W13 % 43 =1
2005 4 6 H

ENERGETIC MATERIALS

7 o Vol. 13, No.3

June, 2005

X E YRS :1006-9941(2005)03-0196-04

ERANLEYARERE

ITEM, HAH
(BT AZEERERG LHERELEEE, F 100081)
PBE : B R 2 S AT BLICE I LS 0 8 00 5 2 0 JBORE 5 LA R G AR A AR 15 1

LN SNUSUEES

HRAS YA E LT MERE AT T 4558 , AR T 3,6-— (1H-1,2,3,4-JUm-5-

) -1,2,4,5-10% (BTATZ) 3,3"- M (6-& 4-1,2,4,5-P01% ) (DAAT) \1,1"- " H 5£-5,5"-f# % I e (DMATZ)

M 3,6-—(2H-5-PUms3L)-1,2,4,5- Pﬂﬂ%(BTT)E"JAﬁE%@%O
A POmk s PR RN SR K AR

KER: AL G Lk
HE S ES: 0626

1 3]

i

ARG FE 2 A EBE 20% L) EA
%%%%’éﬂc/*% R ARG ERA &S
1 % B REAIE T AR R A 6 A Bl B R oo A AR
(=M UM WERE) FISTCRZI (PR =) LK E
IR EE AT T — R .

S TSR K AL 2 L F L2 3 01 3
%ﬂé%ﬂr&%ﬁmiﬁ‘é PR Emm R adm s Zg, A,
KRS i 36 8 18 B 2O ] R GE AN BTN B e B Y
FARE M Z R AT REL LR, B, 2EX
IR R AR T B85 MUPLE S kA
PR ES . HAT, iz 6 0 3R & AR o & J AL/ A
R R B HAT AP IE B AR E o Bl AR
) S (B3 A E R 2l NN S B N ES N P 1 P o T
FIF & T HE MRS AR R EFR B S A
MRS E AR BRI RIS AR S
Y1 T G AR IR R R AR B AR A i
IR T R AE R R S .

ASCEER T s Py PR kKR
A B B H R .

2 3,6-—(1H-1,2,3,4-Pumk-5-5%)-1,2,4,

5- s (BTATZ)

N A7)

BTATZ 245 bR B A, & R 79% 6 15 264 C

U 78 B #8:2004-06-12; & [E B £ :2004-09-23
EZ B v ERAL (1969 - ), T3 Al 1o, 325 SR A0 27 ) LS00 B
FH9% . e-mail; dillon@ bit. edu. cn

IR N FEEWI(1962 - ), 5, {5, I\ 24k 2% Wy BSOS K 0oz ) 7

AT FY 0 A

NEARIREG A

() % 1.76 ¢ « cm Ok 883 kJ - mol
DSC jE 4 43 B o 264 °C IS MR B4T , BT LA B AR

R R R SRR AT T T
BTATZ )& 07 i 02 DL = @ FE L IR #h 70 2, 4-

G A 4 DR £ Ji%ﬂkfif“%ﬂﬁ'ﬁ’%ﬂfif“#*ﬁ@%
BE,Ep A 1Y s I AR
BTATZ f)5CHE ) = 4. " LAE Rk LA A
2%, SOV IS TRV, 7 RO AR i, IR, T 5 L 7 2 110

G LEREE,
NNH, 0 0
| I 25 ~ 70 C
H,NHCNHNH, - HCl + CH,CCH,CCH,

—
4.5h, 8%

NH,NH, « H,0
CH4CN, 0,, 96%

7N M ~ ~
i N NHNH, o GO
N:Nf r.t., 0.9 h, 95%

(1)

c14< N>\c1
/\ CH,CN, Reflux
Cl Cl + N ‘ N Na* ——M
24 h, 60%

> @224

(BTATZ)



%5 3 3]

