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a b s t r a c t

The one-pot reaction between 2-aminobenzo[d]isothiazol-3-one and alkyl propiolates in presence of triphe-
nylphosphine leads to the corresponding alkyl 4-amino-5-oxobenzo[f][1,4]thiazepine-3-carboxylates. A plau-
sible mechanism of the reaction is proposed and unambiguous evidence for the structures is obtained from
a detailed magnetic resonance spectral analysis.1D and 2D NMR spectra such as COSY, 1H–13C and 1H–15N HSQC
and HMBC heteronuclear correlations and an INADEQUATE experiment are reported and discussed.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction
Figure 1. Synthesis of 2 and 3.
The chemical modification of heterocyclic systems offers a contin-
uous challenge for the medicinal chemists in search of compounds with
bio-pharmacological activity. It is known that benzo[d]isothiazole-3-
ones are a class of compounds with a wide spectrum of biological
activity but they can be also considered relatively unexplored with
respect to both their chemical reactivity and biological activity.1,2 Pur-
suing our research on benzisothiazoles we have synthesized a variety of
novel 2-aminobenzo[d]isothiazole-3-one derivatives which were
demonstrated to be endowed with significant biological properties.3–5

In this context, recently, we have explored the one-pot reaction be-
tween 2-aminobenzo[d]isothiazol-3-one (ABO) 1 and dimethyl acety-
lenedicarboxylate in the presence of triphenylphosphine (PPh3) that
afforded a new functionalized tricyclic compound, namely 3-H-ben-
zo[d]pyrazolo[1,5-b]isothiazole-2,3a-dicarboxylic acid dimethyl ester.6

In our efforts to further exploit PPh3 promoted reactions between 2-
aminobenzo[d]isothiazol-3-one and activated acetylenes, we herein
report a new synthesis of alkyl 4-amino-5-oxo-4,5-dihy-
drobenzo[f][1,4]thiazepine-3-carboxylates 2 and 3 obtained, through
heterocyclic ring expansion, from ABO and alkyl propiolates (Fig. 1).
: þ39 0521 905006.

All rights reserved.
In this paper we also present the detailed NMR spectral char-
acterisation of the new heterocyclic compounds. Additional 1H
NMR and 13C NMR data on the previously reported starting com-
pound 17 and on methyl 4-amino-5-oxo-2,3,4,5-tetrahy-
drobenzo[f][1,4]thiazepine-3-carboxylate 4 are given and were
used for comparison purposes.

2. Results and discussion

2.1. Synthesis

Reactions are known in which highly reactive alkylidenephos-
phoranes undergo Michael addition to produce stabilised phosphorus
ylides, which can give a variety of final products interesting for their
synthetic and biological value.6,8–12
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Table 1
1H and 13C chemical shiftsa and HMBCb correlations of compound 1

S
N

7a7
6

5
4
3a

1

3
O

NH2

Position 1H 13C HMBC

3 d 165.2 d

3a d 123.0 d

4 7.99 (d, J4,5¼7.9) 126.4 3,3a,5,6,7,7a
5 7.36 (t, J5,6¼7.9) 125.5 3,3a,4,6,7,7a
6 7.58 (t, J6,7¼7.9) 132.1 3a,4,5,7,7a
7 7.46 (d, J7,6¼7.9) 120.2 3,3a,4,5,6
7a d 139.1 d

NH2 4.65 (s) d 3

a Chemical shifts in ppm (multiplicity, J in Hz).
b Carbons coupled to the corresponding H atom.
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The reaction of both methyl and ethyl propiolate with 2-ami-
nobenzo[d]isothiazol-3-one (1) in presence of PPh3 in toluene, at
room temperature, was completed within one hour. The TLC of the
crude reaction mixture clearly indicated the complete consumption
of 1, the formation of product 2 or 3 and the presence of PPh3.
Products other than 2 or 3 could not be detected. These compounds
were separated by column cromatography and their structures
were deduced from their elemental analysis and from IR and NMR
spectroscopic data. The mass spectra displayed molecular ion peaks
at appropriate m/z values. The IR spectrum indicated the presence
of unreacted NH2 and C]O groups. The 1H–15N NMR spectra con-
firmed the presence of the NH2 group and of a nitrogen atom linked
to a C]O group.

