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Voronin %2\ 2, 2- T GRUT $E-NNO-% Ak 18 %
) CWE R, &t 20 45 F eI E-1,3,6,
8-TA LY (TTTO) , & M i £k 40 Scheme 19 JIT 7R o
TTTO Y% % 4 1.98 g-cm™, M JE N 43.2 GPa, & %
$}9.71 km-s™ AR R 861.1 k)-mol™. FTLIEH,
TTTO (%5 B 3 TR 8 R A ) A0 AR , P I , AiC
A7 48R BR A R T 42 v A W 0 R 2 MR

o O 0 o
ﬂ N tB NN boA
N& Y, -BUS | 2 N HNO3/HQSOQ _N N
B NN e I E A0 N r N
J 0 HNT NTIN O/NQN \N,N\O
TTTO

Scheme 19 Synthesis of tetrazine annulated with tetrazine-
1,3,6,8-tetraoxide'?

Klenov 2521l & 78 — 3 (DBU) N1 fL 7], (K
THR-NNO-REMMAR) 2 IE M HFE ALY N
B8 AL R NS E 1,2, 3,4-P0 81, 3- A AL IF
1,2,3-=M:(TZDOT) , &5 W ¥ £k 41 Scheme 20 7K .
TZDOT % £ R 1.94 g-cm™, Hop 48 35 5o % A it
I8, T DA B LA — D 5T

0
NaoA +Bu ’(O NN
¢B)” N° CN N= NH2 Lo 1 soO<—N N
b oo, B Y= MOuSG
0 CHiCN Ne N Ac0 Ne N
N™ " Sar N TAr
Ar = Ph, 4-NO,CgH, TZDOT

Scheme 20 Synthesis of 1,2,3,4-tetrazine-1, 3-dioxide an-

nulated with 1,2, 3-triazole!?”’

Chavez %5V M 3-Z J-6 B A F-1,2,4,5-DUM: H
KL IECNE DL R = SR (PTRFA) SRR, SR 5 LA
YRR A AR, 5 2 w5 1, 2,4,5-PU0-N-E b9
(TZTZO) , & Ikt Scheme 21 fif s . TZTZO W%
JE A 1.93 gecm ™ MR R 41.3 GPa, k3 4 9.60 km-s™',
A 156 R 576.0 kJ-mol™ . TZTZO 431 il & 3 A F)
TR A A W) AR E PR
o 0
NOSNPTEA N/N\\KN\\N/OH—OF> N'Nﬁ/N\\N/
NYN MeCN \\N’N‘N/)\NH MeCN ™ SN 2N

NH, 2 TZ1Z0

Scheme 21 Synthesisof tetrazolo 1,2,4,5-tetrazine-N-oxide"”
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S A AR R 3% B R B AL T — Rl i 4 22 AR R
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BRI T 45 py e, AN X 48 & o TR e A — &
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Yin S5 RL AR H R R O R A JERE, 28 5 R A
BRI A5 0 A5 B 1 -2 DY -5 (ATO) , A5 %
2k i Scheme 22 fif 7k . ATO R M 1.79 g-cm™,
H: K~ 35.0 GPa, 8 3 & 8.88 km - s7', £ W45 A
342.9 kJ-mol™, ih &K T 40 ). ATOSH FHETAHER
BE T A I A TR AR AR AR 4 T Y B L T LA
ATO M E LT

NH, NaN3, CH(OE N=\ V
a o WH2 NaNs, CH(OEY); Nt e

NoH Hg(OAc
PncHO 2 oy 9(OAc),

HOAc N QN/ EtOH
Ph Ph Ph
NH
< < < )tz
N N 0. _N

N
| | | N
N_  BryKBr Br N_ ()NaOH H,0 O _N_ HCl \/ N
NN oS N = X NG HN—N
\ /" CHC/H0 \\ 4  (QHCI /7 H0
N—N N—N HN—N ATO
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Scheme 22 Synthesis of 1-aminotetrazole-5-one™"!

Qin 88 DL S TR I Ry JRRL , 483 W Ik A 1k
JN; A5 B 4 - B ke -5 - (U g -5 -3 ) -1, 2, 3- = M
(CTT), & 154kt Scheme 23 7w . CTT WY % H
1.67 g-cm”, MR 21.9 GPa, M K 7.18 km -s7",
A WU 537.8 k) -mol™ EEHE R E K T 360 N(BAM
), vhil B KT 40 ), r A CTT J& — Fh gl s 5 fig
&Y.

