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2 SLIGER 4

2.1 RKF S5

NI =K AW (22 s ) s e Eh R , & MRS 2
B mR I (db oAb T ) s =S A0, IR — 1%, 40% &
TREOKEW, W ORE, OB, A b, S E F b,
VI, 206, W, O R T L A il sk itk we il )RS 404k
) AR S i A A Al

4 H Bl FLB R 53 BT A (56 (5] B 3 4 AT 8 W) Ultra-
PYC 1200e B ) ; K % fib s 2 00 7 A (b 5t 4 LA 4%
FBRA A X-5 7)) 5 4% fg L HR 6 1% AX (7[5 Bruker As-
cend 400M) ; 22 BT [7] 20 43 BT A ( H A 8 H 4 24
Al SHIMADZU DTG-60A ) ; 22 /5% £ it # % ( H A&
P 2% 4E A 23 7] Thermo Plus EVO DSC8230 1) ; i 7
JRE Y (2 38 3E BN F] BAM Fall Hummer BFH-10) ;
JEE % B ) A (2% 3 3 LA W] BAM FKSM10)
2.2 LBFHE
221 EZSEANEAREMNEAR

AAUAHE T B 30 mLRBRFR A F] 100 mL =1
o, A E] 90 CJa , 18 NS BN E =K AW
(26.5 g,0.12 mol) (FEEF M ML, 251 mL-min™"),
W 77 B 0 S BTN R AR G A B -25~-35 CIY I 7%
VR FR CFE A B P T K- B 200, 38 P Bl B AT B
BBERRBE) o SR, L 200~300 mL-min" Y i o i
AN S (272688 mL,0.12 mol) , i}, ) i il 2 5L A
O MOIR o K SR RS H AR FUR, O IR E 25 °C,
K BEAE W AR IR B T 4 8 0~150 °CH iR 23T, 2
BEAS L SR AR T -78 CHE L Y =
F1BE R Y, 8 b 30 FH R TR L BL 8 BE R A B (k-2
BEV 1) o 218 i =& #E (10 mL,0.12 mol) . H
T I R e R Y P I R S A i R S
PR EAE 70 °CAE AT o MG AT M 2% 31 (7] 37 B0 42 (A A
B9 2-30 B HE-1, 1,1, 3, 3, 3N ON ke AR E A
$| =78 C¥ B, BE 45 B R L) = SRR N 52 ¥ e L 78
20 min PPFE R IR E T B 100 °C, 7 TR T 4k 2
N 30 mine SR 515 B A 2-0 e 3-1,1,1,3, 3,
375 FR A T AR BT 0 °Cuk K i AL A il Ak A T
), b AR A B ¥ B AR V2 BB (T VK- ) FEAE A
(L3920 mL) . WA TERE)E B RN IRAE 90 °C
ZMF TR 5 min, BRIFRFA A, MREIAN13.9 gLMiE
W AR (I 62.5%) o Wk A : 92~93 °C. 'H NMR
(600 MHz,CDCl,)8:2.02(s, 4H). ""C NMR(150 MHz,
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CDCl,)8:123.35(q, /=286.6 Hz),71.05(d, J= 60.2,
30.1 Hz).
22.2 3,3,7,7-0(=®"HE)-2,4,6,8-HFHmHEN
IR-[3.3.0]F R (3)E K
TE &4 20 mL H,O £ 50 mL = FHf A A #l
B — ISR LE (7.2 g,40 mmol) Fl 40% 2 [
KW (2.8 g, 19 mmol) , 76 vK K ¥ ¥ 20T T ik
H,50,(2.0 g). B EZEE NIRRT 12 h 5
BN ok 8, O PR sk Ve T A5 3 A AR
IR 5.4 g(77H 71%) o #5K:91~92 C. 'H NMR
(400 MHz, CDCI,)8:5.19(s, 2H),2.83 (s, 4H) ;
“C NMR (100 MHz, CDCI,) §: 128.19, 127.67,
125.30, 124.83, 122.42, 122.01, 119.53, 119.17,
83.04, 82.75, 82.44, 82.14, 81.85, 76.29,
223 2,6-"FH%E-3,3,7,7-M (=& H%)-2,4,6,
8- E & WIR[3.3.0]F 12 (4) A B
BU18 mLAMHNOAIAR] 100 mL =B+, %
HZE-30~-40 °C, 0 ILIMA 3,3,7,7-PU( =5 H 3)-2,4,
6,8-MUAEZAH[3.3.0] ¢ K2 (3) (1 g,2.59 mmol) , &
J5 8 T+ 2 0 °C, 4k 2L ) i 20min J5 FF 0 A
60 g KKK AW A B A EARP b, o 08, K&K
Ve HEF . B G E K061 g(FEER51%) . N .
167 °C. '"H NMR (400 MHz, DMSO-d,) §: 7.45 (s,
2H),6.33(s, 2H),"”C NMR(100 MHz, DMSO-d,)
5:122.93, 122.84, 120.06, 119.93, 81.92, 81.58,
81.24, 75.70; "N NMR (75 MHz, DMSO-d,,
CH,NO, JN#5) 6:-40.61,-185.48,-335.91,
2.2.4 2,4,6-=f%-3,3,7,7-H(=Z=8HF%)-2,4,
6,8-M & Z=WIR[3.3.0]F 4% (5) A B
BU18 mL &M HNO, A F] 100 mL = i, &
HZE-30~-40 °C, A 0.1 g MgO, k)5 it A 3,
3,7,7-M( = HH)-2,4,6,8-P0EZ IR 3.3.0]F
£ (3)(1.0 g,2.59 mmol) , FHiR 2 15 °C, Z& 12 i
Ac,0 (9 mL) ,SRJGFHIR % 0 °C, 4k 2L X N 4 h. ¥
NI 60 g kK A 1 EAR BT 2 8 R K
e, T8 0.7g A ER (7 51%) o #F £ :90~
92 °C. 'H NMR(400 MHz,CDCI,)§:7.20 (d, TH),
6.16(s, TH), 4.34(s, TH),
2.2.5 2,4,6,8-ME-3,3,7,7-W(=aHE)-2,
4,6,8-TRZWIR[3.3.0]F 4 (6)HIE K
B 20 mL & MRASER N A E] 100 mL = USR5
Z1E A P,0,(10 g,70.4 mmol) ¥l FE 7£ 0 °C, %k
JE A 2,6- A% 3,3,7,7-0U (= H 3)-2, 4,
&g
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6, 8-I0 & A WA [3.3.0] ¢ i (4) (1 g, 2.1 mmol) 7&
0 °CF I 30 min J5 FHil 2] 25 °C, 48 2L [ )i 30 min,
- THIE 2] 55 °C, 4k 2k & N 30 mine B N IR A
100 gvkk o s, 15 0.7 g HEER (72 70%) .
JA 5 :110~111 °C. 'H NMR (400 MHz, CDCl,) &:
7.20 (s, 2H) ; ”C NMR (100 MHz, Acetone-d,) §:
125.77, 122.84, 122.57, 119.91, 119.69, 116.99,
91.37,87.51,85.77,85.04,74.25; "N NMR(75 MHz,
Acetone-d,, CH,NO, N #5) §: —=52.48, —=200.38.

