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DY omEE A SRR AW 1R BE-N-(TH-T, 2, 4-—
W -5 ) -1 H- -5 - FE R (3) o X HE R AT 45 Hl R AR
A AR AR 3 AT, [ B ek HL v 8 A7 IS AF 5, 2 B L3RR
SE T R R B P ST, O T AR S Mg

1 SCIG#ER4y

1.1 RAFE5NEE

IR R ROK W, ER TR, RS TR A, & Z AL, N,
N-—H 5 H Bt (DMF) , 28R L BR¥ k 4 Hr 4, 1 [
iR BE R A R A E 5 5- A -1-(1H-1,2,4-=
W3- ) -1 H-DU s (1) AR 5 SCHik [ 3414 Ak 5 40% A9 R
1% Sk B i, A ik R A K R KT i SR SRR
BI AT 3845 40% (R 1R .

I %% : TGA/SDTA851E # & 43 # 1L , Bruker

CN

Nj‘l:{q N
e

(1) NH,OH, H,0

1

Scheme 1 Synthetic route of compound 3

1.3 AHER
1.3.1 (Z)-N-BE-1-(1H-1,2,4-ZW-5-5 )-1H-Ig
Me-5-FREE T REE ALY (2)HERK

BALA Y 1(1.62 g,10.0 mmol)F A 7K (20.0 mL)
W RS AR BB EE IR L 1 1.2 0 A R (50% K 3 W,
1.0 mL) , nEe  FE S0 e i F 6 /N, AT i, T
53 2 1€ [ A K 8 4K (0.80 g, 4.0 mmol) 7E
0 CFIFfMAEERRIE W (7 mol-L™", 7.0 mL) ", 8K J5 §#%
WEUBE JR LG 10 2.5 S22 35k i A R 89 (0.69 g, 10 mmol)
WU (2.0 mL,26%) , mEe  fE = T i+ 8 /NI, i
UE L FHOK R, TR AT B0 F 6 [ A R e e R
(0.83 g, 4.0 mmol) 7€ 0 °C F % fi# /£ DMF (8.0 mL)
H, SRS R IR EE R BE 1:2.25 218 A & A fb i
(0.59 g.,9.0 mmol) , JHE 450+ 4 /NI 735 %5 0T L
B2 7K (30.0 mL) P4 $F 30 434, ok 98, K Wk %
TER AR R 2(0.69 g, IR R 78%) . 'H NMR
(500 MHz, DMSO-d,, 25 °C)8:12.56(s, TH,OH),
8.43(s, TH, CH);""C NMR (126 MHz, DMSO-d,,
25°C)8:160.4,155.7,148.2,140.4;IR(KBr,p/cm™)
1635(vs),1565(s) ,1543(m),1529(s),1496(m),
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(2) HCI NaNO, HO N $/N\ N 40 Hel Ve 1 -
(3) NaN,, DMF \L/ N Tl N~ {0 ONHE 4

NH—N N

Avance Il 500MHz W & # ®f 3t W& % 3% 41X #%
Bruker-SMARTAPEX I X-5 £ 50 i A1 4%, 4 A 3 <
K B 3k B% B AL ACCUPYC 11 1345, Vario MI-
CRO cube Elementar Analyser JG Z 43 # { , BFH 12
BAM 1 f7 J8 B 1L , FSKM 10 BAM JEE 48 J& i /%, Ther-
mo Nicolet AVA-TAR 370 4L 4% 1%, Xevo G2-XS
Qtof 8 = RO AH 55 43 9 0T 15 10 A

1.2 A%

&Y 30 & 4 L Scheme 1, LI 5-%
Fe-(TH-1,2,4-= 1335 )1 H-IU s (1) hy J5 ok, 2
ZE R LY A (2D -N-BR B -(THA1, 2,
4- =W -5-FE ) -1 H- Y -5 -l TR IV i R A (2) B IS
TE 7K H il KT Y A SRR R 1S 40% [ ER R L 7
40 C F X 2 #F 17 M 4k 13 2 H Az fk & W 1-52
FE-N-(TH-1,2,4-=M-5-38) -1 H-Pymg-5-F BERE (3) .

