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Fig.1 Retrosynthetic analysis of 2,2,6, 6-tetranitrotricyclo[ 3.3.1.0*7Jnonane(1)
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Synthetic route of 2,2, 6, 6-tetranitrotricyclo[ 3.3.1.0*" Jnonane(1)

Scheme 1
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(26% for 2 steps)
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ALY 3, 0% R 73% ;4 3L G Y 3 5 , KB =% 3
k[ 39 1A )5 15, FH 96 % B R AE 100 °C F AbFf5 51 56
e 3,7- R = FR3.3.1.007 B 4E-2,6- i (5) , ik
R 54% ; Z 5 TE RS BR A7 T8 2540 H B Ry b5 9 5
B T A V8L AT 38 G BR AR B = BR[3.3.1.007 ] T
$i-2,6-"F(2) RN 77 % ; e 0 2 5 R R e
a5 4G P R AL AT R, DL D R
26% 13 H HARE Y 2,2,6, 6-DUfil 3 = 3[3.3.1.0%7]
ERAGDN
1.3 Wi’
1.3.1 3,7-ZRMIK[3.3.1]1F-2,6-"FA(3) AKX

1E 40 CT 4 = RAL ML BESS (2.6 g,8.2 mmol) —
WM E XA [3.3.1]F-2,6-H1(500 mg, 3.2 mmol)
B VKBS R (10 mL) ST, 4k 2 B8 S0 5 min J5
SRR ZE 5 °C, 20 min 5 K& b A S R A
1,2 hjg ik i I 20 mL VKBS FR VR A IE UF , TR H (@
A3, 7- R [3.3.1 1 -2,6- i (3) (740 mg, UK
& 73%) . '"H NMR (500 MHz, Chloroform-d) é:
5.01~4.91(m,1H) ,4.64 (dd,/=12.1,7.0 Hz,1H),
3.29 (dt,J=10.6,2.6 Hz,1H),3.17~2.99 (m,2H),
2.98~2.92 (m,1H),2.62~2.56 (m,1H),2.33 (ddd,
J = 13.4,12.1,4.9 Hz, TH) , 2.20 (dt, /] = 14.5,
2.8 Hz, 1H), 2.10 (ddd, J = 15.5, 10.6, 2.0 Hz,
1H); “C NMR(126 MHz, Chloroform-d)é&:204.05,
200.92, 49.96, 48.97, 44.58, 44.32, 41.71, 33.80,
29.48; IR (thin film,v/ cm™): 3325,2959, 1726,
1056, 1036, 1020, 1001, 804, 767, 754, 685,
652,475,430;Anal. Calcd for C,H,,0,Br,: C 34.87,
H 3.25, Br 51.63%; Found C 34.98, H 3.35,
Br51.66%.
1.3.2 3,7-ZiR=3K[3.3.1.0""]F-2,6-ZFA (5) &Y

A

¥ 3,7- " RXOA[3.3.1]F-2,6-—f1(3) (620 mg,
2 mmol) A 5 mL 96% B i ) J58 B ffff [T 45
fE100 °CR REPEREHE , S 8 h & 4 B ik v 20 2 %
AR5 G2t B VKoK T 8K, Z 0 RO i — s e
(3x30 mL) Z B, A HUAHHR IR K (10 mL) FAe Fl £ £
K10 mL)BEE & IFA WU JCK SRR T4, i g s
VRV AR B ke s . R ARk R 2 AT, A T/ 2
B2 CME(V/V =4 1) 15 246G 5(330 mg,54%),
A E AR, "H NMR (500 MHz, Chloroform-d) §:
2.94 (q,/=3.3 Hz,2H),2.62 ~ 2.50 (m,4H),2.24
(s, 2H) ; “C NMR (126 MHz, Chloroform-d) é:
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202.80,65.15,47.07,45.74,36.66; IR (thin film,v /
cm™) : 3425, 2859, 1724, 1026, 1006, 1001, 813,
7375 Anal. Calcd for C,H,0O,Br,: C 35.10,H 2.62, Br
51.89% ;Found C 35.03,H 2.56,Br 51.83%.
1.3.3 =3[3.3.1.0°7]1F-2,6-Z“FR(2) I AKX

