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The reaction of isatoic anhydride (1) with carbon disulfide at room temperature unexpectedly afforded
1,2-dihydro-2-thioxo-4H-3,1-benzothiazin-4-one (2). The use of 13C-labeled carbon disulfide elucidated
that CS2 was entirely incorporated into the product.

� 2010 Elsevier Ltd. All rights reserved.
Scheme 1. Reagents and conditions: (a) CS2 (15 equiv), Et3N, 1,4-dioxane, rt, 120 h,
45%;8 (b) Et3N, MeI, 1,4-dioxane, 10 �C to rt, 24 h, 83%;9 (c) Ac2O, reflux, 30 min,
91%.3
Representatives of 4H-3,1-benzoxazin-4-ones have attracted
much attention as bioactive heterocycles. For example, 2-amino-,
2-alkoxy-, and 2-alkylthio-substituted 4H-3,1-benzoxazin-4-ones
are potent inhibitors of serine hydrolases acting through the for-
mation of covalent acyl-enzyme intermediates.1 Corresponding
4H-3,1-benzothiazin-4-ones, bearing sulfur in place of the ring
oxygen, are hitherto less investigated.2 Recently, we reported on
the inhibitory activity of a series of 4H-3,1-benzothiazin-4-ones
against a panel of proteases and esterases and identified 2-methyl-
thio-4H-3,1-benzothiazin-4-one (3) as a selective inhibitor of hu-
man leukocyte elastase.3

As reported, the formation of 2-methylthio-4H-3,1-benzothia-
zin-4-one (3) was achieved by reacting anthranilic acid with car-
bon disulfide and methyl iodide to yield the dithiocarbamate 4,
which was subsequently cyclized by the use of acetic anhydride
(Scheme 1).3,4 The parent compound of this class, 1,2-dihydro-2-
thioxo-4H-3,1-benzothiazin-4-one (2), was recently described
using a similar procedure, but was isolated only in poor yield.5

Here we report on an improved one-step synthesis of 1,2-dihy-
dro-2-thioxo-4H-3,1-benzothiazin-4-one (2) from isatoic anhy-
dride (1) and carbon disulfide. We investigated the intriguing
reaction with 13C-labeled carbon disulfide. Further structural evi-
dence was obtained by a derivatization reaction and X-ray crystal-
lographic analysis of 2. To the best of our knowledge, the reaction
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of carbon disulfide with isatoic anhydride (1) has not been de-
scribed before.6,7

The reaction was performed at room temperature in 1,4-diox-
ane in the presence of 2 equiv of triethylamine and excess of car-
bon disulfide. The procedure afforded a product with a molecular
weight of 195 g mol�1 as detected by mass spectrometry.8 In com-
parison with isatoic anhydride (1), the molecular mass differed by
32 g mol�1 indicating an unexpected twofold oxygen–sulfur ex-
change. Only very few cases of thionation reactions with carbon
disulfide have been reported until today.10
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Figure 2. Products isolated after reaction with carbon disulfide.
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Thus, in first instance we assumed a twofold, carbon disulfide-
promoted cycloaddition–elimination at the carbonyl functions in
positions 2 and 4 of isatoic anhydride (1) to give the 2,4-dithio ana-
log 5 (Scheme 2).

For structure verification, the product of this reaction was alkyl-
ated with methyl iodide, to give, however, the unexpected, though
known3 compound 2-methylthio-4H-3,1-benzothiazin-4-one (3).
This led us to the hypothesis that not the benzoxazine 5 was iso-
lated after the reaction of isatoic anhydride (1) with carbon disul-
fide, but the isomeric benzothiazine 2 (Scheme 1). The structure of
2 was confirmed by X-ray crystallographic analysis (see Supple-
mentary data, S17, S18). A preliminary assumption to explain the
formation of the benzothiazine 2 was a Dimroth rearrangement
of 5 as a consequence of thermal exposure through solvent evapo-
ration during workup (Scheme 2). To further elucidate the mecha-
nism of the oxygen–sulfur exchange, we repeated the conversion
with 13C-labeled carbon disulfide and subjected the product to
13C NMR analysis.