Onthe basis of the chemistryof trivalent phosphorus nucleophiles,
a plausible mechanism might be advanced to rationalise products
formation with ring expansion. Presumably the dipolar intermediate,
formed by a Michael addition of triphenylphosphine to alkyl pro-
piolate, reacts with the nitrogen atom of the isothiazole ring that is
susceptible to nucleophilic attack when activated as for the adjacent
carbonyl group. The nucleophilic attack to nitrogen is accompanied by
the cleavage of the N–S bond to give an open-chain adduct which
further reacts with a nucleophilic attack of the sulphur to the elec-
trophilic centre (C-2 carbon) of the betainic intermediate. Thus, an
intramolecular cyclocondensation with ring expansion occurs and,
with the elimination of PPh3, leads to the stable seven-membered
benzofused ring, namely a benzothiazepine system (Fig. 2).
Figure 2. Mechanistic pathway for compounds 2 and 3.
The above mechanism is supported by many examples, in the
literature, of reactions of isothiazole derivatives that result in S–N
bond breaking and/or isothiazole ring conversion to other hetero-
cycles.2,13–17

Although the chemical data and of a lot of spectral analyses were
consistent with the obtained structures, the novelty of the reaction
which produced 2 and 3 suggested us further synthetic and spectral
experiments for additional structural confirmation. With regard to
the synthesis, chemical reduction of the methyl 4-amino-5-oxo-4,5-
dihydrobenzo[f][1,4]thiazepine-3-carboxylate (2) with NaBH4, was
carried out to obtain the corresponding saturated derivative 4 (Fig. 3).
Figure 3. Chemical reduction of 2 to 4.
2.2. NMR Spectroscopy

The structure of compounds 1–4 was assigned through detailed
analysis by one- and two-dimensional NMR experiments. All the 1H
and 13C chemical shifts and coupling constants for compounds 1–4
are given in Tables 1 and 2, along with the HMBC 1H–13C
correlations.
The 1H and 13C chemical shifts assignments and coupling con-
stants for all of the compounds were found through the combined
use of proton and carbon 1D and 2D NMR experiments such as
gCOSY18 and gHSQC.19 For compound 1 (ABO)7 13C–1H long range
correlation’s confirmed the structure, nevertheless the gHMBC20

spectra showed a number of 4JCH correlations (see Table 1). For
methyl 4-amino-5-oxo-4,5-dihydrobenzo[f][1,4]thiazepine-3-car-
boxylate (2) the protons on carbons 2, 6, 7, 8, 9 and 11, which were
easily assigned at the different residues on the basis of chemical
shift and multiplicity, allowed the assignment of carbons to which
they are directly attached by C–H correlation (gHSQC). The 13C
spectra showed two carbon atoms with chemical shifts higher than
d¼160 ppm indicating the presence of two carbonyl groups (see
Table 2). The gCOSY spectra allowed assigning the aromatic spin
system pattern H6–H7–H8–H9 but the two couples H6–H9 and
H7–H8 may be interchanged because of the symmetric-like
shaped molecule. H6 and H9 can be discriminated on the basis of
chemical shift (H6 should be more deshielded than H9 because
of the neighbouring CO group). In fact, supposing H6 at
d¼7.81 ppm, we found, for H6, the correlations with two qua-
ternary carbons at d¼169.3 and 139.8 and with C8 at 131.6 ppm;
for H9 we found a correlation with C8, C7 and two quaternary
carbons at d¼136.2 and 139.8 ppm. This suggests that C5, C5a
and C9a should be at d¼169.3, 136.2 and 139.8 ppm, respectively.
H7 shows correlations with C5a, C6, C8 and C9 and H8 with H5a,
C6, C7, C9, and C9a. All these evidences strongly confirm the
proposed structure, but the presence of some 4JCH correlations in
every spectrum, nevertheless the different transfer delays, such
as H9–C5, H9–C6 or H8–C5a, and the lacking of some 2JCH cor-
relations, such as H6–C5a or H6–C7, induced us to search other
evidences.