EREME ERAF YOI R 197

SCHRL6 I Weitt 17 Bk & 2, Bl SAT 5
3,6- —(3,5- " F 3Lk mr)-1,2,4,5-p0E" (BDT) &
B BTATZ, 155G 5AT 5 BDT 7£ 135 °C ) )i 18 h, 8K )5
A HE] 50 C g, inA N, N-—"F JLH Bt (DMF) |75 3
FL™= i BTATZ, X # )5 i 82 /5 7 BTATZ 1977 2 (%
PR 2 0 88% T AR K S R F Ok 60% ) |
1 T EAE L BR ABAZ AT A7 AE S I (B, 7 i 4 P AR
S, JiAN, T T OREA M AR S
DMF, fir At it A1 24 NN . Btk #F
SRR B 5 5 52 0L R [R) JE 7™ o 4 B R 7 R A 1 T
BTATZ & M T2 & T4 2wy, Bl BTATZ 1) &
AT 5= B8 AR S 30 % A U B, S 40 BTATZ B8 R4t i b T
AR 77 I T BT 2 A T AE

3 3,3-BEM(6-=E-1,2,4,5-Mk) (DAAT)

DAAT & R &N 76% , ¥4 1 252 C (40 fiR) , %
JE1.76 g+ em 7 BEIEH B 5] A E B A E &L
AKE, KF] 1035 kJ - mol ™' EE 4 K 324 N (BAM iR
), Bt 0.29 ml - g7 DSC i i 43 i 16 A
290 °C, [, 33X A2 — AP A AT iy AR R A L D e

DAAT J& L2455 il £ 1) BDT i 45 J5 ok}, 480t 41
L FBU B AR . kP s MmN
Je S5 R TR A, A0 SR S I A PR A ARG AT 7
OG5 R S A T8 DAAT 177 BRI, X
MG KR T LU 4520 RO B [ 2 AR, RO i
JE A B T A A B ) NBS A S IR AL R
H DAAT {8 7= SR 5 . L, 328 DAAT [ 7= 5 | [%
TRAE = LA, J2& DAAT g5 Tolkfb & s G5k, 7 4h,
SCHR[9 I 4R3E T BTATZ W94 i, a5 Lk
KEAHA]

/NN\> NH,NH,, 5Pif
N B —
Reflux, 2 h, 79%

71\1/ N=N \Ni

% N{ﬂ N>~N—N4<N N NS NS, CHiCN
,=N/ N=N H H N=N/;\N= r.t., 1 h, 98%
(1)

Ve AN eY
v N\ e
(IV)

NH,, DMSO

- -
r.t., 15 min, 44%

N—N\ N*N\
HZN% >N=N4< >—NH2 - 2DMSO %;/A»
N=N N=N )

H, N<<N _J\B\N=N<<N _N>\NH2

4 1,1'-ZHES,5-BR MW (DMATZ)

DMATZ & 1 % €& i 1, & A= 0 72% , 16 s h
182 °C, A= ik oM 755 kJ - mol ™', SCRHK[ 10 ] 78 £k 1 TF
& T 5 & W, DMATZ 1 % W 36 1k fE >
134 kJ + mol ' FKHIH FoH 10" s ™', H A SCHk[11]
R TR AT IFE R, L - IS5 5 -l A
DU — K AW 2 WIS AL BE N 114 kI - mol ™' 5 AT A
TR 10%s7',

DMATZ )& 1 7 25 42, 5 A b ] 44 1-H 3-5-
KU (MATZ) , SR )5 5 th MATZ & B DMATZ,
MATZ B9 & B ¥k EBA = Fl DL IRAT A 90 0 2 iR
JEURE %3k 7 SRARAE 5 DU MR 56 JFURE, %k 7 R
WA 5 DAB MR A B gt SR ik 7 R
B, H T AR AR CEEWE T Mok, H
TR A R A 1-F -1 -5 -3 SR I A A 0 DR
T e 5 - PR R IR U | 7 2 A A R AR
J 5 - R G D e T A A2 B MATZ (5 & A AN AT
W RN, JLF A Do i A7), i J5 MATZ 8 NaClO %
WA AR R ) DMATZ "] LR %4 W7
Hr T RS AR S 4B P VR R AR L ik 2 8 A=
FEIRAS, AN, i JE — Al o Ak R A R R )
DMATZ 7= 3 A&, X e AR 24k,