3 GRSW®R

3.1 AME&S SRR
TE AR B e A R v K 7N SR B =K B W K A
BN RN B, I Gl A 0 1 e e v S TR
it

IO 5 B 2-28 Fe-2-FE FE NN bt o E — 22 ] = SR A
PEAT 23 1 AR B % 5, FF5 2R R AR B
F.C CF,
NH, HN Ho,
NH, NO fuming nitriacid
(e oR © HN_NH
1 2

F.C CF,

H IR A BE(Scheme 1) B TN HFA M H A
R B, BN s A6 30 JAHES P9 k4T, I 1 A5CHE B 4 4
i o 5% v I] ARSI G ik BRI T A AR R W A
RAT

0 0 HN oy
H.SO Py, -25-30 °C
C O — —
FC CF, 0cC (S or, NHOFC CF,
NH HN  NH,
POCI, 100 °C NH, reflux
25°C  30min FC cr, 0°C 100°C f¢ CF,
65.2%
Scheme 1 Synthetic route of 2,2-diaminohexafluoropropane

TERRVE AT B B RS &N H NS &
TR RN, E3,3,7,7-00 (= F
$5)-2,4,6,8-0A JMIH-[3.3.0] 5 (3) , 4R J5 i &
g7 0 Ak, 15 B [F] 6 R B R B AR ik & W (4~6)
(Scheme 2),

FJC CF: F;C CF3
— NO, ON_ NO
H N fuming nitriacid N N
P,0
ON— 4 o — N—
2 ON NO,
F.C CF, FC  CF,

3 4 6
Ac,0 FC CF,
fuming nitriacid _ OZN\NXNH

H

ON— >< ~No,

FC CF,
5

Scheme 2 Synthetic route of 2,4,6,8-Tetranitro 3,3,7,7-tetrakis(trifluoromethyl)-2, 4,6, 8-tetraazabicyclo[ 3.3.0] Alkane

