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FE AR AL (NMR) Af B 2088 56 35 (FT-IR) (T
F AT AL CEA) X L i 47 45 # R AE ; B JH Gaussian %X
R R S T f e 7/ = - | N I N L N i)
AR A& E T 5 38 i % 50 4% R 1L A% B 3- DMSO Y
A, F U X-5F 2k 5 AT S A (SC-XRD ) % H: #E 47
PR SRAE 5 ) T #2278 11 4 8 UL (TG-DSC) 43 Bt
H b 22 Mg, FI A Gaussian Fll Explo5 #4F 115 H
P22 PR AR AT BAM $8 o J85% 85 A3 0 B2 458 Ja 32 S0
HORBE

1 L&

1.1 KF5EE

R 22, 4-T 55 6- G mEE W g ER AR R 2 R}
B e An A7 BRA &) 5 WG R, TN R, g 1 9 37 3 90 50 %
AR A BR 2 F) 5 A AR RS R, W 1 R Ak 2 a5 A R
A EN UL BRI o iral) . RN, SERE A

1 %% . Bruker Avance T 500 MHz & 4 4% i 3L ¥
P31, Thermo Nicolet AVA-TAR 370 £L 4 G35 4Y ,
Vario MICRO cube Elementar Analyser J& Z 4 1 {¥ ,
Bruker-SMART APEX Il X-JF 4k 5 & 7 51X , TGA/SD -
TA851E T 40 14 , Micromeritic 4= [ 3l < 1A & e %
HE AL ACCUPYC 11 1345,BFH 12 BAM # o i i

1%, FSKM 10 BAM JE#88 B X
1.2 Ak
&Y 319G U2 Scheme 1 7R .
NO, NO,
HZNWCI o, Hzle)\rCI - HQN%éN\N
NYN W NN AcetoTHQ(; NYN\N”
NH, NH, NH,
1 2 3
Scheme 1  Synthetic route of compound 3

1.3 IR
1.3.1 2,4-ZSEH-5-HE-6-SEIE(2) WA

Z: 2% SCHk [22] 09 J7 ¥ AR 2, 4-2 & SR -5
FE-6-FMENE (2) . FEVKIBRHIT B 10 mL ki R 22
A 100 mL By BEHE N, i+ T Z A 2,4- 2%
He-6-FmENE(1)(1.45 g,10.03 mmol) . fFH 4%
fife B AL 2 35 CRYZKIE T, Ak Z2hi FF , 2212 0%
3 mL R MRS R , R A5 BEASAE RO 30 min, KB
H B A VKR G Wb B ik e ok Bk
Ve, TR AT 000 8 A TR A 2, 4- 1 B -5 R -6-51
mEnE(2),351.51 ¢(7.97 mmol) . "H NMR(500 MHz,

Chinese Journal of Energetic Materials, Vol.33, No.5, 2025 (433—439)

DMSO-d,, 25 °C)8:8.34(s,2H,2—NH,) ,7.67(s, 1H,
4—NH,),7.20(s, TH,4—NH,) ; °C NMR(125 MHz,
DMSO-d,,25 °C)8:161.13,156.24,154.12,110.38;
IR (KBr, »/cm™) : 3598, 3526, 3379, 3173, 1645,
1556, 1519, 1425, 1352, 1276, 1187, 1138, 1012,
908, 849, 732, 706, 688, 653, 620; Anal. calcd for
C,H,N,0, (%) :C 25.32,H 2.11, N 36.93; found:
C 25.28,H 2.35,N 37.82,

132 5,7-"RE-8-HEMMIHF[1,5-c]EE(3)H

"

4 1.00 g (1 2, 4- 5 He-5-hf Kk-6-50 M5 IE (2)
(5.27 mmol)f10.50 g NaN,(7.69 mmol) # F 100 mL
B 1 HoAR A 50 mLAEAF 10 mL &5 7K, it
P, FERAMT RN 36 h, dhug, 28 FoRuE%,
XU P T A5 3 B [ A 5, 7 - g R - 8- il 5 D e
I [1, 5-c] " BE (3) 0.45 g (2.29 mmol) , /= F K
43.5%. 'H NMR (500 MHz, DMSO-d,, 25 °C ) §:
9.18(s,2H,5—NH,),9.01(s, TH,7—NH,),8.90(s,
TH,7—NH,) ;"°C NMR(125 MHz, DMSO-d,, 25 °C)
5:156.88,148.67,145.30,105.58; IR(KBr,v/cm™) :
3374,1676, 1630, 1477, 1438, 1411, 1306, 1219,
1178, 1119, 1078, 775, 679, 645; Anal. calcd for
C,H,N,O, (%) :C 24.47,H 2.04,N 57.10; found:
C 24.78,H 2.23,N 56.89,