OH

1472(m),1260(m), 1054(m),999(m),784(m),
687(m) ;Anal. caled for C;H,N,,0:C 21.73,H 1.37,
N 69.67;found C 21.46,H 1.54,N 69.80.
1.3.2 1-BE-N-(1H-1,2,4-=W-5-F)-1H-[qmk-5-H
it Bz (3) B9 & B

¥4 2(0.40 g,2.0 mmol) &% T/K(12.0 mL)
o, EIRFREE (20.50 g) 5 KW R R (98%, 80.0 mL) %
ANF ALK (160.00 g) 8 = A= ) HC AR RF 2
WA EIRBTEW, — B A5 5 1kl AR SRR
AR E R 29.20 go 1% N TH IR E 40 CIF g
16 /NE SR BI A VKK T, R T (3X15 mL) % HL
FERE R A HUAH 5 KR o 4 - il DB DF 2K Ve T )5
158 [ @A 30021 g, IR R 54%) . 'H NMR
(500 MHz, DMSO-d,, 25 °C)8:8.28(s, 1H, CH),
5.53(s, TH,CONH) ; °C NMR (126 MHz, DMSO-d,,
25°C)8:153.4,149.8,144.7,139.4;IR(KBr,v/cm™) :
1706(vs),1644(m),1280(s),1173(m),1062(m),
1022(m),987(m),922(m),790(s),715(s) , 443
(m) ; Anal. calcd for C,H,N,O,: C 24.50, H 2.06,
N 57.13;found C 24.38,H 2.24,N 56.97; MS(ESI),

N XK 2023 % #3144 %124 (1198-1205)



1200

X, B 2R, IR, BAT L K%

m/z:195.0376( M-H ],
1.4 ZH5EaEnik

DL B oK AR R Ak 6 9 3 i 1 RIS R, 7
T T 8 RS B A A I AR E 09 S . R R
0.350 mmX0.050 mmx0.030 mm (¥ 5 5, 85 Hoik E
F Bruker-SMARTAPEX 1[I X-4 £k 8§ fi5 4% &, R H
25 47 B A AL B MoKa (A=0.71073 A) 1kl 5 28 U,
FE170(2) KR EE T W 4R 50 S AT 5 i o 3d i OLEX 2
1Z FH SHELXT LA M2 SHELXL 2017 2 75 %) J5 7 347 K5 1
FEATT ) it L 25 R R AT AR A

RS T M #CE-22 8 #1# & #H
(TG-DSC) [F] 25 #8443 B AL 22 £k 45 4 3 #843fg A7 R, n
PGH RN 5 °Ce-min™', I F o 50~400 °C.

7E 2= IR A AN AR L E I B A
Yy 3 1% SR AT A A K s ds R I R T
B3LYP FL 41 Xf {54 3 19 A iU AT B 15 5 s
Explo5(V6.05.02) F 4 4 1k G ¥ 3 Y ak i A4 T k47
IS ITHE

22 B BAM I3 B o0 7E A R A% 1 2 2 A
(30+1) mg, V& HEF i 2 kg, FREEIEE 10~35 °C, X}
BN KT 80% , Wik £k & ¥ 3 1 i o J B R R 4

2 FR5WE

2.1 AREGSH

&Y 3 W R T R 4% , ik — 8w i f
B 7 6 L RN S5 A (e o i B L s B () TR
PR VR B ) AT HRIE AN TR R L 25 S AL W 3 1 7 R 4
FWFEA R,

