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The preparation of new pyrazolo[3,4-c][2,1]benzothiazepines substituted at the nitrogen atoms of the
pyrazole moiety is described. It was carried out by reaction of the 4,9-dihydro-9-methyl-4,10,10-trioxo-
1(2)H-pyrazolo[3,4-c][2,1]benzothiazepine (1) with several alkylating agents under both classical and
phase-transfer catalysis (PTC) conditions. Assignments of the N-alkyl regioisomers obtained were per-
formed by study of their H nmr spectra and NOE experiments.
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Despite the little biological significance of pyrazole and
its reduction products, their participation in chemical
structures of important use in human medicine is widely
known. The pyrazole nucleus is present in several com-
pounds endowed with hypoglycemic [2], anthelmintic (31,
antiandrogen [4], antibacterial [5] and antiemetic [6] activ-
ities. It forms part of different molecules in which interest-
ing cardiovascular [7], antineoplastic [8] and antiviral [9]
properties have been discovered. Pyrazole rings also con-
stitute fundamental fragments of some compounds which
have found utility in the treatment of gout [10], rheumatic
disease [11] and other musculoskeletal disorders.

We have synthesized a number of new pyrazole-contain-
ing derivatives [12] and some of them were demonstrated
to possess noteworthy activities mainly in the psychotropic
and nonsteroidal anti-inflammatory tields; those belonging
to the 1H- and 2H-pyrazolo[3,4-c]{2,1]benzothiazepine
ring systems exhibited the most promising activities in their
evaluation as antidepressant agents. The synthetic approach
for these latter derivatives involved the previous formation
of tricyclic intermediate ketones 1 and 2a in five steps,
starting from ethyl 3(5)-aminopyrazole-4-carboxylate and
ethyl 3-amino-1-methylpyrazole-4-carboxylate respectively
(13]. This approach, however, could not be used for the
synthesis of other projected pyrazolobenzothiazepines sub-
stituted at the nitrogen atoms of their pyrazole moiety, due
to the difficulties found in the preparation of the required
aminopyrazole carboxylates or the lack of reactivity of the
available aminoesters in the following step of the synthetic
route. It was therefore of interest to attempt the synthesis of
the desired pyrazolo[3,4-c][2,1]benzothiazepines by direct
alkylation of the intermediate synthon 1 and to study the
regioisomers produced. The present paper deals with the
results obtained in this investigation.
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N-alkylation is one of the most important and frequently
used reactions of pyrazoles [14]. Despite this, basic
aspects of this process such as orientation ratios and mech-
anism still remain obscure. Elguero [15], in a review of the
subject surveying the literature up to 1984, pointed out the
lack of empirical rules to predict the orientation of an
entering alkyl group on 'unsymmetrical’ pyrazoles on the
basis of the already existing substituents and reported on
the results obtained up to that time. According to these
results, alkylation of such ‘'unsymmetrical' pyrazoles takes
place with the preferred formation of the less hindered iso-
mer unless the substituent has a lone pair, for example a
carboxyethyl group, whose electrostatic field enhances the
nucleophilicity of the adjacent nitrogen atom. Since the
publication of this review, most original work in pyrazole
alkylation was directed to the search for new methodology,
paying less attention to the regioassignments problem [16].
For instance, Begtrup and Larsen [17] performed N-alkyla-
tion of pyrazoles and other azoles with alkyl halides or
dialkyl sulfates under classical conditions but separating
deprotonation and nucleophilic displacement steps to
allow a better control of the reaction and facilitate the
problem-handling of the process. However, the major part
of the research carried out in the last ten years was cen-
tered on the use of liquid-liquid and solid-liquid phase
transfer catalysis (PTC) [18] or, even better, PTC without
solvent [19] which provides higher reactivities and permits
its use in combination with ultrasound [20] and microwave
irradiation [21] techniques.

We first studied the N-alkylation of 4,9-dihydro-9-
methyl-4,10,10-trioxo-1(2)H-pyrazolo[3,4-c][2,1] benzo-
thiazepine (1) under classical conditions, by treating a solu-
tion of this tricyclic ketone in aqueous sodium hydroxide
with several alkyl sulfates and alkyl or arylalkyl halides
(Scheme 1). In this one-pot process different combinations
of alkylation agents, reaction temperatures and reaction
times were used, and the products obtained were generally
isolated by filtration of the precipitated solids and subse-
quent purification by column chromatography. Reaction of
1 with either dimethyl sulfate, dicthyl sulfate, benzyl bro-
mide or benzyl chloride gave rise to the formation of mix-
tures of 1H- and 2H-alkyl or benzyl regioisomers. Their
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relative percentages, calculated from the 'H nmr spectra of
those mixtures (Tablel), indicates that, under the reaction
conditions, the less hindered isomer is formed preferably as
happens in the alkylation of 3(5)nitropyrazole [15].
Reaction of 1 with cyclohexyl or phenethyl bromide and
phenethyl chloride under the same conditions did not yield
any of the desired N-alkyl derivatives.