1.4 HH5HEERIiE

A R HLFE 3 . 38 ad Gaussian 2 P Y 7E
M06-2X-D3/6-311G(d, p) &l T 4r B4k T & A X
DU Ak A 1 DA R sk T 25 B 25 4, O R AT A R TR L3R
733 Gibbs [ tH fi ;38 i Multiwfn B2 )52 20 5 T
DU e AL A N RN T ) B 2

il 25 R A < ) T R 4% & 515 81 3-DMSO 1Y
ik, PEH0.470 mmXx0.050 mmx0.050 mm F4 & {7,
IR S A R B4 45 SMART APEX 11 CCD £
A X5 e B AT SO FE AT I . AE 23 CCTR Al
FH A7 58 04k 1 MoK B 2R (A=0.71073 A) B8 5 i 1A
ARAFAT P BCHE o AR 45 4 38 3 ShelXS B2 7 H 42
fig b B Shel XL 2 5 R FH 42 0 B e/ — 3R vk i 4T
Kife o W5 2 U0 A 2, BN A5 R I il ] Y 2
3-DMSO 1 fb i, oA I T R AE 55 M0 9 ' 2 J0 i ¥
MAE Y 3, NTT R i g LR e &9 31
TG-DSC [ £ I i 7] Wi e v 358 B 3k — 45

POt R 78 AU (L 2 50 mL-min™)
TR T A - 25 R 1 B L(TG-DSC) Xk & 9 3
S Xt
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7 353 gt 3, 03K L B S 1R Sl 50~400 °C, Tl
K 5°C.-min’',

PERETE A A FH Gaussian #{F70 R I % B 12 oA
G B3LYP 7 7E 6-311++g(d, p) 34l F Xk &
Yy 3 #EAT o F AR Ak il G2 8Ty 2= 4l & A
HoA:z gk 5 IR 4 B 3 SO0 8 4 vk B0 RO A
Yy 3 14 %5 5 5 R Explo5 B H 546 & 4 3 1 3R 4
T HER TR 5 P 4% IR BAM I S A o, 78 A L R A%
4« 25 /2 (30+1) mg, ¥ HE I & 2 kg, 7 580 E 10~
35 °C, M4 B AN KT 80% , Mk 1k & 4 3 A 13 o Ik

biia
M

2 #HR5WiE

2.1 ARHE

IR Hbr b G W h & A SRS 0w R AR AR S
AT RE, 2 I Wu 7 AR R AT &
G- U e A S A e 2 R R U R T A 1 i
FIHH Gaussian #4443 0 U6 Ak B b5 A6 G 9 19 & & &% Y
W T 25 D R S 2k P 25 B 4 A A S R DU ke )
14 390 ) 2 1 B 22 G, S DU rf N 55N SR 14 HRL o 28
ZAE I EE A ST LA B I E B VPG B AR &
BRI A S VU W 2 0 R G R e i i — 2 S P A
P A A M o B B O e S A I ot B L RE £
B R

2R, S - DU e BN 1 3% 2 Gibbs [ Hi fE AR
G, 4 25.41 kcal-mol™(106.32 kJ-mol™) , P4 N, F1
N, B 1 B i 28 B 22 Ap M 0.75, % X BRI 45 A 2

NO, NO,

HN 7)\( N=N=N,
|

BT 2 B DU PRI S A B o A L fE 42
Fig.1 Reaction process and energy barriers from azide to tet-

razole
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ZSCHER[29 LG & R E 2 iR o A T
FHEA MM ARKRSEARSE MR EWLs
Yy, © LR 2 s AR i s 7E DY T 25 T m A E
HArfb &9 3 035 & 1 B AL T 800G B 2 b (]
T A DO SRR E ) B R TE TR — X
B, U0 H B A G W Y IO e R 28 T NAR E |, o A A
FED WML SN F . S W 3R AL B
Scheme 2 I/~ o

