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A facile synthesis of 2H-3,1-benzothiazine-2,4(1H)-dithiones (trithioisatoic anhydrides) or 2H-naphtho[2,3-d][1,3]thiazine-2,4(1H)-dithione solely
from anthranilic acids or 3-amino-2-naphthoic acid and carbon disulfide, performed at room temperature in 1,4-dioxane in the presence of
Et;N, is reported. Corresponding 2-alkylsulfanyl derivatives were obtained in one-pot reactions under the same conditions after addition of
alkyl halides. The mechanism of the thiazine cyclization was investigated using '*C-labeled carbon disulfide to reveal that carbon disulfide
was incorporated into the heterocycle and additionally acted as a thionation reagent.

Thionation, the conversion of a carbonyl to a thiocarbonyl
group, is acommonly used procedure for the preparation of
organosulfur compounds that are valued for their rich and
varied chemistry, as well as many important biological
activities.»® Usually, thionation reactions are performed with
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phosphorus pentasul fide™ or Lawesson’s reagent.* Elemental
sulfur has also been employed for this purpose,*® and novel
thionation protocols have been discovered to overcome
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disadvantages of the common thionation reagents.>® Herein,
we report that carbon disulfide unexpectedly facilitates a
carbonyl oxygen—sulfur exchange at room temperature. A
convenient one-pot procedure to directly form trithioisatoic
anhydride derivatives from commercially available aromatic
0-amino carboxylic acids and carbon disulfide in moderate
to excellent yields is presented. The mechanism of the 1,3-
thiazine-2,4-dithione formation has been elucidated using
13C-labeled carbon disulfide.

Anthranilic acid (3) can be transformed into alkylated
dithiocarbamates 1 by the reaction with carbon disulfide and
alkyl halides (Scheme 1). In a second, separate step,
compounds 1 can undergo cyclocondensation in refluxing
acetic anhydride to yield 2-alkylsulfanyl-4H-3,1-benzothi-
azin-4-ones 2 as colorless or yellow compounds.”

Scheme 1. Preparation of 2-Alkysulfanyl-4H-3,1-
benzothiazin-4-ones™
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Surprisingly, when 3 is reacted with 5 equiv of carbon
disulfide in the presence of triethylamine in dioxane at room
temperature and iodomethane is added after an extended
reaction time of 120 h, the corresponding yellow S-methyl
dithiocarbamate 1 (R = Me) was not obtained. Instead, a
bright red product was isolated with a *C NMR resonance
at 210 ppm, whereas in 1 (R = Me) the most downfield
signal appears at 198 ppm.”™ As a result of the prolonged
reaction time, a spontaneous cyclocondensation of the
corresponding dithiocarbamate followed by alkylation at the
exocyclic sulfur was considered to form the 2-methylsulfa-
nyl-4H-3,1-benzothiazin-4-one (2, R = Me). However, the
most downfield signal of 2 (R = Me) would appear at 182
ppm,”® not at 210 ppm. Thisindicated an unexpected course
of the reaction. The comparison of our product’s melting
point with literature values,®*® its striking red color, and the
NMR and M S data revealed that the 4-thioxo analogue of 2
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(R = Meé) bearing a sulfur in place of an oxygen at C-4 was
formed, and the structure was assigned as 2-methylsulfanyl-
4H-3,1-benzothiazine-4-thione (11, Table 1). The organo-
sulfur compound 11 is a derivative of trithioisatoic anhydride.
The parent compound 7, exhibiting a benzo-condensed cyclic
NH—C(=S)—S—C(=S) moiety, is shown in Table 1.9%°

Table 1. Synthesis of Ring-Fused Thiazine-4-thiones 7—18
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compound R! R? yield (%)
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9 Cl 98
10 24
11 H Me 88
12 H Bn 45
13 Me Me 46
14 Me Bn 58
15 Cl Me 63
16 Cl Bn 35
17 Me 71
18 Bn 72

