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1M MeNQ H £z F/E & BEA B SClik B 0, B
£ 20 fif 20 90 4E 44, Michael 2 A" 8 43 MeNQ
A DL B R 4 (AN TE BUAR L 455 9 il 2% 40 F 1R) 0 5 A
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Fig.1 Phase diagram of AN/MeNQ
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W SENE S K B9 E K s F 55 °C R 15 min
T A B A% 3 -1 5 K (ANG) ( Scheme
2)1 ANG B 1.767 g - em Tt LAY
kA, 2 IR 187 °C (I 4E) ™7, ANG B 1E 20
40 20 AEMRE A AR S AR AR E
YHRAE £ R AR T, 7600 JLAF 78 [ 5 J2 MR K2 A4 1
W HBIF T AR R 25 1 T g, LR B MERE S Tk 1, ]
W ANG R P fE 5 RDX A1, {2 [t RDX §iJ, H
JRASAR B , HoAD AR A it — e

ANG R T K 2 506 HLE ), s Tk, 78 20 °C
VAR E M0 34% (i bL) |, 70°C s B 3 % (i

). ANG AT ERBE , BEAE-S R N, )RR R R
BT R L, A L 3~ -1 - Y R
(ANGN), ANGN % 1.905 g - cm ™, JJEXPLO5 %k
P F S0 4 9 3K 3 9755 m - sTT ] i & F RDX
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Scheme 2

%1 ANG Ml ANGN 5 RDX fiyEgext gt '

Table 1 properties of ANG and ANGN comparing with RDX
compound ANG ANGN RDX
impact sensitivity /) 20 10 7
friction sensitivity /N 144 120 120
electrical spark sensitivity/)  0.15 0.5 0.1-0.2
Ty /°C 184 130 210
p/g - cm™> 1.767 1.905 1.80
A¢H,.°/K) - mol ™! 77 22 70
pcy (EXPLOS) /GPa 32.3 41.9 34.1
Dy (EXPLO5) /m - 57! 8977 9755 8906

4 X(FHEHBK) B (HABNF)

T-G0 BT RS 1 - PP -2 - -1 -0 i 2 I A =
T 52 AT i A5 00 (il & B BK ) B (HABNF ) B )
i [ 4, A 3% 0T . £ Scheme 2 H 24 3 AR5 ik A9
FEJREE R 20 1 FEBE R ON I BE A% i 15 HABNF  {H &
BRI 4.5% 7 % de 3wy 5 0 A S B2 14 £
B Metelkina** & A BF 58 & BLIZ S B (9 77 1] 45
TG0 B W) G T J3E R BN T BE AR O BRI R TG %, R Ut
AT R FH AR AR 8 790 42 IR K 5 40 1 e B ol G S
AL FERIRBE 45 ~50 °C, 2 h 4 h, 5808 7R H IR T R
12 d 15 3] HABNF [y & LN EE , FF 56% HNO, @R
1t , 15 5] HABNF(Scheme 3) , 4 & W iR =60 °C, Il
A A i R
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2,4-= W ( DANAT) , IR S B & A 7E = e BF 0 U5
F L (Scheme 5) . 1E Jy 4l & 4E 2 5-% H-3-6iF 5&-1,2,
A4- = ( ANTA) Fil 4-53 JL-5-fil 3£-1,2,3- = (ANTZ)
RET LK AEFEL T Scheme 4 = Scheme 5 Jz ij, 15 | g
SR ) SR SR A 0, v A DL AT SCRR R GE

DANAT B o F R A, & — 1 T fRanfb
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T, g 5 1 B2 RN e SRR SO0, 15 B 3, 5- A R -1 -4 Bk
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S AR ER Y A E AR 160 CCHFER K T, 270 CHF
RN ZL O i s T o I B O 240 °C,

6 3,6-—FHEAL-1,2,4,5-[UE (DNGTz) &

H==Ei
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il I 4t 6 A R v S A5 31 3 ,6- A JEAR-1,2 4,
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PEAS ) 3, 6-fiF JLAR-1, 2,4, 5-P9 58 1) = 22 K3
(TADNT) ( Scheme 6) 7%/
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5% ( ittt 43 %) Vition A K %45 DNGTz 15 3| 1 25 41 H
Hso 1 254 cm (2.5 kg) , % EE 4 ( > 36 kg) Fl i i kAL
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JEHl 7.84 km - s RN 26.0 GPal*? T |

TADNT WA54r 4 [ 44, % 3 R 1.61 g - cm >, DSC
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Scheme 4 GRS 5 TADNT 25 (p =1.51 g - cm ™) SN
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| . "
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Scheme 6 Synthesis route of DNGTz and TADNT
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7 1-(2,2,2-=ZFHEZRE)-2-FHE AL ( TNEANG)

