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4~ACETYL-1-(R-BENZYLIDENE) -3-(5-NITRO-2 ~FURFURYL) THIOSEMICARBAZIDES —
CARRIERS OF SYNTHONES FOR OBTAINING THIAZOLE AND TRIAZOLE RINGS

G. D. Krapivin, E. B. Usova, UDC 547.497.1'722:
and V. G. Kul'nevich 543,422'51

The corresponding thiosemicarbazonium salts, which form 4-acetyl- and 2,4-di-
acetyl-l-benzylidene-3-(5-nitro-2-furfuryl)thiosemicarbazides with acetic an-
hydride, were obtained by the reaction of 5-nitrofurfuryl bromide with l-benzyl-
idenethiosemicarbazides. Under the influence of bases the monoacetylated de-
rivatives undergo cyclization to the corresponding 2-benzylidenehydrazino-5-(5-
nitro-2-furyl)thiazoles. Intramolecular cyclization of the monoacetylated prod-
ucts to 3-methyl-5-[(5-nitro-2-furfuryl)thiol-1,2,4-triazole, which is accom-
panied by the elimination of the corresponding benzaldehyde, occurs in the pres-
ence of hydrochloric acid.

It has been previously established [1] that S-(5-nitro-2-furfuryl)thiuronium bromide
reacts with carboxylic acid anhydrides to give substituted 5-(5-nitro-2-furyl)thiazoles. An
analysis of the reaction intermediates showed that the key intermediates are 1,3-diacyl-2-
(5-nitro-2-furfuryl)thioureas that contain structural fragment (synthone) A, the intramolecu-
lar cyclization of which leads to the formation of a thiazole ring.

: j
: :

. | [+ )
I 4
Ne,” o ~¢” )

The products of the reaction of thiosemicarbazonium salts with carboxylic acid anhy-
drides should also have the same structural fragments. We therefore investigated the pos-
sibility of the use of S$-(5-nitro-2-furfuryl) derivatives of thiosemicarbazide for the syn-
thesis of 2-hydrazino-5-(5-nitro-2-furyl)thiazoles,

Refluxing the nitrofurfuryl bromide with an equimolar amount of the benzylidenethiosemi-
carbazide in alcohol leads to thiosemicarbazonium salts Ia-e. A characteristic band of NH
stretching vibrations at 3300 cm™! and its intense overtone at 1650 cm~! are present in the
IR spectra of salts I (Table 1).

Whereas S-(5-nitro-2-furfuryl)thiuronium bromide reacts with carboxylic acid anhydrides
in one step to give 5-(5-nitro-2-furyl)thiazole derivatives [1, 2], thiosemicarbazonium salts
I give complex mixtures of products under the same conditions. Colorless substances, the
results of elemental analysis and the spectral characteristics of which correspond to mono-
acetylation products II or III, are obtained when the reaction is carried out in the presence

Krasnodar Polytechnical Institute, Krasnodar 350700. Translated from Khimiya Geterot-
siklicheskikh Soedinenii, No. 5, pp. 699-704, May, 1988. Original article submitted July
8, 1987.
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of an equimolar amount of sodium acetate at 50°C. Diacetylation products, to which struc-
tures IV or V may correspond, were isolated when the reaction mixtures were heated to 100°C.
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It is not possible to establish the precise location of the acetyl group in the monoacyl-
ation products by means of IR and PMR spectroscopy. However, the ability of the monoacetyl-
ated derivatives in the presence of bases to undergo conversion to 2-hydrazinothiazoles VI
and to form triazole hydrochloride VII in the presence of HCl constitutes unequivocal evi-
dence in favor of structure II. -
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The acetylation of II leads to diacetylation products that are identical to those iso-
lated from the reaction mixtures heated to 100°C. The IR spectra of the diacetyl derivatives
contain two bands of stretching vibrations of carbonyl groups at 1665-1673 and 1690-1703 cm™?,
and the PMR spectra contain two singlets of protons of two nonequivalent acetyl groups (Ta-
bles 1 and 2). Consequently, structure V can be assigned to the diacetylation products, and
it may be assumed that the tautomeric isothiosemicarbazide form is the preponderant form for
II.

