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XNBZ R, BRI, B W%

VERE , I M % 5 02 ek BRI TH 08 1 R IR I

1 EIWHES

1.1 RXFE5EE
iit*J: o 5-FR A Tk R B BE S L DBU (1,
R IA[5.4.0] -+ —Wk-7-% ) B o Hr i, ok A
J:@Lfﬁﬁﬁ_( o] W CBE H R (I E A5 R 1 R 4
*ﬁé@,%ﬁﬁﬁ}?‘?aa%%%ﬁ@/&a;/ﬁ/‘—kﬂéﬁﬁﬁ BN
AR H]
{25 : Nicolet 8 BL it A5 4 21 S 56 3% A (32 8 Ther-
mo fisher 22 &) ) ; Avance— Il DRX 500MHz ¥ i 4R

% (74 [ Bruker A 7)) ;SDT Q600 DSC-TGA [f] 45 #1443
BrA (26 [ TA AL 2§ 28 7)) 5 Bruker D8 VENTURE TXS
PHOTON 100 X #f £ 4i7 44X ( 7% & Bruker 24 ] ) 5
WRS-1B £ 745 s AL (i B AR A R A BR A F] ) .
1.2 HEMBEST

WA AT (1), BARfe &9 1 Al DL —
M (2) 28 i Ak S B il & L Ak A 2 0T DLl SOA A AL
W (3) & E A A B AW 30T DL S 4 WU
I (4) &A% G 4T LS % 3Ck(17, 26,
27 B A LA 1, 5-3R 3 R O OB & A AL A A
O-Tk Ak T Bk — 20 i A A o

O,NO NO, HO. H
— P— — 7 —
0 0 0 0 0
ONO
. 2 ) OH 3 4 5

B 6-fiffdk-2-S % -6-R A B W bE -4, 8- IR (1) #9355 o 7

Fig.1 Retrosynthetic analysis of 6-nitro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate (1)

1.3 AL 1.4 EHXE

B BRI Scheme 1, A 1,5-F3F 45 (5) My 5
kB, ﬁf’ﬁﬁ%gﬂﬂﬁﬂﬁﬁﬁaﬁi%L TR A RN A
ZMIA[3.3.1]F-2,6-—F(6) ;Kb 5619 2
/\ﬁﬁ@L T e A A B X R BRR R (7) J5 L AR T,
8- A MIAL5.4.0] T —Hk-7-% (DBU) A E T &4
T BRSNS 7S B 9-F A2 IR [3.3.1] -2, 6-— 4
(4) ; FH 1a) G i %826 H iR (m-CPBA) E A7 M 1k 15 51 3,
8,11-= M [4.4.1.0%.07° ]+ — %5 (3) s Kb &
Yy 3 5 00 1 R R TR AR A A RO AT A
25 B -6-A 2 A W -4, 8- 1 (2) 5 B S5 FH K 0 A
2 - =98 MR F R 2 HEAT O-fli Ak Al N-Rl Ak 52 17, il 4%
h HARE G W 6-11 L -2-5 2% -6- A 4 & W 4 -4, 8-

THEERER (1),
HCOOH,H,0,
0~40 °C,48 h
65%
5
% HO
m-CPBA NHz/MeOH
0°C~RT 0 0 120°C, 36 h 0
52%
3 2
Scheme 1
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1.4.1 9-|ZWIR[3.3.1]F 2,6-—F(6) & B

# 12.2 mL(0.1 mol) 1, 5-FF ¥ — 4% #l 3.7 mL
(0.1 mol) R MK Y i A £ 100 mL Y = FBe i h, JF
BT VKoKW B 208 T W R 2 220 N 30% 1of
AACE W 35 mL, E NS o, % 2 = R HE 30 min,
TR ZE 50 °C Rl W 48 h, S I3 i FH AR 0 IE 455 1% L
B PR 2 PE R KR AU AR W AR5 T R TR 6 L
(630 mL), & A VLAH , JC/K Bi R 8 T 4% , ool T 2% 1
B 25 00, A T 60k B OIR W IR 10.3 g, I 65%.
'"H NMR(500 MHz,DMSO)é8:4.16(t, j=6.7 Hz,1H) ,
3.67(dd, =8.9,5.2 Hz,2H),3.49(t, /=5.3 Hz,1H),
2.06 (q, J=6.7, 6.0 Hz, TH) , 1.97~1.90 (m, TH) ,

