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TALHE2,2,4,4-DUGEE A RIGE " 2,2, 6, 6- DU 3k 4 K
B (T,=275 °C)" (2,2, 4, 4,6, 6-/ fif 3 4 NI %
(p=1.78 g-cm™,D=8443 m-s™)!"""* 4, 4,8, 8- fif 3t
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EYC R RS, B P

o F B AR A AL S R R Bl
45 A8 R BE X BR Y 2,6-*’%%%%&-4,8-_&1@&%
(p=1.652 g-cm™,D=6811 m-s"', T,=166 °C) {45 i I': iE
YIEF 2-5 2% 4 W bt -4, 8- A FR iR (p=1.575 g-cm”,
D=6516 m-s™', T,=147 °C). #H4h, @it xt2,2,6,
6- P fii§ 3% 4 Ml BE (p=1.614 g-cm™, D=6801 m-s™") Al
4,4,8, 8- fif H-2-5 2% 4 Wl BE (p=1.553 g-cm™’,
D=6955 m-s™") (153 25 14 LA Ko 45 T 5T v DL & 8, 24
FHEJE U 2,2,6, 6- POl 34 M EE 1) 2- uﬁ?fﬁd‘ﬁﬁj‘
I3 FRRRME I BRI AR 20 4, 4,8, 8- DU 5L -2-4
A 4 W 1) 2 B8 BT 30 AT L 40 % 1 i 4 IA) 41 4 7
£V T =TI~ o ¢ & i R e LN O = S
AT, AT LA BRI 43 1~ R R P 52 50 %) 6 0 45 4 1) 5
] A O L DT G B 1 BB RN S 1 5 BB AL B o
PR, A WF 58 4805 1 A 4,4, 8, 8- il Bk -2- 4
A 4 W BE 0 6-07 B J5 1, i i — DM B AT Z A E 1 B
TSy X6 R F8 45 AR, DA 3 G T 1 % B R L ) 4
$'réﬁ" FEXF = 4,4,8,8-DUfifHE-2, 6- 4 4 4 Rl bt
AR REIEAT T RAE, PPAS T HAE N WA & BE M
ﬂE’JWEO

1 SCIG#ERS

1.1 it'y*lJ '51)‘(%%

B WFR[3.3.1]1F-2, 6- "4 (4) MR ¢
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& gem -dinitration o><|dat|on

1 4,4,8,8 Ui 3E-2, 6- :%%?NJHH)E’JE%& vain
Fig.1
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Retrosynthetic analysis of 4,4,8, 8-tetranitro-2, 6-dioxaadamantane(1)

H,0,, HCOOH
050 C,48h

Bk [24 16 s 2-Mm 28 F R L R R TR R B L TR
YRR A, W A R B RAS  R AL
AL E A H I T -20 CHRBRAE ) ; 2R
LR TCK NG A BE | LS R 4 R o A 4l T
A 1 28 R R e A B

{45 : Nicolet 8 B i 2% 8 21 4h Ol 35 A (26 |,
Thermofisher A &) ) ; Bruker Avance-1 DRX 500MHz
¥ w4t PR AL (1% [® , Bruker 24 ) ; SDT Q600
DSC-TGA [F] 25 #3 Hr AL (£ B, TAAUEF 2 7] ) 5 Bruker
D8 VENTURE X I £k B & 417 A (FE [E , Bruker 22 7 ) 5
Vario EL- 1 #4643 A A (F8 &, Elemetar A A ) o
1.2 A%

4,4,8,8-TUfH3E-2, 6- A A& W B (1, & 1)1
WA R, AT LLE i 2, 6- TR 2 A NI BE-4, 8-
(3) & Ak i b RS s A0 15 2] B A5 7~ 9, i ik 3
AL LA 9-% 4 WA [3.3.1] -2, 6- 4 (4) 4 %5 3
O-7% I Ak S il 2%, 1k & W) 4 Fic B8 SOk e 19y ik
B

