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F AR R E bR 0. Theodor™” 45 L TNB g J5UBL, il
R B R i = RN T 3,5, 7- = - 1A
Z 4 REE , BICE H 15%, Kuznetsov! ' 21 2,4, 6-
AR IR I R TR, SR A S Sl = RO A
3,5,7-=HEHE-1-R 2 & Wl BE , i F 0 s 0] %, [R)
Je AR FER AR i, S EOBCR AR, R 1%,
2012 4F, Senchyk' " 4= 1) TNB 2 5B, i 3 = 45 )
B 3,5,7- S HHFE-T- R A A R, LA R 2R 25 A
T % 2% O I 3, S 4% e T A LR B st R, T2
B % = XA T2 A ie &k

R A LA TR s JE 2K ( DNB) S JERE 28 iF
b 3B Henry SO FU4R & RN G RCT 3,5,7-— 1
Fe-1-HAR 4 W, IF 2R FH 20 40l 1% % g 3 4ig X b T
R ER A YRGS T T R, BT T U
DNB Wy J5URE, % KB R / %2 A0 il W 4 TR R Ak 2R F A
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O R AR, 3,5- S R 1,35
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2.1 FEHEH
X % : Nicolet i B i 25 46 21 Ap Sl 3% A% ( 35
Thermo-Fisher /A %] ) ; Bruker Avance-II DRX 500 MHz
WG PR AL (75 [ Bruker A ®); Vario EL-TI % 50 %
3BT (8 [E Elemetar 24 H] ) ; WRS-1B %07 & s X
( B AL AR A R A\ ) 5 SDT Q600 DSC-TG
[) 20 B A (3B TA XRS5 o
R B ZAE R DL A R, A B4t B hr T iR
FUIATBR2A T 5 K MR R & JH Bt T 0 Ak B . 38% I
KW, 0 A 20, 1 24 46 T AL 2 iR A FR A w5 &
Kl b AR 2GR A IR
2.2 BMHEL
3,5, 7-= i HE-1-20 A 4 N B 1 A 2 I
Scheme 1,
NO, NO,

HNO3, HQSO4
R ————
150°C
NO.

2 OZN NOQ
DNB TNB

ON_ CH,0H

N
NH; * H,0
—_—
HOH,C NO, ON NO,

ON CH,OH O,N

1. NaBH,, tartaric acid
2. HCHO, pH=8

Scheme 1 Synthetic route of 3,5,7-trinitro-1-azaadamantane

2.3 X IE
2.3.1 TNB &R

[0 S A ek B2 0 [l 08 BE A 11 250 mL = 1T BE R
Hifin A 5 g(0.03 mol) DNB F157.5 g f# 20% % 1 i
2, B FE 2 TR 4 U AR, VKO A5 0 T R0
19.25 g ISR (95%) , i N J& % 4 # 10 min, i
PE 150 °C, WIS 24 ho UKV B IS 406 B 1
2 (28.75 g 1Y 20% KAWL 5 9.5 g ) 95% KR ) ,
HHFHR 2 150 °C, i 2 3% IR % 0, J5k) 42 38 7%
AR = ) I A L RO o R LA 200 mL B KoK
Hh B A Bl R B DF K PR 2 R T AR AR
7T 100 mL ) G H B b, G0 e AR A R0l TR
SN K TR A P I, A MR IS K B R 0 T a3k D
U HE 7% T8 B 0 R A5 [ AR 4. 48 g, I E Sl 700 7%,
m.p.117.8~119.5 °C ( Cilkfi' " : 118 ~119 °C);
"H NMR (500 MHz, CDCl,) &: 9. 41 (s, TH);
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"C NMR(CDCl,, 126 MHz) §: 149.02, 123.84,
2.3.2 1,3,5-ZRBE135-ZHEXRCKEHER

1,3,5- =8 P -1, 3, 5-= R H 30 2 e &0 1 5
H TNB SRR 1,3, 5- A A Cbie , 1,3, 5- A L oA
Cbe F5 RS 38 5 Henry [ & Y o v 26 7 25
BN, AT S o B AT 43 20 R AT A DL — kT &
o AR 2T DL PR TS S BT A R T
1,3,5-=F 31,3, 5- =R 2 e,

