6/26 scans
Absorption correction: none
5946 measured reflections
4792 independent reflections
1909 reflections with

F > 60(F)

Refinement

Refinement on F

R = 0.0462

wR = 0.0541
S=11

5946 reflections
218 parameters

H atoms not refined

XIAODONG SUN et al.

h=—-1—14
k=-1—18
I=-17 — 17

3 standard reflections
every 97 reflections
intensity decay: 0.0001%

(A/0)max = 0.003

Apmax = 031e AT

Apmin = —0.18 e A™?

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

w™! = ¢X(F) + 0.0008F2

Table 2. Selected geometric parameters (fi, °) for (1I)

S(1)—C(2) 1.740 (3) C(10)—C(24) 1.480 (5)
S(1H—CH 1.829 (3) N(11)—C(12) 1.400 (4)
C(2)—C@3) 1.368 (4) C(12)—C(13) 1.404 (4)
C(2)—C(M 1.381 (4) C(12y—C@21 1.366 (4)
C(3)—C4) 1.374 (5) C(13)—C(14) 1.398 (4)
C)—C(5) 1.369 (6) C(13)—C(18) 1.413 (5)
C(5—C(6) 1.369 (5) C(14—C(15) 1.352 (5)
C(6)—C(M) 1.373 (4) C(15—C(16) 1.375 (7)
C(1)—N(®) 1.388 (4) C(16y—C(17) 1.347 (6)
N@&)»—C(9) 1.409 (4) C(17)—C(18) 1.398 (5)
N(8)—C(23) 1.447 (4) C(18—C(19) 1.398 (5)
C(9—C0) 1.507 (4) C(19—C(20) 1.358 (5)
C(9—0(22) 1.430 (4) C(20—C(21) 1.385 (5)
C(10)—N(11) 1.273 (4 C(21)—0(22) 1.362 (4)
S(1—C(9)—N(8) 105.0 (2) S(1)—C(9)»—0(22) 110.1 (2)
S(1)—C(9)—C(10) 107.7 (2) N(8)Y—C(9)—0(22) 107.9 (2)
N(8)>—C(9)»—C(10) 116.2 (3) C(10—C(9)—0(22) 109.8 (2)

A variable scan rate, and a 6-26 scan mode with a scan width
of 0.6° below Ka; and 0.6° above Ko to a maximum 26
value of 50° were used.

For both compounds, data collection: XSCANS (Siemens,
1991); cell refinement: XSCANS; data reduction: XSCANS;
program(s) used to solve structures: SHELXS86 (Sheldrick,
1990); program(s) used to refine structures: SHELXS86;
molecular graphics: XP (Siemens, 1990).

Lists of atomic coordinates, displacement parameters, structure factors
and complete geometry have been deposited with the IUCr (Reference:
PA1249). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.

References

Amold, G. & Paal, G. (1971). Tetrahedron, 27, 1699-1713.

Clegg, W., Norman, N. C.,, Flood, T., Sallans, L., Kwak, W. S,
Kwiatowski, P. L. & Lasch, J. G. (1991). Acta Cryst. C47, 817-824.

Guglielmetti, R., Mossé, M., Métras, J. C. & Metzger, J. (1968). J.
Chim. Phys. 65, 454-466.

Hirshberg, Y. (1950). Comput. Rend. 231, 903-907.

Hirshberg, Y. (1956). J. Am. Chem. Soc. 68, 2304-2312.

© 1997 International Union of Crystallography
Printed in Great Britain — all rights reserved

823

Mentienne, F., Samat, A., Guglielmetti, R., Garnier, F., Dubois, J. E.
& Metzger, J. (1973). J. Chim. Phys. 70, 544-546.

Miler-Srenger, E. & Guglielmetti, R. (1984). Acta Cryst. C40, 2050~
2053.

Millini, R., Del Piero, G., Allegrini, P., Malatesta, V. & Castaldi, G.
(1993). Acta Cryst. C49, 1205-1207.

Osano, Y. T., Mitsuhashi, K., Maeda, S. & Matsuzaki, T. (1991). Acta
Cryst. C47, 2137-2141.

Samat, A., Kister, J., Garnier, F., Metzger, J. & Guglielmeti, R.
(1975). Bull. Soc. Chim. Fr. 11/12, 2627-2631.

Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473.

Siemens (1990). XP. Molecular Graphics Program. Version 4.1.
Siemens Analytical X-ray Instruments Inc., Madison, Wisconsin,
USA.

