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Retrosynthetic analysis of 4-azido-2,2,6, 6-tetranitroadamantane

G RT3 5] Meerwein’s i (6) , R 5 R P 7K i b 72 15
XU T ot 10 5, Bl o 437 5 P G A6 15 21 1 4, L-Jif 2 R
AL 4 57T N Aldol 4 5 SC A 4 4 Wl e 8 7, Y ot
ik 15E S (MsC) % i 58 O 40 45 31 TP e s R T 3, AR S
FH & R A0 25 A% IO A5 21 OC g b R S A e 2, i
Ja 2 te iAo B &9 1.

MeOOC ~ OH CHo
. N O O
Et00C 1)gh?\/lﬂethyl piperazine COOMe 11 AcOH HCOOE, MeONa L-proline, MeCN
> + (HCHO)y —Me —— T ——— 70 °C
EtO0C 2) MeONa, MeOH reflux MeOH, 40 °C
3) 6 M HCL Me0OC
0
HO COOMe
4
0 ~ "
1) OHNH, HCI, NaOAc ’
_ MSCLELN Nal, DMF EtOH RT o
DCM, 0 °C then RT 120 °C 2) N,0,, urea, Na,SO,
DCM, reflux NO,
; NO,

Scheme 1

2.2 MFESRKA

Nicolet {8 B i 4% 4o 21 4 5 15 A% ( € [ Thermo-
fisher 22 A ) ; Bruker Avance. I DRX 500MHz #% fi 1t
P AL (18 = Bruker/\ﬂ ) ; Finnigan TSQ Quantumul-
tra AM B 57 3% {Y% ( 26 [ Thermal A 7 ) ; SDT Q600
DSC-TGA [F] L A3 A AL (36 [ TA L AR A W) ) o

HAEAL RS H 191 3Cmk [l T R LR,
N-H R R W8 | H B4y, LI 20, WP IR U, R TR AR e
TR BRRR NI R A Bl ¥ (BT T s B, OB, &
HiE, S e NG N-Z R SR, = O SRR R
Gy trat, Yy B RERE R s B R, HY A T S, S A ﬂc’f‘lf»]iéj
ot el B |
23 AMREH
2.3.1 Meerwein'sfi§(6)BI&

Z: 2% SCHR (1019 M 3 ¥ 114 mL(0.75 mol)
R — .Mk .18.75 g(0.625 mol) Z R H 2.1 mL
(0.019 mol) N-H KL IR B A1 100 mL B 2 4 W A
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Synthetic route of 4-azido-2,2,6, 6-tetranitroadamantane

500 mL B R G H , Z IR FE 2 h 5 TR 100 °CR
8 h, FEINFAE] 120 °CJ I 10 ho ok FE 7% 18 Bk 2 3 5 A5
FREOAPARE AN ESRAH. K287 g
(0.53 mol) H EEAN 7 T 200 mL JC/K BB, I 2458 HE T
)| NN S 3 W R NI~ I 1 £ 3 S IV
30 min, 70 CEIFE R 24 h, B H B FiRIG , KB4
HFAIA 100 mL 2Bk, 4k S2 A8 VK H1#8 E 30 min,
U8, uE UF VK £ Tk R VA B A EAR K R T
200 mLZEW K H, 6 MERTR T pH=4 ~ 5,87 1 K
A E R g, iU ZE 8K (200 mL) B, T4
551 g IR M @ [ K U 70%. FT-IR(neat,v/cm™) :
2952, 1737, 1652, 1442, 1365, 1330, 1232;
'"H NMR (500 MHz, CDCl,) &: 12.18 (s, 2H) ,
3.79 (s, 6H), 3.78 (s, 6H), 2.88 (s, 4H), 2.34
(s, 2H) ; "C NMR (125 MHz, CDCl,) 8: 172.49,
171.93, 168.18, 96.91, 52.76, 51.94, 47.70,
35.30, 29.71,
4t
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2.3.2 MWIK[3.3.1]F%-2,6-"R(5) & K

