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Condensation of monosubstituted arylthioamides and trisubstituted thioureas with chlorocarbonylphenyl-
ketene in anhydrous nonprotic solvents readily gave a variety of anhydro-6-hydroxy-4-0x0-2,3,5-trisubstituted
4H-1,3-thiazinium hydroxides in excellent yields. At 80° in benzene these underwent ready elimination of carbon-
yl sulfide to give 4-quinolones, an azetinone and its open-chain iminoketene valence tautomer being implicated as
intermediates in the rearrangement. In addition to spectral data, the structures of the quinolones were estab-
lished by alternative syntheses. These betaines, containing “masked” 1,4 dipoles, did not undergo cycloaddition
reactions with a variety of acetylenic and olefinic dipolarophiles, conversion into the 4-quinolones being the pre-

ferred reaction pathway.

In the general class of five-membered mesoionic ring sys-
tems one of their most interesting, and synthetically useful,
properties is their ability to undergo 1,3-dipolar cycloaddi-
tion reactions.? In six-membered ring systems of this gener-
al type both 1,3-dipolar® and 1,4-dipolar* cycloadditions
have been observed, the latter in ring systems in which the
“masked” 1,4 dipole results from a suitable arrangement of
peripheral heteroatoms and substituent groups. In our pre-
vious communications* we showed that several pyrimidi-
nium betaines were reactive substrates for 1,4-dipolar cy-

. cloadditions. This present communication describes the ex-
tension of these concepts to a series of 4H-1,3-thiazinium
betaines that have an added interest in that they under-
went ready thermal elimination of carbony! sulfide to form
4-quinolones rather than undergo 1,4-dipolar cycloaddition
reactions.

The 1,3-thiazine system has been known for several
years® and recently, independent of our study, a brief re-
port describing the synthesis of several 1,3-thiazinium be-
taines from thioamides and malonic acid derivatives has
appeared.® In our study we utilize for the first time in het-
erocyclic synthesis chlorocarbonylphenylketene (2), a ver-
satile 1,3-bielectrophilic species that is prepared from
phenylmalonic acid and PCl; or SOClg, followed by distilla-
tion under vacuum.” Obtained as a crystalline product that
can be stored for considerable time, there is no doubt that
this is the reactive species in the reactions utilizing phenyl-
malonyl chloride in the above synthesis of this ring sys-
tem.®

Thiobenzanilide (1, R = R’ = Ph) and chlorocarbonyl-
phenylketene (2) underwent ready reaction to give anhy-
dro-6-hydroxy-4-0x0-2,3,5-triphenyl-4H-1,3-thiazinium
hydroxide (3, R = R’ = Ph), a product that decomposed
readily on exposure to moisture. Incorporation of an elec-
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tron-releasing group in the 2 substituent imparted greater
stability to the thiazinium system 3. Thus, the 2-p-chloro-
phenyl and 2-p-methoxyphenyl derivatives of 3 were ob-

tained as high-melting, relatively stable products, and the
variety of derivatives of this ring system prepared in this
way are described in Table I. In no instance was the molec-
ular ion detected in the mass spectra of these derivatives,
whose physical constants, described in Table I, are consis-
tent with the assigned structures. Assuming that the resul-
tant stability of the system is due to some extent to delo-
calization of the positive charge associated with positions
1-3 of the nucleus, a logical extension would be to incorpo-
rate substituents into the 2 position that have appreciable

“electron-releasing ability. This objective was achieved util-

izing disubstituted amino groups, the requisite starting ma-
terial being the readily available trisubstituted thioureas
formed by condensation of an appropriate amine and an
isothiocyanate.

