DEHYDROGENATION OF PIPERAZINE INTO PYRAZINE ON ALUMINA-PLATINUM
CATALYSTS
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Dehydrogenation of piperazine on alumina—platinum catalysts at 360-400°C was
investigated. It was found that the alumina—platinum catalyst has low selec-
tivity in the formation of pyrazine (yield $43%), and dehydrogenation is ac-
companied by decomposition and coke formation and products of decomposition
in the formation of alkylpyrazines. The alumina—platinum catalyst in In,04
and Re,0, additives permits obtaining pyrazine with a yield of up to 80Z.
Dehydrogenation of piperazine is accompanied by reactions of decomposition,
dehydroisomerization, and alkylation to a small degree, resulting in the for-
mation of pyrrole, methylimidazole, and alkylpyrazines.

Pyrazine (II) and its alkyl-substituted homologs are used for preparation of drugs, in-
secticides, fluorescent dyes, and flavoring additives [1]. Dehydrogenation of piperazine (I)
in the presence of oxide and supported metal catalysts is a common method of its preparation
{2]. Of these catalysts, the platinum catalysts widely used in different dehydrogenation
processes, including dehydrogenation of higher paraffins into olefins [3], aromatization of
paraffin hydrocarbons [4], and finally, reforming of gasolines [5, 6], are of special inter-
est. The comparative data show that platinum catalysts supported on Al,0; are the most ac-
tive and stable of the existing dehydrogenating catalysts. Nevertheless, dehydrogenation of
(I) on a platinum catalyst has only been studied in [7], where the reaction was conducted in
the pulsed mode at too low a temperature and on a sample with a support (refractory brick)
inappropriate for dehydrogenation. It was possible to increase the yields of (II) and im-
prove the selectivity of the process by using alumina—platinum catalysts and using the avail-
able experience in modifying them in other dehydrogenation processes.

RESULTS AND DISCUSSION

The results of the experiments on dehydrogenation of (I) on different alumina—platinum
catalysts are reported in Table 1. The unpromoted catalyst (Cat-1) was not very efficient
for dehydrogenation of (I). In conditions where the conversion attained 100%Z, the yield of
(II) on this catalyst is <43%. The remainder are by-products including 327 coke and gaseous
products and 257 alkylpyrazines. The low yields of pyrazine on this catalyst are thus due
to its low selectivity, more precisely, the processes of decomposition and coke formation
and the participation of the products of decomposition in alkylation of the pyrazine formed
which intensely take place against the background of dehydrogenation.

Attempts were made to suppress the acid function of the catalyst by addition of X,0
(Cat-2) in order to reduce the side processes. This resulted in an increase in the yield of
catalyzate and a decrease in the fraction of alkylpyrazines in it, so that the yield of (II)
increased by 1.5 times compared to the unpromoted sample. In addition to alkylpyrazines, the
by-products contained a small amount of pyrrole. The yield of (II) decreased slightly with
an increase in the concentration of Pt to 2% (Cat-3), due to an increase in the yields of
pyrrole and alkylpyrazines. ‘

A significant increase in the yields of (II) (to 70%) was obtained by addition of In,0,
to the catalyst (Cat-4), which not only suppresses the acid function of the alumina—platinum
catalyst, but also simultaneously increases its dehydrogenating activity [8, 9]. It is pos-
sible to obtain highly active catalysts by addition of In,0; even when exhausted reforming
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catalysts are used (Cat-5, 6). However, the amount of by-products on this catalyst is still
relatively large (~11.5% alkylpyrazines and ~2.27 pyrrole).

Addition of Re caused a further increase in the selectivity of the catalyst, which per-
mitted increasing the yield of (II) to an even greater degree. The simultaneous incorpora-
tion of In,0, and Re,0, was especially effective, increasing the yield of (II) to almost 807
while decreasing the yields of alkylpyrazines to 5.17% and pyrrole to 0.67 (Cat-8).

The data of dehydrogenation of (I) on an alumina—chromium—potassium catalyst [10] are
also reported in Table 1. This catalyst was not very effective in dehydrogenation of (I):
the yield of (II) on it was $38% for 1007 conversion of (I) (Cat-9).

The Pt—Al1,0;—In,0;-Re,0, catalyst which exhibited the best results was used for prepara-
tive purposes. In distillation of a reaction mixture containing (II), alkylpyrazines, and
pyrrole in addition to narrow fractions, another fraction was separated [bp 140-160°C, 20 mm
Hg, yield of 4.5% for the starting (I)] which crystallized at ~20°C. The 2-methylimidazole
was separated by recrystallization from benzene. In addition to it, this fraction contained
unsubstituted imidazole and N-methylimidazole, with yields of 2.1, 0.9, and 0.05% for the
starting (I), respectively. The NH; and C,H;NH, were separated from an aqueous solution con-
taining absorbed gaseous products. The amount of NH; was equivalent to hydrogenolysis of
~5%7 of the starting (I) if both molecules of NH; were eliminated. The number of moles of
C,Hs;NH, was ~50 times less than NHj.