Z: 2% k109 B9 A B J7 I B Meerwein's Tig
(6)(50.5 g,0.13 mol) Fl vk i 2 (120 mL) & % m A
T L= B, 4 120 °Cffi [ 14 58 418 i, )T 5%
8 1) M & P i 6 M ERR (82 mL,0.47 mol) , i fill 5¢
fE ARSI RN 12 ho B Z R R 2SR L%
A5 e B A A B e (150 mL) FlK
(100 mL) ¥ fif , WUR JZ A HLAH , IF 4 U 1R A ik 2 &
KW (50 mL) AR AT R K (50 mL) e, A HLAH
TR BRBR BT 4, 1 U8, W 28 TR B LR 15 16.1 g
{0 [ K, WK 78%., FT-IR (neat, v/cm™): 2935,
2870, 1694, 1439; '"H NMR (500 MHz, CDCl,) 8:
2.71(d, J= 1.7 Hz, 2H), 2.61-2.52 (m, 2H),
2.43-2.32(m,2H),2.18(s,2H),2.12-1.98(m, 4H);
“C NMR (125 MHz, CDCIl,) 8: 212.70, 43.55,
37.11, 31.42, 26.66,
233 2,6-Z“EKRMIK[331]FR-3-FEE(4) 19

=9

2230k 10 A& ok kG % 5010 g,
65.7 mmol) . H iz Z 5 (10.6 mL, 131.4 mmol) F1 H
B2 (75 mL) WA A 150 mL A28 B b, B J &=
0 °CJi7 22 1% ik Jin 7 I i 7 FF B4 (4.26 g, 78.8 mmol)
B EECTO mL) W . WInse s IR R TR Z 40 °C
PEFER N 12 he FERVES ARG K WA R E 2%
U5 R ZE TR R VR L A B T K T A AR
AL (150 mL) A, IFH 10% HCHIE T pH 2
1~ 2, BUNJZA UM, IR T A 0 ik 12 S 4k 7K % W
(100 mL) M AEE K (50 mL) Pk, A P JE K 6
TR T M 3k U8, VR 25 TR o 2 U AR B A AR
BENT, A i/ 28 206 (V: V=5: 1) 3R, 15 10.8 g
A E A R 92%, FT-IR(neat, v/cm™):2940, 2850,
1710, 1650, 1310, 1240; 'H NMR (500 MHz,
CDCl,)8:14.31(d,J= 1.8 Hz,1H),8.82(d, J=1.4 Hz,
1TH),2.84(m, 1H),2.76-2.70 (m, 2H),2.45-2.40
(m, 2H),2.33-2.22(m, 2H),2.07-2.06 (m, 3H);
“C NMR (125 MHz, CDCI,) 8: 212.25, 189.58,
183.28, 106.69, 43.58, 36.64, 34.92, 29.72,
29.34, 26.25 ; MS (ED) : m/z(% ) 180 (88)[M]",
152(48), 123(32), 105(38), 95(66), 77(52),
55(100).
234 4-FE-2,6-2RIE_E(7)HE K

S 3CHk (10 & % kG 4(4.5 g,
25 mmol) | L-fifi & #2 (0.6 g, 5 mmol) fil ZJi5 (40 mL)
MK IMA 100 mL B, 7E 70 )CRN 8 ho S
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SR R BRI, R R L O A9 e E A
He A B A & BE(150 mL) Ak (50 mL) ¥
fife , BUT 2 A AU, I A& R K (30 mL)BE %, A L
A T K Bt R B 1, 2ok U U8 28 1R o 5 R A B
AR, FH A e /IE C e 45 0 19 4.2 g A fEHg e
94%, FT-IR(neat,y/cm™): 3380,2940,2860,1700,
1460, 1290, 1080; '"H NMR (500 MHz, CDCl,) é:
436(m,1H), 3.73(s, TH),2.81-2.79(m, 2H) ,
2.76-2.73,2.32-2.27(m,2H),2.22-2.12(m, 2H) ,
2.09-2.04 (m, 2H). C NMR (125 MHz, CDCl,)
8: 213.35, 211.73, 75.95, 52.53, 52.45, 45.06,
43.66,39.55,33.90,33.15,
235 4-HAEBEESNIL-2,6-Zf(3)WEK

