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SYNTHESIS AND CONVERSIONS OF 5-(3,5,6-TRICHLORO-1,4-
BENZOQUINON-2-YL)-2-ISOPROPYLIDENEHYDRAZINO-
THIAZOLE AND 2-ISOPROPYLIDENAZINOTHIAZOLINES

G. A. Karlivan, R. E. Valter, A. E. Batse,
and Yu. V. Gulbis

When 2,5-dihydroxy-3, 4,6, 7-tetrachloro-2, 3-dihydrobenzo[b]furan interacts in acetone with thiosemicarbazide
or its 4-methyl or 4-phenyl derivative, the respective products are 5-(2,5-dihydroxy-3,4, 6-trichlorophenyl)-2-
(isopropylidenehydrazino)thiazole and -3-R-2-(isopropylidenazinojthiazolines, respectively. It has been shown
that hydrolysis of these compounds forms 3-amino-5-(2,5-dikydroxy-3,4, 6-trichlorophenyl)-2-imino{or 2-R-
imino)thiazolines. These products of hydrolysis and their predecessors are oxidized to the corresponding 2-
hetaryl-substituted 3,5, 6-trichioro-1,4-benzoquinones.

-The work reported here is a continuation of systematic studies {1, 2] of the synthesis of hetaryl-substituted trichloro-1,4-
benzoquinones on the basis of a universal synthon, 2,5-dihydroxy-3,4,6,7-tetrachloro-2,3-dihydrobenzo[blfuran (I) [3].
Intramolecular charge transfer is observed in the molecules of these compounds between the electron-donor heterocycle and
the electron-acceptor benzoquinone fragment; this is reflected in their electronic spectra.

The reactions of the benzofuran I with thiosemicarbazide and its derivatives open up broad possibilities for obtaining
various heterocycles connected by a C--C bond with a trichlorobenzoquinone group.

It is known [4-6] that «-halocarbonyl compounds (the dihydrobenzofuran I is a cyclic tautomeric form of an aryl-
substituted a-chloroacetaldehyde [3]) in reactions with thiosemicarbazides may form derivatives of 2-amino-4H(6H)-1,3,4-
thiadiazines, 2-hydrazinothiazoles, and 3-amino-2-iminothiazolines, and also pyrazole derivatives, if the process of forming
the 1,3,4-thiadiazine is accompanied by extrusion of the sulfur atom.

As a result of the interaction of the dihydrobenzofuran I with unsubstituted thiosemicarbazide in ethanol, we obtained
a mixture of 2-hydrazino-5-(2,5-dihydroxy-3,4,6-trichiorophenyl)thiazole and 3-amino-2-imino-5-(2,5-dihydroxy-3,4,6-
trichlorophenyl)thiazoline [1]. We were unable to separate this mixture or isolate the isomers in individual form, apparently
because of their facile interconversion. As a consequence of side reactions, we were not successful in oxidizing these
compounds to the corresponding derivatives of 1,4-benzoquinone.

In the present work, when the reaction of these same reagents was performed in acetone, the product that was formed
was 5-(2,5-dihydroxy-3,4,6-trichloropheny!)-2-isopropylidenehydrazino)thiazole (II), isolated in the form of the hydrochloride
(II'-HCI). Evidently, the initial step is the condensation of thiosemicarbazide with acetone, leading to I-isopropyl-
idenethiosemicarbazide, which then enters into a nucleophilic substitution reaction (the reaction mechanism will be discussed
subsequently).

