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NITRATION BY OXIDES OF NITROGEN, PART 1: PREPARATION OF NITRATE 
ESTERS BY REACTION OF STAINED-RING OXYGEN HETEROCYCLES WITH 

DINITROGEN PENTOXIDE 

P Golding, R W Millar*, N C Paul and D H Richards (deceased) 
Ministry of Defence, R.A.R.D.E., Powdermill Lane, Waltham Abbey, Essex EN9 1AX. 

Summary: Epoxides and oxetanes react with dinitrogen pentoxide to give the 
corresponding dinitrates in high to near quantitative yields. The scope and 
limitations of the method are briefly discussed. 

We describe herein a novel method for the preparation of polynitrates (nitrate 
esters of polyols), which are important ingredients of many explosives and 
propellantsl, and are also used medicinally2 
chemistry3. 

and as protecting groups in sugar 
Nitrate esters are usually prepared by reacting the appropriate 

alcohol with a nitrating agent such as pure nitric acid or nitric acid-sulphuric 
acid mixtures4, although recent reports describe their preparation by the 
reaction of alcohols or their derivatives feg triflates) with novel nitrating 
agents such as thionyl chloride nitrate5 or tetrabutylammonium nitrate6, or by 
direct attack on alkenes by electrophiles such as thallium (III) nitrate7 or 
mercury (II) nitrate*. Other well established methods include transfer 
nitrations utilising the action of nitrocollidinium tetrafluoroborateg or 
acridinium nitratelo on alcohols, as well as attack by mercury (I) or mercury 
(11) nitrates on alkyl halides'l. Many of these methods are unsuitable for 
large-scale application, however, since they employ excessively expensive or 
toxic reagents, or are not directly applicable to polynitrate synthesis. 

Our method uses a non-hydroxylic starting material, a small-ring oxygen 
heterocycle, which is cleaved upon reaction with an oxide of nitrogen, 
principally &nitrogen pentoxide (N205), a material readily and cheaply 
preparable by ozonation of dinitrogen tetroxidel'. Poly- (di-, tri- and tetra-) 
nitrates are thus generated, arising from cleavage of the ring at the C-O bond 
with addition of one mole Of N205 and consequent relief of ring strain (eqns 1A 

R-CH-CH-R’ N205 02NO-CH-CH-ON02 
\ / ___---___----_> I I 
0 R R’ 

-__-_____- 1A 

R2 R3 
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Rl H 
0 

R1 R2 H 

N205 II I ___-__--_---_-----_> 02NO-[-~3C-~ONO2 

& 18). The reaction is carried out in a halogenated solvent at sub-ambient 
temperature, and the polynitrate is formed cleanly and in high to near- 
quantitative yield in all but two cases (Table). 
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Entry Heterocycle Mel ti+j: Reaction Temp. Yield 
substrate time (min.) OC % 

A. EDoxides 
R R' 

1 H H l.l:l 5 10 to 15 961.16 

2 Me H l.l:l 5 10 to 15 961,17 

3 Me Me l.l:l 5 15 to 20 941 

4 Et H l.l:l 5 15 to 20 96l' 

5 -(C&)LI- l.l:l 5 15 to 20 >97 

6 Ph H l.l:l 15 -5 to 5 96 

7 Ph Ph l.l:l 15 -5 to 5 9418 

8 CH2OH H 3.0:1 240 0 to 10 73*1,16 

9 CH2CH- H 3.0:1 270 0 to 10 55**1 

'O/ 

B. Oxetanes 

Rl R2 R3 

10 H H H 1.33:1 45 5 to 10 8E1 

11 H -(C&)5- 1.33:1 180 10 to 15 86 

12 H Me Me 1.33:1 180 10 to 15 73 

13 H CH20H Me 4.O:l 28 hr 0 to 10 ee*l 

14 Me Et Et 1.30:1 180 -10 to 0 16 

15 PS Et H 1.37:l 90 -5 to 5 21 

All reactions were carried out in dichloromethane; in entries 8 & 9, anhydrous 
aluminium chloride (1 x-1101) was also added as catalyst. 

