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MeO,C  OH

CH,(COOC,Hg)y 1) N- methyl piperazine COM
T pwe 2 ol AcoH
HCHO 2) CH30Na CH40H

< <L
p-TSOH 0O 1) O3, EtOAc, -37°C "0
H2304 (CH,0H), 4AMS
ACZO \)O 2) NagS,03 0

0 0

o d
HO COzMe \)
5 6
EtOH, nl NH,0H,
AcONa
0 NO, ON NO, (o NO, (o MNeon
NO.
94 NOZ+OZN "%2 Ny05 oH0 NHQOH heOts HpS0, © 2 NyOs, OOl ©
4A MS, urea, reflux ~CHaOH, refiux CHyCl, o “AMS, urea, reflux 0
oN 02 ON o_J o_J
1 1 8 7
Scheme 1
2.2 EHRF (C—H), 1737, 1652 (—C = O), 1232 (—C—O0);
Nicolet f& HL i 745 6 21 b O 3% AL ( 3 [ Ther- Anal. caled for C,, H,, O,,: C 53.13, H 5.25; found:

mofisher /A %] ) ; Bruker Avance-Tl DRX 500MHz #%
WAL PRAL (15 [E Bruker 242 ®] ) ; Vario EL-MI 7 5T & 43
FrAL (18 Elemetar 247 ) 5 WRS-1B 545 S AL ( |
O R A IR A A ) ; SDT Q600 DSC-TGA [#]
BT (EE TA USR8 F]) ;5 Nonius CAD4 X iff
21 B 43 564 A (FiF 2= Enraf Nonius 2] ) .

HAEA R R MRS 0 KA
B AR N A B
2.3 AMBELW
2.3.1 Meerwein’s fi§ (2) I H K

¥ 228 mL (1.50 mol) ik —ZHE.37.5 ¢
(1.25 mol) ZERHEE 4.2 mL(0.038 mol) N-H 3}t
WR &A1 200 mL FEAR YA T L[5 Be i 2 i 4
FE2 h,8RJ5 100 °CR i 8 h,fit )5 120 *C/R 10 h, ¥k
P ZE AT B R v 20 = =L R

¥ 57.4 g(1.06 mol) FFEZ4N A 400 mL Jo/K B
Pt ) 2 R 1) 3 o A b R R VAR
65 Clalyi 12 h, By e o [l 4 e A B RS, 7R K
WARPE T Ak O 2 h, & & Hoim A 200 mL 2k,
2z pkim 30 ming g, EUEH £ BE S B EE TR A
ROV V=10 4) PR 1 H G R 88 o R T
500 mL 7k, 6 mol - L™ R85 pH & 4 ~5,#F
R A E R, R, A TR, 15101 g
(0.26 mol) B E M 2, 18% 70% ,m. p. 153.5 ~
153.9 C(CHkME " : m.p.163 ~164 °C),"H NMR
(CDCl,, 500 MHz) §: 12.18 (s, 2H), 3.80 ~3.77
(d, J=6.25 Hz, 12H), 2.90 ~2.86 (d, J=4.85 Hz,
4H), 2.34 (s, 2H); "C NMR (CDCl,, 125 MHz)
8:172.49,171.93, 168.18, 96.91, 52.76, 51.94,
47.70, 35.30, 29.71; FT-IR (v/cm™): 2952, 1442, 1365

CHINESE JOURNAL OF ENERGETIC MATERIALS

C 53.07, H 5.32,
2.3.2 WIF[3.3.1]F#-2,6-ZFR (3) G K

#4101 g(0.26 mol) k&%) 2 ¥ T 240 mL pkik
Wb, I R R P g8 i 165 mL 6 mol « L7 R 1R,
BIGE N 12 h, W 75 18 15 vk o 8 [ 4k, &R H
100 mL 5 B %t 1 it Fﬁ’f@%ﬂ@%@aa’f‘mm ¥R UE
WA LR, K AH 4k 22 F — 0 W 68 (2 x50 mL) ZE e,
HIFA LA, Fﬁjbkﬁ’i@a%m?kﬁ AUE BRI, B
T, 1% 31.2 g (0.21 mol) & 4 [ & 3, i &
78% ,m.p.139.4 ~140.5 °C (SCHEE"': m.p.138
~140 °C),'H NMR (CDCl,, 500 MHz) §: 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 (CDCl,, 125 MHz) §: 212.70, 43.55,
37.11, 31.42, 26.66; FT-IR (v/cm™ ). 2935, 1439
(C—H), 1694 (—C=0); Anal. calcd for C,H,,0,:
C71.03, H7.95; found; C 71.15, H 7.86,
2.3.3 4-THREENK-2,6-_F1(4) &K