N-Methyl-N,N’-diphenylthiourea (4, R = R’ = Ph; R? =
CHjy), from N-methylaniline and phenyl isothiocyanate,
and 2 yielded the betaine 3 [R = CH3(Ph)N; R’ = Ph] as
yellow prisms, mp 157° dec, in 88% yield. A single carbonyl
absorption was observed in the infrared spectrum of this

“product at 1600 cm™~! and the NMR spectrum indicated an

aromatic multiplet at § 6.8-7.5 in addition to the NCHj sin-
glet at & 3.67. The variety of derivatives of 3 prepared by
this route is shown in Table L.

The nature of the substituents in 4 had considerable in-
fluence on the basicity of the betaine 3. Thus, N,N’-di-
methyl-N’-phenylthiourea (4, R = R’ = CHg; R? = Ph),
from dimethylamine and phenyl isothiocyanate, and the
ketene 2 gave 6-hydroxy-3-methyl-2-(/NV-methylphenylam-
ino)-4-0x0-5-phenyl-4H-1,3-thiazinium chloride as pale
yellow prisms (89%), mp 134° dec, which was readily con-
verted into the corresponding betaine 3 [R = CH3(Ph)N; R’
= CH;] on treatment with an organic base or on gentle
heating under vacuum. Similarly, reaction of N,N',N'-tri-
methylthiourea (4, R = R’ = R? = CHj) and 2 also resulted
in the initial formation of the salt, readily converted into
the betaine 3 [R = (CH3)2N; R’ = CHj] with triethylamine.
As salt formation also was observed with N,N-dimethyl-
N’-phenylthiourea (4, R = R? = CHgy; R’ = Ph), it is clear
that the 2 substituent plays an important role both in sta-
bilizing the nucleus and in increasing its basicity.

The betaine 3 may be considered to contain a “masked”
1,4-dipolar system 3a and, as such, would be anticipated to
undergo 1,4-dipolar. cycloadditions with acetylenic and ole-
finic dipolarophiles in analogy to the corresponding pyrimi-
dinium system.? With acetylenic dipolarophiles, depending
on the fragment extruded from the initial cycloadduct, 2-
pyridones or 2-thiapyrones would be formed. The reaction
of anhydro-3,5-diphenyl-6-hydroxy-2-p-methoxyphenyl-
4-0x0-4H-1,3-thiazinium hydroxide (3, R = p-CH30CeHy;
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R’ = Ph) and dimethyl acetylenedicarboxylate (DMAD) in
refluxing xylene resulted in the formation of two major
products. The predominant product was ultimately charac-
terized as the quinolone 9 due to thermal rearrangement of
the betaine; the minor product (28%) was identified as
ethyl 2-p-methoxyphenyl-5-phenylthiophene-3,4-dicarbox-
ylate (6), synthesized in an alternative way?® from DMAD
and anhydro-3,5-diphenyl-4-hydroxy-2-p-methoxyphenyl-
thiazolium hydroxide (5). An anticipated product from the
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reaction of 3 and DMAD was the thiapyrone 7 but the for-
mation of the thiophene may be readily rationalized. Ther-
mal elimination of CO from 7 would afford 6 or, alterna-
tively, elimination of CO from 3 would result in 5, known to
be converted into 8 with DMAD and which, in turn, forms
6.

The quinolone 9 was also obtained when 3 was heated in-

xylene or acetonitrile in the absence of DMAD. In the lat-
ter solvent a considerably reduced reaction time was re-
quired. A gas evolved in the reaction was identified as car-
bonyl sulfide by reaction with piperidine to give N,N-pen-
tamethylenethiocarbamic acid.? On the basis of analytical
and spectral data (Table II) it was clear that the thermoly-
sis product did not incorporate a molecule of DMAD and
its molecular formula indicated that it was derived from
the initial betaine by loss of carbonyl sulfide. This product
was identified as 2-p-methoxyphenyl-3-phenyl-4-quino-
lone (9, R = p-CH30CgHy; R’ = H). When the reaction was
repeated using variously substituted betaines, it became
clear that only those betaines substituted with an aromatic
group at N-3 gave the thermolysis product.

