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ABSTRACT

Enantiomers of 3,4-dihydro-2-{5-methoxy-2-[3-(N-methyl-N-{2-[(3,4-methylenedioxy)phenoxylethyl}amino)propoxy]phenyl}-4-me-
thyl-3-oxo0-2H-1,4-benzothiazine hydrogen fumarate (I), a novel and potent Ca2* antagonist, and its synthetic precursors, phenol (II)
and bromide (III), were directly resolved by high-performance liquid chromatography on a chiral column, with a stationary phase of
cellulose carbamate-coated silica gel. Further, the resolution of some 2-(substituted-phenyl)benzothiazines (IVa-IVI) was investigated
to study the effects of 2-phenyl ring substituents on chiral recognition. As an index of the characteristics of substituents, substituent
constants for quantitative structure~activity relationship studies were used. The correlations between the resolution efficiency (R)) and
the substituent constants for these benzothiazines were investigated by regression analysis. As a result, for 2-(4-substituted-phenyl)-
benzothiazines, R, showed good correlation with E, Taft’s steric parameter [correlation coefficient (r) = 0.99]. It was also shown that
R, correlated with R, an electronic constant for the resonance effect, for 2-(2-hydroxy-5-substituted-phenyl)benzothiazines (r = 0.92).
These findings suggest that the 2-phenyl ring plays an important role in chiral recognition in the resolution of these benzothiazines.

INTRODUCTION

In the course of our recent studies on sulphur-
containing heterocyclic compounds [1-4], we found
a novel 2-aryl-3-ox0-2H-1,4-benzothiazine deriva-
tive I (Fig. 1) with a potent Ca%* antagonistic activ-
ity [5]. Ca®* antagonists are useful in the treatment
of hypertension, angina pectoris and certain cardiac
arrhythmias [6-8]. Compound I has an asymmetric
carbon on the C-2 position of the benzothiazine
ring. In an in vitro study, the Ca®>* antagonistic ac-
tivity of the (R)-enantiomer was about seven times
more than that of the (S)-enantiomer. The (R)-
enantiomer (SD-3211) is now undergoing clinical
trials.

During the progress of this research, an analyt-
ical method for the determination of optical purity
was required for I and its synthetic precursors II
and I1I (Fig. 1). In the present study, the direct reso-
lution of enantiomers of these compounds with
high-performance liquid chromatography (HPLC)
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on a commercially available chiral column (Chiral-
cel OG) was investigated. The stationary phase of
this chiral column is cellulose carbamate-coated sil-
ica gel [9]. Further, we became interested in the chi-
ral recognition mechanism for these benzothiazine
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Fig. 1. Structures of benzothiazine derivatives I, II, III and IV.
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derivatives. Since we had already developed a con-
venient method of synthesizing 2-(substituted-
phenyl)benzothiazines [3], it was intended to study
the effects of 2-phenyl ring substituents on chiral
recognition by using these benzothiazines. In the
present study, the correlations between the resolu-
tion efficiency and physicochemical properties of
the substituents on the 2-phenyl ring for benzothia-
zines TVa-IV] (Fig. 1) were studied by applying the
quantitative structure—activity relationship (QSAR)
procedure.

EXPERIMENTAL

Materials

The benzothiazine derivatives I-III [5] and IVa-
1V1[3], except 1V], were prepared as reported previ-
ously. Compound IVj was synthesized from a man-
delic acid derivative, which was prepared from m-
anisaldehyde and 2-methylaminobenzenethiol in
accordance with the preparation of IVL
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Liguid chromatography
Chiralcel OG (250 mm x 4.6 mm 1.D.) was pur-
chased from Daicel Chemical Industries. The chro-
matographic system was from Shimadzu (Kyoto,
Japan) and consisted of a solvent-delivery pump
(Model LC-6A) equipped with a UV detector
(Model SPD-6A). The column was maintained at
30°C by a column oven (Model CTO-2A). The flow-
rate was adjusted to 1.5 ml/min, and the detector
was set to 238 nm. Chromatograms were recorded
on a recorder (Model C-R2AX Chromatopac). Eth-
anol (1 ml) solutions of the samples (10 umol) were
diluted with mobile phase to give a 1 mM solution.
Aliquots of 20 ul of the solutions were injected. The
dead time (#o) of the column was estimated to be 2.2
min with 1,3,5-tri-tert.-butylbenzene as a non-re-
tained compound [10]. Capacity factors (k7, k%)
were estimated as (¢; — 1p)/to and (£2 — 1p)/to, respec-
tively. The separation factor () was calculated as
5/k'y. Resolution (R) was conveniently calculated
as 2(t; — t1)/(W, + W,), where ¢, and ¢, are elution
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Fig. 2. Chromatograms of benzothiazine derivatives I (a), II (b) and III (c). In each chromatogram, R and S are (R)- and (5)-
enantiomers, respectively. In the chromatogram of I (a), F is fumaric acid.
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times and W, and W, are band widths. Subscripts 1
and 2 represent the first- and the second-eluting
enantiomers, respectively.