TS S B[] HEAT 1R AE R I EE (25 °C)
WU (36%) IR R AN AR B, BR 5T T A [6] )z g B[]
(8,12,16 h 120 h) N L& W 3 1977 24k (entries
1~4), & SRR 5 K20 B[] 9 4 4, 7= R A B B 3 T
Rl J5 6F S B i BE i 4T % $E (entries 3 and 5~7) , R %
TR R IR (0,25,40 °CHI50 °C) X164 9 3 10
PR 45 R 3 IR B T & 40 CCH, R )
KN 15% , {0l FE#E— 20 FH @& 3 50 °C, =7 R mg A~
R 5 B0 I 4 95 AN TR R R v 2 (30% ,36% , 40% F1 44% )
LAY 3 7= %A 4k (entries 6 and 8~10) , 24 iz
W N 30% 2T+ 2 40% B, 7= 1% B 2T+ 2
54% , H4 R R R B Uk SR T 2 44% , ML Rt &,
SRR B 7 A W 3 0 R IR, R
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Table 1 The yields of compound 3 under different reaction
conditions
content of
entries temperature / °C  time / h HCl /% yield / %
1 25 8 36 3
2 25 12 36 4
3 25 16 36 8
4 25 20 36 6
5 0 16 36 2
6 40 16 36 18
7 50 16 36 15
8 40 16 30 11
9 40 16 40 54
10 40 16 44 47

b6 W 3 0 e L SN A5 Ay < BRI EE 40 °C, g i
] 16 h, £h AR e B 40% , M) 7= 5 B 1K 54%
2.2 BRNESH

BEF A SC SRR R E L A 3 1Y AT RETE ML
FHWME R, BRAEGY2HEER S KNERT A
A2 SR LR N R AR AR B T o AR R R
(40%) 5 IMHAE T A5 T ] i g e 34 % A= JF
SRR N G I . B S H3E TR 20 0
KA E RIS IE B A T, 42 F ok H,O H &Y 106
ML 540 A T A OE B8 T & AR 2R 0m B ik &
YN, VB & —4FHN GRS E YV a2k &
— AR B A 3.
2.3 BRHESH

644 3+ H,O 14 & IR 25 74 B s 0L 2 2, 36 o fE K
k5 U 5 e 1 U % i Rl T = 2. €
25, MRS =4 IS o S E LR 2,