TNEANG FI DNEANG %5 3% ¥E R W SC ik 4,

2 S [31] S A
W55 B 95 ~96°C Hil 93 ~94°CH" AR A A 5 Kk
245 1) 5 Rl AFL I
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Scheme 7 Synthesis route of TNEANG and DNEANG
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PR 8380 m - 5T MRIE N 29.9 GPa, fii iy R E
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NNHT [ & A PR 5 o SR il e 20 10 02 DLl
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53 2-fiF W EE-S5-4F T N A fk-1, 3, 5-=
<NmﬂA>%F% o G T AL R A S A5 E H AR AL
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JE—MAE 80 CLAT 158K T 90% 5 A T FEALAE
Miller R0 T+ — e 5 50 R 2% S5 A AE AL ), TE R T
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R T I, B8 NNHT B 575 3 (64. 3% ) FEAK T3

20% ,HZZ T 20 JE0RE 25 15 (5 3% 48 dh oA HA %
TR =0z —AA) KL E’J?@F BET 96% (w1
Scheme 8 JZ IV 82% ) , B 2 ¢, F T MUK A= 7
(Scheme 9)

/N02 02
concn. HCI concn. HNO3 )I\
)\ ( ﬁ T k ) or HNOoH,S0; HNK )
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Scheme 9

9 1,2-Z#HEM(DNG)

9.1 DNG HI#l&

I R B A TR R Y Ak SR AE S B8 R 5
95% ff) NQ'™ ~** i NQ fig ¥ # — 4 i fk i, DNG,
Astrat’yeva5 ) (g i 58 % BLAS AL I DNG B 5 2
JELBE A 5 A A Ak T R R R A 1 R T 4 R (98%
HNO, <100% HNO, <& F 2% N,O, i HNO, &
W) L A A R R A B Ak A B Eh T R R R
PEH R, A R T Ak Astrat’yev 257 B BIF TR B
TR R LIRS Ak B DNG 1 2 7 i — /> 0 536 19 08 2 17 3
2 (Scheme 10) , 75 B i 2 i I Wl K (12 h 247 &
Latypov 25V {4k T Astrat’yev 2 1 S2 56, % Fl A4 IR «
RIABRERIRBULL 9 1.00 1.5 BB AL 0, AR B2 K
Wkt 3.5 h ZE 47 B L, B B i, ) TR 2 TG 2 iR
3B R EIE RN AT 80% (B 2% ~ 5% fil§ 5L N 24 i
11 DNG,

- NO, NO, ,-H" NO,
NH  NO,,-H |/ 2 N|/
Nat ut )\ .+ ON J\
H,N nH, NO2 PN NH, -NOz.H SNHT T NH,
NQ DNG
Scheme 10

9.2 DNG pytEgE

DNG #& i 24 169 °C, DSC 4 fiff i B i T
180 °C W #ivkase " o B KA HLIE 7 4 2 8
LW LW R | L oA T AR R B R R 9 HLBE
& IR T e T A4 O, 4914020 °C, DNG FE/K H i L 7

WfRE 53 g- L' ,45 CikF[ 125 g-L7'; 20 °C,
DNG fEL R LT s Ryl 86 g - L7 ,65 “Cik 3

166 g - L™'; DNG 775 & ke M@ Ak be ke JLF A i
& e 20134 %21 % A58 (668 -674)
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DNG %}y 1.884 g - cm 7 BRI 4 0, pK, 1 N, .

9009517 R RV o 5 BSR4 5 1 3 o A noy M0 o M,

s B H B AR, JC o LB B 1, 20 O DL 8% - o "pone

(ADNG, Scheme 11) J& — Fli 4 s Jy 205 °C .DSC 4 Scheme 11

R B 197 C AR T RDX My XEZY (3R

2) {0 20 CHEKHF R M R5 6.0 g - L7 3

W LB AH A MK 2%

%2 DNG fil ADNG 5 RDX P b 224 >

Table 2 Properties of DNG and ADNG comparing with RDX"*** =]
compound density/g - cm ~* A¢H°/k) - mol ™! friction sensitivity /N impact sensitivity/cm D/m s pc;/GPa
DNG 1.884 0.0 90 22(4.5) 9200 36.0
ADNG 1.86 +533.7 250 78(14.2) 9066 33.1
APX 1.911 +1643.4 80 -(3) 9540 40.3
RDX 1.802 +61.5 195 32(6.4) 8770 36.1
Note: The unit of data in the bracket are J.

