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I8 T FOX-7 By A BAS 420 1 A 7= 2304

T AR, 2 fifg 2 v WE PR AL & W RE A RO T
MR Z — o 1,3,5,5-D0 fiff H /N & W BE (DNNC)
Je—MPEREIL RIS REfL 59 . 5w SR B (AP)

Wi B H: 2017-05-24; {E[E B HF: 2017-10-26
EEB: AROCE(1993-) B LB A, EENFE SRR & 5
KA WA . e-mail: 1974625805@ qq.com
BREBRRAN: 5 (1968-) 5, @ LRI, EENE SRR &S
WA YA, e-mail: duy@ mail.njust.edu.cn

CHINESE JOURNAL OF ENERGETIC MATERIALS

H L, DNNC #8458 A 7= A Ak &0, 7T AR hy & BE L3
i ARFR RS S AR TSR 5BES
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A 2-F FEmEnE-4, 6- ], 45 99% , i b it
IFEQN LA IR W) s SR B OBCT i, 2 A 4k, g
TR AL TR T R, o B Al v B Ak TR A
FRASR] . FERUT BEfk VR IR & MRS , 40 pr 4, [
2 A2 A BRA ]

¢ %% . Bruker Avance Il (500 MHz) #% #f F£ ¥ &
WA (75 [ Bruker 24 ] ) ; Nicolet 2L 455 4% ( 5E H
Thermo Fisher 2% F] ) ; Finnigan TSQ Quantum ultra
AM I A (25 B Thermo Finnigan A #]) 3 X-5 £F
A g DN E A (P 55 SRR AR A R A A o
2.2 AREE

DNNC 194 %2 W, Scheme 1,
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0 0 0 0 > <
YY wso, Ho| ON N
NHo N o> NH NH FOX-7
/N0, KOH
O,N —
MPO ON” "NO, DNM
ON_ NO, ON_ NO,
ON._-NO, _CHO % H50, %
N

N
R+ t-BuNH, \}/ Ne_
KDNM
I

I

HNO: N N
\~/ S ONT N,
DNNC
I

Scheme 1 The synthesis route of DNNC
2.3 XIgntiE
231 ZFHERREEES()NEE

W 40 mL kG RR B AR B HE % ORI =1
Psfith  BHE T 4t A 10.0 g (78 mmol) 2-H1 i ms
WE-4,6- i (MPO) , JE 42 il i FE AR T° 40 °C, Fe Hi5E
RIS KK R 2 0~5 CLLT , 218
TS mL KA R, I AR5 IR AN sk 10 °Co i m
Se 55 MRl 30 min, T J5 TR 2 15 CYEZE ) 3 h,
RN RIGHAE MR G EEE ABETH
400 mLykoK e BEdE 2 00 A ol g TR AR R
[E 444 FOX-7 10.4 g, % 90.1% (L MPO if) .
A3 30 mL Y RSRUCT Bk A2 BRI 3 Ik, & R A L
A, T 10% S A AL FRK ORI TT pH B 2 8 ~9, M #ZE
VR LS PP RRCT Tk , R AD L E  TRA  Ag
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R (T),4.87 g, 7% 43.4% (L) MPO i), IR
(v/cm™') . 3146, 1458, 1436, 1406, 1365, 1288,
1176, 1080, 1002, 785, 742, 683,

2.3.2 1,3-ZRTE-5,5-ZHEANSERE () /Y #H &

EW T ¥ 2.88 g(20 mmol) ( 1) i AF]40 mL
10% H B K 3 W b, # B Jm A 5.68 g (70 mmol)
37% W W K W, T FE R T, T M 2.93 g
(40 mmol) BT Mz , P11 1 W i 35 52 9/ 55 pH {H
2 8, FHRZE 50 °C, N 3 ho fLuf, T, 15 [ AR
W= (1) 4.91 g, 77 % 85.3%, m.p. 77 ~78 °C,
"H NMR( DMSO-d, 500 MHz), &: 3.61 (s, 4H,
CH,), 3.45(s, 2H, CH,), 1.05(s, 18H, t-Bu); IR
(v/cm™): 2962, 1562, 1365, 1330, 1305, 1270,
1236, 1205,1035, 852, 809, 763; ESI-MS, m/z:
289[M+H]",

