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The reactions between some Cg-substituted quinonearenalazines (their chloro- and amino-
derivatives) and hydrogen chloride were investigated. It is shown that in the case of chloro-
derivatives these reactions lead to the formation of the aromatic 1,4- and 6,3-addition
products mixture, regardless of the used solvent. The ratio between these isomers depends
on the oxidation-reduction potential of initial quinoneimine. An increase in the acceptor
properties of the substitute in the aromatic ring of substrate results in an increase in the
content of 1,4-addition product. The addition products are quinogenic and can be oxidized
to the corresponding quinoid forms. The last mentioned compounds exist only in anti-
form in the case of 6,3-addition of hydrogen chloride, while oxidized 1,4-addition products
are the mixture of syn- and anti-isomers, which convincingly follows from the NMR
spectra of these compounds. Amino-derivatives of quinonearenalazines do not react neither
with hydrogen chloride nor with amines, perhaps, due to a considerable decrease in electron
deficiency of quinoid cycle under the influence of entered aminogroup.
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Introduction

It is known that quinoneimines of different
structure, being electron deficient substances, are
highly chemical active and readily interact with
nucleophilic agents. Reactions of addition to the
quinoneiminesare often accompanied by
aromatization of the quinoid cycle with introduction
of the substitute into the quinogenic oxygen or
nitrogen atoms in ortho-position [1,2]. In some cases,
the addition products undergo cyclizations to form
heterocyclic compounds [3,4]. The transimination
reactions of quinoneimines with the preservation of
quinoid cycle (1,2-addition-elimination) have been
also described [5]. Such diversity of the chemical
properties causes the wide range of practical useful
qualities of quinoneimines derivatives.
Nowadays,quinoid compounds are widely used in
medicine and pharmacy for the treatment of
atherosclerosis, mitochondrial diseases, as the
element of complex therapy of head injuries and
neurological disfunctions, particularly Alzheimer’s
and Parkinson’s diseases [6—8].

Reaction of the 1,8-addition to quinoneimines,
which was discovered by us for the first time, being
a new direction in the chemistry of the quinoid

compounds, allows preparing the quinoneimines
derivatives never described before with satisfactory
yields. The purpose of the current study is to
investigate the chemical properties of some of them,
namely the products of 1,8-addition of the hydrogen
chloride and dialkyl- and arylamines to the quinine
arenalazines.

Theory

The existing conception about interdependence
between regioselectivity of the addition of hydrogen
chloride to quinoneimines and their oxidation-
reduction potentials (ORP) allows successfully
predicting the position of the substitute (chlorine
atom) in the reaction product. In most cases, it is
ortho-position towards the quinogenic oxygen or
nitrogen atom. However, the interaction between
quinonearenalazines (I) and hydrogen chloride
proceeds according to the 1,8-addition scheme,
independent of the ORP [9,10]. The addition
products (II) are quinogenic and can be easily
oxidized to the corresponding chlorine derivatives
(III) [11—13] (Scheme 1).

The reason for such scheme is the relatively
high stability of the possible intermediate structure
with aromatized quinoid cycle C in comparison with
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classical structures A and B (Scheme 2).

Chlorine atom in the compounds (II) and (II1)
is mobile and can be replaced by aminogroup, and
in the both cases the final reaction products are the
amidrazones of 1,4-benzoquinone (IV) (Scheme 3)
[11—13].

The products (IIa) cannot be separated in a
pure form from the reaction mixture due to their
fast oxidation, apparently, by air oxygen. This fact
points at the vast decrease of the ORP as a result of
the replacement of chlorine by aminogroup.

It is obvious that compounds (111, IV) cannot
undergo 1,8-addition, since exocyclic carbon atom
of the azomethine group has been already occupied.
However, the ortho-positions towards the quinogenic
oxygen and nitrogen atoms are free, so it can be
assumed that classical 1,4- and 6-3-addition reactions
may flow readily. It is supposed that regioselectivity
of these reactions depends on the ORP of the
quinoneimine [14]: those quinonearenalazines, which
have lower ORP than 1,4-benzoquinone, must
undergo 6,3-addition reactions with the formation
of corresponding aminophenols with substitute in
ortho-position towards quinoid nitrogen; for those

with the ORP higher than 1,4-benzoquinone, the
1,4-addition must be more characteristic, and in this
case substitute must occurinto the ortho-position
towards the oxygen atom (Scheme 4).

