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polarization effects, but not for absorption. The scan speed
was 3-12° min~' with width (1.2 + 0.14tan6)°. The struc-
tures were solved by direct methods and refined by anisotropic
full-matrix least squares. All the H atoms were found from Ap
maps and refined isotropically.

Data collection: local programs. Cell refinement: LQPARM
(Nardelli & Mangia, 1984). Data reduction: local programs.
Program(s) used to solve structure: MULTANSO (Main et al..
1980) for (2) and SIR92 (Altomare et al., 1994) for (4).
Program(s) used to refine structures: SHELXL93 (Sheldrick,
1993). Molecular graphics: ORTEP (Johnson, 1965), PLUTO
(Motherwell & Clegg, 1976). Programs for checking the space
group of (2): TRACER (Lawton & Jacobson, 1965), NEWLAT
{Mugnoli, 1985), LEPAGE (Spek, 1988), MISSYM (Le Page,
1987) and the SYMMOL option of PARST (Nardelli, 1983a).
Software used for geometrical calculations and to prepare
material for publication: PARST, PARSTCIF (Nardelli, 1991).
The calculations were carried out on the ENCORE9I and
GOULD-POWERNODE 6040 computers of the Centro di
Studio per la Strutturistica Diffrattometrica del CNR (Parma)
and on a COMPAQ-486¢ portable computer.

Financial support from the European Commission
under contract N. SC1000657 is gratefully aknowledged.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: BM1024). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

Crystals of the title compound, C|2H,4Ss, are composed
of independent molecules separated by normal van
der Waals distances. The benzothiophene moiety is
essentially planar and substituted by four methylthio
groups, two of which, those at positions 2 and 6, lie
almost in the plane, with the remaining two, those at
positions 3 and 7, lying almost perpendicular to the
plane. The mean values of the important bond distances
are S—C,,» 1.805(17) and S—C,,,» 1.767 (19) A.

Comment

The one-step thioalkylation of heteroaromatic com-
pounds is a desirable process as it can lead to the for-
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mation of heteroaromatic thiols by reduction of the S
atom. Our experiments involving benzo[b]thiophene and
excess methyl disulfide yielded the title compound, (1),
as a yellow solid. An X-ray identification of (1) was
needed as the 2,3,4,5-tetrakis(methylthio) and 2,3,6,7-
tetrakis(methylthio) compounds would give similar 'H
and "*C spectra. The present report describes the crystal
structure of compound (1).

SMe

MeS S SMe

SMe
(N

An ORTEPII diagram (Johnson, 1976) of (1) is
presented in Fig. 1, along with the atomic numbering
scheme. The molecular dimensions in the benzothio-
phene moiety involving C atoms are normal with
mean bond distances C— Caromaii, 1.38 (3), C;p2—Cy0
1.440(12) and C=C 1.353(12) A, while the S—C,,»
distances of 1.757(9) and 1.733 (8) A are 51gmﬁcamly
longer than those reported for 2,3-bis(ethylsulfonyl)-
benzo[b]thiophene [mean 1. 725(1)A] (Parvez, Mesher
& Clark, 1996). The remaining S—C distances, with
mean values for S—C,,: and S—C,,» of 1.767(19)
and 1805(17)A respecnve]y, are normal (Allen et
al. 1992). The benzothiophene moiety is essentially
planar within experimental error, with a maximum
deviation of 0019(12)A for the C7a atom. There are
four methylthio groups attached to the benzothiophene
moiety, two of which, those at positions 2 and 6, are
almost coplanar with it; the dihedral angles between the
benzothiophene plane and these groups are 7.9 (8) and
6.5 (9)°, respectively. The methylthio groups at positions
3 and 7 are almost perpendicular to the benzothiophene

Fig. 1. An ORTEPII view (Johnson, 1976} of the title compound with
the atomic numbering scheme. Displacement ellipsoids for non-H
atoms are plotted at the 50% probability level and H atoms have
been assigned arbitrary radii.

1249

plane, with dihedral angles of 96.7 (8) and 80.7 (8)°,
respectively.

The crystal structure of (1) is composed of discrete
molecules separated by normal van der Waals distances.

Experimental

The title compound was prepared as previously described by
Clark, Mesher & Primak (1996). Crystals were obtained as
yellow plates by evaporation from a solution of hexanes/THF

(95:5).

Crystal data

CIZHMSS
M, = 318.54
Monoclinic
P2|/n
a=13.131(3) A
b=17541(1) A
c=14.758(3) A
B =96.03(2)°
= 1453.3(4) A’
Z=4
D, = 1456 Mg m~*
D,, not measured

Data collection

Rigaku AFC-6S diffractom-
eter

w/26 scans

Absorption correction:

1 scan (North, Phillips

& Mathews, 1968)

Toin = 0.62, Toux = 1.00
2910 measured reflections
2785 independent reflections
1365 observed reflections

[I > 30(D)]

Refinement

Refinement on F

R = 0.0638

wR = 0.0641

S =2.838

1365 reflections

154 parameters

H atoms riding with C—H
095 A

w = 1/[o?(F,) + 0.015(F2))

Mo Ko radialgon

A =0.71069 A

Cell parameters from 25
reflections

# = 10-15°
w=0.772mm"'
T=170 K

Plate

0.34 x 0.30 x 0.10 mm
Yellow

Rini = 0.0272

gmax = 250

h=0—15

k=0—8

I=-17 - 17

3 standard reflections
monitored every 200

reflections

intensity decay: 4.4%

(A/O')mdx =0. 0248

Apmax = 0.72 ¢ A~

Apmin = —0.51 ¢ A3

Extinction correction: none

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)X;X,Ujar a" a;.a;.

