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Optically active 2,3-dihydro-1,5-benzothiazepin-4(5H)-ones (14-17) have
been synthesized via resolution and chemical transformation of nitrocarboxylic
acids 6-9. Starting from the latter various optically active substances have been
synthesized as well. Optical purity was checked by NMR spectroscopy.
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Oxazepine und Thiazepine, 19. Mitt.:
Synthese optisch aktiver 2,3-Dihydro-1,5-benzothiazepin-4(5H )-one
Optisch aktive 2,3-Dihydro-1,5-benzothiazepin-4(5H)-one (14-—17) wurden
mittels Racematspaltung und weiterer chemischer Umsetzungen der
Nitrocarbonsduren 6—9 hergestellt. Ausgehend von optisch aktiven
Carbonsiduren wurden auBerdem verschiedene optisch aktive Verbindungen

synthetisiert. Die optische Reinheit wurde mit Hilfe der NMR-Spektroskopie
{iberpriift.

Introduction

First representatives of optically active 1,5-benzothiazepines were
prepared by the resolution of 2,3-dihydro-2-carboxymethyl-1,5-ben-
zothiazepin-4(5H)-one with brucine as early as 1927 [2]. Later, optical
resolution of thiazesim (2,3-dihydro-5-[2-(dimethylamino)ethyl]-2-phe-
nyl-1,5-benzothiazepin-4(5H)-one) [3] and cis-2,3-dihydro-3-[4-(meth-
ylpiperazinyl)methyl}j-2-phenyl-1,5-benzothiazepin-4(SH)-one [4] was

** Dedicated to Prof. Dr. G. Snaizke on the occasion of his 60th birthday.
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carried out using (+)-tartaric acid. For the synthesis of the diltiazem
(2,3-dihydro-3(.S)-acetoxy-5-[2-(dimethylamino)ethyl]-2(S)-(4-methoxy-
phenyl)-1,5-benzothiazepin-4(5H)-one), an antianginal drug, one of its
intermediates was resolved with brucine [5]. Very recently optically ac-
tive 2,3-dihydro-1,5-benzothiazepin-4(SH)-one derivatives possessing
angiotensin converting enzyme inhibitory activity were synthesized from
natural amino acid precursors [6, 7].

In the course of our studies on benzothiazepines, synthesis of 2,3-
dihydro-1,5-benzothiazepin-4(5H)-ones substituted in position 2 were
studied [[19, 8, 9]. Optically active derivatives of such benzothiazepinones
have hitherto been prepared in case the starting materials had substituents
capable of salt formation [2-4]. For this reason, it seemed expedient to
develop a procedure which leads to these benzothiazepinones via the
resolution of one of their intermediates.

Although optically active benzothiazepines were synthesized since
1927, to our knowledge, their chiroptical properties have not yet been
investigated, whereas chiroptical studies of benzodiazepines were
described in several papers [10-14]. One of the aims of our present work
was, therefore, to synthesize appropriate optically active benzothiazepines
for circular dichroism studies®.

Results and Discussion

Nitrocarboxylic acids 69 used as starting materials of the target
optically active benzothiazepinones 14-17 were prepared by the reaction
of 2-nitrothiophenols 1-3 with substances 4 and 5 [19]. Brucine salts of
compounds 6-9 were crystallized from ethanol until each salts showed
constant optical rotation. Diastereomeric salts were then decomposed
with hydrochloric acid in aqueous acetone to yield enantiomers S(+)-6,
S(+)-7, S(+)-8, R(+)-9, R(—)-6, R(—)-7, R(—)-8, and S(—)-9. Nitro-
carboxylic acid enantiomers gave the optically active aminocarboxylic
acids 10-13 on reduction with Zn powder in acetic acid. Benzothiazepines
14-17 were obtained by ring closure in boiling xylene (Scheme 1) [19].

Together with the circular dichroism studies of optically active
benzothiazepinones synthesized in this way, the investigation of the
chiroptical properties of their intermediates and related compounds was
scheduled as well. For this reason, starting from the optically active
nitrocarboxylic acids not only intermediates necessary for the synthesis of
the corresponding benzothiazepinones were synthesized.

* Circular dichroism measurements of compounds prepared will be published
in a separate paper.
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The methyl esters 18-21 of the nitrocarboxylic acids were prepared in
boiling methanol with catalytic amounts of sulfuric acid. Compounds 18-
21 gave aminocarboxylic acid methyl esters 22-25 on reduction [19].
Acetylation of substances 22-25 afforded their N-acetyl derivatives 26-29
{Scheme 2). To obtain model compounds for the circular dichroism
studies deamination of the enantiomers of 22-24 has also been achieved to
yield methyl carboxylates 30-32.