2.3.3 1,3,5,5-FEENSMERE (D)8 H &

H 20 mL Ve B R 18 Ak A R A IR T = 1
B BRE R Ar e n A 2.88 g(10 mmol) (1I) , I 45
R BE AR T 30 °Co R H S8 &R, vk K BRI 2
0 °C,Z18 i 10 mL fif /R, I 4 iR BEFE 0~5 °C,
WMo )G AR 1 h 5, TR = R4S R 2 h,
R 45 HE B 50 mL koK dr, o ug vk TR
B A D) o PR R AT T K & B 25
R E AR E (D) 2.46 g, 77 % 92.5%, m.p.
152~154 °C,"H NMR(DMSO-d,, 500 MHz), §: 6.11
(s, 2H, CH,), 5.35(s, 4H, CH,); IR(v/cm™):
3034, 2955, 1573, 1545, 1377,1314, 1293, 1276,
1250, 893, 805, 756; ESI-MS, m/z; 328 M+NO, ],
303, 301[M+Cl]~, 265[M-H] ",
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3.2 Mannich & W & #4504
3.2.1 pH {& %t Mannich % 5 i 8

Mannich 45 & K, B2 41 43 1 5% 4% 2k 55 1 1Y) 5%
Wtk Xt pH (8 1 AR AS 6], B DA IR B %2 pH A
MM AR K, 44> Mannich [ #0A — 4~ e 19 pH
fHo 76 MW e dh: W LT MR BER HL
1.0 2 3.5 :2.05 10% F B2 K W W R %5 70, =5 00 4R
B2 84 pH B TR = 50 °C, )W 3 h By & 1
T, 0F5E pH {E X Mannich J i i 52 0 W3 1,
TV AHL AR WY pH (AR KRB pH E N
12, R 7= 4 1) 7= ARG, 3 R 7= 4 ok K
TR T & H-2,2- "R 5 2,2- 2 & &
B4 e T iF — 20 36 . BE 25 R Y O, 1R R pH
{H %8 TR, 24 pH [N 9 B, K &R I 46 A4 i 7
PEARL R TR T A -2, 2- WY Ik 2 b, (AR T TR
AR AR AL AT R T E— 2 B A T s S pH
EF% 2 8 I, SN ™ R d s 24 pH (Y 7 B, %
WH O R L@, 7R TR, AR RA
5508, ok DL KR PR AR OSBRI T  A A
I, At pH (H4 8.

F 1 pHEX] Mannich J R B 5 i

Table 1  Effect of pH value on Mannich reaction
pH 12 10 9 8 7
yield/% 37.7 48.7 56.6 85.3 74.3
3.2.2 &% Mannich & 57 &9 50l

FERS AL R e A R R BUT R EE R Lo
1.0 : 3.5 : 2.0, % FHEmRMA Y pH EZ 8, k)5
% 50 °C, /=i 3 h &M, %KX Mannich Jz i
IS LS 2, 3R 2RI, Bl 25 I A5 A 1k A 0 oK
N 1 7 % (H,O0>CH,OH>C,H,OH) , X &
FER T R PR 1T S A2, 2- T Ak 2 b
a7 AT N B2 B0 i e VAL R T R NSRS 3 o N BN
sz He ik — 25 35 A 2B O . 10T A& k-2, 2-
fil§ 3 2 e 38w IA R 2 AP ME B 1 3 e e, HoAe
AN [R) i 3] b B gy H,O>CH, OH>C,H,OH
PRI, JHL A K A Hh R A B A 7 SR o R e o T2 LA
K RV A R SR, /D 1) B RERT LU, 5 A
T D PR A R R A AR B i L 10% H
T 7KV WIS 7™ 38 38 3 dge 5 Oy 85.3% , Yt o BN, 2
JOL I 7= 2R R T R AIG o PRI, S5 16 1 3 70 R 10% FE it K
W o
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Rz 2 FEHIX Mannich J i 1 5 i

Table 2 Effect of solvents on Mannich reaction

solvent yield/%
C,H,OH 73.4
CH, OH 77.4
H,O 81.2
5% methanol aqueous solution 82.6
10% methanol aqueous solution 85.3
15% methanol aqueous solution 83.1
3.2.3 B3 Mannich & 5 EI 2200

FE RS R e AR W RUT R BE R L
1.0 1 3.5 :2.0; 10% M R K# W s 7, 20 T T 88
B2V pH(E % 8, B 5 THIRIT S B 3 h M4 iR
JEXT Mannich J W 520 UL 3% 3, d1 48 3 AT, 24T B
ACARIT , SN 1 77 A, T B R B BT, 7R D
o, X EEREFAREN TS RS TR T ST
Wiz gl 36N T 3 6] A ORI 1 R, A R T A R
BT, 3-U T -5, 5- R AL S A MEE . MR N
50 CHf, H= Ko, A 81.2%, 4k 4: FH, 7= R i
TR X T AR PR A i R S B TR T -2, 2
TR S C—C WL, A B R R A, ]
REf T Al 180T & L-2,2- i 2 ke liR k. I,
LR B R 50 °C