0.90 = fit point
fit line
= predicion point

0.85 -
0.80 4

Apy(P)

0.75 -

0.707 y=-0.00993x+1.03593
R=0.98

0.65 . : : -
15 20 25 30 35 40
G,/ kcal-mol”

B2 AW 37 5 2 - 0 ] i afis U] v iy 4005 Bk

Fig.2 Fit line of compound 3 in the azide-tetrazole judging

criteria
NO, NO, NO,
HZNNC . HN _)\f‘ NQ?:\ . HZN\%YN\
N| N \__/ai» N|%NJ - T Naw N\N//N
\NE NH, NH,

Scheme 2 Reaction mechanism of compound 3

22 BUERMLESSH

53 5 1 3-DMSO 11 i 1 2 R8s Rl 18 2 800
F1, 4R EW,3-DMSO & T B A&, 2 m #E N
P2,/c, iS5 a=4.7331(3) A,b=22.8991(13) A,
c=10.6580(6) A,a=90°,8=99.758(2)°,y=90°, V=
1138.44(12) A’,Z=4 Fh A%} 1.600 g-cm™(296 K.
3-DMSO fY o 8 HE A R W3 2~3, K 4N
3-DMSO [P 53 U iR I A/ 455 , K1 3 29 3-DMSO
) AR ZE R L 18] 4 o8 3-DMSO [ F AR HEFRE 18 5
3-DMSO Y43 F [a] Al 43+ N A B

FH & 2 21 3 o B B TT T, C(5A)—N(7A) |
C(8A)—N(7A) .C(8A)—N(10A) .C(14A)—N(10A) .
C(14A)—N13A) BB 7318 1.361(6) .1.329(6) |
1.387(5).1.342(4) .1.338(4) A, ¥4 T IE % A5k A
KUGE (B K Ry 1.28 A) FILBR R B4 (BEK R 1.47 A) 2
] C(4A)—C(5A) \C(4A)—C(14A) Ay HE K 43l
N 1.429(5) . 1.419(5) A, AT 1F A0 T ik XLt (g
Ko 1.34 A) FRR B BB (HE K O 1.54 A) ]
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N(TOA)—N(TTA) N(TTA)—N(12A) N(12A)—N(13A)
I 3 50 1.401(4) .1.286(5) . 1.393(6) A, L1y
AT IEH AR S (R R 1.25 A) 40 0 o (it
KR 1.45 A) 22 Ja]4 3k i B g i BRI e 3R 2 J] I
BT LR A B B H  AR T T AR E

F1  3-DMSO IR EUE ALK 1555

Table 1
rameters for 3-DMSO

Crystallographic data and structure refinement pa-

parameter 3:-DMSO
CCDC 2433580
empirical formula CH,,N,O,S
formula weight 274.28
temperature 296(2) K
wavelength 0.71073 A

crystal system monoclinic

space group P2./c

a=4.7331(3) A «=90°
b=22.8991(13) A B=99.758(2)°
c=10.6580(6) A y=90°

unit cell dimensions

volume 1138.44(12) A®
V4 4

density 1.600 g-cm™
absorption coefficient 0.303 mm™'
F(000) 568

0.470%0.050%0.050 mm’
1.779° to 26.379°

crystal size

theta range for data collection
index ranges —-5<h<5, —28<k<28, —13<i<13
reflections collected 9789

2313 [R,=0.0391]

int

independent reflections
completeness to theta=25.242°  99.5%
absorption correction Semi-empirical from equivalents
max. and min. transmission 0.7454 and 0.6833
refinement method Full-matrix least-squares on F*
data/restraints/parameters 2313/277/292
goodness-of-fit on F* 1.050

final R indices [1>20(1)] R,=0.0406, wR,=0.0897
R,=0.0731, wR,=0.1027

0.190 and —0.208 e- A

R indices (all data)

largest diff. peak and hole

F2 3-DMSO MK
Table 2 Selected bond lengths for 3-DMSO

bond length /A | bond length / A
C(5A)—N(7A) 1.361(6) || C(4A)—C(5A) 1.429(5)
C(8A)—N(7A) 1.329(6) | C(4A)—C(14A) 1.419(5)
C(8A)—NI(10A) 1.387(5) |[N(1T0A)—N(11A)  1.401(4)
C(14A)—N(10A)  1.342(4) |[N(1T1TA)—N(12A) 1.286(5)
C(14A)—N(13A)  1.338(4) |IN(12A)—N(13A) 1.393(6)

