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A BITE-101, Fo 43 45 44 v & A il K IO Ay bk mee
IR B 1,2,3,5-DUEER BFSE £, %0 1
IR FE]1.957 g-em” A H] 9.3 km-s™! i 7 B
18 ), SR 295 °CL &G PEREIE T HMX, A Al
B B2 . 202448 SR BRAR I BRI T4 it
W I = RS A ) XU IR AL G W 7, 8- i AR -2, 4- A AR
meomg 5t [1, 5-al [1,3,5] = 8 (p=1.830 g-cm™,
D,=8.4 km-s",1S>40)) , H3Z 5 TR A BIGL5H 12
AR A A AR X A5 LA 0 A AL B A e 1 A 0
il VR 3K S TR 2 A e DR 22 A i 2 1 R 0 L AR
A Zs (B A7 BH, F 805 J0 3 N R F BB B AR, R 5
TR 456, M LLGE 2o BF 2 9 5 A S B0 e R 4
BT Hun 0 w58 3R, AW 5% LA s I 5 1 5 Y
A = s - I I DL WA Ay R B 8 Ok i 1A A
FEAR AR R SR v Ay R R D e B B A 45 A R
W E R N R B B TR R S AE AR
BB ¥ NO, 1 ClO, 45 4> T Re &K F- o 3l 2o 4 L
AR LT A3 (FT-IR) L JC 2 43 H il (EA) (A2 L 4k
P ("H NMR.C NMR) 58 X%} BT A 16 & 4 (3~8) i 4T
GERN AR, FE XL G 5 7 SEAT X-5F LR B AT B
Br, BE— DB IA LS ol s AN 2 R T A
PAL(DSC) i il J% B A B 482 R ASCRIF 90 HE R v
FIHUAREE , I A EXPLOS T 48 25 v i
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Synthetic route of compounds 3 to 8

NH,

Scheme 1

1.3 W’
1.3.1 3-THE-7-5E-6-(1H-MUM-5-F) it 3£ 1,5-a]
WENE (3) B & B

W 7 -E I -6-(2H-PUME-5-55) -MEmE I 1,5-a]mamE (1)
(2.02 g,10.0 mmol) £ =10 CHr#L T 15 mL ¥ i B2
L BRI B 6 mL & MRS R , 1 15 R A 2R R
KT =5 C, R SE T, e 78 2 S I Ak et $F 24 h, )2
F 45 o, TR 2B 12 A 300 mL vk oK A H R
T, 285 U8 4y B KR JE HEAT TR A5 3 B0 [ AAOR R 3
(1.94 g,78.5%) .

T...(10 °C-min™") :286.9 °C (dec.); IR(ATR, v/

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-11)

1 SLIGE 4,

1.1 XA 5

R 2 7-F H-6-(2H-PY me-5-3% ) -y mg I [ 1, 5-a]
WENE RN 2, 7- A H-6-(2H-PUmR-5-FE)-[1,2,4] = mk
I, 5-almamE L= Adl, 2% SCk[15-16] 4
B 5 fe G TR RIR B2 A T 4, A B Ak TR0 2 ) o

10 Es PRI, STA449F 5, 71 [ i B A L 25 1
T A7 RN ] 5 (8 B AR e 2T AR 1AL, TENSOR T, 7 [
Bruker /A &) s S A% w R I 7% ,AVANCE 600 MHz,
5[5 Bruker A #] 5 JTGER 40 H14% , Vario EL CUBE, 4 [ jC
FONT RGN A BFH 1248 5 B AL FSKM 10 JEE 528k
BEAR, 55 [ 2% it B8 L (Jb 50 B A BR A B s Micromerit-
ics AccuPyc 11 1340, 4 F s SR B ik B L
1.2 BRE%

