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248 24 DL b A 36 T R AR i S B g 4 DT I
21 SR AR | E NGB TN N v e (LS TSN
AUAE 2 BE B 2R 6 B Hh R 4 1) B M [R) ) 22 A e i
) IR T BB A (4 N—N BRI C—N & ) 3 (i H B A
AR A A, DT 28 30 3 v R g A KT AT A
PEfE AR e Ve 2 (R Ul . R, & BT e MRS
BB IE N B T — R E e R, A0 4-51
Ho3, 7-7 4 K1, 2, 4-= M [5, 1-c]-1, 2, 4-= &
(TTX)™ R0 7-ff 2 -3-(1 H-PUme)-[1,2,4 ] =m,[5,1-c]
[1,2,4] =45 F (NTTA) . 4K, TTX FI NTTA
B 43 ffe TR R A, 4 ) A 232 °)C AT 181 °C, ML, 2
TR 43 fife 1 B 0 B B0 5 e MR 1 AR 8 PE R — A
BRG] .

5T & B, = %P 3 (—CF) 1T LA A HLIL & 97
o v PR E M v T AR A R AR T R A e HL B M SRR
PR R A R LB A —CF R LAY
3R HE-7-( =P HE)-1,2,4-= W[5, 1-¢c]-1,2,4-=
W -4-5 35 (TFX) 303 i i B oy 281 °CHY, HE HLAT M
U ZR M TTX & . WL, &g T i 5] A—CF,
J2 1l 2% T BB R AR — PP A RGE R . AE BT
AR HL, — 26 —CF, 1Y & RE A OB )2 T & A

Bl AR ST gk R, BT T 3 H-DY W) -7 (= 0 ) -1, 2, 4- = M8 [5,1-cl-1,2,4- = W4 FE (9 1 4 S PERE )], & fig b4 kL, 2024, 32(6):584-590.

ZHANG Rong-zheng, LU Ming, XU Yuan-gang. Synthesis and Properties of 3-(1 H-Tetrazol-5-yl)-7-(trifluoromethyl)-1,2,4-triazolo[5,1-c]-1,2,4-triazin-4-amine
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F M 25 A HE SR (. TEX, TENH-4) 1 (B 2 5
—CF, & e d Bt i H & ezl Ta bR =%
1% TR L BE 1 e A n]

BT AW SR HB 7 i R IR A T — Rl
B & —CF 28 50 WAk & 4 3-(1H-U ) -7-( =38
3L )-1,2,4-= 1 [5,1-c]-1,2,4- = H-4-5 3 (2) .
WEFELL 5-( = 2E)-1,2,4-= M3 K A BB 514
TEHEAT IR RON T TS & A AN R A B A
Y12, RAMEEICR 20 AN 25 R R R
X G 2 20 AR AT 5 55 - Bk B W 2 04T 25 4 R AE
FVHLAE PR RE I, I ] EXPLOS XAk &4 2 B 18 25 1
REEAT T . BF 52 A & 9 2 AU 0 & Be Ak 5 4 1 il 4%
ST 2%

1 LIEER4Y

1.1 KA

R 5-( =R IE)-1,2,4-=WR-3-F 3L, N,N-—
3L P G e (DMF) N G L BE R a0, Ve $h R , S AL
SRAMCERE AT R T &AL
PR [ E 25 4R B AR R AT B AL 2B 4l

X %% : Avance T 500MHz #% f 3t 47 1L (78 [
Bruker /A #]) ;Nicolet 1S-10 % B i 25 #a 21 A AL
(f [ B8 R KR A F] ) s VarioEL 17T Z 40 B A% (£ [
Elemantar/AH]) ; DSC 823e 2 /R 3 i 4 .
1.2 ERE%

3-(TH-PY mg )-7-C = 5 W JE)-1, 2, 4-= W[5,
T-cl-1, 2, 4-= W45 3 (2) & 3 & W #% 2
Scheme 1 iR Ph5-( =5 H3)-1,2,4-=mk-3-5 %k
Sy JEURL A R M S T A A Ak R OG B RN A ]
1,5 NaN, =207 il 2 15 2 HArfb &9 2.
1.3 XIEEE
131 3-BE-7-(Z®FE)-[1,2,4]=&®[5,1-c]

