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Abstract. C,3H0,S; orthorhombic, Pca2,, Z=4; M.W,
228-27, a=21-087 (3), b=4-753 (1), c=10-227 (2) A;
D,=1-479, D,,=1-47 gcm 3 (by flotation); A(Cu Ko} =
15418 A, u(Cu Ka)=25-56 cm~'. Final residual R=
0-040.

Introduction. Single crystals of thioxanthone 10-oxide
(I) were obtained in the form of transparent prisms
through the courtesy of Dr Andrew L. Ternay of the
Chemistry Department of the University of Texas at
Arlington.
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The unit-cell parameters were obtained by measuring
‘+’ and ‘—’ 20 values of 15 reflections. The space
group, Pca2, or Pcam, was deduced from systematic
absences (#0/ absent with 4 odd and 0k/ absent with /
odd). The intensity data were collected on a Syntex PT
automatic diffractometer at 3°C with a crystal approx-
imately 0-10 x 0-20 x 0-35 mm. A 6/26 scanning mode
with graphite-monochromated Cu Ka radiation was
used to measure 746 independent reflections with 26
values below 116°, of which 721 were considered as
observed by the criterion I>2-00(/), where o(I) was
determined from counting statistics. The intensity data
were reduced to structure factors by the application of
Lorentz and polarization factors; no absorption cor-
rections were applied.

The structure was determined by the heavy-atom
method, and the correct space group was proved to be
Pca2,, as also shown by the noncentrosymmetric distri-
bution of normalized structure factors. The ratios be-

Table 1. Fractional atomic coordinates (x 10%, except x 10° for hydrogens) and thermal parameters

The estimated standard deviations are given in parentheses and refer to the last positions of respective values. The expression
for the temperature factor exponent consistent with B values in A2 is:

—3(A*a** By + k*6*2 By, + [2c*2 By; + 2hka*b* By, + 2hla*c* Bys + 2kib* c* Bys).

X y z Bu

S 1356 (0) 1774 (2) 5000 (0) 278 (3)

o(1) 1342 (1) —1321 (6) 4720 (4) 3:76 (12)
0(2) 1664 (1)  7932(6) 8085 (4) 477 (14)
(o(¢)) 516 (2) 5013 (8) 8258 (5) 4-05 (19)
C(2) —-59(2) 3630 (10) 8236 (5) 3-46 (17)
C(3) —190 (2) 1648 (9) 7279 (6) 2:75 (17)
C4) 254 (2) 1059 (9) 6325 (5) 324 (17)
C(5) 2621 (2) 1378 (7) 5166 (5) 2:72 (16)
C(6) 3221 (2) 2103 (9) 5615 (5) 2-89 (16)
C(D 3290 (2) 3981 (10) 6615 (5) 2-87 (16)
C(8) 2769 (2) 5236 (8) 7181 (5) 3-41 (17)
C(9) 1602 (2) 5819 (9) 7414 (4) 3-56 (17)
C(11) 982 (2) 4385 (7) 7318 (4) 2-87 (16)
C(12) 843 (2) 2429 (7) 6355 (4) 2-82 (14)
C(13) 2099 (2) 2606 (8) 5755 (4) 2-50 (14)
C(14) 2159 (2) 4544 (7) 6747 (4) 2-98 (14)

-B22 333 Blz Bl.‘i B23
3:01 (3) 2:91 (3) 007 (2) —029(3) 0-72 (4)
273(10) 573 (23) —01109) —023(12) —2-13 (14)
4-19(14) 51517 007 (12) —035(15) —2-62(13)
322(17)  345(18)  032(14) 050 (16) —0-09 (16)
3-85(19) 450 (24)  1-07(16) 093 (18) 073 (19)
346 (19)  577(28) 006 (14) 060 (18) 105 (20)
334 (17) 440 (22) -022(15) 005 (17) —023(19)
349 (14)  3-84(20) —026(13) 004 (16) —1-15 (18)
400 (19)  467(22) 034(14) 044 (17) —045(20)
3-94 (18) 443 (22) —069(15) —072(18) —0-04 (18)
308(16)  3-59 (20) —0-89(13) —052(15) —0-63 (16)
3.00(15) 274 (17) 056 (15) —029 (16) —0-33 (15)
224(13)  295(18) 064 (12) —0-03 (15) —0-02(14)
243 (14) 291 (16)  060(13)  020(13) —0-11 (16)
231 (13)  232(15) —023(12) —014(12) —0-02(15)
2:05(14)  292(17) —005(12) —0-06(14) 020 (14)
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Table 1 (cont.)