T 3,3,7,7- (=5 %)-2,4,6,8-TUA 7%
XA [3.3.0] 3 bt (3) 7 & N il R Hh B4 g e 15 51 2,
6- A FEHUR =W 4. 2R AE K AR A R /R IS IR & P
etk &9 3 RAg 2150 =AU LA 9 5, 1M %
Sz R TR/ R A AR R T U A5 B =R A TR
B ARG o B iAo a1 AR TR/ AR FR b
SRR T S R v A AR A A AR RE L T & T
SRR A Y 5. LAY 4 18 KA R b ik — b
fig Ak ml A5 2] > B = R B A 5. SRS EUR
TG 5 Fee M fi 22, 78 IR AT B % R 00 I Y 2o AR
AR A o I 2 A R IR e 22 ) ) o R
FE TR TE K IR IR/ AR AL B AR R R R SR
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A6 AW 4 oE— 2 w40, & oh #3210 00wy 3% AR b
“W6.

PGSRBS L A 4 FE A W 6 1 =R
B A5 520 0 PR AE 6=128~119 1 6=122~116, 1%
2 F R 4 A 1 28 43k DO E e, 5 0 O A
I 32 B F A TR0 o FEAZ R IR AR EOE
Bk AW 4 AR R A IR A S g, 4 i 1
8=—40.61,6=—185.48 Fl16=—335.91, 43 5| XJ )i &% #4) rpr
A 3 R0 1 O A ORI b A BBOAR A . T P
FEWAR A6 G 0 6 H T 45 K 1 6 Bk A T e 4R
JRf5 5, Bl 6=-52.48 F1 6=—200.38, 43 5| % 1 &5 ¥4 v
HRS LRI B A (K1) .
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a. ""C NMR spectrum of compound 4
(100MHz, DMSO-d,, RT)
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b. " N NMR spectrum of compound 4
(75 MHz, DMSO-d,, RT, CH,NO, as internal standard)
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c. "’C NMR spectrum of compound 6
(100MHz, Acetone-d,, RT)
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d. " N NMR spectrum of compound 6
(75 MHz, Acetone-d,, RT, CH,NO, as internal standard)

1 ALEW 4 H 6 By R L i i 3% A U
Fig.1 ”"C NMR and"” N NMR spectrum of compound 4 and 6
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3.2 HEWEBERIIE
3.2.1 EE

FH HE 18 M AR, = T R H ULTRAPYC
1200e B4 H 3 B 2% 8 73 Hr AL T A5 ) 4.5.6 1)
WL BEH 10 mL YRR S R AR = 4N, T
5 & 71 0.3 MPa, 73 #F 4 5 0.0001 g-mL™", K ) £
0.03% . Jir A MR AT AL & 478 % 0 T m A m = T
BEE o AR UE B AY B B SEA T I =k, B
S R A 2 R

G 4~6 %5308 1.88 g-cm™,1.96 g-cm™
f2.08 g-cm”, ¥ KT 1.8 g-cm™. X T A2 my i
K REA A YR, H % B BE G PR EORE FE A E 193 n
R, BT A& 6 BLAT 8 m % B . 5 S0k 7 i
T DY A L H IR (TNGU) (%5 )2 1.98 ~ 2.04 g-cm™)
Fb, DU i 5 BOFG B A 6 1 9% B2 A /NI HS N, 3 7T g
SR T A = G50 AR 3 T vk - T, 5 B0 R HE R
N =
3.2.2 RLE

¥ 8 GB/T 21567-2008 fi [ dfr K i 8 o JEk B
TR0 A (9 T ¥, P 0 S e T A 0 3 o ) 4 o
JE, A g8 55l BAM Fall Hummer BFH-10 3 7 i
1, A GBT 215662008 15 [ i 4 e i B8 458 8k i
I 7 vk T L E 1 BAM 125, A ER O FKSM 10 BAM J&&
PO DU AN o R Wk 2% - IR BRI B 25 °C L BR
B E 60%, i FE A (10+1) mg, oo 5 2 hy
5 kgo AT X LB 22 5, [ B TNGU  RDX Fil
HMX ) SCHRZ5 R 51 F 3R 1,

x1 (LB 4~6 22 TNGU RDXHI HMX 4 L 45
Table 1  Sensitivity test of compound 4—6 and TNGU,RDX,
HMX

compd. 1S/) FS/N
4 >40 >360
5 35 >360
6 37.5 >360
TNGU!7) 1.86 68.6
RDX!8! 7.4 120

