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The reactions between quinone arenalazines or their chlorine derivatives and ammonia

were investigated. It was shown that these reactions lead to the formation of amidrazones

of 1,4-benzoquinone. The optimal preparative conditions for this reaction were determined.

The reaction scheme involves the 1,8-addition of ammonia similar to the addition of

mono-, dialkylamines and arylamines described earlier. The direct product of the addition

instantly undergoes oxidation by air oxygen and cannot be separated in a pure form. The

yields of the synthesized amidrazones depend on oxidation-reduction potential of initial

quinone imine and grow with an increase in its magnitude. The structure of the obtained

products was confirmed by the data of NMR spectroscopy and liquid chromatography–

mass spectrometry. It was determined that amidrazones of 1,4-benzoquinone exist mainly

in quinoid tautomeric form and the amount of other tautomers is negligible. The synthesized

substances can be likely used as precursors of high range of heterocyclic compounds.
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Introduction
Recently, we have described a convenient

method for the synthesis of 1,2,4-triazoles derivatives,
which consists in interaction between the
benzylidenehydrazono-2,5-cyclohexadiene-1,2-ones
(quinone arenalazines) (I) or their chlorine derivatives
(II) with monoalkylamines and further
functionalization of its heterocyclic products [1–3]
(Scheme 1).

It is obvious that the 1,8-addition of amine is a
first stage of this reaction if using quinone imines (I)
as the substrates. We described the corresponding
scheme for dialkylamines [4] and arylamines [5].
The prepared amidrazone of 1,4-benzoquinone
spontaneously undergoes cyclization to form 1,2,4-

triazole ring. In case of chlorine derivatives (II),
similar amidrazones are formed as a result of
nucleophilic substitution of the halogen atom by the
aminogroup. This reaction mechanism is proposed
in ref. [6].

Although 1,2,4-triazoles synthesis from
hydrazones derivatives, particularly amidrazones, in
general is considered as a developed trend in organic
chemistry [7], our method has a number of significant
advantages over those known before. In particular,
unlike the methods described in [8,9], it does not
require the use of exclusive organometallic catalysts,
toxic carbon (II) oxide or the necessary separation
of the intermediate products. Besides, our latest
investigations have shown that new 5-mercapto-
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1,2,4-triazole derivatives can be also obtained by this
method if using ammonium rhodanide instead of
monoalkylamines [10].

All the synthesized compounds are potentially
bioactive and likely can be used as the active
components for antifungal [11], antidiabetic [12],
antitubercular [13] and other kinds of medications.
So, further investigations of synthetic potential of
1,8-addition to quinone imines are of great practical
interest.

The purpose of this research is the investigation
of the reactions between quinone arenalazines and
ammonia and the determination of their applicability
for the heterocyclic compounds synthesis.

Theory
Quinone imines, being electron-deficient

compounds, readily interact with nucleophiles to
form basically the corresponding aminophenols with
substitute in ortho- or meta-positions to the carbon
atom which is linked with the quinogenic hydroxy
group. Reactions between quinone imines and amines
are very diverse and can lead to both quinoid products
of addition and heterocyclic products, carbazoles,
for example [14]. The transimination is very common
here, too [15]. The insertion of amino group into
quinoid cycle can be also reached by indirect
methods, for example, by substitution of halogen
atom. But, the reactions of quinone imines with
ammonia are practically not described and lead to

the formation of multicomponent mixture of
unidentified substances, probably because of their
simultaneous passing by different directions.

Previous investigations allow us to suggest that
quinone arenalazines will interact with ammonia
according to the 1,8-addition scheme with the
formation of the amidrazones (IV) (Scheme 2).
Products (IV) are very promising, because the
products of their interaction with carbonyl
compounds, e.g. aldehydes, can undergo cyclization
described in ref. [6], and it will allow expanding
significantly the variety of heterocyclic compounds
synthesized earlier (Scheme 3).

Results and discussion
As expected, the main products of the reaction

between quinone arenalazines (I a-c) and ammonia
turned out to be the amidrazones of 1,4-
benzoquinone (IV a-c). The same products were
obtained as a result of the interaction of ammonia
with the chlorine derivatives (II a-c), and besides
such method leads to the higher yields of amidrazones
(IV) re-counting on initial quinone imine (I). Thus,
reaction of quinone arenalazines with ammonia can
be represented by the next Scheme 3.

From a preparative viewpoint, the addition of
a large excess of ammonia in water solution to a
dichloroethane solution of substrate (I) or (II) is
optimal.