Bk 44 5(308 mg, 1T mmol) . Z (1 mL) 4
(1 g, 15 mmoD KRNI A A 30 mL 80% £ BEAY B
B, 2 5 A& OR A, Bz B3, Sy 8 h s,
W RIS H R R, e R ik, T R OB
(20 mL) V¥, DR AE B2 th ik 4 . KL W) 2 B e A
T, A/ TR R (VIV =70 W 13 2k G
20116 mg,77%), HHAAEA, 'H NMR(500 MHz,
Chloroform-d)§:2.76 (d,J = 5.8 Hz,2H),2.51 (d,
J=4.0Hz,2H),2.27~2.18 (m,2H),2.12 (s,2H) ,
2.03(d,J = 12.8 Hz, 2H) ; "C NMR (126 MHz,
Chloroform-d)6:214.68,45.55,44.06,38.75,37.34;
IR (thin film, v/cm™) : 3343, 2904, 2750, 1761,
1567,1279, 1078, 1028, 879, 756, 747, 703, 684,
668; Anal. Calcd for CyH,,O,: C 71.98, H 6.71;
Found C 72.09,H 6.83,
1.3.4 2,2,6,6-MEE=3[3.3.1.0°," ] F (1) 8y

A

B4k A% 2(55 mg,0.36 mmol) ¥ fif 76 TG 7K H i
(15 mLH SRE R AR R M (102 mg,1.45 mmol)
F1ES 2 40 (200 mg, 3.6 mmol) , 2 J& 5 % i T it $
12 h, A5G AE 25 R B LR A f a2 5
AR R K, T EA ZEBL(3%30 ml) , Z J5 #E L 45
Br Ll B 5 R E (132 mg, 2.4 mmol) B iz
(5 g) F1 50 H BE (20 mL) KA A 100 mL = T
H M E 50 °C, IFFE 5 min P )4 & g i 4 Ak
Z4%((388 mg,3.6 mmol) iy 4 B BE (20 mL) VA L,
S5 R TR P €0 B A N B B R R S T (8, AR S
B P FE 1.5 b, B 45 3RS [ Sy 3 A K 68 1
Fk R S AN (10 mL) o, Z )5 52 i — U e
(3x13 mD B, A HUAH &K (5 mL) %K, &
JEA BUAH I JCoK B B2 40 11, Z Ja i g JF e 525 T BR
FUH . AW e A E A, A EE/ L TR £ TR
(V/V=15: 1) S8 F BRI A 1047 mg,26%) .
'"H NMR (500 MHz, Acetone-d,) §: 4.05~3.97 (m,
2H),3.34(s,2H) ,2.72 (d,J = 3.1Hz, 2H) , 2.04~
1.97(m, 2H) ,1.78(d, J = 15.4Hz, 2H) ; "C NMR
(126 MHz, Acetone-d,) 8: 126.94, 42.89, 40.98,
32.35, 31.19; IR (thin film, v/cm™) : 3245, 2910,
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2846,1659,1594,1379,1048,1008,849,813,776,
676, 655; Anal. Calcd for C;H ,N,O,: C 35.77,
H 3.34,N 18.54;Found C 35.89,H 3.53,N 18.38.
1.4 HZHE5HERTE

RN AR W RS S e e | LT
2,2,6,6-P0 5 =3 [3.3.1.0%7 ] T % (1) BY 1 F 3%
W, ZE T RS RV G AR AT IS T A AR 45 A I
BTG o B . P H 0.13 mmx0.15 mmXx0.11 mm [
PR RE BT Bruker D8 VENTURE X 5 2% B i 177 5
I E, DA B R4 Cu Ka 72 (A=1.54184 nm) Wit
SPU L AE 296 KT WCEE AT 54 808, & A 24k & 901
P14 A 235 ) 5 50 0% ot L S BURRAIE

Ptz A A 22 2 5 40 B (DSC) Fi
WE (TG B AR T 2,2,6, 6-DU fif 2 = 3
[3.3.1.0° 7] e (1) M FAFR E P I% D0 , S5 50 7F & 46 1 3y
BRARRFAP AT, B ERE N 50 mL-min™ ,JE 1N
0.1 MPa, JTHEEZF N 5 Kemin™' i FE 244 0.5 mg,
R FH R B A S R L, 0043 B2 5 [ 50~300 °CL, &
b WK AR B L A W1 A B A R R DL R R
IR

& Bl CrystalExplorer 21.5 8 i8R 2,2, 6,
6-PU i 3 = ¥ [3.3.1.0%7 ] T ki (1) (19 2D $5 8L & A
Hirshfeld 2 43 7 Bl . R FH &5 0 09 R A& 7 015
2L A1 1 4 ) B AL 2E M 3L T B3LYP IR
IR 6-31 G IR ALl % B 2 s IS (DFT) X
S F A AT A R A 2 5 0 s MO-PM3 7 k14
T T H A WG B 1 EXPLOS (V6.05.02) #1445 3
A Y R TR