By oxidation of compound II with ferric chloride in aqueous dimethylformamide, we obtained 2-(iso-
propylidenehydrazino)-5-(3,5,6-trichloro-1,4-benzoquinon-2-yl)thiazole (1If). When compound I1 is subjected to acid hydrolysis
(refluxing with hydrochloric acid in ethanol), the isopropylidene group splits out, and the resulting hydrochloride of 2-
hydrazino-5-(2,5-dihydroxy-3.4,6-trichlorophenylthiazole (IV) is isomerized to the hydrochloride of 3-amino-5-(2,5-dihydroxy-
3.4,6-trichlorophenyl-2-iminothiazoline (V). This is a manifestation of the higher stability of the 2-iminothiazoline ring in
comparison with the 2-hydrazinothiazole ring.
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Upon oxidation of compound V with ferric chloride in aqueous dimethylformamide, 2-amino-6-(3,5,6-trichloro-1,4-
benzoquinon-2-yl)-4H-1,3,4-thiadiazine (VI) is formed. Oxidation of the hydroquinone fragment is accompanied by
isomerization of the thiazoline ring to a 4H-1,3,4-thiadiazine ring. We had shown previously that upon refluxing the
hydrochloride of 5-(2,5-dihydroxy-3,4,6-trichloropheny!)-2-imino-3-phenylaminothiazoline in ethanol, hydrogen chioride splits
out, with subsequent isomerization to 2-amino-6-(2,5-dihydroxy-3,4,6-trichlorophenyli)-4-phenyi-4H-1,3,4-thiadiazine [7].
Evidently, protonation of 3-amino-2-iminothiazoline stabilizes its structure in comparison with the isomeric 2-amino-4H-1,3,4-
thiadiazines, and deprotonation acts in the opposite direction (see also [5, 6}).

We had shown rather recently that when the benzofuran I interacts with 4-methyl- or 4-phenylthiosemicarbazide in
ethanol or acetonitrile, new condensed heterocyclic derivatives of benzofuran are formed, namely the hydrochloride of 8-
hydroxy-2-methyl(phenyl)amino-6,7,9-trichloro-4a,9b-dihydro-4H-1,3,4-thiadiazino[5,6-b]benzo{d]furan [8].

When the reactions of the benzofuran I with 4-methyl- or 4-phenylthiosemicarbazide are carried out in acetone, 5-(2,5-
dihydroxy-3,4,6-trichlorophenyl)-2-isopropylidenazino)-3-methyl(phenyl)thiazolines (V1la,b) are obtained. The methyl deriva-
tive VIla is recovered from the reaction mixture in the form of the hydrochloride (VIla-HCI), the phenyl derivative VIIb in
the form of a solvate with a molecule of acetone. Upon recrystallization of compound VIIb from ethanol, a solvate with a
molecule of ethanol is formed. Here also, the first step is the condensation of the corresponding thiosemicarbazide with acetone,
after which the 1-propylidene-4-methyl(phenyl)thiosemicarbazide enters into a reaction of nucleophilic substitution of the
chiorine atom in the molecule of the benzofuran. The intermediate product VIII is further subjected to intramolecular cyclization
to form a thiazoline ring, with simultaneous opening of the benzofuran ring (VIII - VII). Closure of the six-membered ring
of the 4H-1,3 4-thiadiazine is impossible here because of structural considerations, and formation of the condensed system IX
(compare [8]) is not observed.

Compounds VIia,b are oxidized smoothly by ferric chloride in aqueous dimethylformamide to 2-isopropylidenazino-3-
methyl(phenyl)-5-(3,5,6-trichloro-1,4-benzoquinon-2-yl)thiazolines (Xa,b). Upon refluxing with hydrochloric acid in an ethanol
solution, the thiazolines V1la,b are subjected to hydrolysis, splitting out the isopropylidene group in the form of acetone; formed
as intermediate products are the hydrochlorides of 2-hydrazono-5-(2,5-dihydroxy-2,4,6-trichloropheny!)-3-methyl-
(phenyljthiazolines (XIa,b), which are rearranged to the hydrochlorides of the isomeric 3-amino-5-(2,5-dihydroxy-3,4,6-
trichlorophenyl)-2-methyl(phenyl)iminothiazolines (Xlla,b). This sort of isomerization had been observed previously in the
hydrolysis of 3-alkyl-2-isopropylidenazino-4-phenylthiazolines: Under the action of 2 N hydrochloric acid, the 3-alkyl-2-
hydrazono-4-phenylthiazolines that were formed were converted to 3-amino-2-alkylimino-4-phenylthiazolines [4]. The high