Hi2 2 Al b &% 3-H,0 K8 T 1E 32 & &
Pna2, 75 [ B, B A b & A WA 4y (Z=4) L 1
170 K FHYBA G 9 1.711 g-em ™, MWFE3F I, 1Y
MR | N(3)—N(4) N(2)—N(3) K550 1.336
AFI1.318 A, B4 T N—N B (1.45 A 1.25 A) =
], g3 C(2)—O(2) # K N 1.205 A, i+ T C—O
PANLEE(1.43 A 1.20 A) 22 Ja], 2 I DU K PR 5 35 1 e
FETE— B FEEE R LR . R 28 4 bl 0 i M B BEE
0°5 & 180°, 7] LLE A4 F Ak T/ — A F1H .
K 2a il 5 iR, LA 9 3-H,0 5 T IR FE1E 3 Flv &
L, —JE =R E R H(7) 5K A O3) I Y
N(7)—H(7)--O(3), Mt K K 1.758(15) A; 74 Hi
Pl gy A K R H(3B) 5 PO 3R A9 N(3) (N(4)JE
At
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®N/)\l QN//N
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NN — N l\//\
| \>‘ HQ h\\h?“ = /\@ H 3
HON 4 _Ha \4 I R _H % & ~NH H,0
e ’)\N H.0 N/ \ >§ h(\\‘ \\‘ Sy I\( ~
/®N/V H J NN w J o 3 HN /,N
N? = N =
2 I I m
9/ ]
e/ N
HQ 2 HO N\ N\
| i 4 H
e .
_J N
v \4 3
1 AbE WY 3 7T REJE LR
Fig.1 Proposed mechanism for the formation of compound 3
F2 AW 3-H,0 /Y SRS K F1 25 £3 LAY 3-H,0 MY A A A
Table 2 Crystal data and structure parameters for 3-H,0 Table 3 Selected bond lengths and angles of 3-H,0
parameter 3-H,0 bond length /A bond angle / (°)
empirical formula C,HN,O, C(1)—C(2)  1.478(3) C(1)—N(4)—N(3) 106.35(19)
formula weight 214.17 C(2)—0(2) 1.205(3) C(4)—N(7)—N(8) 111.71(17)
temperature / K 170(2) C(3)—N(5) 1.374(3) N(4)—C(1)—C(2) 125.60(2)
wavelength / A 0.71073 C(4)—N(6) 1.349(3) N(6)—C(3)—N(5) 125.37(19)
crystal system orthorhombic N(1)—O(1) 1.318(2) O(1)—N(1)—N(2) 123.41(18)
space group Pna2, N(2)—N(3)  1.318(3) N(2)—N(1)—C(1)  109.13(17)
a/A 9.5396(7) N(3)—N(4) 1.336(3) N(3)—N(2)—N(1) 105.77(18)
b/A 20.9104(15) N(7)—N(8) 1.379(3) N(2)—N(3)—N(4) 110.98(18)
c/A 4.1690(3)
al/(°) 90 ®4 AW 3-H,0 TS I
B/ () 90 Table 4 Selected dihedral angles of 3-H,0
v /() 90 dihedral angle / (°)
volume / A’ 831.62(10) O(1)—N(1)—N(2)—N(3) ~179.9(2)
z 4 N(3)—N(4)—C(1)—C(2) 177.3(2)
-3
D/ g-cm 1711 N(2)—N(1)—C(1)—C(2) -177.1(2)
F000) 440.0 N(1)—C(1)—C(2)—N(5) 1.3(4)
theta range for data 4.694 to 65.476 N(7)—N(8)—C(3)—N(5) -179.9(2)
collection / (°)
C(4)—N(6)—C(3)—N(5) 179.8(2)
w/ mm’’ 0.146
C(2)—N(5)—C(3)—N(6) 1.9(4)
crystal size / mm® 0.350%0.050%0.030
N(8)—N(7)—C(4)—N(6) -0.1(3)
index ranges -14< h<14, -28< k<31, —4<1<6
reflections collected 10695
i ) x5 LAWY 3-H,0 WS R A
independent reflections 2475 [R,,=0.0440, R,  =0.0410] .
o8 Table 5 Hydrogen bonds (A) and angles (°) of 3-H,0
data/restraints/parameters 2475/2 /142
: 2 d(D—H) d(H---A) d(D—A)
goodness-of-fit on F 1.056 D—H---A X R angle/(°)
/1A /A /A
final R indexes
_ R,=0.0419, wR,=0.1013 O(3)—H(3B)-N(4) 0.870(17)  1.923(3)  2.784(3) 169.75(13)
[1= 2sigma (1)]
R indexes (all data) R =0.0588, wR,=0.1137 O(3)—H(3B)-N(3) 0.870(17)  3.204(3)  3.365(3)  93.05(13)
largest diff. peak/hole/e-A™  0.38/-0.36 N(7)—H(7)---O(3) ~ 0.880(17)  1.758(15) 2.633(3) 172.28(12)
Flack parameter -0.2(8) N(5)—H(5)---O(1)  0.880(3) 1.941(18) 2.680(3) 140.58(13)
CHINESE JOURNAL OF ENERGETIC MATERIALS At A A 2023 % %31 % %124 (1198-1205)
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W O(3)—H(3B)-+N(4) .O(3)—H(3B)---N(3),
SR 1.923(3) AL3.204(3) A [ L& 9
3-H,OfF7E 1 Fhar F I EME JE B L HT B H(5) 5
BIEPHO)IEMM NG —H(5)--0(1), Hk
H1.941(18) A, DL BSR4 9 3-H,0
BTG T R IRHE RS R , HI IR HERR Y )2 5 2 H
Bk 2.78 A, UnI&l 2b i 7R o

a. 2D hydrogen-bond interactions

b. 3D supramolecular packing diagram

2 ALE Y 3-H,0 B 4l U I 4 R = 2k AR R
Fig.2 2D hydrogen-bond interactions in 3-H,O and 3D su-

pramolecular packing diagram of 3-H,0O

65 3 11 3 3 1 L 55 (ESP) BT ] 3 s, 3
433 TH] e i L B4R i /N 070 i P A A A6 5 43 i) Pl £ 6
F O RN — Bk UL, e K ESP R A 10 I 5 ALY
ANGNES 7oy N RS G L T R VP SNt (=
) 3 1) 1F i HL 4 2 B oA YR S SR 1R XA 22
S R AR 7 BB KRR 340.15 kJ-mol ™,
g A T AR TR R SR TR U, I DX e A PR R
3 5 A2 N 1) e /N L A R = 235.55 k) - mol ™!, 3 B R 3
HE A% IR, S 3 & W 3 B SR R X 5
SR AAAT (IS 20 ), FS:288 N).
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Fig.3 Molecular surface electrostatic potential of compound 3