The ORP values of the quinonearenalazines,
that have been measured before, are lying within the
range of 430—495 mV, that is less than the ORP of
1,4-benzoquinone (0.583 mV in 0.5 M solution of
sodium acetate in acetic acid). It has been shown
previously that electron acceptors, conjugated with
quinoid cycle, increase their ORP, and electron
donors, in opposite, decrease it [14]. The ORP of
the compounds (II—IV) have not been measured
yet, but partially the rule described above for this
systems confirmed by oxidation ease of substances
(ITa). Based on this, we could assume that the
reactions between compounds (IV) and different
nucleophiles will proceed according to the 1,8-
addition scheme, and regioselectivity of the addition
to compounds (III) can vary depending on substitute
in the aromatic ring of the quinoneimine molecule.

Results and discussion

To achieve the goal of the study, the series of
N-[a-chlor-(aryliden)]-N’-(4-hidroxyphenyl)-
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hydrazines (I a—d) and their oxidized forms, [(a-
chlor)-aryliden]hydrazono-2,5-cyclohexadiene-1-
ones (I1I a—d), have been synthesized by the method
described elsewhere [10]. The choice of the initial
compounds is due to their ORP, which values must
increase in the following sequence: ITId<ITIc<ITIb<
<1,4-benzoquinone<IIla. Quinoneimines (III a—d)
have been introduced into the reaction with hydrogen
chloride (Scheme 5).

The reaction was carried out in acetic acid or
in 1,2-dichloroethane with the identical qualitative
results and insignificant distinctions in the product’s
yields. In all cases except methoxy-derivative (111 d),
the reaction mixture contained two colorless new
compounds, which with high probability represented
the products of 1,4-addition (V a—d) and 6,3-addition
(V a’—d’), and the impurity of the corresponded
arylaldehyde. In the case of p-nitroderivative (I11a),
the ratio of the addition products is 1:1 (as was
determined by thin-layer chromatography), and it is
about 1:4 for the substrates (II1 b) and (III c). Only
one product is observedin the case of quinoneimine
(IT d), and it oxidizes intensively upon attempts to

HCI HO

Ar Cl
I a-d

Ar =p-O,N-CH,- (a), p-CI-CH,-

separate it.

For the determination of the structure of the
synthesized products, the reaction mixture of the
N-[a-chloro-(4-bromobenzyliden]-N’-(4-hydroxy-
phenyl)hydrazine (III c¢) has been scrupulously
analyzed. The products (Vc) and (Vc’) has been
separated via column chromatography. Their mass
ratio after obtaining in the pure crystal form turned
out to be 1:4, as it was determined earlier by TLC.
NMR 'H spectra of these products are characterized
by the same set of signals, which have minimal
distinctions in the chemical shifts (Fig. 1).

The signals from the protons of the hydroxy-
and aminogroups, 1,4-substituted phenyls and 1,2,4-
substituted benzene ring are observed in the spectra.
The signal from the azomethine group is absent. Thus,
the spectra prove the assumed structure of these
products, but do not allow determining the direction
of chlorine atom attachment.

To deal with this problem, compounds (Vc)
and (Vc’) has been oxidized by lead dioxide into
corresponding quinoid forms (VIc) and (VI ¢’)
(Scheme 6).
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Fig. 1. NMR 'H spectra of the compounds (Vc) and (V¢’)

NMR 'H spectra of these compounds are much
more informative and allow identifying them precisely
(Fig. 2).

The signals of the protons of the hydroxyl- and
aminogroups are absent in both spectra, which proves
the quinoid structure of the products. The signals of
the aromatic protons are almost the same too.
However, there are two sets of the quinoid cycle
signals in the spectrum of the compound (Vlc), in
opposite to (VI ¢’), which is due to the possibility of
the isomerization around =N—C= bond of the
quinoid cycle and, consequently, the existence of two
conformers (VIc-syn) and (VIc-anti) (Scheme 7).