¥ 9.15 g (60. 12 mmol) L& ¥ 3 fn A %
144 mLZBREFH, 00 FF 2 58 2 0 i, o] 50 W 2 12
WA 1.5 mL kB2, 120 °C i 3 h, %M m 144 mL 2,
BRI AR ZE S 5 ho il R 7% 08 A5 4 o [ 44, T 44 ]
100 mL 50 HH e v A, FH A 0 ke 92 S M /K T8 TR Tk 5%
WA HUAR , KA AR 22 — & H BE (2100 mL) ZE B,
G APV, I TCK B BR A T4, 2 08, 801 25 1R 15 A
RSB, BE AT Z 0T, A/ SRR (V 2 V
=4 1) %M, 4.03 g(22.85 mmol) H @G E 1K 4,
W% 38% ,m. p.159.8 ~161.3 °C(3CHkfE"" : m
160 ~162 °C) ,"H NMR (CDCl,, 500 MHz) §: 4.83
(s,2H), 3.32 (m, 2H), 2.76 (m, 2H), 2.37 ~

A fe A oH 2014 % %22 % % 5H (646-653)
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2.28 (m, 4H), 2.25 ~2.21 (m, 2H); "C NMR
(CDCl,, 125 MHz) §: 209.98, 147.39, 109. 30,
56.37, 44.76, 39.86, 39.32; FT-IR(» /cm™'):
3060, 903 (C = C—H), 2945, 1457 (C—H), 1707
(—C=0), 1650 (C=C); Anal. calcd for C,;H,,0,:
C 74.98, H 6.86; found: C 75.12,H 6.78
2.3.4 2,2,6,6-—_ZHE_GFEA-THESLNE(5)
B & B

¥ 8.05 g(45.68 mmol) L& 4 4.0.78 g
(4.56 mmol) Xf H 22 .10 mL (180 mmol) & — %
F1150 mL HIZEMR YR IA 250 mL [BEH 1,130 °C
N3 ho P ZE AR i [ELA, [ AR ] 100 mL =4
R e s e, PR A AN B SR K Bk o = WS A LA, R
KB R A T, b U DR 2 AR R e A e/ I
CLEH 45 5,13 11.35 g(42.94 mmol) (@ HRCR &
K5 00% 94% ,m. p.118.9 ~119.7 °C(CHfE""" .
m.p.119 ~120 °C) ,'H NMR (CDCIl,, 500 MHz) §:
4.78 (s, 2H), 3.92 ~4.07 (m, 8H), 2.41 (s,
2H), 2.07 ~1.98 (m, 4H), 1.93 ~1.87 (m,
2H), 1.83 ~1.81 (m, 2H); "C NMR (CDCl,,
125 MHz) §: 150. 51, 110.33, 106.97, 64. 42,
46.40, 35.00, 32.25, 31.29; FT-IR(» /cm™ ).
3081, 904 (C = C—H), 2936, 1450 (C—H), 1659
(C=C), 1232 (C—0O); Anal. caled for C,;H,, O,
C 68.16, H 7.63; found: C 68.32, H 7.52,
2.3.5 2,2,6,6-—_Z#E_FE-4-£NIKEE(6) NEK

$11.35 g (42.94 mmol) L& 5 % T175 mL
LR TR IF RO A 5 g 430, 9218 38 A
B, =37 CCF I 2 hy s 2 =00, m L rh i m et
TRER KW, IR BEFE 1 he ¥ E 2, W E)JZA L
A, KA AR B2 ] 1R SR 2 IOP IR, 5 IF A HILAR , R ek
B R AN T, 2 U8, e ZE IR B T ) SR R R I A 2
B Ak / SRR (V 2 V=4 0 1) BB, 14 5.83 g
(21.90 mmol) HEFE K 6,03% 51% ,m. p.164.2 ~
166.0 °C (CHkfE""': m.p.164 ~166 °C).,'H NMR
(CDCl,, 500 MHz) 8: 4.05 ~3.91 (m, 8H), 2.67
(m, 2H), 2.15 ~2.05 (m, 4H), 2.05 ~1.95 (m,
2H),1.91 ~1.88 (m, 2H); "C NMR (CDCl,, 125
MHz) §: 209. 32, 111. 09, 64. 83, 64. 61, 54. 64,
35.14,30.86, 29.44; FT-IR (v /cm™'); 2941, 1452
(C—H), 1723 (—C=0), 1232 (C—0O); Anal.
calcd for C,,H,; O,: C 63.15, H 6. 81; found:
C62.95, H7.08,
2.3.6 2,2,6,6-—Z2#E_FHE-4-ENIREL(7)HEK