If thionation proceeded according to Scheme 2, the product
would not be 13C-labeled, because only sulfur would be donated
by carbon disulfide. Unexpectedly, the 13C NMR spectrum showed
a strong signal at 188 ppm demonstrating that the 13CS2 carbon
was incorporated into isatoic anhydride (1) (Fig. 1; assignment to
the thiocarbonyl carbon at position 2 is supported by HMQC and
HMBC spectra; see Supplementary data, S15, S16). Thus, carbon
disulfide did not act as a thionation reagent and the reaction affor-
ded the labeled [2-13C]-1,2-dihydro-2-thioxo-4H-3,1-benzothia-
zin-4-one (6) (Fig. 2).
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Figure 1. 13C NMR spectra of 1,2-dihydro-2-thioxo-4H-3,1-benzothiazin-4-one (2)
(bottom) and the 13C-labeled analog 6 (top).

Scheme 2. Initially assumed thionation mechanism for the reaction of isatoic
anhydride (1) with carbon disulfide.
Furthermore, it is known that isatoic anhydrides can form imi-
noketene intermediates by thermal loss of carbon dioxide.11,12

These heterodienes can react with dienophiles such as
iso(thio)cyanates in a Diels–Alder type reaction to yield the corre-
sponding quinazolines (see Supplementary data, S8).13 One might
assume that 1 similarly reacts with carbon disulfide in a [4+2]
cycloaddition to give 2.

To prove this hypothesis, the denoted iminoketene was gener-
ated according to a literature procedure14 and reacted with carbon
disulfide. As compound 2 was not obtained, the iminoketene
mechanism cannot be applied to the reaction of isatoic anhydride
(1) with carbon disulfide. This conclusion is corroborated by the
finding that N-methylisatoic anhydride (7) did not react with car-
bon disulfide (see below), though iminoketene formation from 7
can be anticipated.12

With respect to the aforementioned results, another mechanism
can be postulated (Scheme 3). In a first step, the nitrogen of isatoic
anhydride (1) is deprotonated by triethylamine and attacks the
electrophilic carbon of CS2. Then, the resulting dithiocarbamate
undergoes a subsequent intermolecular nucleophilic attack on
the carbonyl carbon at position 4 of another isatoic anhydride mol-
ecule. Finally, 1,2-dihydro-2-thioxo-4H-3,1-benzothiazin-4-one
(2) is formed by release of isatoic anhydride (1) and CO2.

There are several literature reports on the activation of carbon
disulfide by basic catalysts15 or salts of NH-acidic compounds7

and subsequent reactions of the sulfur-based nucleophiles with
electrophiles, for example, oxiranes.15

Obviously, the acidic NH moiety of 1 is necessary for the reac-
tion to proceed. To provide further evidence for this prerequisite,
N-methylisatoic anhydride (7) was treated in place of 1 under
the same reaction conditions and, indeed, no conversion was ob-
served. Furthermore, the less NH-acidic phthalimide (8) and isatine
(9) were reacted in the same way and, again, only educts were
recovered from the reaction mixtures. Thus, we conclude that the
Scheme 3. Putative mechanism for the formation of 1,2-dihydro-2-thioxo-4H-3,1-
benzothiazin-4-one (2).
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NH acidity of the educt is a precondition for the conversion and as-
sume that carbon dioxide elimination is its driving force.

Alternative reaction conditions for the conversion of 1 to 2, that
is, microwave irradiation or elevated temperature, did not improve
the yield (see Supplementary data, S1, S2). However, as indicated
by TLC, more by-products were produced in these cases. Addition-
ally, 5-methyl- and 5-chloroisatoic anhydride were reacted with
carbon disulfide applying the abovementioned reaction conditions
(1,4-dioxane, rt). Indeed, the expected 1,2-dihydro-2-thioxo-4H-
3,1-benzothiazin-4-ones were formed and recovered in traces
(see Supplementary data, S4, S5).

In summary, we have introduced a new and unexpected syn-
thetic entry to 1,2-dihydro-2-thioxo-4H-3,1-benzothiazin-4-one
(2) from isatoic anhydride (1) and carbon disulfide. It was demon-
strated that carbon disulfide is entirely incorporated into the het-
erocyclic product and does not act as a thionation reagent. The
scope and limitations of this reaction are still under investigation
in our laboratories.
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