Regioisomeric assignment of methyl compounds gener-
ated by dimethyl sulfate alkylation of 1 was facilitated, since
the 2-methyl derivative 2a had been synthesized previously
by an independent route [13]. Structural assignments for
ethyl and benzyl derivatives, which could not be obtained by
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Figure 1

Table 1

Relative Percentages of Regioisomers in the Alkylation of 1[a]

Dimethyl Diethyl Benzyl
sulfate sulfate bromide
Isomer a b c
2 (2H) 73 69 90
3 (1H) 27 31 10

Alkylating agent

Benzyl Phenethyl Phenethyl Cyclohexyl
chloride bromide chloride bromide
d e
85 0 0 0
15 0 0 0

[a] Calculated from 'H nmr spectra of the regioisomers mixtures. For yields see Experimental.

unambiguous synthesis, were made by study of the 'H nmr
spectra of their respective isomeric mixtures (Figure 1).

Thus, for example, the two products obtained in the alkyl-
ation of 1 with diethyl sulfate exhibited methylene proton
chemical shifts at 4.30 and 4.60 ppm for the major and the
minor isomer respectively. We reasoned that this deshielding
effect could be explained by the interaction of the lone pairs
of the SO, group with the adjacent methylene protons, in a
similar way to that described for the paramagnetic shift
induced by the lone pair of the nitrogen atom in 1-benzyl-3-
methyl-5-(2-pyridyl)pyrazole [22]. Consequently, the struc-
ture of 4,9-dihydro-2-ethyl-9-methyl-4,10,10-trioxo-2H-
pyrazolo[3,4-c][2,1]benzothiazepine (2b) was tentatively
assigned to the main regioisomer in the mixture. This assign-
ment was confirmed by experiments of homonuclear NOE
difference spectroscopy taking advantage of the possible

through-space connection between the proton of the pyrazole
ring and the ethyl group methylene protons in the 2H regioi-
somer which, evidently, would be impossible in the case of
the 1H isomer. NOE experiments were used by Holzer [16]
to differentiate isomeric pairs of several substituted pyra-
zoles. As expected, upon irradiation of the pyrazole proton
signal of the first compound the quartet methylene signal
gave a strong NOE. Conversely, irradiation at the CH, reso-
nance led to a strong enhancement not only of the pyrazole
CH singlet but also of the CH; signal.

In analogous manner, regioassignments of benzyl deriv-
atives were obtained from the observation of the pyrazole
H-3 and benzyl methylene protons signals of both isomers
(Figure 1). In fact, the H-3 signal of the most abundant
product is shifted upfield as compared to the correspond-
ing H-3 signal in the minor compound due to the
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anisotropy of the neighboring benzyl group aromatic ring,
thus clearly indicating structure 2c for this isomer. In con-
trast, the methylene protons of the minor compound show
a downfield shift caused by their proximity to the lone
pairs of the sulfonyl group and, therefore, the structure of
the 1H isomer 3¢ was assigned 1o it.

As it was pointed out, phase-transfer catalysis (PTC)
has been successfully employed in the alkylation of pyra-
zole [18,22,23] and is considered, at present, the method
of choice in the synthesis of these compounds. For that
reason, we also applied this technique to the synthesis of
the above N-alkyl derivatives of 1. Typically, the experi-
ments were carried out by heating at reflux temperature 1
and the alkylating agent in a mixture of 25% aqueous
sodium hydroxide and toluene with triethylbenzylammo-
nium bromide (TEBA Br), tetrabutylammonium bromide
(TBAB) or tetrabutylammonium hydrogensulfate (TBAS)
as the catalysts. The results are summarized in Table 2.
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structure to 3a, 3b, and 3c. From this comparison the
structures of 2b and 2¢ were also assigned to the com-
pounds obtained by PTC ethylation and benzylation of 1.
This procedure, however, could not be utilized for the
regioassignments of the products isolated from the PTC
alkylation of 1 with phenethyl bromide or chloride or
cyclohexyl bromide and, therefore, NOE experiments
were again employed. Thus, for instance, by irradiating
the pyrazole hydrogen of the phenethyl derivative
(Figures 2 and 3) an enhancement in the proton signals of

