METAL COMPLEXES OF TETRAPYRAZINOPORPHYRAZINES —
EFFECTIVE CATALYSTS OF THE OXIDATION OF MERCAPTANS

V. E. Maizlish, A, B. Korzhenevskii, UDC 547.866:541.128
and V. N. Klyuev

The catalytic activity of the tetrapyrazinoporphyrazine complexes of cobalt and
iron have been studied in the oxidation of aliphatic mercaptans by molecular
oxygen. n-Butyl mercaptan was used as the model compound. The metallotetra-
pyrazinoporphyrazines tested exhibited a considerably higher catalytic activity
than cobalt phthalocyanine.

The high catalytic activities of the phthalocyanines of the transition metals and other
similar structures in a number of redox reactions has been the object of numerous investiga-
tions [1, 2]. In recent years, these compounds have found wide use as catalysts for the in-
dustrial purification of petroleum products from mercaptans [1-4], The greatest catalytic
activity in these processes is exhibited by cobalt phthalocyanine and its derivatives [5-7].

Some authors [8] connect the catalytic activity of such complex compounds wholly with
the nature of the complex-forming metal. However, it has recently been shown [7, 9-11] that
the activity of the complexes is affected not only by the nature of the complex-forming metal
but also by the structure of the macroheterocyclic ligand. Thus, for example, when the benz-
ene rings of the metallophthalocyanines are replaced by dithiacyclohexene rings, the cat-
alytic activity of the resulting complexes in the oxidation of the thiols falls somewhat [7,
10]. And when the benzene rings are replaced by pyridine rings, i.e., when metallotetra-
pyridinoporphyrazines are used as catalysts, it increases [11].

In order to expand our ideas on the influence of the nature of the macro ring on the
above~-mentioned process, we have studied the catalytic activity of metallocomplexes with a
different structure of the organic ligand — metallotetrapyrazinoporphyrazines — in the oxida-
tion of mercaptans. We have shown that the Co and Fe complexes of tetrapyrazinoporphyrazin
(Ia, Ib) are far more effective catalysts of the oxidation of mercaptans than the Co complex
of phthalocyanine (II). Thus, after 15 min the degree of oxidation of sodium n-butyl mer-
captide in the presence of the catalysts (Ib) and (Ia) reached 927 and 98% (by weight), re-
spectively, and in the presence of catalyst (II) it was only 5%.

It can be seen from the facts given that the structure of the macroheterocyclic ligand
exerts a considerable influence on the catalytic properties of metal complexes with the por-
phyrazine structure in the oxidation of thiols. In view of this it is impossible to agree
with Simonov et al. [8], who connect the catalytic activity of some catalysts wholly with
the nature of the metal. It would be more correct, in our opinion, to apply to these com-
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Fig. 1. Kinetic curves of the oxidation
021 of sodium n-butyl mercaptide by molecular
oxygen in the presence of catalysts: 1)

o r 3 cobalt phthalocyanine; 2) iron tetra-—
, - ¢min pyrazinoporphyrazine; 3) cobalt tetra-
5 T 5 pyrazinoporphyrazine.

pounds the idea of molecular catalysis [12], i.e., to consider the whole assembly of elements
of the molecule as important component parts of the catalyst, each of them playing a specific
role in the complex catalytic process.

The catalytic activity of metallophthalocyanines is apparently connected with their capa-
city for forming an oxygen adduct and a ternary oxygen—catalyst—substrate complex [13]. Con-
sequently, a considerable increase in the catalytic activity of complexes of the phthalo-
cyanine structure when the benzene rings are replaced by pyrazine rings causes no surprise,
since this leads to a change in the geometric parameters and the electronic structure of the
molecule of the complex. Furthermore, in the metallotetrapyrazinoporphyrazines there is an
easier migration of electrons than in the metallophthalocyanines because of the free elec-
tron pairs of the nitrogen atoms of the pyrazine rings and, obviously, the oxidation and re-
duction reactions of the complex take place more intensively [11].

Thus, among the factors responsible for the increased catalytic activity of phthalocyan-
ine compounds in the oxidation of mercaptans one must include a rise in the electron-accept-
ing capacity of the ligand and the localization of a partial positive charge on the metal
atom and a negative charge on the organic moiety of the molecule.

EXPERIMENTAL

The complexes studied were obtained by a known method [14] and were tested as catalysts
in the oxidation of aliphatic mercaptans with molecular oxygen. n-Butyl mercaptan was
chosen as the model substance.

The catalytic oxidation of this thiol with molecular oxygen to the corresponding disulf-
ide was carried out at atmospheric pressure in a 10% aqueous scolution of caustic soda in a
batch apparatus [7]. The trial was performed in the laboratory of VNITUS [All-Union Scien-
tific~Research Institute of Hydrocarbon Raw Material] (Kazan').