(1) 73 3k

W JFE RN YK S R AE 250 mL = BRI o
A 50 mL /KA1 50 mL HIEE, FEfm A 3 g(79 mmol) 7l
AL, 1P 2 R A R ALK 4 g(19 mmol) TNB
BT 12 mL Py S kg (THE) w1208 35 i A s 0 il
R EEEIZE 0 °C L1 hiifnse o W SE SR 5 g
ARG T 40 mL K, fim A BRI b [ A I RE T di
$£ 30 min, FI =& HE (100 mLx2) ZEHL, & 3 A Bl
AH, TC KB R A T 3 B S D 2 R B 25 AR B 2T
A, S 25 5 A5 A5 A BURCR AR 1,
3,5- = EEH S BE 2.57 g, LK N 63.6%, m.p.:
119.2 ~121.5 °C (3CHkfE "™ : 121°C); "H NMR
(500 MHz, CDCl;) 8: 5.11 (t, J = 3.6 Hz, 1H),
4.92~4.78 (m, 2H), 4.53 (tt, /=12.6, 4.0 Hz,
1H), 3.17~3.12 (m, 2H), 3.09 (d, J=14.8 Hz,
2H), 2. 50 ~2.36 (m, 4H); "C NMR (CDCl,,
126 MHz) &: 78.77, 77.89, 33.09, 32.99, 31.07;
IR (v/cm™'): 2945, 2862, 2902, 1539, 1375,

Henry 2R : ] 100 mL = 5P mA 2.57 ¢
(11.7 mmol)1,3,5- =R LR e Fl 75 mL &, 45
PEE R TG, K 2 g BRAT T 10 mL K )5
IR R, T2 2 I 34 mL [ 38% 1) H K i
WL NS S I Z 40 °C, R 12 h Bl I Y
AT, WA RS o RO &5 SR o, U8 s vk
Ve, TR S AR 0 0 B AR R 1, 3, 5-= 5 Y 2k
1,3,5- =R 3R Ok 3. 51 g, IR H 97. 2%, W 45
W%k 61.8%,'H NMR (500 MHz, CDCL,)8: 5.73
(t, J=5.6 Hz, 1H), 3.70 (d, /J=5.6 Hz, 2H),
3.18 (d, J=16.7 Hz, 1H), 2.10 (d, /J=16.8 Hz,
1TH); "C NMR (CDCl,, 126 MHz) §: 88.33, 70.58,
32.65; IR (v/cm™): 3265, 2959, 2880, 1548, 1394,

(2) —Hmik

VKIS F R AE 250 mL = B8P fim A 50 mL K
A1 50 mL HIEE, FEA 3 g(79 mmol) B & A4k, i +F
2[R FRE i, FF 4 g(19 mmol ) TNB ¥ T 12 mL
ek
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THF 1818 3% i A B A, #6742 0 °C,1 h
st M MA 5 g WA MK 40 mL KIEW , [FFE
IR HEFE 30 ming FEIIA 4.0 g BRERER, pH h 8,
HRTE N 36 mL (1 38% (1 H KW, 1 h i SE , i
P 40 CRN 12 h Bl RN HEAT , 32 Wi A B A
Bt o OV 25 A0S g, FH KRN B A DR F, TR A
W ERBARE L 4.9 g, BE R 83.5%,
2.3.3 3,5,7-ZHE-1-REZENIRIERK

TE 500 mL B H ks 2. 75 (8.9 mmol) 1,3,5-
SFRRHIE-,3,5- SRR O R T 275 mL %K,
Be A V(ZEoK) - V(K)=2mL : 3 mL, £ 0 CT#
HAg B A S B 4 b g, o ge s R
FE LB RN 3 R, RON RS BT W ER A, U,
FHK V08 DF K5 08 DF R0 98 48— AL T 5 FH P9 R A8 B
THUEBR RN, FE IR T m A 3 g By I Pk ik
15 min, 33 38, 980 25 18 B 79 I A5 A 2 e [E 44, — 4
PEE 2, i, A AR IR 0.88 g, It 36. 5%,
m. p.275.2~277.9 °C(3CHk{E"": 276 ~278 °C);
"H NMR (500 MHz, CDCI,) §: 3.41 (s, 6H), 2.99
(d, J = 10 Hz, 3H), 2.87 (d, J=10 Hz, 3H);
"C NMR (CDCl,, 126 MHz)§: 82.85, 56.76, 39.40;
IR (v/cm™'): 2925, 2872, 1529, 1365; Anal. calcd
for C,H,N,O,: C 39.71, H 4.44, N 20.58;
found: C 39.75, H 4.51, N 20.54,