.the methylene group attached to the pyrazole nitrogen

atom was observed. Likewise, irradiation of the signals of
these methylene protons produced an enhancement of the
H-3 pyrazole signal. This clearly indicated that the
phenethyl side chain is in a position adjacent to that of the
pyrazole proton and, consequently, the 4,9-dihydro-2-(2-
phenylethyl)-9-methyl-4,10,10-trioxo-2H-pyrazolo-
[3,4-c][2,1]benzothiazepine structure (2d) was assigned to

Table 2
Yields (%) of the products isolated from PTC alkylation of 1

Dimethyl Diethyl Benzyl

sulfate sulfate bromide
Q+ X- 2a 3a 2b 2¢
TEBA Br 47 25 44 82
TBAB 46 14 56 87
TBAS 61 10 o4 97

Under these conditions, methylation of 1 with dimethyl
sulfate produced, independently of the catalyst employed,
the methyl regioisomers 2a and 3a in a similar way to that
described for the alkylation of other unsymmetrical pyra-
zoles. However, in the rest of the alkylations only one of
the two possible N-alkyl isomers was obtained. Although
each of the three catalysts used in these reactions was
effective, tetrabutylammonium hydrogensulfate (TBAS)
[24] generally provided the best results.

As mentioned above, the structural assignments in the
classical methylation, ethylation and benzylation of 1
were made by comparison between the respective pairs of
alkyl isomers 1H and 2H. In this manner the 2H structure
was assigned to compounds 2a, 2b, and 2c, and the 1H

CHs CH;
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Figure 2

Alkylating agent

Benzyl Phenethyl Phenethyl Cyclohexyl
chloride bromide chloride bromide
2d 2e
80 68 43 0
89 70 44 10
97 73 45 3

this compound. A similar NOE study on the compound
from the reaction of 1 with cyclohexyl bromide, permitted
its characterization as the 2H cyclohexyl regioisomer 2e.

The poor yield of the latter alkylation (Table 2) can be
attributed to a competitive B-elimination reaction pro-
moted by the ammonium salts used as catalysts since it is
known that secondary substrates, and especially cyclo-
hexyl halides, usually give considerable amounts of
alkenes under these conditions [25] This side reaction can
also explain the yield differences found for 2d depending
on the phenethyl halide utilized in the alkylation, since it
seems clear that there is a greater participation of this
elimination reaction in the case of phenethyl chloride rela-
tive to the bromide.

In summary, we have demonstrated that phase-transfer
catalysis constitutes a simple, effective and selective
method for the N-alkylation of 4,9-dihydro-9-methyl-
4,10,10-trioxo-1H-pyrazolo[3,4-c][2,1]benzothiazepine
(1). Consequently, we have been able to assign the regio-
chemistry of the new benzothiazepines on the basis of
both chemical shifts differences and NOE experiments.
Benzothiazepines 2 and 3 should serve as precursors to a
variety of tricyclic compounds which were designed as
potential antidepressant agents.
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EXPERIMENTAL

Melting points were determined on Gallenkamp capillary appara-
tus and are uncorrected. ir spectra were recorded using a Shimadzu
IR-435 instrument. The !H nmr spectra were measured with a
Bruker AM-200 and a Varian X1.-300 spectrometer. Chemical shift
values are reported relative to tetramethylsilane (TMS) in appropri-
ate solvents. The purity of compounds was verified by thin-layer
chromatography (tic) which was run on silica gel GFys4 (E. Merck)
with cyclohexane-ethyl acetate mixtures (2:1 and 1:1 v/v respec-
tively) as eluents. Medium-pressure chromatography was per-
formed using 230-400 mesh silica gel purchased from E. Merck,
Inc. Microanalysis were performed at the Centro Nacional de
Quimica Organica on a Perkin-Elmer 2400 CHN analyzer.

Alkylation of 1 under Classical Conditions.
General Procedure.

To a solution of 1 (1.32 g, 5 mmoles) in 1N sodium hydroxide
solution (25 ml), was added dropwise the alkylating agent (5
mmoles). The mixture was stirred for the time and at the temper-
ature indicated below. The precipitated solid was filtered off
washed with water and dried. The resulting mixture of the 1H
and 2H regioisomers were separated by column chromatography
using a mixture of cyclohexane-ethyl acetate (1:1 v/v) as the elu-
ent and 230-400 mesh silica gel.