Chinese Journal of Energetic Materials, Vol.33, No.5, 2025 (433—439)

M 3 50 H EB 4 B AR BCHE T LA N (6A) —
C(5A)—N(7A) .N(6A)—C(5A)—C(4A) N(7A)—
C(5A)—C4A) ISR 730 114.8(4)°.123.1(4)°,
122.1(3)°, =AM ZF 258 360°;N(9A)—C(8A)—
N(10A) \N(9A)—C(8A)—N(7A) .N(7A)—C(8A) —
N (10A) B 5 £ 43 %1 & 118.0 (4)° . 123.7 (4)° |
118.2(4)°, =/ H A Z FN IR A 24 28 360°, 16 W] 7 4> 2
SN0 e s KSR 57 e Y TR P T S
J 5 3% 2 10 T A AU R v E SR I AR TR — T
TR T B4, 358 T TR R e M .

&3 3-DMSO k5
Table 3 Selected bond angles for 3:DMSO
bond angle/(°) | bond
O(1A)—NBA)—O(2A) 122.1(3) || O(1TA)—N(3A)—C(4A) 118.1(3)
O(2A)—N(3A)—C(4A) 119.7(4) |[N(6A)—C(5A)—N(7A) 114.8(4)
N(6A)—C(5A)—C(4A) 123.1(4) | N(7A)—C(5A)—C(4A) 122.1(3)
)
)

angle/(°)

N(9A)—C(8A)—N(7A) 123.7(4) | N(7A)—C(8A)—N(10A) 118.2(4)
N(9A)—C(8A)—N(10A) 118.0(4

HL#E /i N(11A)—N(10A)—C(14A)—C(4A) |
C(8A)—N(10A)—C(14A)—N(13A)435h=178.9(3)° .
179.6(5)°, 15 BH 1 g 24 F1 U e 2R LS i, 25 1 firadk
AW 3 A R 7R R F A, S 3
Yoty A R T T 1 i s AR e Pk

F 2 4 51 H 1 0 43 S0 R B A A LA K IR 5
B S HEAE FH IR AT LB Y, 3-DMSO HfETE & R A
SEVE R, L M AR AR A S R 9 Ry D) SR
FH L W BE R L A S BE 0 A 10 SR T ME— 9 SR A
— AL L H(6A) 5 WEIE I b AE b S 2 K+
B N(7A) T B N (6A)—H(6A) ...N (7A) 4[]
b, K M 3.175(8) Ay TRE I Y H(6B)
5 A B AR A Z KR 1 O (2A) it JE W 1Y

T4 3-DMSO (1) HB 43 Sk HE A I £

Table 4 Selected hydrogen bond lengths and angles for
3-DMSO
DeH A d(oD—H) d(meA) d(DDmA) <(DHA)
/A /A /A /(°)
N(6A)—H(6A)---N(7A)#1 0.86 2.32 3.175(8) 170.3
N(6A)—H(6B)---O(2A) 0.86 2.02 2.637(6) 128.2
N(6A)—H(6B)---O(15)#2 0.86 2.29 2.927(6) 131.2
N(9A)—H(9A)---O(15)#3 0.86 1.87 2.720(6) 168.8

N(9A)—H(9B)---N(11A)#4 0.86 2.50 3.314(8) 158.8

Note: Symmetry transformations used to generate equivalent atoms: #1: —x+

2,-y+1,-z+15#2: x+1,-y+1,-z+1; #3:x+1,y,z; #4:-x+1,-y+1,-z+2.