Optical purity of the optically active benzothiazepines synthesized
prior to our work was not investigated. In the course of our present studies
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the known NMR shift reagent technique was utilized for this purpose. The
enantiomeric purities of 18-21 were investigated by '"H NMR using the
chiral lanthanide shift reagent (CLSR) tris-[3-(heptafluoropropyl-
hydroxymethylene)- D-camphorato]-europium (III). The acetyl-CH; and
the —CH,-resonances were well suited for this purpose: with approx.
0.5mol of shift reagent the CHj-singlet showed a splitting of ca,
0.025ppm, the CH,-dublet a splitting of 0.032ppm. All enantiomers
described in this study showed a high enantiomeric purity (ee
>99.9%) with the exception of S(+)-20 which contained approx.
0.5% of R(—)-20 in spite of a considerable effort invested into the
resolution process (the diastereomeric salt was recrystallized over 30
times). 'H NMR proved to be a most sensitive method for determining the
enantiomeric purity of these derivatives using the CLSR technique.

On the basis of the "H NMR spectra it can be stated that both
enantiomers of 18, 19, 21, and R(~)-20 can be considered as highly pure
for all practical purposes.

Table 1. Measured senses of nonequivalence of the indicated protons in the CLSR

experiments

Substituent Sense of dy nonequivalence

] @
R! R OCH, R R?  OCH, R! R
18 H CH, H — H L — L
19 4-CH, CH, H L H L H L
20 5-CH; CH, L H * H L *
21 H C¢H; L — — H — —

* Magnitude of nonequivalenceis too small to be detected ; [CLSR/[.$70.17-
0.20

66*
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The senses of chemical shift nonequivalence upon CLSR
complexation for different groups on the substrates 18-21 are recorded in
Table 1. The amount of the data is clearly insufficient to draw conclusions
concerning the geometry of the CLSR-substrate complexes. This was, in
fact, not the subject of this study. Itis interesting, however, to note that the
sense of nonequivalence depends, even for the same substituent group, on
the structure of the substrate in a very sensitive manner. Thus, e.g. the
OCH; resonance in R(—)-19 (methyl group in position 4 on the aromatic
ring) shows a high sense (H) of nonequivalence whereas a low sense (L)
(Table 1) was observed for the same signal in R(—)-20 (methyl group in
position 5 in the aromatic ring).

Scheme 4
CH3
L X,
NO2  Coon No, 0= A
N
(+)-6 H3[)\©

(-)-33

The absolute configuration of the centre of chirality was determined
by X-ray analysis. Compound (+)-6 was allowed to react with 1R-
phenylethylamine to give substance (—)-33 suitable for such an
investigation (Scheme 4). The X-ray analysis revealed that the absolute
configuration of (+)-6 is §. Together with circular dichroism (CD)
measurements this reference substance made possible the determination
of the absolute configuration of all optically active compounds prepared
[201.
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Experimental

M.p.’s were measured on a Reichert micro-melting point apparatus and are
uncorrected. NMR spectra were obtained in CDCI; solutions with TMS as
internal standard on Bruker WP-80, WH-200, and WH-400 instruments. IR
spectra were recorded with Perkin-Elmer 283B or 221 instruments. Mass spectra
were determined with Varian MAT CH-5, CH-7 or V.G. Micromass 7035
instruments (70 eV, direct inlet). UV spectra (in acetonitrile) were run on a Cary 17
spectrometer. Optical rotation was measured on a Perkin-Elmer 141 apparatus in
chloroform. For column chromatography silica gel (0.06-0.2 mm) from Hermann
(K 61n) was used. Thin-layer chromatography was performed on Kieselgel 60 F,s,
(Merck) layer using toluene: ethyl acetate: acetic acid =15:4:1 (v/v) or
petroleum ether: acetone = 5:2 (v/v) developing mixtures.

2-Nitrothiophenol (1) [15], 4-methyl-2-nitrothiophenol (2) [16], 3-bromobu-
tyric acid (4) [17], and 3-bromo-3-phenylpropionic acid (5) [18] were synthesized
according to known procedures.

Starting nitrocarboxylic acids 6-9, optically active aminocarboxylic acids 10—
13, benzothiazepinones 14-17, and methyl esters 1825 were synthesized as
descirbed for the corresponding racemic compounds [19].

5-Methyl-2-nitrothiophenol (3)

The method described for compound 1 [15] was applied to (5,5 -dimethyl-2,2'-
dinitrophenyl)disulfide (20.0 g) to afford 15.0 g (75.0%) yellow powder, m.p. 68~
72°C; vy, (KBr) 2527 (SH), 1497 and 1332 (NO,); 64 (60 MHz) 2.37 (3H, s,
CH,),3.96 (1 H,s,SH), 6.90(1 H, d, 4-H), 7.10 (1 H, 5, 6-H), and 7.96 (1 H, d, 3-H);
mfz 169 (M™).

Resolution of Nitrocarboxylic Acids 6-9

30.0 mmol of nitrocarboxylic acid and (—)-brucine x 2 H,O (32.0 mmol) were
dissolved in ethanol (6-8: 250 ml; 9: 800 ml) at 60 °C and the solution was allowed
to cool down overnight. The precipitated crystals were filtered off and
recrystallized several times (6 and 9 from ethanol; 7 and 8 from 50% methanol).
The mother liquor was evaporated under reduced pressure and the residue
crystallized as mentioned at the precipitated materials.