PL7-855-6-(2H-PY W -5-55) -mk ik - [ 1, 5-a ] 15 g
(1) F12,7-— & F-6-(2H-PUME-5-5E)-[ 1,2, 4] =k If:
(1, 5-a] s uE (2) &Y, fdf 1AM o TR 1R 2 47 il 1k J
N, il & T e R vk U ms B B 3A 45 Rtk A W3-l
7B H-6-(1TH-PUmE-5-FE ) e mk 3f-[ 1, 5-a | W 0E (3)
12Tl i -7 - FE-6-( 1 H-PU ME-5-3L)-[ 1,2, 4] =mk
L1, 5-almsne (4) , b5 5 A R AN e S0 3 0o ot 7 5%
BIE it &9 5~8, & B 2 4l Scheme 1 TR .

. H

oN_ HN=\ Ny .

ﬁN / \N‘N Anion
N

NH,
HNOj3 or HCIO, 5. 6 Anion i NOs  Clo,
N H 5.7 6.8
HN=\  N-y
= X -
ON )N\\ N { N-N Anion
ZBNTSNTONH,
H
7.8

cm™):3422(m),3325(s),3124(s),3102(s),1640(s),
606(s),1558(m),1493(s),1480(s),1420(s),1401(m),
1347(m),1268(s),1192(m),1119(w),1081(w),
1043(m),1034(m),1020(m),16(w),824(m),74(m),
761 (m), 705(m) , 640 (m) , 567 (m) , 543 (m) ,
21(m), 478 (w) ; '"H NMR (400 MHz, DMSO-d,,
25 °C)68:9.55(br, 1TH) ,9.06(s, 2H) ,8.9(s, TH) ;
“C NMR (101 MHz, DMSO-d,, 25 °C ) §: 152.4,
152.1,146.6,143.3,142.9,122.4,91.6. Anal. calcd
for C,H,N,O,: C 34.01, H 2.04, N 51.00; found
C 33.96, H 2.09,N 51.08,
e ik
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1.3.2 2-FHBRE-7-2E-6-(1H-HWM¥-5-%)-[1,2,4]
=WFH[1,5-alEIE (4) B K

¥ 2,7- & H-6-(2H-PUmE-5-3K)-[1,2,4] = m
IE[1,5-almEnE(2)(2.18 g,10.0 mmol)fE-10 CHr ik
T 15 mLRGRER SR JG 212 A 6 mL & M AS 2 , Or
RN AR R EART -5 °C, ikt se ten |, 55 5 2 =
YRS P 24 h, SN S5 B OB R 22 12 in A 300 mL
VKoK H BT A 220 08 A B K R S #EAT TR L A5 3
B [E A R 4(1.91 g,72.5%) .

T,..(10 °C-min™") :231.4 °C(dec.); IR(ATR, v /
cm™):3336(m),3288(s),1665(s),1551(s),1432(m),
1384(m),1362(s),1320(m),1281(s),1233(m),
1098 (m), 928 (m),834(m),743(m),711(m),
642 (m) , 608 (m) , 539 (s) ; '"H NMR (600 MHz,
DMSO-d,,25 °C)8:9.0(s, 2H);"°C NMR(150 MHz,
DMSO-d,, 25 °C ) 6: 156.5, 154.6, 152.4, 150.6,
148.1,96.1, Anal. calcd for C,H,N,,O,: C 27.38,
H 1.92,N 58.54; found C 27.36,H 1.86,N 58.61,
1.3.3 3-FHE-7-SE-6-(1H-TMe-5-F )Mt F[1,5-a]

W RERE EE #h (5) B9 & BY

F R K, fE 100 mL = 0 56 3-Al 3-7-%
H-6-(1H-PUmk-5-5 ) me ke 3f-[1, 5-a] 5 1E (3) (1.24 g,
5.0 mmol) Jit A 30 mLi#E 4l K, 2R 5 Jm A 2.0 mL
68% TR , & Wi THil 2 90 °C, i+ 3 hJm #ud g, uE
H ARV 2 50, A AT Uk KR T RS
R EOEIR5,1.22 g, LK 78.7%.