It was demonstrated above that II are readily converted to the corresponding thiazoles
VI. The formation of a thiazole ring occurs owing to the high CH acidity of the methylene
link and proceeds through a number of successive steps. The kinetics of the cyclization of
IIa to thiazole VIa in 957 ethanol are described by a first-order equation with K = 7.3-10~*%
sec”™! (60.3°C, starting concentration 3.2:10"% M). The coincidence of the time and concentra-
tion orders of the reaction constitutes evidence that the intermediates do not accumulate
during the process and do not affect the rates of the individual steps. In view of the fact
that the second step in the cyclization is monomolecular, kinetic studies do not give an
unequivocal answer regarding the rate-determining step in the formation of the thiazole ring.

Carrying out the cyclization in the ampul of a PMR spectrometer in a mixture of C,D;0D
and NaOD showed that complete deuteration of the methylene link of IIa occurs after 3-5 min
(50°C); the formation of cyclization products is not observed. Consequently, reaction rates
k, and k., are much greater than k,, i.e., the rate-determining step of the process is intra-
molecular attack on the carbon atom of the amide carbonyl group by the carbanion.

The activation parameters of the cyclization process (aG* = 102 + 13 kJ/mole, A = 5.10°%
sec™!, AS, = =56 J-mole”!+deg~!) show that the transition state is distinguished by high
polarity and a high degree of orderliness and is situated on the reaction coordinate near
‘the cyclization product.

Hydrazinothiazoles VIa-e are brightly colored compounds, the electronic absorption spec-
tra of which contain four maxima (Table 1). Substituent R affects only the position of the
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TABLE 2. PMR Spectra of the Synthesized Compounds
Chermical shift, ppm (J, Hz)

Com~
pound *

H H J =
(A) (B) YAB|CH=N | CH; other slgnals

Na|720 | 645 37833 | 420 | 223 (3H, s, COCHy); 7.1—7.7 (5H, m CeHs);
9.39 (IH, br.s, . )

b 7,24 | 6,47 |3,7] 8,36 | 422 | 2.25 (3H, s, COCHs); 7.10 (2H, d, 8,0) and 7,24
(2H, d 80); 9,40 (1H. br.s, NH)

lic| 7,25 | 6,46 [3,7] 8,48 | 4,21 | 225 (3H, s, COCH,); 7,15 (2H, d 9,3).and 745
(2H, d, 9.3); 9,42 (1H. - br.s NH)

1dj 7,23 | 645 (3,71 855 {423 | 223 (3H, s, COCHi): 7,075 (5H, m,
CsH—NO,-3); 9,45 (1H, br. s NH)

He| 7,22 {645 |3.7]825 | 423 | 225 (IH, 5. COCHy): 332 (3H, s. OCHy);
§%77,3 (4H, m, CeH,OCH,); 938 (IH, br.s

va|718 | 653 [40]688 | 425 | 1,86 (3H, s, COCH,); 213 (3H, S, COCHy);
7.0—74 (5H,m, CgHs)

ve| 7,18 | 649 |40| 695 | 423 | 188 (3H, s COCH,): 220 (3H, S» COCHy);
385 (3H.8, CH,0); 7.0—7,2 (4H.m, CsH,0CH)

Via| 7.35 | 6.45 |4.0] 8.00 224 (3H. s, CHa); 7.0—7.4 (5H, m, CeHg)
Vib| 7.37 | 6,42 |4.0| 8,06 220 (3H. 8, CHa); 712 (2H, d 8,2) and 7.25 (2H,
2)

viel 735 | 644 (4.0] 815 2.’23 (31 8y CHo): 7.8 (2R, d 97)and 762
(2H, d 9.7)

vid| 736 | 642 |40] 817 225 (3H, s, CHy); 7.0~74 (4H, m,
CeH,—NO,-3)

Vie| 7,35 | 6,44-[4,0] 7,96 220 (3H, 5, CH;); 3.88 (3H, s, OCHj);
6.9—7,2 (4H, m CeH,OCH,)

VII | 721 | 6,40 |40 445 | 230 (3H,s, CH,)

VIII | 7.25 | 644 [4,0 448 | 232 (3H, s, CHy)

*The solvents used were CDCl, for IIa-e and Va, e and CF,COOH
for Via~e, VII, and VIII.

absorption band at 255-275 nm, which corresponds to a m - u%* transition localized on the aryl-
azomethine fragment of the molecule. The remaining three absorption bands characterize the
electron transitions in the 2-amino-5-(5-nitro-2-furyl)thiazole fragment. The position of

the long-wave band depends only slightly on the nature of substituent R in the benzene ring
and is due to excitation with charge transfer from the amino nitrogen atom to the nitro

group through the system of conjugated bonds of the thiazole and furan rings. A similar
transition in the 2-amino-5-(5-nitro-2-furyl)thiazole molecule is characterized by absorp-
tion with a maximum at 440 nm [2].

