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G Rl LA = 4 TR 28, 45 4 S, B AR A
MG E e, R — R EEANLS Y, T2 T2
Yy MLz LR HRERS 2> T S R A R A ek L
G NIVGE 0 B4 5] A\ — 2 g Rl kS Ah 56 AT, s 5 A T
G A 15 B 190 TS L R B A 4 R b LA R 1
JE R MR IR M RE R 1 1980 4E Sollott 4
DL W R JEUREA I 1,3 ,5, 7 -0 il ik 45 Mg DL ok
AATC ARG S BT 2 i JE RS I 40 3 4 W e, Herp
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2-fif He-2- R A A W ot -4, 8- B AR R 1Y & 5 RAE 545
Thermofisher 4% &) ); Bruker Avance-II DRX 500 40 mL, i PE = KA A -l 3E By -KD L 4R 28 W . 70 T,

MHz #% w3 (72 E Bruker /A &) ; Vario EL-TI #Y
JCE S HT A (FE[E Elemetar /A 7)) ; WRS-1B 45 &5
A ROBALERGEA BR 23 7)) 5 Finnigan TSQ Qua-
ntumultra AM B 7 3% (Y ( 36 [E Thermal 2 5] ); SDT
Q600 DSC-TGA [FE#Ir Al (S TA AR A ) o

KA WIR[3.3.1 ) -2, 6- 0 ([ #7);
A (H R EoT Tk SR ) 5 e il 7 3 2k 43 #r 4k
R AR 2 b 2
2.3 LIt
2.3.1 MIF[3.3.1]F%-2,6-"H (3)EK

W [3.3.1 ] T %e-2,6- 4 & W9 46 i (HD IR
b BR) A B BRI E

irdk: ¥ 2.25 g(14.82 mmol ) IR [3.3. 1] T-%i-
2,6- % T 60 mL HfEd finA 6.6 g(35.5 mmol) %t
FHORBRIEE , I RI G 4 h J5 v 5, FlE S 13 2 (o [T
TR OB VE U, A T4, 13 6.75 g(13.81 mmol)
F A 2, 0% 93%

M. # 15.6 mL(15.6 mmol) j-Pr,NH .57 mL
(493 mmol) UH 3L 7, — iz (TMEDA) Jin A 8] 250 mL
= HR 0 CF R+, A A O T 218
A 1.6 mol « L' By n-BuLi/iE T %% % W 45 mL
(72 mmol) K 6.75 g(13.81 mmol) L& 2 1&1&
A B ER AR R, ekt B L2 29 15 min, ki 2
A R EAS A IR BRI, R IR RE 15 h,
R EE R JE,0 CTF 48 50 mL 7K % K &N, 43
W, A HUAH PR3 5 10% W $h 2 100 mL 46 Fl ik 2
AANFE W 80 mL o Fn & Eh K 80 mL PR, VRIS W
A AUAE FH JC 7K B R 4 1 4%, 2k 8, 40 °CTF I T 75 18 A5
1.16 g(9.71 mmol) & B @R AR 3, 10K 70%

"H NMR (CDCI,, 500 MHz) §: 5.79 ~5. 71
(m, 2H), 5.66 (ddd, J,=1.20 Hz, J,=4.8 Hz, J,
=9.95 Hz, 2H), 2.50 ~2.43 (m, 2H), 2.23
(ddd, J, =2.1 Hz, J,=3.60 Hz, J, =18.55 Hz,
2H), 1.86 (dd, J,=4.70 Hz, J,=17.70 Hz, 2H),
1.70 (t, J=2.90 Hz, 2H); "C NMR (CDCl,, 126 MHz)
5:131.88, 125.15, 30.86, 28.68, 28.36,