4,9-Dihydro-1,9-dimethyl-4,10,10-trioxo-1H-pyrazolo[3,4-c][2,1]-
benzothiazepine 3a.
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After addition of dimethyl sulfate (0.63 g, 0.5 ml) the reaction
mixture was stirred for 2 hours at room temperature, giving a
solid (0.90 g, 65%) which is the isomeric mixture. By column
chromatography the higher Ry isomer was isolated as a white
crystalline solid (0.21 g, 15%) of mp 175-177° (ethanol); ir
(potassium bromide): 1635 (CO), 1345 and 1160 (SO,) cm™1; 1H
nmr (deuteriochloroform): & 3.25 (s, 3 H, CHj3), 4.20 (s, 3 H,
CHay), 7.35-7.70 (m, 3 H, phenyl protons), 8.00 (m, 1 H, phenyl
protons), 8.15 (s, 1 H, pyrazole).

Anal. Caled. for C1oHN3O5S: C, 51.98; H, 3.97; N, 15.16;
S, 11.55. Found: C. 51.78; H, 4.05; N, 15.41; S, 11.38.

4,9-Dihydro-2,9-dimethyl-4,10,10-trioxo-2H-pyrazolo[3,4-c]-
[2,1]benzothiazepine 2a.

Elution of the lower Ry product from the above isomeric mix-
ture gave a white solid (0.64 g, 71%) with mp 203-205° and
analytical and spectroscopic characteristics identical to those
described for the regioisomer 2a prepared previously by
unequivocal synthesis [12].

4,9-Dihydro-1-ethyl-9-methyl-4,10,10-trioxo-1H-pyrazolo[3,4-c]-
[2,1]benzothiazepine. 3b.

After addition of diethyl sulfate (0.75 g, 0.65 ml), the reaction
mixture was stirred for 2 hours at room temperature giving a
mixture of N-ethyl isomers (0.56 g, 38%) . By column chro-
matography the higher Ry isomer was isolated as a white crys-
talline solid (0.17 g, 12%) of mp. 98-100° (ethanol); ir (potas-
sium bromide): 1635 (CO), 1350 and 1190 (SO,) cm'!; 'H nmr
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(deuteriochloroform): 8.55 (t, J = 7.5, 3 H, CHj), 330 (s,3 H,
CH;), 4.60 (g, 2 H, J = 7.5 Hz, CH,), 7.45-7.80 (m, 3 H, phenyl
protons), 8.05 (dd, J, = 1.5 Hz, J, = 9.0 Hz, 1 H, phenyl pro-
tons), 8.20 (s, 1 H, pyrazole).

Anal. Caled. for Cy3H,3N205S: C, 53.59; H, 4.50; N, 14.42;
S, 11.01. Found: C, 53.80; H, 4.80; N, 14.25; S. 10.92.

4,9-Dihydro-2-ethyl-9-methyl-4,10,10-trioxo-2H-pyrazolo-
[3,4-c][2,1]benzothiazepine 2b.

Elution of the lower R; product afforded a white solid (0.30
g, 21%) of mp 174-175° (ethyl acetate); ir (potassium bromide):
1635 (CO), 1350 and 1155 (SO,) cm-l; 'H nmr (deuterio-
chloroform): § 1.55 (t, J = 7.5 Hz, 3 H, CH3), 3.20 (s, 3 H, CHy),
430 (q, I = 7.5 Hz, 2 H, CHj), 7.30-7.80 (m, 3 H, phenyl pro-
tons), 8.10 (dd, J, = 1.5 Hz, J, = 9.0 Hz, 1 H, phenyl protons)
8.25 (s, 1 H, pyrazole).

Anal: Calced. for C;3H,3N30,S8: C, 53.59; H, 4.50; N, 14.42;
S, 11.01. Found: C, 53.70; H, 4.30; N, 14.65; S. 11.38.

1-Benzyl-4,9-dihydro-9-methyl-4,10,10-trioxo-1H-pyrazolo-
[3,4-c][2,1]benzothiazepine 3c.

(a) With Benzyl Bromide.

After addition of benzyl bromide (0.86 g, 0.6 ml), the reaction
mixture was heated at reflux temperature for 1 hour, yielding the
isomeric mixture (0.92 g, 52%). By column chromatography the
higher R; isomer was isolated as a white crystalline solid (0.09
g, 5%) of mp 130-132° (ethanol); ir (potassium bromide): 1640
(CO), 1350 and 1155 (SO,) cm1; 1H nmr (deuteriochloroform):
3 3.25 (s, 3 H, CHa), 5.75 (s, 2 H, CHy), 7.25-8.20 (m, 9 H,
phenyl protons), 8.30 (s, 1 H, pyrazole).