[1,2,4]=B-4-8E (1)
A 5-(ZRH3)-1,2,4-=-3-1(0.357 g,

F FF ;
L‘ SN o NC CN
F SN, 'LaCNIOZ o | NN :
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FF N=N . B =g i
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Scheme 1  Synthetic route of compound 2
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2.35 mmoD)EF 10 mL/KFI 0.5 mL 37% EhR A IR &%
W, 425 A 3 mLIEASER#(0.162 g, 2.35 mmol)
B KW, IFAE-2 CTRHEFE 0.5 he SRS, )iz b A
Z M5 mLA g (0.155 g, 2.35 mmol) #1 2 R
#1(0.964 g, 11.75 mmol) By 7KW, T4k 2L K1 1 ho
5 IR E 30 CHEFE2 ho W45 R 5 1 g ULTE
Kok AT S ELA P 1(0.394 g, 1.72 mmol), 7%
H73.1%.

132 3-(1H-[M M )-7-(=@m B & )-1,2,4-= ¥ [5,

1-c]-1,2,4-=B-4-5H(2)

B A& 1(1.145 g,5.00 mmol) \NaN,(0.332 g,
5.10 mmol) I ZnCl, (0.82 g, 6.00 mmol) il A #|
12 mLZK A I 0.5 h, SR A H 2R, FH 20%
R = pH 1~2, i ¥& 145 2 # k 2(1.274 g,
4.68 mmol) , 7= 4 93.6%, 4L F 97.6%. 'H NMR
(500 MHz, DMSO-d,, 25 °C ) &: 10.57 (s, 1H,
—NH,), 9.08(s, TH,—NH,); "C NMR(125 MHz,
DMSO-d,, 25 °C)§: 156.4, 152.5, 141.5, 121.9,
121.0,118.3;"F NMR (470 MHz, DMSO-d,, 25 °C)
8: —64.6; IR(ATR, v/cm™):3381.9(s),3122.7(m),
2414.5(m), 1888.8(m), 1625.7(s), 1595.8(s),
1502.7 (s) , 1439.3(s), 1394.5(s), 1355.5(s) ,
1255.4 (s) , 1194.9(s), 1156.4(s), 1070.5(s) ,
1016.1(s),980.7(s),790.7(s),779.6(s),733.8(s),
702.5(s),635.7(s),582.6(s),546.1(s); Anal. calcd
for CCH,F,N,,: C 26.48, H 1.11, N 51.47; found
C 26.46, H 1.17, N 51.56; DSC (10 °C -min™") :
280.8 “C(dec.),

1.4 5K

b Z5 A L AW 2% T DMF P i B R
PRy 2 mLEWE T T/ T, FER %
MR R, 29— 8 5 A5 2R 2005 W& K 2- DMF,
PEBCR 5F R 0.15 mmx0.12 mmx0.10 mm (%) i 44, F
B ST S A AT S5 K8 43 AT o

Pobe g i AE A S (W 30 mL-min') T,
F 2278 F1 i T P (DSCO) I %E 1k & 9 2 (1 33 ff AT
g, #GE 2Rk 10 °C-min', I8 VL F N 50~400 °C.

PERETT 5 < iz 26 5 7 R BEAE P A B3LYP k41
XA A W 2 1 A BURS AT B 3 5 5 i3 JH EXPLOS
(V6.05.04) FAF % Ak 2 1) J T0R1ER FE 147 338
T . 4% B BAM IR AR o, 78 AR I 25 1 < 2 i
(30+1) mg, 754 i 4 kg, HEEIRE 10~35 °C, HIXF
FEARKT 80% , M Ak G4 2 A4 o o R B8 482 Sk .
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Scheme 2 Synthetic mechanism of compound 2

