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Standard enthalpies of formation of some N-spiranes
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The heats of combustion of three compounds, members of a new series of N-spiranes were
measured by combustion calorimetry. The molecules of the title compounds comprise con-
densed and N-spirofused heterocycles as well as nitroxy groups that are both NO-donors and
explosophores. The enthalpies of formation and the heats of explosive transformation of these
compounds are calculated. Two compounds belong to explosives with low heat of explosive
transformation, whereas the third compound is inert.
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of formation.

A large number of N-spiranes exhibit various types
of activity including antitumorigenic one.!l2 Recently,
a new series of quaternary ammonium salts including
N-spiranes was reported.3* Compounds of this series
were obtained by N-aminomethylation of heterocy-
clic NH-acids containing o-nitroxymethyl substituents
(Scheme 1).
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A distinctive structural feature of these compounds is
that their molecules contain fused cationic heterocycles
bearing nitroxy groups (potential donors of nitrogen oxide).
Since such groups show not only biological activity,
but are also explosophores, explosive properties in some
compounds can be expected as in the case of traditionally
used cardiovascular drugs nitroglycerin, nitrosorbide, and
erynitum.

The heat of explosive transformation is an important
characteristic of the explosive properties of compounds.
The heats of explosive transformation can be frequently
used to assess the degree of hazard associated with tech-
nological operations with corresponding substances. The
heat of explosive transformation can be quite accurately
calculated based on the enthalpy of formation.5 Despite
the fact that it was proposed to use N-spiranes as compo-
nents of propellants,® no information on the thermochem-
ical and/or explosive properties of compounds containing
N-spirane rings is available in the literature.

The aim of this work was to determine the standard
enthalpies of formation and the impact sensitivities (IS)
and to calculate the heats of explosive transformation of
6,6-pentamethylene-7a-(nitroxymethyl)-3-oxoperhydro-
imidazo[1,5-c]oxazol-6-ium nitrate (1), 6,6-(tetramethyl-
ene-3"-oxa)-7a-(nitroxymethyl)-3-oxoperhydroimid-
azo[1,5-c]Joxazol-6-ium nitrate (2), and 6,6-(tetramethyl-
ene-3"-oxa)-7a-methyl-3-oxoperhydroimidazo[1,5-c]-
oxazol-6-ium nitrate (3).
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Experimental

The enthalpies of formation of compounds 1—3 were deter-
mined based on the experimentally determined heats of com-
bustion of these substances in oxygen in an automated calorime-
ter with isothermal jacket. The initial temperature of the main
period of experiments was 25.001+0.02 °C. The changes in the
temperature of the calorimeter were measured by a resistance
thermometer with an accuracy of £0.0001 °C. The temperature
of water in the external jacket was 27.00+0.002 °C. The calorim-
eter was calibrated using a K-1 benzoic acid reference sample
(nominal heat of combustion is Q = 26417.8+3.8 J g~1). All
experiments were carried out using a bomb preliminarily filled
with 1 mL of distilled water at an oxygen pressure in the bomb
equal to p = 2.94 MPa. After the completion of an experiment,
the bomb was opened and washed with distilled water. The num-
ber of moles of nitric acid formed in a side reaction from nitro-
gen, oxygen, and water was determined by titration of the solu-
tion thus obtained by 0.1 M KOH solution using phenolphtha-
lein as indicator. Based on the results of analyses, a correction to
the heat of combustion was made which takes into account the
formation of nitric acid from the reaction products. The samples
were weighed on a VLR-20 balance with an error of 2.5-1073 g.

The experimentally determined heat capacity of the calo-
rimeter W was (363.6+1.8)-10~* J (arb. deg)~! in the experi-
ments on the determination of the heats of combustion of com-
pounds 1 and 3 and (363.9+1.3)-10~* J (arb. deg)~! in the ex-
periments on the determination of the heat of formation of com-
pound 2. The error for a 95% confidence interval was calculated
from the relation

o= k,lzxz/[n(n -]

where x is the deviation of each result from the average value,
n is the number of runs, and k is the Student coefficient.