Siemens (1991). XSCANS Users Manual. Siemens Analytical X-ray
Instruments Inc., Madison, Wisconsin, USA.

Acta Cryst. (1997). C53, 823-825

3-(Benzo|[b]thien-2-yl)-5,6-dihydro-1,4,2-
oxathiazine 4-Oxide

Joun F. GALLAGHER,? GEORGE FERGUSON?

WALTER G. BROUWER®

AND

“School of Chemical Sciences, Dublin City University, Dublin
9, Ireland, ® Department of Chemistry and Biochemistry,
University of Guelph, Guelph, Ontario, Canada N1G 2W1,
and “Uniroyal Chemical Ltd Research Laboratories, PO Box
1120, 120 Huron Street, Guelph, Ontario, Canada N1H 6N3.
E-mail: george@xray.chembio.uoguelph.ca

(Received 7 October 1996; accepted 25 November 1996)

Abstract

The title compound, C;{HyNO,S,, is a potent material
preservative and contains the 1,4,2-oxathiazine ring
system in a half-chair conformation with the methyl-
ene C atoms 0.510(3) and —0.367 (3) A from the plane
of the other four oxathiazine ring atoms.

Comment

3-Aryl-5,6-dihydro-1,4,2-oxathiazines and their oxides
are novel heterocyclic compounds active as agricul-
tural fungicides, herbicides and plant growth regulants
(Brouwer, Bell, Blem & Davis, 1986, 1987; Blem &
Brouwer, 1987). Recently, 3-(benzo[b]thien-2-yl)-5,6-
dihydro-1,4,2-oxathiazine 4-oxide, (I), was found to
possess potent material preservative properties (Davis,
Valcke & Brouwer, 1995). These important compounds
are therefore of interest from a structural viewpoint. To
our knowledge, this is the first reported crystal structure
determination of a molecule with a 1,4,2-oxathiazine
ring system.
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Molecule (I) as synthesized is a racemic mixture, but
it undergoes spontaneous resolution on recrystallization
from ethyl acetate to yield crystals in the chiral space
group P2,2,2,. Our X-ray data allowed determination of
the absolute stereochemistry; a view of molecule (I} with
the atomic numbering scheme is shown in Fig. 1. The
1,4,2-oxathiazine ring system adopts a slightly distorted
half-chair conformation with the methylene C5 and C6
atoms 0. 510(3)A and —0.367 (3)A respectively, from
the plane of the other oxathiazine ring atoms; the torsion
angle O1—N2—C3—S4 is —6.2 (3)°.

Fig. 1. A view of (I) with the atomic numbering scheme. Displacement
ellipsoids are drawn at the 30% probability level.

The bond lengths in the 1,4,2-oxathiazine ring system
(Table 1) are mostly in agreement with expected values
(Orpen et al., 1994) except for the C—S distances
involving the oxathiazine S4 atom. The S—C,,. distance
[S4—C3 1.813(2) Alis 0. 021 A longer than the S——Cs,,z
distance [S4—C5 1.792 (2) A], this is not inconsistent
with the presence of canonical forms such as (Ie) and
(Ib) in the ground-state structure, with the form (Ib)
making a minor contribution.

©Es>—_-<\rq—o N—o

(la) (1b)

The atoms of the benzo[b]thienyl moiety are close to
being coplanar [the interplanar angle between the five-
and six-membered rings is only 2.0 (1)°]. The Ol1, N2,
C3, 5S4 plane forms a dihedral angle of 4.1 (1)° with the
plane of the benzo[b]thieny! ring system.

There are two short intermolecular C—H- - -O inter-
actions to O4 (Table 2). There is also a short intramolec-

C11HgNO;S;

ular contact between H13 (on C13) and S4, with H---S
2.73 A, some 0.27 A shorter than the sum of the van
der Waals radii (Bondi, 1964); the exocyclic angle C3—
C12—C13 is enlarged [to 127.46 (14)°]. Examination of
the structure with PLATON (Spek, 1996a) showed that
there were no solvent-accessible voids in the crystal lat-

tice.

Experimental

The title compound was synthesized according to Davis,
Valcke & Brouwer (1995). Recrystallization from ethyl acetate
afforded colourless crystals suitable for X-ray analysis.