The analysis of the integral intensities of these
signals indicates that the conformers content ratio

syn:anti is 1:2. In the spectra of the oxidized product
of the 6,3-addition (Vc’), such situation is not
observed, since the steric difficulties of the syn-isomer

Vlc-anti
I Br

Br

Scheme 7

this compound exists only in anti-form. An analogous
conclusion can be drawn regarding the NMR 'H
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Fig. 2. NMR 'H spectra of the compounds (VIc) and (VIc’)
spectra of the product of oxidation of the p- N
methoxysubstitutedazine (VId) (Scheme 8, Fig. 3). HO‘Q’N\ M O:Q:N\ cl
As can be seen, this compound exists only in - N [0l o N=
the form of the anti-conformer, that proves that
arenalazine (I1Id) undergoes only 6,3-addition of
hydrogen chloride in full accordance with the theory OMe OMe
of the ORP of quinoneimines. Vd Vid

The definitive confirmation of the structure of
the synthesized substances has been obtained by the
independent synthesis of the compound (Vc) from totally identical with those of the product separated
the ortho-chlorophenol by the method described from the reaction mixture.
elsewhere [15]. The physicochemical constants and The obtained results allowed determining the
spectral characteristics of the obtained product are ratio between the products of 1,4- and 6,3-addition

Scheme 8
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Fig. 3. NMR 'H spectra of the compounds (VId)
of hydrogen chloride to compounds (I1Ia) and (I1Ib)
too. The summarized data are given in Table. OI@:N NRR'
N HCI
N —X—

Ratio between 1,4- and 6,3-addition

of hydrogen chloride isomers

Substance Perc.eptage of Perc.eptage of
1,4-addition product | 6,3-addition product
IIla 50 50
111b 20 80
1lIc 20 80
111d 0 100

As is seen, an increase in acceptor properties
of the substitute in the aromatic ring of substrate
leads to an increase in the percentage of the 1,4-
addition product. This fact is in consistence with
the theory on the interdependence between chemical
properties of quinoneimines, particularly the
regioselectivity of the addition to them, and their
ORP.

Unexpected results have been obtained during
investigation of the properties of some
aminoderivatives of the quinine arenalazines (IVa,
b, c). Despite the presence of the free positions in
the quinoid cycle, these compounds did not react
with hydrogen chloride (Scheme 9).

After prolonged boiling, the partial hydrolyze
of quinoneimine was observed, but there was
noformation of any new product. These compounds
do not react with amines too. Probably, it is the first
example when non-substituted quinoid cycle remains
inactive in the reactions with both soft and hard
nucleophiles. Possibly, such deactivation may be
caused by a considerable decrease in the ORP as a

NO,
IVa:R=R'= C,H,-,

IVb:R=R'= i—C3H7
IVc:R=H,R'= p—CH3O—C6H4
Scheme 9

result of embedding aminogroup in the molecule.
This fact is of great interest from the perspective of
quinoid compounds metabolism in natural objects
and needs to be explored additionally.

Thus, we have shown that the products of
hydrogen chloride addition to the quinoneare-
nalazines are quinogenic, and corresponding quinoid
forms of these substances react with hydrogen
chloride to form the mixture of the isomers. The
ratio between these isomers depends on the ORP of
initial quinoneimine. The products of the 1,8-addition
of amines to quinonearenalazines do not react neither
with hydrogen chloride nor with amines.

Experimental

Initial compounds (I), (II) and (IV) have been
synthesized by the methods described elsewhere [9].
For the express control of the reaction fullness and
qualitative analysis of the reaction mixture, thin-
layer chromatography on Merck Kieselgel 60 F,s,

B. Murashevych, N. Nychyk, N. Toropin, Y. Trush, K. Burmistrov



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 4, pp. 101-108

107

plates has been used with 1,2-dichloroetane or
mixture of dichloroethane:propane-2-ole in
proportion 9:1 as an eluent. Silica gel ROCC (80—
200 mesh fraction) has been usedfor column
chromatography with chloroform as a solvent and
dichloroetane as an eluent. PMR spectra have been
recorded by the Jemini 2000 radiospectrometer
(operating frequency of 400 MHz, internal standard
is TMS, with DMSO-d,, CDCl,or (CH,),CO-d; as
solvents).

Synthesis of the N-(a-chloro-benzylidene)-N -
(2(3)-chloro-4-hydroxyphenyl)hydrazines (V)

The portion of quinone imine (IIT) of about 4
mmol was solved in 100—120 mL of 1,2-
dichloroethane at heating and 5 mL of 30%
hydrochloric acid was added. The solution was
intensively stirred for 1 hour, and then 200 mL of
water was added. The reaction mixture was intensively
shaken, the water layer was decanted, and this
operation was repeated 3—4 times. The organic layer
was separated and evaporated by using a rotary
evaporator unto 10—15 mL. This mixture was
analyzed by TLC (for Illa, b), or separated via
column chromatography (in the case of Illc), or
subjected to oxidation by the method described below
(in the case of IIId). To prepare compounds (Vc,
¢’) in a pure form after column chromatography,
the corresponding fractions were dried to dryness;
the formed crystals were repeatedly washed with
hexane and dried again. Yields: Vc—11%, IVc’—53%.
Light yellowcrystals, melting points are 186—188°C
and 179—181°C respectively.