B4 1 A R 4R I Scheme 1. 158, B4 3C
BRL24 1001, 5-3F ¢ 0 Ry JORL , &t S AL IR 5 | Ot
1k T B = 4 R ) 9 28 SR [3.3.1 ] -2, 6-—
W (4) 5 B J5 R R T 30% i AL S Ak BEAL A W) 4 45
F2,6- AW k-4, 8- B (3) MU E N 48%; B
A2 IBX A AL, A5 BUA R Y 2, 6- 4 2% 4 I

£-C

IBX,EA
80 °C,8h

transannular
O- heterocychzanon

48%

1) NH,OH-HCI, NaOAc
MeOH RT

oH 2 N,O, urea, CH,C, NO,

Scheme 1
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Na, SO 50 °C
(14.4% for 3 steps)

Synthesis route of 4,4,8, 8-tetranitro-2 ,6—d|oxaadamantane(1 )
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Pt-4,8- 1 (2) , HJE 7 AL 6.2% , i H K G
Y 2,6-—E A4 N ki-4,4,8,8-PUEE(5) Al Ll 83.4%
B B A B, BLL Y 3 1Y AL D TR AR LR
AR 58 1, B AR 2 A Wt SRR AR E A AE L (L
B8 1 E Re A A W H RO AT 25 R T R R RS B ST
By K R A KGR T AU B AE RN AR b AF
FE i T 2 K A TR A AR R N L il
FHLE 5 B4 6, 5 LR /b1 gtk 13
FHAR =Y 4,4,8,8-MUfHHE-2,6- " F A& RLE(1),
SRR 14.4%
1.3 SLWiI#E
1.3.1 2,6-—E#&NKR-4,8-"E(3)E K

H9-H R WIR[3.3.1]¢-2,6- "4 (4) (2.44 g,
0.02 mol) FIJE K HH % (1 mL, 26.50 mmol) # % fm A
) 50 mL =B, 2E VKR SR TT 0% 30% Y2 4
KW (20 miL) 22 18 5 i 3 s R A L A
SERE K RO IR A A w0, OV 30 min, RS
H UL B T 2 50 °C, I R 48 he SO SE IS L T
AR ZR A8 Ry 4R, 76 0K TR ) 50 TR G v 2 T
T A B TR 08 140 0 I T (20 mL) Y8R K R I A & R ik A
i A R R TR /KRR 15, SR 5 2 R £ TR
(6Xx30 mL)ZE I, A 3 47 WA FH IS K B B 4 T4, 3k 0
J 7E FL2S HR AR A5 BR B EORE BB . R ) & ik
R Z M, F A/ 2 R R (V/V=1: 1) TR A5 E
A 3(1.65 g,48%) , A A EEA, "H NMR(500 MHz,
Methanol-d,) §: 3.96~3.82 (m, 4H) , 3.76~3.66 (m,
2H) , 2.54 (ddd, /=13.43, 5.19, 1.48 Hz, 2H) ,
1.75~1.66(m,2H);"”C NMR(126 MHz,Methanol-d,)
8:71.9,70.1, 68.3, 29.1; IR (v/cm™) : 3345, 2929,
1076,1056,1036,1020,1001,804,767, 754,685,
652, 475, 430; Anal. Calcd for C,H,,0,: C 55.81,
H 7.03;Found C 55.98,H 7.05.
1.3.2 2,6-—_EFE&NkK-4,8-"HH(2)F12,6-— R

2 &N k2-4,4,8,8-T0E(5) & A

W 2-A B 3 R (2.24 g, 8 mmol) il A T 3
(344 mg,2 mmol) By & R £ Tii (20 mL) # W, 78
80 °C NHEVEBEFE, R 8 h i , B i W A kv a0k,
LR TR (20 mL) VRS, MR E B2 vhilk 4 o R W &
RERCHE 20T, A B/ 2 R TR (V/V=4:1) Yelit 75 514k
HEW2(21 mg,6.2%) HHAMAEAE, 'HNMR(500 MHz,
Chloroform-d) 8: 4.64 (d, j=2.89 Hz, 2H) , 4.14 (d,
J=3.05 Hz,2H),2.88(d, J=2.70 Hz, 4H) ;°C NMR
(126 MHz, Chloroform-d) 8: 203.27, 76.68, 73.21,
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42.55; IR (v/cm™) : 2923, 1737,1057, 1037, 1015,
979,906,818,736,