Thus, in addition to dehydrogenation (reaction I), (I) undergoes decomposition (deamina-
tion), dehydroisomerization, and alkylation on alumina—platinum catalysts. Schematically,
these transformations can be represented as follows
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TABLE 2. Effect of the Nature of the Diluent Gas on the Yield
of Pyrazine in Dehydrogenation of Piperazine on Modified Alumi-
na—Platinum Catalysts (100% conversion)

Samplin Yield, wt. % .
Catalyst T.°C Diluent tiﬁz hg Coke, %
? catalyzate)|pyrazine
Cat-4& 400 H. 0-1 73,4 60,7 20
1-2 82.3 68.9
2-3 80.0 66.7
3-4 76.2 63,5
Cat-& 380 He 0—1 1.5 55,6 20
1-2 771 62,5
2-3 * 82,9 53,4
3-4t 815 51,8
Cat-8 400 H, 01 755 69,0 2.7
-2 84,4 78,7
2-3 86,7 81,6
3-4 82,7 76,9
Cat-8 375 He 0—1 76,0 66,7 2,3
{2 79,2 72,8
2-3 90,4 82,2
3-4 82,8 78.1

*Conversion of (I) of 96.97.
tConversion of 87.4%.
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Incomplete deamination of the piperazine ring can result in ring narrowing and formation
of pyrrole according to reaction (2), and complete deamination can cause formation of ethyl-
ene. Since the yield of pyrrole increases with an increase in the concentration of Pt from
0.6 to 2.0%, it is possible to hypothesize that decomposition of the piperazine ring takes
place with the participation of Pt sites. The absence of pyrrole among the products of trans-
formation of (I) on the unpromoted sample is due to the ease of its oligomerization under the
effect of acids [11]. Addition of In,0, suppresses the acidity of Al,0,;, but the residual
acid sites remain [12], and their strength is apparently sufficient for isomerization of the
six-member ring into a five-member ring, which forms 1- or 2-methylimidazole after dehydro-
genation [reaction (3)]. 1-Methylimidazole is easily demethylated or isomerized into 2-
methylimidazole on Al1,05; [13]. Then (I) is alkylated with the formation of methyl- or ethyl-
pyrazines [reaction (4)].

The stability of the catalyst is important for the practical implementation of the pro-
cess. As noted above, the experiments on dehydrogenation of (I) were conducted in an atmos-
phere of H,, whose role consists of reducing coke formation. However, introduction of H, is
unfavorable in another respect, since the equilibrium is shifted, which requires increasing
the temperature to obtain the same yields of (II). From this point of view, an inert gas
which permits conducting the process at lower temperatures is preferred. The results of ex-
periments on Cat-4 and Cat-8 conducted in an atmosphere of He and H, are reported in Table 2.
On Cat-4, the yield of (II) in conducting the experiment in H, was almost constant during the
entire four-hour experiment. When H, was replaced by He, the same yield of (II) was obtained
at a lower temperature, but it decreased significantly during the experiment. At the same
time, the yields of (II) in a He current were the same and were stable during the entire ex-
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periment on Cat-8, which contains Re,0, in addition to In,0,. The elevated stability of this
catalyst was also confirmed in conducting 12-hour experiments on dehydrogenation of (I).

EXPERIMENTAL

The experiments on dehydrogenation of (I) were conducted on a flow-type setup with a
quartz reactor. Piperazine was admitted into the reactor in the form of vapors in a current
of the carrier gas. The products of the reaction were collected in two sequentially connected
containers cooled with ice and a mixture of dry ice and acetone, respectively, and the uncon-
densed products were bubbled through a Tishchenko flask with water. The experiments were con-
ducted at 360-400°C and the volume flow rate of (I) (melt) was 0.35-1.59 h™! with dilution
with H, or He 7:1 (molar). The duration of the experiment was 1-4 h with hourly sampling of
the products of the reaction for analysis.