The carbon skeleton of compound 2 was further confirmed by
means of a 13C–13C INADEQUATE21 experiment. The INADEQUATE
spectrum of 2 reveals a very clear pattern showing two distinct spin
systems. Starting from the unambiguous C6 at d¼132.4 ppm, it is
easy to trace the aromatic ring correlation net. C6 correlates with
C7 at 128.8 ppm and with C5a at d¼136.2 ppm that has a second
correlation with a carbon at d¼169.3 ppm: it cannot be other than
C5. From C7 we can correlate C8; C8 and C9 are strongly overlapped
giving a distorted signal correlated with C9a. Finally C9a correlates
with C5a. Starting from C10 at 162.4 ppm we can recognise C3 and
C2 at 140.4 and 128.6 ppm, respectively. This spectrum not only
allows discrimination of C5a and C9a, but also separates the C7 and
C2 resonance which were strongly overlapped in HSQC spectrum.
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Finally the presence and nature of the two nitrogen atoms was
detected running 1H–15N HSQC and HMBC correlation spectra in
DMSO solution where we found a NH2 group at 77.9 ppm (referred
to the external NH3 signal) with a one-bond coupling of 69.7 Hz and
an amide type nitrogen at d¼148.7 ppm. The latter shows correla-
tions to the olefinic proton (three-bond) at d¼7.18 ppm and to the
NH2 pair (two-bonds) at d¼5.41 ppm.

In the 1H and 13C spectra of compound 3 the same behaviour for
chemical shifts, with respect to 2, was found (see Table 2).

Table 2 also reports the 1H and 13C spectral values of compound
4, obtained by reduction of 2, to get a deeper insight in the feature
of the NMR spectroscopic information. In particular it is evidenced
the presence of an AMX spin system attributable to two diaster-
eotopic protons near to a stereogenic centre.

3. Conclusion

We have described a novel transformation involving 2-amino-
benzo[d]isothiazole-3-one, alkyl propiolates and triphenylphosphine,
in a one-pot reaction, leading to 4-amino-5-oxo-4,5-dihydrobenzo[f]-
[1,4]thiazepine-3-carboxylates, that were unambiguously charac-
terised through a detailed 1H, 13C and 15N NMR spectral
investigation. Functionalized 1,5-benzothiazepine-4-ones may be
considered potentially useful biologically active compounds. Their
derivatives have been much less studied than their pharmacolog-
ically active isomers 1,4-benzothiazepine-5-ones22,23 and obviously
much less than their isosteric psychoactive 1,4-benzodiazepine-2-
ones. This is also due to the difficulties of their chemical synthesis
that rarely gives pure isomers.24–26

We have therefore discovered an unprecedented reaction of
2-aminobenzo[d]isothiazole-3-one, involving alkyl propiolates and
Ph3P, that proceeds through an isothiazole ring expansion affording
novel functionalized 1,4-benzothiazepine-5-ones. The simplicity of
the procedure makes it an interesting approach to novel hetero-
cyclic compounds of biological interest. In the future research,
taking advantage from the present results, the synthetic approach
through the chemistry of trivalent phosphorus nucleophiles, using
the 2-aminobenzo[d]isothiazole-3-one as privileged starting
structure, will be extended to new functionalised heterocycles.