stability of the 3-amino-2-alkyl(aryl)iminothiazolines in comparison with the isomeric 3-alkyl(aryl)-2-hydrazonothiazolines had
also been noted in a number of other cases [5, 6].
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In the oxidation of the iminothiazolines X1Ia,b with ferric chloride in aqueous dimethy! sulfoxide, the main products
were 2-methyl(phenyl)amino-6-(3,5,6-trichloro-1,4-benzoquinon-2-yl)-4H-1,3 4-thiadiazines (XIlia,b). The low yields of these
compounds (about 40%) apparently reflect the occurrence of side reactions, including reactions that form water-soluble
compounds. The oxidation products contain, in addition to the thiadiazines XIlla,b, the isomeric 3-amino-2-methyl-
(phenyl)imino-5-(3,5,6-trichloro-1,4-benzoquinon-2-yljthiazolines (X1Va,b) and 2-hydrazono-3-methyi(phenyl)-5-(3,5,6-
trichloro-1,4-benzoquinon-2-yl)thiazolines (XVa,b). Owing to the facile interconversion of the isomers, separation of this
mixture encounters serious difficulties.

In the IR spectra of the crystalline compounds 11 and VIla,b (Table 1), the most intense band, which can be assigned
to absorption of the Me,C=N group, is observed at 1620-1610 cm~!; there are also broad bands in the 3300-3000 cm™!
interval, corresponding to vibrations of associated OH groups and the N*H group. In the spectra of the hydrochlorides V and
X1la,b, obtained after hydrolysis of compounds II and VIIa,b, respectively, there are two intense bands at 1672-1664 and 1582-
1578 cm ™!, the first of which can apparently be attributed to vibrations of the protonated imino group (C=N*), and the second
to stretching vibrations of the iminothiazole ring [9]. Also observed in these spectra is an absorption band of the amino group
(3362-3310 cm™!) and broad bands of an associated OH group and the N*H group in the interval 3400-2800 cm™!.

In the PMR spectra of compounds II and V1la,b (Table 1), there are two singlets corresponding to signals of the protons
of two nonequivalent methyl groups of the isopropylidene fragment, a singlet of the 4-H proton of the heterocycle, and broad
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signals of protons of the OH and NH groups. In addition, the spectrum of the thiazoline V1la contains a singlet signal of NMe-
group protons; and the spectrum of the thiazoline VIIb contains a multiplet of protons of the phenyl substituent. In the spectra
of the hydrochlorides V and XIlIa,b, the singlet of the 4-H proton of the heterocycle is preserved, and also the broadened signals
of the protons of the OH and NH groups.

In the IR spectra of the quinones III and Xa,b (Table 2), we observe two bands of carbonyl absorption at 1674-1662
and 1650-1636 cm ™! (C=0 of quinone) and also a band at 1566-1552 cm™~! (C=C of quinone) [10]; there are no bands of
OH groups. In the spectra of the quinones VI and XIlla,b, absorption of the C=0 group is observed in the form of a single
broad band in the 1678-1662 cm ™! interval.

The PMR spectra of the quinones III and Xa,b (Table 2) contain signals of protons of methyl groups of the
isopropylidene fragment (two singlets for compounds III and Xb, one singlet for compound Xa) and a singlet of the 4-H proton
of the heterocycle. In the spectra of the quinones VI and Xllla,b, we observe a singlet of the 5-H proton of the heterocycle,
and also a signal of protons of the NMe group for compound XIIla or a signal of protons of the phenyl substituent for
compound XIIlb. ,

In the UV spectra of the quinones VI, Xa,b, and XIIla,b (Table 2) there are two bands in the 280-335 nm interval,
where the absorption of the benzoquinone system overlaps that of the iminothiazoline or thiadiazine ring. The most intense of
these bands may pertain m;;;i:* transition in the benzoquinone system [11], the less intense band t0 2 »»* transition in
the iminothiazoline or thiadiazine ring [12]. In the spectrum of the quinone III (in ethanol} these are two kunds corresponding
to absorption of the benzoquinone system (335 nm) and the thiazole ring (263 nm). in addition to these bands, the spectra of
all of the quinones exhibit a band of intramolecular charge transfer from the heterocycle to the benzoquinune fragment. When
the molecule contains a thiazole ring (compound III) or a thiazoline ring (compounds Xa,b), this baud is located in the interval
624-720 nm (in ethanol) or 615-762 nm (in chloroformy); in the case of a thiadiazine ring (compounds VI and XIIIa,b), we note
a hypsochromic shift of this band to 450-527 nm (in ethanol) and 472-579 nm (in chloroform). It is pertinem to emphasize that
for the quinones Xa,b, in comparison with all of the 2-heteryl-substituted 3,5,6-richloro-1,4-beazoquinones that we had
synthesized previously (see {1, 2]), the charge transfer band appears at longer wavelengths.