HFA Y2 HZH RN 6.2% , {07 R
B2 W 58 4, % I8 F 2, 6- 5 2% 4 NIl BE-4, 8- [l
Oy F AR 2 W - AL AR I B0 H AR T
BRBCRAR Y L AT R 2 R 2R b B i 5 R b Y
K KA T KAEER AR T AR KE 2, 6-—F 4%
W kE-4,4,8,8-PURE(5) . 422 H] A Bk L TR £ Tk
(V/V=1:2) U, T 13 24k 59 5(340 mg, 83.4%)°H
M E A, "H NMR(500 MHz, DMSO-d,)6:5.63(s,
4H),3.50 (d, j=3.19 Hz,4H),2.12(d, J=3.19 Hz,
4H);"”C NMR(126 MHz,DMSO-d,)8:87.99,71.82,
28.58; IR (v/cm™) : 3399, 3217, 2961, 1126, 1083,
1064, 1035, 1018, 961, 931, 820, 736, 666; Anal.
Caled for C;H,,0,: C 47.06,H 5.92; Found C 47.21,
H 5.93;MS(EI),m/z:168.02[M-2H,07",

1.3.3 4,4,8, 8- E-2,6-—FHFZE£N k(1)
=953

A 2-fBE R A H R (1.14 g, 8 mmol) il A % 3
(172 mg,1 mmoD) I 1R 1R (20 mL)E# H , 7E 80 °C
FREHESE R, RN 8 hs BRI g AR
fif (20 mL) ¥, UE MR AE 525 R 4R 15 0L i 113 mg.
Wi ML R AE JC K 2 (15 mL) H SR 5 A R R F2 e
(278 mg,8 mmol) FIEE R 41 (492 mg, 12 mmol) , % i
THEFE 12 h b uE A ECES R BR RV AL . KR
i R 2 (360 mg, 12 mmol) BRER AN (5 g) Al — 50 H e
(20 mULRYIA 100 mL = FUfH, I E 50 °C, FEA1E
5 min P ] Z Hpo n o4 fk —&((645 mg, 12 mmol)
B9 A e (20 mL) W, H AR R el s skt fF
Bl 5 B 22 1 SR AU A TR TR 2 JC
KRR A DR 1.5 h, SR 5 181 UK B 40 AN B IR S0 40
FEW (10 mL) o A HLZE TSR K VR B, T /K B R B T
W BRIE RLUE L TR LA R BR RV . M Y A R A 2
Mr, A EE/ 2R 216 (V/Vv=20: 1) Bl , 15 2k 5 41
(46 mg,14.4%) K H A, '"H NMR(500 MHz,
Acetone-d,)8:5.53~5.45(m,4H),2.54(d, J=3.13 Hz,
4H) ; "C NMR (126 MHz, Acetone-d,) 8: 116.11,
70.60, 34.79; IR (v/cm™) : 2920, 2850, 1661, 1590,
1279, 1078, 1038, 829, 804, 786, 749, 713, 686,
658; Anal. Calcd for C4H,N,O,,: C 30.01, H 2.52,
N 17.50;Found C 30.09,H 2.53,N 17.48,

1.4 ZH54ERIE
DLV IR A B G W R L K 4, 4,8, 8-DU A
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EYC R RS, B P

F-2,6- IR A WIBE (1) Bl B IR AR T, SR 1R =
WA NI R R R AT R ST .3 dE R
T A T A ARSI 0 TE R . R T N
0.15 mmx0.14 mmx0.12 mm [ B &, 8 H ik & 78
Bruker D8 VENTURE X 5§ £& 51 i A7 S AL I, R A 58
ALY Cu Ka B2k (A=1.54184 nm) 1 R 15 51 U8, 16
298 K N W 4 5 AT O B0 HE ol ak OLEX 248 H
SHELXT 25 #4) 3K fif 72 J5 XAk & W 04 25 48 i2E 47 f A, O
il SHELXL 48 Ak A XoF 5t it 485 44 E A7 A4k 200