Sttt
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N (6A) —H (6B)...0 (2A) 75 F W & & , KK H
2.637(6) A; =18k F I H(9B) 5 MR ER |- 1 A
%Mﬁf?‘%ﬁwm1A)E?ﬁ355zE4JN<9A)—H(9B) N(11A)
Iy F AL E B, B K o 3.314(8) A i A W fb & 2

P E L B H(6B) FTH(9A) 73 51 5 DMSO EAE R A
HEZRIEF 1 O 5) T A N(6A)—H(6B)...O(15)
N(9A)—H(9A)...O(15) 4 T [A] & i, FLAg 1 53 5 8
2.927(6).2.720(6) A, X557 P FI 4> 1 0] S HEAE
FHHE S T 3-DMSO e Mo DL 4 11 R 3 B ]
Rl DL R O A B T R IR TR HE AR 2 )

N(124)
‘D

3 3-DMSO FhikE5
Fig.3 Crystal structure of 3-DMSO

g
%\6’4»

El4 3-DMSO fis iRk LA
Fig.4 Packing diagram of 3-DMSO

0(28) 1 /

/2/ o(1s) J N 7A)

H(BA) ) |

(e)sZL:

V
V\g\o’ul

QA) ! ;: H(BA

LA %4 - I

H(9B)
El5 3-DMSO Y5 [ Fil 53 P4 Ui
Fig.5 Inter-/intra- molecular hydrogen bonds of 3:DMSO

N(114)

(94) .3 40

H(eB) %A) V H(QB
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Bk 3.356 Ak R T4 T2 RHEEA AT %
TRACG Py B
2.3 Aok

WEoE R TS 31 TG-DSC i £k, 45 R E 6
JioR o IWEIHR LLE A6 W 3 AA7E — A il e, 33
WIS G W 3 A 1 43 i 58 WL T TSCHA W I o0 ik L BE R
203.6 °C, JlC g 0 IR B2 226.2 °C. TG i & %
Bl ,7E 201.5~229.6 CZ 1], Fi KN 12.6%, i ]
ZAL R A Y 3 KA o i R

-10

exo
=)
(e}

-20; 226.2°C T

50 100 150 200 250 300 350 400
temperature / 'C

6 fL&H 3 TG-DSC Lk
Fig.6 TG-DSC curves of compound 3

24 BERMEEMEESN
KT WAL A Y 3 R v RE L R T
Scheme 3 Ff 7~ B %5 8 J2 1, #ll H Gaussian 4k 4 1154

HFE AR 8% A 515.54 kJ-mol™' . FEARELS Y 3 Y
SN FE (1.81 g-ecm™) B H Explo5 B4+ 53 L 3 i
TR A8 TR 4> %)k 8570 mes Al 28.2 GPa. F
BAM J% & I3 130 A5 Ak & 4 3 I e o R Ry 22 ), B
PEIERE R 305 N,

M5 BIILE Y 35 TATB FITNT By 3 AL 1 fE %)
FErr LUE G 3 09 52 %25 B2 (1.81 g-cm™) K T
TNT(1.65 g-cm™) A 144 (515.54 kJ-mol™) i K T
TATB(21.70 kJ-mol™) il TNT(~=55.50 kJ-mol™) , B
R (8570 m-s™) M K (28.2 GPa) ¥ K T TATB
(7880 m-s'.27.9 GPa)FI TNT(6881 m-s'.19.5 GPa),
AR PERE L TATB A TNT f0 5 5 48 a5 B (22 ) [
TNT15 DI A& N 57.13%, 3 T TATB(32.60%)
FMTNT(18.50%) . L& 31E N & REM BLEA —

8 of FH W 7
NO,
VY/ N
+
NYN\N//N 3CH,———> N\VN\N//N + CHaNO,+ 2CH3NH,
NHs

Scheme 3 Isodesmic reaction of compound 3
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x5 AW 3 5 TATB. TNT B H Ak B 8 25 e X Lk

Table 5 Comparison of physicochemical and detonation properties of compound 3 with TATB and TNT

compounds p/gem™ T,/ C AH/K-mol™  D/m-s™ p/ GPa 1S/} FS/N N content / %
3 1.81 203.6 515.54 8570 28.2 22 305 57.13
TATB!® 1.93 375.0 21.70 7880 27.9 >40 360 32.60
TNTHO 1.65 295.0 -55.50 6881 19.5 15 353 18.50

Note: p is density measured by a gas pycnometer at 298 K. T is initial decomposition temperature. A, H is calculated enthalpy of formation. D is calculated detona-

tion velocity. p is detonation pressure. IS is impact sensitivity. FS is friction sensitivity. N content is nitrogen content.

