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COHERENT SYNCHRONIZATION OF NITROGEN-CONTAINING
HETEROCYCLIC COMPOUNDS BY HYDROGEN PEROXIDE

N.l.Ali-zadeh
Institute of Chemical Problems, National Academy of Sciences of Azerbaijan,
370143 Baku 29 H.Javid Av.

The interfering Kinetics of the coherent synchronous reactions of hydrogen peroxide
decomposition and the oxidationof pyridine derivatives have been studied experimentally. The
regions of the selective oxidation of the pyridine derivatives found, and the optimal conditions for
the production of 4-vinylpyridine, 4-vinylpyridine N-monoxide, 2,2-dipyridil, and pyridine have
been determined. The most probable coherent synchronization mechanism is suggested for
hydrogen peroxide decomposition and the free-radical chain oxidation of pyridine derivatives.
The HO', radical plays the key role in this mechanism. The activation energies are calculated for
the elementary steps of 4-ethylpyridine dehydrogenation.

The synthesis of pyridine and its
derivatives by the way of comparatively
simple trans-formations, for example, by
dehydrogenation, N-monoxidation, dealcody-
merization, dealkylation, is not only scientific
interest, but in an applied aspect allow us to
make out simple methodic of their preparative
production.

In this abstract we discuss the
investigations results, in which by the way of
coherent  syn-chronization of free-radical
reactions of hydrogen peroxide decomposition
and pyridine bases oxidation, oxidative
dehydrogenation of 4-ethylpyridine and
piperidine, selective N-mo-noxidation of 4-

vynilpyridine, dealkodymerization and
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dealkylation of 2-picoline too, were carried
out.

As a result of these investigations it was
established that oxidation of 4- ethylpyridine
(4-EP) by hydrogen peroxide at the
temperatures 500-640°C 4-vinylpyridine (4-
VP) with the yield of 44.3 mass.% is formed.
Selectivity is 96%. (Fig.1.) [1-4]. Decreasing
of temperature to 250-350°C and change of
some kinetic parameters of the process led to
the change of mechanism of 4-EP oxidation
by hydrogen peroxide. At the optimal
onditions N-monoxide of 4-VP with the
yield of 33mass.% was obtained, selectivity no
less 98%. (Fig.2.). [3, 5-7].

Fig.1.Temperature dependences of (4) 4-EP
conversion, (1) the 4-VP vyield, (3) the pyridine
yield, and (2) the oxygen concentration in the gas
phase in 4-EP oxidative dehydrogenation between
520 and 660°C. The concentration of H,O, is
20wWt%, the 4-EPvolume ratio is 0.065 h™ and
4-EP/H,0,=1:3 (v/v)
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Under identical conditions, oxidation
and the analysis of 4-VP N-monoxidation
reaction by H,O, have been carried out and 4-
VP N- monoxide was obtained (yield of 82
mass.%, selectivity is 98%).(Fig.3.).[3,8,9].

The shape of relatively high tempera-
tures 650-850°C showed that in the depen-

Fig.3. Temperature dependences of the (1) 4-
VP N-monoxide vyield and (2) oxygen
concentration in the gas phase in 4-VP N-
monoxidation involving H,0, The
concentration of H,O, is 30wt%, the 4-VP
volume ratio is 0.045 h™*and 4-VP/ H,0, =1:3
(V/v).

dence on conditions of 2-picoline (2-P) oxi-
dation by H,0,, reaction may be directed in
two ways : inone case 2.2 dipyridyl with 52
mass.% yield [3,10,11] is formed (Fig.4.). and
in the other one — pyridine with the yield of
42 mass.%. (Fig.5.).[3,11].
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Fig.4. Temperature dependences of the (1) 2,2- DP
yield,(3) pyridine yield, and (2) oxygen concentra-
tion in the gas phase in 2-P oxidation with hydrogen
peroxide between 650 and 725°C.The concentration
of H,0, is 35 wt%, the 2-P volume ratio is 0.07 h*
and 2-P/ H,0,=1:3 (V/V).

The obvious correlation between the
desired  product yield and  oxygen
concentration curves (Figs.1-5) provides
reliable evidence for the coherent synchronous
occurrence  of hydrogen peroxide de
composition and  4-EP, 4-VP, 2-P
oxidation.This correlation is due to the
common intermediate, namely, the free radical
HO.[12,13]. Based on the exsperimental data
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Fig.5. Temperature dependences of the (1)
pyri-dine yield and (2) oxygen concentra-
tion in the gas phase in 2-P dealkylation in
the presence of H,0, between 760 and
860°C. The concentrati-on of H,0, is 35
Wt%, the 2-P volume ratio is 0.07 h™ and

2-P/ H,0,=1:3 (VIV).

obtained and the known coherent syn-
chronization mechanism for hydrocarbon
oxidation and hydrogen peroxide decom-
position [12,13] we suggested a free-radical
chain mechanistic scheme for the conversion
of 4-EP to 4-VP and 4-VP N-oxide, as well as
for the transformation of 4-VP to 4-VP N-
oxide.