5 3,6-—(2H-5-ME)-1,2,4,5-[4EE(BTT)

BTT 2 IR L8 i, & R 77% , 45 58 220 C
(431 A HUE R 578 kI - mol 17 DSC 2 4 43 i T
B 231 C, bGPt , S/, 2 —Ffitt
15 PHARL I SR R AE R DR

BTT J& P 5-50 3k U me e 4 Ikt @ il fb 591 V
A AR B o SCRk (18 T3 , I AR A VR i Ak 350 ]
DA 5 b B A Vs = S i L AT AR R 46 6 i g B ]
I T R I T TR B H R R R A R SR
JE Y g B HEAS  BTT 17 A 5 o

lﬁIH HNO,

C¢H,;CH,NCNHNH, —
87%

CH,



/I 8513 %

198 &Mk
X
CoHy CH,N—C
/ \ HOAe, Pd
HN N 1007
, Yo
N\y=n" 2
CH,NH—C
/ \ 180 ~ 190 C

HN\ /N 3 min, 100%
min, o
N=N

H,N
N

N/C \N NaClO

H,C 589%
(4
Ny

N—N N—N

T
W W
| |

CH, CH,
(DMATZ)

N
/ \ C,HsOH, NH,NH,
HN CcN —M
\ Reflux, 24 h, 71%
N=N

N H N
(K
\NZN N:N/ N:N/

H
(V)
Cr0,, H,S0,, H,0

- - - @ - 5
-5%C,0.5h, 2%

N N
OO
HN\N=N N=N>—{N=N/N !
(BTT)
6 —(2H-5-TmME ) AR (BTA)

BTA )& &N 82% , 4 w300 °C (70 f#) o H i
KX U & IR AW, CHR [ 19 ] B T 2L
BTA/CuO =22.8/77. 2 (Jfist Lt ) 2y 4143 0 <M & A= 7
Bt Jy, Hok il 27.4 mm - s 7' (6.895 MPa), H T
BTA )& A AR e, HoME AR, B DL AT LA 3 3% fk
B W) 2R — FIAR A 19 AR & A 50 Ok, B 98 B
T EARA L

T A 7 T LA BTAY il LA 35U Ay
GRS B BTA; 55 — Fh DL 5-AT byl i I Bk & il
BTA, 25 —Fh )y i BOOR A WL L2085 1 B, {H e T 5kt
TR AN FO RS, M A B B, 53 A A R I []
Ko By AEREZ, TZEE 2.

7 S-2ETMAL(GA)

GA Rk, &R EN T8% M5 s N 124 C,
A B 86 kJ - mol T DSC i 43 it il B Ry 167 C
M JBREE > 50 Nm, BEJE R EF > 360 N(BAM %) .

BRPR I 5% Jk I wk — 7K & W) 75 & T vh o] DLy
FERA R GAPY o %7 T R EURHBR BRI 5 S -4 4% Y
Me— K BV AR 15 8], GA PR, G L2
AT B RO I AN BT DA 2 S B GA B 847 T
o BT GA 5 T4 W, VB RRE , BT A LLJS I s st
eGP E R AU K AR50 1

8 fBEmmME

8.1 BRMM=gE%(TAGATZ)

TAGATZ J&: ¥ {6 S K, & A=l 82% , I #i N
196 ~197 C (43 fift) B EH 1.6 g+ em ™, A BIE K
1079 kJ + mol ™',