T,..(10 °C-min™") :174.9 °C(dec.) ; IR(ATR, v /
cm™):3443(s),3362(s),3242(s),3108(m),2671(m),
1696 (s) , 1624 (s) , 1538(s), 1484 (s) , 1418 (s) ,
1392(s),1359(s),1198(m),1017(s),846(m),783(m),
638 (m), 565(m) ;'"H NMR (600 MHz, DMSO-d,,
25 °C)6:13.1(s, 1TH) , 8.0(s, 2H) , 7.2 (br, TH) ;
“C NMR (150 MHz, DMSO-d,, 25 °C ) 8: 156.5,
148.0,146.5,121.0,105.4,88.8,86.0. Anal. calcd.
for C,H,N,,O,: C 27.11, H 1.95, N 45.16; found
C 27.03,H 1.89,N 45.20,

1.3.4 3-THE-7-8E-6-(1H-THM-5-F )AL Ff[1,5-a]
BRESSEBRH(6)NEK

ZEHF, E 100 mL = R B 3-6 6-7-F
H-6-(1 H-PH wg-5-F ) ik e 3 [ 1, 5-a] BEIE (3) (1.24 g,
5.0 mmol) il A 30 mL#4li /K, SR )5 A 2.0 mL &
AMR B THIR 2 90 °C 1 +E 3 h e AT ik, B A &
Ve A SR, B A A L K R, TR R
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R 6,1.26 g, IR 72.5%.

T,. (10 °C-min™') :243.4 °C(dec.) ; IR(ATR, v /
cm™):3315(5),3193(s),1673(s),1592(s),1540(m),
1462(m),1408(s),1326(s),1261(s),1184(m),
1056(s),902(s),816(s),758(m),698(s),619(s),
542(s);'"H NMR(400 MHz,DMSO-d,, 25 °C)56:9.07
(s, TH) ,9.05(s, 1H) , 8.78 (s, 1TH) , 8.69 (s, 1H) ;
“C NMR (101 MHz, DMSO-d,, 25 °C ) §: 153.7,
152.9,143.4,140.0,120.8,102.0,99.9. Anal. calcd
for C,H,N,CIO,: C 24.19,H 1.74, N 36.26; found
C 24.25,H 1.71,N 36.32,

1.3.5 2-FEE-7-S&-6-(1H-MM-5-K)-[1,2,4]
=MIF[1,5-a]l BIERHEREL (7) & X

FHF, AE 100 mL = 1ok 2-5l i 3E-7-%
F-6-(1H-PYWE-5-F£)-[1,2,4] =M I [1, 5-a] 1 I
(4)(1.32°g, 5.0 mmol) LA 30 mLE &K, SR J5 hin
A 2.0 mL 68% fif§ 2 , % i F- i 25 90 °C, i 3 h 5 #4
AR IR AR H B = A ST g K
W, TR ENR B OER7,1.35 g, IR 82.8%-

T, (10 °C-min™) :148.9 °C(dec.); IR(ATR, v/
cm™):3451(m),3267(s),3107(s),3045(w),2810(w),
2765(m), 1661 (s),1627(s),1518(s) , 1467 (m),
1427(s),1307(s),1232(m),1198(m),1100(m),
1066(s),1014(m),963(m),905(m),820(m),745(m),
700(s),672(m),603(m),569(s);'H NMR(400 MHz,
DMSO-d,, 25 °C)8:8.97(s,2H) ; °C NMR(101 MHz,
DMSO-d,, 25 °C ) &: 157.2, 154.1, 153.3, 147.0,
116.1,91.3, Anal. calcd for C,H,N,,O,: C 22.16,
H 1.55,N 51.69; found C 22.23,H 1.47, N 51.76.
1.3.6 2-FHEE-7-SH&-6-(1H-MM-5-K)-[1,2,4]