The reactor — a cylindrical glass vessel with a capacity of 500 ml fitted with a turbine
stirrer, a bubbler, a sampling device, a reflux condenser, and baffle plates — was charged
with a solution of n-butyl mercaptan in 107 aqueous caustic soda (the concentration of mer-
captan sulfur was 0.3 M). The stirrer was switched on and the reaction mixture was thermo-
stated at 30°C. After the temperature conditions had become established and a speed of rota-
tion of the stirrer of 200 rpm had been reached, 0.02% (by weight) of the catalyst was added.
Oxidation was carried out with molecular oxygen, which was bubbled into the reaction mixture
(a rate of flow of the oxygen of 300 ml/min).

Samples were taken during the experiment and the concentrations of mercaptide in the re-
action mixture were determined by the potentiometric titration of the mercaptide with silver
ammoniate on a pH-340 instrument.

The kinetic curves of the oxidation of sodium n-~butyl mercaptide with molecular oxygen
in the presence of cobalt and iron tetrapyrazinoporphyrazines and cobalt phthalocyanine are
given in Fig. 1.

LITERATURE CITED

1. T. Osa, Ya. Okatsu, and T. Hara, Yukagaku, J. Jpn. Oil Chem. Soc., 19, 447 (1970).

2. K. Venkataraman, The Chemistry of Synthetic Dyes, Academic Press, New York, Vol. V (1971).

3. M. Sittig, Processes in the Oxidation of Hydrocarbon Raw Material [in Russian], Khimiya,
Moscow (1970), p. 272.

4. R. M. Masagutov and A. Kh. Sharipov, The Catalytic Synthesis of Organic Compounds [in
Russian], Novosibirsk (1979), p. 80.

5. N. N. Kundo and N. P. Keijer, Zh. Fiz. Khim., 42, 1352 (1968).

1032



6. N. N, Kundo and N. P. Keier, Kinet. Katal., 11, 91 (1970).
7. V. F. Borodkin, V. E, Maizlish, V. A, Fomin, and A. M., Mazgarov, Izv. Vyssh. Uchebn.
Zaved., Khim. Khim. Tekhnol., 22, 413 (1979).
8. A. D, Simonov, N. N. Kundo, E, K. Mamaeva, and L. A, Akimova, Zh. Prikl. Khim., 50, 307
(1977).
9. V. E. Maizlish, T. A. Anan'eva, V. F. Borodkin, A. M. Mazgarov, and V. A, Foman, USSR
Inventors' Certificate No. 687,065; Byull. Izobret., No. 35 (1979).
10. V. E. Maizlish, V. F. Borodkin, R. D, Komarov, and A. M. Mazgarov, in: Questions of
Kinetics and Catalysis [in Russian], Ivanovo (1978), p. 82.
11. Y. Masao, S. Fukamatsu, A. Yoshio, and T. Hajime, Kogyo Kagaku Zasshi, 67, 1147 (1964);
Chem. Abstr., 61, 15895 (1964).
12. M. L. Khidekel' and V. E, Vasserberg, Zh. Vyssh. Uchebn. Zaved., Khim, Khim. Tekhnol.,
22, 73 (1977). , .
13. 1I. Dolansky, D. Wagnerova, and I. Veprék—Siéka, Collect., Czech. Chem. Commun., 41, 2326
(1976) .
14, B. D. Berezin, V, N. Klyuev, and A. B. Korzhenevskii, Izv. Vyssh. Uchebn., Zaved.,, Khim.
Khim. Tekhnol., 20, 170 (15977).

kine-SUBSTITUTION IN THE N-{w-(5~BROMOURACIL-1-YL)ALKYL]ALKYLAMINE
SERIES

I. Zh. Lulle, R. A. Paégle, and M. Yu, Lidak UDC 547.854.4,859.3

In the reaction of N~[2-(5-bromouracil-l-yl)ethyllalkylamines with alkylamines
at 40°C kine-substitution takes place with the formation of N-[2-(6-alkylamino~
uracil-1-yl)ethyl]alkylamines.

As we have reported, the reaction of N-[w-(5-bromouracil-l-yl)alkyllalkylamines (Ia-c)
with amines of different nucleophilicities (propylamine, butylamine, morpholine) at the boil-
ing point of the reaction mixture takes place with the formation of bicyclic systems [1, 2].
The aim of the present investigation was to study the influence of the temperature on the
course of the reaction. After mixtures of compound (Ia) with propylamine and butylamine and
of (Ib) with butylamine had been kept at 40°C for 2 h, the main reaction products isolated
were the N-[2-(6-alkylaminouracil-~l-yl)ethyllalkylamines (IIa-c), respectively.
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