All yields are isolated yields. 
All products were identical to authentic samples prepared by nitration of the 

corresponding polyols (except for entries 6 & 7, which were identified by 
i.r. and 'H nmr spectroscopy). 

* Trinitrate 
**Tetranitrate 

A typical procedure is as follows: G4UTION: Many of the products described 

herein are highly explosive and appropriate precautions should be taken in their 
handling. A dry flask of appropriate size, fitted with a thermometer and a 
guard tube containing anhydrous calcium chloride, was placed in a constant 
temperature bath and a known weight of NzOs (25 to 50 ml solution in 
dichloromethane) was added with magnetic stirring. When the solution was at 
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the stated temperature (Table) sufficient dichloromethane solution of the oxygen 
heterocycle (ca 500mg per ml) was added over 2 to 5 mins to achieve the stated 
molar ratio. The mixture was then stirred for the appropriate time, agitated 
with saturated sodium hydrogen carbonate solution to remove any excess acidity, 
and the dichloromethane layer was separated, dried over anhydrous magnesium 
sulphate and filtered. Removal of solvent from the filtrate under reduced 
pressure (temperature <30°C) gave the product, generally in the form of a viscous 
oil. 

Thus the cleavage of small-ring oxygen heterocycles by N205 constitutes a general 
route for the introduction of nitro groups which possesses advantages over 
conventional nitrations, namely: i) ease of temperature control - reactions are 
essentially non-exothennic, ii) simple product separation - evaporation of 
solvent often suffices, iii) absence of waste acids for disposal and iv) high 
selectivity in position of attack - stilbene and styrene oxides are not attacked 
in the aromatic ring. With hydroxyl-containing substrates, eg glycidol and 3- 
methyl-3-(hydroxymethyljoxetane, the ring cleavage proceeds in similar manner, 
albeit under more forcing conditions: when 2 mol N205 are used the corresponding 
trinitrates are formed, consistent with the reported facility of hydroxyl group 
nitrations by this reagent13. Butadiene diepoxide (entry 9) was likewise 
deactivated, presumably for steric reasons, and forcing conditions (A1C13 

catalyst) were also required with this substrate. 

Problems from side-reactions were encountered rarely: oligomer formation (by 
cationic ring-opening polymerisation of the heterocycle) occurred in general only 
if the mode of addition of the reagents was reversed, whilst oxidative 
degradation was only a problem with highly substituted (polyalkyl) substrates in 
which ring opening was hindered. Finally, it was established that ring strain in 
the substrate was essential for the formation of polynitrates in high yield: 
cyclic ethers with ring size greater than four or acyclic ethers reacted very 
slowly to give only traces of nitrate esters, yielding instead mainly oxidation 
products such as aldehydes and carboxylic acids. 

Prior to this study, only one instance of the cleavage of small-ring oxygen 
heterocycles by an oxide of nitrogen had been reported14. Here, ethylene oxide 
and its alkyl derivatives were reacted with NpOq (eqn 2) to yield, as isolated 
products, 1,2-diol mononitrates, which could only be converted to polynitrates in 
a separate stage utilising conventional nitration media. We have established 

CH>-CH2 N204 H20 
\ / -____-____--___> ONOCH>CH2ONO2 -____--___-> HOCH2CH20N02 
0 -HNO2 

--__---__- 2 

further that the intermediate nitrite-nitrate can be converted in situ by 
oxidation with ozone to the dinitrate, but conclude that direct nitration to the 
dinitrate as shown in eqn 1A is preferable. After the commencement of this study 
a report appeared describing a closely-related reaction, the cleavage of epoxides 

by nitronium perchlorate l5 (eqn 3) to yield covalent perchlorate derivatives. No 
experimental details were given, however, and because such products are of 

RCH-CHR N02+ClOq- 
\ / -___-____-___-_______> O2NOqH$MOClO3 
0 RR 

_--___-__- 3 

little practical value, being dangerously unstable, this route is of limited 

value. In contrast, our method has been shown to have wide applicability 
generating valuable products using cheap and readily available reagents. 
Additional synthetic and mechanistic aspects will be presented in future 

publications. 
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