2 HRER

2.1 HHRIE

2,2,6,6-DUfil 3 = FR[3.3.1.0%7 1 T8 (1) 24 5
NP TR R AE e 04 1R A R P 22 08 4 R AR AR R
X-5it £ B AT ST AR A 5 W 1 08 AR 25 R R AT 43 AT
RN R T U B e B ST Tt T % N
B ER, P/nZS A BE(CCDC:2494374) , fi i B 8 K
a=13.476(2) A, b=6.4833(12) A, c=13.691(3) A,
a=y=90°,8=95.167 (6)° . % fh Ml /% &b A {4 £
1191.3(4) A G BIA&H 2400 F(2=2), AR
EATAT AR 4> T, HoAE 296 KRB 015 09 & 1K 2% i
H1.691 g-cm™,

KI228 1 2,2,6,6-DUfif5E —=31[3.3.1.0%7] 42

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-9)

£12,2,6,6-MURE=3R[3.3.1.0°7 ] -4 (1) 59 T A 25 # Bodis
Table 1 Crystal data of 2,2, 6, 6-tetranitrotricyclo[3.3.1.0%7]

nonane(1)

parameter C,H (N, O,
CCDC number 2494374
formula weight 302.20
temperature / K 296

crystal system monoclinic
space group P2/n

alA 13.476(2)
b/A 6.4833(12)
c/A 13.691(3)
a/(°) 90

B/ () 95.167(6)
v /() 90

volume / A’ 1191.3(4)
z 2

Pec/ grem™ 1.691

w/ mm™ 1.489

F (000) 628

crystal size / mm® 0.15 X% 0.14 X 0.12

radiation CuKa (A =1.54184)
26 range for data

2.031to 27.510
collection / (°)

index ranges -17<h<17,-8<k<8,-14<1<17

reflections collected 10537

independent reflections 2735 [R,,=0.0543]
data/restraints/parameters 2735/0/192
goodness-of-fit on F* 0.902

final R indexes [/>=20 (I)] R,=0.0450, wR,=0.1404
R,=0.0558, wR,=0.1521
largest diff. peak/hole /e A™ 0.321/-0.237

final R indexes [all data]

(14 T AR 5 A8 43— D) R A B A I 50 B HC 7 ot P P
T b il 0 S AU 0L A 1 R U A R A T 3R 2
fizs o W 2a 0] LIE H L BN 2,2, 6, 6-P0 5 5 =B
[3.3.1.0%7 ] T he o F H A B0 R AP R X FR M 3X A )
TR THE A W 05 5 s B 2b Al %0, 2, 2,6, 6-PU il 3
= I[3.3.1.037 ] LRE R 4> T RIAEFE RN 5 1Y AR 2 s
C—H---O A HVER , ix S AU A BAE FH £ 24 4 Fp,
RIS C(3) B H(3A) 5HI4B 2T 19 O(7) 1B
WA C(3)—H(3A)--O(7) ;5K N 2.440 A FF k%
C(9) LM H(9) 5HH4B853F 1 O(2)JE My C(9)—H(9)
<O(2) s K R 2.512 A ik C(5) ERYH(3A) 5
B4 F I O(4)IE i C(5)—H(5A)---O(4) (HEK
2.550 A) LUK AR C(6) Y H(6B) 5414820 F 1) O(1)
TR C(6)—H(6B)--O(1) (f K 2.495 A) , x sk
At
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B2 2,2,6,6-MUfH3E =3F[3.3.1.0%7 ] L F 4540 & (a) , 2 [ S AR T AR (b) AR IR MERUE K (¢)

Fig.2 Molecular structure (a), intermolecular hydrogen bond interactions (b) and crystal packing diagram (c) of 2,2,6, 6-tet-

ranitrotricyclo[ 3.3.1.0*" Jnonane

R2 2,2,6,6-DURNHE=IR[3.3.1.0%7] Tt 1 S0k K R it A
Table 2 Hydrogen bond lengths and angels of 2,2,6, 6-tet-
ranitrotricyclo[3.3.1.0*"]nonane

d(D—H) d(H--A) d(D—A) bond angle

D—H---A

/A /A /A /()
C(3)—H(3A)---O(7) 0.980 2.440 3.295 145.558
C(5)—H(5A)---O(4) 0.970 2.550 3.372 142.539
C(6)—H(6B)---O(1) 0.970 2.495 3.431 161.954
C(9)—H(9)--0(2) 0.980 2.512 3.290 136.126

20 M SR A B A PP O B T G W A AR E P BT AR OR
YERT . Hh 1 2c m] 0, BEAS A I A8 20 T HERRDIR S 0 B
AT IR R BN 70.9% , 3 5 fb A% B2 1 = IR
BYIAOC ; EAh, i h B2 0 TR NI T RIS R
HEZ I LT SR AR 09 73 T2 850, i 73 )= 18] Y
SRR D0 2 B Sy Ao T X T A RS AR