TAGATZ WA 87 ik . B 6 5-R L mg— K &
Prpk KMnO, Ak, A= 18 0 DU Mg 4 1K & 9, T AE =
ASEMERFR EL W VEH T 4 TAGATZ,, %k T2 K
i 2, Br A BRORE A 5 45 (™ 5 PR ROR . TAGATZ J&:
HPAMLE Y, WO R E , BT LA TAGATZ & —
Tl A g 1) SR AR R DR
8.2 ERIMMAL(GATZ)

GATZ ¥ dhifk, & &R 79% , in# R il
TE 240 C HF 40 iR, B BE N 1.5 g« em 7 A G
412 kJ - mol ™', GATZ T ¥ H T4k K& L7, B4 ¥
TR ARG, R T v S

GATZ {45 107 15 5 TAGATZ AR, & & 18 & U
WR gk FK A SRR VR F B P 4, A TS R
i B JH = = A
9 {BE MMk —RE: (DHAT)

DHAT ([ N,H, ], [ NJC—N=N—CN, °" ), ¥ &
— B o [ A, & AU R 85% , 4 S Mk R
U 43 6330 m - s A RS S 1150 kJ - mol ',
P /A, et R E LAY

DHAT J2 by 8 4 0 s 0 6 | B 12 F A /K & B e =
R S5 8 — 5 I i) S T A5 W A K T Y . %A R
TR T LR o, SR A AR TR R, TR R SR A R di A
JE A JFUREME AT, (H B ok B, B A 8 DHAT () —
Tl Ay 1 o



%5 3 3] EREME ERAF YOI R 199
5-tetrazine) : A novel high-nitrogen energetic material [ J ]. Angew.

10 3,3'-“5E-4,4-[BR_KME(DAAF)

DAAF E B IF @ SIK, S A &N ST, % ER
1.7 g+ em £ K 538 kI - mol ™', DSC & 1 43 it
VL 315 C, whi & Hy, >320 em(2.5 kg) , B
JEBE > 353 N(BAM X85 ) |, ir DL iz Ak & 9 8% B P g AR
5.

DAAF B & R 77 26 2 s DL 3, 4- 4 ik nk gy
(DAF) " g 43 JFURE , 308 5k 4801 S5z 7 A i — 4 ik 4 Ak
A Wk 1 ( DAAOF ), £ 3 1 44 16 38 5t 52 Bz A= i
DAAF., DAAOF RE35E , 5 K HEMRKE , Bif LLFE B A B
FREONEE . AL BR TEANZBE 2, /il
JEWAE L H DAAF 177 3R &, SO R o

11 ZRiE
FAT 5 R A IR e A T M S R Y

P YRS AT REAL A, A O TR R A
AR TR AR AR T 2 — 2
Jio HAIXLEIL & W10 & K 2 7545 B AL S0 00 = By
B, i AN BE R A 3 Tl A A 7=, IR PO AE & P e
FAAEVE 22 R0, A 1 RS LA R 22, A 1) DO X L3R
T3, A 19 H AR 90097 SR B, BT DA B X 28 5 5000 g
Az B T AU e ) R e U, I R
ABIFFE AT BT B SR 55 45 0 55 JRORE R 7= - M T
WA= Hbnr= 8. 7350, e g b2 116 5 T, B
T LB B B BT 2, SR 2 15 1 JRURL XA A RERE
R A= A, (K 28 5 AL & 1 B IE R B S B
2% 3k

[1] Mendenhall I V, Taylor R D. Gas generant compositions containing
stabilizer[ P]. USP 5472535 ,1995.

[2] Hayashi T, Miyasaka R, Wada Y,et al. A study on the evaluation of

linear burning rate of a gas generating agent in a closed vessel[ J].

Journal of Japan Explosives Society,2002,63 (4) : 204 —208.

