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Abstract: For the first time it is reported that 1,5-benzothiazepines (1a-e) (Figure I) behave as effective chiral
solvating agents (CSA) for NMR enantiomeric excess (ee) determination of different classes of compounds such as
a-arylalkanoic acids, a-hydroxy acids, alkanesulfonic acids, alcohols and 1.5-benzothiazepines. The molecular
association between CSA and substrate is explained in terms of N-H andior O-H hydrogen bonding.

The enantiomeric purity determination is a problem to be faced in approaching asymmetric synthesis. A
practical answer comes from the use of NMR spectroscopy in the presence of chiral substances which convert
enantiomers into diastereomers. The substances come in three varieties: chiral lanthanide shift reagents
(CLSR),1 chiral "solvents" (CSA),2 and chiral derivatizing reagents.3 Rarely, anisochrony (A8)4 of mixtures
of enantiomers in 1H NMR spectra allows the ee determination in the absence of any au)t:iliary.5

Recently, we reporte:d5c a new example of self-chiral discrimination by NMR which has been conveniently
used for enantiomeric purity determination of 1,5-benzothiazepines 1 (Figure I).

Figure X=H Y=H Cis 2535 (+)-1a; 2R3R ()1a
OCH; . OCCH; Y=H Cis 2835 (#)-1b; 2R3R  ()-Ib
7§ I: a X=H Y=H Trans 28*3R* (+)-Ic¢; 28%3R* (-)-Ic
@ . 2 ox X=H Y =CH; Cis 2838 (+-1d; 2R3R ()-1d
Yl\lI (0] X=H Y=(CHpN(CHz)2 Cis 25,38  (+)-1e; 2R3R  ()-le

1

Now we report, for the first time,6 that 1,5-benzothiazepines 1 are useful CSA for 1H and 19F NMR ee
determination of different classes of compounds. A particular attention is devoted to compound (+)-1a since
its enantiomerically enriched mixtures show the best degree of self-chiral aggregation in solution and because it
is commerically available7 and is inexpensive being an intermediate in the industrial manufacturing of
Diltiazem® (X = OCCHz; Y = (CHp),N(CH;), HC; 25,35).
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Table I: H and ~F Chemical shifts differences (A3) of NMR signals of racemic compounds
induced by (+)1a.
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a) (8A) were determined for 8.4x10-2 M CSA solution in CDCl3, the molar ratio between racemic substrates and CSA being 1:9.
Difference 1n chemical shift between the enantiotopic protons indicated by the arrows; b) For 1c, 1b, and 1f the signals of
(+)1c, (+)1b, and (+)1f, respectively, are at higher fields; ¢) The signal of compound with (R) configuration is at higher fields;
d) The signal of compound with (S) configuration is at higher fields; ) Sensitive nucleus !°F.

Table I summarizes the results of NMR shift experiments by (+)-1a of racemic compounds solutions in
CDCl5; among the several resonances that showed chemical shift nonequivalence between enantiomers, only
those resonances suitable (signal separation) for accurate and thus quantization of composition are reported.

The analysis of the data reveals that the enantiomerically pure 1,5-benzothiazepine (+)1a behaves as effective
CSA for differently substituted 1,5-benzothiazepines as well as towards o—arylalkanoic acids (2-(6-methoxy-
2-naphthyl)-propanoic acid),11 a—hydroxy acids (mandelic and lactic acids), alkanesulfonic acids
(camphorsulfonic acid) and "activated" alcohols [2,2,2-trifluoro-1-(9-anthrylethanol)]. In the latter case the
signals that best define the nonequivalence of the enantiomers spectra are due to the 19F nucleus.

The phenomenon is strongly solvent dependent. Halogenated solvents (CDCl3, CD,Cl,, CCly) and aromatic
solvents (benzene-dg, toluene-dg) are useful for anisochrony (Ad) detection, CDClj being the solvent of choice
because the CSA has sufficient solubility in it. In contrast, the chemical shift differences (A8) are not observed
in N,N-dimethylformammide-d, dimethylsulfoxide-dg, and methanol-d,.

A 1: 9 molar ratio between racemic or enantiomerically enriched substrates and CSA for 8.4x10_2 M CSA
solution in CDClj is an useful condition for ee determination, 8.4x10-2 being M the solubility of (+)-1a.
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Under the above conditions, the concentration ratio of enantiomers could be determined from 99:1 to 50:50

with an accuracy of il%.12

Compound (+)-1b,Sc whose racemic as well as enantiomerically enriched mixtures showed self-chiral

aggregation phenomenon,5c behaves similarly. Thus, when 1,5-benzothiazepine (+)-1b is added to a solution

of racemic 1a (under the experimental conditions given above) two sets of signals in 1:1 ratio having 0.04

ppm (A8) appear for the p-methoxy group protons.

To establish whether the CSA ability of 1,5-benzothiazepines was due to their self-aggregation properties, other

representatives such as (+)-1c,Sc (+)-1d,5C (+)-1e,13 which do not show anisochrony in the NMR

spectra, were tested. The addition of (+)-1c or (+)-1d or (+)-1e to a solution of racemic 1a produces

chemical shift nonequivalence. The (Ad) values are 0.05 ppm for (+)-1¢, 0.006 ppm for (+)-1d for the p-

methoxy group protons and 0.08 ppm for (+)-1e for the N-H proton. It is worth noting that 1,5-

benzothiazepines 1 protected both at nitrogen and oxygen, i.e. O-acetyl, N-methyl (+)-1a, are not chiral

solvating agents.