# 5.83 g(21.90 mmol) 1L-&% 6 A 150 mL
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STER W EEK T EBM, IKIKIMA 3.04 g
(43.8 mmol) £/ ,3.59 g(43.8 mmol) JK
PRAR, BN 10 h, JEEZEE, [E A 80 mL — 4
FH ot 1A, P R Al T 0 A8 7K VS VR 0 04k, WA A WL A, K
FHARSE P — S HBE(2x50 mL) ZEHL, & 91 A PR, TS K
BRBREN T4, LU, s H 2808, R i U e / 1E O e
H450,45 5.85 g(20.81 mmol) H @ FORLIR Sy 4 7, i
% 95% ,m. p.221.2 ~223.0 °C(SCHkE"" :m. p.219 ~
221 °C),'H NMR (DMSO-d,, 500 MHz) &: 10.1 (s,
TH), 3.8 ~4.0 (m, 8H), 3.40 (m, 1H), 2.33 (m,
TH), 1.6 ~2.0 (m, 8H); "C NMR (CDCl,,
125 MHz) §: 161.22, 110.23, 110.06, 64.72, 64.59,
64.55, 43.73, 36.55, 35.60, 35.42, 31.07, 31.00,
29.86; FT-IR(» /cm™): 3249 (NO—H), 2937, 1451
(C—H), 1645(C =N), 1236 (C—0), 912(N—O0);
Anal. caled for C,,H,,NO, . C59.78, H6.81, N 4.98;
found: C 59.62, H 7.06, N 4.82,

2.3.7 2,2,6,6-—_Z#E_SE4,4-"HESNR

(8) Y&

% 5.85 g(20.81 mmol) k&M 7 T 175 mL
THEM T AR IMA 2.85 g(47.43 mmol) JR
RS g /0, IR E (50 C) o N, fRPF, M
AP g A A A —E P AW (6.75 g
N,O,,20 mL CH,Cl,), [ Jii 30 min, ¥ 5 IR A
B 200 mL kKBS, # B o0 2 BUR 2 A L
A, KA AR 22 ] @ H e (2 %100 mL) ZE 5, &5 A Bl
A, FHTC /K B B2 Ah T4, 2k 08, ok Fs 28 198 15 1R e 1 ¢
ECHEZAT, Ak / SRR (V 2 V=32 2 1) UEME,
1% 4.63 g(13.53 mmol) [ A 8, Uk%E 65% , [1
WPe1.12 g(4.21 mmol) LG5 6 455 6 4kl
1k 51k, 75 0.78 g(2.28 mmol) k&% 8, FIIK
JAAEf3%) 5.41 g (15.81mmol) /=¥, BIE 76% ,
m.p.235.4 ~236.5 °C.,'"H NMR (CDCI,, 500 MHz) §:
3.84 (m, 2H), 2.75 ~2.68 (m, 2H), 2.54 ~2.31
(m, 4H), 2.05 ~1.95 (m, 2H); "C NMR (CDCl,,
125 MHz) §: 121.55, 108.90, 64.75, 64.40, 40.32,
34.69, 30.93, 27.87; FT-IR(v /cm™'): 2945, 1460
(C—H), 1568, 1371 (—NO,), 1238 (C—0), 946
(N—O), 843 (C—N); Anal. calcd for C, H; N,O;:
C 49.12, H5.30, N 8.18; found; C 49.23, H5.18, N 8.34,
2.3.8 4, 4-“HEENIK-2,6-ZF(9) ERK