Together with amidrazones (IV), impurities of
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the arylaldehydes have been found in reaction mixture
by thin-layer chromatography. Apparently, these
compounds are usually formed as a result of partial
hydrolysis of the initial quinone imine molecule. Also,
the presence of unidentified colorless substance has
been noted. Though it has not been separated from
the mixture in a pure form, it is highly likely the
product of the condensation of arylaldehydes with
amidrazones (IV). The separation of the intermediate
1,8-addition product (III) is impossible, too, because
of its instantaneous oxidation by air oxygen, which
is caused by decreasing the oxidation-reduction
potential of such a system as a result of the amino
group insertion. The above scheme has been
confirmed with visual observations of the reaction
mixture color: when adding ammonia to the solution
of (I a, b), which has a typical for quinoid systems
yellow coloration, it instantly became colorless but
was turning yellow again with the course of time.

In case of direct interaction of ammonia with
the quinone imine (I), the yield of the amidrazone
(IV a) is significantly higher (about 45%) than that

of amidrazones (IV b, c) (about 25%). This can be
explained by a higher oxidation-reduction potential
of this substance and its lower tendency to hydrolysis.

The structure of the synthesized products has
been proved by NMR 1H spectroscopy and
chromato-mass spectrometry data. The characteristic
NMR 1H spectrum of the amidrazone (IV a) is shown
in Figure.

This spectrum reveals a signals of pseudo-AB-
systems of para-substituted phenyl and a typical of
such systems set of quinoid cycle protons signals
which consists of two doublets caused by Z,E-
izomerisation around quinoid C=N-bond. Also, a
broad singlet of amino group protons can be observed
near 7.8 p.p.m. The spectrum structure also shows
that amidrazones (IV) exist predominantly in
tautomeric form A, and the content of tautomers B
and C is negligible (Scheme 4).

Thus, we showed that the reaction between
quinone arenalazines and ammonia follows 1,8-
addition scheme with the formation of amidrazones
of quinone, which can be precursors for a wide range

NMR 1H spectrum of amidrazone (IV a)
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of heterocyclic compounds.
Experimental
Synthetic methods of the initial compounds

(I) and (II) were described elsewhere [6]. For the
express control of the reaction fullness and for the
qualitative analysis of the reaction mixture, thin-
layer chromatography on Merck Kieselgel 60 F254

plates has been used with 1,2-dichloroetane or
composition dichloroethane:propane-2-ole in
proportion 9:1 as eluent. NMR 1H spectra have been
recorded using Jemini 2000 radiospectrometer
operating at frequency 400 MHz, internal standard
TMS, with DMSO-d6, CDCl3 or (CH3)2CO-d6 as
solvents. Chromatography-mass spectra have been
recorded by means of AGILENT 1100 liquid
chromatograph with UV-detector, G1956B mass-
detector and Altech 3300 ELS detector.

Method 1
The portion of quinone imine (I) (ca. 4 mmol)

was solved in 100–120 cm3 of 1,2-dichloroethane at
heating and 20 cm3 of 22% ammonia water solution
was added. The solution was intensively stirred and
left overnight. Then, 200 cm3 of water was added.
The reaction mixture was intensively shaken, the
water layer was decantated, and this operation was
repeated 3–4 times. The organic layer was separated
and evaporated using a rotary evaporator. The formed
crystals were repeatedly washed with hexane and
dried. The yields were as follows: 48% (IVa), 28%
(IVb) and 25% (IVc).

Method 2
The portion of quinone imine (I) (ca. 4 mmol)

was solved in 100–120 cm3 of 1,2-dichloroethane at
heating and 10 cm3 of 30% water solution of hydrogen
chloride was added. The reaction mixture was
intensively stirred for 1 hour, then 200 cm3 of water
was added. The mixture was intensively shaken, the
water layer was decantated and this operation was
repeated 3–4 times to thoroughly remove hydrogen
chloride. Then organic layer was separated and 20
cm3 of 22% ammonia water solution was added. All
further actions were similar to those described in
Method 1. The yields were as follows: 62% (IVa),
42% (IVb) and 37% (IVc).

Physico-chemical properties and spectral
characteristics of the synthesized compounds

N-[(-amino(4-nitrobenzylidene]hydrazono-

2,5-cyclohexadiene-1-one (IVa): brown crystals, m.p.
201–2030Ñ (with decomposition). NMR 1H spectrum
(solvent (CH3)2CO-d6): 8.436 d (2Í, J=9.2 Hz ),
8.390 d (2Í, J=9.2 Hz), 8.272 d (1Í, J=9.7 Hz),
7.769 s (2Í), 7.416 d (1Í, J=10.1 Hz), 6.499 d
(1Í, J=9.7 Hz), 6.453 d (1Í, J=10.1).