Trithioisatoic anhydrides are usually obtained from isatoic
anhydrides and phosphorus pentasulfide in high-boiling
solvents (e.g., xylene, 1,2,4-trimethylbenzene) in moderate
yields.> ! These attractive heterocycles possess awide range
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of preparative applications, e.g., to form S-glycosides®
o-aminothiobenzamides,®>%**  o-(thioureido)thiobenzoic
acids,® 2-amino-4-thioxo-4H-3,1-benzothiazines,®® and in the
course of ring transformation reactions, imidazo[1,2-
c]quinazolines,® quinazoline-2,4-dithiones,®~9 and guani-
dino- and triazolo[1,5-c]quinazolines® or thiadiazoles.®"

We decided to evaluate the applicability of the conditions
leading to 11 for the synthesis of trithicisatoic anhydride (7)
and further analogues by reacting aromatic o-amino carboxylic
acids with carbon disulfide (Table 1). Indeed, the trithioisatoic
anhydrides 7—9 and the naphtho[2,3-d][1,3]thiazine derivative
10 were readily obtained by this facile synthetic procedure.
Additionally, one-pot, two-step reactions with akyl halides
conveniently afforded a series of S-akylated derivatives 11—18
(Table 1). Noteworthy, the easy accessto 7—18 does not require
the preparation of intermediate isatoic anhydrides'®*? and
proceeds under mild conditions.™®

The unexpected formation of trithioisatoic anhydrides
solely from o-amino carboxylic acids and carbon disulfide
raised the question whether carbon disulfide, besides its
obvious role as a donor for the C(2)S—S unit, acts as a
thionation agent to form the C(4)-S group. Only very few
cases of athionation promoted by carbon disulfide have been
reported until today.* The reaction of N-methyl-2-pyrroli-
dinone and carbon disulfide a elevated temperatures (>200 °C)
to N-methylpyrrolidine-2-thione**® was shown to proceed via
a cycloaddition—elimination mechanism.**°

For a mechanistic investigation of the observed 1,3-
thiazine-2,4-dithione formation, anthranilic acid (3) was
used as a representative educt. A ring closure of the
anthranilic acid derived dithiocarbamate to 1,2-dihydro-
2-thioxo-4H-3,1-benzothiazin-4-one 19 (for structure, see
Scheme 2) was assumed. As a possible intermediate, 19 could
then react at the C-4 carbonyl function with carbon disulfide
in a cycloaddition—elimination mechanism via a 1,3-oxathi-
etane'® to produce 7.'® Corresponding Wittig-type 1,3,2-
oxathiaphosphetane intermediates have been considered for
the thionation of esters, thioesters, and carboxamides with
Lawesson's reagent.* Moreover, a carbon disulfide addition
to the phosphorus—nitrogen double bond of 1,2-azaphosp-
holes has been reported.’” Hence, 19 was prepared*® and
subjected to the reaction with carbon disulfide (Scheme 2)
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Scheme 2. Reaction of
1,2-Dihydro-2-thioxo-4H-3,1-benzothiazin-4-one (19) with
Carbon Disulfide

@d
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to test it as a possible intermediate in the conversion of 3 to
7. However, as only unthionated educt was isolated, this route
to introduce the thiocarbonyl sulfur at C-4 was excluded.

2-(Trifluoromethyl)aniline, when reacted with sodium
sulfide, gave the corresponding dithiocarboxylic acid,
which in turn produced trithioisatoic anhydride (7) upon
reaction with carbon disulfide.'® Thus, we next supposed
a dithiocarboxylic acid intermediate in the course of the
transformation of anthranilic acid (3) to 7. A thionation
of the carboxylic acid to the dithiocarboxylic acid function
was hereby assumed prior to cyclization to 7 and the
simultaneous release of hydrogen sulfide. Benzoic acid
was reacted under the same conditions as before anthra-
nilic acid (CS, (5 equiv), EtzN (2 equiv), 1,4-dioxane,
120 h, rt). Instead of dithiobenzoic acid (or thiobenzoic
acid), again only unreacted educt was recovered, indicating
that this mechanism did not occur.