EXPERIMENTAL

IR spectra were recorded in a Specord M-80 instrument on suspesisions of the samples ‘m whie ymineral oil (1900-1500
cm ! interval, NaCl prism) or hexachlorobutadiene (3800-2000 cm ! intervai, LiF prism, miarsievers. The zlectronic spectra
were taken in a Specord M-40 instrument on solutions in ethanol or chloroform (corcentration 2. 5- 107> M). PMR spectra were
obtained in a Bruker H-90 instrument (\H 90 MHz) in DMSO-dg or CDCly solutions. Internal standard TMS.

The individuality of the compounds was monitored by TLC on Silufol UV-254 plates with an anchored layer of silica
gel, eluent chloroform or ethy! acetate/carbon tetrachloride, development with UV light and iodine.

2,5-Dihydroxy-3,4,6,7-tetrachloro-2,3-dihydrobenzo[b]furan 1 was obtained by a procedure given in [3].

5-(2,5-Dihydroxy-3,4,6-trichlorophenyl)-2-isopropylidenehydrazinothiazole (II-HCI) and 5-(2,5-Dihydroxy-3,4,6-
trichlorophenyl)-2-isopropylideneazino-3-methyl(phenyl)thiazolines (VIIa-HCl, VIIb) (Table 1). A mixture of 0.58 g (2
mmoles) of the benzofuran I and 2 mmoles of the appropriate thiosemicarbazide in 10 ml of acetone was refluxed S h, cooled,
and held at 15-20°C (or 0°C for the thiazoline IXb) for a period of 20 h. The precipitated product was separated, washed with
acetone, and dried. Compound VIIb was recrystallized from 60% ethanol. The reaction products were obtained in the form
of colorless crystals.

Hydrochlorides of 3-Amino-5-(2,5-dihydroxy-3,4,6-trichlorophenyl)-2-iminothiazoline (V) and 3-Amino-5-(2,5-
dihydroxy-3,4,6-trichlorophenyl)-2-methyl(phenyl)iminothiazolines (XIIa,b) (Table 1). A mixture of 1 mmole of compound
11, IXa, or IXb with 5 ml of concentrated hydrochloric acid was refluxed for 0.5 h after which refluxing was continued for
2 h with a Dean and Stark head. As the ethanol and the acetone that were formed in the reaction mixture were driven off, a
precipitate formed. The reaction mixture was held for 20 h at 0°C, and the precipitated product was separated, washed with
water, ethanol, and ether, and dried. The reaction product darkened during storage.

2-Isopropylidenehydrazino-5-(3,5,6-trichloro-1,4-benzoquinon-2-yl)thiazole(III),2-Isopropylidenazino-3-methyl-
(phenyl)-5-(3,5,6-trichloro-1,4-benzoquinon-2-ylthiazolines (Xa,b), 2-Amino-6-(3,5,6-trichloro-1,4,-benzoquinon-2-yh)-4H-
1,3,4-thiadiazine (VI), and 2-Methyl(phenyl)amino-6-(3,5,6-trichloro-1,4-benzoquinon-2-yl)-4H-1,3,4-thiadiazines
(XIl1a,b) (Table 2). To a solution of 1 mmole of compound II, V, or ViIa,b in 10 ml of dimethylformamide, or XlIla,b in 10
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ml of dimethyl sulfoxide, while mixing with a magnetic stirrer at 20°C, 20 ml of 20% aqueous ferric chloride solution was
added dropwise. The reaction mixture was stirred for another 2 h at 20°C, after which 20 ml of water was added, and the
precipitated product was separated, washed with water, and recrystallized. Obtained intensely colored crystals: blue III, red
VI, blue-green Xa,b, and violet XIlla,b.
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