4. Experimental

4.1. Synthetic procedure

4.1.1. General methods
Unless otherwise noted, reagents and starting materials were

obtained from commercial suppliers and were used without puri-
fication. Anhydrous THF was distilled over Na/benzophenone. An-
hydrous toluene and dioxane were obtained by distillation from Na.
Anhydrous dichloromethane was obtained by distillation from
dried granular calcium chloride. All reactions were carried out us-
ing flame-dried glassware under atmosphere of nitrogen.

Melting points were measured on a Buchi 512 apparatus and are
uncorrected. The progress of the reactions was monitored by thin
layer chromatography with F254 silica-gel precoated sheets (Merck,
Darmstadt, Germany). UV light was used for detection. Flash
chromatography was performed using Merck silica gel 60 (Si 60,
40–63 mm, 230–400 mesh ASTM).

Elemental analyses for C, H, N and S were performed using
a ThermoQuest Flash 1112 Elemental Analyzer in the analytical
laboratory of Dipartimento Farmaceutico, Università di Parma. IR
spectra were recorded on a Jasco FT-IR 300E spectrometer. Mass
spectra were recorded on an Applied Biosystem, API 150 EX LC/MS
system spectrometer.

1H and 13C spectra were run on a Varian INOVA 600 spectro-
meter and 15N spectra on a Varian VNMRS-400.
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4.1.2. General procedure for the preparation of alkyl 4-amino-5-
oxo-4,5-dihydrobenzo[f][1,4]thiazepine-3-carboxylates

To a magnetically stirred mixture of 2-aminobenzo[d]isothiazol-
3-one 1 (0.5 g, 3.0 mmol) and triphenylphosphine (0.8 g, 3.0 mmol)
in anhydrous toluene (7 mL), a solution of alkyl propiolate
(3.0 mmol) in anhydrous toluene (2 mL) was added. The reaction
mixture was stirred at room temperature for 5 h. The solvent was
removed under reduced pressure and the oily residue was purified
by silica gel flash chromatography (methylene chloride-ethanol:
98/2 v/v). The solid obtained was recrystallised from ethanol/water
furnishing the product as a white solid.

4.1.2.1. Methyl 4-amino-5-oxo-4,5-dihydrobenzo[f][1,4]thiazepine-3-
carboxylate (2). Yield 46%; mp 92–94 �C; IR (KBr) (nmax/cm�1): 3316,
3205 (NH2), 3039 (CH Ar), 2960 and 2836 (CH3), 1727 (C]O ester).
MS (APCI) m/z: 251 (Mþ1). Anal. Calcd for C11H10N2O3S (250.27): C,
52.79; H, 4.03; N, 11.19; S, 12.81. Found: C, 52.85; H, 4.17; N, 10.54, S,
12.59%. Rf (methylene chloride–ethanol: 95/5 v/v) 0.48.

4.1.2.2. Ethyl 4-amino-5-oxo-4,5-dihydrobenzo[f][1,4]thiazepine-3-
carboxylate (3). Yield 44%; mp 94–96 �C; IR (KBr) (nmax/cm�1):
3359, 3293 (NH2), 3058 (CH Ar), 2983 and 2825 (CH3), 1731 (C]O
ester). MS (APCI) m/z: 265 (Mþ1). Anal. Calcd for C12H12N2O3S
(264.30): C, 54.53; H, 4.58; N,10.60; S,12.13. Found: C, 54.45; H, 4.68;
N, 10.26, S, 12.03%. Rf (methylene chloride–ethanol: 95/5 v/v) 0.44.