=3 REEXT Mannich JZ ¥ 15 i

Table 3 Effect of temperature on Mannich reaction

temperature/°C 20 30 40 50 60

yield/% 30.5 58.4 72.8 85.3 74.6

3.3 FHEEME R XL &R A R

TE 1, 3= R T -5, 5- Rl 3 N AW g ] R
2.88 g, ¥ il s N i BEAE 0 ~5 °CTF AT i £k S I, B
JE ORI 1T h FHRZEFER OV 2 h 5T R R
XA Ak SN B R e L3R 4

R4 AR F O A0 ST Y R R

Table 4 Effect of nitrolysis systems on nitrification reaction

systems yield/%
10 mL 98% HNO, 89.4
20 mL 98% H,SO,, 10 mL HNO, 92.5
20 mL Ac,O, 10 mL HNO, 90.7
A Re At A 2018 #26% %44 (329-333)
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M3 4 A%, L 20 mL 98% H, SO,, 10 mL
HNO, #4715 2] 9 7 e i, o 92.5%, X F &
B 10 mL 98% HNO, B3 il % 46 e, 20 mL
98% H,SO,,10 mL HNO, iR IR & R b, M B BR1E R
e Reay s RN ST NN | N S o+ e I S 7 B R R S T |
B A AR, T 98 % il 1R L B2 i fifk 1), W B A7 7 J= 3B 1)
FHEE; 520 mL Ac,O,10 mL HNO, {& £ #H H , ¥
Bt TR 1) P /K M BT i, B A R A T B S 1 A R
Y, Wk, i i ik R 5 20 mL 98% H, SO,,
10 mL HNO, .

4% i

(1) X FOX-7 Az o A vp (4 81 7 1y — s 35 P e
A7 1m0, a5 IR R KDNM, AR AT BR T 42 7=
B 42 4 e i HL A S ) KDNM 4l BE g M fa 2 8%
Hk— 2 Mannich 4545 -8 % 615 DNNC,

(2) 7€ KDNM.: HIEE . BUT B BE/R 2R 1.0 ¢
3.5 : 2.0, 3 h 44 F, Mannich 454 = v B9 548
MR LA 10% HYBE K ¥ W0 ), RO AR R
pH =8, W iR E R 50 °C, Hp= &K ik F| 85.3%,

(3) BE HIA 7] 9 il e A R % 1, 3-ZU T %5, 5-
TR RN S WE R AT A A 2 DNINC, A5 31 Je 0 1 A
AR & 20 mL 98% H,SO, 5 10 mL HNO,IE&
FR, H 7 RIEF] 92.5%,
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Synthesis of 1,3,5,5-Tetranitrohexahydropyrimidine with By-product of FOX-7 Prepared
by 4,6-Dihydroxy-2-methylpyrimidine

ZHU Yuan-yu', DU Yang', DU Yu-xin’
(1. School of Chemical Engineering Nanjing University of Science and Technology, Nanjing 210094, China; 2. Nanjing No.13 Middle School, Nanjing
210094, China)

Abstract. By-product dinitromethane in the manufacturing process of 1, 1-diamino-2, 2-dinitroethylene ( FOX-7) from 4, 6-di-
hydroxy-2-methylpyrimidine( MPO) was recovered, the long needle dinitromethane potassium salt(KDNM) crystal with stable
property was prepared via neutralization using aqueous potassium hydroxide solution, 1, 3-dibutyl -5, 5-dinitrohexahydropyrimi-
dine was prepared via Mannich condensation reaction using KDNM, formaldehyde and tert-butylamine as raw materials, and 1,3,
5,5-tetranitrohexahydropyrimidine (DNNC) was prepared via the nitrolysis of 1, 3-dibutyl -5, 5-dinitrohexahydropyrimidine with
mixed acid system of concentrated sulfuric acid and concentrated nitric acid with total yield of 78.9% ( Calculated by KDNM). The
structure of DNNC and intermediate were characterized by 'H NMR, IR, MS. The effect of pH value, solvents and temperature on
Mannich condensation reaction, and the effect of selection of nitration system on the nitating reaction were studied. The optimal
conditions of Mannich condensation reaction were determined as: the molar ratio of KDNM, formaldehyde and tert-butylamine is
1.0 : 3.5 : 2.0, 10% aqueous methanol solution is used as solvent and hydrochloric acid is used to adjust pH value to 8 at room
temperature; and then temperature rises up to 50 °C subsequently with reaction for 3 hours, and the yield reaches 85.3%. Using
mixed acid composed of 20 mL 98% H,SO, and 10 mL HNO, By as nitrolysis system, the yield reaches 92.5%.

Key words: 1, 1-diamino-2, 2-dinitroethylene ( FOX-7) ; dinitromethane potassium salt; 1, 3,5, 5-tetranitrohexahydropyrimidine
(DNNC) ; Mannich reaction; nitrolysis reaction.
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