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1. SULARY

i,

“-  The 'H spectra of twenty-one nitrate <sters have been measured. These were

the higher alkyl nitrates, from n-propyl to n-decyl nitrate, as well as iso-
propyl and iso-butyl nitrates; ethylene, tri=, tetra-, and pentamethylene "
dinitrates; 2,2'-oxydiethyl dinitrate (diethylene glycol dinitrate);

glycerol 1,3~dinitrate; 2-chlorotrimethylene dinitrate; meso-1,2-dimethyl-
ethylene dinitrate; and glycerol 1,2,3- and bucane 1,2,4-triyl trinitrates.

A ccomplete analysis of the spectrum was not possible for any of the
compounds: a number, like thke corresponding fluorides, give deceptively simple
spectra. In others the resolution is not sufficient to allow all the NiR
parameters to be evaluated. A brief discussion of the parameters which were
obtained, and their use in the analysis of mixtures is given.

/
2,  INTRODUCTION !

Previous investigations (1) on the NNR spectra of nitrate esters have been
limited to the simplest members of the series, ethyl and methyl nitrate. The
present work is concerned with the proton spectra of the higher alkyl nitrates,
frowm n-propyl to n-decyl nitrate, as well as iso-propyl and iso-butyl nitrates;
ethylene, tri-, tetra-, and pentamethylene dinitrates; 2,2'-oxydiethyl
dinitrate (diethylene glycol dinitrate); glycerol 1,3-dinitrate; 2-chlorotri-
methylene dinitrate; meso-1,2-dimethylethylene dinitrate; and gl;cerol 1,2,3~
and butane 1,2,4~-triyl trinitrates. Interest in these compounds arises from
their importance in propell-nt technology.

3.  EXPERIMENTAL

All spectra except that shown in Figure 2 were measur<d on a Perkin-Elmer

R10 spectrometer. ‘herever possible the neat liquids were run, using tetra-
methyl silane as internal reference.

The nitrate esters required in the study were prepared by the action of
mixed sulphuric and nitric acids on the corresponding alcohols. ‘ihere
necessary, the products were distilled under reduced pressurss until impurity
peaks could no ionger be seen in their infrared spectra (2).

4.  RESULTS AND DISCUSSION

The NHR spectra of n-hexyl and n-decyl nitrates, characteristic of the
Ce = Cio series, are shown in Figure 1. Each contains three regions. A
triplet due to tne a~CHz group is found at low field strengths, and the
separation between the peaks gives a measure of the average vicinal coupling
constant, JCHzCHz' At the other end of the spectrum is an ill defined triplet,

degraded towards higher fields, arising from the terminal methyl group of the

/molecule; seees
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molecule; the position of its central maximum gives the Clis chuomical shift
accurately, o"though it is dif'ficult to obtain a precise measure of the
coupling constant JCHsCHz from the spacing within the triplet itself’'s The

remaining resonance arises from the other methylenes present in tlie nitrate

(four and eight CH, groups, respectively, in the exatpler snown): it is broad,
but a triplet ccmposed of three broad peaks can be rade out on the low field side,
arising from the f-CH2. The centre of this triplet gives a value for the
f-hydrcgen chemical shift.

ThHe NMR parameters are listed in Table 4. Illost of the variations from one
member to another are very small, but are not easily accounted for in terms of
inductive effeects, so that anisotropic or field effects must be important. The
various values of the chemical shift for the methyl group and of the JCH3CH2

coupling constant are similar to others recorded in the literature (3,4,
(ethyl iodide: TCHs 8.14 ppm, JCH30H2 7.45 cps; ethyl fluoride: TCH3 8.76 ppm;

n-propyl fluoride: Ty 9.0 ppm, Joy o o453 cps, Joy oy 6.20 cps).

The chemical shift of the a-proton in iso-propyl nitrate is sufficiently
different from the others that the region can be used to determine ihe concen-
tration of straight chain impurities; for example, Figure 2 shows the NiR
spectrum of a mixture of iso-propyl and ethyl nitrates (%6:4), run on the neat
liquid.

The spectra of ethylene dinlitrate and diethylene glycol dinitrate are not
particularly well resolved, but chemical shifts can be determined approximately
for the -CH20NO2 methylene groups: the difference is large enough to permit the
diethylene glycol dinitrate (anAA'BB' system) to be distvinguished from ethylene
dinitrate (Table 2; TFigure 3).