4.1.2.3. Methyl 4-amino-5-oxo-2,3,4,5-tetrahydrobenzo[f][1,4]thiaze-
pine-3-carboxylate (4). To a magnetically stirred solution of com-
pound 2 (0.15 g, 0.6 mmol) and NiCl2$6H2O (0.02 g, 0.08 mmol) in
methanol (20 mL), cooled at 0 �C, was added slowly NaBH4 (0.2 g,
5 mmol). After stirring for 30 min at room temperature, the solvent
was removed under reduced pressure and the excess of reagent was
destroyed by the addition of saturated NH4Cl aq solution, then the
pH was adjusted to 7.0 adding 2 M HCl. The mixture was then
extracted with CH2Cl2 (50 ml), dried over Na2SO4 and the solvent
removed in vacuo. The white solid residue was purified by silica gel
flash chromatography (methylene chloride–ethanol: 98/2 v/v) to
afford the reduced benzothiazepine which was recrystallised from
ethanol/water. Yield 43%; mp 79–81 �C; IR (KBr) (nmax/cm�1): 3320,
3215 (NH2), 3042 (CH Ar), 2961 and 2837 (CH3), 1730 (C]O ester).
MS (APCI) m/z: 253 (Mþ1). Anal. Calcd C11H12N2O3S (252.29): C,
52.37; H, 4.79; N, 11.10; S, 12.71. Found: C, 52.45; H, 4.77; N, 10.94, S,
12.59%. Rf (methylene chloride–ethanol: 95/5 v/v) 0.40.

2-Amino-benzo[d]isothiazol-3(2H)-one (1) was obtained as
previously described.7

4.2. NMR measurements

All spectra were acquired from samples as CDCl3 solutions
(50 mg mL�1).

1H and 13C spectra (at 599.74 and 150.82 MHz respectively) were
measured at 25 �C in 5 mm o.d. tubes. Chemical shifts are reported
as d (ppm); coupling constants (J) are expressed in Hz. 1H and 13C
spectra were referred to residual CHCl3 at d¼7.24 and 77.0 ppm
respectively. For 1H NMR analysis 16 transients were acquired with
a pulse repetition time of 1.5 s and a spectral window of 5500 Hz
ca., using 32 K data points and zero filled to a digital resolution of
about 0.1 Hz. The 13C NMR spectra were run operating typically
with a 45� pulse flip angle, a relaxation delay time of 3–5 s and
a spectral width of 37,000 Hz with 96 K data points end were zero
filled to a digital resolution of about 3 Hz.

The gHSQC and gHMBC spectrawere collected with 2 K data points
for F2 and 128–256 increments for F1 with pulse sequences using
gradient pulses; spectral windows were 2700–5500 and 27,894 Hz in
the F2 (1H) and F1 (13C) dimensions, respectively. The relaxation delay
was set to 1.5 s for 2D experiments. Once acquired, data were
processed using p/2 shifted squared sine-bell weighting functions in
both dimensions with 2 K data points zero-filled to 4 K in F2 and 256
data points zero-filled to 1 K and linear predicted to 768 data points in
F1. In gHMBC the transfer delay varied between 60 and 125 ms.

The 13C 2D INADEQUATE spectrum was performed from samples
as CDCl3 solutions at the concentration of 500 mg mL�1 added with
Cr(Acac)3 to reduce the longer T1 from ca. 5 to 0.5 s. The pulse se-
quence 90�–s–180�–s–90�–t1–90�–t2 was employed: s (1/4 J) was
3.7 ms being J optimised to 66 Hz; 256 transients of 2 K data points
for F2 and 64 increments for F1 were collected. Spectral windows
were 7600 Hz in F2 and 15,200 in F1 dimensions. The recycle delay
was 2.0 s. Spectra were processed with sine squared window
functions in both dimensions followed by zero-filling to give
4 K�128 data matrix before Fourier transformation.

15N spectra were run at 50.53 MHz in DMSO solution: 1H and
15N were referred to residual DMSO at d¼2.49 ppm and to external
NH3, respectively. The 15N gHSQC and gHMBC spectra were col-
lected with 1150 data points for F2 and 64–128 increments for F1
with pulse sequences that allowed gradient selection; spectral
windows were 3834 and 5673 Hz in the F2 (1H) and F1 (15N) di-
mensions, respectively. The relaxation delay was set to 1–3 s. Data
points zero-filled to 4 K in both directions. In gHMBC the transfer
delay was 125 ms.
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