3 &it

(1 Lh2,4-Z 5 3-6-5 W 0 (1) 2 JE kL, 2833 fil§
b FR IR A IR A T 5, 7- R - 8-l 5 Y s -
[1,5-clmEnE (3), Fl A L 3R B 3 AL (NMR) i L
2L AR EIEAL (FT-IR) LT Z A3 Hr A (EA) X H 4T T 4%
Fa) FRAE 38 o PS5 I8 UE T O e 25 4 A H B R
BHEINEE .

(2) 3 1L R 3% & 3K T 3-DMSO B ik, IF
)T X-55F £ B0 5 A7 AL (SC-XRD) Xif Hi 47 R AE . 4%
R R TR R A WEEN P2/, B0 T4
PSS T8, A7 7E 3 R I S E T, EL R 2R TR T e
A Bl TR AR LR

LA 3 MBS N 8570 m-s™, BB HR K
1 28.2 GPa, JE 35 YEREIE T TATB AN TNT, fi o B hy
22 ) EEHE R R 305 N, 7E & RE A RN LA —E 1Y
INAziR Wil

2% 30k

[1] WANG Y, HU L, PANG S, et al. Nitroimino as an energetic
group in designing energetic materials for practical use, a tau-
tomerism from nitroamino [J]. Journal of Materials Chemistry
A, 2023, 11(26): 13876-13888.
CHINNAM A K, SINGH J, STAPLES R J, et al. Manipulating
sensitivities of planar oxadiazole-based high performing ener-
getic materials [J]. Journal of Heterocyclic Chemistry, 2024,
61(3): 506-513.
FAN H, TANG J, YANG H, et al. Azo pyrazole carboxylic de-
rivatives for potential energetic materials[J]. Crystal Growth &
Design, 2024, 24(15): 6292-6299.
JING S, DENG J, LI C, et al. High energy explosive with low
sensitivity: a new energetic cocrystal based on CL-20 and BM-
DNP[J]. CrystEngComm, 2024, 26(8): 1126=1132.
LI C, LEI C, TANG J, et al. C-C bonded bis-5, 6 fused
triazole-triazine compound: an advanced heat-resistant explo-
sive with high energy and low sensitivity [J]. Dalton Transac-
tions, 2022, 51(40): 15292-15299.
XU Z, LEI C, WANG Q, et al. Synthesis of heat-resistant and
low-sensitivity energetic materials based on hydrazine bridge
linkagel)].Crystal Growth & Design,2023,23(11):8197-8203.
[7] FAN H, TANG J, LEI C, et al. Construction of nitrogen-rich

(6]

Chinese Journal of Energetic Materials, Vol.33, No.5, 2025 (433—439)

[10]

[11]

[12]

[15]

[16]

[19]

Sttt

energetic isomers containing multiple hydrogen bond networks
[J]. Organic Letters, 2024, 26(38): 8045-8050.

TANG J, YANG H, CUI'Y, et al. Nitrogen-rich tricyclic-based
energetic materials[]]. Materials Chemistry Frontiers, 2021, 5
(19): 7108-7118.

YAO Y, ZHOU X, LIN Q, et al. Compatibility study of NaN,
with traditional energetic materials and HTPB propellant com -
ponents [J]. Journal of Energetic Materials, 2020, 38 (4) :
445-454.

BRIEAS, THF, PERRF . A Sk 26 0 AR BR 10 AR 1 e F
FE0)). FHEM R, 2023, 31(11): 1158-1172.

QIAN Ya-dong, YIN Ping, PANG Si-ping. Synthesis and prop-
Chi-
nese Journal of Energetic Materials (Hanneng Cailiao), 2023,
31(11): 1158-1172.

W, HOOR, THU. A E AW, 2, 5-08 kR Fragdh
B EREL) ). FREMOBL, 2024, 32(6): 615-622.

LI Tao, YI Wen-bin, YU Qiong. Synthesis and properties of

erties of N-bridgehead energetic fused heterocycles [J].

two 1,2, 5-oxadiazole based energetic salts with nitrogen-rich
fused ring skeleton[]]. Chinese Journal of Energetic Materials
(Hanneng Cailiao), 2024, 32(6): 615-622.

ZHANG R, XU Y, YANG F, et al. Synthesis, characteriza-
tion, and properties of heat-resistant energetic materials based
on C—C bridged dinitropyrazole energetic materials[])]. Jour-
nal of Organic Chemistry, 2024, 89(9): 5966-5976.

