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Abstract

A new solid-phase efficient route to 1,5-benzothiazepine-4-one derivatives is reported. The synthesis exploits
the variety of halo-nitrobenzene derivatives available and the facile substitution of the benzamide nitrogen. A wide
range of derivatives can be obtained in excellent purity. © 2000 Elsevier Science Ltd. All rights reserved.
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The synthesis and screening of large combinatorial libraries has become a new paradigm to generate
lead compounds in the pharmaceutical industry.1 Whereas several techniques now exist for the rapid
generation of large compound libraries,2 there are few techniques available to purify large libraries and
the compounds are usually screened crude. Developing solution or solid-phase synthetic routes which
can provide a wide range of medicinally relevant compounds in high purity has remained a challenge
which has been successfully met in several instances.3,10 We wish to report a novel general solid-
phase route to 3-amino-1,5-benzothiazepine-4-one derivatives which allowed the preparation of a wide
variety of compounds in high purity. 1,5-Benzothiazepine derivatives are of particular interest for lead
discovery because they have been shown to have activity against different families of targets. The 1,5-
benzothiazepine scaffold has been used as a constrained dipeptide mimic not only in protease inhibi-
tors such as interleukin-1�-converting enzyme inhibitors,4 elastase5 or angiotensin-converting enzyme
inhibitors,6 but also in antagonists of several G-protein-coupled receptors such as the cholecystokinin7

receptor or the angiotensin II receptor.8 A solid-phase route to 1,5-benzothiazepine-4-one derivatives has
recently been published which uses a carboxamide at the 7-position as a point of attachment to the resin.9

Our synthetic route, depicted in Scheme 1, uses the 3-amino group as a point of attachment and exploits
the wide variety ofortho-halo-nitrobenzene derivatives commercially available and the facile substitution
of the benzothiazepine amide nitrogen.
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Scheme 1. (a) (1) BSA, DMF, argon, rt; (2) 10% AcOH in DMF; (b) X=Cl, Br or F, DBU, DMF, argon, rt; (c) SnCl2�2H2O,
DMF, rt; (d) EDC, NMP, rt; (e)m-CPBA, DCM, rt

Cysteine2 was reacted with the nitrophenyl carbonate derivative of Wang resin1 by first using bis-
(trimethylsilyl)-acetamide10 (BSA) to dissolve the amino acid (Scheme 1). The thiol3 was then reacted
with a variety of halo-nitrobenzene derivatives4. Formation of up to 25% of cystine by dimerization of
the resin-bound cysteine was observed during this step. This could be suppressed by using a strictly inert
atmosphere and DBU as base. Alternatively, cysteine could be cleanly reduced with tributyl phosphine
and further reacted with the halo-nitrobenzene derivative. Reduction of the nitro group with tin-dichloride
dihydrate and cyclization with EDC afforded the benzothiazepine derivative7. Further diversity could be
obtained by oxidation of the sulfide7 to the sulfone8 with m-CPBA.

Alkylation of the amide nitrogen could be accomplished with benzamide bases as reported in the solid
phase synthesis of benzodiazepine derivatives,11 but we found that DBU gave cleaner results with a
simpler protocol (Scheme 2). Alternatively, the Mitsunobu reaction with alcohols, tributylphosphine and
ADDP12 proceeded cleanly on the sulfone derivative9b, but under the same conditions the sulfide9a
reacted only partially. Cleavage from the resin afforded the benzothiazepine derivatives11 in high yield
and excellent purity (Table 1).