=MIE[1,5-a] RS S B (8) & MK

FEWF L AE 100 mL = O Aok 2-fl i 3-7-%
Fe-6-(TH-PYME-5-3E)-[1,2,4] =M I [1, 5-a] 15 BE
(4)(1.32 g, 5.0 mmol) LA 30 mL# 2K+, 2R )& hin
A 2.0 mL = SR , %8 FHR 2 90 °CL i+ 3 h )5 At
UE L UETR F AR W B A AR 2R, ¥ Kk
W, TR ENIR A1 8,1.29 g, 0% 71.2%,

T.. (10 °C-min™") :137.1 °C(dec.) ; IR(ATR, v/
cm™):3456(s),3310(m),1678(s),1631(s),1563(s),
1482(m),1314(m),1270(m),1215(m),1111(m),
1074(s),1011(m),974(m),951(m),834(m),771(m),
701(s),676(m),618(m),457(m);'H NMR(400 MHz,
DMSO-d,, 25 °C)5:9.0(s,2H) ;°C NMR(101 MHz,

N XK XXXX & XX A& HXX#8 (1-11)
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DMSO-d,, 25 °C ) 6: 157.3, 154.2, 153.0, 152.6,
147.1,91.4, Anal. calcd for C;H;N,,CIO,: C 19.87,
H 1.39,N 42.49; found C 19.81,H 1.32,N 42.57,
1.4 MeElliXS5itE

XFTACEY) 57,43 HIEEU T 0.22 mmx0.18 mm
X0.18 mm F10.12 mm X 0.12 mm X 0.1 mm A2 5,
K CuKa #1248 (A =1.54184) M8 5} Jig % 5 1, 8 i
CCD #4051 SR AT 5 BE s AT X PR ATH L5 . 7
B SR A ok B, DR SRR BE TE 298 Ko An ik Y
H1 ShelXT &5 ¥4 fift Bt B2 77 119 P9 B2 AR 7 325 56 W, IF fili 0
ShelXL A& F2 J i iof 5 /N e ik b AT AG 517100

AR R T 298 0.6 mg#Edh, 20 mL-min™
MY, 50 mL-min™ E AR MR, THE
N0 °Comin™ iR EE XN 50~450 °C, #2244
EIAL(DSC) XA 3~8 (3RS AT R B4 TR

2 B BAM I R s 1070 AR IR B IR 25 °C L 2 it

x1 BWS-H,OM7-1.125H,0 B34 i 2 5

250 30 mg, ¥R T R 2 kg, AR E 0<80% RH A
AT W58 T AL A 4 3~8 A fi o o 2 R 48

FRG3 BT R R I B FHAE 7 25 40 CA&R T,
T 24 h ZBRAK o

iz [ Gaussian09 T2, 45 & 255 7 %, 75 B3LYP/
6-311+G KV F XA Y 3~8 45 /24T Ak, 19 3 3L
FERRE I L AR E 4549 , LR S4B TC B AL, SR )5 s
B3LYP/6-311+G**J7 ik kit 5L & 1 3~8 i A= LK «
i G b5 W 3~8 1Y A B KS A E R, R A EXPLOS
V6.05.02 F A AL G 3~8 IR E MERE

2 FHR5WiE

2.1 BELEHSH

6459 5 7 BT B 3% 24\ iR CCDC 5 4351
2344386 12344387, % 1 LAY 5-HO A1 7-1.125H,0
(BB 43 AR 2 B L 2% 2~3 X AN PR A M Y

Table 1 Crystal data and structure parameters for 5-H,0O and 7-1.125H,0

parameters 5-H,0 7-1.125H,0
empirical formula C,H,N,,0,-H,0 C,H,N,,0,-1.13H,0
temperature / K 297.76(10) 298.01(10)
formula weight 328.23 345.49
space group monoclinic triclinic
crystal system P2./c P-1

alA 9.88340(10) 8.2641(3)
b/A 17.3266(2) 9.6583(3)
c/A 7.27160(10) 9.7878(3)
a/(°) 90 88.193(2)
B/() 92.6840(10) 66.074(3)

y /() 90 69.155(3)
4 4 2

Peac/ grem™ 1.753 1.734

F (000) 672.0 352.0
w/mm™! 1.347 1.355
volume / A’ 1243.86(3) 661.52(4)

26 range for data collection / (°)

8.958 to 155.278

9.886 to 155.282

radiation

crystal size / mm’
data/restraints/parameters
reflections collected
goodness-of-fit on F’

final R indexes [I>=2¢ (1) ]
largest diff. peak/hole / e A~
final R indexes [all data]

CCDC No.