It is known that a dithiocarboxylic acid moiety may
originate from carbon disulfide, for example, in reactions
with cyclic enamines,®®® ketones,®® or m-phenyl-
endiamine.?®® Thus, the reaction of carbon disulfide with
the amino group of 3, accompanied by decarboxylation
and immediate electrophilic substitution with carbon
disulfide,?* followed by thiazine cyclization to trithioisa-
toic anhydride (7) was considered. This hypothesis
prompted us to react anthranilic acid (3) with 3C-labeled
carbon disulfide (Scheme 3). If the decarboxylation
mechanism was correct, both thiocarbonyl carbons of 7

Scheme 3. Reaction of Anthranilic Acid (3) with *3C-Labeled
Carbon Disulfide
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at position 2 and 4 would be donated by carbon disulfide
and would be 3C-labeled. However, the *C NMR
spectrum of the *C-labeled trithioisatoic anhydride (20)
showed one strong signal at 187 ppm (Figure 1, NMR
assignment of the carbons is supported by HMQC and
HMBC spectra; see Supporting Information). This clearly
proves that only the C-2 thiocarbonyl carbon originated
from carbon disulfide, while C-4 derived from the carbon
of the carboxylic acid function of 3.

186.88

———— 186.87

|

1
BT ""80 'l'4o

(ppm)

Figure 1. 3C NMR Spectra of trithioisatoic anhydride (7) (bottom)
and the *3C-labeled analogue 20 (top).
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These results led us to the conclusion that yet another
mechanism for the formation of trithioisatoic anhydride (7) from
anthranilic acid (3) should be proposed as follows (Scheme 4).
After formation of the dithiocarbamate and subsequent cycliza-
tion, a geminal diol is trapped by the electrophilic attack of
carbon disulfide. The intermediate dithiocarbonate sulfur attacks
C-4, and findly, the three-sulfur-containing compound 7 is
formed aong with the release of water and carbonyl sulfide.
The formation of the latter product was, however, not verified.
The fact that the oxo compound 19 could be identified in traces
by NMR and LC/MS andlysis of the crude product corroborates
the mechanism, in that the formation of 19 and 7 represents
competing branchesin the reaction course. Compound 19 might
either result from the dehydratization of the diol intermediate
(Scheme 4) or from the loss of unstable” hydrogen dithiocar-
bonate after attack of carbon disulfide. When the reaction of 3

(21) For decarboxylation and trapping with carbon disulfide to generate
a dithiocarboxylate from pyridinium-2-carboxylates or 1,2-dimethylimida-
zolium-2-carboxylate via an N-heterocyclic carbene, respectively, see: (a)
Katritzky, A. R.; Cozens, A. J.; Ossana, A.; Rubio, O.; Dabbas, N. J. Chem.
Soc., Perkin Trans. 1 1985, 2167. (b) Schmidt, A.; Beutler, A.; Albrecht,
M.; Snovydovych, B.; Ramirez, F. J. Org. Biomol. Chem. 2008, 6, 287.

(22) Stueber, D.; Patterson, D.; Mayne, C. L.; Orendt, A. M.; Grant,
D. M.; Parry, R. W. Inorg. Chem. 2001, 40, 1902.
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Scheme 4. Proposed Mechanism for the Formation of
Trithioisatoic Anhydride (7) from Anthranilic Acid (3)
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was performed with only 1 equiv of CS; (with EtzN (2 equiv)
in 1,4-dioxane, 120 h, rt), the amount of 19 was not enhanced
and a mixture was formed containing 7 and further products
besides unreacted educt 3.

In conclusion, we present a one-pot procedure to produce
trithioisatoic anhydride derivatives with easy workup in
moderate to excellent yields. The method is superior to the
common one using isatoic anhydrides and phosphorus
pentasulfide. The mechanism underlying the formation of
ring-fused 1,3-thiazine-2,4-dithiones was investigated using
13C-labeled carbon disulfide to reveal that carbon disulfide
indeed acted as a thionation reagent, which has been rarely
observed before.
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