Crystal data

C1H9NO,S,
M, = 251.31
Orthorhombic
P2,2,2,
a=74730(11) A
b = 82860 (11) A
c =17.527(2) A
=1085.3 (3) A®
z 4
D, = 1.538 Mg m™?
D, not measured

Datu collection

Enraf—-Nonius CAD-4
diffractometer
6/20 scans
Absorption correction:
Gaussian by integration
Tmin = 0.805, Thax = 0.905
2717 measured reflections
2393 independent reflections
2186 reflections with
1> 2a(D

Refinement

Refinement on F2
R[F* > 20(F)] = 0.026
wR(F?) = 0.073
S = 1.060
2393 reflections
146 parameters
H atoms riding (C—H 0.93-
0.97 A)
w = U[oX(F2) + (0.051P)?
+ 0.0452P)
where P = (F2 + 2FA3
(A/o')max < 0.001

Mo Ko radiation

A=07107 A

Cell parameters from 25
reflections

# =10.3-18.3°
p= 0472 mm™'
T=294(1)K
Plate

0.40 x 0.40 x 0.24 mm
Very pale yellow

R = 0.014

Omax = 27°

h=-9—9

k=10 - 10

1=22— 22

3 standard reflections
frequency: 120 min
no intensity decay;

variation 0.5%

Apmax = 0204 ¢ A’

Apmin = —0.155 ¢ A3

Extinction correction:
SHELXL93

Extinction coefficient:
0.0053 (18)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute configuration:
Flack (1983)

Flack parameter = —0.01 (7)

Table 1. Selected geometric parameters (1&, °)

S4—04 1.485 (2)
S4—C3 1.813(2)
S4_C5 1.792 (2)
S11—C12 1.742 (2)
S11—Cl17a 1.741 2)
O1—N2 1.385(2)

01—Co6 1.437(2)
N2—C3 1.284 (2)
C3—C12 1.450 (2)
C5—C6 1.496 (3)
C12—C13 1.362(2)
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04—84—C3 107.68 (9) S$4—-C3—C12 113.69 (12)
04—84—C5 10691 (10) N2—C3—CI2 17.11 (14)
C3—S4—C5 93.83(8) $4—C5—C6 108.21 (13)
C12—S11—Cl17a 90.76 (8) 01—C6—C5 110.9 (2)
N2—O1—C6 117.29(13)  S11—C12—C3 119.55 (12)
O1—N2—C3 121.78 (14)  S11—C12—C13 112.99 (13)
S4—C3—N2 129.07(13) C3—C12—C13 127.46 (14)
O1—N2—C3—S4 ~6.2(3)

Table 2. Short C—H. - -O and C—H.- - -S contacts (A, °)

D—H---A D—H H-A D--A D—H-A
C6—H6A- - -04' 0.97 247 3311 2) 145
C13—H13- - -04" 0.93 245 3.321(2) 156
CI3—HI3- . -S4 0.93 273 3.063(2) 102

Symmetry codes: (i) x — 4,4 —y, 1 —z (i)} +x,4 —y 1 —z

A complete Friedel data set (+h, +k, + reflections) was col-
lected to aid in the determination of the absolute configuration
of the structure reported here and also to ensure a suitable ex-
cess of reflection data to parameters in the refinement (16.4
reflections per parameter).

Data collection: CAD-4-PC Software (Enraf-Nonius, 1992).
Cell refinement: SET4 and CELDIM in CAD-4-PC Software.
Data reduction: DATRD2 in NRCVAX94 (Gabe, Le Page, Char-
land, Lee & White, 1989). Program(s) used to solve struc-
ture: SOLVER in NRCVAX94. Program(s) used to refine struc-
ture: NRCVAX94 and SHELXL93 (Sheldrick, 1993). Molecu-
lar graphics: NRCVAX94, ORTEPII (Johnson, 1976), PLATON
(Spek, 1996a) and PLUTON (Spek 1996b). Software used to
prepare material for publication: NRCVAX94, SHELXL93 and
WordPerfect macro PREPCIF (Ferguson, 1996).

GF thanks NSERC (Canada) for Research Grants and
JFG thanks the Research and Postgraduate Committee
of Dublin City University for partial funding (Research
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Grant No. RC96-SRAF-06JG) of a research visit to the
University of Guelph (July—August, 1996).

Lists of atomic coordinates, displacement parameters, structure factors
and complete geometry have been deposited with the IUCr (Reference:
AB1427). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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