24 REMRBR!ERE

RSN NG F R 5 °C-min™, i B [
k1 50~400 CHY % AF T LA A% 3 19 TG-DSC ik,
iR mE 4P, TG LW, 1E 258~281 «CZ ],
i R 56.2% , 1% B AL A W 3 & A TR A i
M DSC I ErLLE AL S W 3 47 7E — R Bl Tl 34
W, I — PRS0 G R R AR S e R A
W 45 R AR AR DD A5 21 1 AR 52 8 A o0 fie B 0 TR R
265 °C, WEAH R BE N 275 °C. F I AT 10 Fifl 7 sk
AL G 3 REL B AR e Pk

100 975 C :24
i
80 r
F16 -
< 10 4
‘o ik
%, 50 tg é
= 401 (6 =
301 ‘é 2
204 )
104 265 °C 2
F-4

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

4 LAY 3K TG-DSC ik
Fig.4 TG-DSC curves of 3

E4 % 3 NATTO NTTO ,AzTTO FI TNT f4 ¥ fiE
BoEWE 6, ML LLE N (LAY 3 M iR IE
(T,=265 °C)H] i & T NATTO .NTTO 1 AzTTO, i}i W
T ik 3o A A7 B0 5 AT 190 5 | A T A 3l A I 2 s
e IAFR e E . E IR A A AR E
TRECE B TS 3 % (p=1.75 g-cm ™),
H W& T INTH®E (p=1.65 g-cm™) . &% E
2 PR ERE Y B3LYP IE 4T A5 24k &9 3 A9 AL BUKG
S7331.3 kJ-mol™. R4 BAM B M 0 5 £k 54 3
)8 o J R R BE 4B JREE (IS 20, FS: 288 N), H:5 TNT
BRI AR 2 (1S: 15 ), FS: 358 N2 AR HE A Jli s A s
M5 E iz ] Explo5(V6.05.02) ¥ h B4 2k &9 3
(1) 45 1 A4 TR (D,=8017 m-s™", P=23.1 GPa) , H: & #
At
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1-FIE-N-(TH-1, 2, 4-= M8-5-F ) -1 H-PY ie-5- 11 75 I ) 75 0 A1 1 i 1203
6 LAY 3 NATTO NTTO AZTTO FI TNT Bk i S 4 %

Table 6 Physiochemical properties and detonation performances of compound 3, NATTO, NTTO, AzTTO and TNT

compounds N/ % T,/°C p/g-em”  AH./kJ-mol™" IS/]) FS/N D,/m-s""  P/GPa

3 57.1 265 1.75 331.3 20 288 8017 23.1
NATTO™’ 59.2 116 1.85 515.0 <1 60 8900 32.6
NTTO! 56.6 152 1.86 446.0 35 360 8813 32.1
AZTTO 72.2 144 1.69 795.0 4 120 8137 25.4

TNT 18.5 295 1.65 -67.0 15 358 6821 19.4

Note: N is nitrogen content. T, isdecomposition temperature (onset). p is density measured by a gas pycnometer at 25 “C. AH, is molar enthalpy of formation in sol-

id state. IS is impact sensitivity. FS is friction sensitivity. D is detonation velocity. P is detonation pressure.

BRI T TNT(D,=6821 m-s™',P=19.4 GPa)'®

3 & it

(1) PAS-BEE-1-C1H-1,2,4-= W33 ) -1 H-]I0
S ERE, G LT DABE R B R s A SRRk &, It
ARG S R AN TR T S AT S A
LAy F 45

(2) 38 MR BB 3 T 3-H,0 [ 5
m 28 2k B AT S B R S A H B AT S R
U SRR T IEAC b &R R Pna2, 25 [a) B, LK%
H1711 geem™ o F RIS PORMER JFH TS
Gy F Z 0 A AR 2 U B R R — A X AR A Y
454 .

