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The Crystal and Molecular Structure of Sulphur-Containing Heterocyclic Ring Compounds.
I11. 3-Methyl-4-oxo0-1,3-thiazine-2-thione
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3-Methyl-4-0x0-1,3-thiazine-2-thione, CsH,NOS;, is monoclinic, space group P2,/c, Z= 4. The structure
was solved by Patterson and minimum function methods with 623 visually estimated X-ray intensities,
and refined to R=0-108. The six-membered ring has a boat conformation with the outer sulphur atom
at the 2-position #rans to the methyl group and to the methylene carbon atom at the 6-position. These

latter two groups are cis to one another.

Introduction

3-Methyl-4-ox0-1,3-thiazine-2-thione is the third in a
series of sulphur-containing heterocyclic compounds
to be subjected to X-ray structure analysis in this de-
partment. Of interest is the state of conjugation in the
six-membered ring, and also its geometry and confor-
mation in comparison with similar planar five-mem-
bered rings whose structures have been reported (Amir-
thalingam & Muralidharan, 1972a, b).

Experimental

The yellow needles are monoclinic. The unit-cell param-
eters derived from Weissenberg photographs taken
with Cu K« radiation (A=1-542 A) are a=28-02 (1),
b=7-11 (1), c=1547 (2) A, =124 (1)°. There are four
molecules in the cell (d,=1-45, d.=1-47 g.cm~3). The
systematic absences 40/ for / odd and 0k0 for k odd
characterize the space group as P2,/c. The reflexions
hOl to h6/, and hkO were recorded with Cu Ko radiation
using the equi-inclination Weissenberg method, and
their intensities were estimated visually. 623 unique

reflexions were measured and corrected for Lorentz,
polarization, and spot-size effects, but not for
absorption. Scaling was achieved by using Wilson
plots.

A three-dimensional Patterson synthesis was com-
puted and the peaks near the origin as well as the
Harker peaks were examined. It was possible to iden-
tify the peaks due to intramolecular non-bonded S- - - S
atoms, and also those from symmetry related S atoms.
Minimum function methods revealed the image of the
six-membered ring, and iterative Fourier methods lo-
cated the remaining atoms. The structure was refined
by full-matrix least-squares calculations. In the final
stage of the refinement, a Cruickshank weighting
scheme with w=(2:0+4 F,+0-053F2)"! was used. The
S atoms, the O atom and the methyl C atom were al-
lowed to vibrate anisotropically. The final value of R
for all observed reflexions was 0-108. Hydrogen atoms
were ignored. Form factors for neutral atoms were
taken from International Tables for X-ray Crystallog-
raphy (1962) .The structure projected down b is shown
in Fig. 1. The final parameters are given in Table 1.
Table 2 lists the values of F, and F..



V. AMIRTHALINGAM AND V. S. JAKKAL 2613

Table 2. Observed and calculated structure factors
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Table 1 (cont.)
The anisotropic temperature factor is of the form: exp [— (81142 + B22k2+ B3312 +2B12khk + 21 3h1+ 2f23k1) x 10-4)

But B2 B33 P12 B3 B3
S(1) 107 (6) 122 (7) 25(2) —-34(10) 35 (5) -7()
S(2) 119 (7) 91 (2) 52 (2) 21 (9) 111 (6) 3(6)
C@3) 282 (45) 336 (47) 32(7) —36 (20) 6 (10) —-1(7N
(o] 114 (20) 312 (27 64 (6) 129 (38) 85 (20) 30 (22)

A C28B - 20*
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Description of the structure

An examination of the bond lengths (Fig. 2) clearly
shows the double-bond character of S(1)-C(2), S(2)-
C(2), and C(2)-N, and the extent of partial conjuga-
tion in the ring. The angle C(1)-S(1)-C(2) is 102-3 (6)°
and is comparable with CSC angles of 104-9 and 100-7°
found in l-acetonyl-1-thiona-5-thiacyclooctane per-
chlorate (Johnson, Maier & Paul, 1970) and in some
1,4-dithianes (Chao & McCullough, 1960). Other bond
lengths and angles are normal.

The geometry of the molecule can be described in
terms of three planes: plane A containing S(1), C(2),
C(4), and C(5); plane B containing C(2), C(3), and N;
and plane C containing S(1), C(1), and C(5) (Table 3).
Plane B and C are cis while the outer S atom S(2) is
trans to the atoms in planes B and C. This can be seen
in Fig. 3 which shows an end view of the molecule
projected down a. The angle between 4 and B is 7-6°
and between 4 and C is 57-0°. Thus it is clear that the
molecule exists in a boat conformation. In order to
confirm this, we calculated intermolecular distances
with atom C(l) in the alternative chair conformation.
The intermolecular distance C(1)-.-C(1") across a
centre of symmetry then adopts the very low value of
2:11 A, whereas its actual value is 4-47 A. We also per-
formed a least-squares refinement which resulted in
C(1), which was initially in the chair conformation,
being refined to the boat position (Amirthalingam &
Jakkal, 1970).

Table 3. Equations of mean planes and deviations of the

atoms
Plane
A 0-2095x+ 09776y +0-0182z=1-3428
B 0-1945x +0-9742y —0-11372=0-9644
C 0-0615x—0-6601y —0-7486z+1-9731=0
Deviations of atoms from planes
Plane 4
S(1) —0-044 A N +0138 A
C(2) —0-048 C(3) +0-276
C4) +0-055 S(2) —0-447
C(5) —0-050 o +0-134
(1) +0-723
Plane B Interplanar angles
C2) —0-014 A AB=76°
C(3) —-0-012
C4) —0-013 AC=57°
N +0-039

STRUCTURE OF SULPHUR-CONTAINING HETEROCYCLIC COMPOUNDS. II1

The intramolecular S(1)- - -S(2) distance is 2:90 A,
which is shorter than would be expected from close
packing considerations but is comparable with the
values, 2:91-2-97 A, found in similar structures (Slet-
ten, 1969). The intermolecular S---S distances are
4-01 and 4-27 A. The S---N intermolecular contacts
of 366 and 3-61 A are normal.

Regarding the S- - - O interaction in this compound
(Table 4), the values found, S(1)---0=3-39, $(2)---O
=3-38 A, show that it is practically non-existent. Thus
the molecules are held in the structure by normal van
der Waals forces only.

Table 4. Intermolecular distances less than 3-5 A with
e.s.d.’s in parentheses

First designated atom of each pair belongs to reference mol-
ecule and has the coordinates listed in Table 1.

S(1)---0() 3-392 (8)
S(2)- - - O(11) 3-388 (14)
O---C(111Y) 3-398 (16)
Key to symmetry operations
i x=1, 3oy, —i4z
ii x—1, vy , =z
il l—x, =%+y, -z
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