[

Hiskey M A, Chavez D E. 1,2,4,5-tetrazine based energetic materials
[J]. J. Energ. Mat. ,21999,17(4) . 357 -377.
[4

[l

Coburn M D, Buntain G A, Harris B W, et al. An improved synthesis
of 3,6-dianino-1,2,4 ,5-tetr- azine. II. From triaminoguanidine and
2 ,4-pentanedione[ J]. J. Heterocyclic Chem. ,1991,28(8): 2049 —

2050.

[

Marcus H J, Remanick A. The reaction of hydrazine with 3 ,6-diamino-
s-tetrazine[ J]. J. Org. Chem. ,1963,28(9) . 2372 -2375.

[6] Hiskey M A,Chavez D E,Naud D. Propellant containing 3 ,6-bis( 1H-

[

1,2,3,4-tetrazol-5-yiamino) -1,2,4,5-tetrazine or salts thereof[ P].
USP 6458227 ,2002.
[7] Chavez D E,Hiskey M A,Gilardi R D. 3,3'-azobis(6-amino-1,2,4,

—

[10

[11

[12

[13

[14

(15

[16

(17

[18

[19

[20

[21

[22

s

—

—

]

]

]

]

]

]

(R

[

[

[

Chem. ,2000,112(10) : 1861 - 1863.

Hiskey M A, Chavez D E,Naud D. Preparation of 3 ,3’-azobis(6-ami-
no-1,2 4 5-tetrazine) [ P].. USP 6342589 ,2002.

Kerth J, Lobbecke S. Synthesis and characterization of 3 ,3'-azobis(6-

amino-1,2 ,4 5-tetrazine) DAAT-A new promising nitrogen-rich com-

pound[ J]. Propellants ,Explos. ,Pyrotech. ,2002,27(3) : 111 - 118.
BSR4 R, AL, A L - RS ST A D e — K

VI AT BRI AT T (], Ab2A A4, 1987 ,45(11) ¢ 1119
-1123.

HU Rong-zu, LU Xing-sen, KONG Yang-hui, et al. A study of thermal
behaviors and the degra-dation process of 1, 1’-dimethyl-5,5"-azotet-
razole monohydrate[ J]. Acta Chimica Sinica,1987 ,45(11) ; 1119 -
1123.

ZHAO Feng-qi, HU Rong-zu, CHEN Pei, et al. Kinetics of the exother-
mic decomposition reacti- on for 1, 1’'-dimethyl-5,5"-azotetrazole mo-
nohydrate[ J]. Chinese Journal of Explosives & Pr- opellants 2004 ,27
(1):68-73.

Finnegan W G, Henry R A, Lieber E. Preparation and isomerization of
5-alkylaminotetrazoles[ J]. J. Org. Chem. ,1953,18(7): 779 -791.
Herbst R M, Roberts C W, Harvill E J. The synthesis of 5-aminotet-
razole derivatives[ J]. J. Org. Chem. ,1951,16(1);: 139 - 149.
Kirsten G W, Smith G B. Reduction of nitroguanidine. V. The synthe-
sis of (a) a-methyl-, (b) a-ethyl-, (¢) a-n-butyl-y-aminoguanidine
[J]. J. Am. Chem. Soc. ,1936,58(1): 800 —801.

Willianms M M, McEwar W S, Henry R A. The heats of combustion of
substituted triazols, tetra- zoles and related high nitrogen compounds
[J]. J. Phys. Chem.,1957,61(3): 261 —267.

Lobbecke S,Pfeil A,Krause H H. Thermoanalytical screening of nitro-
gen-rich substances [ J]. Propellants, Explos. , Pyrotech. , 1999, 24
(3): 168 -175.

Sauer J,Pabst G R,Holland U,et al. 3,6-bis(2H-tetrazol-5-yl)-1,2,
4 ,5-tetrazine: A versatile bifu- nctional building block for the synthe-
sis of linear oligoheterocycles [ J]. Eur. J. Org. Chem. 2001, 66
(4):697 -706.

