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Molecules of (R)-2,3,4,5-tetrahydro-2,2 4-trimethyl-1,5-benzo-
thiazepine, C;,H7NS, are linked into spiral C(5) chains by a
single N—H.--S hydrogen bond, while molecules of rac-
5-benzoyl-2,3,4,5-tetrahydro-2,2,4-trimethyl-1,5-benzothiaz-
epine, C;oH,NOS, are linked into zigzag chains by a C—
H- - -w(arene) hydrogen bond.

Comment

We report here the molecular and supramolecular structures
of two trimethylbenzothiazepines, (I) and (II), and we
compare them with the N-nitroso analogue, (III), whose
structure has been reported recently (Laavanya et al., 2002).
These compounds are of interest because their molecular
constitutions have some resemblance to that of the calcium
antagonist drug diltiazem [(2S5,35)-3-acetoxy-5-(dimethyl-
aminoethyl)-2-(4-methoxyphenyl)-2,3-dihydro-1,5-benzothia-
zepin-4(5H)-one, (IV)] and its 2R,3R enantiomer (Kojic-
Prodic et al., 1984).

Compounds (I) and (II) (Figs. 1 and 2) both contain a
stereogenic centre at atom C4, so giving rise to the possibility
of R and S enantiomers. In (I), which crystallizes in the chiral
space group P2,, the crystal examined contained the R
enantiomer only. By contrast, (II) crystallizes as a racemic
mixture in space group Pna2;; the reference molecule in (IT)
was selected as having the R configuration. Compound (III)
also crystallizes as a racemate, in space group C2/c (Laavanya

f Postal address: Department of Electrical Engineering and Physics,
University of Dundee, Dundee DD1 4HN, Scotland.

et al., 2002), with the reference molecule again selected as the
R enantiomer.
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In the thiazepine rings of each of (I)-(11I), the C11—C10—
S1—C2 and C10—C11—N5—C4 torsion angles (Table 1) have
similar magnitudes with opposite signs, as do the S1—C2—
C3—C4 and N5—C4—C3—C2 angles, indicative of approx-
imate pseudo-mirror symmetry for these portions of the ring,
making due allowance for the differing atom types and bond
distances. However, the magnitudes of the final pair of torsion
angles, Cl10—S1—C2—C3 and Cl1—N5—C4—-C3, differ
markedly, although they still have opposite signs. Accordingly,
it is not possible to describe any of these ring conformations in
terms of a single primitive form (Evans & Boeyens, 1989). In
(I), the thiazepine conformation is a mixture of boat, chair and
twist-chair forms; in (II), the boat form is dominant, with a
small contribution from the twist-chair form; and in (III), the
conformation is best described as intermediate between boat
and twist-boat. The bond lengths and angles in (I) and (II)
show no unusual features.

The only direction-specific interaction between the mol-
ecules of (I) (Fig. 1) is an N—H- - -S hydrogen bond (Table 1).
Although the N- - -S distance is greater than the sum (3.3 A) of
the conventional van der Waals radii (Bondi, 1964), an
analysis (Allen et al., 1997) of hydrogen bonds having two-

Figure 1
The R enantiomer of (I), showing the atom-labelling scheme. Displace-
ment ellipsoids are drawn at the 30% probability level.
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coordinate sulfur as the acceptor, using data retrieved from
the Cambridge Structural Database (Allen, 2002), indicated
mean H---S, N---S and N—H- - -S parameters in such bonds,
where S is bonded to two C atoms, of 2.74 (2) A, 3.58 (3) A
and 145 (3)°, respectively. Accordingly, the N—H- - -S inter-
action in (I) appears to be typical of such hydrogen bonds. The
status of N—H- - -S hydrogen bonds remains uncertain. While
Desiraju & Steiner (1999) regard sulfur as a conventional

Figure 2
The R enantiomer of (II), showing the atom-labelling scheme. Displace-
ment ellipsoids are drawn at the 30% probability level.

Figure 3

Part of the crystal structure of (I), showing the formation of a C(5) chain
along [010]. For clarity, H atoms bonded to C atoms have been omitted.
Atoms marked with an asterisk (*), a hash (#), a dollar sign ($) or an
ampersand (&) are at the symmetry positions (1 —x, =+, 2), (x,
—1+y,2),(1 —x,3+y,z) and (x, 1 +y, z), respectively.