1.72~1.52(m, 4H) , 1.52~1.40 (m, 2H) ; "C NMR

e

4

140 ‘C,8h

93% j@ 93%

M O,NO NO,

TFAA, HNO,
71%(2steps) 0

OH ONO,

Synthetic route of 6-nitro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate (1)
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(126 MHz, DMS0O)6:80.91, 71.16, 69.82, 67.93,
29.15, 28.96, 24.37, 22.38.
1.4.2 9-|ZEWIF[3.3.1]F-2,6-ZE X (3¢ B K &
BEEE) (7) O A R

# 10.3 g(0.065 mol) 9-% 44 A IF [3.3.1]2¢-2,
6- B AF] 250 mL LT, I 100 mL Mk RE ,
Pz R R B Tk h BR324 in A% B 2R i
54 70 g(0.367 mol) , B & Z il L 12 ho Il K 28
TR 500, T 10% B9 B R Al A 5 W VR ¥, JOF L =&
H e (3x80 mL) A BOKAH , & I A LA, AR FH 18 F e
P S M 7K Vs R R R AR R K VR A% TC K B IR A T AR ik
F ZE AR A U B R BRI , 43 = HE AT R AT R T
LB/ TR R (V. V=5 1) BRI, 15 B ([ 1k 28 g,
W 93%., 'H NMR (500 MHz, DMSO)é8:7.75(t,
J=7.8 Hz, 4H) , 7.43(d, J=7.6 Hz, 4H) , 4.60~4.47
(m,2H),4.14(s, 1H) , 3.54 (s, 1H) , 2.37 (s, 6H) ,
1.93(d, /=52.0 Hz, 2H) , 1.80~1.71 (m, 3H) , 1.67
(dt, )=12.1, 5.9 Hz, 1H) , 1.59 (s, 2H) ; "C NMR
(126 MHz,CDCI,)8:145.17,145.10,133.58,133.54,
130.05, 130.03, 127.88, 127.69, 127.66, 79.97,
78.74, 77.20, 66.62, 25.65, 25.50, 24.90, 22.35,
21.64; IR (thin film, »/cm™) : 3355, 3259, 2920,
1358,1299,1171,1165,1096,961, 850,812,664,
562,548,532;MS(ESI), m/z:489.1012[ M+Na]*,
1.4.3 9-|ZXIF[3.3.1]%-2,6-Z/% (4) I E K

PR 9-5 28 AR [ 3.3.1 ] T--2, 6- - i X (X HH 2K
fif % B ) 3.5 g (7.5 mmol) T 25 mL Tif & & o, i A
10 mL DBU, F 120 CH#A S 8 ho KW 45 H 5,
10 mL Y258 KB, IF F 10% 104 i £k 12 7K 75 W
2 pHIE PP, SRR IE GBS (3%20 mL) 28, & 97 A
BLAH 18 AT R K U %, R 28, 18 T 6K
853 mg, L% 93%. 'H NMR(500 MHz, CDCI,)$:
6.04 (ddd, /=8.4,5.0,3.3 Hz, 1H) , 5.80~5.68 (m,
3H) , 4.64~4.57 (m, TH) ,4.42 (s, 1H) , 2.49 (dd,
J=17.2,5.3 Hz,1H) ,2.17~2.06 (m, 2H) , 1.73 (dd,
J=17.4,5.3 Hz, 1H) ; °C NMR (126 MHz, CDCl,)§:
138.43, 129.57, 124.31, 122.49, 77.93, 66.30,

22.27,13.82,
1.4.4 3,8,11-=Z=F#MIK[4.4.1.0*°.0"°]+—%%(3)
ME K

FR B 245 mg(2.00 mmol) 9-% 2% XL ¥ [3.3.1]
FE-2,6- I AF 50 mL = HBSHH, M 10 mL &
HOBEVE i ), OF B F vk, 10 min J5 28 12 7% Jin

