-
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Scheme 11  Synthesis of N, N'-azo bridged 1, 2, 4-triazole

derivatives substituted by nitry/azide'**’
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Scheme 12  Synthesis of C-azo-bridged tetrazole energetic
saltsl64-78]
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2013 4, Fischer 7 J A ML T 1,17 - 8 35,
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Scheme 13  Synthesis of 1, 1'-dihydroxy-5, 5'-azotetrazole

and its salts'?”’
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Scheme 15 Synthesis of compound 55
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Scheme 16 The trend of nitrogen chain growth™"
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i. Pb(OAc)4 (4.6 mmol), BuyNBr (0.6 mmol), 30ml MeCN
(EtOAc, CH,Cly, CgHg), 15min; 30ml 0-Cl,CgHy, 3h, 20°C
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Scheme 17 Synthesis of compound 56"
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Scheme 18 Synthesis of compound 57!
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Scheme 19 Synthesis of compounds 59-62 and 65%7%
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2.5.1.2 [BEKIEHE
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DAAZF I 8 4% (1 W5 4> 4 ik i 17 & BE B me 1k, 15 5
T EVERE (D=9467 m-s', p=44.08 GPa) I If i)
H #5 7= ¥ BNOAF, fb & %1 70, E KB & B2 B
Scheme 20 i 7~ , 1 5E ) F Na,wO, fit 1k H,0, & 1k
DAF [ i — 2 38 0 W Al 3, 45 25 A -BuNBr, X
A B A7 A A EUE RE L TR R M AR TR
KMnO, i#f 17 & fb M 3K , 5% /5 F 7€ HNO,/(CF,CO),0
W41 T Ak, 15 B R 2 HAR k&9 70,

2016 4%, 7K L85 R B T 4 = DAAZF 4%
SMERE AT A S HETT S e AL A A R A AL A
BT — RV R AT ) & REAL G W (Scheme 21) .
RS 71 B B AR e M (T,=229 °C) , R4
()4 P fE(D=8138 m-s™', p=30.1 GPa) ,{H X} #h 7
T A U (1S=2 ), FS=20 N) .

DAL A8 UK I (n=2) A A S 438, i 5 7 20
7,k O A 1 U 3 Y IR R B (> 2) i AH DG,
W 1994 4% Kulagina %5 "R IR T 2444 T KMnO, A4k
THEEA BT P T fil Lk K 85, ik &%) 77, W1 Scheme
22 7% 51998 4%, Sheremetev &5V I % FH A [R] (1 4% 12F
BT RN B — oo SR B A 78,

FE X B AR E R KA R LAY
ADNAAF [ 4 il — ELRRFIT A #7107 201648,
Shreeve Z:" Y 4 WML &) ADNAAF (O 5EGE |, F— 4
W HAn A AR 8] T — RS0, W Scheme 23 iR .
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69
+ + +
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a b c d e
o Y-
H,N NH, H,N NO HN N=N
H H,0, BuNBr, H2 KMnO,
NN — )] \( R T\ —
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N oo oN 0 \ {
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N=N — " N=y _
;NH N=N
H CF4C0),0 SN
— (CF3CO),! NH o NO,
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N, o N ) \ ‘o
BNOAF 70

Scheme 20 Synthesis of compounds 67-701°")

.0.
N\ IN
HN_  CN b 1 50%NH,0H ! )_S__
— —Mn Nc N:N CN 0Ty ’S_<N N
NN HCl 2. NaNO,, HCI
NO K" No.
100%HNO, | CI NO2 )—‘S(Noz KI/CH;0)] 2 FS_/NOz
N N ELUCLED N=N
(cFscono 0N ’S’* ON g
Selectfluor™
o. CH,yCN AgNO Hel
NN H,o

N ]
NO o.
o NBS:(N:N)#SiND2 - ’N
NNA oaN Ag N : No,
o

N. N OzN = ;
° 7
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NH20H Hel or N;H, H,0
NO
N=N Noz ?
OzN = O.N 0 \ 02N 2cation*
a \ 2 N. N
NAO,N 2NH,0H* o 76
74 Cations: NH,"  NjHs
a b
Scheme 21  Synthesis of compounds 71-76"¢~*"

Hr b &% 79(D=9541 m-s™', p=40.5 GPa) Fl{L & ¥
80c(D=9256 m-s™', p=38.0 GPa) 194 % 7 Ak B i 1
F RDX(D=8724 m-s™', p=35.2 GPa) , lL JH T HMX
(D=9059 m-s™',p=39.2 GPa) . WHEZEH &, 53K