Thermolysis of anhydro-2-p-chlorophenyl-3,5-diphenyl-
6-hydroxy-4-ox0-4H-1,3-thiazinium hydroxide (3, R =
CIC¢Hy; R’ = Ph) in xylene or in the solid state afforded 2-
p-chlorophenyl-3-phenyl-4-quinolone (9, R = p-ClIC¢Hy R
= H). An unambiguous synthesis of this product was ob-
tained from the fusion of anthranilic acid and benzyl p-
chlorophenyl ketone.® The quinolones obtained by this
thermolysis procedure from the thiazinium betaines 3 (R =
aryl) had spectral data congistent with the assigned struc-
tures and are shown in Table II. That elimination of COS
was the preferred reaction, especially in boiling xylene (bp
142°), was shown on attempted reaction of 3 with a variety
of dipolarophiles such as fumaronitrile, tetracyanoethyl-
ene, N-phenylmaleimide, DMAD, diphenylacetylene,
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ethoxyacetylene, and n-butyl vinyl ether; in the majority of
cases the thermolysis product was obtained, other products
being those derived from hydrolysis of 3.

Introduction of a more effective electron-releasing group
such as a substituted amino group into the 2 position of 3
resulted in a more facile rearrangement to the quinolone
and suppression of any 1,4-dipolar cycloaddition character-
istics in 3. anhydro-3,5-Diphenyl-6-hydroxy-2-(N-methyl-
phenylamino)-4-oxo-4H-1,3-thiazinium hydroxide [3, R =
N(Ph)CHjs; R’ = Ph], on reflux in anhydrous benzene, gave
2-(N-methylphenylamino)-3-phenyl-4-quinolone [9, R =
N(Ph)CHj;; R’ = H] whose physical characteristics, de-
scribed in Table II, are in agreement with the assigned
structure. The proton at § 8.9, due to an NH (or OH) pro-
ton, was rapidly exchanged with D2O and the multiplet at 6
8.2 was assigned to the Cs proton shifted downfield by the
4-oxo0 group. The ultraviolet data are in accord with data
reported!® in the literature for 4-quinolones of this type,
which have also been synthesized from ethyl anthranilate
and ynamines.!! The quinolone 9 [R = N(Ph)CHjy; R’ = H]
was also prepared by us by condensation of N-methyl-
N,2-diphenylethynylamine!? (10) and phenyl isocyanate,
an azetinone intermediate being postulated in the latter re-
action.!® After removal of the solvent and the quinolone
from the thermolysis mixture, the infrared spectrum of the
residual oil showed strong absorptions at 2000-2200, 1595,
and 1640 cm™! and the NMR spectrum aromatic protons at
8 6.6-7.6 and several singlets between § 3.1 and 3.7. These
data were consistent with the presence of the ynamine and
phenyl isocyanate in the reaction residue and indicated the
likelihood of an azetinone intermediate. The rearrange-
ment may be rationalized in terms of initial loss of COS
from a possible valence tautomer 11 with formation of the
azetinone 12, Electrocyclic ring opening of 12, followed by
intramolecular recyclization of the intermediate iminoke-
tone 13 leads readily to the quinolone 9.
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This reaction is analogous to the electrocyclic ring open-
ing of 2,3,4,4-tetraphenyl-2-cyclobuten-1-one to 2,3,4-tri-
phenylnaphthol’* and 3-ethoxy-2-methyl-4,4-diphenyl-2-
cyclobuten-1-one to 3-ethoxy-2-methyl-4-phenyl-1-naph-
thol,*® and related ring closures have been observed with
arylimidoyl isothiocyanates to quinazolinethiols!® and the
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cooling, Et;NHBr was filtered off and the benzene was removed in
vacuo. AceO (6.0 g, 0.059 mol) was added to the resulting red oil
and the solution was shaken. Ether was added after crystallization
started; the product was collected, washed with ether, and dis-
solved in dry benzene (100 ml). DMAD (3.0 g, 0.013 mol) was
added and, after 24-hr reflux, removal of solvent, and chromatog-
raphy on silica gel with CHCl3 as eluent, methyl 2-(p-methoxy-
phenyl)-5-phenylithiophene-3,4-dicarboxylate, mp 107-109° (80%),
was obtained identical with that isolated above.!?

