26

Section 4. Chemistry

Bagirzade Gulu Ahmed oglu,

assistant professor

of Department of Pharmaceutical Toxicology
and Chemistry, Azerbaijan Medical University

Guliyev Fikret Ali oglu,

professor of Department of
Pharmaceutical Toxicology and Chemistry
Azerbaijan Medical University

PRODUCTS OF VAPOR OXIDATIVE
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AND THEIR CHROMATOGRAPHIC ANALYSIS

Functionally substituted aromatic nitriles, including 4-chloroph-
thalonitrile, are perspective raw materials for the production of dyes,
heat-resistant polyimide polymers and other important products [1].
Gas-phase catalytic oxidative ammonolysis is a single-stage efficient
method for the synthesis of imides and aromatic nitriles [2]. Previ-
ously, the vapor-phase oxidative ammonolysis of o-xylene on a V-Sb-
Bi-Cr/7-Al,O,-oxide catalyst was studied to obtain phthalimide [3], as
well as 4-bromo-o-xylene [4] and 4-phenyl-o-xylene [S] on the V-Sb-
Bi-Zr/y-Al O,-oxide contact to obtain the corresponding phthaloni-
trile. Itis important to add that, based on kinetic data, a mechanism for
the formation of products of oxidative ammonolysis of both 4-bromo-
o-xylene [6] and 4-phenyl-o-xylene [ 7] was proposed at this contact.
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We [8] indicated the impossibility of comparing the transformations
of 4-phenyl-, 4-bromo- and o-xylene during oxidative ammonolysis
within the same reaction series. Therefore, a comparison under the
same conditions of the reactivity of 4-phenyl-, 4-bromo- and o-xylene
in vapor-phase oxidative ammonolysis was studied. To assess the re-
activity, the conversion values of the starting materials were used and
it was determined that these aromatic compounds are located in the
following order in terms of reactivity: o-xylene> 4-phenyl-o-xylene>
4-bromo-o-xylene. An explanation is given that due to the prevailing
role of the steric factor of the bulky phenyl radical in the adsorption
stage and the electronic factor of the bromine atom in the kinetic re-
gion, it is impossible to compare the transformations of 4-phenyl-o-
xylene and 4-bromo-o-xylene within the same reaction series, which
determined the heterogeneity of the limiting stage and polar effects in
these complex processes. For both substituted o-xylene in the process
of oxidative ammonolysis, the kinetic control is not of the same type
and, therefore, the applicability of the free energy linearity principle
(FEL), i.e. the eligibility of using p-o analysis or the proportionality
(additivity) of the action of the electronic effects of substituents within
the same reaction series is not fulfilled. However, when comparing
under the same conditions the reactivity of o-xylene, 4-chloro- and
4-bromo-o-xylene in heterogeneous catalytic oxidative ammonolysis
on a V-Sb-Bi-Zr/y-Al O -oxide catalyst, the kinetic control is of the
same type and, therefore, the actions of the electronic effects of sub-
stituents within the framework of one reaction series are performed
[9]. In [10], the reactions of the vapor-phase oxidative ammonolysis
of 4-chloro-o-xylene on oxide catalysts were studied and it was shown
that, on all samples of catalysts, the chromatographic method identi-
fied as reaction products 4-chlorobenzonitrile, 4-chloro-o-tolunitrile,
4-chlorophthalonitrile, 4-chlorophthalimide and carbon dioxide.
Compared with other oxides of metals of variable valence, upon modi-
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fication of the base V-Sb-Bi/y-AL O, oxide catalyst ZrO,, the param-
eters of the process of oxidative ammonolysis of 4-chloro-o-xylene to
obtain 4-chlorophthalonitrile turned out to be higher. Indeed, in the
oxidative ammonolysis of 4-chloro-o-xylene on a V-Sb-Bi-Zr/y-AL O,
oxide catalyst, 4-chlorophthalonitrile is obtained with a selectivity of
86.42% at a 97.6% conversion of the starting 4-chloro-o-xylene (co-
xy), i.e. the yield of the target dinitrile is 84.35% at T= 673K, contact
time 1.87's,=1.24 kPa, =7.80 kPa and = 61.91 kPa. In this case, 4-chlo-
rophthalimide is formed with a yield of 2.88%, which is considered
the second main product along with 4-chlorophthalonitrile. Since
ortho-substituents create a steric tension that favors intramolecular
cyclization, due to which an imide is formed from the substrate and
dinitrile and under the influence of the polar effect, isolated transfor-
mations of xylenes occur with the formation of dinitriles [11]. The
yields of the main products, being highly dependent on the process
conditions and the catalyst used, are determined by the structure of
the initial and intermediate substances [12]. Kinetic measurements
were carried out on a setup with a 20 cm® non-gradient flow reactor
made of 12Kh18N10T steel with a vibrofluidized catalyst bed. To
prevent condensation of high-boiling products, a part of the instal-
lation was thermostated at 520-540 K. Oxygen and nitrogen were
purified from traces of organic compounds and dried before use. Am-
monia was passed through an oil filter. We used 4-chloro-o-xylene of
chemically pure grade. 4-chlorophthalonitrile, 4-chlorophthalimide,
4-chloro-o-tolunitrile, and 4-chlorobenzonitrile were isolated from
the products of oxidative ammonolysis of 4-chloro-o-xylene and puri-
fied by distillation [13].

In the reaction products, 4-chlorophthalonitrile, 4-chloro-o-
tolunitrile, 4-chlorophthalimide, 4-chlorobenzonitrile, CO, and
unreacted 4-chloro-o-xylene, oxygen, and diluent gas nitrogen were
identified by chromatography. Chromatographic analysis was car-
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ried out according to the following scheme. The reaction gases were
passed successively through 1, 4-dioxane traps to absorb nitriles,
4-chlorophthalimide, and 4-chloro-o-xylene and sulfuric acid to
absorb ammonia. Analysis of carbon dioxide was carried out on an
LKhM-8MD chromatograph. TEGNM on INZ-600 was used as a
stationary phase. The separation of O, and N, was carried out on the
same chromatograph on a parallel column with Na X. The ammo-
nia concentration at the outlet of the reactor was determined from
the results of titration of unreacted sulfuric acid in the second trap.
Analysis of the products absorbed by 1, 4-dioxane was carried out
on a Khrom-5 chromatograph with a flame ionization detector. As
a stationary phase, which was filled in a column 1200 mm long and
4 mm in diameter, a mixture of Apiezon L (21%) and PEG-40000
(0.5%) was used on N-AW chromaton (0.2—0.25 mm) or poly-
sorb-1 alone (0.25-0.5 mm). The flow rate of the carrier gas (nitro-
gen) is 80 ml/min. Sample inlet temperature 353 K, programmed
temperature rise rate 20 deg/min. Chromatograms were calculated
using the internal standard method (label-tetradecane).
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