Anal. Caled. for CigH 5N303S: C, 61.17; H, 4.28; N, 11.89;
S, 9.07. Found: C, 61.23; H, 3.98; N, 12.24; S, 9.05.

2-Benzyl-4,9-dihydro-9-methyl-4,10,10-trioxo-2H-pyrazolo-
[3,4-c]{2,1]benzothiazepine 2c.

Elution of the lower R; product of the isomeric mixture
obtained above afforded a white solid (0.80 g, 45%) of mp 173-
175° (ethyl acetate); ir (potassium bromide): 1640 (CO), 1345
and 1155 (SO,) cm-L; 1H nmr (deuteriochloroform): 8 3.20 (s, 3
H, CH,3), 5.40 (s, 2 H, CHy), 7.35 (s, 5 H, phenyl protons), 7.40-
7.70 (m, 3 H, phenyl protons), 8.00 (dd, J, = 15Hz, J, =175
Hz, 1 H, pheny!l protons), 8.05 (s, 1 H, pyrazole).

Anal. Calcd. for C;gH sN;O5S: C, 61.17; H, 4.28; N, 11.89;
S, 9.07. Found: C, 61.34; H, 4.19; N, 11,69; S, 8,75.

(b) With Benzyl Chloride.

A similar reaction of 1 with benzyl chloride (0.63 g, 0.58 ml)
yielded the isomeric mixture (0.85 g, 48%) from which 3¢
(higher Ry value) (0.12 g, 8%)was isolated by column chro-
matography. Elution of the lower R¢ isomer of the mixture
afforded 2¢ (0.60 g, 34%).

Alkylation of 1 under Phase-transfer Catalysis.
General Procedure.

To a stirred solution of sodium hydroxide (2.5 g, 62 mmoles) in
water (10 ml) was added the compound 1 (1.32 g, 5 mmoles), the
desired ammonium salt (Table 2) (0.06 mmole) and the alkylating
agent (5 mmoles) dissolved in toluene (25 ml). The mixture was
refluxed with vigorous stirring for 24 hours. After cooling the pre-
cipitated solids were filtered, washed with water, dried and recrys-
tallized from the appropriate solvents. Yields are listed in Table 2.
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Alkylation of 1 with dimethyl sulfate, under these conditions,
gave rise to both isomers 2a and 3a. Pure 2a precipitated in the
reaction and was separated by filtration and recrystallized,
whereas 3a was obtained by concentration at reduced pressure
of the toluenic phase. The akylation of 1, under the same condi-
tions, with diethyl sulfate, benzyl bromide, benzyl chloride,
phenethyl bromide, phenethyl chloride or cyclohexyl bromide
only produced the less hindered regioisomers 2b, 2¢, 2d and 2e.

4.9-Dihydro-2-(2-phenylethyl)-9-methyl-4,10,10-trioxo-2H-
pyrazolo[3,4-c}[2,1]benzothiazepine 2d.

The white crystalline solid had mp 177-180° (ethy] acetate); ir
(potassium bromide): 1635 (CO), 1350 and 1155 (S03) cml; 1H
nmr (deuteriochloroform): 8 3,25 (m, 5 H, CH, and CHj3), 4.45
(t, J = 7.5 Hz, 2 H, CH,), 6.90-7.30 (m, 5 H, phenyl protons),
7.50 (m, 3 H, phenyl protons), 7.95 (s, 1 H, pyrazole), 8.05 (m, 1
H, phenyl protons).

Anal. Caled. for C1gH7N305S: C, 62.11; H, 4.66; N, 11.44;
S, 8.73. Found: C, 62.30; H, 4.63; N, 11.35; S, 8.84.

2-Cyclohexyl-4,9-dihydro-9-methyl-4,10,10-trioxo-2H-pyra-
zolo[3,4-c][2,1]benzothiazepine 2e.

The white crystalline solid had mp 185-187° (ethyl acetate); ir
(potassium bromide): 1630 (CO), 1360 and 1160 (SO;) cm1;1H
nmr (deuteriochloroform): § 0.80-2.40 (m, 10 H, cyclohexane),
3.25 (s, 3 H, CHj3), 4.20 (m, 1 H, cyclohexane), 7.30-7.70 (m, 3
H, phenyl protons), 8.10 (m, 1 H, phenyl protons), 8.25 (s, 1 H,
pyrazole).
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