The results of measurements of the heats of combustion and
standard enthalpies of formation of compounds 1—3 are listed
in Table 1.

The change in the internal energy AU; upon combustion of
compound 2 at constant volume at 25 °C was calculated using
the equation’

—AU; = (WAT — g s — gy — qHNo3)/m,

where m is the weight of the substance reduced to its actual value
in vacuo by applying the buoyancy correction; AT is the experi-
mentally measured temperature rise in the calorimeter due to
combustion of the compound under study corrected for heat
exchange between the calorimetric system and the jacket of the

Table 1. Physicochemical properties of compounds 1—3

calorimeter (Regnault—Pfaundler correction,® expressed in
arb. deg); g is the energy of combustion of a cotton filament;
q,, is the ignition energy; and gy o3 is the correction for the heat
of formation of nitric acid from the reaction products, which is
calculated as the product of the heat of formation of a mole of
a nitric acid solution by the number of moles of nitric acid found
in the bomb by titration. The corrections mentioned above were
calculated using the following published data: 16.336 kJ g~! for
the heat of combustion of cotton filament® and 59.789 kJ mol~!
for the heat of formation of nitric acid solution in the bomb.?

Combustion of compound 2 is described by the following
equation:

C1oH16N40g (cr) +9.5 05 (g) =
=8 H,0 (I)+ 10 CO5(g) + 2 Ny (),

where cr, g, and 1 denote the crystalline, gas, and liquid state,
respectively.

From the average value of AU, for compound 2 we calculated
the standard enthalpies of combustion and formation of this sub-
stance (AH° ., and AH°, respectively): Ry = 4.31 kJ mol~!,
AnRT = 6.17 kJ mol~!, AH°, ., = —(5384.8+36) kJ mol~!,
AH°;= —(837136) k] mol~!, where Ryy is the Washburn correc-
tion to the enthalpy of combustion (Washburn correction to stan-
dard state),!® AnRT is the correction for the work of gas expan-
sion in the bomb, An is the difference between the number of
moles of gas in the right and left parts of the chemical equation
describing the combustion of a mole of the substance under study.
In accordance with the equation of combustion of compound 2
one gets An = 2.5.

The AH°,;, value was calculated using the equation

AH° o = AU, + AnRT+ Ry

comb

The AH°; values of the compounds under study were cal-
culated using the following values of the standard enthalpies
of formation of some known compounds: AH°{(CO,®) =
= —-393.505 kJ mol~!,1! AH°(H,00) = —285.838 kJ mol~!.11

The changes in the internal energy upon combustion of com-
pounds 1 and 3 at constant volume and 25 °C were calculated
from the equation

—AU; = (WAT = qer — G — quNo, — dsub)/ ™M,

where g, is the correction for the heat of combustion of an
auxiliary compound (dimethylphthalate and benzoic acid for
combustion of compounds 1 and 3, respectively). The g, value
for compound 1 was calculated using the energy of combustion
of dimethylphthalate measured in a separate series of experi-
ments and equal to 24.089 kJ g~1.

Com- Empirical M.p./°C Picnometric density —AH°comy  —AH’exy,  —AHpeq1c Oexpl IS

pound formula  (with decomp.) /gcm™3 /kJ kg™ (%)
kJ mol—!

1 CyH sN4Og 137 1.51 6166.4+£9.0  735+9.0 740.1 2930 96

2 CioH gN4Og 170 1.64 5384.8£36  837+36 841.8 3310 100

3 CioH17N304 208 1.49 5587.5+£3.5  778%3.5 752.7 2180 0
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Combustion of compound 1 is described by the following
reaction equation:

C11H1gN4Og (cr) + 11.5 0, (g) =
=9 H,0 (I) + 11 CO,(g) + 2N, (9),

Ry = 3.88 kJ mol~!, AnRT = 3.70 kJ mol~!, AH  ,p, =
= —(6166.419.0) kJ mol~!, and AH°; = —(734.819.0) kJ mol .

