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The reactions between some C8-substituted quinonearenalazines (their chloro- and aminoderivatives) and hydrogen chloride were investigated. It is shown that in the case of chloroderivatives 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 antiform 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
quinone iminesare 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 quinoneimine s de rivative s.
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 oxidationreduction 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 (III)
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 (III, 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
(IIa). Based on this, we could assume that the
reactions between compounds (IV) and different
nucleophiles will proceed according to the 1,8addition 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-[-chlor-(aryliden)]-N’-(4-hidroxyphenyl)-
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hydrazines (II a–d) and their oxidized forms, [(chlor)-aryliden]hydrazono-2,5-cyclohexadiene-1ones (III 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: IIId<IIIcIIIb<
<1,4-benzoquinone<IIIa. 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 (III 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 (IIIa),
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 (III b) and (III c). Only
one product is observedin the case of quinoneimine
(III d), and it oxidizes intensively upon attempts to

O

N

Cl
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separate it.
For the determination of the structure of the
synthesized products, the reaction mixture of the
N-[-chloro-(4-bromobenzyliden]-N’-(4-hydroxyphenyl)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 1H 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 hydroxyand aminogroups, 1,4-substituted phenyls and 1,2,4substituted 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 c’)
(Scheme 6).
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Fig. 1. NMR 1H spectra of the compounds (Vc) and (Vc’)

NMR 1H 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 (VIc), in
opposite to (VI c’), 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
Cl
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this compound exists only in anti-form. An analogous
conclusion can be drawn regarding the NMR 1H
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Fig. 2. NMR 1H spectra of the compounds (VIc) and (VIc’)

spectra of the product of oxidation of the pmethoxysubstitutedazine (VId) (Scheme 8, Fig. 3).
As can be seen, this compound exists only in
the form of the anti-conformer, that proves that
arenalazine (IIId) undergoes only 6,3-addition of
hydrogen chloride in full accordance with the theory
of the ORP of quinoneimines.
The definitive confirmation of the structure of
the synthesized substances has been obtained by the
independent synthesis of the compound (Vc) from
the ortho-chlorophenol by the method described
elsewhere [15]. The physicochemical constants and
spectral characteristics of the obtained product are
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totally identical with those of the product separated
from the reaction mixture.
The obtained results allowed determining the
ratio between the products of 1,4- and 6,3-addition
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Fig. 3. NMR 1H spectra of the compounds (VId)

of hydrogen chloride to compounds (IIIa) and (IIIb)
too. The summarized data are given in Table.

O

NRR'

N

HCl

N

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

X

of hydrogen chloride isomers

Substance
IIIa
IIIb
IIIc
IIId

Percentage of
1,4-addition product
50
20
20
0

Percentage of
6,3-addition product
50
80
80
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 1,4addition 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
invest igation of the properties of some
aminoderivatives of the quinine arenalazines (IVà,
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

NO2
IV a: R = R' = C2H5-,
IV b: R = R' = i-C3H7
IV c: 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 quinonearenalazines 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, thinlayer chromatography on Merck Kieselgel 60 F254
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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-d6, CDCl3or (CH3)2CO-d6 as
solvents).
Synthesis of the N-(-chloro-benzylidene)-N’(2(3)-chloro-4-hydroxyphenyl)hydrazines (V)
The portion of quinone imine (III) of about 4
mmol was so lved in 100– 120 mL o f 1,2dichloroethane 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 IIIa, b), or separated via
column chromatography (in the case of IIIc), or
subjected to oxidation by the method described below
(in the case of IIId). To prepare compounds (Vc,
c’) 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 186–1880C
and 179–1810C respectively.
Synthesis of the N-( -chloro-benzylidene)hydrazono-3(4)-chloro-2,5-cyclohexadiene-1-ones
(VI)
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 c’– 68%, VI
d’– 42% (if using concentrated solution after rotary
evaporator from previous method). Brown crystals,
melting points are 168–1700C, 164–1660C and 144–
1460C, respectively.
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Õ²Ì²×Í² ÂËÀÑÒÈÂÎÑÒ² ÄÅßÊÈÕ ÍÎÂÈÕ ÏÎÕ²ÄÍÈÕ
Õ²ÍÎÍ²Ì²Í²Â
Á. Ìóðàøåâè÷, Í. Íè÷èê, Ì. Òîðîï³í, ß. Òðóø,
Ê. Áóðì³ñòðîâ
Äîñë³äæåí³ ðåàêö³¿ äåÿêèõ Ñ8-çàì³ùåíèõ àðåíàëüàçèí³â
õ³íîí³â, à ñàìå ¿õ õëîð- òà àì³íîïîõ³äíèõ, ç ã³äðîãåí õëîðèäîì.
Ïîêàçàíî, ùî ó âèïàäêó õëîðïîõ³äíèõ ö³ ðåàêö³¿ íåçàëåæíî â³ä
ðîç÷èííèêà, ùî çàñòîñîâóâàâñÿ, ïðèâîäÿòü äî óòâîðåííÿ ñóì³ø³
àðîìàòè÷íèõ ïðîäóêò³â 1,4- òà 6,3-ïðèºäíàííÿ. Ñï³ââ³äíîøåííÿ
ì³æ öèìè ³çîìåðàìè çàëåæèòü â³ä îêèñíî-â³äíîâíîãî ïîòåíö³àëó âèõ³äíîãî õ³íîí³ì³íó. Ï³äâèùåííÿ àêöåïòîðíèõ âëàñòèâîñòåé çàì³ñíèêà â àðîìàòè÷íîìó ê³ëüö³ ìîëåêóëè ñóáñòðàòó âåäå
äî çðîñòàííÿ âì³ñòó ïðîäóêòó 1,8-ïðèºäíàííÿ. Ïðîäóêòè ïðèºäíàííÿ º õ³íîãåííèìè òà ìîæóòü áóòè îêèñíåí³ äî â³äïîâ³äíèõ õ³íî¿äíèõ ôîðì. Îñòàíí³ ó âèïàäêó 6,3-ïðèºäíàííÿ õëîðîâîäíþ ³ñíóþòü ò³ëüêè ó àíòè-ôîðì³, â òîé ÷àñ ÿê îêèñíåí³
ïðîäóêòè 1,4-ïðèºäíàííÿ ÿâëÿþòü ñîáîþ ñóì³ø ñèí- òà àíòè³çîìåð³â, ïðî ùî ïåðåêîíëèâî ñâ³ä÷àòü ñïåêòðè ßÌÐ öèõ ñïîëóê. Àì³íîïîõ³äí³ àðåíàëüàçèí³â õ³íîí³â íå ðåàãóþòü àí³ ç ã³äðîãåí õëîðèäîì, àí³ ç àì³íàìè, â³ðîã³äíî, ÷åðåç çíà÷íå çíèæåííÿ
åëåêòðîíîäåô³öèòíîñò³ ï³ä ä³ºþ àì³íîãðóïè, ùî ââåäåíà.
Êëþ÷îâ³ ñëîâà: õ³íîí³ì³íè, àðåíàëüàçèíè õ³íîí³â,
ïðèºäíàííÿ, ðåã³îñåëåêòèâí³ñòü, îêèñíî-â³äíîâí³ ïîòåíö³àëè,
ã³äðîãåí õëîðèä.
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The reactions between some C 8 -substituted quinone
arenalazines (their chloro- and amino-derivatives) and hydrogen
chloride were investigated. It is shown that in the case of chloroderivatives these reactions lead to the formation of the aromatic 1,4and 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 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.
Keywords: quinoneimine; quinone arenalazine; addition;
regioselectivity; oxidation-reduction potential; hydrogen chloride.
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