2.3.2 2,3;6,7-Z“IREXIA[3.3.1] EIE(4) EK

7 250 mL P IA 5.76 g(85% , 28.41 mmol)
[) 5 A R (MCPBA) (60 mL — 5 45¢,0 C Rt dE
10 min J5, AR & A 1.42 g(11.80 mmol ) fk &4 3
1) A P L 60 mL i N 52 B2 )5, R IR FE 24 ho
LN 45 305, 1818 0 A 10% B9V B R & BN K I W
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FHURE 5% ARk g B K % i 80 mL ¥k, o di
A BURE K AR 2k 252 FH — S0 H B A8 BOR K, & 01 A LA,
FHIC/K B B A0 T4, 2ok 8, 96 R 25 18 45 11 (8 26 R VA
AL R AR JE AT, AR/ SV 2 V=5 0 ) BRI,
51.25 g(8.20 mmol) A& E K 4,10% 70% ,m. p.
171.6 ~173.2 C(CHkfE'™> . m.p.173 ~174 °C) ,

"H NMR (CDCl,, 500 MHz) §: 3.17 ~3.06
(m,2H),2.97 ~2.86 (m, 2H), 2.16 (dd, J, =
6.85 Hz, J,=15.75 Hz, 2H), 2.10 ~2.00 (m,
2H), 1.88 (dd, J, =4.70 Hz, J,=15.75 Hz, 2H), 1.42
(t, J=2.95 Hz, 2H); "C NMR (CDCl,, 126 MHz) §:
56.58, 50. 15, 26.53, 24.41, 18.63; IR (KBr,
v/em™ ). 2913, 1446 (C—H), 1267, 825, 780
(C—0—C); Anal. calcd for C,H,,0,: C 71.03,
H7.95; found: C 71.09, H 7.97,

2.3.3 2-mAEERALK-4,8-"EB(5)NEK

$ 0.8 g(5.26 mmol)fk- &%) 4.5.5 mL K
WA E] 35 mL JEEER H R, FEINA 6 mL 460 T
AW (A2 BRI S 4. mo CF
B2 8 AZ <1 h), BE 5,120 CT i
18 h, ik B o H 6 AR BT 1, B 45 s ¥ 20,
g 0.78 g A E A, FHHOBEES M, 150.7 g
(4.13 mmol) {4 & 5,103 79% ,m. p. 322. 4 ~
323.9 C(XHRME™ . m.p.321 °C),

"H NMR (CD,0OD, 500 MHz) §: 3.86 (t, J=
3.15 Hz, 2H), 2.86 ~2.81 (m, 2H), 2.26 (dt, /,
=2.65 Hz, J,=13.0 Hz, 2H), 1.93 ~1.87 (m,
2H), 1.84 (t, /=2.96 Hz, 2H), 1.65 (dt, J, =
3.35 Hz, J,=13.05 Hz, 2H); "C NMR (CD,OD,
126 MHz) §:72.70, 51.53, 34.21,31.04, 24.97;
IR (KBr, »/cm™): 3291, 3256 (O—H, N—H),
2919, 1468 (C—H), 1109, 1093 (C—OH ),
1061, 1049 (C—N); Anal. calcd for C, H,; NO,:
C 63.88, H8.93, N 8.28; found: C63.91, H8.89,
N 8.31; ESI-MS (m/z): 170 [M+H]",

2.3.4 2-ZEE-2-BF&Nkk-4,8-ZFF(6) ME N

1 g(5.90 mmol ){L&4)5.1.22 mL(8.80 mmol)
=M 30 mL A BRI ACE] 100 mL 5
O CTHHFEA, kR P18 m 1. 23 mL
(13.00 mmol) ZFREF, ¥ fin e 56 5 - i+ 12 ho
SRS G U 2R R AR 2 AT, A e/ H
(V:iv=15 1) WM, %5 1.16 g(5.49 mmol) [ {4 [#

A fE AT At 2016 F %24 4% % 64 (544-549)
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46 ,8% 93% ,m.p.201.7 ~203.0 °C,