WU J, XU J, LIW, etal. Coplanar fused heterocycle-based en-
ergetic materials [J].
2020, 45(4): 536-545.
JIANG X, YIN D, SONG S, et al. Achieving ultra-high heat re-
sistance of novel energetic materials through a hydrogen bond-

Propellants Explosives Pyrotechnics,

ing and extended w-conjugation strategy[J]. Journal of Materi-
als Chemistry A, 2024, 12(22): 13231-13239.

MANZOOR S, YOUNIS M A, TARIQ Q-U-N, et al. Synthesis
and study of steering of azido-tetrazole behavior in tetrazolo
[1,5-c]pyrimidin-5-amine-based energetic materials[J]. Jour-
nal of Organic Chemistry, 2024, 89(10): 6783-6792.
ZHANG X, LEI C, TANG |,
high-thermostability and low-sensitivity [ 6, 6 ]-fused energetic

et al. Synthesis of
compound based on benzene and pyrimidine [J].
Growth & Design, 2024, 24(3): 1350-1356.

HU Y, DONG W, LU Z, et al. A multi-fused heat-resistant en-
ergetic compound constructed by hydrogen bonds[J]. Chemi-
cal Communications, 2023, 59(65): 9864—-9867.

YANG K, Bl F, XUE Q, et al. Synthesis and properties of
azamonocyclic energetic materials with geminal explosophores
[J]. Dalton Transactions, 2021, 50(24): 8338-8348.

YADAV A K, GHULE V D, DHARAVATH S. Facile fabrication

of functionalized pyrimidine derivatives: constructing a new

Crystal

www.energetic-materials.org.cn



5, 7- 58 -8 KL DU e IF [ 1, 5-c ] W E B9 A R AR 45 5 e

439

[28]

[29]

family of high performance and less sensitive energetic com-
pounds[]]. Journal of Materials Chemistry A, 2022, 10(23):
12702-12712.

HU W, TANG J, JU X, et al. An efficient one-step reaction for
the preparation of advanced fused bistetrazole-based primary
explosives[]]. ACS Central Science, 2023, 9(4): 742-747.
YAN Z, LU T, LIU Y, et al. High thermal stability and insensi-
tive fused triazole-triazine trifluoromethyl-containing explo-
sives (TFX)[J]. ACS Omega, 2021, 6(29): 18591-18597.
KUMAR P, MATHPATI R S, GHULE V D, et al. Synthesis of
C-C bonded trifluoromethyl-based high-energy density materi-
als via the ANRORC mechanism [J]. Dalton Transactions,
2024, 53(36): 15324-15329.

WANG C, HU W, TANG J, et al. Pyrazolo[1,
dine: A new 5/6 fused energetic material with high thermal sta-
bility[J]. Crystal Growth & Design,2024,24(20):8496-8504.
ARAAR, XSGR, T /NG, GF AT R IRORE : — A RO STAS
B REATR I B 2 N R )], FREMRL, 2024, 32(6): 641-650.
YU Pei-dong, LIU Qiang-giang, DING Xiao-yong, et al. In-

5-a] pyrimi-

triguing fluorine effect: an important factor for effective con-
struction insensitive energetic materials[J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao),2024,32(6): 641-650.
KUMAR P, KUMAR N, GHULE V D, et al. Zwitterionic fused
pyrazolo-triazole based high performing energetic materials
[J]. Chemical Communications, 2024, 60(12): 1646—1649.
WANG J,LV R,SONG S, et al.Simple preparation of heat-resis-
tant energetic materials based on [5, 6, 5] tricyclic fused-ring
skeletons and evaluation of their energetic performance [J].
Crystal Growth & Design, 2024, 24(10): 4114-4121.

ZHU T, LIC, TANG J, etal. [5,6,5]-Tricyclic energetic com-
pounds with piperazine, triazole, and 1,2, 5-oxadiazole rings
in framework [J]. Crystal Growth & Design, 2024, 24(21) :
8847-8854.

FRISCH M J, TRUCKS G W, SCHLEGEL H B, et al. Gaussian
09. Wallingford CT[CP]. Gaussian, Inc., 2009.