HMX! 18! 7.4 120

21 a1 A A ) 4~6 (4 R E YR T 30 ),
JEE 52 % ¥ K F 360 N, B B I T 5 2 BoA M TR 28
B TNGU, B 222 i F RDX Al HMX, X ZIH &1 B A
BRI MR . it — I ] A =R ST DLRE
ek & . Hoh ik &9 5 0 o 8 E g
A g A
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150, AT RE R T A A AN B B 2 A
3.2.3 MBEM

i ok B S AT (TG) AR FA 1 (DTG & 1
EA W) 4~6 (1 R sE T o DR A& 1 R - B T 4R
i S IRE RS Y R TR 201 mg, iR IX
6] 25~500 °C, N, % il , i # 5 50 mL-min™", Ff i 3£
FM10 Comin™ G5 R AE 2 s .

1004 1-0.000
e [0005
80- o
L-0.010 ©
3 N 0, -
2 60 mass loss -96.7% ooty X
a 2
£ 401 L0020 8
204 L0025 §
0 } 1-0.030
0 100 165200 300 400 500
temperature / °C
a. 4
100+ +0.000
804 \ [ mass loss -28.6% —T6 |
—DTG -
-0.005 O
60 L S
& 2
& 40 +-0.010 &
8 mass loss -62.1% 4
£ 20 y | E
8 0.015
04 L 3
|
-20 T —0 T T : . -0.020
0 100 200 300 400 500
temperature / °C
b. 5
100 1 0.000
—TG
-0.005
801 —DTG [ -
o 60 0010 &
= mass loss -91.9% 2
2 0015 3
@ 40 I 2
& 0020 E
20+ V L g
' 0025 3
0 115 |
-0.030

0 100 200 300 400 500
temperature / °C
c. 6

2 kAP 4~61TG-DTG ik
Fig.2 TG-DTG curves of compounds 4~6

B2 0] UL, 6l A G W 4 I i R EE R
165 °C, T = i 3 A ) Ak & 9 5 0 DU il 56 AR 1 1k
G 6 IS i I BE 43 51 9 120 )CHRI 115 °CL, BT W fi%
TAb& Y 4. 0] fEE—NO, K #3485 7 4
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R PERRAR T 8. =R A o3 ik ok R v A O a8 2K
BITE 90% LA b, U W] 43 filt 7= ) KR 43 A . Herbqk
BYISH T EH IR =AY 3 e %
86 °C/c A7 JF If 43 M, I H: 43 i 7= W) 7 120 “C 1k
93 i
3.24 BEEEEE

FI VG 22 3 AR A 2 5 BT I R 0 g Ak & P B
Ji LA S PreDeto P RE i il 5 Ge X = A & # AL G W0 0 2
LPEREHEAT T WAL . BAK D 4R < A Gaussian 09
it AR T AL, 5 SR LA RN 3 5 B R 6-31+ G 3
41 M B3-LYP J5 %, g0 BE 3T 5 2R 1 MP2 (full)/
6-113++G** 52l ey o BTk ny 0 7 8, 5k
Monte-Carlo 4t 112 77 % LA & Kamlet-Jacbos ' J5 2 Al
VLW 15 25 7= iR 2y BV S Ee O TS 4,5,
6 1) J3 T AL ., SR B 2 (group additive method)
TR A 0 T SR B A O RE I AR A [R] s
e TNGU i SCHREE R 51 T34k 2.

F2 LG a~6 ML SRR RES R

Table 2 Performance parameters of compound 4,5 and 6

pV OoB? AH?Y D® p>
compd. /gem™ [ % /k)smol™  /m-s™! / GPa
4 1.88 —40.3 -2521.2 9874 50.1
5 1.96 =30.7 —2405.4 11002 62.7
6 2.08 =22.6 =2285.7 11937 74.3
TNGU!em1711 2,04 5 42 9205 =
RDX!1) 1.81 -21.6 80 8850 33.8
HMXT9 1.90 -21.6 105 9100 39.0
Note: 1) Measured density. 2) Oxygen balance (CHONX,,

1600(c-a-b/2)/M,), the H required to generate HX is priority deduct-
ed. 3) Enthalpy of formation (calculated value). 4) Detonation veloci-

ty (calculated value). 5) Detonation pressure (calculated value).