"H NMR (DMSO-d,, 500 MHz) §: 5.02 (d, J
=3.20 Hz, 1H), 5.00 (d, J=3.30 Hz, 1H), 4.34
(s, TH), 3.64 (s, TH), 3.61 ~3.56 (m, 1H), 3.48
~3.42 (m, 1H), 2.15 (dt, J, =3 Hz, J,=12.7 Hz,
TH), 2.08 (dt, J, =3 Hz, J,=12.75 Hz, TH),
1.80 ~1.75 (m, 2H), 1.75 ~1.68 (m, 2H), 1.44
(dt, J,=3 Hz, J,=12.80 Hz, 1TH), 1.29 (dt, J, =
3 Hz, J,=12.75 Hz, TH); "C NMR ( DMSO-d,,
126 MHz) §: 167.26, 69.46, 68.77, 52.53, 46.72,
31.99, 28. 61, 27.75, 23.00, 21.22; IR (KBr,
v/em™ ) 3327 (O—H), 2930, 2902, 1448 (C—H),
1600 (C=0); Anal. calcd for C,,H,,NO, . C 62.54,
H8.11, N6.63; found; C 62.51, H8.13, N 6.61,
2.3.5 2-FE2-BHENK4,8- "B _HERE (1)

B & B

4 95% % HARGETR 4.0 mL(84 mmol) Fl 20% % 1A
B2 2.5 mL(42 mmol) i A %] 25 mL i ,0 °C
THFE 20 min J5 1218 MA 0.6 g(2.84 mmol) fb &
Y6, MR 60 CR 4 h, RIZEHIG, HKRR
BB AVKOK b I @ A (315 mL) , &I A HL
AH B A R R S BNV MR U, 20 W, K AR AR 2 T R
FBEAEI, A I AUAE , FH JC /K Bt e 4k T 0, 3 0%, &

Mo RERAEZNT A/ CFR TR (V 2 V=5 1 1)k
Hjﬁ,ﬁ%‘: 0.69 g(2.27 mmol) H @& F 4 1,1k % 81%,
m.p.107.6 ~109.1 °C,

"H NMR (CDCl,, 500 MHz) §: 5.09 (t, J=
2.85 Hz, 2H), 5.07 ~5.03 (m, 2H), 2.37 ~2.30
(m, 2H), 2.27 (dt, J, =2.85 Hz, J,=14.3 Hz, 2H),
1.98 (dt, J,=2.95 Hz, J,=14.1 Hz, 2H), 1.96 (t, J=
2.94 Hz, 2H); "C NMR (CDCl,, 126 MHz) §: 53.55,
51.67, 27.98, 27.56, 24.04; IR (KBr, p/cm™): 2947,
1447 (C—H), 1627, 1271 (O—NO, ), 1532, 1271
(N—NO,); Anal. caled for C,H,, N, O;: C 35.53,
H3.98, N 18.42; found: C 35.48, H 3.95, N 18.49,

3 HRSWie

3.1 WIR[3.3.1]F1E-2,6-Z 1 (3) AR K%
KTRIR[3.3.1 ] FHhe-2,6-— 4 1G5 1, A0 5%

23k i R A Bishop % AU g = 4 & Bk (W

Scheme 2) . ?ﬁﬁﬁ NaBH, # X#R[ 3. 3. 1]55%%—2 6-—
I JERORH N B U 7, P R R AT B R TR Ak A 3
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&Y 8, 1K 8 i Ae A Ml i DBU v g it £4 71 BR
PFEUIR[3.3.1 ] L he-2,6- 0. MEH— Pk
AL I35 2 90% \92% 5 (R A BR SR WA 4K
X, A 72% , 13 Llﬁ(%ﬂv 60% o M SCHk[ 22 ] i P20 4k
Jei b B B — P IR A SO S Ak B vk T R AT,
5 AL I BR SN AR BRAR UE K B BT AR RIET . Of:
HW A 5 WO S, e AL TH BR 28 BRI 65% .
PR A BIF 5 18 T T 26 0 5 AL 59 3 .