& 7(730 mg,4.05 mmol) ¥ F LK &
e (40 mL) Hh  ZE VKA 20 SRR R L I TE K
=W (1.25 mL, 9 mmol) , F 2% 12 7% i B i mk &
(0.4 mL,4.98 mmol) , 4k%: & I 2 h, J+ 2 = i =
16 ho AL AT AL S W (20 mL) KN, 73
FH A LE (20 mLx3) ZE K AR 16 L $h K BE ik A
MUAH , G TOK G R 4 T 0 28 T 15 2 R i (B A . 6
AL JZ T A/ SR TR (V: V=1:1~2:3) VR, 15 3
M 5 & 934 mg, I % 89%. FT-IR(neat, »/cm™) :
3024, 2937, 2871, 1717, 1457,1336,1169, 962;
'"H NMR (500 MHz, CDCl,)é: 5.19 (td, = 3.7,
1.9 Hz, 1H), 3.14-3.06 (m, 2H), 3.09 (s, 3H),
2.72 (m, J=8.9, 3.1 Hz, 3H), 2.37 (dq, /= 13.5,
3.1 Hz, 1H), 2.29 (p, J= 3.1 Hz, 1H), 2.26 (q,
J=3.0 Hz, 1H), 2.25-2.19 (m, 1H), 2.16 (dq,
J=14.0, 3.1 Hz, 1TH); “"C NMR (125 MHz, CDCl,)
8: 209.19, 207.87, 82.14, 51.11, 50.21, 44.76,
43.62, 39.73, 39.37, 34.02, 32.80; ESI-MS: m/z
[(M+H)"]: 259.00.
23.6 4-BRETNIL-2,6-ZF1(2) &K

¥ 1k & % 3(470 mg, 1.82 mmol) 1 & & 1k #h
(1.18 g,18.2 mmol) i T JE /K DMF(20 mL) 1, £ &
SARPTT L INERE] 120 CRN 24 he 45 95 3 )
FFE L ARYNAIK (30 mL) A FIRk AR S 89 (15 mL) ,
AW e ZEH(25 mLx3) MUk AR AN 5k iR B0 %
W Eh K PR A HLAH , TR R R M T 45 A HLAE IS
U He 7% 1R bR U R AR BRI 350 mg, IR
94%. FT-IR (neat, v/cm™) : 2942, 2879, 2114,
1705, 1452,1291,1227; '"H NMR (500 MHz, CD-
Cl,)é: 4.25 (q,/=3.0 Hz,1H),2.92-2.83 (m,2H),
2.72-2.64 (m,3H),2.34(dq, J=13.4,3.0 Hz, 1H) ,

N XK 2020 % % 284 %748 (603-608)
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2.27 (1q,/=10.0,3.1 Hz,2H),2.24-2.08 (m, 2H);
"C NMR (125 MHz, CDCl,) §: 209.73, 209.45,
66.93, 49.86, 49.64, 44.87, 43.93,39.71, 34.66,
34.14; ESI-MS: m/z[ (M+CI)"]: 239.92,
237 4-BRE-2,2,6,6-MBEEENIK(1)HEK

&% 2(112 mg,0.54 mmol) ERERFEHE (150 mg,
2.16 mmol) FIJE/K R4 (265 mg,3.23 mmol) % T
JoK CECT0 mL) 25tk S 24 ho I8l 78 08 Bl 25 0
FLH R R (15 mL) K (10 mL)# &, 57 W, K A
R T 2 B (5 mLX3) 4 UK 6 Tl fifk 2 S 44 4R AN
B KV GA DA, T8 5 D8R 28 08 bR £ 015 2 A
o R 4-B H L4 NI BE-2, 6- i 5 194 mg, K &4l
CEZEMN —2

IR A 194 mg JRZE (80 mg,1.32 mmol).
TR AN (3 g) A B TEK Z & W HE(20 mL) 1, &
AR AR W, IEAE 5 min PRI LA A A
(285 mg,2.64 mmol) il 54 F ke (10 mL) %W, 1
T AR 2 AR I B AR 8 R AC O e B e
Yk 2k )R 30 min, ¥ 31 = A B 0 1R AR R
VNI (50 mL) H L, JH S BEAE (20 mLx3) il
FE Eh K e WA AL, JE KB R B 1 8 I 8 228 188 ok
FEUR I, A B A IR 0 [ A R AT R IRCAE BT, A il e/
R TG (V: v=1:25~1:20) ¥E B 45 2 A @ F &
49.3 mg, M & WL %K 25%. FT-IR (neat, v/cm™) :
2967,2934,2927,2122,1574, 1463, 1300, 1240;
'"H NMR (500 MHz, CDCl,) §: 4.09 (q, J=2.7 Hz,
1H) , 3.70 (p, J=3.0 Hz, 1H) , 3.49 (p, J=2.7 Hz,
1H),3.40(p,J=2.8 Hz,1H),3.34(p,J=2.8 Hz, TH),
2.74(dq, J/=15.6, 3.2 Hz, 1H) , 2.38 (dt, /=15.9, 3.2
Hz,1H),2.16(dq, /15.6,3.3 Hz, 1H), 1.99-1.82
(m, 3H) ;”C NMR (125 MHz, CDCl,) §: 119.86,
118.30, 61.72, 35.90, 35.22, 31.30, 30.21, 29.83,
29.83,26.53; ESI-MS: m/z [ (M+Cl)"]: 392.10.