Registry No.—2, 17118-70-6; 6, 20851-14-3; 10, 32907-84-9; N-
methyl-N,N’-diphenylthiourea, 4949-93-3; phenyl isocyanate,
103-71-9; dimethyl acetylenedicarboxylate, 762-42-5; p-methoxy-
thiobenzanilide, 26060-23-1; a-bromophenylacetic acid, 4870-65-9.
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Amino derivatives of the title heterocycles containing the amino group as part of a partial amidine structure
reacted with trichloromethanesulfenyl chloride via an isolable trichloromethanesulfenamide intermediate to yield
the 3H-isoxazolo[3,2-c]-, 3H-thiazolo[2,3-c]-, 3H-1,3,4-thiadiazolo[2,3-c}-, and the 3H-1,2,4-thiadiazolo[4,3-
d][1,2,4]thiadiazole as well as the 3H-1,2,4-thiadiazolo[83,4-b][1,3,4]oxadiazole systems. These were characterized

by spectral and chemical properties.

In contrast to the large number of substituted, monocy-
clic 1,2,4-thiadiazoles described in the literature,? examples
of ring-fused 1,2,4-thiadiazole derivatives remain relatively
few. Conceptually there are two general methods for the
synthesis of systems containing the ring-fused 1,2,4-thiadi-
azole moiety. The most direct method involving fusion of
an appropriately substituted 1,2,4-thiadiazole has attained
only limited usage.? The second method, involving ring clo-
sure of a 2-amino heterocycle containing a partial amidine
structure with a sulfur-containing cyclization agent* or by
oxidation of an appropriately substituted thiourea,® consti-
tutes the most commonly encountered route to these fused
ring systems. In earlier publications® we have shown that
trichloromethanesulfenyl chloride is a particularly effica-
cious cyclization agent for the synthesis of a variety of six-
membered ring systems fused to the 1,2,4-thiadiazole nu-
cleus. This present communication describes the extension
of this synthetic route to the preparation of a variety of
5,5-fused ring systems, to a large part unavailable by earlier
procedures. o

3H-Isoxazolo[3,2-¢][1,2,4]thiadiazole System (4). Re-
action of trichloromethanesulfenyl chloride with 2 equiv of

3-amino-5-methylisoxazole (1) and 4 equiv of EtgN proved
to be extremely exothermic and resulted in an intractable
complex mixture of at least seven components over a range
of reaction temperatures (0-20°). However, addition of an
aqueous solution of 1 to a stirred, aqueous suspension of
trichloromethanesulfenyl chloride, potassium carbonate,
Alconox, and crushed ice afforded a cream-colored solid
which crystallized from ethanol as colorless needles. Ana-
lytical and spectral data (vnu 3180, yc—n 1620 cm™1) sup-
ported the product’s formulation as the sulfenamide 2,
which was confirmed by the following transformations. Re-
action with 2-amino-5-methylpyridine in the presence of
Et3N produced a complex reaction mixture which could be
partially resolved using preparative layer chromatography.
The major component isolated from this mixture was iden-
tified® as 6-methyl-3-(5-methyl-2-pyridylimino)-3H-1,2,4-
thiadiazolo[4,3-a]pyridine (3, R = 5-CH3-2-C;H3N; Ry =
6-CHj) and presumably occurs via a transamination reac-
tion such as was observed in the reactions of 1,1,1-tri-
chloro-N-(2-pyrimidyl)methanesulfenamide and 2-amino-
pyridines.® The second component isolated from the mix-
ture crystallized from acetone as cream needles and was