B 5.41 g(15.81 mmol){L&4H 8 T 200 mL
AR e BRI VKIS T R R P 218 i 51,2 mL
WAL, RN 2 he N TR A A 200 mL pK
Y Lk
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KIEBG W, #E )2 BT EA UM, KAk EE ] — R
e (2x100 mL) 21, & A HLAE, FI TS /K B iR 4 T
i DB ZE AR R S RN/ E C e T4 5,15 3.82 g
(15.02 mmol) H @ FOkCR A& 9, X 95% , m. p.
246.5 ~248.0 °C (SCHkfE"" : m. p.244 ~246 °C),
"H NMR (DMSO-d,, 500 MHz) §: 3.84 (s, 2H),
2.71 (s, 2H), 2.51 ~2.35 (m, 4H), 2.03 ~1.99
(m, 2H); "C NMR (DMSO-d,, 125 MHz) §:
203.70, 123.87, 51.03, 43.34, 41.81, 32.89; FT-IR
(v /cm™): 2932, 1463 (C—H), 1738 (—C = O),
1558, 1371 (—NO,), 952 (N—O), 848 (C—N);
Anal. caled for C, H,, N,O,: C 47. 25, H 3. 97,
N 11.02; found; C 47.36, H 4.12, N 10.83,
2.3.9 4 4-“WHESNIKE-2,6-ZFE(10) WEK
F#3.82 g(15.02 mmol) k&4 9 % F 150 mL H
B HKINA 6.26 g(90.12 mmol) $hARFEHA 7.39 g
(90.12 mmol) ZFEREN, BRI RN 12 h, JEZER , 4
FH 100 mbL G H e i i, FEAR R IR 40 /K i TR VR U4
BCABUAR , KARLRSE ] — S P BE (2x50 mL) 260, & 90 A
BUAR, I TC/K B BR A 1T , 2ok 0k, Vs e 2808 R ™ i F =
AHE/IEC TS .15 3.93 g(13.83 mmol) (14
WL AR 10, % 92% , m. p. 207.8 ~210.5 °C
(ScikfE : m.p.208 ~210 °C),'H NMR ( DMSO-
d,, 500 MHz) &; 11.21 ~11.15 (m, 2H), 4.81 ~
4.73,3.89 ~3.85 (m, 2H), 3.54, 2.68 (m,
2H), 2.19 ~2.15, 2.08 ~1.97 (m, 2H), 1.93 ~
1.68 (m, 4H); ”"C NMR (DMSO-d,, 125 MHz) §:
155.15, 153.85, 122.20, 122.08, 42.62, 42.40,
41.12, 38.75, 36.39, 35.41, 35.07, 34. 81,
34.47,33.80, 33.68, 33.24, 32.90, 26.83, 26.70;
FT-IR(»/cm™) ; 3285(NO—H), 2945, 1458 (C—H),
1671(C = N), 1581, 1361 (—NO, ), 957 (N—O),
839 (C—N); Anal. caled for C,,H,,N,O,: C 42.26,
H4.26, N 19.71; found; C 42.37, H 4.32, N 19.59,
2.3.10 2,2,4,4,6,6-XTHEENKE(1)HER
$1.00 g(3.52 mmol) tbk&# 10 % F 45 mL
TEM e, AR BN A 0.63 g(10.56 mmol) JR
R 2 g 4y F 0, INERE B (50 °C) o 7EN, fR#F,
RENEAR ISR 1)1 TN W e = 1 B L 5723
(2.28 g N,O,,10 mL CH,Cl,), i 30 min, # &
PR G WRELA 50 mL 19Uk ARG 9 0 & 3 2 BCT
SRR A, K AR AR T — S 5 (250 mL) 288, &7
AR, I TCK B ER Bh T 4%, 2ok 08, U e 2 R AR IR o L ]
T CEERC AR 2 AT, A/ SR CBR (V2 V=12 2 1) 3k

CHINESE JOURNAL OF ENERGETIC MATERIALS

i, 75 0.50 g (1.23 mmol) A&EEMAET,WF35% , [FH
I15%] 0.46 g(1.40 mmol) DU g%t 4 Wl &5 FE 11 F0
0.14 g (0.53 mmol) Zm§3E4RILEM 9, ¥4k 59 11
Ak AL, Ak, 73 0.17 g(0.42 mmol) fk&W 1.
MR 4153 0.67 g(1.65 mmol) FI€a A& 1, sk
R 47% ,m. p.198.9 ~200.4 C(XHkE"" : m.p.
198 ~200 °C).'"H NMR (CDCl,, 500 MHz) §: 4.82
~4.77 (m, 2H), 3.40 ~3.10 (m, 4H), 2.76 ~
2.68 (m, 2H), 2.07 ~2.03 (m, 2H); "C NMR
(CDCl,, 125 MHz) §: 119.72, 119.42, 37.47, 32.67,
30.26, 29.77; FT-IR(» /cm™ ). 3010, 1474 (C—H),
1580, 1358 (—NO,), 935 (N—O), 839 (C—N);
Anal. caled for C,,H,,N,O,,: C29.57, H2.48, N 20.69;
found: C 29.43, H 2.56, N 20.48,
2.4 HNA BRiEFMBEEHNE
2.4.1 RIEFE

FREGE 5 HNA, H] & e /1 C e 1 A 3 F &
45 i, B RS TR T VG R S R R T R R
77,20 d J575 2 A] FH T f A G5 48 0 2 i G 65 50
2.4.2 ZHNE