Figure 4

A stereoview of part of the crystal structure of (II), showing the
formation of a C—H- - -(arene) chain along [100]. For clarity, H atoms
that are not involved in the motif shown have been omitted.

hydrogen-bond acceptor, Allen et al. (1997) concluded that
two-coordinate sulfur is a poor hydrogen-bond acceptor and
that only in dialkyl sulfides lacking any other potential
acceptors are X—H- - -S hydrogen bonds (X = N or O) likely
to be significant contributors to molecular aggregation.
Against that view, we note that in triphenylmethanesulfen-
amide, Ph;SNH,, the molecules are linked into centrosym-
metric R3(6) dimers by paired N—H---S hydrogen bonds
(Glidewell & Ferguson, 1994). The action of the N—H---S
hydrogen bond in (I), where atom N5 in the molecule at (x, y,
z) acts as a donor to atom S1 in the molecule at (1 — x, — + y,
z), is to link the molecules into a spiral C(5) (Bernstein et al.,
1995) chain running parallel to the [010] direction and
generated by the 2, screw axis along (3, y, 0) (Fig. 3).

In (II), the molecules are linked by a single C—H---
mr(arene) hydrogen bond (Table 2). Atom C8 in the molecule
at (x, y, z) acts as a hydrogen-bond donor to the C51-C56 acyl
ring in the molecule at (—1 + x, 3 — y, z), so forming a zigzag
[100] chain generated by the a-glide plane at y =3 (Fig. 4). Two
chains of this type pass through each unit cell, but there are no
direction-specific interactions between adjacent chains.

In contrast to the N—H---S and C—H-- -z(arene)
hydrogen bonds in (I) and (II), respectively, the structure of
(IIT) (Laavanya et al., 2002) contains no hydrogen bonds or
direction-specific interactions of any kind between the mol-
ecules.

Experimental

Compound (I) was synthesized by reducing 2,3-dihydro-2,2,4-tri-
methyl-1,5-benzodiazepine with sodium borohydride in methanol at
273 K (Hsing et al, 1966). Compound (II) was prepared by
benzoylation of (I) with benzoyl chloride and triethylamine in dry
benzene under reflux conditions. Analysis for (IT) found: C 73.3, H
6.9, N 4.3%; C19H;NOS requires: C 73.3, H 6.8, N 4.5%. Crystals of
(I) and (II) suitable for single-crystal X-ray diffraction were grown
from solutions in light petroleum [m.p. 358-361 K for (I) and 383—
386 K for (II)].
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Compound (I)

Crystal data

Ci2H,;,NS

M, = 207.34
Monoclinic, P2,
a=72644 (4) A
b =78657 (3) A
c=101522 (5) A
B =103.190 (2)°
V =564.79 (5) A®
Z=2

Data collection

Nonius KappaCCD diffractometer

@ scans, and o scans with « offsets

Absorption correction: multi-scan
(SORTAYV; Blessing, 1995, 1997)
Tnin = 0.922, Tpax = 0.980

8535 measured reflections

2550 independent reflections

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.029

wR(F?) = 0.070

S =1.06

2550 reflections

130 parameters

H-atom parameters constrained

D,=1219Mgm™>

Mo Ko radiation

Cell parameters from 2550
reflections

6 =31-274°

n=025mm"~

T=120(2) K

Plate, colourless

0.38 x 0.18 x 0.08 mm

1

2422 reflections with I > 20(I)
Rin = 0.039

Omax = 27.4°
h=-9—9
k=-10 - 10
[=—-13 - 12

w = 1/[o*(F2) + (0.0361P)*
+ 0.0718P]
where P = (F2 + 2F?)/3
(A0 ) max < 0.001
Apmax = 0.15e A3
Apmin = =020 A3
Absolute structure: Flack (1983),
1163 Friedel pairs
Flack parameter = —0.03 (6)

Table 1
Selected torsion angles (°) for compounds (I)-(III).
@ ) (TIT)