Combustion of compound 3 is described by the following
reaction equation:

C1oH17N30g (cr) + 11.25 05 (g) =
=8.5H,0 (1) + 10 CO, (g) + 1.5 N5 (),

Ry = 3.51 kJ mol~!, AnRT = 0.62 kJ mol~!, AH ., =
= —(5587.543.5) kJ mol~!, and AH°; = —(777.743.5) kJ mol .

To evaluate the contributions of interactions between func-
tional groups to the enthalpies of formation of the compounds
under study, the AH°; ;. values were calculated using the group
additivity scheme for organic substances in the condensed state
with allowance for the ring corrections.12—14 The contribution
of the fragment N*NO;~(4C) preliminarily estimated from the
heats of formation of dimethylammonium nitrate, trimethylam-
monium nitrate, and tetramethylammonium nitrate equals
—142.3 k] mol~!. Based on this value, the calculated enthalpies
of formation compounds of 1, 2, and 3 are —740.1, —841.8, and
—752.7 kJ mol~!, respectively.

The heat of explosive transformation Qg,,, which correlates
with the calorimetric heat of explosion under the conditions of
quenching equilibrium reactions between the explosion prod-
ucts, was calculated from the relation®

Qexpl = Kerax’

where Q. is the maximum possible heat of explosion for a given
explosive and K is the realization coefficient. The initial data for
Opax calculations include the empirical formula of an explosive,
the enthalpy of its formation, the charge density, and the scheme
of formation of explosion products.!3 The coefficient K, is calcu-
lated from the oxygen balance for the explosive and the compo-
sition of explosion products'® which takes into account the equi-
librium constant of water gas.

The IS as a confirmation of explosiveness or inertness
of the compound studied was determined according to state stan-
dart (GOST 4545-88). The Q. and IS values obtained are list-
ed in Table 1.

Results and Discussion

There are two essential aspects of the present study.
On the one hand, our aim was to obtain thermochemical
data for the N-spiranes synthesized. On the other hand,
a practical aspect of the work was to assess the risk of
explosion when working with compounds whose mole-
cules contain explosophores.

According to the results of determination of the IS
values and heats of explosive transformation (see Table 1),
compound 3 (Qcy, = 2180 kJ kg~!) containing no nitroxy
groups can be considered inert, whereas compounds 1 and

2 can be treated as explosives with low heats of explosive
transformation (Q.y, = 2930 and 3310 kJ kg1, respec-
tively). Compounds 1 and 2 are characterized by a high IS
(see Table 1); this is quite unexpected because the corre-
sponding Q. values are relatively low. The IS values of 1
and 2 approach those of such polynitrate high-explosives
as pyroxylin (100%) and pentaerythrytol tetranitrate
(100%)17 whose Qeyy, values (4600 and 6120 kJ kg~!, re-
spectively)!8 are much larger than those of compounds 1
and 2. To date, no solid explanation for this fact can be
offered. One can assume that the increased IS values of
compounds 1 and 2 can be due to, e.g., specific features of
the molecular packing in the crystal lattice. Elucidation of
the nature of this phenomenon deserves additional inves-
tigations.

Ifthe search for new pharmaceuticals involves the syn-
thesis of N-spiranes similar to those described above, one
should (i) take special care when working with such com-
pounds and (ii) study the possibility to design molecules
with nitroxy groups in such a manner that their ability to
undergo explosive transformation be reduced. In this con-
nection, it seems realistic to introduce some substituents
into molecules in order to reduce the oxygen balance and,
thus, Qcypi-

Summing up, we have experimentally determined and
calculated the standard enthalpies of formation of N-spi-
ranes 1—3 using the group additivity scheme. Good agree-
ment between theory and experiment suggests no contri-
bution from the interactions between functional groups in
the molecules of the compounds under study. Using the
experimentally determined AH°, values, we calculated the
heats of explosive transformation of the N-spiranes studied.
Compounds 1 and 2 whose molecules contain a nitroxy
group should be treated as explosives with low heats of
explosive transformation. Correctness of this consideration
is confirmed by high IS values.

This work was financially supported by the Presidium
of the Russian Academy of Sciences (Program No. 7 "De-
velopment of Methods of Synthesis of Novel Chemical
Substances and Design of Novel Materials").
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