CHINESE JOURNAL OF ENERGETIC MATERIALS

m-CPBA ([ G f % 7K H iR ) (863 mg, 4.81 mmol) Y
TAMBE (S mL) VWL M RS R = R AL R
N 24 ho SNBSS s 2 BR A i AR BT
F110 % NaHSO, /K% (20 mL) ¥ K W, F2 ik
ZHAMBE(3x20 mL) AW, B I A HUAH AR U] AR N Bk
PR S M 7K Vs W R ARL R B BB K VR % JC K B R A T %
JEZE B L, & ik BEAE R B, A il Bk L TR & TR
(Ve v=4:1) P, 45 2] [ A & 150 mg, % 52%.
'"H NMR (500 MHz , CDCl,)é8:4.71~4.58(m, 2H) ,
3.56(s,1H),3.51 (s, 1H) , 3.47 (t, J=5.0 Hz, 1H) ,
2.81(d,/=3.9 Hz,1H),2.12(dtd, )=12.6,8.4,4.3 Hz,
TH),2.05~1.96 (m, 1H) , 1.96~1.89 (m, 1H) , 1.84
(t,J=11.2 Hz, 1H) ; °C NMR (126 MHz, CDCl,) §:
76.83, 70.90, 53.78, 52.69, 51.26, 50.26, 29.98,
29.74. IR(thin film,»/cm™):2971,2923,1362,1256,
1189,1066,1056., MS(ESI),m/z:155.0703[M+H]*,
1.45 2-|#-6-AEENR-4,8-ZFF(2)HE MK

FRIC3,8,11-= A 2 IR [4.4.1.07°.07° ]+ — %
308 mg(2.00 mmol) & F 25 mL M i JE & b, i A
2 mL Jo K B O i, O FF it R A 4R ik TR
=20 CRiE T 2510 min, B R =5, R#E A 5 mL
ST P L R AR Y I R R Y Y AR T
B AEOCR M H BRI hfr 2B <1 h), &8t
FEEW L RIFIAE 120 )CRY 36 h, W45 %
MEZER, g, A% CBE(3X10 mL) PE%, s 25 15
R EE R 274 mg, HIEH T F —2 R0
1.46 6-FHE-2-HE-6-RAFEENIx-4,8-"FF _FHER

BE (1) & K

VKB FAE T F 2 mLAMREIR S 1 mL = 4
BRI 25 mL B B L B4 20 min, 285 4%
HOPE A ] 274 mg(1.60 mmol) 2-48 Z4-6-F 7% 4=
WilkE-4, 8- o B iz Ak & 56 T 0Ks S 0F 34k I
N 0.5 h, 8RR 5 FHIR 2 40 )C N 2 h, BRI B N
WA 5 mLYKAK R S BE(3%10 mL) A HL, &
FEAHUAR AR TR 0tk PR S 40 R0 7 B R K VR %%,
KB TR 0 T M, D 2R AR AR T R [ A, &Rk A 2
M, At/ BR 2R (V: V=10:1) VeI, 45 21 (@ [ 4
434 mg, & 71%. 'H NMR (500 MHz, CDCl,)é:
5.05 (d, J=4.0 Hz, 2H) , 4.38~4.28 (m, 4H) , 2.51
(dd, j=14.0,5.2 Hz,2H),2.02(dd, J=14.0, 3.8 Hz,
2H) ;13C NMR (126 MHz,CDCl,)8:75.97, 66.49,
65.18,29.23;IR(thin film,»/cm™):2980,1652,1629,
1532, 1426, 1298, 1274, 1017, 884, 864, 724;
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CyH,,N,0,:C,31.36;H,3.32;N,18.26;0,47.06,
1.5 RIEAHE

PEHUR 52 0.130 mmx0.120 mmx0.10 mm [
B 7E Bruker D8 VENTURE TXS PHOTON 100 X
S AT AL B, R A AR R A B Mo Ko 5 4k
(A=0.71073 ne)AERAF SR, 7E 193 KT Lh /20 77
R, 7E 4.56°<0<50.686°, —13<h<13, —10<k<9,
—23<i<27 B3 N LR AT I 13455 4 Horh o sy
TGt 83969 4. Fh RS M H B2 VLA 11 X 2 EP AR R
Ji - 19 A B B 4% 1) 5 1 2 B0H SHELXL-97 72 )% DA #
INTZRPABIE X P AT R AE | e 2 B I IS T
R,=0.0996, wR,=0.2547. {14 25 ¥ B4l 17 T 9% [
SIHFEE .0, CCDC 5 2211479,

K A e 22 78 9 4 = K L (DSC-TG) X
6-fif J-2- S A -6-A A4 A NI be-4 , 8- B i FR IR #E 17
BB o M SR NS THERE 210 °C-min™' T
HRYEFl 50~400 °C.