CuKa (1=1.54184)
0.22x0.18x 0.18
2597/0/219

10267

1.051

R,=0.0452, wR,= 0.1200
0.27/-0.27

R,=0.0512, wR,=0.1262
2344386

CuKa (1=1.54184)

0.12 % 0.12 X 0.1
2771/2/253

18970

1.062

R,=0.0556, wR,=0.1588
0.75/-0.43

R,=0.0631, wR,=0.1678
2344387

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX ( 1-11) N R
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A
&1 A 5-H,O M BIRE TR R, &
[ B R P2, /c, iS50 «=90°,8= 92.6840(10)°,
y =90°,a = 9.88340(10) A, b = 17.3266(2) A,
c=7.27160(10) A, fi B A FL N 1243.86(3) A’,
A 4S5 44 H,O 55, HOR Mi
f“?“297 76 KT 4 1.753 g-cm™, SR Z5 Mg & 1a
. B b s ik 5 HOISEIP&;%!:MS 1 4
W - E B BR 45 A 0 N AR HLEE f N(8) —N(7) —
C(5)—N(6) . N(8)—N(7)—C(4)—C(2).C(6)—
C(5)—N(6)—C(3)FIC(6)—C(5)—N(7)—C(4)4}
Wk =179.11(13)° . 177.58 (13)° . =178.0 (2)° Al
=179.72(15)°, 0] LA H nH ik Jf- 1 g B8 25 45 44 JL-F- 4b
1 R T s 5 o B2 N v R D Nl 1 S R
14.35°0) I, P 2R 2 ] 2 B0 B o ny F L X — 21
GEALL AT L Ao bk i I 8 B 45 1) 5 D mee A 1 AL 5 £ 45 )

(@) “o .
H(7)C(7 ;ff)
0 \T T &Ry .
2\19 C(ﬁ)C(S) ( ‘\'N((;)) Nﬁm [
c(1) ‘ 02
0% e Ne) CJ,?A)\N;\p/‘N@)
()
: ~
N‘:.H’:' P ::%"\:T: ) -“,r/ ’:\-:‘\4.\':*.‘
- "‘t! “" ; 1;1"(/ ‘/’l ‘ \"\
N ® o
Sy {,.x- s
. ...'{J' ‘5: ¢ r ‘

"'-F 3.45A

L

WS . C(4)—C(2)—C(1)—N(4)=167.97(17)°,
C(4)—C(2)—C(1)—N(1)=-12.6(2)°,C(3)—
C(3)—C(1)—N(4)=-13.3(2)°LL K C(3)—C(2)—
C(1)—N(1)=166.08(16)°, MK Tc # i A& HE
TRl DL AR 5 - HLO FE7E 5 6 1 SURE W 45, 4 F o
L TR HE B S 2 5 2 Z 058 i AU 1, 2 )
Bk 3.45 A, Hovh 52 K48 W 2 1 22 IALAE AE 4Y F N R
gy IR A A BAE T . db A 5-H,0 B B RE R
W AR T (H(SA) FILH (5B) ) 43 9] 5 B8 26 o 1)
N(8) N(1)Lh KK 4 F iy O(6) I8 il U 8, U mk 34
&R F (H2) 5 918 6l R AR i) 40 T8 B &
L mEE IR 1 H(6) 43l 5 0tk e IR rp ol L O (4) A
SR AR ) O(3) B BUEUVHE , 3R 2 vh 51 s i) 05 25080
LA A K TR 1.67~2.59 ASE BN, B AR 7E
104°~172°3E FI N, f K 5-H,0 45+ v i 45— A EUR
TR T S A EAE

‘\}_&g |

o @—g —*
. Hﬂ .
14.35°\ .9'\.