ER AT, R TG-DSC [R] 25 #4454 1k
AW IR E R AT I, R K S B R
50~350 °C, FHR#H HH 5 C-min”',

FI H CrystalExplorer 21.5 8K i+ B AL &9 1 1)
2D $5 2 A Hirshfeld 18 43 A & . 1 & 30 09 &
GIFRFF O AR S W0 1 8 o i B Ak 2 1 R
J 92 bR PR IS (DFT) JE T B3LYP R %007l 6-31G* 5
A xF 4y F 45 R kAT fE 4k SR H Kamlet-Jacobs 2%
KA & W 1WA K 2 EXPLOS
(V6.05.02) B4 1SR4k A 90 1 1 43 el At T

2 ZER5iE

2.1 HEHRA NMRF IR RIESHF

AW 3 Zad S A A il R 2, B s Ak AR
TSR R4 T 4,4,8,8-DUGlHE-2, 6- " E 44 NI
FE(1) o AR SR A 14.4%, X FEERH
oAb E W 2 vh i AR B W RO T O B ik
49 TE LR I, AT 38 5 T A A7 SR R R BE T L OF
Ko RE MK EGY 5. A TS ) 2 By 2
MR T ARG B IR 20500 | Bk 4 T B
S E Y 5 B EE AT TN . tBa Y 589'H NMR
SR WIRFEEIMARFEAE A, LG 6 L
MRy 5k 5.63(s,4H),3.50(d, j=3.19 Hz,4H),
2.12(d,J=3.19 Hz,4H) , ixX e 504 5 i 2 #H Eb 38 n
T 5, B R 4, 3R W] 5.63 Zh 915 5 X N
B R P R AL &L A A 5 C NMR L
it A Wb st ] o B Bl 0 A7 AE L TR B A 3 R AN TR 4k
2R B B, AR 2 A RS 4 il Dy 87.99.71.82 Al
28.58, H:r1 87.99 X i 1 2 7K A R 1) Btk S5t 5 IR B, 4k
G5 B LA OGS b ok B B —C—O BRI
W s W T O AT R OUL B2 B TR R Y A 46 ik 3l ik
(3399,3217 cm™) ; il id GC-EIMS Bt 031 £ R 345
B o 3 K s Ak A W 5 A fr HE (m/z) R 168.02
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Ml X ERE 20 FHOGHE FiE(BiEMHN
m/z=168.15) . Lk 1= 25 JE 07 £5 4 i B i 2 1) B 3 1
LRAET KA.
2.2 HEHRIE

4,4,8,8-TURHHE-2, 6- S8 2% & W e (1) 14 5 & R
VAR A 2 B2 R A5 5 90 T AR A5 A R 10 285 4 i A7 T
W [ B4 f AR B oL, CCDC 5k 2410897, B4
RO WL 1. R EE SRR KRR T A
i A, P, /cas [ALRE, M3 80k a=22.0582(11) A,
b=9.3244(5)A,=11.8194(6)A,a=y=90°,8=99.856(3)°,
T A AR R 23951 () A, B SN & A
841 T(Z=8) AR 1,776 g-cm™(298.15 K) ,
B EARATE R 5 F