PEEUR )2 0.30 mmx0.20 mmx0.10 mm [f) B
#h , £ Nonius cad4 PU[E X S AT 94X F, R H A S50
AL MoK 2k (A =0.071073 nm) /R 7751 , 78
293 K FL w/260 J7 X445, 15 1.70° <0 <25.38°,
0<sh<14,0<k<25,-14<I<14 {30 B Py T £ 77 5
R4 5859 A, Hovph 57 A7 5 5 5580 A~ (Wit dE 5859 A~
ST, o 5580 AN S AT AL (R int=0.0413) ,
FLEATT 4T A4 2885 A~[1>20 (1) ]) o EIAZS I H
Hevk it % dR AR AR 0 AL AR B A5 1) 1 S BOA
SHELXL-97 F ¢ U/ R B BT F* #4518, i
L B F U8t R=0.1534,wR=0.1915,

3 HRS5WIR

3.1 Meerwein’s B5 & B

SCHRH5E T Meerwein's T8 (1 il 4, 38 5 LAY R
VR R 22 5 R Dy Do), LA WR BE Ay AR A R AR R P R
BT RS R LRV R W
P, I DA 2 P S /N i F2RAE R e I 500 o il %5 Meer-
wein's P, % 22 1 N [F] 4 10 500 6T B AT 2% 1Y) 52 T

Meerwein’s [ ()5 8070 9 20 04T, 56 — 20 RO h
Knoevenagel 45 & )< i . Knoevenagel 45 & K i & H
4 B T A R W I R G A — R e R S
WS T URIE IR WS N-H BLWR R Gk — 2 i\ — Z BE
JHe S A MILAEON B R B 5 I, 25 SR 1 BT . R R

bt A A 2014 % #2224 %58 (646-653)
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BRI — & AR AR AL TR I, Meerwein”s T 9 i %
N 34% o HFH = L BRI I RORR 22, AR fE
R 207 4y, {EL A0 AN BE L H MR R rp 45 I 0 B R
I FRAR G M R e AT AR AT 60% iR o (&
P> 21 B0 ) R 1R A A 70 I AR AT BT T B o T
FH A AU 1 e R RIOR AR 22, AN BB B R .
B S M S = Gk g N-FY R IR R A O BN
HEALTRN I, ST Wi 3 g, AT IR B 70% o DR UG d
= N-FT DR 9 Ay S AR

R EAFIXT Meerwein’s F5 i 2 (1) 5% i

Table 1  Effect of catalysts on the yield of Meerwein’s ester
catalyst yield/%
diethylamine 34
diethanolamine —
piperidine 60
piperazine 48
morpholine —
N-methyl piperazine 70

3.2 REHURE

SCHR 4 38 1 R E AR R LA TR C TR R R AE
=78 CN [ A & il A B4 AT Ak R, 4R Je A
i B 30 Jirt S I o R R B R AR ), e &1 3 B An
FER R A% Y W SR R I AE 37 CF
AT, RO 56 B LA SE A B 2 45 Ak 31 7 (6 i A R
B R B TR A A S ), DA SR A Y ISR A AR
AALT L B 6.0 5 EEEK I A7 FE % R4 AR IR Y
SRR, R I %58 T 1) S AR R Hon A i 43 7
A S5 R IR R B i B 51 %, IR SE T
FUCER K ) AEAE A AT X B4R A B g 7™ A W J 52 )
3.3 EF N,O, ZEMLFAIEHL KK

PL2,2,6,6-— 21 S IE-A-S W G (7) N
R, LA N, Oy AR, 40 il 58 T N,O, By H
TSN S JE) 2 R R R X6 B AR Y R,
55— DR A A ISR AR 5 B 65 % , 5 A A Ak ik
IR F] 35% o LHR IR A K I, 1] SRR R o
W/ANG 2 13 L 7 ) = T I S I L o8 = VAL 9
3.3.1 {EHEURMEERNIERE

£10.2 g (0.7 mmol)fb&W) 7 KW, 5% F HNO, /
CH,Cl, N,0O,/Et,O #1 N,O,/CH,Cl, =Fhl{bik & 1E
IR A N HE TS A SN, OV 25 18 T3 2, ik 2
ATLAE H L LA N, O AR R AL BE 18 A Ak iy Y3 I 17
Fef&4: it HNO, /CH,Cl, #1 N,O,/Et,O &, A] BE 1Y Ji5t
P2 N, Oy 85 55 A1 W A i A0 7510 76 5 A S s i Ak 0 P 1Y)
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IR AR AE [ TR BT 5 2 ik DT E AT B ik Py S8 AR, mT
VRS Rt i PR BB AN E B I i i ) (A PRt S8 A
I | AT /A0 i) S 7 9 5 A 4 i BRSO

2R RIS R

Table 2  Effect of nitrating agents on the yield of gem-dinitro
compound

nitrating agent yield®) /%

HNO, /CH, CIl"51® 37

N, O, /Et,Ol2¢14) 20

N, O, /CH,Cl,® 65

Note: 1) Reaction conditions;: compound 7 0.20 g (0.7 mmol), 50 °C,
30 min; 2) Isolated yield; 3) HNO;0.3 mL (7.0 mmol, 10 equiv) ;
4) N,0,0.64 g (7 mmol,10 equiv); 5) N,0;0.23 g (2.1 mmol; 3

equiv).