The PMR spectra of 2-hydrazinothiazoles VI (Table 2) contain signals of methyl, furan,
phenyl, and azomethine protons; the signal of protons of a methylene link that is character-
istic for II is absent.

The mass spectra of II, V, and VI contain molecular-ion peaks corresponding to the cal-
culated molecular masses (Table 1). The ions with masses of (M — 42) and (M — 2+42) in the
spectra of V constitute evidence for the presence of two acetyl groups. (An analysis of the
mass spectra of the synthesized furylthiazoles and intermediates will be the subject of a
separate publication.)

In acidic media all IIa-e give the same salt product VII; in addition to the formation
of VII, the accumulation of equimolar amounts of the corresponding benzaldehydes is observed.

Hydrochloride VII — a colorless crystalline substance that decomposes on heating — read-
ily splits out HC1l with the formation of triazole VIII on treatment with water even in the
absence of bases. Triazole VIII is more conveniently isolated from an aqueocus alcohol medium
by the addition of an equimolar amount of NaOH.

Solutions of hydrochloride VII and triazole VIII in trifluoroacetic acid have virtually
identical PMR spectra (Table 1): two singlets of protons of methylene and methyl groups and
two doublets of B protons of the furan ring.

The molecular ion of triazole VIII is quite stable (Wy = 11.6), its peak has the maximum
intensity in the mass spectrum, and its fragmentation is typical for many 5-nitrofurfuryl
sulfides [3]. The mass spectrum of hydrochloride VII is identical to the spectrum of tri-
azole VIII.

576



In conclusion, let us note the following: 4-acetyl-3-(5-nitro-2-furfuryl)thiosemicarb-
azides II, in contrast to 1,3-diacyl-2-(5-nitro-2-furfuryl)isothiourea {1], contain two syn-
thones A and B, which, depending on the conditions, ensure the formation of either a thiazole
(synthone A) or triazole (synthone B) ring. :

......

Synthone B is well known in the chemistry of amidrazones: acylamidrazones are cyclized
(to triazoles) so readily that they cannot be isolated during the synthesis [4, 5].

The formation of a thiazole ring due to synthone A (a one-component synthesis of the
[d(5)] typein the Schroth classification [6]) is a new variant of the formation of a thiazole

ring.
EXPERTIMENTAL

The electronic spectra of solutions of the compounds in ethanol were recorded with a
Specord UV-vis spectrophotometer, which was also used for the kinetic studies. The IR spec-
tra of suspensions in mineral oil were obtained with a UR-20 spectrometer. The PMR spectra
were recorded with a Tesla BS-467 spectrometer (60 MHz) with hexamethyldisiloxane as the in-
ternal standard. The mass spectra were determined with a Varian CH-8 spectrometer with di-
rect introduction of the samples into the ion source at 100-150°C and an ionizing voltage
of 70 eV.

1-Benzylidene-3-(5-nitro-2-furfuryl)thiosemicarbazonium Bromide (Ia). A solution of
20.6 g (100 mmoles) of 5-nitrofurfuryl bromide in 20 ml of ethanol was added to a hot solu-
tion of 17.9 g (100 mmoles) of benzaldehyde thiosemicarbazone in 130 ml of ethanol. After
1 h, the solution was cooled, 500 ml of ether was added, and the resulting precipitate was
recrystallized from ethanol. Salts Ib, e were similarly obtained.

1-(4-Nitrobenzylidene)-3-(5-nitro-2-furfuryl)thiosemicarbazonium Bromide (Ic). A solu-
tion of 5.87 g (26 mmoles) of 4-nitrobenzaldehyde thiosemicarbazone and 5.4 g (26 mmoles)
of 5-nitrofurfuryl bromide in 100 ml of ethanol was refluxed for 3 h, after which the mix-
ture was cooled and treated with 500-700 ml of ether, and the precipitate was recrystallized
from ethanol. Salt Id was similarly obtained.