3 ZR5iHR

3.1 AREEZENHL RS0
3.1.1 MHERSWHEREE/RELXT TNB U 2 f %2 g

DNB it A® N 2 g, {RER =N 48 g, I N
150 °C, J i B [6] 2 48 h B, fi§ B2 5 6 B8 5 /K b X
DNB fi§fb A a TNB IWSCR B2 M 0L 3 1,

R MHIRS BLEREE A L TNB W5 52

Table 1 Effect of molar ratio of HNO, to H,SO, on the yield
of TNB

n(HNO;) : n(H,SOy) 1:3 1:2.5 1:2  1:1.5 1:1
yield/% 36.5 48.8 56.3 62.8 34.5

HIZE 1 AL, TNB SR 5 A IR 5 f2 A3 52 0
FFEFEMESE,E n(HNO,) : n(H,S0O,)=1:1.5
i, TNB A d R 3X AT RE 2 X O 24 i IR 7 &5
I, W AR AF T, B R AR A AL AL A R RN A TR R
MBI AL E T B ORI s 4 B R 7 IR R &
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HIFREE T B AR NOS /b fisfb e ) 559 5 SolloR
o BRI, SR 5 B R i e AR BE AR L2 1 2 1.5,
3.1.2 BRERE X TNB I ZE K &

DNB il Atk 2 g, n(HNO,) : n(H,S0,) =
T 1.5, )i BE R 150 °C, )2 b B[] iy 48 h B, iR
% £ Xof i Ak 5 ) 5 i DL 2

R 2 RMEX TNB RN

Table 2 Effect of mixed acid dosages on the yield of TNB
mixed acid/g m(mixed acid) : m(1,3-dinitrobenzene) yield/%
42 21 52.9
44 22 59.7
46 23 65.4
48 24 62.8
50 25 58.2

HH % 2 W] 1, Bl B TR R A BE 0 3 i, TNB iy ik
BRI FIHE TR, TRRR R KARED, B e d Ak,
W6 SR AT A B 7K 23 (0 A5 R ol L TR R E Sy B W
M BOE B NOS /0 AL RE 1 55, IR BAIL
TR IR & 8 ik B J5UBHRY 23 A5, TNB i3 ik e ks 1R
ARSI IS, EAR S AL R 1 S B I, AR RN Y R
WK, TNB OB 4N, R, 36 7 AR R m A
R 46 g, AT, m(JRER) * m(DNB)=23,

3.1.3 AR TNB U R 59 &0

DNB il At K 2 g,n(HNO,) : n(H,50,)=1:1.5,
TR SMA R 46 g, [N i B> 150 °C, J2 v B[]
48 h, FZE T et O 2R — Aokl Jr 20 — Ik
T AT R 5 ZFoinet o U2 e = 2 R,
24 h J5 AR B =00 2 — TR ) X TNB R 1y 52
Wel, 45 S B, — UM R 3 kL i W S 43 )
65.4%F1 68. 9% , 43 b Jin Bk Y Ui S mg = T — M
B, 33X AT B8 S KA 43 HE IRk mT s 2 i Ak ) 7 = iR AR 1
TR, AR — E B BB Ik R o R ) A
RN Z A R R o PRI 38 04 i Ak =Xk 4 it
B S =4y 2 R R, N 24 h JE FAMInE R 1)
Sz — R
3.1.4 “HEHERTM—RETERBIITLE