3.3.2  N,O, HEXEmM LU Er &I

1E 50 °C 1, Ph = & W ey i 00, S ng I ) Oy
30 min, 48 N,O, H&E , ZZ&MGW7 5 N,O, ¥k
Bt B X S 7 IS P s ), LR 4 SR L3R 3

3 N,O, 1R A e s

Table 3  Effect of N,O, on the yield of gem-dinitro compound

n(N,O5) : n(7) yield” /%
36
54
65
57

55

[ B S O S

Note: 1) Reaction conditions: compound 7 0.20 g (0.7 mmol), 50 °C,
30 min, CH,Cl,(10 mL); 2) Isolated yield.

MR 3 AT LLE H, Y N,O, FERHSE X i), i 5
H36% . M N,O, F 0 JERHY = A5 B, 30k 3 i
fE,H 65% . [HZ4kZ2H K N,O, &, Iz
MRS JEBEAET N, Of LEAE S Ak 52 i Hh BE AR s Ak 71
MAEEALH, H e =D THZEWAE Y &1 N,O, A et
FIVLJEE ) 56 4 e A AR RS L 7 ) o 3K Tl A 00 Ao L
RN EDIMAMAE Y EM N,O; N KR &
SR EMENESL, 54, BT N,O; E RN &4 T 5
Oy FER BTG, BT M A G &2 N, O, LU IE 2 R
AT HEAT o 24 N, Oy 11 2 4k 22 38 i B, KO A &R 1) R
PRI ORISR - P AE IR M SR 1 T & R A i Ak
S RE R R AR . A E NL,Oy 5
ok A EE R L 3 1 1
3.3.3 = RzETiE) X8 A 4 Ui 2R B B i

1E 50 CF, A=A MR, YL n(7)
Ex Xats
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Pn(N,O; ) =10 3, 55 I I ) X Wi =R 1 52 i), R
REER LI 4,

H1% 4 ] DLFE M, BT s 1) X e 17 HAC 3R ) 52 T 45
Ko AESIL 15 min B fF 765 PR 42% , B
E=prQ AN I N D U N SR DA )| I D A TS
30 minif YRR B K (H, O 65% o AKEEHE S S B I
], R TF A6 F o 3 0k Al BE G 1 J IR AT RE 2 BB
U7 I 18] PR HEE 4, 41 i 6 7 W0 72 RR Ak A% 1 B S A o0 ik, %
AR RL TR o T DL, fe 2 306 52 B LI ] 530 min g

R4 SO TR A AL A P OR I R

Table 4 Effect of reaction time on the yield of gem-dinitro compound

time/min yield? /%
15 42
25 53
30 65
35 49
40 45

Note: 1)Reaction conditions: compound 7 0.20 g (0.7 mmol), N,050.23 g
(2.1 mmol, 3 equiv), 50 °C, CH,CI,(10 mL); 2)lsolated yield.

3.3.4 [RiEENEREALKENm

DA S bt i sn) P RHIBE e n(7) + n(N,O;) =
T2 3, ROV [E] 2 30 min, 25 4 S I it JEE XoF WT 4 1) 52
M, HARGE R I 5

H13% 5 T LAFE H Bl S it B2 AR 39, B e R g
BERIGIE/N o YOS 50 “CH, R A S B IR
IRE i, 65% o XS T BEHE ROV L A4 T s A il
PSRRI A B g, S I R B B 4R o R I v
Vi e v TR 2 S A A S5 ) S B, R AR 17 S B ) 6 4%
P, H N, Oy 2 AN B 52Nl B 73 fifk , AT 32 780 %
A TER . IR A0 #% 50 °C oy e RORE I o

R5 NI S R A WU R
Table 5

dinitro compound

Effect of reaction temperature on the yield of gem-

temperature/°C yield” /%
35 37
40 43
45 53
50 65
55 44

Note: 1) Reaction conditions: compound 7 0.20 g (0.7 mmol), N,O;
0.23 g (2.1 mmol,3 equiv), 30 min, CH,Cl,(10 mL); 2) Isolated yield.