4-Acetyl-1l-benzylidene-3-(5-nitro-2-furfuryl)thiosemicarbazide (IIa). A mixture of 15.4
g (40 mmoles) of salt Ia, 3.28 g (40 mmoles) of sodium acetate, 100 ml of acetic anhydride,
and 100 ml of water was stirred without external heating for 30-40 min until it became com-
pletely homogeneous (the temperature of the reaction mass increased spontaneously to 40-60°C).
The solution was cooled, and the precipitated crystals were removed by filtration and puri-
fied by low-temperature crystallization from ethanol. Compounds IIb-e were similarly ob-
tained.

2,4-Diacetyl-1-benzylidene-3-(5-nitro-2-furfuryl)thiosemicarbazide (Va). A. A mixture
of 7.7 g (20 mmoles) of salt Ia and 1.64 g (20 mmoles) of sodium acetate in 100 ml of acetic
anhydride was stirred for 1 h at 100°C, after which it was cooled, and a solution of 10 g
of NaOH in 100 ml of water was added in such a way that the temperature of the reaction mix-
ture did not exceed 60°C. The solution was cooled, and the resulting precipitate was washed
with water and purified by low-temperature crystallization from ethanol.

B. A solution of 1.73 g (5 mmoles) of IIa in 20 ml of acetic anhydride was refluxed
for 1 h. The substance was isolated and purified as described above. The yield was 1.32
g (60%). No melting-point depression was observed for a mixture of this product with Va ob-
tained by.the method presented above. The spectra of the two compounds were identical.

Compound Ve was similarly obtained.

4-Methyl-2-[(4-methoxybenzylidene)hydrazino]-5-(5-nitro-2-furvl)thiazole (VIe). A solu-
tion of 1.0 g (27 mmoles) of IIe and 0.2 g (25 mmoles) of sodium acetate in 30 ml of ethanol
was refluxed for 3 h, after which it was cooled to 0°C, and the precipitate was removed by
filtration and recrystallized from acetic acid. Thiazoles VIa-d were similarly obtained.
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3-Methyl-5-[(5-nitro-2-furfuryl)thiol-1,2,4-triazole Hydrochloride (VII). A 0.5 ml
sample of concentrated HCl was added to a solution of 3.0 g (8.7 mmoles) of IIa in 40 ml of
ethanol, and the mixture was refluxed for 5 min. It was then evaporated to a volume of 5
ml, and the concentrate was cooled and diluted with 15 ml of ether. The precipitate was
washed with ether and air dried. Hydrochloride VII was similarly obtained from IIb-e.

3-Methyl-5-[(5-nitro-2-furfuryl)thiol-1,2,4-triazole (VIII). A 0.7 g (2.5 mmoles) sam-
ple of hydrochloride VII was added to a solution of 0.1 g (2.5 mmoles) of NaOH in 30 ml of
a mixture of water and alcohol (1:1), and the mixture was stirred for 15 min. The precipi-
tate was washed with water, dried, and recrystallized from ethyl acetate. Mass spectrum
(m/z, relative intensity, Z): 240 (100) M, 223 (73) (M — OH), 194 (46) (M - NO,), 126 (32)
(Fur — cH,*1).
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SYNTHESIS OF SUBSTITUTED 1,3-THIAZINIUM PERCHLORATES

T. E. Glotova, A. S. Nakhmanovich, UDC 547.314.3'582.4!
and N. S. Mabarakshina ' 869.07:542.953.2

Substituted 1,3-thiazinium perchlorates were synthesized by the reaction of
a-acetylenic ketones with thiobenzamide in acetic acid in the presence of per-
chloric acid.

It is known that the reaction of vinyl ketones with thioamides in acetic acid in the
presence of perchloric acid leads to 3,6-dihydro-1,3-thiazinium perchlorates, which are de-
hydrogenated by trityl perchlorate to give substituted 1,3-thiazinium perchlorates [1].
Salts of this type were also obtained by the reaction of B-acylaminovinylthiocarbonyl com-
pounds with perchloric acid in absolute ether at 20°C [2].

In the present research we studied the reaction of acylacetylenes Ia-d with thiobenz-
amide in the presence of perchloric acid.
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