Senchyk 25" Sg I 4 6 F #E 47 Henry J2 i & 1%
1,3,5- =R 31,3, 5- = JL R C e, {5 520 B[] 458
KT 24 h, ARBEGE N T I SN 38 54 50 il EE A
HR AR T E 40 °C, R AT B A R R, AT
PR B R4 2 12 hy “4p b B 1,3,5-= 5%
S ik
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HHJE-1,3,5- =i I O e M 25 Bl 61.8%, 11
A AR a e 1,3, 5- = A O kL B2
W 2% AN 23 52 B 0 OB AT B T 2P
OB A i B <115 Wk 7/ BN TS I s (P 27 S B S i
BRI AR 1,3, 5- AT, 3, 5- S A R O
() ISR N 83. 5%, FAR ™ — B3k vh A J SN JE AR BR
P 2= A 52 B B S5 Henry (9 2 0 3547, (A e 22
T, iR R Al AR rh O R £, T L
S BRI RO MOR B, HLE T A )
YR ERERTR, TAER D 28 B RS — WL B
1,3,5-=#FHI-1,3 5-= IR S e i T 2848 .
TNB AL J5E =4 1,3,5- =l KL 3R C be 2 B0 =X,
PR S5 1), R AT Henry K20 J5 75 31 09 2 =
A 1,3, 5-= B JE-1,3,5- = I O I IR A
Y, BT 1,3,5- = -1, 3, 5- SRS IR O e R ok
B SKHE T A ROV Y LR 4 NIGE B8, 1 A =
SERIN1,3,5- =R A3 5- S IR O b 5 4K R
NEA BETH B B ARk & W5 I FLIZ RO 2 AR 25 R
AT, 1,3, 5- SRR O e 5 H R 1Y Henry [ AT
WO, B S TR 2 A BE SN B AT . DL TR Al
SRR — AR A RN SRR AT R DR A
3.1.5 3,5, 7-=WE-1-FLeNRGEHL AR
3,5,7- =g HE-1-A e e Nl e g2 4y XF =/ Tt
e FLE L 2T, Senchyk 2SR A S g At
T PR e PG 28 B, P38 ) = Ak R e AT
JEHT, 0 PR e A B O U 78 1 R R A i
0, K AT S T PSR A . S kB
A ERAE D R B, IR 58 ek 1 5 Ak
B, S0 4 RS sk i Bt T L P PR AR R 0 M R B €
Je VB TR 2R AR B 25 v ), U e A AR R R
3.1.6 BER.EXt3,5,7-=HE-1-A&E&NREKREN
A
1,3,5- =8 W 31,3, 5- = i R O ke 5 2 K% &
B3, 5, 7- =R BT A A Wb, 3 28 S SC Rk 4
AT AR R BT AL Pl T AR R i B AE K
11, It IASHIEGE v 43 5l 238 T K i 7 (R R )
Lewis 8 (A6 5F) . JCHL o (i B2 £ ) F146 HL#s ( DBU,
1,8-ZR/ARAIR[5.4. 0] F—f-7-4) 5 I3 3,
MR 3 R LU 8 i R AN 3 4 v ik
RCHFEAR T o Ho R X B2 I Y023 5 Wi 458 /0N T i 25
F J0 e AIR S g Wi %6, G L& 5 i A PLAk DBU, j= 2
i 20.6%, X 0] BE A A R R A 2R T iR &R
(9 pH A, 3o B8 3k B B AN R T 32 B0 I AT o
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£ 3 MWK 3,5,7- RS- 1-5 4% 4 M e I R 1 5 i)
Table 3

1-azaadamantane

Effect of acid and base on the yield of 3,5,7-trinitro-

catalyst —~ — HCOOH  ZnCl, K,CO, DBU

yield/%  36.5 32.5 32.7 28.8 20.6

3.2 3,5, 7-=WE-1-EZENREMNABENE

K DSC-TG [P AL 30 mL - min™,
FHEHZ 10 °C » min™" &F T3] 3,5,7-=fif3&-1-
R 4 W FA A AT i Ze an 181 1 B o

10
exonO‘
{4 -
80 5 g
2 60- £
2 112 =
£ 40 =
16 §
20-
268°C 20
0 : : : : : :
50 100 150 200 250 300 350 400
BLC