From the spectroscopic behaviour it comes out that the CSA ability of 1,5-benzothiazepines 1 is mainly related

to their interactions with the substrate through N-H or O-H hydrogen bond. The importance of the interaction

through N-H or O-H hydrogen bonding is substantiated by the experiments in polar solvents whose ability in

weakening intramolecular hydrogen bonding is well known.
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Se.f 1
Chiral phosphinic acid derivatives behave similarly: they represent an example of self induced anisochrony in H NMR
spectra, and have alse shown to be useful CSA for ee determination of structurally related compounds.

(+)1a and (-)1d are commercially available from Zambon Group S.p.A., Via Lillo del Duca, 10 - 20091 Bresso (Milan) Italy
(telefax no. ++39 2 66501492).
The experiments were carried out at 22 °C 1n CDC13. A 1:9 molar ratio between enantiomerically enriched substrates and CSA

fora 8.4x10'2M CSA solution was used. NMR spectra were recorded with Varian XL 300 spectrometer at 300 MHz for Iy \
at 75.4 MHz for 3C and at 283.2 for ! F. The temperature was controlled to +1 ° C. The chemical shifts are reported in ppm
(d) relative to internal tetramethylsilane. Racemiclb, 1c, 1f were prepared by mixing the pure enantiomers.

The configuration at the sulfur is unknown, the configuration at C3 is (8) while the configuration at C5 is assumed to be (8)
Preparation of compounds (+)1f and (-)1f. Metachloroperbenzoic acid (15.3 g, assay 90%, 80 mmol) was added at room
temperature to a stirred solution of (+)1a or (-)1a (20 g, 66.5 mmol) in methylene chloride (200 mL). The reaction mixture was
stirred for 12 h at room temperature. The precipitate that formed was collected by filtration, and suspended 1n 1M sodium
hydroxide solution (80 mL). The suspension was surred for 1 h; the precipitate was filtered, washed with water and dried under
reduced pressure to afford (+)1f or (-)1f (9.5 g, 29.9 mmol, 45% yield).

(+)1f mp 215 -220 °C; [o]5° +442 (¢ 0.5; DMSO). 'H NMR (CDCl3) 3.81 (s, 3H), 4.55 (d, 1 H, B part AB system, J =
8.54 Hz), 4.6 (d, 1H, A part AB system, J = 8.54 Hz), 6.9 - 7.9 (8H, aromatic H), 9.25 (broad signal, 1H ); 13C NMR
(DMSO-dg) 55 19 {q), 64.54 (d), 78.62 (d), 113.88 (d), 122.95 (d), 124.3 (d), 125.0 (s), 126.78 (d), 131.56 (d), 131.71 (@),
133.83 (s), 135.03 (5),159.45 (s), 171.36 5; CI MS m/e 318 (M+1)*. Isobutane chemical 1onization mass spectra were
recorded at 110 eV with a Finnigan MAT 8220 instrument equipped with a Data General Nova 4X data system.

10.Preparation of racemic 1g. Potassium rert-butoxide (1.95 g, 16 mmol) was added under stirring at room temperature 1o a

12.
13.

mixture of benzophenone (4.7 g, 26 mmol) and (+)1a (1.5 g, 5 mmol) n tetrahydrofurane (30 mL). The reaction mixture was
heated to 70 °C and stirred at 70 °C for 20 h. After cooling to room temperature the mixture was poured into a 0.1M potassium

phosphate buffered solution (pH 7) (50 mL) and extracted with ethyl acetate (2x30 mL). The combined organic extracts were dried
(NapSOy). Evaporation of the solvent under reduced pressure gave a crude product which was purified by flash chromatography to

give pure 1g (1.1 g, 3.6 mmol, 70% yield).

1g mp 164 -166 °C. Compound 1g in CDClj is present in keto-enol equilibrium.

lH NMR (CDCl3) 3.75 (s, 3H), 5.4 (s, 1 H), 6.8 - 7.7 (8 H, aromatic H); 8.7 (1 H, broad signal); 13C NMR (DMSO-
dg) 55.09 (g), 64.24 (d), 114.02 (d), 123.33 (d), 124.9 (s), 126.22 (d), 127.6 (s), 129.64 (d), 131.68 (d), 136.42 (d), 141.22 (5)
159.35 (s) 169.41 (s), 195.95 (s).

Enol: 1H NMR (CDCl3) 3.8 (s, 3H), 6.85 - 7.65 (8 H, aromatic H), 8.6 (broad signal,1H ); 13C NMR (DMSO- dg) 55.09 (q).

Ketone:

113.33 (d), 113.84 (s, 122.3 (d), 125.05 (d). 129.23 (s), 129.64 (d), 130.06 (d), 130.7 (s), 132.08 (d), 140.56 (s) 146.00 (s).
158.26 (s), 167.13 (s).

CI MS11 m/e 300 (M+1)*. Isobutane chemical ionization mass spectra were recorded at 110 ¢V with a Finnigan MAT 8220
instrument equipped with a Data General Nova 4X data system.

. The S(+) enantiomer is known as Naproxen, a non steroidal antiinflammatory drug. (a) Castaldi, G.; Belli, A.; Uggeri, F.;

Giordano, C. J.Org.Chem. 1983, 48, 4658; (b) Giordano, C.; Castaldi, G.; Cavicchioll, S.; Villa, M. Tetrahedron 1989, 45,
4243,

Accuracy comes from e.e. determination of mix tures of different e.e., prepared by mixing the pure enantiomers.

Kojic'-Prodic', B.; Ruzic'-Toros, Z.; Sunjic', V. Helv.Chim.Acta 1984, 67, 916.