Decomposition of the Brucine Salts of 6-9

The brucine salt was dissolved in a mixture of acetone: 10% hydrochloric acid
= 4:6 (v/v), then the free acid extracted with dichloromethane. The solution was
dried with MgSO, and the solvent evaporated. The crude product was purified by
column chromatography to yield pure optically active nitrocarboxylic acid
(Scheme 1, Tables 2 and 3).

Acetylation of the Aminocarboxylic Acid Methyl Esters

A mixture of 1.0mmol of 22-25, dichloromethane (20.0ml), and acetic
anhydride (1.0 ml) was stirred overnight, then the solvent removed and the oily
residue purified by column chromatography to obtain compounds 26-29
(Scheme 2, Tables 2 and 3).

Deamination of Compounds 22-24

A mixture of aminocarboxylic acid methyl ester (0.25 mmol), 2N sulfuric acid
(10.0ml) and 50% hypophosphorous acid (6.0 ml) was treated with equimolar



Table 2. Physical constants and mass spectral data of compounds prepared

Compound Yield Mop. [o]E* Formula mjz
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amount of sodium nitrite dissolved in water (1.0 ml). After stirring overnight, the
product was extracted with dichloromethane, the organic layer was washed with
1.0% sodium carbonate and with water, dried over MgSO, and the solvent
evaporated. The crude residue was subjected to low pressure chromatography
(Lobar-Fertigsdule, Lichroprep Si60 (0.04-0.063 mm), light petroleum: ethyl
acetate = 75:1 v/, 1.5 bar), to give compounds 30-32 (Scheme 3, Tables 2 and 3).

Preparation of Compound 33

100 mg of S(+ )-6 was dissolved in anhydrous dichloromethane (20.0 ml) and
treated with 70mg of I[R-phenylethylamine and 100mg of N,N'-
dicyclohexylcarbodiimide. The mixture was stirred overnight, the organic layer
washed with water, dried over MgSO, and the solvent evaporated. The yellow oily
residue was purified by column chromatography and the semisolid product
obtained was recrystallized several times from n-hexane: ethyl acetate = 6: 4 (v/v)
mixture to afford 20 mg (15%) of pure 33. M.p. 150°C; [2]% — 6 (¢ = 0.10); v,
(CHCI,) 1702 (amide I), 1 655 (amide II), 1 518 and 1 340 (NO,); 5 (80 MHz) 1.35
and 1.46 (6 H, 2d, 2CH,), 2.16-2.78 (2 H, m, CH,), 3.77-4.18 (1 H, m, CH), 4.92-
5.28 (1H, m, CH), 6.10 (1 H, d, NH), 7.10-7.70 (8 H, m, aromatic H), and 8.10
(1H, d, 3H); m/z 344 (M™); Aa, [nm] () 372 (2200), 25 sh (4 000), 246 (10 000),
and 195 (23 500).

References

[1] Part XVIII: Sz6ll6sy A, Kotovych G, Téth G, Lévai A (1988) Can J Chem 66:
279
[2] Mills WH, Whitworth JB (1927) J Chem Soc: 2738
[3]1 Krapcho J, Turk CF, Piala JJ (1968) J Med Chem 11: 361
[4] Ohno S, Izumi K, Mizukoshi K, Kato K, Hori M (1983) Chem Pharm Bull 31:
1780
[5] Inoue H, Takeo S, Kawazu M, Kugita H (1973) Yakugaku Zasshi 93: 729
16] Slade J, Stanton JL, Ben-Daved D, Mazzenga GC (1985) J Med Chem 28:
1517
[7] Itoh K, Kori M, Inada Y, Nishikawa K, Kawamatsu Y, Sugihara H (1986)
Chem Pharm Bull 34: 1128, 2078, 3747
[8] Lévai A (1980) Pharmazie 35: 680
[91 Lévai A, Duddeck H (1983) Pharmazie 38: 827
[10] Sunjic V, Kajfez F, Kolbah D, Blazevic N (1971) Croat Chem Acta 43: 205
[11] Corbella M, Gariboldi P, Jommi G, Forgione A, Marcucci F, Musini E,
Martelli P, Mauri F (1973) J Chem Soc Chem Commun: 721
[12] Alebié-Kolbah T, Kajfe? F, Rendié R, Sunjié¢ V, Konowal A, Snatzke G (1979)
Biochem Pharmacol 28: 2457 5
[13] Konowal A, Snaizke G, Alebi¢-Kolbah T, KajfeZ E, Rendi¢ S, Sunji¢ V (1979)
Biochem Pharmacol 28: 3109
[14] Sratzke G, Konowal A, Sablji¢ A, Blazevi¢ N, Sunji¢ ¥ (1982) Croat Chem
Acta 55: 435
[15]) Claasz M (1912) Ber Dtsch Chem Ges 45: 2424
[16] Hodgson HH, Ward ER (1948) J Chem Soc: 2017
[17] Loven JM, Johannson J (1915) Ber Dtsch Chem Ges 48: 1254
[18] Anschiitz R, Kinnkutt LP (1878) Ber Dtsch Chem Ges 11: 1221
[19] Lévai A, Puzicha G (1985) Synth Commun 15: 623
[207 Puzicha G (1987) Ph. D. Thesis, Bochum, Federal Republic of Germany