In a similer way, the spectra of the dinitrates of propane 1,3~dicl, butane
1.4~¢ciol, and pentane 1,5-diol differ in the chemical shifts between the .« and
g retnylene groups: J&ﬁ ranges from 2.4 ppm in 02NO0(Cliz )30NO, to 2.65 and

finally to 2.8 ppm in 02NO(CHz)sONO2. Virtual coupling (5.6) is present in the
tetramethylene dinitrace, in contrast to the first order triplets display.d in
pentamethylene dinitrate.

Figure 4 shows the spectrum of a typical preparation of 1,%-dimethyl-
ethylene dinitrate (butane 2,3-diyl dinitrate); a comparison with that of the
pure mes: compound suggests the former is mainly the dl isomer, as might be
expected (the melting pcint of the &, diol is only 7.330, some 15° lower than
that of the pure meso, so that preferential enrichment of the liquid phase of a
commercial mixture of the diol stored at room temperature is quite likely).
Both spectra ace of the X3AA'X's type: the methyl resonances are essentially
doublets, with two lines (separated by JAx - JAX') accounting flor half of the

total intensity of the group. The resolution is not sufficient to permit an
analysis of the fine structure, although this can be done for the methine
resonance of the pure meso compound. Figure 4 (c) shows the observed spectrum
compared with that calculated using JAX - JAX' = 6.8 cps, JAX' = 0, and

JAA' = 3.0 cps. Inspection of the methine rrgion in the racemic prenaration

/suggésts DRI
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resaiile Liose of the butane 2,3~diacetoxy derivatives wather lhan 1w di-
bromo compounds (Ref's 7,8; Table 3). Both subspectra are symmeirical about
their nid-points.

Although nitroglycerine (glycerol 1,2,3-trinitrate) rossesses a molecular
symmetry plane, and is thus optically inactive, the plane does not bisect the
connecting line of the geminal protons, which are magnetically non-equiveslent.
As can be seen from Figure 5 (a), the HLR spectrum is complex and of the
XZAXé type: it shows close similarities to (for evample) the spectrum of
triacetin (9). Two closely related compounds are 1-chlorotrimethylenc 2,3-diyl
dinicrate and 2-chlorotrimethylene 1,3-diyl dinitrate (Cl.Clz.CH(ONOZ)Ci%2.0NO,
and 02N0CH2.CHCL.Cll2.ONO2 ). These have been used in the past (10) in 1he
preparation of samples of glycercl trinitrate in which one ester group is
labelled with aitrogen—15. 4is can be seen (Figure 5, (b) and (c)), their
spectra dilfer considerably; while the 2-chloro compound shows an essentially
first order pattern - ith only » slignt splitting of the methine proton
resonance, the l-chloro derivative is an ilxA¥p systen. The isomers cun be
distinguished one fron another by N.R, and both can be identified in admixture
with nitroglycerine itself.

5«  ACiNO0.LIDGEE ITA

The N.R spectra vere run by G.C. Bromberger, iwrs. 2.d. uller,
iiss S.... Hutchinson, and Ferkin-zlmer Ltd. (Beaconsficld}. A number of the
nitrate esters were »repared by J.V. Griffiths and N.{. Paul.
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TABLE 1

Chemical Shifts and Coupling Constants

Chemical Shifts (), ppm | Coupling Constants, cps

nitrate CHz p—-CHz a~CHz JCH3CH2 JCHzCHz
ethyl 8.72 - 5.49 7.0 -
n~propyl 9.0 - 5.50 6.9 6elp
a-butyl 9.0 - 5.53 6.7 6o
n-hexyl 9.10 8.29 5455 - 643
n-heptyl 9.10 8.29 5.56 - 6.1
n~-octyl 9.10 8.28 5.58 - 6.3
n-nonyl 9.11 8.29 5.58 - 6e3
n-decyl 9.10 8.33 5450 - 6.3
iso-propyl | 8.66 - be79% 6.2° -
isc~butyl 8.99 - 5¢7h 6.5b 645
%a-CH

bJCHscH

" /TABLE 2 eeene




. TABLE 2

Chemical Shifts. ppm

: nitrate CHz - ~CHz- or =CH~  ~Cll20NO,
é ethylene di- - - 4.95
2,2'-oxydiethyl di- - 6.16" £, 30
éi trimethylene di- - 771 5¢31
E: tetramethylene di- - 8.27 5.46
5 pentamethylene di- - 8.27 5.46
z: butane 1,2,4-triyl tri- 8.53 - A.hjb
%g 1,?-dimethy1ethylene b
3 di-(meso) 8.57 - L.61
s (a1) 8.53 - 4e65°
f? glycerol 1,2,3~tri- - - 4.24?
No. 5.06
? glycerol 1,3-di- - 4s3 5.3
i ' 2-chlorotrimethylene di- - 5.58 5.25
‘ #-CHz~CHz =0