2 68A ‘\{
! q, f
e
2. 79A %4

1 (a)ffk5-H,OM%5# , (b) f A& 5-H,0 8 T, (c)dhik 5-H,0 ﬁ@ﬁﬁ%@lﬂlﬁﬁvﬁﬁ%lm R
Fig.1 (a) Molecular structure of crystal 5-H,0, (b) Dihedral angle of crystal 5-H,0, (c¢) Packing diagram and hydrogen bond-

ing diagram of crystal 5-H,O

T2 AR5 H,O U Y SRR R A U
Table 2 Bond lengths and angles of hydrogen bonds for crys-
tal 5-H,0

DA ?(DfH)/d(oH---A) d(°D~--A) <(DHA)
A /A /A /()
N(2)—H(2) ---0(2) 1.02(3) 2.45(3) 3.182(2)  127.4(18)
N(2)—H(2)---O(3) 1.02(3) 1.67(3) 2.6828(19) 172(2)
N(5)—H(5A)---O(6) 0.86 1.94 2.7617(19) 160.00
N(5)—H(5B)---N(1) 0.86 2.17 2.7972(19) 130.00
O(6)—H(6A)--N(4) 0.85 2.10 2.9518(19) 175.00
0O(6)—H(6B)---O(5) 0.85 2.31 2.939(2)  131.00
0O(6)—H(6B)---O(1) 0.85 2.59 3.277(2)  139.00
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&1 kA& 7-1.125H,0 iR IE T =
R R E BB P11, MBS0 «=88.193(2)°,8=
66.074 (3)°,y=69.155(3)°, a= 8.2641 (3) A, b=
9.6583(3) A,c=9.7878(3) A, AR N 661.52(4) A°,
AR A 2 MG 7 f2.254 H,0 587 3
fu R EEAE 298.01 K N4 1.734 g-cm ™, Fh iR 4544 4
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(9 PN BB LS £ N(4)—N(5)—C(2)—N(6) N(4)—
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Fig.2 (a) Molecular structure of crystal 7-1.125 H,0, (b) Dihedral angle of crystal 7-1.125 H,0, (c) Packing diagram of crys-

tal 7-1.125 H,0, (d) Hydrogen bonding diagram between adjacent molecules in a monolayer of crystal 7-1.125 H,O

F3 AR 7-1.125H,0 SUHE I B R EE A RO
Table 3 Bond lengths and angles of hydrogen bonds for crys-
tal 7-1.125H,0

d(D-H) d(H---A) d(D---A) <(DHA)

DA /A /A /A /(2

N(2)—H(2) ---O(4) 0.74(4) 2.08(4) 2.778(2) 158(4)
N(6)—H(6)---O(1) 0.73(3) 2.36(3) 2.854(2) 127(3)
N(6)—H(6)---N(3) 0.73(3) 2.28(3) 2.980(3) 161(3)
O(6)—H(6A)---O(5) 0.86(5) 2.04(5) 2.862(3) 160(5)
O(6)—H(6B)---O(4) 0.97(5) 1.89(5) 2.812(3) 158(4)
N(7)—H(7A)---O(6) 0.86(3) 1.96(3) 2.797(3) 164(3)
N(7)—H(7B)---N(11) 0.83(4) 2.09(3) 2.798(3) 144(3)