N T WEAIT 2,2,6,6-TUA 3 = I£[3.3.1.0%7]
T ¢ 19 43 7 6] AH AR O & & B Crystal Explorer

21.5 BB AR B T H: Hirshfeld 2 @ 434 A 2D 45
S IR 3T ORE O R R BB T SRS IR T 4 i X
Hirshfeld 2% i 40 & /E FH A9 oo mk &5 e (B 3) o i #] 3a
Fr7r , Hirshfeld 26 i 3 2 8 B4 66 5 05 (2 90 A kR AiE 2
O 0O FEAFTE TR 40 T 0 S B X, 6 B 5 g
B4 RE 0 AR s, T AT €8 3 AL TR A
BE A W B R, 36 IR X B AE A 5R 4 F R AE D .
K 3bk2,2,6,6-PUfH3E = ¥[3.3.1.07 | Tk 2D
T8 S, Horp 22T OBy B Y 2 0 AR 3R 5 B Y
H---O F1 O---H M B AE 1, H 5 b Z Fl i 35 69.2%
(Kl 3c) ,3x 3 W] 43 18] (9 A0 B4R ] 35 28 DU B A BA
AR FT X5 Z R s R 4. fRatElh
T o T 4y XN B OO M AR, STk 5 R
15.2% 3 S 43 %8 W Ry /b () H--- H AR BLAE AT, L
K 14.8%. ¢ EATiR,2,2,6,6-PU 3 =3£[3.3.1.0*
T e o ) B AT B F B SR AR X S A
AR R SRz A A P 0 PR I R T BRI .
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B3 2,2,6,6-PUfiid =3£[3.3.1.0°7 ] F-hi () Hirshfeld i (a) , 445 801 (b) FlE 8] A B 7E H L] 4 (c)

Fig.3 Hirshfeld surfaces(a), 2D fingerprint plots(b) and interatomic interaction percentage distributions(c) of 2,2,6, 6-tetrani-

trotricyclo[ 3.3.1.0*7 Jnonane
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Table 2 Comparison of detonation performances of compound 1 and its analogues

compound p/g-cm™ AH, /k)-mol™ D/m-s™ p/ GPa 0o/ %
1 1.691 20.25 7319 21.57 -37.08
2,2,6,6-tetranitroadamantane 2%’ 1.614 -157.46 6801 17.62 -40.51
TNTH! 1.650 - 67.0 6821 19.40 -24.66

Note: p is the crystal density at 298 K. AH, is the calculated heat of formation. D is the calculated detonation velocity. p is the calculated detonation pressure. £

is oxygen balance assuming the formation of CO.
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Construction of Tricyclo[3.3.1.0*7]nonane-2,6-dione and Synthesis of Tetranitro-derivative

ZHU Long, ZHOU Qi, LI Huan, LI Bing, LUO Jun
(School of Chemical Engineering , Nanjing University of Science and Technology , Nanjing 210094, China)

Abstract: A novel cage-like compound tricyclo[3.3.1.0*7Jnonane-2, 6-dione was synthesized from bicyclic[3.3.1]non-2, 6-di-
one through bromination, cyclization and reductive debromination. Its energetic derivative 2,2, 6, 6-tetranitrotricyclo[ 3.3.1.0%7]
nonane was prepared via oximation and gem-dinitration. The structure of target compound was characterized by Fourier trans-
form infrared spectroscopy (FT-IR), nuclear magnetic resonance (NMR), elemental analysis (EA), and single crystal X-ray dif-
fraction (SC-XRD). The thermal stability was studied by differential scanning calorimetry (DSC) and thermogravimetric analysis
(TG). The detonation performances were predicted by EXPLOS5. Results show that 2,2,6,6—tetranitrotrycyc|o[3.3.1 .0%7nonane

’. Its onset thermal decom-

crystallizes in the monoclinic crystal system, space group P2/n with a crystal density of 1.691 g-cm”
position temperature is 186 °C. The theoretical detonation velocity and detonation pressure are 7319 m-s™ and 21.57 GPa, re-
spectively, which are much higher than that of its adamantane-based homologue 2,2,6, 6-tetranitroadamantane.

Key words: tricyclo[ 3.3.1 .03'7]nonane;energetic compound;cage-like compound;organic synthesis;crystal structure
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A novel cage-like energetic compound 2, 2, 6, 6-tetranitrotricyclo [ 3.3.1.0* 7 ] nonane was synthesized from easily accessible

compounds via five steps with a total yield of 7.9%.
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