Synthesis of the N-(a-chloro-benzylidene)-
hydrazono-3(4)-chloro-2,5-cyclohexadiene- I-ones
VD

The method was the same as described
elsewhere [9] for the synthesis of quinonearenalazines,
only chlorine derivatives (V) must be used as initial
compounds. Yields: Vic — 72%, VI ¢’— 68%, VI
d’— 42% (if using concentrated solution after rotary
evaporator from previous method). Brown crystals,
melting points are 168—170°C, 164—166°C and 144—
146°C, respectively.
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XIMIYHI BJIACTUBOCTI JEAKNX HOBUX ITOXI/IHUX
XIHOHIMIHIB

b. Mypaweeuu, H. Huuux, M. Toponin, A. Tpyw,
K. Bypmicmpos

Jocaioaceni peaxyii deskux CE-3amiujeHux apeHarvazuHie
XiHOHI8, a came iX XA0p- ma AMIHONOXIOHUX, 3 2i0poceH XA0pUOOM.
Tokazano, wo y eunadky xa0pnoxionux yi peakyii He3anexncHo 8iod
POSHUHHUKA, W0 3CMOCOBYBABCS, NPUBOOMb 00 YMBOPEHHS CYyMilli
apomamuuHux npodykmie 1,4- ma 6,3-npueonanus. CniegioHouieHHs
MINC YUMU I30Mepamu 3aAexcums 8i0 OKUCHO-8i0HO8H020 NOMeEHYi-
any euxioHoeo XxiHowiminy. IliosuuieHHs aKyenmopHux e1acmueo-
cmell 3aMiCHUKA 8 apoMamu4HoMy Kiablyi MoaeKyau cyocmpamy eede
do 3pocmanns emicmy npodykmy 1,8-npueonanns. Ipodykmu npu-
E€OHAHHSL € XIHO2EHHUMU MA MOXNCYMb Oymu OKUCHeHi 0o i0noeio-
HUX XiHoiOHux popm. Ocmanni y unaoky 6,3-npueoHaHHs XA0po-
800HI0 ICHYIOMb MinbKU Yy anmu-gopmi, 8 mou 4ac K OKUCHeHI
npodykmu 1,4-npueonanus 264310me c000r0 CyMiul CUH- ma aHmu-
i30Mepie, npo wo nepekoHaueo ceiowame cnekmpu AMP yux cno-
AYK. AMIHONOXIOHI apeHanbasuHie XiHOHIe He peazyromb aHi 3 2iopo-
2eH XA0pudom, aHi 3 amiHamu, 8ipocioHo, Yepe3 3HAYHe 3HUNCCHHS
eaexkmporodeghiyumuocmi nio dicto aminoepynu, w0 66edeHda.

KnrouyoBi ciioBa: XxiHOHiIMiHM, apeHaj ba3WHU XiHOHIB,
TIPUENHAHHSI, PETiOCEJICKTUBHICTh, OKMCHO-BITHOBHI MOTEHILiaHN,
TiIPOTeH XJIOPUL.
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The reactions between some Cg-substituted quinone
arenalazines (their chloro- and amino-derivatives) and hydrogen
chloride were investigated. It is shown that in the case of chloro-
derivatives these reactions lead to the formation of the aromatic 1,4-
and 6,3-addition products mixture, regardless of the used solvent.
The ratio between these isomers depends on the oxidation-reduction
potential of initial quinoneimine. An increase in the acceptor properties
of the substitute in the aromatic ring of substrate results in an increase
in the content of 1,4-addition product. The addition products are
quinogenic and can be oxidized to the corresponding quinoid forms.
The last mentioned compounds exist only in anti-form in the case of
6,3-addition of hydrogen chloride, while oxidized 1,4-addition
products are the mixture of syn- and anti-isomers, which convincingly

Jfollows from the NMR spectra of these compounds. Amino-derivatives
of quinone arenalazines do not react neither with hydrogen chloride
nor with amines, perhaps, due to a considerable decrease in electron
deficiency of quinoid cycle under the influence of entered aminogroup.
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