(3) k&% 3 B4 il B ol 265 °C, 520 % B
H1.75 g-em” iR AE RS R 331.3 kJ-moI",ﬁ‘ﬁ‘%
A 8017 mes™, iHEA R R 23.1 GPa, i i B
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Synthesis and Properties of 1-Hydroxy-N-(1H-1,2,4-triazol-3-yl)-1H-tetrazole-5-carboxamide

LIU Jing, DONG Ya-qun, LI Miao, LIU Yu-ji, HUANG Wei, TANG Yong-xing
(School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to explore novel nitrogen-rich heterocyclic energetic compounds, an amide bridged energetic compound
1-hydroxy-N-(1H-1, 2, 4-triazol-3-yl) -1 H-tetrazole-5-carboxamide was synthesized from 5-cyano-1-(1H-1, 2, 4-triazol-5-yl)-1H-tetrazole
through several steps involving amidoximation, diazotization, substitution and electrophilic addition. Its structure was fully char-
acterized by nuclear magnetic resonance (NMR), Fourier transform infrared spectroscopy (FT-IR) and elemental analysis (EA).
X-ray diffraction analysis (SC-XRD) was adopted to further confirm its structure; its thermal decomposition process was studied
by differential scanning calorimetry (DSC) and thermogravimetry (TG). The compound has a high onset decomposition tempera-
ture of 265 °C and shows good properties with detonation velocity of 8017 m+s™', and detonation pressure of 23.1 GPa, impact
sensitivity of 20 J, and friction sensitivity of 288 N.

Key words: 1-hydroxy-N-(1H-1,2, 4-triazol-3-yl)-1H-tetrazole-5-carboxamide tetrazole; triazole ; amide bond; nitrogen-rich het-
erocyclic energetic compounds

CLC number: TJ55;064 Document code: A DOI: 10.11943/CJEM2023141
Grant support: National Natural Science Foundation of China(No. 22175093)

(Tid: £ #)

A DENENENENeNENe Nz,

e

nx%a@%%%%%ﬂ%

[2) B9 75 A BUS

2023 4F 7 45 AT 1) 5 0 RN 45 L TR AT & R A0S B R AR P4 LR H & AT, R I, 2 6 30 4 1) £ 2022 4F 12 H
1 H~20234F 11 H 30 H AR5 Bel Al 24 1) &5 07 w7 AN B0sH (LADUEPEE 07 )

A fiva akd ik Ak & s $EE K SR MWS KREE K R HIR KB
AR R BSR BHN el SRS Fale X ox TEE F 4 OERE KLF LAE FLE
BRE MAK s @AM dom & B TTA ORSR FME HA% HOF HEh AR Mo
AN Wk WEM W OB RTE % M ERAE REH XIEF X M £ 4 B4 B 5N
R M & ok FWY EFE F b FRA F2% F o FaeM F W F OB FiFh S
F 4 FHE FTH FEA RS Bam o ox ook AR xd o oxEE K £ A 7 dm oH &
EoxEE A R HMEA OFARW FFEHE AR F X FRF FRHE FEF 3% LEE LEZ
ML EFH B H dxx HRE O WEE RaEg RRd REN RSB EITL BRX AL A R
B 4 R A K ERT Mk kmt kX RHR R OH RBHE EFR K KER RFH
AR AKX EARE B MR E % mER RAO% ZRa E R EeA I#F ERF ETE IME
EHA EA Euk IR EEE IXE EYE BNE LHR LEk Exd XXHE XRF EZHAE

ook REH ARF WAEF HER HKRE KEA 4 & ##t HFam B B O~ R P W FRA
mAKR BETW et B R wRIE oM B MmEA AL WS ek FEE FaRE F P
F ok AkR &RE EPX RFE KRHIM O KREE REE K 4 Kook kAR K kA OKRE
RYWE RKOF kR b KRR RKE KR M RSIR RLe RAEH KxdH RER KRER RAKR ARHE
FoAE A& A & AKE RAMR A 2 A M RA&T KIAM K M KNE KRLE KEW REE

(o REARE) 4 98

s

X
.

pus}
e

O =4+H
CHINESE JOURNAL OF ENERGETIC MATERIALS N XK 2023 % #3144 %124 (1198-1205)