3.3.5  FI X E RS LR B B
150 CF R H n(7) 1 n(N,O,)=1: 3,
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SR 8] 2 30 min, AR5 T &L A T B 1,2- TR L
Joe RIS i FFY e O i A LI 70 o i A 5 I W 3 4 52
i, A SR RO, R 2 T e I B 4, HEep SO R
FGEE PR R R A , BONSCR B, TGS 2 65% o

F6 AN AL A ORI R

Table 6 Effect of solvents on the yield of gem-dinitro compound

solvent yield®) /%
CHCI, 53
CH, Cl, 65
CICH, CH,Cl 59
CH,NO, 40

Note: 1) Reaction conditions: compound 7 0.20 g (0.7 mmol), N, O,
0.23 g (2.1 mmol, 3 equiv), 50 °C, 30 min; 2) Isolated yield.

3.4 HNA B
HNA [ & 1R 45 44 F1 53 7 76 & M A 0 E R0 0l 7R
FE1AEAE 2,

@D 0(12) o(1)
B 1 HNA B T30 7 (R B

Fig.1 Molecular stereo configuration of HNA

B2 HNA K& 3D R
Fig.2 3D Packing of HNA in crystal lattice

EIEEI leﬁj\%itiy Cm H1o N6012 ’ﬁ¥%: 4‘0624,EE(HMK
SIRTEERF ZAAEC RN R R P2(1) /n 2SRl BE,
SRS BN a=12.011(2) nm,b=21.129(4) nm,c=
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TKEEE, WK, AR, BE

11.967 (2) nm, a = 90°, 8 = 90. 59 (3)°, y = 90°;
V=3.0368(131) nm’; Z=8; D_=1.777 g - cm™;
u=0.160; F(000)= 1664, {445 F 585 77 F 9% [ &l
B804 Ly, CCDC 234 953576,

HNA [ i iR 25 v, — A~ 71 C—H i 5 55 —
TR Z A ) C—H--O fEH. W+
9 HNA it 55 1) C—H---O fEH, DL RIK M IE A A7
16, ABSEIN %R 7 i, HNA 2T b & Wik B 221
C—CHETF 5K N 1.525A, C—C—C F- 4 ff
109.5°, 54 Wi4e iy C—C # K (1.54A) fil C—C—C
AR (109.5°) AHARL, 2 B 4 Wil o B 2R 45 4 oK 2 A2 B B 1Y)
A, W5 2,2- 28 E NG 2,24, 4- 10 i 4 M1
BEAAL, HNA 43 5548 il 35 A1 1938 40 A K M 2
ORI AR A A NI B A 5 i A ) C—N g
K-k 1.550A F11.578A, L C(sp’ ) —NO, #k
(1.46 ~1.50A) K, 17 N—C—N %k 0 45 /N 5] 96°,
IXRREE Y ZE K T B th T AN SR A AE L S N A
LR C JFF 1 re oy 25 B RRAIG, 0 i 9 SR AR ) B AR,
C—N FFaE PE R, DT 5 S0k KA K i B T
B 5 4 NI ot B B4R 45 4 22 (8] 1) 2 Ta) o7 BEL, o6 il ik % A
B N—C—N AR /N N HNA Y & 14 25 4 F0 i A
HEREI AT LA Y, 1 TR 35 1) 7 76 0 4 o B 42 1 M1
PELERE T 3 11 25 Bt 4 TR A, PRI o G i HE U
B, BB ERN AR 1777 g - em™ UL
2,2,6,6-PURSHEANIB A ERE (1.75 g - cm ™) ka7,

x7  AHMIUEH
Table 7 Hydrogen-bond geometry

d(D—H) d(H--A)d(D--A) £D—H---A

D—H--A /A /A /A /()
C(2)—H(2B)---O(13) 0.97 2,52 3.442(6) 160
C(7)—H(7A)---O(4) 0.98 2.47  3.376(6) 153
C(10)—H(10A)---O(15)  0.97 2,49  3.403(6) 157
C(11)—H(11A)---O(21) 0.98 2.43 3.400(5) 170
C(15)—H(15A)---O(16) 0.98 2,44 3.417(5) 175
C(20)—H(20B)---O(3)  0.97 2,52 3.397(6) 151

3.5 HNARBEMEHFR

fE N, H# K 30.0 mL - min™"  Jh i 3 F N
20.0 °C + min™" FHEX A H 50 ~600 °C %4 T ik
7 2,2,4,4,6,6-7 M5 a W bER) TG-DSC fii 4k, £ it
1.5 mg B RINE 3 Fim.