g/:zg _NaBHy, CHiOH _ % _TsCLPy

% _DBU, 150C _ %
Scheme 2

3.2 HUERMEHEMRE

AT 5T LA 0 R O A AL R, X 2- £ AR -2 -G O
GHIkE-4,8- " WA L L BE IR EAT A AL, BT

n(H,SO,) : n(HNO, ) SNt BE 52 s 18] X5 il 16 )
YRGS
3.2.1 mMRER SR EREE /R bb X AH 1K B R Y 2 B 7 i

el n(6) : n(HNO,)=1 130, f i 60 °C,

B4 28T AN [R] B B R 5 A TR B JR LE X A Ak i
ﬂjqﬁi’ﬁ‘:ﬁ@w”@,m%ﬁ% To R 1 Al B B R 11
S [ A G S i I S - A < = I A ¢
n(H,S0,) : n(HNO,) =1 : 2 B, ff £k 2 I I8 R
o oT AT AT RERY SRR R YRR R Y A A I i R e
A T T FH RS - A e P AT, S BUAE AL RE ) AN 5, i A A
WIS R BAR s 25 60 R 1 = o R, A 3R 1 R B Y
KBRS Rl B SR oA SR 218 R
PRI, B PR 5 A TR ) e AR R AR B2 1 1 2

R BRIRS AR EE IR X Ak )2 I
Table 1

W 1 5 W)
Effect of the molar ratio between H,SO, and HNO,

on the yield of nitrolysis reaction

n(H,SO,) : n(HNO;) 1:4 1:3 1:2 1T:1 211
yield /% 41 58 81 77 64
N R K www. energetic-materials. org. cn
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3.2.2 RNIREXREN R R ER 0

2l n(H,S0,) : n(HNO,)=1:2 % 4 h, %
ZE T AN TR) 4 5 7 i E XoF i £ B I AT 6 1 52 i, 45 SR I
2, WA 2 VIR, R SN BE B 3G I, RN R 2
SEHE N 5 W 0 R A HE RO EE R 60 CC R filg
AR & SEa =N YRR D) (AR TN S A T
B, 3 AT R PR O 8 I O, I R v s A AR R i Ak
AE 7 BRI T a6 R R B WO g s (H IR B2 R
1, TESR IR P 25 10 T Ak 4 NI o & A6 T B0 4 file 1Y) il e
IO A2 A R P EOMCR T M, R, e R
HLEE Ry 60 °C

]2 SN Ll Ak SN IR Y R

Table 2  Effect of reaction temperature on the yield of nitrolys-
is reaction
temperature/°C 20 40 60 70 80
yield/% 26 59 81 79 75

3.2.3 [ iz Bt 1) 3 B 4K 2 R T 2 B 84 T

il n(H,S0,) © n(HNO, ) =1 : 2, N i &
60 °C, B4 1 A [a] #4952 107 I 1) X6 i A B Ry AC % #Y) 5%
UEIREA R U S £ 0 BT 51 Y i = VAL R LE1 N D 1
il A 52 L ACR B, SR 4 h YR K 81 % , 4k 4 i
SN ] W AR TG W] AR A o DRI R S e (]
4 h,

R30I B A R 3

Table 3  Effect of reaction time on the yield of nitrolysis reaction
time/h 1 2 3 4 5
yield/% 46 65 76 81 82

3.3 2-WE2-RXERE4,8-"E_MBIEENRE

TR

K HI SDT Q600 DSC-TGA [fl 25 #4414, AU
, R S L 50 ~ 300 °C, K& R
0.3100 mg, FH# =R 10 °C + min™ & {F F 44 5] 2-fi
2R A AW E-4, 8- — il R K Y TG-DSC %
mE FrR, TG g R, MM 170.0 CH1H 4
fife , MR RF) 260.0 °C,2LHE K 60.5% . %l fh
G P RIZ oA, o TR ST, DR S o B R A
Ao Y B Ak T I, O AR S S8 N, 3X AT RE 2
PR 5 A A B R AR R T — Ak . DSC i £k
LKW IZAE YA — AW PR TN — S TR I PR

30 mL - min™
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W YA 50, W L3R O 106. 5 °C, 546 5 W) 1 4 R
(108.4 °C) FAFMI & , 4 WIRE i 28 5 W A0 il A A
RL R 5 R I R A TE I HIR O 193.7 Co XK
HH 2Tl 3 -2 -0 2% 4 W ot -4, 8- I il R T A 52 A
R e d Tl e o0 e, IARRUE PR LA

