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FE AR AL (NMR) Af B 2088 56 35 (FT-IR) (T
253 BT AL CEA ) X H#E 47 45 49 SR AE 5 A1) JH Gaussian 4K
ARG N NS T f e 7/ = = | R I N L N i)
AH X R M 5 v R k15 B 3 DMSO 1Y i
A, F U X-5F 2k 5 AT S A (SC-XRD ) % H: #E 47
PR SRAE 5 ) T 22 % 19 4 8 UL (TG-DSC) 43 Bt
H b 22 Mg, B H Gaussian Fll Explo5 ##F 115 H
H 22 P RE L A H] BAM $8 o J8% 88 43 0 2 458 Ja 3 S0
R E

1 SEWES

1.1 KF5EE

I 22, 4- T 5 6- G mEE W 1 LI ER AR R 2 R}
B e An A7 BRA &) 5 W G R, TN R, 0 198 37 3 S 50 %
e A R | ARG R 1 A R A R A R
ANEN R RFI B b al) . S AN, S5 H .

1 %% . Bruker Avance T 500 MHz & 4 #% i 3L ¥
P31, Thermo Nicolet AVA-TAR 370 £L 4k G35 4%,
Vario MICRO cube Elementar Analyser JG & 7 #r {¥,
Bruker-SMART APEX 1T X-f 4k 5 i 115 41X, TGA/SD -
TA851E #HE 40 14 , Micromeritic 4= [ 3l 1A & #e %
FL AL ACCUPYC 11 1345,BFH 12 BAM #i o i i

1, FSKM 10 BAM JEE {2 IR A
1.2 Ak
590 3 1943 I 2 AN Scheme 1 771 .
NO, NO,
HszCIM HZNW)\(O . HQN%\KN;N
Y H,S04 "N Acetoneio NYN\N/
NH, NH, NH,
1 2 3
Scheme 1  Synthetic route of compound 3

1.3 IR
1.3.1 2,4-ZS5EH-5-FHE-6-TEE(2) A

Z % SCHk [22] 19 Jr WA 2, 4-2 & RS-
Fe-6-FWERE(2) . TEVKIBAR AT B 10 mL R B ik 2%
A 100 mL B BEHE N, i+ T Z A 2,4- 2%
He-6-FmENE(1)(1.45 g,10.03 mmol) . fH 4 H %
fife A BERAL 2 35 CRYZKIE T, Ak S2hi $ , 2212 %
3 mL R ARAER , R A5 BEASAE | RO 30 min, KB
B VKR G Wb B il e ok Bk
Ve, TR S0 8 A TR 2, 4- 3 B -5 R -6-51
mEnE(2),351.51 ¢(7.97 mmol) . "H NMR(500 MHz,
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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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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, JEL 7 0 R, 7 25 BE 22 Ap (P) S 0.75 K5 33X BE B HiE 28 A

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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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 1 ¥ 43 & fl B R B BoHE K3 2 3.
DMSO ¥ i 7R 25 ¥ &, [ 4 24 3-DMSO 1Y i 74 HE R
K, & 5 24 3- DMSO 4 [a] fil4r F N A A .

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)
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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)—N(3A)—O(2A) 122.1(3

angle/(°)
) [|O(TA)—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)
)
)

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)...O (2A) 7+ + W & i, H 8 K
2.637(6) A; =JREHE I H(9B) 5 IUmRER | AF S5
%W?%E@Nm1A)E?ﬁ2bEE<JN(9A)—H(9B> N(11A)
Iy TR E B, B K o 3.314(8) A i A W Rh & it 2

PN E B H(6B) FTH(9A) 7051 5 DMSO EAE R A
HEZRJET 1 O(15) FTE i N(6A)—H(6B)...O(15)
N(9A)—H(9A)...O(15) 4> ¥ A ZU i, H A 53 5 h
2.927(6).2.720(6) A, %8431 P4 A4 1 1] &5 1
FHEE R T 3-DMSO My fa e Mo DAL 4 119 & 4 ok FHLIK
HRl DU R R HERR 5 O E AR BORTE HE R, )2 )

N(124)
‘D

B3 3-DMSO ik A
Fig.3 Crystal structure of 3-DMSO

g
%\6’4»

El4 3-DMSO fiifkHER %
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 Ao fEEEE K

WEE I T AL &9 3 89 TG-DSC £k, 45 R4 6
Jios o IWEIH AT LR 66 W) 34778 — A i, 33
WAL G W 3 & A T 43 ff 52 BL T JBCHA W 06 40 ik L B
203.6 °C, it # e W {H IR 2 226.2 °C. TG 4k 3%
B, 7€ 201.5~229.6 CZ [0, Fim MK N 12.6%, i B
ZAL R 3 KA o T SR

-10
g
@ 0] 100
o 30 L75
= °
< 40 =
3 10 =
= 504 =
3 L25 2
-60
F0
-70

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

Be6 fLAY3MTGC-DSCHiLk
Fig.6 TG-DSC curves of compound 3

2.4 BERMEMBESFT

TR AW 3 EM%ET e, Wit T W
Scheme 3 iR %) 55 4 ) 7, FI H Gaussian #F 115
[ AH A kG R 515.54 kJ-mol™ . FERR AR LA 3 1Y
S (1,81 g-em™) R Explo5 B 4F 1153 H 21 i
g AR TR 4> 9l 8570 mes 1 28.2 GPa., F
BAM 2% I3 S0 A5 Ak & 4 3 i i o B Ry 22 ), B
BEIETE h 305 N,

M FE 5 09464 W 3 5 TATB AL TNT (9 214k 1 g %t
FErT LA AL G 3 B9S2 %5 5 (1.81 g-cm™) K T
TNT(1.65 g-cm™) A= BiA% (515.54 kJ-mol™) i K T
TATB(21.70 kJ-mol™) Fl TNT(=55.50 kJ-mol™) , B
T HEH (8570 m-s™") Al (28.2 GPa) ¥ K T TATB
(7880 m-s'.27.9 GPa)FMI TNT(6881 m-s'.19.5 GPa),
AR ETERE L TATB FITNT 40 5 5 4 o B (22 ) [
TNTO15 DK A& H N 57.13%, 5 T TATB(32.60%)
MTNT(18.50%) . th&W 31EN S Res b BHA —

18 1 T 7 o
NO,
" ~r
+
NYN\N/N 3CH,——> N\VN\N//N + CHaNO,+ 2CHyNH,
NH,
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.
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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 s 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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The planar nitrogen-rich compound 5, 7-diamino-8-nitrotetrazolo[ 1, 5-c] pyrimidine was synthesized and fully characterized. It

exhibits high nitrogen content, balanced stability, and excellent detonation performance (D=8570 m-s™', p=28.2 GPa).
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