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New Routes to Aroylthiadiazolines and Arylazothiazoles from
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Reaction of phenylglyoxalyl bromide arylhydrazones (111) with thiourea in ethanol produLcs
2-amino-4-phenyl-5-arylazothiazoles (X1) instead of the expected 2-benzoyl-4-aryl-5-imino-A%-
1,3 ,4-thiadiazolines (V) obtained from 1II and potassium thiocyanate. Phenacyl thiocyanate (1V)
couples with diazotized anilines to give V. The mechanisms of formation of V and XI from V|
and 111, respectively, are postulated. Nitrosation of V gives the corresponding N-nitroso derivatives

(V1I), which decompose upon refluxing in xylene to give 2 4-disubstituted A?-1,3,4-thiadiazolin-

S5-ones (VL.

anhydride and benzoyl chloride in pyridine.

Earlier studies have shown that hydrazonyl halides 1
produce the corresponding 2 4-diaryl-5-imino-A%-1,3,4-
thiadiazolines (1I) upon treatment with either thiourea or
potassium thiocyanate (3). In an attempt to examine the
effect of the presence of a carbonyl conjugated with the
hydrazone group on the course of such reactions, we have
investigaled the reactions of phenylglyoxalyl bromide
arylhydrazones (I111) with potassium thiocyanate and thio-
urea. In the course of this investigation, we studied also
the azo coupling of phenacyl thiocyanate (IV). To date
there has been no data published regarding the azo coupling
of active methylene thiocyanate compounds other than
that given in our preliminary recent communication (4).
The results of the reactions studied are summarized in
Scheme 1.
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Results and Discussion

Phenacyl thiocyanate couples with aryldiazonium salts
in a sodium acetate buffered solution of ethanol to give
2-imino-3-aryl-5-benzoylthiadiazolines (V). The structures

The thiadiazolines V give the respective N-acyl derivatives IX and X with acetic

Scheme 1
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of the latter were deduced from their spectra and from
their chemical reactions described below. Ir spectra of V
revealed no bands in the 2000-2200 cm ™" region due to a
free -SCN group. The spectra contained, however, bands
at 3320 em~! (imino NH); 1650 em™' (C=0) and at
1610 ¢cm™! (C=N). The absorption pattern of V in the uv
region was, in each case, characterized by three maxima in
the 380-360, 280-250 and 230-210 nm regions (Table 1).
As an example of the series, the nmr spectrum of V (Ar =
p-CH3C¢Hy) in deuterated chloroform showed a multiplet
at § 7.0-8.5 (10H, aromatic and imino NH) and a singlet at



46 A.

8 2.36 (31, CH;Ar) ppm.
oxide a new singlet appeared at & 4.50 ppm assignable to
DOII proton and the multiplet at § 7.0-8.5
ponds to nine protons only.

Upon shaking with deuterium

ppm corres-
The structures of V were
Thus treat-
ment of 111 with excess potassium thiocyanate in ethanol
al room temperature produced products that proved to be
identical in all respects with those of V prepared above.

further indicated by independent synthesis.

These results indicate that both the azo coupling of IV and
the reaction of IIl with potassium thiocyanate proceed
The latter is, un-
doubtedly, the hydrazone VI, which cyclizes readily to
give V (Scheme 2).

through one common intermediate.
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o \ HO"
CoILCOCILSCN + ArNS CgHaCOGHSCN
N=NAr
"
e CeHOC—S  CgH5CO: s
CHLCOC + KSCON ——> [ [N |
S NNHAr N WaCEN NH
Hy
m e
Vi v

Nitrosation of V gave the nitroso derivatives VII. The
clectronic absorption spectra of the latter in ethanol (Table
1) showed two common maxima in the 510-470 (log e
< 2) and 340-365 (log ¢ > 4) nm regions. These are
assigned to the n-n* and 7-m% transitions of the nitroso-
imino group (5). These assignments are supported by the
fact that the former maximum shifts towards the shorter
wavelength side by changing solvents from non-polar to
polar ones, whereas the latter absorption (i.e., that near
358 nm) is unaffected by the polarity of the solvent. Ir
spectra of VII showed no NH band, but contained a com-
mon band at 1650 ¢m™' (C=0). The nmr spectrum of
VIl (Ar = p-CH3Cg1l,) exhibits a multiplet at § 7.0-8.4
(YH, aromatic) and a singlet at § 2.40 (3H, p-CH3 Ar) ppm.

All compounds VIT decomposed to the corresponding
thiadiazolones VII1 (Table 1I) upon refluxing in xylene.
The products V111 in ethanol showed no absorption in the
visible region. The uv spectra showed however, three
maxima in the 340-300; 290-250, and 240-200 nm regions.
Ir spectra (potassium bromide) of VIII revealed in each case
two CO absorption bands near 1650 and 1705 em™". The
nmr spectrum of VIII (Ar = p-CH3CgHa) in deuterated
chloroform showed a singlet at § 2.40 (3H, p-CH; CeHs-)
and a multiplet in the aromatic region of § 7.0-8.5 (9H,
aromatic) ppm.

Acylation of V with acetic anhydride (and with benzoy!
chloride in pyridine) yielded the corresponding N-acetyl
(and N-benzoyl) derivatives, IX and X, respectively. Both
elemental and spectral data were consistent with the
assigned structures of the products 1X and X. The nmr
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spectrum of IX (Ar = p-Cl13C¢Hs-) in deuterated chloro-
form revealed the presence of two singlets at § 2.34 (3H,
CH;CON-) and § 2.41 (3H, p-CH3Ar-) and a multiplet at
8 7.0-8.5 (9H, aromatic) ppm. Ir spectra of IX contained
bands at 1650 (benzoyl CO) and 1630 (CH;CON=) cm™!
The uv data are summarized in Table II1.