3 GRS

3.1 ARE&ESH

M Meerwein’s ig (6) FF i — 1 2] 4-72 5-2, 6-4: NI
Bt W (7) ¥ 2 AR A A 1 A R T kAT,
SIS BB R 1 R AT i — 2 Ak

R = WN R e SR O
W ot T 5 TR 200 2 Ak 5 AL ™ A 1 SRR 2% %
A 20200 B 24 W e B A TR A AL T 5 & A Ak K
Az S RN BI A B A R KA BEL M DR 1R R
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f) 2-42 W 996 1 5 00 B BAL K R N 51 A B/ M
SR, P % L & 4 Mitsunobu 22l R B A B A
FE)— PO AR WAE S RIBE B L HiE . Bid
J7 9 B A B 0 4ok A A A 7 AR R ) R S AR
A O S AR A% B D R A N A s, PR
PR B R 2 4 TR M A 4 W be B 2R g A S AU
17 3k B S B RIS N . EAR TAE R
BT T K 4 W e 1 1) 0 356 T A7 I Ak P 5 2 Uk ik 2
AT IR R R 1) S W b 0 S A i g B R Bk . 25 B B I
T 1, SR FH 2 TR0 BEL J5 /N 14 B A gk S 0% I 7 30 47k
A A5 5 B BR R 15 3, A S g A R A5, 0 T B b P
TN N, N-ZH I B (DM ER R, I+
120 C RN, 23 24 h )5 R 58 45, IR LA 94% B =
RS T A4S A A SN2, 6- B 1A R .

G WIE 1 B8 b B AW R 56 0 R O vk R AL
SRR B PR I i L R R R AT A
AU R 7 5 B o R 28 0k vk R AR Ak 1 Ak 3 R
b AR AR AL =28 R 5 B8 R R i 3R
A A RO R G L AT AR R N T &
AN RE 25 20380 D o 1) S L S5 1 L O A 245
TRONE E SRR T MO R S B B H AR
Wy 5 ) g Ak AR SR Ak R R 43 B R B
AR AL, S M R P — R TR T
HErr=9 1, W2 BE R 25%

3.2 BHBEM

TE T 50 mL-min™ B9 N, 5 Fl . FH iR R
10 °C +min™, Jt il X [A] 25 50~500 °C | ¥ i & K
0.6200 mg [ 251 F MK T 4-S A F-2,2,6,6-PUfif A
L WIBER TG-DSC £k, 45 R W 2 s . i 2 a5,
4-F R HE-2,2,6,6- VU EE G RIBE A 219 CHE AL IR BT
VR RV BA B EEE s HAE 251 CH—1
ALY LI R IIAE AW 1 AL T & T RIZLY
TN 5 2 269 °CHE S Tk 20 80%.

KA a1 5HIEMY 2,2, 6, 6-V0 il 5 4 Wl ke
(8) ' F12,2,4,4,6,6-/NH55E 4 Rk (9) " /Y #44 Hr
BARPEAT R (1) 45 R AWM, 52,2,6,6-DUf
& Wt (8) AH EL , AL A 90 1 BRI 16 o0 R IR ( T) K4y
fifg W (T) 8 Ji R B L W], & ARG 2, 2,6,
6- DU il 5 4 Wit 4-07 1 i) SR, BEAR T 4548 10 X R
MR T B i EtE; 52,2,4,4,6,6-/51
LA WIBE(9) A L, A6 W 1 40 s 43 ik 0k B 4 fie 0 Uik
PIRmRER A X ER &AL 2,2,4,4,6,6-%
il 3 4 W ot 4-07 b 8 Y 3% )5, B AIK T 28 Tl 57 BHL,
FIF a5t da e dEmid T AR R M
&g
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Fig.2 TG-DSC curves of compound 1

Fz1 AW S5HIELIY 8 19 AR e

Table 1 Thermal stability of compound 1 and its analogues
(8 and 9)
compound T./C T,/°C
1 219 251
8ol 275 298
9l1ol 141019, 178(2") 150(1%), 256(2)
Note: 1*and 2" indicate its two-stage exothermic process.
o, N H oy NO,
OzNﬁ‘H ozNgH OzNﬂ\Noz
NO, * N01N * .
1 8 9