x y z B
H(®) 62 (2) 650 (9) 885 (5) 54 (11)
HQ) —-33(2) 403 (9) 888 (6) 4-1 (10)
H(@3) —-61(2) 100 (8) 722 (5) 4-2 (10)
H(4) 20 (2) —34 (8) 561 (5) 43 (11)
H(5) 251 (3) —26 (6) 439 (5) 5-4 (10)
H(6) 356 (2) 134 (11) 521 (7 67 (12)
H(®) 372 (2) 448 (8) 687 (6) 3-5 (10)
H(®) 281 (2) 664 (8) 776 (5) 4-0 (10)

tween (E), (E*) and (E*—1) are 0-865, 0-980 and
0-751, respectively. The crystal belongs to space
group Pca2, rather than Pcam, the molecule of
thioxanthone 10-oxide is not situated in any special
position although the molecule itself has a mirror-plane
symmetry. The refinement was carried out by the full-
matrix least-squares method with isotropic temperature
factors and the block-diagonal least-squares method
with anisotropic temperature factors. The z coordinate
of the sulfur atom was held constant during the refine-
ment. All the hydrogen atoms were located on a dif-
ference Fourier synthesis. The isotropic temperature
factors were used for hydrogen atoms in the final re-
finements. The weight of the reflection was assigned as
1/[o(F))?, where o(F) was calculated from counting
statistics. The quantity >w(||F,| — | F,|[)* was minimized.
The final R G||F,| —[F|/>|F,}) was 0-040. The magni-
tude of [>w(F,— F.)?/(m—n)]'/?, where m is the number
of reflections and » is the number of parameters re-
fined, was 1-35. The atomic scattering factors used for
the sulfur, oxygen, and carbon atoms were those from
International Tables for X-ray Crystallography (1962).
For hydrogen, the values given by Stewart, Davidson
& Simpson (1965) were used. The final positional and
thermal parameters are given in Table 1.*

The crystal of thioxanthone 10-oxide belongs to a
polar space group, and its polarity was determined by
the refinement of atomic parameters with positive and
negative z values for +hA+k-+/ data (Ibers & Hamil-
ton, 1964). The refinement of the atomic parameters of
the molecule reported in Table 1 gave an R value of
0-040, and the refinement for the atomic parameters
with opposite z values gave an R value of 0-045. There-
fore, the crystal with the reported atomic parameters

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 31652 (5 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1NZ, England.

THIOXANTHONE 10-OXIDE

(Table 1) has the correct polarity at the greater than
99-5% confidence level using Hamilton’s (1965) R-
value significance test.

The computer programs used in this analysis were
the ORFLS program (Busing, Martin & Levy, 1962),
the block-diagonal least-squares program (Shiono,
1971), the Zalkin Fourier synthesis program modified
by Dr R. Shiono of the University of Pittsburgh, and a
number of structure interpretation programs (Shiono,
1971; Chu, 1973). All calculations were carried out on
a CDC CYBER 72 computer in the Bradfield Com-
puting Laboratory at the Southern Methodist Univer-
Sity.

Discussion. The determination of this crystal structure
is a continuation of studies on a series of thioxanthene
derivatives, and this is the first study on a thioxanthone
compound. Thioxanthone is the basic ring system for
many pharmacological compounds; for example, hy-
canthone (II) and lucanthone (III) are used as anti-
schistosomal agents, and their sulfoxides act as metab-

0 NH(CHZ)ZN (CZHS)2 0 NH(CHZ)ZN(CZHs)2
O S O O S O
CHZOH C H3

an ()

olite in the biological systems (Michaelis, Schindler
& Signer, 1966). Therefore, the study of the conforma-
tion of thioxanthone 10-oxide will play an important
role in understanding the effect of substituents on the
conformation and configuration of the thioxanthone
ring system.

A stereoscopic view of the configuration of a thio-
xanthone 10-oxide molecule is shown in Fig. I (John-
son, 1965). The identification of the atoms and the
bond lengths and bond angles with their standard de-
viations are shown in Fig. 2. The S-O group is in ‘boat
equatorial’ conformation, the same as in ¢is-9-methyl-
thioxanthene 1[0-oxide (Jackobs & Sundaralingam,
1969) and trans-thioxanthen-9-ol 10-oxide (Ternay,
Chasar & Sax, 1967) where the size of the C(9) substit-
eunt is also small.