Treatment of [1I with excess thiourea in ethanol yiclded
products which were identified as 5-arylazo-4-phenyl-2-
aminothiazoles (XI). The structures of the latter were
inferred from their spectral and elemental analyses. The
nmr spectrum of XI in deuterated chloroform showed, in
each case, an NH, singlet at § 5.98 ppm. Upon addition
of deuterium oxide, the latter singlet disappeared and a
new singlet appeared at 8 4.50 ppm. The electronic absorp-
tion spectra of these products, XI, (ethanol) were different
from those of V. As shown in Table IV, each compound
exhibits two intense maxima (log e > 4) in the 470-420
and 280-260 nm regions. The structures of XI were con-
firmed further by comparison with authentic samples
prepared from 2-amino-4-phenylthiazole and diazotized
anilines.

Scheme I11 shows two possible pathways that account
for the formation of XI from IIl and thiourea. It js
assumed that the first stage involves formation of a carbon-
sulfur link by elimination of a molecule of hydrogen bro-
mide to give XII, by analogy to the reaction of thioamides
with a-halo carbonyl compounds (9). In the second stage,
ring closure occurs through direct attack by either the
imino- (pathway A) or the amino nitrogen atom (pathway
B) on the carbonyl carbon, and a molecule of water is then
eliminated.

Scheme 3
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The present work establishes that o-keto hydrazonyl
bromides, unlike benzhydrazidic halides, give different
products in their reactions with potassium thiocyanate

and thiourea. Furthermore, the azo coupling of active

methylene thiocyanates provides a useful route to substi-
tuted thiadiazolines. It is a rapid and efficient procedure
that reuqires only readily available starting materials.

EXPERIMENTAL

Melting points arc uncorrected. Infrared spectra (potassium
bromide) were recorded on a Pye-Unicam SP1000 spectrophoto-
meter. Uv spectra were determined on a Pye-Unicam SP8000
spectrophotometer. Nmr spectra (deuterated chloroform) were
determined with a Varian T-60A spectrometer using TMS as an
internal standard. Phenacyl thiocyanate (1V) (6) and phenylgly-
oxalyl bromide arylhydrazones (I11) (7) were prepared as previously
described. Analyses were by Alfred Bernhardt Mikroanalytisches
Laboratorium, West Germany.

2-Ar()yl-4-aryl-5-imino-A2 -1,3.,4-thiadiazolines (V).
Method A.

A cold solution (0-5°) of IV (1.7 g., 0.01 mole) and sodium
acetate (1.3 g.) in ethanol (50 ml.) was treated, while stirring,
with the appropriate diazonium salt (0.01 mole) and left in the ice
chest for 8 hours. The solid which formed was collected, washed
with water, and then recrystallized from ethanol. Compounds V
were obtained in 70-85% yield. The compounds prepared and
their physical properties are listed in Table 1.

Method B.

To a suspension of the appropriate I11 (0.005 mole) in ethanol
(50 ml.), a solution of potassium thiocyanate (0.01 mole) in water
(10 ml.) was added, and the mixture was stirred for 4 hours at
room temperature. During this period, the material went into
solution and a new solid was formed. The latter was collected,
washed with water, and purified by recrystallization from ethanol.
By this method, compounds V were obtained in 75-80% yields.
The spectra (uv, ir, nmr) and melting points of these products were
identical with those of the products obtained by Method A (Table
D.

Nitrosation of VII. General Procedure.

A solution of V in acetic acid (30 ml.) was treated with a
saturated aqueous solution of sodium nitrite while stirring (30
minutes). The reddish product which precipitated was collected
and recrystallized from ethanol. 2-Aroyl4-aryl-5-nitrosoimino-A2-
1,3,4-thiadiazolines (VII) were obtained in almost quantitative
yield (Table IT).
2-Aroyl4-aryl-A21 3 A-thiadiazolin-5-ones. General.

The appropriate nitroso derivative (VIL) (1 g.) was refluxed in
xylene (40 ml.) for 30 minutes and left overnight at room tempera-

ture. The solvent was removed under reduced pressure and a small
amount of ethanol was added to the residue. The solid which
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formed was collected and recrystallized from ethanol. The pro-
ducts VIII (Table I1) were obtained in 80-93% yields.

Acylation of V.

Compound V (1 g.) was refluxed in acetic anhydride (20 ml.)
for 15 minutes, cooled and poured on crushed ice. The crude solid
which precipitated was collected and recrystallized from ethanol.
The benzoylation of V was effected by refluxing equimolecular
amounts of V and benzoyl chloride in pyridine (6 ml./mmole) for
20 minutes, cooled and poured on ice. Recrystallization form
acetic acid gave X in 65-78% yields (Table 111).

2-Amino-4-aryl-5-arylazothiazoles (XI).
Method A.

A mixture of the appropriate phenylglyoxalyl bromide aryl-
hydrazone (111) (0.005 mole) and thiourea (0.01 mole) in ethanol
(40 ml.) was refluxed for 4 hours, then poured on ice, and two
drops of ammonium hydroxide were added. The solid which formed
was collected, washed with water, and recrystallized from ethanol,
except Xlc and XId (Table I1) recrystallized from acetic acid. The
products XI were obtained in 65-87% yields.

Method B.

A diazonium salt solution, prepared from 0.011 mole of the
appropriate aniline and buffered with sodium acetate, was added
at 0° to 2-amino-4-phenylthiazole giving 75-88% of XI. The isolated
products proved to be identical (m.p., m. m.p., uv, nmr) with those
prepared above by method A.
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