VLB, B2, X PR S-DU R AT AR M A R AEE PELT ]
1b2£,2003,11(2) : 96 - 98.
JIANG Yin-zhi, HU Wei-xiao.
Chin. J. Synth. Chem. ,2003,11(2): 96 -98.

A

Synthesis and bioactivities of S-tet-
razines[ J].
Highsmith T K, Blau R J, Lund G K. Biterazoleamine gas generant
compositions[ P]. USP 5682-014,1997.
Norris W P, Henry R A. Cyanoguanyl azide chemistry[ J]. J. Org.
Chem. ,1964,29(3) : 650 —660.

Neutz J, Grosshardt O, Schaufele S, et al. Synthesis, characterization
and thermal behaviour of guanidinium-5-aminotetrazolate ( GA) - A
new nitrogen-rich compound [ J ]. Propellants, Explos. , Pyrotech. ,
2003,28(4) . 181 - 188.

Hiskey M A, Goldman N, Stine J R, et al. High-nitrogen energetic ma-
J. Energ. Mat. 199816

terials derived from azotet- razolate[ J].

(23). 119 - 127.

(T4203 W)



%34 W 45 - AR 2 2 I BF 9 0t 203

ZER[T]. WAL RR A T 22 B 224k ,1995,16(3) : 50 - 54. FLT]. KHEZ 244 ,2000,8(4) : 55 -57.

ZHAO Feng-qi,GAO Lin-rong, LI Shang-wen. A review of the appli- WANG Ji-gui, LI Dong-Lin, ZHANG Yan. Study on binding property

cation of silicone rubber in solid rocket [J1. Journal of Hebei Institute between silicone rubber inhibitor and double base propellants [ J].

of Chemical Technology and Light Industry 1995 ,16(3) ; 50 — 54. Chinese Journal of Explosions and Propellants ,2000,8 (4) : 55 - 57.
[29] HTHk AR EY IR (M]. bt BloEH i, 1999. 131 -133. [31] B, B, 0E%. R ENMREEERE(T]. KT
[30] F& 5T, BAM, k. REARI )2 55 DU 0 7RG 45 1 8 19 OF - kAT ME,1995,3(2) : 31 =37,

Progress in Silicone Rubber Inhibitor

CHEN Guo-hui, CHANG Hai
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The recent development of silicone rubber inhibitor's mechanical , antiablation and bonding properties were introduced in
this paper,which showed that the diameter of the filler in silicon rubber liner had main effect on its reinforcement. The antiablation
of silicone rubber liner can be improved both by changing the structure of unvulcanized rubber and adding antiablative fillers, and the
bond strength between propellant charge and the liner would be increased largely by coating the primer liquid on the charge surface.
It was also shown that the research work should focus on nano-composite fillers and blending technology of silicone with other
polymers to improve the reinforcement of silicon rubber liner.
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Progress in Synthesis and Properties of Nitrogen-rich Compounds

WANG Hong-she, DU Zhi-ming
( State Key Laboratory of Prevention and Control of Explosion Disasters, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Nitrogen-rich compounds are promising materials for gas generating pyrotechnic compositions. The synthesis and
properties of nitrogen-rich compounds with high nitrogen content, good thermal stability and high formation enthalpy on the basis of
tetrazole , tetrazine and furazan structures are reviewed. The synthetic routes of 3,6-bis(1H-1,2,3 ,4-tetrazol-5-yl-amino)-1,2,4,5-
tetrazine ( BTATZ) ,3,3"-azobis(6-amino-1,2,4 ,5-tetrazine) (DAAT) ,1,1’-dimethyl-5,5"-azotetrazole( DMATZ) and 3,6-bis(2H-
5-tetrazol-yl) -1,2,4 ,5-tetrazine ( BTT) are mainly discussed.

Key words: organic chemistry; synthesis; review; tetrazole; tetrazine; nitrogenous heterocyclic compound; gas generating

composition