$1—C10—C11—N5 —6.53 (19) 74 (3) 57 (5)
C11—C10—S1—C2 62.97 (13) —69.29 (18) —60.4 (4)
Cl0—C11—N5—C4 —69.68 (18) 74.6 (2) 751 (4)
S1—C2—C3—C4 63.33 (14) 60.3 (2) 652 (5)
N5—C4—C3—C2 —67.82 (17) 623 (2) 602 (5)
Cl0—S1—C2—C3 ~70.33 (13) 24.40 (17) 157 (3)
Cl1—N5—C4—C3 90.42 (16) —36.1(2) —39.6 (5)

Compound (1)

Crystal data

C1oH,NOS
M, = 311.43
Orthorhombic, Pna2,
a=16.1757 (2) A

b =12.5444 (3) A
c=82147(2) A

V = 1666.88 (6) A>
Z=4
D,=1241Mgm™

Data collection

Nonius KappaCCD diffractometer

@ scans, and o scans with « offsets

Absorption correction: multi-scan
(SORTAV; Blessing, 1995, 1997)
Tmin = 0.866, Tiyax = 0.983

19 245 measured reflections

3762 independent reflections

Mo Ko radiation

Cell parameters from 3762
reflections

6 =3.0-27.5°

n=0.20mm"

T=120(2) K

Block, colourless

0.30 x 0.08 x 0.08 mm

1

3605 reflections with 7 > 20(1)
R;, = 0.064

Omax = 27.5°

h=-20— 19
k=-16 — 16
[=-10— 10

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.045
wR(F?) = 0.130
§=126
3762 reflections
203 parameters
H-atom parameters constrained
w = 1/[c*(F?) + (0.0742P)*
+ 0.2569P]
where P = (F? + 2F2)/3

(Alo)max = 0.001

Apmax = 0.63¢ A7

APmin = —0.84 ¢ A7

Extinction correction: SHELXL97

Extinction coefficient: 0.145 (9)

Absolute structure: Flack (1983),
1719 Friedel pairs

Flack parameter = 0.01 (9)

Table 2 .

Hydrogen-bonding geometry (A, °) for (I).

D—H---A D—H H--A D---A D—H---A
N5—HS. - -s1! 0.95 2.75 3.5556 (13) 144
Symmetry code: (i) 1 —x,y — 4, —z.

Table 3 .

Hydrogen-bonding geometry (A, °) for (II).

Cgl is the centroid of the C51-C56 ring.

D—H---A D—H H---A D---A D—H---A
C8—HS8.--Cgl’ 0.95 2.88 3.674 (2) 142

Symmetry code: (i) x — 3,2 —y, z.

For (I), the systematic absences permitted P2, and P2,/m as
possible space groups; P2; was selected and confirmed by the
subsequent structure analysis. For (II), the systematic absences
permitted Pna2, and Pnam (= Pnma) as possible space groups; Pna2,
was selected and confirmed by the subsequent structure analysis. All
H atoms bonded to C atoms were located from difference maps and
subsequently treated as riding atoms, with C—H distances of 0.95
(aromatic), 0.98 (CH3), 0.99 (CH,) or 1.00 A (aliphatic CH). The H
atom bonded to the N atom in (I) was located from a difference map
and then allowed to ride at the N—H distance (0.95 A) deduced from
the map. The absolute configuration in (I) and the correct orientation
of the structure with respect to the polar axis (Jones, 1986) in (II)
were both established from the values [—0.03 (6) and 0.01 (9),
respectively] of the Flack (1983) parameter.

For both compounds, data collection: KappaCCD Server Software
(Nonius, 1997); cell refinement: DENZO-SMN (Otwinowski &
Minor, 1997); data reduction: DENZO-SMN;, program(s) used to
solve structure: OSCAIL (McArdle, 2003) and SHELXS97 (Shel-
drick, 1997); program(s) used to refine structure: OSCAIL and
SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek,
2003); software used to prepare material for publication: SHEL X197
and PRPKAPPA (Ferguson, 1999).

X-ray data were collected at the EPSRC X-ray Crystal-
lographic Service, University of Southampton, England; the
authors thank the staff for all their help and advice. JNL
thanks NCR Self-Service, Dundee, for grants that have
provided computing facilities for this work.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK1712). Services for accessing these data are
described at the back of the journal.
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