K Gaussian 09 #X4F 40, 3 1] % B 72 oA B8 11
B3LYP J5 351 7E 6-31G* /K - I Xt 2-fif§ -2 2
S MIKE-4, 8-l A R IR AT S5 Ak, 153 B LA 1y
RUFERE AL . B PM6 J7 360 10 0 5 1) 26 Bl
[Fi] Fof BIF 5% AR 7 27 o B8R L B2 ) A2 A £k D AR )
o 1 481 485 8 0 Bl 1 Kamlet-Jacobs (K-)) 77 B2V i
) 40 o 1 R S LR A, SRy S G 48 SR AL B e 4
S, A 27 Pentum ViHE ML L5, €3 I

2 HR5TR

2.1 AEROW

A5 2R SE 5T SRR T R T SR
28 9-S R WIR[3.3.1] 922, 6- 4@ A AL & it 56 3R
e by A A A A Wl B AL B IR . AN B A X
k720 X 9 A AR FR[3.3.1 9 -2, 6- A T
COEAT T S T R 28 RS R 1 I I
[Fi] BF SCA5 3] T 285 v R

G WIE 1 28 T 5 ) Tl 5 0 R K 8 FH A 9 X
RIRF AT WAL O, B AT WS A0 SN o T A 52
SR — 25 9 ) Aok 5 B8 20 366 %) il e RN N A RS2, KR
BRI, L 20.7% MICRA T HAR 8.
2.2 BREHESW

6~ H-2- 4 A2 -6- A A% & W bt -4 , 8- T il IR Mg
F) A B A5, A (B) SRR BT, 43 F A I i) b AR
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BIDLIE 2, SRS BT 45 R B % iR E RS R L8
Pca2, %5 [a) B, HLAA S A58 W3R 1 .

Gy F R PE O B R A M EE T iR R
o Hrp S NI bR fhE FIpE Sk bk B E S S

a. crystal structure of

6-nitro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate

ooy’
°
1

1

b. hydrogen bond diagram of

6-nitro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate

b =94
»
c
. s
e L \
R
g s
™

=829

c. unit cell stacking diagram of

6-nitro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate

2 o-fif2E-2-F A% -6- A% B W e -4, 8- A MR TR Y A 14
L 5 AR
Fig.2 Crystal structure and unit cell stacking diagram of 6-ni-

tro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate
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6-fiF ik -2-4 J4-6-F0 2% 42 W bie-4 L 8- i R R A & L S R AL

R 6-fHH-2-F Ak-6-H AR & NI kE-4, 8- B MR MR (1) 1Y

N N Ak R
Table 1

Crystallographic data and structure refinement of

6-nitro-2-oxa-6-azaadamantane-4, 8-diyl dinitrate (1)

molecular formula CyH,,N,O,
CCDC number 2211479
formula weight 306.20
temperature/K 193.00

crystal system
space group
a/nm

b/nm

c/nm

a/(°)

B/(°)

y/(°)

V/nm’

V4

D /g-cm™

w/mm™'!

F (000)

radiation

260 range/(°)

index ranges

reflections collected
data/restraints/parameters
final R indexes [1=20(1) ]

final R indexes [ all data]

orthorhombic

Pca2,

11.479(2)

8.9329(19)

22.435(4)

90

90

90

2300.5(8)

8

1.768

0.163

1264.0

Mo Ka(A=0.71073)
4.56 to 50.686
—13<h<13, —10<k<9, —23<i<27
13455

3969/1/379

R,=0.0996, wR,=0.2332
R,=0.1226, wR,=0.2547

largest diff. peak/hole / e A~ 0.91/-0.46

P FH i T 4366 Hh 1) 460 4 I BE B8 1 1) R TR S &
BEUER 2> T EsE,C(15)—H(B)---N(7)8 2.739 A,
C(5)—H(5)---0(10) 4 2.672 A,C(9)—H(HG)---O(8) Ny
2.595 A,C(10)—H(F)--O(6) K 2.378 A, 1] LI FH i}
AR FIE i SR H R T R S K, H.O(6)
b P SR AR B A R (B 2b) o