1 3,5,7-ZfF2-1-R I & Rkepy TG-DSC il £k
Fig.1 TG-DSC curves of 3,5,7-trinitro-1-azaadamantane

T RO, 3,5, 7= 6l - 1-50 4% 4 W e 7E
225 CHIEA B0 7% o SR 250 CHEA
T U6 3 AR 73 i 59 B B, M T 4 348 5 220 45 L 4k ¢
O ORI Dy 268 °C 5 AR 331°C I A B Ik (Y 7K
g W] 3,5, 7- A - 1-RUOR & NI B A Z L B &
A TR ZUB O3 R TR . R, 3,5, 7- = A - T-R
2% < W e ) 32 2203 fifk B BEAE 250 ~340 CZ JH], R EER
N 94% ., VI LEEERR 3,5, 7- = - 1- A Ak 4 W
4 380 gk 55 T TNT (200 °C) (RDX (220 °C) 45
HLErRERREC T S RE BT

4% ®

(1) DAR] s 28 0 ek, 26 4k L8 et Henry
RN AEEA T 3,5, 7- = HE-1-0 20 4 Wil ke, Bl
R 21.5%, FHFFH IR NMR X H 3E4T T F4E

(2) LAm B iR R R i Ak ), PR AL T R Ak s i T2
A B E T R OB A5 n(HNO,) = n(H,SO,) =
1:1.5,m(JEER) : m(DNB) = 23, Jikt % 56
SAZIRER, 24 h JE BN =5 22— w4k 6
WZH 70. 7%, T 1,3,5-Z P HR-1,3,5-=154
FEIR O BE 5 R K S B R RE TS RS Ak B v R
a4 %6 2 3 K, 3,5, 7-= Rl k- 15020 4 W b 4 iR
At
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N 36.5%,

(3) a3 “ o vk M — kT IR O e T
1,3, 5- = AE-1,3, 5- = L 2 g Horpr, o3 2B k™
Ay EI LA 1,3, 5- SR IEIR O b, T o i
SR LK Henry R IR (] 46 F6 2 12 h, 3 2387
YRR 61.8%,“ — ik B R 83. 5%

(4)3,5,7-=fFFH-1-H A & W /e 225 CHI A
W0 PR 0 i L A0 iR Wl D 331 °C, AR E M BT

2B Wk
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Abstract. 3,5,7-Trinitro-1-azaadamantane was synthesized from 1,3-dinitrobenzene via nitration, reduction, Henry reaction and
condensation, the overall yield was 21.5%. The structures of intermediates and target compound were characterized by IR, NMR
and melting point apparatus. The effects of molar ratio of HNO, to H,SO,, mixed acid dosages and charging ways on the nitration
reaction were investigated. Intermediate product 1,3 ,5-trihydroxymethyl-1,3,5-trinitrocylohexane was synthesized by “stepwise”
and “one-pot” process and the reaction time of Henry reaction was shortened by increasing the reaction temperature. The effects
of acids and bases on condensation of 1,3,5-trihydroxymethyl-1,3,5-trinitrocylohexane with ammonia were studied, the reaction
conditions and workup procedures were modified. The thermal stability of 3,5,7-trinitro-1-azaadamantane was studied by thermo-
gravimetry (TG) and differential scanning calorimetry (DSC). Results show that the optimum process conditions of nitration are
determined as: n(HNO,) : n(H,SO,)=1: 1.5, m(mixed acid) : m(1,3,-dinitrobenzene)= 23 and the charging way is adding
2/3 mixed acid first followed by the other 1/3 after 24 h, with the yield of 70.7%. The time of Henry reaction is shorten by 12 h
by increasing the reaction temperature, and the yields of “stepwise” and “one-pot” are 61.8% and 83.5%, respectively. The re-
action time of improved condensation is shortened to 3 days, and the simplified workup procedures are filtration, decoloration and
recrystallization successively, and both acids and bases reduce the yield of condensation. The decomposition of 3,5, 7-trinitro-
1-azaadamantane starts from about 225 °C and the exothermic peak temperature is 331 °C, which demonstrates that the target
compound possesses good thermal stability.

Key words: azaadamantane; cage compound; synthesis process; thermal stability
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