LU T. A comprehensive electron wavefunction analysis tool-

[30]

box for chemists, multiwfn[J]. The Journal of Chemical Phys-
ics, 2024, 161(8): 082503.

LEE C, YANG W T, PARR R G. Development of the Colle-Sal-
vetti correlation-energy formula into a functional of the elec-
tron density[)]. Physical Review B, 1988, 37: 785-789.
Recommendations on the transport of dangerous goods [M].
Manual of tests and criteria, 6th, United Nations Publication,
New York, 201579-127.

WU Z, HU J, WU T, et al. Exploring the correlation between
azido-tetrazolo tautomerizations and isomer structures: Elec-
tron density of bonding N atoms and N—N bond polarity[]].
Journal of Physical Chemistry A, 2024, 128(18): 3557-3563.
RAE, RS, B L AT I Y T AL LT R
FCSEEREL) ). A REM R, 2021, 29(8): 721-725.

LI Ke-jia, TANG Yong-xing, HUANG Wei. Synthesis and
properties of imine-bridged planar nitrogen-rich energetic ma-
terials [J]. Chinese Journal of Energetic Materials (Hanneng
Cailiao), 2021, 29(8): 721-725.

SRIREL, KR, PEOCH . 3-(1 H-Pu ) -7-( =90 AR ) -1, 2, 4- =
[5,1-cl-1, 2, 4-= B-4-5 Z& 19 Wl & K PR RE ()] & RE M KL,
2024, 32(6): 584-590.

ZHANG Rong-zheng, LU Ming, XU Yuan-gang. Synthesis and
of 3-(1H-Tetrazol-5-yl)-7-(trifluoromethyl)-1, 2,
4-triazolo [5,1-c]-1,2, 4-triazin-4-amine[}]. Chinese Journal of
Energetic Materials(Hanneng Cailiao), 2024, 32(6): 584-590.
KLAPOTKE T M, PREIMESSER A, STIERSTORFER J. Synthesis
and energetic properties of 4-diazo-2, 6-dinitrophenol and

properties

6-diazo-3-hydroxy-2, 4-dinitrophenol[J]. European Journal of
Organic Chemistry, 2015(20): 4311-4315.

M As, WA, ML, SR [1,2, 5B (3, 4-D I RS,
6-(TH, 3H)-TFi X H 2 GE 46 19 & 0l Kt ae [)]. &% e MR,
2022, 30(3): 236-241.

XIAO You-you, LEI Cai-jin, YANG Hong-wei, et al. Synthesis
and performance of [1,2,5] oxadiazolo [3,4-b] pyrazine-5,
6-(1H,3H)-dione and its energetic salts[J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao),2022,30(3): 236-241.

Synthesis, Crystal Structure and Properties of 5,7-Diamino-8-nitrotetrazolo[ 1,5-c]pyrimidine

ZHANG Ai-ya', HU Jun-biao’, HUANG Wei', LIU Yu-ji', TANG Yong-xing'

(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Military Representative
Bureau of the Army Equipment Department in Xi'an, Xi'an 710032, China)

Abstract: 5,7-Diamino-8-nitrotetrazolo[ 1,5-c]pyrimidine (3) was synthesized by a two-step reaction of nitration and cycloaddi-
tion using 2, 4-diamino-6-chloropyrimidine (1) as raw material. The structure of 3 was characterized by nuclear magnetic reso-
nance spectrometer (NMR) , Fourier transform infrared spectrometer (FT-IR), elemental analyzer (EA) and single crystal X-ray
diffractometer (SC-XRD). The thermal behavior of 3 was analyzed by differential scanning calorimeter (DSC) and thermogravi-
metric (TG). The detonation properties were calculated by Gaussian and Explo5. The sensitivities were measured using BAM im-
pact and friction sensitivity testers. The results show that the crystal of compound 3-DMSO belongs to monoclinic system, space
group P2,/c, and the cell parameters are a=4.7331(3) A, b=22.8991(13) A, c=10.6580(6) A, «a=90°, 8=99.758(2)°, y=90°,
V=1138.44(12) A’, Z=4. The crystal density is 1.600 g-cm™ (296 K). The theoretical detonation velocity and pressure of 3 are
8570 m-s™" and 28.2 GPa, respectively. The impact and friction sensitivities of 3 are 22 J and 305 N, respectively.
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