CHINESE JOURNAL OF ENERGETIC MATERIALS

R ZHT REER 3 A B B ML B, fec i A ik 3 1
14 JH1120 N,

Scheme 22 Synthesis of compounds 77 and 78"1°°-1°"!

o
N:N N_ A
H, NH, NH, N
NH,
M—(N 1 _OXONEL NW)\N N\H\N KBro, j,/\( )/\,r
o NaHCO; N-0 AcOH N.g o-N
DAF DAAF ADAAF

X P +
Cations: NH;” N,Hs NH;0H

) N:=N o
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OZNHN\l/( 13 \( % W )\rNHNOZ
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—3> a b c
ADNAAF 79
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N=N ation H;,N\(, y «N”
B_ases,o,NNj/( T'( =( NNO, HN-N N-N
N N NN
o N d e
80
N + + + NH.
NH NH, HN' 2
H;Nt(N NH, NH, 2 2
I HN. I HN. I NH,  HoN. NS N
N-NH HZNJLNHZ 2V'N"SNH, ZUNTONTTZ T2 N NH2
H H H H H
f g h i i

Scheme 23  Synthesis of compound 79 and its salts 80"
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G 8 o AUV 2 #EAT AT AR AL, DL 6 Bl A5 A 25 L £k
G RIEW AT T A TR R E , W Scheme 24
~o Hifb & 8la, k& 81b Flfb &4 81d = F
FEHITE KMnO,/HCI . DBIHl NaOCI = Fh & 4k 518 F 14
AEARAT L& W 81c HAEFE AcOBr i A 4L 55141 T 4 fig
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1[105'

Scheme 24 Synthesis of compound 8
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PG, RO AR T TR

20114, Leonard %5 T 1 Y 4R I8 T 0K IF 5 oy e
HWERFHLEEMANRERN, 3 TG 82
(Scheme 25) , 1% Sz I F 9 J2& 5 ML 4 16 18 3% 57
KMnO /HCI B 7E 1% 305 AR F IF B A OH 58 B sk &
) 82 (1) 4y B4k 25 R BE .

2016 48, v [ T AR W) B SE B
ATk 51,2, 4-IEE¥FIJé 1,3, 4-1%

.0,
NN
NHZ \
‘Zg,{ Mn02 NaN; N’S’{NHZ KMnO4/HCI N—S—(N:N -
o o™ T NN
N N

e R GE T — &R A
ﬂﬂéJ ,2,4-=

ZnBr;
CF
ACOF AZTF 82
Scheme 25 Synthesis of compound 82"
o " NC”CN
NN H N_o
\ .
HN, 4 N’N>§O N\ \f
N~ Nen Ly H2N>42*N\ i
o= N >\_(\’ T NH, = a
u N/ \ NH, N__N

Mg U s ) 2 4 Ak A 9 83-94, 4 Scheme 26 T R .
VE & X X 264k & 4 (10 Pk B E AT T 4Tl Y R AE , & B
¥ H A Btk L ik & ¥ 84 (DDAZF) 11 14 fig
Ju kg A AR H i (212 geem ) AR
SRR e YE (T,=317 °C) , FF B AT JE 5 5 (0 15 25 1k g
(D=10114 m-s"',p=46.1 GPa) , LA b & by iy 8 o Sl g
FIEE 48 B (1S=6 ), FS=80 N) . {HAE# I B A X i 4k
A W F JE A0 R G b A TR 5T T AR, B = T £ 0
PRBSCHE 2 43 v >F 1) 1] G o e AU 0 T IR, 4 e T 4
I T IT A BB B e HE B A A ORE 4R A A D Y
8%,

N YNH:

DFAzF 83

o DOAzF 90 _X\( -
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N ) Z i HoN NOH N
N—( N7 %8’ - < — — \ -N DDAzF 84
LN 7\ N__N
o N__N 0" AFA
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DHAZF 91 o. N
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o N= < N__N DMAZF 85
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2 NN N__N
o FsC o DF:AzF 86
1 d DCAzF 93
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4 |
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N/Q . ! N N
NN NoN DnazF ss o'\ DMnAzF 87
N N’O\N HzN\(/N‘N HN _ NH;
HaN— M - i O_U\r{NHZ HN N m  HN 7_%
o / N=N 7 o - T A\ —_— .ﬂ
N. /)\NH N__N N__N
I\ N 2 (o] ()
o — NoMNpraz ss
DIAZF 94 a) NaNO,, NH,OH+HCI, 0°C; 100°C, 72% h) ACOH, Ac,0 and HNO;, 0°C, 78%

b) PbO,, AcOH, 0°C, 55%

c) Semicarbazide, TFA, 120°C, 46%

d) BrCN, KHCO;, 30°C, 97%

e) Ac,0, 120°C, 89%

f) Trifluoroacetic anhydride, 120°C, 66%

g) KMnO,, conc. HCI and CH;CN, 20°C, 62%

Scheme 26 Synthesis of compounds 83-94"""