Scheme 2. (a) R2-X (X=Br, Cl), KI, DMF, DBU, rt; (b) 50% TFA–DCM, rt, 1 h

A wide variety of reagents could be incorporated at the two combinatorial positions. Chloro-, bromo-
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Table 1

and fluoro-nitrobenzene derivatives were reacted with the resin bound cysteine and a wide variety of
functional groups were tolerated (Table 1). Halo-nitrobenzene derivatives containing electron withdraw-
ing (entries 3 and 5) or electron donating (entries 4 and 11) groups gave clean reactions, as well as deri-
vatives withorthodisubstitution (entry 11). Additional diversity could be obtained by reacting 4-chloro-
3-nitrobenzenesulfonyl chloride, 4-chloro-3-nitrobenzoyl chloride or 4-chloro-3-nitrophenylisocyanate
with an amine prior to reaction with the resin bound cysteine3. These reactions could be done in one
pot without isolation of the substituted chloro-nitrobenzene derivative13 (Scheme 3). Halo-nitrobenzene
derivatives substituted with the sulfonamido groups reacted cleanly but the sulfonamide was subsequently
alkylated under the conditions to convert9 to 10.

Table 1 also outlines the variety of alkyl halides which could be used in the second combinatorial
step. Aliphatic iodides and bromides reacted cleanly at room temperature and the reaction with aliphatic
chlorides proceeded smoothly with one equivalent of potassium iodide (entries 12 and 17). Benzylic
bromides and iodides gave poor conversions presumably because of competing alkylation of DBU, but
their corresponding chlorides reacted cleanly. A variety of substituted heterocycles could be introduced
(entries 15 and 16), and functional groups such as tertiary amides or ethers were well tolerated (entries
13 and 18). Functional groups such as esters, carboxylic acids or tertiary amines gave side reactions.
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Scheme 3. (a) R-NH2, DCM, DIEA, rt; (b) DBU, DMF, argon, rt

In conclusion, we have developed a general solid-phase route to benzothiazepine derivatives which
allows the incorporation of a wide variety of substituents on the benzene ring and on the amide nitrogen.
Benzothiazepine-sulfones are also accessible via this route and both alcohols and alkyl halides can serve
as a source of diversity for the substitution of its amide nitrogen. All of these compounds offer a third
point of diversity in the primary amine which was attached to the resin. Several methods can be envisaged
for its clean substitution in solution, such as the tetrafluorophenol resin (TFP-resin), Marshall resin,
resin bound EDC or the tosyl resin.13–17Their application to the synthesis of large Benzothiazepine and
Benzothiazepine sulfone libraries is presently under investigation and will be reported elsewhere.

Typical experimental procedure: BSA (15 equiv.) was added to cysteine (5.0 equiv.) in anhydrous DMF
under nitrogen. This reaction was heated to dissolve the cysteine and the 4-nitrophenyl carbonate resin
(1.0 equiv.) was added. After stirring overnight at room temperature, the resin was washed with DMF
(4�), 10% AcOH in DMF (4�), DMF (4�), THF (3�), DCM (3�) and Et2O (3�) under a positive
pressure of nitrogen. To this cysteine resin was added DBU (10 equiv.) in DMF under nitrogen. The
halo-nitrobenzene (10 equiv.) was then added and the reaction was stirred overnight under nitrogen. The
resulting sulfide resin was washed with DMF (2�), 10% AcOH in DMF (2�), 20% aqueous THF (2�),
THF (2�), DCM (2�), and Et2O (2�). Tin dichloride dihydrate (10 equiv.) in DMF at 50°C overnight
was used to reduce the nitro group. For workup, the reduced resin was washed with DMF (3�), 20%
aqueous THF (2�), THF (2�), DCM (2�), and Et2O (2�). Cyclization to the benzothiazepine was
accomplished with EDC (5 equiv.) in NMP overnight. The resulting resin was washed with DMF (1�),
aqueous DMF (1�), DMF (1�), aqueous THF (2�), THF (2�), DCM (2�), and Et2O (2�). MCPBA (12
equiv.) in dichloromethane was used to oxidize the sulfide to the sulfone within 6 h at room temperature.
The resin was washed with DCM (2�), aqueous THF (2�), THF (3�) and Et2O (2�). The alkylations
were carried out in DMF with DBU (10 equiv.) and the alkyl halide (10 equiv.) overnight at room
temperature. For workup, the resin was washed with DMF (2�), 10% AcOH in DMF (2�), 20% aqueous
THF (2�), THF (2�), DCM (2�), and Et2O (2�). Cleavage with 50% TFA in DCM afforded the desired
amino-benzothiazepines.
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