The products were analyzed by GLC in a 3 m x 3 mm column; 1 wt. 7% PEG-20,000 supported
on NaCl (0.15-0.25 mm fraction) was used as the stationary phase. The temperature of the
analysis was 80°C, the carrier gas flow rate was 30 cm®/min, FID. The products were identi-
fied by chromatography-mass spectrometry on a Varian MAT using the same chromatographic col-
umn. The composition of the products was also confirmed by the PMR spectra (Tesla BS-467
spectrometer, 60 mHz) of the narrow fractions separated from the catalyzate by distillation
in a column with an efficiency of six theoretical plates. The mass spectra (MS) and PMR spec-
tra of the products contained in the catalyzate are reported below (cf. [14]): pyrazine [MS,
m/z: 80, 53, 40; PMR (8§, ppm): 8.63 s (4H)]; methylpyrazine [MS, m/z: 84, 67, 26; PMR (S,
ppm): 2.84 s (3H, 8.48 m (3H)]; ethylpyrazine [MS, m/z: 108, 107, 80; PMR (8§, ppm): 1.27 m
(34, J = 7.5 Hz), 2.99 q (2H, J = 7.5 Hz), 8.48 m (3H)]; pyrrole [MS, m/z: 67, 41, 40; PMR
(8, ppm): 6.39 m (2H); 7.01 m (2H)]; methylpyrrole [MS, m/z: 81, 80, 53]; 2-methylimidazole
[(mp 140-142°C, PMR (CD,0D, HMDS standard, &, ppm): 2.27 s (3H), 6.80 s (2H)]; ethylamine
(PMR (H,0—CD,0D, 9:1, &, ppm): 1.54 t (3H), 2.87 q (2H)].

The composition of the catalysts studied is given in Table 1. Platinum was applied on
¥-Al,0; by impregnation of y-Al,0, grains with an aqueous solution of H,PtCl; previously
moistened with an aqueous solution of acetic acid. The remaining additives were added by
successive impregnation with aqueous solutions of KOH, In(NO,),-4.5H,0, or (NH,),Re,0, with
intermediate crying at 140-160°C for 6 h. The catalysts prepared in this way were calcined
in an air current at 550°C for 4 h. The alumina—chromium catalyst contained 15 mole Z Cr,04
and 85 mole % Al,0;, to which 1 wt. % K,0 was then added.
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MECHANISM OF OXIDATION OF CYCLOHEXANE BY THE RADICAL CATION OF
PYRIDINE N-OXIDE

S. I. Kulakovskaya, S. N. Shamaev, UDC 541.124:542.943:547.592.12:
and V. M. Berdnikov 541.515-128.4:547.823

Oxidation of pyridine N-oxide in the presence of cyclohexane was studied on
platinum and carbon glass rotating disk electrodes using the method of cyclic
voltammetry in 0.2 N LiCl0, in acetonitrile. It was hypothesized that the
electrochemically generated N-oxide radical cation reacts with cyclohexane
according to the mechanism of hydrogen atom cleavage.

To explain the unusual selectivity of oxidation of some hydrocarbons in systems of the
"Zhif'" type, it was hypothesized in [1] that the particle Py0- which can be considered an
oxygen cation solvated by a base capable of transporting ot to the organic substrate, is
formed in them. The data obtained in studying electrochemical oxidation of pyridine N-oxide
on platinum and carbon glass (CG) electrodes in acetonitrile in the presence of cyclohexane
are reported in the present communication; they permit judging the possible mechanism of the
reaction of PyOT with the cyclohexane molecule.

EXPERIMENTAL

The method of the rotating disk electrode (RDE) prepared from platinum or CG and the
method of cyclic voltammetry were used in the electrochemical experiments. A number of de-
tails of the experimental method was described previously [2]. A PI-50-1 potentiostat with
a PR-8 programmer was used for recording the polarization curves, and an ESM-700 electrochemi-
cal measurement system (GDR) was used for recording the cyclic voltammograms. The electrode
areas were equal to 0.07 em? (Pt) and 0.181 cm? (CG). The reference electrode was an aqueous
normal calomel electrode (n.c.e.) separated from the cell by a transition bridge filled with
0.2 N LiCl0,. The potentials are reported with an error of #10 mV. All measurements (except
for specially mentioned cases) were conducted in an atmosphere of argon (special purity).

RESULTS AND DISCUSSICN

One-electron oxidation of pyridine N-oxide on Pt or CG RDE takes place irreversibly for
E,/, = 1.72 V, and the limiting current has a diffusion character [2]. In the 0.0 to 2.1V
potential range, cyclohexane is not oxidized on either Pt or on CG electrodes. However, when
cyclohexane is added to a solution containing 107® M PyO and 0.2 N LiCl0, in CH4CN, a decrease
is observed in the limiting current of oxidation of Py0O, manifested more clearly in each suc-
cessive recording of the voltammograms (Fig. 1). The higher the concentration of cyclohexane,
the more sharply this effect is manifested. For a concentration of C,H,, 2 5°107% M, the
voltammograms acquire a hump-shaped form which could be due to adsorption of the product of
the chemical reaction following the electrode process. In our experiments, the electrodes
underwent two alternate polarizations for 20 sec at 1.5 and 0.0 V before recording each vol-
tammogram. Since this pretreatment does not eliminate the effect of inhibition, it is pos-
sible to hypothesize that strong chemisorption of a substance which is the product of the
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