Liu 2500 4-5 1,2, 4- =k oy F 8 50RE, 4
SRR B 4N (SDIC) B e 4 R B0 A S8 AR50, 154 31 3,37 -
Tl -4, 4 A -1,2,4- = (DAT) , H A B L
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Scheme 24 flr7/R . DATHIE R 1.62 g-cm ™ B& KN
19.2 GPa,Ji# i}y 7.47 km-s™', £ k& h 344.0 kJ-mol ™,
JEE 82 )R BE >360 N (BAM i 55 ) , o i J&& B2 >40 |, JiF A
DAT & —Fili R & ae b &4 . DAT o Fh &A1)
B SE T DL S A G W I B 0 A O L O 1 n R
FEME AR TR AR A R T DL S 0O
YN B A

H
HN. CN H H ELN
NaNO, NOy HOAG _N. NaN3 [
| —_— N 28 NN —
HCI H HClI Al N A CONH,
HN” “CN N
NC CN NC CONH, SN err

Scheme 23  Synthesis of 4-carboxamide-5-(tetrazol-5-yl)-1,

2, 3-triazole!

NH, NH,

N N N
§ ) et ) spic/Hoke ’ﬂ)kN_N=N_N/§'.“
N—N (2)AgCl ZN—N  orKMnO, Y N

cl
HyC pAT o O

Scheme 24 Synthesis of 3,3 -dione-4,4'-azo-1, 2, 4-tri-

azole'*
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Y ik
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/Ko BTNMO [J% % 4 1.92 g-cm™, ##JE 429.2 GPa,
PN 8.23 km -7 AE UG 29.4 k)-mol™', AT LLE
tH, BTNMO [ A4 BURS 34K, iX 22 o K+ b &
A WA 7 2 IR 7 2 2 5 Bt S W 0 A RS IR

Tang %57 DL Mk T LAAS 2 19 3- 2 50 3 -3 -1 2 5
IR 2T SR R R 0 JEURE, 20 1k BRI S804k Fn il b 25 5 i
HE 5,5 - A3, 3 A -1, 2, 4-08
(DNMAO) , & W2k i Scheme 26 i 7n . DNMAO
B % BE M 1.81 g-cm™, M JE Ok 33.2 GPa, 3 i N
8.76 km s, E BikS M 332.9 kJ-mol™'. i1 T A
FE B 5 0 A (£ DNMAO 437 Pl — il 2k

_CN

0 NH'HCI NH,ON o N
0 o toluene

O,N. NOp

\/O >_)L HNO OWN
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B i I 1 b SR A R R T AT DL i RE S

TR

NOZ N02

ElOQC/\( v/\COZEt 100% HNO3 EtOQCJ\( %COQE( NH;'H,0
N /
N—N

H,S0, 0 NO,
_N02 NO, o 1o
ozN)\< %NO H2S80, 2 100% HNO, OQNNO%NOZ
N— ON NO, H;50; ~ OoN \_ T o,
’ NH4 BTNMO
Scheme 25 Synthesis of 2, 5-bis(trinitromethyl)-1,3,4-oxa-
diazole™"

(1) NH,0H"HC! \>—NH2 _Kwno,
—_—
(2) EtN, CH;OH /\O/”\/L HIR0
NO,
0
N—0, PRQRLLE ON N—0 N0,
—_—

)\ ™ oo />_N\\)\/>‘<

DNMAO

Scheme 26 Synthesis of 5,5’ -dinitromethyl-3,3"-azo-1 ,2,4-oxad|azole'

Tang 5% DL UM A O IR 38 5k 2 1k A il Ak
SN L AR 3G S - M -1, 2, 4T
(ANAO) , & M B% 42 i Scheme 27 fif 7% . ANAO B %
JEHR1.70 g-ecm ™ J# 1N 25.6 GPa, J#i# 8 8.03 km-s™,
A kG R 251.6 k) - mol™ | EEHE IR B K T 360 N(BAM
), Wil BE KT 40 ). ANAO 4 F i & 5647 F

TR G PR EVE . TR MRS A RIEA, I
L ANAO % by 5 2 /K 50 i [ b e g A5 31 AH B
EHEN

0 NH,
He N
NC— TNE; NH,OH'HCI N Cl)l\O/\ /_< HNO;
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0
NH,

N NpHs™
OZN\ /& ) o N_\< ’}‘_/\<N
0

N .
N N0 o A v e, o A
/\O 0 ANAO

Scheme 27 Synthesis of 3-amino-5-nitramino-1, 2, 4-oxadi-

azole'*

Kettner %7 D) & K 2 5 N R — 2 g
y JEORE, 28 5 BR AR RRS AR S R A B 5,57 - (=
Bl B B ) -3,37-2(1,2,4-IE — k) (BTNMBO) , &
A% 42 Scheme 28 fif 78 o BTNMBO 1Y %% & 4
1.94 g-cm™, J JE 4 34.5 GPa, J## 4 8.81 km s
A UG 61.9 k)-mol™. B T BTNMBO 7+ Fh &
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PIAS T 7 4 e LA R /0N

H2N N—OH

ElOW <o

> </ 0

)J\/U\ [¢] O\/ Nk
NO.