B2 R TALA Y SR ghF 1 or F [a) &
A AR FH T DA B AR S M 9 v bl i R R . i

R 4,4,8,8-DUfiHE-2, 6- S A4 Wl (1) 1t 1A 45 4 4l
Table 1 Crystal structure data of 4,4, 8, 8-tetranitro-2, 6-di-

oxaadamantane(1)

parameters C,HgN, O,
CCDC number 2410897
formula weight 320.18
temperature/K 298.15
crystal system monoclinic
space group P2./c

a/A 22.0582(11)
b/A 9.3244(5)
c/A 11.8194(6)
a/(°) 90

BI(°) 99.856(3)
y/(°) 90
volume/A’ 2395.1(2)
V4 8
Pealgrcm™ 1.776
w/mm™' 1.489
F(000) 1312.0

crystal size/mm’

radiation

0.15%0.14%0.12
CuKa(A=1.54184)

26 range for data collection/(°) 10.324 to 133.2

index ranges —26<h<26, —-11<k<11, —14<i<14

reflections collected 28921
independent reflections 4147[R,,=0.0627, R, =0.0656]
data/restraints/parameters 4147/1/397

goodness-of-fit on F* 0.999

final R indexes [[>=20(1)] R,=0.1109, wR,=0.2188
R,=0.1339, wR,=0.2322
0.64/-0.27

final R indexes [all data]

largest diff. peak/hole / e A™
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Bl 2am[ A, 4,4,8,8-PUmE%E-2, 6-— 5 24 4 Wl %t 7 7
A = BE I R kot TR THE S i B R 5] T
B AER . & 2b ] LUE LG9 1 24T 2 1k
2o C—H---O ZUSE1E T, 3 2 4 0 K S0 2% 4 W 9e
B SR (A B RS Sk Bl D 0 T B ) SRR
SR (AP R N R R N L S L S R T
C(13)—H(13)---O(7) K J# K 2.5450 A .C(4)—H(4)---O(9)

a.

CH(13a)"

b. intermolecular hydrogen-bond interactions

c. packing diagram

2 4,4,8,8-PUR%E-2,6- 52 A MR ) (a) fh IR S5 F 1A
(b) 3 ) &5 AR E AR FH LR () b A i R 25 44 &

Fig.2 Crystal structure(a), intermolecular hydrogen-bond in-

teractions (b) and packing diagram (c) of 4, 4, 8, 8-tetrani-

tro-2,6-dioxaadamantane

CHINESE JOURNAL OF ENERGETIC MATERIALS

KK 2.4503 A.C(1)—H(1)--0(13) A K E X
2.4484 A C(5)—H(5)--0(19) K JF N 2.6096 A.
XS SR Oy B A A T R T LR (9 v - o A
22K 2.4484 AWK 2 iR, Beoh, T8
Ao F IR SE A T S5 A, T B0 )2 2 18] AR
2 R A ) TRT T TR A 2, DA T A T R — A B Y
AT UL S5 .

N T ERAMTEALS Y1 PR, A Crystal
Explorer 21.5 8444 i T 2D 8 80 B Ml Hirshfeld 3% 1
Sy AT, I 2 AN R T F TS T Hirshfeld 2 1 14 % 5
51k BB (TR 3) , DSOS 43 T80 AR B AR L )
PEAT T 4001, I 3anl W, e 41 S £ A

a. hirshfeld surfaces
247 €
26
24
22
2.0 H
18
16
14
12
1.0

0.8
o H-H

di
060810121416 182022242628
b. 2D fingerprint plot

-o...o
50---HIH---O
O-NIN--0
] e
L IN-N

29.8%

2.1%

63.2%

c. interatomic interaction percentage distribution

B3 4,4,8,8-DUfifHk-2,6- % %4 NIke (1) (a)Hirshfeld
Fmm . (b) 445 U A (¢) Ji - (8] AH B AE F Eu 9 4 A

Fig.3 Hirshfeld surfaces(a), 2D fingerprint plots(b)and in-
teratomic interaction percentage distributions (¢) of 4, 4, 8,

8-tetranitro-2, 6-dioxaadamantane (1)
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EYC R RS, B P