2.2 BESEHSH

1 &) 2- DMF 1Y 5 UK 45+ B 3 00 26 1, 38 20 i
T LT A BN DL 2, SR I R R A B LR 3,
n VR ZE Y =Y L2 B o 1 S E T IR 1

ME TR LA LAY 2-DMFJE =L &R, Pi
B, AEMmBTA 2400, 296 Kaf H A
1.592 g-cm WY MR . NR 2T LLE L, =% I
1 C(3)—C(4) K A 1.422 A, /v T C—C # fgt
(1.540 A)Fl C=C X4 (1.340 A) Z Ja] ; = mk | =& HI
UM | A N—N B8 K 1.289~1.361 A, A T N—N
PR (1.450 A)FIN=N XUt (1.250 A) = Ja] , 7 W] 73
IR DY s b B A T SR B AN AR A 2 A
R EYE . R 2 B E A B R B L N(1)—C(2)
—N(3)—C(3) ¥ i fi b 1.932°, R AH 0 LA
AU SF T 5 RS, N(3)—C(3)—N(6)—H(6A) .
C(6)—C(1)—N(2)—N(3)FI N(5)—C(4)—C(5)—N(7)
B T B R 0.112°,2.384°F1 0.827°, 1] LA FE H
—CF, H Y C JR T 32 1 DU e 349 15 1 34 2657 1, i 45
L&Y 2- DMF B A 8 AR e 1 o

L&Y 2-DMF 1 S B 41 T3 3, B 181 1 ISk 3
ATLLE LAY 2- DMF [ f i R A7 78 5 Rl o 18] Al
S F N A — R EAH(6A) 5 DMF ) O JE A%
fIN(6)—H(6A)--O(1), HAt K K 2.761(2) A; 574k
P4 50 A B H(6B) 5 U M 3R 1 N(9) |
N(10)JE i N(6)—H(6B)---N(9) N(6)—H(6B)
< N(10) BEK AR 91 3.111(3) AL2.831(3) A; [l I
G W) 2-DMF W A2 7E 1 Fl e N U8, 2 Y ik v Y
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IO, A B R— N, SR AR 89 B 1k 25 1F T, I8 i R
4 37 P 5 AR TR R A A B I, R TR
AT e L EEnTHNRFHFRLEGH I,
BER k& W k& s e R aW1. &
Ja AW b s RS S R B R A A ROV A
a2,

~ _CN F F

o NN
CN &g TN
NaOAc N"N'i‘ N g
AN OON
I
F‘.,F NN
,1 e PN
HN N N
N

R ALB Y 2- DMF 1Y i B RN 45 74 18 4k 2 8
Table 1 Crystal data and structure optimization parameters
of compound 2-DMF

parameter 2-DMF
empirical formula CyH, ,F;N, O
formula weight 345.28
temperature / K 296(2)
crystal system triclinic
space group P

alA 4.903(10)
b/A 10.219(2)
c/A 15.194(3)
a/(°) 107.163(6)
B/(°) 92.486(7)
y/(°) 96.438(7)
volume / A? 720.4(3)
V4 2

p(calc) /g-cm™ 1.592
w/mm’’ 0.142
F(000) 352

crystal size / mm’ 0.150%0.120%0.100

radiation MoKea (1=0.71073)
theta range for data collection / (°) 2.104 to 27.568

index ranges -6<h<6, —13<k<13, —19<I<19

reflections collected 11178
independent reflections 3307 [R,=0.0382]
data/restraints/parameters 3307/36/247
goodness-of-fit on F’ 1.027

final R indexes [ [>=20 (1) ] R,=0.0517, wR,=0.1425
R,=0.0549, wR,=0.1307

0.168 /-0.192

final R indexes [ all data]

largest diff. peak / hole / e-A™
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R2 LAY 2- DMF I HE I A2 B RN T £y
Table 2 Selected bond lengths and dihedrals of compound
2-DMF

bond ) bond an-
bond . |dihedral
lengths / A gles / (°)

C(3)—C(4) 1.422(3) |N(3)—C(3)—N(6)—H(6A) 0.112(164)
N(2)—N(3) 1.361(2) [C(6)—C(1)—N(2)—N(3) 2.384(180)
N(4)—N(5) 1.323(2) |N(5)—C(4)—C(5)—N(7) 0.827(184)
N(7)—N(8) 1.334(2) [N(1)—C(2)—N(3)—C(3) 1.923(188)

N(8)—N(9) 1.289(3)

N(9)—N(10) 1.359(3)

x3 LAY 2- DMF 2k K R

Table 3 Hydrogen bonds lengths and angles of compound
2-DMF
Dt A d(D—H) d(H--A) d(oD—A) £(DHA)
/A /A /A /(°)
N(6)—H(6A)--O(1) 0.86 1.92 2.761(2) 166.2
N(6)—H(6B)--*N(9) 0.86 2.40 3.111(3) 141.0
N(6)—H(6B)-*N(10) 0.86 2.21 2.831(3) 128.5
N(7)—H(7)---N(4) 0.86 2.04 2.892(2) 173.0
C(9)—H(9)---N(8) 0.93 2.49 3.386(3) 163.0

