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Table 1 Summary of N,O, Nitration classes

reaction A
conditions
type

examples product name

aromatic

NO,
OmEeAZ0 _
nitration ‘ —

N

nitrolysis  A/O RoN—COCH3 —R,N—NO,

(C-)nitro compound

nitramine

ring 0 H2C\A/(1H2 ——0,NO(CH,),0NO, nitrate ester or
cleavage 0 nitraminenitrate

lecti H3C  CHy0H H3C  CH,0NO,  pitrate ester
selective N L

- (0] derivative of
nitration

0 0 strained-ring compound
Note: 1) A is N,O; in anhydrous HNO; ; O is N,O; in halogenated sol-
vent (e.g. CH,Cl,).
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Table 2 Reactions of epoxides with N,O,

molar ratio of reacti ie
No. R L v
1 H H 1.1:1 5 10 ~15 96
2 Me H 1.1:1 5 10~15 96
3 Me Me 1.1:1 5 15~20 94
4 Et H 1.1:1 5 15~20 96
5 Et Me 1.1:1 10 0~5 90
6 Et Et 1.1:1 5 15~20 91
7" —(CH,),— —CH,— 1.1:1 12 102 89
8! —(CH,),— —(CH,),— 1.1:1 5 15~20 93
9" —(CH,);— —(CHy);— 1.1:1 15 12 +4 77%
10 Ph H 1.1:1 15 -5~5 96
11 Ph Ph 1.1:1 15 -5~5 94
12 CH,OH H 3.0:1 240 0~10 73
13a  CH,CI H 1.1:1 240 10~15 38
13,  CH,CI H 1.1:1 3600 5 85
14 Bu"0 H 1.1:1 960 0~5 74
15 Bu'O H 1.1:1 960 0~5 77
16 oﬁ H 3.0:1 270 0~10 55

(CH, )y
17 H 2.2:1 30 102 91
0
CH,0CH, ~
ISW/ H 2.15:1 270 5~15 31
0
Note: 1) The 7,8 and 9 are cyclic compounds, the structure is ( )
0

2) the yield is for 1 ,4-dinitrate esters, a transannular reaction product.
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Table 3 The reaction using Clay-DNPO and zeolite-DNPO as nitrating agents

yield/ %
subtances substituation product
Clay-DNPO' Zeolite-DNPO?
R =Me(CH,), CH(Et)CH, 99 77
— ’ - R—0—NO
k—OH R=Me(CH,), CH(Me) 2 69 86
HO—(CH,),0H 0,NO(CH,),0NO, 37 84
HOCH,—C—(CH, ) ,OH 0,NOCH,—C—(CH,) ,0NO,

VAR R'=FEt,R* =H,n =4 VAR 83 44

R' R?

R' R?

Note: 1) The temperature for clay-DNPO was =5 ~0 °C; 2) The temperature for zeolite-DNPO was -5 ~5 °C; 3) DNPO is dinitrogen pentoxide.
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Table 4 The influence of substituents on nitration

of propylene oxide compounds by N, O,

molar ratio of reaction reaction time yield

epoxide to N,O5  temperature/ C /min product /%

—H 1.1:1 15 15 PGDN  96.5
—CH, 1.1:1 20 15 BTDN  96.0
—Cl 1.1:1 15 ~20 15 CPDN 5.8
—Cl 1.1:1 15 240 CPDN  95.1
—ONO, 2.0:1 15 240 NG 68.4

Note: 1) the general formula of propylene oxide compounds is
CH,—CH—CH,—R
\O/

trate; BTDN is 1,2-butanediol dinitrate; CPDN is 3-chloro-1,2-

; 2) PGDN is 1, 2-propanediol dini-

propanediol dinitrate; NG is nitroglycerin.
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Review on Green Synthesis of Nitrate Esters

WANG Qing-fa, SHI Fei, Ml Zhen-tao, ZHANG Xiang-wen, WANG Li
( Key Laboratory for Green Chemical Technology of State Education Minisiry, School of Chemical Engineering & Technology,
Tianjin Unwversity, Tianjin 300072, China)

Abstract: The green synthesis of nitrate esters using dinitrogen pentoxide (N, O ) as nitrating agent was briefly summarized. Three
green nitration systems, N,O;-organic solvent, N, O;-solid support and introduction of blocking group were introduced. The charac-
teristic and prospect of each nitration system were analyzed. The ring-open nitration of propylene oxide compounds was investigated
using dinitrogen pentoxide as nitrating agent. The electronic effect and steric effect of substituent on nitration of propylene oxide
compounds were discussed.

Key words: organic chemistry; nitrate esters; green synthesis; dinitrogen pentoxide; epoxides; ring-open nitration