P _CH-01O, /

/TABLE 3 coeee




TABLE 3

Coupling Constants in Butane 2,3- Derivatives

\§ Butane JAA' JAX jAX'
3 .
I
Ef ; dl-dibromo (Ref. 7) 3.03  6.75 +0.02
: i
5 i meso~dibromo (Ref. 7) 6.26 6.48 ~0.13
J
' meso-dinitroky 3.0 6.8 0

| meso-diacetoxy (Ref. 7) | 3.53 6.63 +0.03
i dl-acetoxy (Ref. 7) 5.12  6.51 -0.08

S. No. 56/69/CJ
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NLR spectra - n-hexyl and r-decyl nitrates.

Ethyl nitrate (b) as an impurity in iso-propyl nitrate (a). The
a=proton resonance.

Ethylene dinitrate (a) and diethylene glycol dinitrate (b ~ b').

The methine resonances:

(a) 1,2-dimeth:lethylene dinitrate
(bg meso-1,2-dimethvlethylene dinitrate
(¢) Calculated and observed for meso-butane 2,3-diyl dinitrate.

Only one half of the spectrum is shown (expanded scales). !
(a) nitroglycerine (glycerol 1,2,3-trinitrate)
(b) 1-chlorotrimethylene 2,3-diyl dinitrate
(¢) 2-chlorotrimethylene 1,3-diyl dinitrate.
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ERCE Technicul

M & No. 22 6
emorandum No. 22/M/68 R.T.M. Froser

February 1969

The 'H spectra of twenty-one nitrate esters have been measured. These
were the higher alkyl nitrates, from n-propyl to n-decyl nitrate, as weil cs
isc-propyl and iso-tutyl nitrates; ethylene, tris tetro-, and pentomethylene
dinitretes; 2,2'-oxydiethyl dinitrate (diethylene glycol dinitrate};
glycerol 1,3-dinitrate; 2-chlorotrimethylene dinitrate; meso-1,2-dimethyl-
ethylene dinitrate; ond glycerol 1,2,3- and butane 1,2,4-triyl trinitrates.

A complete ainalysis of the spectrum was not possible for any of the
compounds: a number, like the corresponding fluorides, give deceptively
simple spectra. In others the resolution is not sufficient to allow all the
NMR parcmeters te te evaluated. A brief discussion of the parameters which
were obtained, and thefir use in the analysis of mixtures is given,

6 pp, 5 rigs, 3 tables
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The NMR Spectra of Nitrate Esters I

ERDE Technicel
Memorandum No. 22/M/68

The NMR Spectra of Nitrate Esters

R.T.M. Fraser February ]969

The 1H spectra of twenty-one nitrate esters have been measured. These
were the higher alkyl nitrates, from n-propyl to n-decyl nitrate, as well as
Iso-propyl and iso-butyl nitrctes; ethylene, tri-, tetra-, and pentcmethylene
dinftrates; 2,2'-oxydiethyl dinitraté {diethylene glycol dinitrate);
glycerol 1,3-dinitrate; 2-chlorotrimethylene dinitrate; meso-1,2-direthyl~
ethylene dinitrate; end glycerol 1,2,3- and butane 1,2,4~triyl trinitrates.

A complete analysis of the spectrum was not possible for any of the
compounds: & number, like the corresponding fluorides, give deceptively
siople spectra. In others the resolution i{s not sufficient to allow gll the
NIR parameters to be evoluated., A brief discussion of the parcmeters which
were obtained, cnd their use In the analysis of mixtures is given.

6 pp, 5 rigs, 3 tables

ERCE Technical The NIMR Spectra of Nitrate Esters
Memorendum No. 22/M/68 g p n, proser February 1969

The 1H spectra of twenty-one nitrate esters have been measured. These
were the higher alkyl nitrgtes, from n-propyl to n-decyl nitrate, as well as
1so-propyl and iso~tutyl nitrates; ethylene, tri-, tetra-, and pentcmethylene
dinitrates; 2,2!-oxydiethyl dinftrate (diethylene glycol dinitrate);
glycerol 1,3-dinitrate; 2-chlorotrimethylene dinitrate; meso~1,2-dimethyl~
ethylene dinitrate; and glycerol 1,2,3- and butane 1,2,4~trivl trinitrates.

A complete onclysis of the spectrum 483 not possible for any of the
compounds: a number, like the corresponding fluorides, give deceptively
simple spectrz. In others the resolution is not sufficient to allow all the
NIMR parametere to be evaluated. A brief d{scussion of the parzmeters which
were obtained, cnd their use In the anelysis of mixtures is given.

6 pp, 5 tigs, 3 tableg
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