G 89 AWM, 2,4-=

L RSN 7/

i) KMnO,,, 20% HCI, 20°C, 68-90%
j) 1,3-diaminourer(DAU), H,0, 100°C, 67%
k) (Et0)sCH, BF;* Et,0, 120°C, 86%

1) NyHy, CHyCN, 30°C, 96%

m) NaNO,, 2% HC, 30°C,92%

n) Ac,0, 120°C, 60%

\

2

HN/Q N

JNH

Mot DNAZF 89

fit (D=8973 m-s™', p=34.9 GPa) M HL M (15=28 J,

T HE 1A 38 25 A A 2 2 (R A7 ), BRI B g —
LR FHERER A0 . 2016 4F, Shreeve 26 2 L T
FhAS [ B8 A% (a. Se B A % |, 14000 b S Al PRI AU
)G AL AW 95 B 5%, W Scheme 27 s . 1% H s
A A B B % (1.873 g-em™) , 500 By 5 35 1
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FS=280 N) K& R Fa et (T,=174.3 °C).

2019 4F B )42 Rl Shreeve 4510 L [ i
W T AR R, 2, 4- SR A R
Ao TR G A A 2 R B TR] , AS T A 2

TR R 2 B AR A5 B TR A AR W 97, 1M Shreeve
A A AL www.energetic—materials.org.cn
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>_2\‘° NyHg« H,0 “2“

NoM “NO,
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N2H4 NaHy- Ho N N
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Scheme 27 Synthesis of compound 95"

TR A5 2 T 4> F AR s L A W 98 K H R
iz 4k 96d, ELIk & Wi B WL Scheme 28, Hb#¢ & B, 1k
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)—8— /\(< N
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o

zNi(\ _NH
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E IS M {H
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Ne N NO N HNT S 2
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— 0°
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Scheme 28 Synthesis of compounds 96-9

1,2,4-T8 — W i S 4K 18 BX R R
1,2, 4-W8 M/ Sy ok oy i — F 6] 43 S A 0k, i
oA RS AR T e Y e AR A A e AR R R
B EE R BT HEAT IR R ARE . EHB 201248 R E S
AP R IRE T LT, 2, 4-T8 e oy B AR 1 — Z& 5
TR A, b 3-S5 A I 1,2, 4-HE Y
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5 1 T 3k p=37.68 GPa, [R] I B4 5 TNT A 24 iy i
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T AL A WA O B AE o EIR B A S 2R
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HMERE(D=9243 m-s™', p=39.2 GPa) fl &L i iy # a5
PE(T,=169 °C) KHLMUIEE (1S=10 J,FS=160 N) .

W Scheme 30 I 7~ , 4L &5 9 110 H A B> AS [ 7%
P ) 2 T R I B A = NS T, 2, 4-E
b g R 2R 5 4 T KMnO/HC S R4 7 4R
FRABER A3 B A A4 83, Bili BH AR SR B 16 U 2
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Scheme 29  Synthesis of azo 1, 2, 4-oxadiazole com-
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Scheme 30 Synthesis of compound 112"
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Synthesis of compounds 116 and 1177
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Progress in the Synthesis and Properties of Azo-bridged Nitrogen-rich Energetic Heterocyclic Compounds

LI Feng-sheng, QIAN Ya-dong, YIN Ping, PANG Si-ping
(Institute of Materials, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The azo functionality is not only a bridging block, but also can generally increase the density and heat of formation of
energetic nitrogen-rich heterocycles. Therefore, building new energetic materials through the bridging method has gradually be-
come a research hotspot in this field. This article reviewed synthesis method, physical and chemical properties and detonation
properties of azo-bridged nitrogen-rich heterocycles focusing on azoles and azines from C—NH, and N—NH, oxidative cou-
plings. This review will provide some references for the research and development of new azo-bridged nitrogen-rich heterocycles.
Key words: azo-bridged;oxidative coupling;nitrogen-rich heterocycles;energetic materials
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