TG £k Z B, HNA 19 B3 5 g = B B 26
— [ BE R 140.69 ~177.93 °C, L T 18.4% , %t &
Hh— ZH A R A 0 i, A TR OE D i R 5 T o I
B BB 177.93 ~267.93 °C, %5 66.5% , X 4>
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TR A & HNA 3 25 0 1) B K O3 fife , i T 2 1
ST N2 A B TR A B 2 = B Be O 267.93 ~
600 °C,KE 9.1% , Al AE 2 AL 3 A5 i 1 — LE 5 (L
4 Ak 22 50 ik , o R RE R B OB 55— AR Al S B AR R T
— &AL . WITIR R B S5 R R 94% .

10— 140.69
177.93
0,
= 1.6% 256,21
>
=
= 60 =
i g
é 404 DSC E
20-

0

100 200 300 400 500 600
TIC

3 HNA 1 TG-DSC #i£k (20 °C - min™")

Fig.3 TG-DSC curves of HNA at 20 °C + min™'

HNA ) DSC fili £k b A PIAS T gE, 7353 HNA 7
AR B I . 7E 256. 21 “CH — B
P B HNA TEZIREE R A T R B A ik SV

4% @

(1) N _CEMEZ RPN, S A
R ga A RAA e ik A E SR, AR T
2,2,4,4,6,6-NAEEEANIBE (HNA) | BN SV B SR
1 0.24% 3255 3%, 3@it'H NMR .“C NMR IR fIoTE
SRR K B SPIESAE T T R IE. 1 IRKE SR
T HNA B ST T A ARZE 5T . HNA FyifJE T8
BHBE,P2(1) /n 2[RI, SRS E N 1.777 g - cm ™
43T HNA GBI 5519 C—H--O fEM, KL =R IE R X
FELE. WILAEGE T HNA B2 B, HNA 1 3453
53 R =ANB B, IR 43 B 25 ALK HE 94% . HNA FE
256.21 CRA T RIZU BN i S o

(2) IR L BR AR R — W g, N-HT 3%
WR BB ARIRBE , I LA R R R, DL 70% 1 i3 & A
H T Meerwein's i, FRANBUEE (1) B 48 AL [ W A, 2K
R AT 8 SR (R | IS S [ DA A N b /AN 1
RS S T 10% 6

(3) Ff5 S A Rz, A 4 Ak — AR MR,
AL T (5 6 10 S 1 T2 & Rk BE L n(7) -
n(N,O,)=1 : 3, Wi EE N 50 °C, s Wibsfa] A 30 min, 2
LA — 8 Y d, 0 MR e Sk P Y 37% 4R E
65% o W% L ZEFMHTAAY 10 &R, Wl T8
IR, SUSEAR R STk ) 21% ' $ e 51 35%
4+ A
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Synthesis, Characterization and Crystal Structure of 2,2 ,4 ,4 /6 ,6-Hexanitroadamantane

ZHANG Ping-ping, LING Yi-fei, SUN Lu, LUO Jun
( Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: 2,2 ,4 4 6 ,6-Hexanitroadamantane (HNA) was synthesized via cyclization, decarboxylation, ketalization, ozonation,
oximation, and oxidative nitration etc. steps, using diethyl malonate and paraformaldehyde as raw materials. The reaction condi-
tions of the preparation of Meerwein’s ester, ozonation and nitration were optimized, and the overall yield of HNA was promoted
to 3% . The effects of substrates ratio, reaction temperature, reaction time and solvent on the gem-nitration reaction were investiga-
ted using nitrogen pentoxide as nitrating agent of gem-nitration reaction of ketoxime. The optimum reaction conditions were deter-
mined as with the yield of gem-dinitro compound being 65% : n(compound 7) : n(N,O,)=1 : 3, reaction temperature 50 °C,
reaction time 30 min and methylene chloride as solvent. The structures of intermediates and target compound were characterized
by "H NMR, "C NMR, IR and elemental analyses. The single crystal of HNA was cultivated and its single crystal structure was
determined by a four-circle X-ray diffractometer. The thermal decomposition properties of HNA were studied by thermogravimetry
(TG) and differential scanning calorimetry (DSC). Results show that the crystal belongs to monoclinic system, space group
P2 (1) /n with crystal parameters of a=1.2011(2) nm, b=2.1129(4) nm, ¢=1.1967(2) nm, «=90°, 8=90.59(3)°, y=90°,
V=3.0368(11) nm’, Z=8, D .=1.777 g-cm™, 4=0.166 mm™', F(000)=1664. The thermal decomposition process of HNA
can be divided into three stages and the total mass loss from start to the end of decomposition reaction is 94% . There is an obvious
exothermic peak at 256.21 °C on DSC curve of HNA, revealing that an intense exothermic decomposition reaction of HNA would
occur on heating.

Key words: organic chemistry; crystal structure; 2,2 ,4,4,6,6-hexanitroadamantane; dinitrogen pentoxide; nitration
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