HNO, OZNQ\( % )\\/\NO

H,S0, ON 2

BTNMBO

Scheme 28 Synthesis of 5, 5'-bis ( trinitromethyl ) -3, 3"’-
bi(1,2,4-oxadiazole)"”’
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Scheme 29 Synthesis of 2,2 -dinitramino-5,5"-bi(1,3,4-

oxadiazole)!*®
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Tian %Y LRI O TR TR A O R SRR, 285 38
RS 4 R W A3 5] 5,5 - (=R ) -2,2"-—
(1,3,4-BE ) (BTBO) , & Ak i £k 40 Scheme 30 it
/No BTBO Ry %N 1.90 g-cm™, J#JE N 33.2 GPa,
JRH R 8.76 km-s™, A S b 231.0 k) -mol ™
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Scheme 30 Synthesis of 5, 5'-bis ( trinitromethyl ) -2, 2’ -
bi(1,3,4-oxadiazole)”
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Chavez 21 DL 2-48-2, 2- - fil§ 3 2. W2 (FDNE) #l
3,6-5-1,2,4,5-DUBE N JFoRE 7E 4-(N, N-ZH R4
Fo)MEE (DMAP)FATE T 453 1,2, 4, 5-DU B -N-F 1k
Yy AR A FE Bk (FET) , & B0 #% 2k 40 Scheme 31 i
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Ro FETHYE R 1.96 g-cm™, 4 K4 40.6 GPa, &
A 8.80 km s, BBk K 322.0 kJ-mol™, FET 41
SARCR R IR SN =R =N T NS ) | B
ERICES R IE VR CM il e S N iR e 7 Bl S
LA 5 1 AR R 1 9 i S R A

NO, NO, NO,
o o - o N-F o OF
PY o N A No, > L No,
N"SN_ FDNE NN “FDNE NN ° HOF NN
N _N24Gcolidne |\ N DMAP~, N. _N  MeCN Y
ZNo = O,N = 0N
T YN
Cl cl 0 o O
aN OaN FET
Scheme 31 Synthesis of fluorodinitroethoxy 1,2,4,5-tetra-

zine-N-oxide'*"]

Yan 551 DL 2 RN TR, 26 5 g A RN IR AR S R
AR E]5-(1,2,4-W8 Zme BE -3 - 58 ) -1 - % 2 Py m
(OHT), & %L in Scheme 32 fff7R . OHT R %N
1.69 g+-cm™, M JE 4 25.0 GPa, 4%~ 8.04 km-s™',
A G 9 363.0 k)-mol™ . OHT 40 T b & A 24 31 5 Al
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T, OHT 1] DL 5 & K | F2 e A F 55 s B A R A
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N wmonne T SO

worHe 0N T hcorr
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BN NH

P\ NaOH , BrERO

oH OH oH N=N

N N N N /N
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Scheme 32  Synthesis of 5-(1,2,4-oxadiazolyl-3-yl)-1-hy-

droxytetrazole'*")
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Ko TNMOM B E K 1.89 g-cm ™} JE 4 32.7 GPa,
B} 8.67 km-s™ AL MUK T 60.3 kj-mol™, TNMOM
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=& N-E ALY (TTNO) , & W% 2k i Scheme 34 FiiR 5
TTNO By % J% 4 1.90 g-cm™, 4 JE N 35.4 GPa, & %
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XS o7 T 1 B A A B 0 B E .

e B R R o FET B & B A B8 Lo g 7 o,
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Scheme 33 Synthesis of bis(2-trinitromethyl-1, 3, 4-oxadia-

zole-5-yl)methanone!*?
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Scheme 34 Synthesis of triazolo-1,2, 4-triazine-N-oxide™
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Progress of the Synthesis of Nitrogen-rich Energetic Compounds Containing Oxygen

WANG Hong-she', DU Zhi-ming*, HAN Zhi-yue’

(1. College of Chemistry and Chemical Engineering » Baoji University of Arts and Sciences, Baoji 721013, China; 2. State Key Laboratory of Explosion Science
and Technology Beijing Institute of Technology , Beijing 100081, China)

Abstract: The synthetic methods of five classes of azole- and azine-based nitrogen-rich energetic compounds with oxygen (in-
cluding nitroxide, hydroxyl oxygen, ligand oxygen, carbonyl oxygen and composite oxygen) in recent years were summarized,
in which, studies on the synthesis of nitrogen-rich compounds with nitroxide and composite oxygen are the most active. Consid-
ering that the following points are the focus of future research. Studies on the scale-up synthesis and practical application for the
excellent nitrogen-rich energetic compounds containing oxygen with simple synthetic process and readily available raw materials
are carried out. The process improvement for the excellent nitrogen-rich energetic compounds containing oxygen with high syn-
thesis difficulty and high cost is carried out. When designing a novel nitrogen-rich energetic compound containing oxygen, the
introduction of azo group and fused ring should be considered. 49 references are attached.
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