RESULTS AND DISCUSSION

Resolution of enantiomers of I and its synthetic pre-
cursors, II and I11

In the investigation of resolution, n-hexane and
alcohol (methanol and/or ethanol and/or 2-propa-
nol) mixtures were examined as eluents. Of these, a
n-hexane—ethanol (85:15) mixture gave the best re-
sults for II and III. Under this condition,
enantiomers of IT and III were completely resolved.
k'y and k', were estimated as 3.63 and 5.69, respec-
tively for II, and as 3.63 and 9.29, respectively for
III; « was found to be 1.57 and 2.56, respectively. R,
values were 2.63 and 6.28, respectively. In the case
of I, addition of a small amount of diethylamine to
the eluent was required. Without diethylamine, I
could not be eluted. Enantiomers of I were com-
pletely resolved by using a n-hexane-ethanol-dieth-
ylamine (50:450:1) mixture as the eluent, with £ =
1.64, k% = 4.39, o« = 2.67 and R, = 4.31. Chro-
matograms of I-1II are shown in Fig. 2. In all cases,
the (S)-enantiomer was the first-eluting isomer.

TABLE I
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Resolution of enantiomers of 2-(substituted-phenyl ) -
benzothiazines IVa—1VI

The resolution of the enantiomers of 2-(substitut-
ed-phenyl)benzothiazines IVa-IV1 was investigated
under the same condition as that for IT and III. The
results are summarized in Table I. For most of the
compounds, the enantiomers were partially or com-
pletely resolved.

In order to study the effects of 2-phenyl ring sub-
stituents on chiral recognition, the QSAR proce-
dure was applied. Of the QSAR procedures, the
Hansch—Fujita approach has been most widely used
[11]. It assumes that the potency of a certain biolog-
ical activity is expressible in terms of a function of
the substituent constants [12], which represent the
various physicochemical characteristics. Thus, cor-
relations between the resolution efficiency, which
was used instead of biological activity, and several
substituent constants were investigated for these 2-
(substituted-phenyl)benzothiazines by regression
analysis. As a result, the following correlations were
found. First, as shown in Fig. 3a, R, showed good
correlation with E;, Taft’s steric parameter, for 2-
(4-substituted-phenyl)benzothiazines IVa-IVe [cor-
relation coefficient (r) = 0.99]. The compounds
whose para-substituent on the 2-phenyl ring had an
E; value close to 0 gave better resolution. It seems

RESOLUTION OF ENANTIOMERS (COMPOUNDS II AND IVa-IV])

Compound R, R, k' k', o R,

TVa H H 1.51 1.94 1.28 1.33
Ivb 4-OH H 3.66 4.34 1.18 0.99
Ve 4-OCH, H 233 2.69 1.16 0.86
Ivd 4-Cl H 1.26 1.45 L.15 0.60
IVe 4-CH, H 1.31 1.43 L10 0.30
Ivf 2-OH H 1.90 225 1.18 0.83
I 2-OH 5-OCH, 3.63 5.69 1.57 2.63
IVg 2-OH 5-Cl 1.48 1.69 1.14 0.50
IVh 2-OH 5-CH, 1.56 1.81 1.16 0.62
Ivi 2-OH 5-NO, 2.85 295 1.04 ~0
1vj H 3-OCH, 224 3.03 1.35 1.86

(5-OCH,)

vk 2-OCH, 5-OCH, 3.20 5.93 1.85 3.76
1A% 2-OBz* 5-OCH, 3.39 5.46 1.61 2.76

4 Bz = benzyl group.
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Fig. 3. Plots of resolution factor (R) against substituent constant. (a) Correlation between R, and Taft’s steric parameter (£,) for
4-(substituted-phenyl)benzothiazines (IVa—IVe). (b) Correlation between R, and Swain-Lupton’s constant for resonance effect (R) for

2-(2-hydroxy-5-substituted-phenyl)benzothiazines (II and IV~IVi).

that a smaller para-substituent is better for resolu-
tion. Second, as shown in Fig. 3b, R, showed a cor-
relation with R, an electronic constant for the reso-
nance effect, for 2-(2-hydroxy-5-substituted-
phenyl)benzothiazines II and [VE-IVi (r = 0.92).
The compounds in which the substituent on the 5-
position of 2-phenyl ring had a smaller R were re-
solved more efficiently. This suggested that substi-
tuents donating their electrons to the 2-phenyl ring
by the resonance effect are favourable for good res-
olution. The fact that IVj gave better resolution
than IVa might be also explained by this correla-
tion. These findings suggest that the electron-rich
2-phenyl ring is desirable for resolution. This could
be supported by the fact that 2-(2-substituted-5-
methoxyphenyl)benzothiazines with a hydroxy or
alkoxy group as a substituent, i.e. II, IVk and IV1,
showed significant resolution.

Okamoto et al. [9] showed the importance of hy-
drogen bonding between the carbamate group of
the stationary phase and the solute for chiral recog-
nition. Since the benzothiazine derivatives examin-
ed in this study have an amido carbonyl group, such
hydrogen bonding is likely to occur. This interac-
tion might play an important role in chiral recog-
nition. In addition, Okamoto et al. [9] also pointed
out the participation of n—=n interaction of phenyl
groups on the stationary phase with aromatic
groups of the solute. The data shown in Fig. 3b, in
which the electronic character is correlated with res-
olution efficiency, show the possibility that the 2-
phenyl ring of these benzothiazines could be in-
volved in n—x interaction.

The present data suggest that the 2-phenyl ring of
these benzothiazines is an important recognition
site for resolution.
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