110+ — mass
100176 1700 1937 __ heatflow

90 exoT

80
01psc
60+
50
401
30

T
o -

-1

mass / %
heat flow / mW-mg

106.5

ENO S SR

260.0

50 100 150 200 250 300
TIC

BT 2-Fk-2- R N A4 8- RE AR ) TG-DSC £k
Fig. 1 TG-DSC curves of 2-nitro-2-azaadamantane-4, 8-
diyl dinitrate

3.4 2-WHE2-BHENK4,8-“FE_HEBRIENERER
4 BE T 14

B (D) i (p) %5 e i 2 K 24 B s i vk R 2R
PR A R AR B R S e R A EE S
A, PR Ak SR S 1 RE S e B A S b 2 AT FE B
7% X, Kamlet-Jacobs A 2"/ J& 3+ % C,H,O N, 2
R B AL B R R R B R S T k.
I AL
D=1.01(NM"?Q")'"*(1+1.3p)

p=1.558p"NM' > Q"
A, D R, km - sT s p M HRIE, GPa; N 45
K 2498 55 25 AR B B JR B mol - g7 MO AR
W) EE R R, g - mol ™5 Q A TE KR 2 R R
fL2EhE,) - g7 s p W HE g - cm ™,

BB AW NEEZ 171 g cm™ 1R
oA 5780 m - sT MR N 11.0 GPa, g S 8L T
1,3,5- =g Rlge ",

4 % it

(1) PAXCER[3.3.1 ] k-2, 6-F N 5Ok, 28 i
1 T BR R R IS LA AL, ST — T
MBI & P —2-0 H-2-H A W be-4, 8-
RN , SR 27 % I FIAT IR UNMR IG5 B 25
X HHEAT T RAE

A fe AR 2016 % % 24 % % 64 (544-549)
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(2) LAtSmL IR BR b i Ak 0], oAk 1 6 A4k 52 i 1 T
LA, R E B IS E M RN & M n (H,S0,)
n(HNO, )= 1 : 2, )W i &4 60 °C, S )i i) ] 2
4 h, AR W Ry 81% o

(3) FH TG H1 DSC W58 T 2-fiFf H-2-H 44 4 NI
Bi-4 8- A ER MR AT, R BLH N 170.0 CTHF
WA, o3 R R 193.7 °C, R IAR 8 PR T

(4) BfhG T 2-H4 He-2-F A 4 Wl be -4, 8- 1 — i
WRRE L R L PR, LN 1.71 g - em™ 1B
WA 5780 m - s, BEE N 11.0 GPa, /] UL H THEZS
SAEHE T

2% Wk
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Synthesis and Characterization of 2-Nitro-2-azaadamantane-4 ,8-diyl Dinitrate

RUAN Hong-wei, LING Yi-fei, WANG Gui-xiang, LUO Jun
( School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: 2-Nitro-2-azaadamantane-4,8-diyl dinitrate, a new energetic cage compound, was synthesized with a total yield of 27%
from bicyclo[3.3.1 ]nonane-2,6-dione via hydrazonation, elimination, epoxidation, cyclization, acetylation and nitration. Nitric-
sulfuric acid was applied as nitrating agent and nitration conditions such as molar ratio between H,SO, and HNO, , reaction temper-
ature and reaction time were investigated and the optimal reaction conditions was as follows: n(H,SO,) : n(HNO,)=1 : 2 and
60 °C for 4 h with yield of nitration reaction as 81% . The thermal stability of target product was studied by thermogravimetry (TG)
and differential scanning calorimetry (DSC). The detonation properties were predicted by Kamlet-Jacobs formula. Results show
that the compound starts to decompose at 170.0 °C and the decomposition peak temperature is 193.7 °C, and the density, detona-
tion velocity, detonation pressure are 1.71 g - cm™, 5780 m - s™', 11.0 GPa, respectively.

Key words: azaadamantane; nitric acid ester; cage compound; nitration; thermal stability
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