3.3 BREMEERTMG

K % 7 R B3LYP R4 T 4-8 A -
2,2,6,6-VOTiE 54 WIE (1) 19 %5 B % R s |, 45
WE2, ¥2,2,6,6-UAIEENILE(8)F2,2,4,4,6,
6-7~ i 3 4 W e (9) STk 25 SRR 3 F 36 2, UE 4% o

&2, 4-BHHE-2,2,6,6-M0 il 5 4 W ke
(1) B T 53 9% B o 30 0 e 3 L (9O IR, 136 W 28 U Bk i
£2,2,4,4,6,6- Nt 54 WILE(9)4-f7 [ Ay — i
J& B R EERE T, X 5 U AR — 3G (1)
5% B 5 (8) I % B 2R 25 8 T, {8 kAR
JE T g, B S AR IR 2,2, 6, 6- DU i 5 4 W e
A7 b RS JE R EE S OR 3 H i T B
BREI, P T LA B 4R v R

Fz2 kAW IR 8 N9 B K e RE
Table 2

and its analogues(8 and 9)

Density and detonation properties of compound 1

compound p/g-cm™ D/m-s™" p/GPa
1(this work) 1.79 7770 26.68
8132 1.77(1.75)% 7320 23.89
gliol 1.94(1.78)% 8443 33.03

Note: 1) Unspecified data are calculated values. 2)Measured value in brack-

ets. 3)Single crystal density in brackets.
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4 %t

-

(1) DA R — L TR AN 22 58 W I 0 JFR), 28 30 38
G JRER W EEA Aldol i & . O- W sl At . & A1k 51k
FUEE AL D TR, G 1 A B N & A R AL P
&Y 4-5 A 52,2, 6, 6-V0 i 54 Nl EE, 58 %
9.8%. MR LLA TS X AT T R AE

(2) FIH TG-DSC %t 4-& & -2, 2,6, 6-VU fif &
G W PP RE FEAT T 20 B , 45 58 0 0 1R o0 Ff TR
219 °C, W R 251 °C, R HEA B i E vk,
HHEA TR REM R AN, 5 2,2,6,6-M0H5 %4
MIBERT 2,2,4,4,6,6-75 i 5 4 W 14 3843 BT 503 Xt
o & B, & A LU 2,2, 6, 6-DU fil§ 52 4 Wl Kt 4-07 I
M &G, 2 AR IR E 1 i B 03 BOPC A il o
& e im H AR

(3) RH%EZ R Al 4-5 A 3-2,2,6,6-14
B3 S NIE 2 N 1.79 geem ™ HEH R 7770 mes™',
N 26.68 GPa. 52,2,4,4,6,6-75 6l 54 Nl 4
(9)HH L Hy 25 SR B W], & SR AR RS 5, 25 1 &
BEMEREY NI 5 2,2,6,6-VUAE 54 W42 (8) 41 1L
45 R0, B AL 51 A AT LAt 8 v ik 35 PR RE .
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Synthesis and Thermal Stability of 4-Azido-2,2,6,6-tetranitroadamantane

CAIl Rong-bin, ZHANG Jian, LUO Jun
(School of Chemical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Polynitroadamantanes are a class of stable and prospective cage-like energetic compounds. 4-Azido-2, 2, 6, 6-tetrani-
troadamantane was synthesized from diethyl malonate and paraformaldehyde via cyclization, decarboxylation, formylation, Al-
dol condensation, O-sulfonylation, azidation, oximation and gem-dinitration reactions with a total yield of 9.8%. The thermal
stability of 4-azido-2,2, 6, 6-tetranitroadamantane was investigated through differential scanning calorimetry (DSC) and thermo-
gravimetry (TG) methods. The onset decomposition temperature and the decomposition peak temperature were located at
219 °C and 251 °C, respectively, indicating a good thermal stability. Compared with 2,2,6, 6-tetranitroadamantane and 2,2,4,
4,6, 6-hexanitroadamantane, the replacement of hydrogen in C-4 by azido group resulted in decreased thermal stability, in con-
trast, the thermal stability was improved by replacing the gem-dinitro group in C-4 by azido group. By using desity functional the-

’, a detonation velocity of 7770 m-s™, and a deto-

ory, 4-azido-2,2,6, 6-tetranitroadamantane showed a density of 1.79 g-cm~
nation pressure of 26.68 GPa. Results indicate that 4-azido-2,2,6, 6-tetranitroadamantane is a high-energy compound.
Key words: adamantane-like cage compound;azide; gem-dinitration ;thermal property
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