X y
Sl 0.0698 (2) —0.1934 (3)
S2 0.1843(2) —0.1592 (4)
S3 0.3154(2) 0.1576 (3)
S4 0.0433 (2) 0.0689 (3)
S5 —0.0426 (2) —0.1995 (3)
C2 0.1606 (6) —0.0929 (11)
C3 0.2111 (6) 0.0395 (11)

b4 U,

0.4565 (2) 0.03(?24 (7)
0.6494 (2) 0.0575(9)
0.5569 (2} 0.0443 (8)
0.1068 (2) 0.0355(7)
0.2434 (2) 0.0350 (7)
0.5363 (5) 0.030(3)

0.4982 (6) 0.030(3)
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C4a 0.1799 (6) 0.0688 (12) 0.4029 (6) 0.031 (3) Molecular Structure Corporation (1994). TEXSAN. Single Crystal
Cc4 0.2133(7) 0.1846 (12) 0.3415 (6) 0.036 (3) Structure Analysis Software. MSC. 3200 Research Forest Drive,
Cs 0.1756 (6) 0.1858 (12) 0.2550 (6) 0035 (3) The Woodlands. TX 77381. USA.
Cé 0.0992 (6) 00701 (1) 02208(5) 0.026 (2) h Phillins. D. C ” 68). A 4
c7 0.0606(6)  —00530 (1) 0.2801 (6) 0.029(2) NO:z:i Aisi?éé hillips. D. C. & Mathews. F. S. (1968). Acta Cryst.
C7a 0.1028 (7) —0.0513 (12) 0.3721 (6) 0.031 (3 . ST
cs 0.0810(9) —0.3182 (15) 0.6577 (7) 0.067 (4) Parvez, M., Mesher. S. T. E. & Clark, P. D. (1996). Acta Cryst. C52.
o 0.2527(7) 03571 (13) 0.5882(7) 0.049 (3) 905-907.
cio 0.1200 (8) 0.2245 (13) 0.0537 (6) 0.050 (3)
Cl1l1 0.0254 (8) —0.3734 (13) 0.1896 (7) 0.049 (3)

Table 2. Selected geometric parameters (A, °)
s1—C2 1757 (9) S4—C6 1.763 (8) u
SI_C7a 1733 & s4_Clo 1781 (10 Acta Cryst. (1996). C52, 1250-1252
S2—C2 1.739 (8) $5—C7 1.787(9)
S2—C8 1.824 (12) S5—Cl1 1.816 (10) - i i -
$3—C3 17809  C2—C3 1353 (12) S [(ch.y?l()hexylamlfm.)(l?henyl)(1 e
$3—C9 17989  C3—Céa 144002 pyrrolidinyl)phosphinimino]cyclotrithiazene
C2—S1—CT7a 90.7 (4) C2—C3—C4a 114.7(8)
C2—S2—C8 101.2(5) C3—C4a—C4 132.0(9) " B
C3—S3—C9 101.2 (4) C3—Cda—CTa 109.9 (8) SRINIVAS JANASWAMY,? G. SREENIVASA MURTHY,
C6—54—C10 1026(4)  $4—C6—C5 1244 T. MoHaN” AND M. N. SUDHEENDRA Ra0”
C7—S5—Cl1 100.8 (4) $4—C6—C7 116.7(7)
S1—C2—82 12405) $3—C7-C6 1220(6) “Department of Physics, Indian Institute of Technology,
SI—C2—C3 1.5 (6) S5—C7—C7a 1204(7) . b L
§2—C2—C3 1244 (T) S1—C7a—Cda 113.2(6) Maqras 6OQ 036, India, and "Department of Chemls{)).
$3—C3—C2 123.5(7) S1—C7a—C7 125.7(1) Indian Institute of Technology, Madras 600 036, India.
$3—C3—C4a 1216 (D E-mail: phyl0@iitm.ernet.in

The space group was uniquely determined to be P2,/n from
the systematic absences: hOl, h + [ = 2n + 1; 0kO, k =
2n + 1.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1988). Cell refinement:
MSC/AFC Diffractometer Control Software. Data reduction:
TEXSAN (Molecular Structure Corporation, 1994). Program(s)
used to solve structure: SAPI91 (Fan, 1991). Program(s) used
to refine structure: TEXSAN. Software used to prepare material
for publication: TEXSAN.

The authors thank the Natural Sciences and Engineer-
ing Research Council (Canada) for providing the diffrac-
tometer through an equipment grant to the University of
Calgary, and Alberta Sulfur Research Ltd, Calgary, Al-
berta, for financial support.

Lists of structure factors, anisotropic displacement parameters. H-atom
coordinates and complete geometry. together with a stereoview of
the unit-cell packing, have been deposited with the [UCr (Reference:
FG1108). Copies may be obtained through The Managing Editor.
International Union of Crystallography. 5 Abbey Square. Chester CHI
2HU, England.
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Abstract

In the title compound, (C¢Hs)(NCsHg)[N(CgH,,).]PN-
(S3N3), the cyclotrithiazene ring adopts a distorted-
chair conformation. The tricoordinated S atom has a
maximum deviation of 0.658 (6) A from the mean plane
of the other five atoms of the S3;N; ring.

Comment

Very few crystal structure data on monosubstituted
cyclotrithiazene derivatives are available (Chivers, Oak-
ley, Cordes & Pennington, 1981; Elias, Sudheendra
Rao & Varghese, 1990; Holt & Holt, 1974; Holt,
Holt & Watson, 1977). Phosphiniminocyclotrithiazenes,
which are examples of 8m-electron systems, provide an
opportunity to study experimentally the effects of vary-
ing the substituents attached to phosphorus on the bond-
ing pattern and the conformation of the heterocycle. A
detailed and systematic investigation has been under-
taken and the present work on the title compound, (I),
forms a part of this study.
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