7E 4 W8 10 (8 S SE PO . T 3b R THE B 1 10
2D IR LR o 22 R A oR T — % B A AR 0 1Rk
Bl 3 U 5 4R SR 220 R 4 8 SR
(H---OF O--H), K i tb Z f1ky 63.2% (K 3¢) , X &
B SR AE 53 7 1) B9 AH B AR rb 3 46 3 S pL . e A,
H TG 110 0 F B 22 A PR A T i 4R i B
OOIFHSHZAME, S50 O M EAEH Y H 4l
FHK, N 29.8%. LAV LS, WTLLEHIESED
FLA 35 0 S A B o 4 T R e B AR
o PR e Ay e I R AR ) T R
2.3 HBEEESH

K H TG-DSC [A] 25 #3300 A G 9 1 1 493 fi
PEREDEAT T 00 5, A TG 4 5 il 28 0 3L 28 A4 4 1)
2R 3 SR 1 2 R R 43 UL Conset) , WAL 4 TR o
TG Zenl LA A G 17 197.6 CHF I 43 i
DSC il & rh £7 75 W6 A i 48 06 | i 3 431 2 180.5 °CHll
231.1 °Co % — MR R V22, 0l B2 i {45 U o)
5 A AN A R I B AR X R TR & W1 TR
Tk B B 30 PRS0 i D RS IO A i . ISR AR A 1
IO B — AR A, RIS W 1 o) i o R 2
LR, WA BT 0 T, BRI BE SR 2T
ZHF U 3 %

10
1001
Ho
801 2
. r-10 =
Z o S
é r-20 §
401 w
30 2
201

. r ‘ T T -40
100 150 200 250 300 350

temperature / °C
4 4,4,8,8-MUfil -2, 6- "4 444 NSt 1) TG-DSC [t £k
Fig.4 TG-DSC curves of 4,4, 8, 8-tetranitro-2, 6-dioxaada-

mantane

2.4 WYL iEse

R — ARG W1 R S R I R
ST B3LYP RS 6-31 GHILA4TTE TS 11
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R2 AW KLY YRR
Table 2

pound 1 and its analogues

Comparison of detonation performances of com-

compound p/g-cm™ AH,/kJ-mol™ D/m-s" p/GPa £./%

1 1.776 -275.44 7705 25.75 -9.99
6 1.533 -166.3 6955 20.22  -25.16
7 1.614 -157.46 6801 17.62  —40.51
TNTH 1.65 -67.0 6821 19.4 -24.66

Note: p is the crystal density at 298 K. AH, is the calculated heat of forma-
tion. D is the calculated detonation velocity. p is the calculated deto-

nation pressure. £, is oxygen balance assuming the formation of CO.
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Fig.5 Molecular structure of compound 1 and its analogues
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Synthesis and Characterization of 4,4,8,8-Tetranitro-2,6-dioxaadamantane

LI Huan', ZHOU Qi', HOU Tian-jiao*>, WANG Gui-xiang', LUO Jun'
(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. College of Chemical
Engineering , Nanjing Tech University , Nanjing 211816, China)

Abstract: A novel cage-like energetic compound, 4,4, 8, 8-tetranitro-2, 6-dioxaadamantane, was synthesized via four steps in-
volving oxidative cyclization, oxidation, oximation and gem-dinitration by using 9-oxabicyclo[ 3.3.1 Jnona-2, 6-diene as raw ma-
terial. Its structure was characterized by nuclear magnetic resonance (NMR) , Fourier transform infrared spectroscopy (FT-IR)
and elemental analysis (EA), and single crystal X-ray diffraction (SC-XRD)was adopted to further confirm its crystal structure.
The thermal stability was investigated by differential scanning calorimetry-thermogravimetry (DSC-TG) analysis, and detonation
parameters were predicted by EXPLOS5. Results show that 4, 4, 8, 8-tetranitro-2, 6-dioxaadamantane has a crystal density of
1.75 g-cm™ and belongs to monoclinic system, space groups P2,/c. Its thermal decomposition temperature is 190.6 °C, theoreti-
cal detonation velocity is 7705 m+s™", and detonation pressure is 25.75 GPa.
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