Primary reaction:

H,0, — 20H

H,0, +OH — HO, + H,0

Secondary reactions:

H,0, — 20H

Chain initiation
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The most probable stepwise mechanism  reaction, which is H,O, decomposition, is the
for the oxidative conversion of 2-P to 2,2-DP same as the primary reactionin the above
and pyridine is the following: The primary scheme of 4-EP and 4-VP transformations.

Secondary reactions:

H,0, —>20H

H;0, > HO; + H,0
} +26H
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Quantitative estimation of inductive
action of primary reaction on secondary one,
basic reaction according the determinant
equation is as follows:

D=v(nlr+r/r)?
where v — stoichiometric coefficient, ry and r;
— rates of actor [H,O;] consumption in the pri-
mary and secondary reactions correspon-

The next values of D at the optimal
conditions g above mentioned reactions
proceeding  were  found: in  4-EP
dehydrogenation - 0.21; 4-EP N-monoxidation
- 0.10; 4-VP N-monoxidation 0.26; 2-P
dealkodimerization — 0.17; 2-P dealkylation -
0.12. According these wvalues by the
determinant equation the effectivity of

dingly, r-rate of acceptor (substrate) inductive action of primary reaction can be
consumption. appreciated, considering that in the limit of
conjugated processes D — 1.[12,13].
REFERENCES

1. Nagiev T.M., Mamedyarov G.M. and Ali-
zadeh N.1. Azerb. Khim. Zh.1977.n0.5. P.13
2. USSR Inventor's Certificate n0.547446.
Byull.1zobret 1977.n0.7.

3. Ali-zadeh N.I. Kinetics and Kataliz.2006
vol. 47.n0.1.P.69.

4. Ali-zadeh N.I., Nagieva I.T., Magerramov
A.M., Nagiev T.M. XXII National Chemstry
Congress. Magusa K.K.T.C. 2008.p.F KP
127.

5. Nagiev T.M. and Ali-zadeh N.I. Azerb.
Khim. Zh. 1987 no.1. P.21.

6. USSR Inventor's Certificate no. 1068430.
Byull.1zobret 1984.n0.3.

7. Nagiev T.M., Ali-zadeh N.l.and Mamed-
yarov G.M. Proc.XIV Int.Chemical Congr.
Diyarbakir. Turkey. 2000.p.OK-P 65.

8. Magerramov A.M., Ali-zadeh N.I. and
Nagieva I.T. Proc. Int. Symp. on Catalysis.
Piza. Italy. 2001.p.53

9. Ali-zadeh N.1., Nagieva I.T., Magerramov
A.M., Nagiev T.M. 18" Int. Congress of
Chemical and Process Engineering. Pragie.
Czech Republic. 2008.p.7.32.

10. USSR Inventor’s Certificate no. 1296561.
Byull.1zobret 1987.no 10.

11. Magerramov A.M., Ali-zadeh N.I., Nagie-
va |.T. Mamedyarov G.M. Proc.XV Int. Chem.
Congr. Istanbul. Turkey 2001.p.OK-P 56.

12. Nagiev T.M. Chemical Conjugation.
Nauka. Moskow. 1989.p.216.

13. Nagiev T.M. Coherent Synchronized
Oxydation by Hydrogen Peroxide. Elsevier.
Amsterdam.2007. p.325.

KOTrEPEHTHO-CHHXPOHHOE OKHCIIEHHE A30TCOAEPKALITHX
T'ETEPOLIUK/IHYECKHX COE/JMHEHHH ITEPOKCH/]OM BO/IOPO/IA

H.U. Anu-3a0e

Ilpeonazaemcs naubonee 6eposmMHuLL MEXAHUIM

KO2EePEeHMHOU CUHXPOHU3AYUU peakyuii pacnada

nepoxcuda 6000p00a U OKUCIAEHUS NPOU3BOOHBIX NUPUOUHA NO C80O0OHO—PAOUKATLHOMY UEHHOMY
MeXaHusmy, 6 KOMopoMm Kuo4egyro poib 8 OKUcIeHuu cyocmpama uepaem paouxan HO'

AZOT TORKIBLI HETEROTSIKLIK BIRLOSMOLORIN HIDROGEN PEROKSIDLO
KOQERENT-SINXRON OKSIDLOSMOSI
N.LOli-zad>

Piridin toromalarinin oksidlagsma va hidrogen peroksidinin par¢alanma reaksiyalarinin kogerent
sinxronlagsmasmn sarbast-radikal zancirvari mexanizmi taklif olunur, substratin oksidlosmasinda asas

rolu HO', radikali oynayir.
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