M 2¢ 7] DL, ARSIk 25 4 2 2R HE R, J2
52 Z ) 32 258 o SR T8 B A s T 454,
FHA T AR HEEH, #5512 52200
F14) B R 8 A7 1 X TR HE AR, 40 N U )2 (R] T
S B — S FLRE (AT U .
2.3 ABEMESH

MWK T 6-h -2 A% -6- A A & W k-4, 8- —
TR TR A TG-DSC M4k, 45 R ¥l 3 s . TG 43k
WY, B 172 °CHE a6 i Pt 2k, 2SR B2 A 3 320 °C
B, R 77.3%, izl B b & & A T R B 53 ff L il
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100l T8 —T6 =

00 10
80 8 o
= 6 =
§ 60 4 é
) 5
i 2 2

0

200 134 °C 1o

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

B3 6-fif HE-2- Ae-6-A I 4 NI bE-4, 8- B IR AR (1) /Y
TG-DSC fili £k

Fig.3 TG-DSC curves of 6-nitro-2-oxa-6-azaadamantane-4,
8-diyl dinitrate (1)

TR AT DR S B R AR R R Ak 2 T
v I, 2 R Ak S R B N, 3 AT RE R PR B 5 R ARk
RN T — AL, DSC I £, ZkEWA
1A WA 1 AR . P AE 134 °CfF 1 A A
g, 505 05 (134.2 °C)MIIT , F WL AL & A T WA
A5 ST 184 °CH 1A S 0, £ B 5 Tk &
F W 6-f L -2- S 24 -6- A 44 & W k-4, 8- Gl R iR
FEZIR T & AT R B0 A i SN . BT AL 6-fil
B2 -6- R AR A Ml ke -4, 8- B AN R IR HA K4
) PR M
24 BERMEETMGE

K3 FEZ PRI B3LYP REH 35 T 6-hf HL-2-%
F-6-F A A Wt -4, 8- T HH PR TR 119 4 3 4B T A AR
JE LA 2, I 2-f 3 -2-F 24 & NI -4, 8-
B T hE PR AR (8) (1 SCk &5 SRt 5 T3 2, LA oA,

H 2 2 AT UL, 6-M k-2 A% -6- A A & Wl ke -4, 8-
P i T G 1 O 8 R A AR R X bL 20 -2 - A
4 W E-4, 8- i R e (8) i , Ut B 7 42 Wil e B 242

F2 BW S HIERIY) 8 ) B S R e
Table 2
and its analogue 8

Density and detonation properties of compound 1

0,NO

NO, O,NO. NO
N/ 2 e 2
0
ONO,

p g ONO
compounds  p/g-cm™ D/m-s™" p/GPa 0. /%
1(this work) ~ 1.75(1.768) 7730 26.1 -20.9
gl 1.71 5780 11.0 -36.8

Note: p is calculated density. D is detonation velocity. p is detonation pres-
sure. £2  is oxygen balance assuming the formation of CO. For com-

pound 1, the data in bracket is the single crystal density.
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XNBZ R, BRI, B W%

ESIASEE T, BB A R SOF i 52 AT

0 v M R I . R TE A W B 2R B AR
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Synthesis and Characterization of 6-nitro-2-oxa-6-azaadamantane-4,8-diol dinitrate

LIU Yun-zhi', CAl Rong-bin', HOU Tian-jiao*, WANG Gui-xiang', LUO Jun'
(1. School of 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, 6-nitro-2-oxa-6-azaadamantane-4, 8-diol dinitrate, was synthesized from 1,
5-cyclooctadiene via oxidative cyclization, O-acylation, elimination, epoxidation, aminolysis and nitration with an overall
yield of 20.7%. The single crystal structure of 6-nitro-2-oxa-6-azadamantane-4, 8-diol dinitrate was obtained by X-ray single crys-
tal diffraction. Its structure was characterized using NMR, IR, and elemental analysis. Thermogravimetric analysis (TG) and dif-
ferential scanning calorimetry (DSC) were used to study the thermal stability of the target compound. Density functional theory
method was used to study the detonation properties of the target compound. Result show that it has a density of 1.75 g-cm™, a
thermal decomposition temperature of 184 °C, a detonation velocity of 7730 m-s™', and a detonation pressure of 26.07 GPa.

Key words: oxaazaadamantane;nitrate;energetic compound;cage-like compound;synthesis;thermal stability
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