H(7)5 =B H i) N(4)JE B N(7)—H(7)---N(4),
HHEK K 2.892(2) A5 i DMF i H(9) 5 g ik
I N(8)IE Y C(9)—H(9) N (8), Hift K
3.386(3) A, LI ESHM R[S L A 2-DMF X
B LE A T T X T e A5 A o

I 4h, R A Crystal Explorer 54 #1045 2] b & 4
2-DMF [ Hirshfeld 2 1 1 2D #§ 8C I, IF MR 48 A [7] o
F 53 8] H Hirshfeld 2% A9 &0 8 5Tl & T, anisl 2
FoR o INIEL 2b HRl DL, SURE 09 7% o 55 A BAR
JHEY 63.2% , Horf N-oH/H---N %55 A8 T 4F FH 53 ik &
K, H32.5%, k& F--H/H---F, 5 19.2%., 3T LI
A RE R LAY 2- DMF ELAT 45w i ke E
AN F R fE e e it T R s Ay Fe-H/H--F, K I
& F AR AR L TC F 5 BB REEL AT B 0 VRS E
2.3 HEBESH

PR EEETRM BN EZEYEE R, P
WG 209 DSC & TG i £k, 45 R W 1#l 3 i
N MWEI3HALIE M L&Y 2 FHE— DR
B e B — S R Y R IR R LAy
fiff S 4R IR B N 280.8 °C L, ix 5 TG i 28 v #9414 43 1
WMEM -, XRWUALED 2 BA &R
FE
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a. crystal structure
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? S oYX
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b. crystal packing

c. non-covalent interaction analysis

B 1 {51 2- DMF B A2 f i A R 7 U R 24 AR
HAE M4

Fig.1 Crystal structure, crystal packing and non-covalent in-

teraction analysis of 2-DMF

24 BEMESBESHT

Nt M Ak A W 2 W kR R PR RE L 8 i Gauss-
ian #CF7E b3lyp/6-317g(d, p) "* /K T XL A 9 2
AT TR R AR RS Y 2 0% L T
I 1) ] 46 8 77 72 (Scheme 3) 115245 228 siks , I AR 4
R LA G R EXPLOS B 7 AR T 2 1
PRSI TEAE TS 45 R8T 3K 4,

MEATH LB 2% R 1.86 g-cm ™, I H.
i F—CF, 3L F i F IR F A 76 LB 9 2 e 30 441K
B AE B (16.9 k)-mol™) o b9 2 5 B A5 M1 [H A
BEZERI ) TEX TTX A NTTA(Scheme 4) 747 14 AE X
B, e R o TR, mEATUESR ., L&Y 2/
TEX B 453 58 BH I8 55 F TTXORI NTTA, U8 B = i H
FEM I A RSCE A SRR S W AR E . R
1M, = 5 B A A R R T2 AL G W i iR e

N XK 2024 % F 324 H oM (584-590)
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b. individual atomic contacts percentage contribution
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Fig.2 Fingerprint plots, Hirshfeld surface and individual atomic contacts percentage contribution of 2-DMF
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Fig.3 DSC and TG curves of compound 2
F
F N\ N
FroNnN + 4CH, =
/. -NH
HN . N
2 N N

PE R T F P B AETE & S BE ARG A2 LA A
ik, Mﬁﬁlﬁkfﬁ&TAHA““Mﬂﬂﬁ% PERE. b THESR
LA i 2 MR 0 s s ne Ak B W, T 2 ol 2 AR
ﬁﬁé%@z%:‘ﬁﬁﬁg%‘zﬁﬁ:ﬁﬁ%(—cﬁNoz)zﬂﬂ
ZHRACE B (—NF,) .