TSR A BT AL A 5 R 7 1 43 ) AR B
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Fig.3 2D Fingerprint plots (a, b), interatomic interaction percentage distributions and Hirshfeld surfaces (c, d) of compounds
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Fig.4 DSC curves of compounds 3 to 8
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H
oN_ N\ NN N= Ny
= )N N+ 4CH,  —— 2\ /¢ N+ CHNH, + CHNO, + CHyCHs
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Scheme 2 Isodemic reaction for compounds 3 to 8
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Table 4 Physical properties and detonation performance of compound 3 to 8
compounds T,/°C p/g-cm™ AH;/k)-mol™ D, /m-s™ p/ GPa 1S/) FS/N
3 286.9 1.735 633 7229 19.0 40 360
4 231.4 1.762 771 7870 23.1 36 320
5 174.9 1.792 506 7959 25.3 40 360
6 243 .4 1.867 503 8063 27.5 28 240
7 148.9 1.714 601 8378 28.0 40 360
8 137.1 1.884 639 8471 30.7 20 192
TNT!) 295.0 1.650 -68 6881 19.5 15 353
Note: T, is initial decomposition temperature. p is powder density at 298 K. AH, is heat of formation. D, is calculated detonation velocity. p is dalculated detonation

pressure. IS is experimental impact sensitivity. FS is experimental friction sensitivity.
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Synthesis and Properties of Energetic Compounds with Tetrazole Combined Fused Ring Structures

ZHANG Guo-jie, TAN Lei, DENG Qi-ye, CHEN Hong-wei, YANG Ya-lin, QIN Yi-feng, WU Bo

(School of Materials and Chemistry, Southwest University of Science and Technology; Intelligent Creation of Energetic Materials Sichuan Provincial Key

Laboratory of National Defense Science and Technology, Mianyang 621010, China)

Abstract: Two neutral energetic compounds, 3-nitro-7-amino-6-(1H-tetrazol-5-yl) pyrazolo[ 1,5-a]pyrimidine (3) and 2-nitram-
ino—7-amino—6—(1H-tetrazo|—5—y|)-[1 .2, 4 ]triazolo[ 1 ,5—a]pyrimidine (4), were synthesized via nitration of tetrazole combined
fused-ring pyrazolo-pyrimidine and tetrazole combined fused-ring triazolo-pyrimidine. By exploiting the basicity of nitrogen at-
oms in the pyrimidine ring, nitrate (5, 7) and perchlorate (6, 8) salts were subsequently obtained through proton transfer reac-
tions. The structures of the compounds were characterized by nuclear magnetic resonance spectroscopy ('H and “C NMR), Fou-
rier transform infrared spectroscopy (FT-IR), and elemental analysis (EA). Single crystals of compounds 5 and 7 were obtained
by solvent evaporation, and their crystal structures characterized confirmed by X-ray single-crystal diffraction. Furthermore, their
physicochemical properties and mechanical sensitivity were assessed through gas pycnometer, differential scanning calorimetry
(DSC) , impact sensitivity/friction sensitivity tests, alongside theoretical calculations of their heat of formation and detonation
performance. The results indicate that compounds 4-8 exhibit detonation velocities ranging from 7870 to 8471 m-s™', and deto-
nation pressures from 23.1 to 30.7 GPa, which are superior to that of TNT (D,: 6881 m-s™', p: 19.5 GPa). The detonation per-
formance of the nitrate (5, 7) and perchlorate (6, 8) salts surpasses that of their corresponding neutral compounds 3 and 4. No-
tably, the perchlorate salt (compound 8: D,: 8471 m-s™', p: 30.7 GPa) exhibits the most outstanding detonation performance.
This study demonstrates that constructing tetrazole-fused structures containing basic nitrogen sites, followed by introducing
oxygen-rich energetic anions through proton transfer, is an effective strategy for tuning the detonation properties of energetic ma-
terials.

Key words: fused-ring tetrazole; crystal structures, oxygen-rich energetic anions; structural characterization; detonation perfor-
mance
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Based on the basicity of the nitrogen atoms in the pyrimidine ring within the tetrazole-fused framework, various oxygen-rich

energetic anions were introduced via proton-transfer reactions, thereby achieving effective energy tuning of the target energetic

compounds.
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