TR 25 50T U S, AL G W) 4~6 1 4 2 Fl 93 TR
%3k i F RDX 5 HMX, R H 2k A 6 (1 2,4, 6,
8-TURK I 3,3,7,7-M0( =M H)-2,4,6,8-T0A F+ W
W [3.3.0] 2F K ) M A 11937 mes™, M R A
74.3 GPa, L/ T % WA RDX FTHMX, WA T TNGU, 4
EZHRME S, 5NN A 4 (R 2% B (CL-20)
(10117 m-s™" ) BB I A 2 .

4 £t

(1) LLBEMY 2 15 0 2 0 il R >l il A6 570, 76 A 1] B9
AR 2 v o 2 s Ak B T il 2 T 2 A R Bt Y 3, 3,
7.7-V0( = HH)-2,4,6,8-PU%E 2« WIF[3.3.0]F k%
o X 2020 % F 28 A

% 7% (657-663)
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(4~6) . WAEZBEWUE T 2549, JF R H TG-DTG #f 5%
THBEM, LAY A .6 T 5 MY 5B 5 5 N
165 °C . 115 CHI 120 °C, i BH il & A 5L 19 384, il 1k
T R E VR AR, B0 i BT B R R T 90%
Bay LY/ PN S W N

(2) FI FHHEE A S0 = F i Ak 7 4 1 %%
¥R T 1.88 g-cm™, Horh U il BL IR ™ 1) 6 1Y % FE
ik 2.08 g-cm™’; 2K Gaussian 09 i+ B & )P i+ H T
=R AR P 1 B AR R 4 R T 9800 mesT, Hi 6
MM B M 11937 m-s™' 4 JE K 74.3 GPa.

(3) B MR 45 R R W] A6 W) 4~6 1Y FE 153
BIR T 360 N, f# i J8 B2 15 T 30 ), im i T B A A
] H 220 TNGU , BB 51 A HL A7 5 35 % 5 R £ 1 1Y)
R EE  RTAE  RE AL A A R A R R AT
kR [E B, B A B AR R BE M RIS T
JE TR T R

2% 3k
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Synthesis and Properties of Polynitro 3,3,7,7-Tetra(trifluoromethyl)-2,4,6, 8-tetraazabicyclo [3.3.0]octane

YANG Tong-tong, LIU Yang, HOU Xiao-wen, MENG Zi-hui, XU Zhi-bin
(School of Chemistry and Chemical Engineering » Beijing Institute of Technology , Beijing 100081, China)

Abstract: In order to explore the effect of trifluoromethyl group on the performance of energetic materials, 2, 6-dinitrate- 3,3,7,
7-tetra-trifluoromethyl-2, 4, 6, 8-tetraazabicyclo [3.3.0] octane (4), 2,4, 6-trinitro-3, 3, 7, 7-tetra-trifluoromethyl-2, 4, 6, 8-tet-
raazabicyclo [3.3.0] octane (5) and 2,4, 6, 8-tetranitrate-3, 3, 7, 7-tetra-trifluoromethyl-2, 4, 6, 8-tetraazabicyclo [ 3.3.0] octane
(6) were synthesized from the aza-fused ring precursor (3,3,7, 7-tetra-trifluoromethyl-2, 4, 6, 8-tetraazabicyclo [ 3.3.0] octane)
through improved multi-step nitration in fuming nitric acid. The precursor was obtained from condensation of diaminohexafluoro-
propane and glyoxal. The structure of all nitration products were characterized by 'H, C and "N NMR. The density of com-
pound 6 is the highest (up to 2.08 g-cm™) by testing with exhaust gas method. For all three compounds, the impact sensitivity
measured by the dropping hammer lift is greater than 30 J, and the friction sensitivity based on BAM method is greater than
360 N. The TG-DTG analysis shows that the mass loss of all three products is more than 90% and their thermal stability decrease
with the increase of nitro group. The detonation properties were estimated by Monte-Carlo statistical methods and theoretical
models using Gaussian 09 calculation package. The detonation velocity and detonation pressure of compound 6 are 11937 m-s™'
and 74.3 GPa, respectively. Due to the high density and greater electronegativity, the introduction of CF, group reduces the sen-
sitivity while maintaining higher density and good detonation performance compared with that of tetranitroglycoluril (TNGU). It
also opens up new ideas for the research of energetic materials.

Key words: high energy density compound;energetic material; hexafluoro-2, 2-propanediami; heterocyclic compounds;2,4,6,
8-tetranitro3,3,7,7-tetra(trifluoromethyl)-2,4,6, 8-tetraazabicyclo [ 3.3.0] octane
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