UL, i 3 BAM B 75 dE 55 1 BAM BE J20 50, 43
SR AL A W 2 B di T R (1) B 485 (FS) #E 47
63‘19? TIEER (R ARYW A Y 2 K R AT A

SE W R A AR 0 LRI B, 2 x4 ol R JBE 4R B OR R
(IS>4OJ,F5>36O N, 32 R & A 43 LA T X
T HE R O 2CHES Y A2 B 40 Dy o i, np DLGE 2o )2 (]

7 N —NH
N+ N + CFCH, + CHNH, + CHCH,

Scheme 3 Isodesmic reactions for calculating heat of formation for compound 2

R4 LB 25 H A G REA R B AL TEREXS L

Table 4 Comparison of physiochemical properties between compound 2 and other energetic materials
compound p/g-cm™ AH,/ kJ-mol™ T./°C D/m-s™ p/ GPa IS/) FS/N
2 1.86 16.9 280.8 6933 17.1 >40 >360
TFX 1.88 -184.7 281.0 7492 26.4 >40 >360
TTX 1.82 403.5 272.0 8580 31.2 >40 >360
NTTA™! 1.87 721.6 181.0 9010 32.8 35 300
HNS 1.75 78.2 318.0 7612 24.3 5 240
RDX''?] 1.91 70.3 204.0 9144 39.2 5 102

Note: p is density calculated by Multiwin. AH, is calculated heat of formation. T is thermal decomposition temperature determined by DSC exothermal peak at

10 °C-min”'

Chinese Journal of Energetic Materials, Vol.32, No.6, 2024 (584—590)

. D is calculated detonation velocity. p is calculated detonation pressure. IS is impact sensitivity. FS is friction sensitivity.
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This Work
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Scheme 4 Structure of TFX, TTX, NTTA and 2

SR B — 4 v o, LAy R A AR an A
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3 & it

WFFE LA 5-C =0 3 )-1, 2, 4-= WR-3-Jii Hy J5 R},
PG A LT —FOBT I & = 9 S R R N U B
= =R REMRL 2, 3R XHIZ AL A W 1 AR S
PO vk B HLBRUER B 5 B R R M RE UE AT R AF 53T
B EIN T 458

(D5 2-DMFJE T = &H5h &, Pras [aEE, 76 4
Ml A 244> T, a=4.9035(10) A, b=10.219(2) A,
c=15.194(3) A, V=720.4(3) A’, «=107.163(6)°,
B=92.486(7)°,y=96.4438(7)°, f k& v 4 7 LA i X
B 7 sCHES 5 43 F 18] 77 7 TR &URE , o N H X
5540 HAE STk K, TR ER LA 2 AR
e AR E 1

(2)l T—CF, A TE b6 2 B0 i 0 2%
(1.86 g cm™) FIK A9 2E 1L 4% (16.9 k) mol™) , 15515
B H IS N 6933 m-s  BEIE N 17.1 GPa. fb&
Yy 2 WA R T E O 280.8 °C, L B AR LB 2R 45 44
M NTTA = 100 °Co [R]E 0 A5 2 $58 o Ja Ji 8 458 Je%
JE 433 K F 40 ) F1 360 N, KL 59 2H & K&
Ll
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Synthesis and Properties of 3-(1H-Tetrazol-5-yl)-7-(trifluoromethyl)-1,2,4-triazolo[5,1-c]-1,2,
4-triazin-4-amine

ZHANG Rong-zheng, LU Ming., XU Yuan-gang
(School of Chemical Engineering s Nanjing University of Science & Technology , Nanjing 210094, China)

Abstract: A trifluoromethyl-containing fused triazole-triazine energetic molecule, 3-(1H-tetrazol-5-yl)-7-(trifluoromethyl)-1, 2,
4-triazolo[5,1-c]-1,2,4-triazin-4-amine (2), was synthesized in two steps from 5-(trifluoromethyl)-1,2,4-triazol-3-amine. The
crystal structure of this compound was characterized by X-ray single crystal diffraction. Its structure and properties were character-
ized by 'H and "’C Nuclear Magnetic Resonance Spectroscopy (NMR), Fourier Transform infrared spectroscopy (FT-IR) and dif-
ferential scanning calorimetry (DSC). The detonation performance of compound 2 was predicted by EXPLOS5 and and sensitivity
testing was performed according to the BAM standard method. Results show that compound 2 belongs to the triclinic space
group Pi, a=4.9035(10) A, b=10.219(2) A, c=15.194(3) A, v=720.4(3) A’, @=107.163(6)°,8=92.486(7)°,y=96.4438(7)°,
Z=2. The theoretical detonation velocity and pressure of compound 2 are 6933 m-s' and 17.1 GPa, respectively. Its measured
impact sensitivity is more than 40 ] and the friction sensitivity is larger than 360 N.

Key words: property computation;organic synthesis;thermal decomposition temperature;crystal structure; trifluoromethyl
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