N-[(-amino(4-bromobenzylidene]hydrazono-
2,5-cyclohexadiene-1-one (IVb): brown crystals, m.p.
163–1650Ñ (with decomposition). NMR 1H spectrum
(solvent DMSO-d6): 8.402 s (2Í), 8,163 d. (1Í,
J=10.2 Hz), 8.083 d (2H, J=8.3 Hz), 7.748 d (2Í,
J=8.3 Hz), 7.453 d (1Í, J=10.1 Hz), 6.510 d (1Í,
J=9.7 Hz), 6.447 d (1Í, J=9.8 Hz).

N-[(-amino(4-chlorobenzylidene]hydrazono-
2,5-cyclohexadiene-1-one (IVñ): brown crystals, m.p.
158–1600Ñ (with decomposition). NMR 1H spectrum
(solvent CDCl3): 8.226 d (1Í, J=10.3 Hz), 7.913 d
(2H, J=8.7 Hz), 7.486 d (2Í, J=8.7 Hz), 7.386 d
(1Í, J=9.8 Hz), 6.579 d (1Í, J=10.1 Hz), 6.524 d
(1Í, J=10.3 Hz).
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ÑÈÍÒÅÇ ÀÌ²ÄÐÀÇÎÍ²Â ÐÅÀÊÖ²ªÞ ÀÐÅÍÀËÜÀÇÈÍ²Â
Õ²ÍÎÍ²Â Ç ÀÌÎÍ²ÀÊÎÌ

Á. Ìóðàøåâè÷, ß. Òðóø, Í. Òîðîï³í, Ê. Áóðì³ñòðîâ, Ò.
Âåðãóí

Äîñë³äæåí³ ðåàêö³¿ àðåíàëüàçèí³â õ³íîí³â òà ¿õ õëîðïîõ³ä-
íèõ ç àìîí³àêîì. Ïîêàçàíî, ùî ö³ ðåàêö³¿ ïðèçâîäÿòü äî óòâî-
ðåííÿ àì³äðàçîí³â 1,4-áåíçîõ³íîíó. Âèçíà÷åí³ îïòèìàëüí³ ïðå-
ïàðàòèâí³ óìîâè äëÿ öèõ ðåàêö³é. Ìåõàí³çì ðåàêö³¿ ïîëÿãàº â
1,8-ïðèºäíàíí³ àìîí³àêó, ÿê öå áóëî îïèñàíî ðàí³øå äëÿ ìîíî-,
ä³àëê³ëàì³í³â òà àðèëàì³í³â. Ïðîäóêò áåçïîñåðåäíüîãî ïðèºäíàí-
íÿ àìîí³àêó ìèòòºâî îêèñíþºòüñÿ êèñíåì ïîâ³òðÿ ³ íå ìîæå
áóòè âèä³ëåíèé â ÷èñòîìó âèãëÿä³. Âèõîäè àì³äðàçîí³â çàëå-
æàòü â³ä îêèñíî-â³äíîâíîãî ïîòåíö³àëó âèõ³äíîãî õ³íîí³ì³íó òà
çðîñòàþòü ç ï³äâèùåííÿì éîãî âåëè÷èíè. Ñòðóêòóðó îäåðæà-
íèõ ïðîäóêò³â äîâåäåíî äàíèìè ßÌÐ ñïåêòðîñêîï³¿ òà õðîìà-
òî-ìàññ ñïåêòðîìåòð³¿. Äîâåäåíî, ùî àì³äðàçîíè õ³íîíó ³ñíó-
þòü ïåðåâàæíî â õ³íî¿äí³é òàóòîìåðí³é ôîðì³, à âì³ñò ³íøèõ
òàóòîìåð³â çíåâàæëèâî ìàëå. Ñèíòåçîâàí³ ñïîëóêè â³ðîã³äíî
ìîæóòü çàñòîñîâóâàòèñü â ÿêîñò³ ïðåêóðñîð³â øèðîêî¿ íèçêè
ãåòåðîöèêë³÷íèõ ðå÷îâèí.

Êëþ÷îâ³ ñëîâà: àì³äðàçîíè, õ³íîí³ì³íè, àðåíàëüàçèíè
õ³íîíó, àìîí³àê, 1,2,4-òðèàçîëè, 1,8-ïðèºäíàííÿ.
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