9.3 DNG W74 - NO, NO, NO NO,

DNG BH 5 7 A 15 3 v 850 B2V 75 3 76 it 1 2 8 o2N/K+N\[(+N\Noz o N N

JRF EECR AT AEY . Bilan, DNG fy 8k 5 = H 3 NH, NH; NH,

A S 7 S B 7 T A 79 T v 9 o 7 79 51078 2 Oy fone A

85% Ity 1-F 31, 2-Z i 3L I (MDNG) ( Scheme 12) Scheme 14

MDNG ¥ 52 82 °C i] il T #5425 o 1,2-—

JENRA B RS R T W B E R R Nal 724 FENE 10 & i

VR R N A5 B R 75% (1, 2- i LI )
fit (BDNGME) (Scheme 13) , & W1 55 k145 °C' 7,
WG F 45k &, n] RE FIAE & BE AR, H2 oA D Sk
X HAE BB AR

DNG (8 #h 5 2-fif FE-1,3- 5-2- A 22 W be )X
RARHE] 1, 7-Z G M1, 7- i e B2, 4, 6-= il -2,
4 ,6-=H 24 ki (APX) (Scheme 14) , IFENS — 4 —
FH ik S5 1 — A, 32 0 7 ek Tk A Nal £7 76 T 76 T4 B i
R PR AT, APX 1) DSC 73 i it B2 o 174 °C i)
5 TR AR R 43 91 2h 9540 m - s 7' F140.3 GPa, & —
TR o RE K 25, T RE MR R 25 (2 2) 12

NH, . NH, NH,
K
ON /* _NO, KHOO3 0N )k N0, Me;S0, 0N, )\ _NO,
N" "NH ' EtOH, H,0 NT N N N\Me
DNG KDNG MDNG
Scheme 12
) hlloz ozrlq
N
O,N” j‘/ N0,  O(CH,CI), N N0 NN
+ . T NT NN Z S\
K™ NH, 02 Y \\/ 02
NH, NH,
KDNG BDNGME
Scheme 13
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TERY FENIATT A= 9 v, MeNQ F1 NNHT 2 4351 i H]
TorF GRS 25, RE & U7 R F
DNG . APX Fil ANGN [y48 s #5487 7 9000 m - s™',
HAAR & e oo MW ARE & Be A B0 M E R B,
ANG .ANGN _ TADNT J& & (1%, fig & & , {2 J&2 ANG A
ANGN FREEHH 75 P 22, TADNT & A & . 78 HAth
WA R FEZ H, N 745 E &, TNEANG,
DNEANG #1 BDNGME HE & & e, DANAT &
VE R BRI 245 (0 F] BRI, (B A5 % B ] i AT B — 2B O
FRIE . T fifax 265 BE A JE KA A= W 45 M A PR e, A
BT BT R0 A S BT ALY BE AR, L G B DANAT
PR BT, T A i R IR 5-2 -3 - i 5L -1, 2, 4-
= CANTA) 2545170 B PR R AT RE 25 1 3 -2 K5 -5-fiFf -
T-FYBRIL-1,2,4- = ( ANNATA) Fl 1-(5-fil§ 3£-1,2 ,4-
=30 ) 2R BEICONTNG ) |, DL R 56 I A4 -2 -5 -
fif§2E-1,2,3- = (ANTZ ) 2545 17 B 11 4% B -5 -if -2 -
PR EE-1,2,3-= M (ANNATZ) ( Scheme 15) ; ‘& {i1#R
S T AN B IR R 245 43 45 6 T R B K 245 0 S SR T
REAl R .
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HZN—(|)=NN02 n HZN—(|:=NN02
y NOZ
N No, N >/ N
N Y \ N N
\ O,NN N >\_/<
N NH
HoN HN HoN NO,
ANNATA NTNG ANNATZ
Scheme 15  Molecular structures of ANNATA, NTNG and
ANNATZ
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Review on Energetic Nitroguanidine Derivatives

ZHANG Guang-quan, LIU Xiao-bo, HUANG Ming
(Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract: Nitroguanidine( NQ) is an insensitivity explosive with certain reaction activity, which can react with some nucleophiles
to give many NQ derivatives, including N-methyl-N’-nitroguanidine ( MeNQ), 3-amino-1-nitroguanidine (ANG), hydrazobis
(nitroformamidine) (HABNF) 1-(2,2,2-trinitroethylamino)-2-nitroguanidine ( TNEANG), 3,5-diamino-1-nitroamidino-1,2,4-
triazole (DANAT) , 2-nitroimino-5-nitrohexahydro-1,3 ,5-triazine (NNHT) , 1,2-dinitroguanidine (DNG). These derivatives be-
long to energetic materials, part of which has been applied. Synthesis methods of this kind of energetic NQ derivatives were re-
viewed. The performance characteristics of some compounds in these energetic NQ derivatives were introduced with 50 references
Key words: organic chemistry; energetic derivatives; 2-nitroimino-5-nitrohexahydro-1,3,5-triazine ( NNHT); 1,2-dinitroguani-
dine (DNG)
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