The mean value of the two C-S bond lengths is
1-788 +0-003 A, and the C-S-C bond angle is 99-0 +
0-2°. The S-O bond length is 1:499 +0-003 A, and the
mean value of the two C-S-O bond angles is 108:2 +

Fig. 1. The stereoscopic drawing of one molecule of thioxanthone 10-oxide.
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Fig. 2. Bond lengths (A) and bond angles (°) of thioxanthone
10-oxide with e.s.d.’s in parentheses.
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Fig. 3. The stereoscopic drawing of molecular packing of
thioxanthone 10-oxide, excluding hydrogen atoms, in the
unit cell.

0-2°. Except for the significantly larger C-S-C bond
angle, these values are in good agreement with those
found in the other thioxanthene sulfoxides (Chu, 1975).

The dihedral angle between the best planes of the
two benzene rings is 155-7°. This is larger than thioxan-
thene derivatives with tetrahedrally bonded C(9) (Chu,
1975). The dihedral angles are 141-6 and 152° for a-
chlorprothixene (Post, Kennard & Horn, 1974) and
a-flupenthixol (Post, Kennard, Sheldrick & Horn,
1975), respectively. C(9) is sp* hybridized in these
two compounds as in thioxanthone 10-oxide. There-
fore, the magnitude of the dihedral angle depends on
the nature of the substituents.

The packing of the molecules in the crystal is shown
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in the stereoscopic drawing in Fig. 3. With the excep-
tion of the 3-08 A separation between O(2) and C(5)
(3 —x,1+p,5+z), there are no other intermolecular
contacts less than van der Waals distances. This contact
is common for structures involving carbonyl oxygen
and benzene ring carbon atoms (Chu, Jeffrey & Saku-
rai, 1962; Meresse, Courseille & Chanh, 1974).

The rigid-body thermal analysis of the 16 non-hy-
drogen atoms was carried out by the method of
Schomaker & Trueblood (1968). The r.m.s. value of
AUy, the difference between observed U;; and calcu-
lated U;; based on the rigid-body model, is 0-0036 AZ.
A comparison of this value with the mean a(U;;) value
of 0-0021 A2 calculated from the estimated standard
deviation of the f;; of the least-squares refinement, in-
dicates that the rigid-body model is moderately satis-
factory.

This research was supported by the Robert A. Welch
Foundation, Houston, Texas. The author wishes to
thank Dr A. L. Ternay Jr of the University of Texas
at Arlington for kindly supplying the crystal and Dr
D. van der Helm of the University of Oklahoma for
making the ORTEP plot.

References

BusiNng, W. R., MarTIN, K. O. & Levy, H. A. (1962).
ORFLS. Oak Ridge National Laboratory Report ORNL-
TM-305.

CHu, S. S. C. (1973). Structural Interpretation Programs.
Institute of Technology, Southern Methodist Univ.

CHu, S. S. C. (1975). Acta Cryst. B31, 1082-1087.

CHuu, S. S. C., JEFFREY, G. A. & Sakural, T. (1962). Acta
Cryst. 15, 661-671.

HaMILTON, W. C. (1965). Acta Cryst. 18, 502-510.

IBers, J. A. & HamiLton, W, C. (1964). Acta Cryst. 17,
781-782.

International Tables for X-ray Crystallography (1962). Vol.
111, pp. 201-207. Birmingham: Kynoch Press.

JACKOBS, J. & SUNDARALINGAM, M. (1969). Acta Cryst. B25,
2487-2496.

JounsoN, C. K. (1965). ORTEP. Oak Ridge National
Laboratory Report ORNL-3794.

MERESSE, P. A., CourseiLLE, C. & CHAaNH, N. B. (1974).
Acta Cryst. B30, 524-526.

MICHAELIS, W., SCHINDLER, O. & SIGNER, R. (1966). Helv.
Chim. Acta, 49, 42-53.

Post, M. L., KENNARD, O. & HoORN, A. S. (1974). Acta
Cryst. B30, 1644-1646.

Post, M. L., KENNARD, O., SHELDRICK, G. M. & HORN, A.
S. (1975). Acta Cryst. B31, 2366-2368.

SCHOMAKER, V. & TrRUEBLOOD, K. N. (1968). Acta Cryst.
B24, 63-76.

SuionNo, R. (1971). Tech. Rep. 49, Crystallography Depart-
ment, Univ. of Pittsburgh.

STEWART, R. F., DaviDsoN, E. R. & SimpsoN, W. T. (1965).
J. Chem. Phys. 42, 3175-3187.

TERNAY, A. L. Jr, CHAsAR, D. W. & Sax, M. (1967). J.
Org. Chem. 32, 2465-2470.



