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Abstract .  C13H1002 S, or tho rhombic ,  Pbca, Z =  8, M . W .  
230.28, a - 2 1 . 6 7 0  (4), b = 6 . 7 6 3  (1), c = 1 5 . 0 3 0  (3) A,, 
D~ = 1.389, D,, = 1.393 g c m  -3 (by flotation),  2(Cu K~) 
= 1.5418 A, p (Cu  Kc0 = 23.80 c m -  ~. Final  residual R = 
0-044. 

Introduction. Single crystals  o f  th ioxan thene  10,10- 
dioxide were ob ta ined  th rough  the cour tesy  of  D r  A. 
L. Ternay  Jr  of  the Chemis t ry  D e p a r t m e n t  of  the 
Universi ty  of  Texas at  Ar l ington .  The space g roup  is 
Pbca as deduced  f rom systematic  absences (Okl absent  
with k odd,  hOl absent  with l odd,  and  hkO absent  with 
h odd) on Weissenberg  pho tographs .  The crystals  are 
clear needle pr isms with b parallel  to the needle axis. 
Three-d imens iona l  X- ray  diff ract ion da t a  were col- 
lected on a Syntex au tomat i c  d i f f rac tometer  in the 
Molecu la r  S t ruc ture  D e p a r t m e n t  of  the Inst i tute  for  
Cancer  Research ,  Phi ladelphia .  A crystal  approx-  
imately 0 . 1 7 x 0 . 5 0 × 0 . 1 7  m m  in d imens ions  was 
m o u n t e d  a long the b axis. A 0/20 scanning mode  with 
m o n o c h r o m a t i c  Cu K~ rad ia t ion  was used to measure  
1968 independent  reflections with 20 values below 138 ° , 
o f  which 1350 reflections were considered observed.  A 
reflection was considered observed if its intensity was 
greater  than  tr(I), where  tr(I) was de te rmined  f rom 
count ing  statistics. The intensity da t a  were reduced to 
s t ruc ture  fac tors  by the appl ica t ion  of  Loren tz  and  
polar iza t ion  factors ,  and  no absorp t ion  correct ions  
were applied.  The da t a  were scaled by means  of  a 
Wilson plot. 

The  s t ruc ture  was de te rmined  by the heavy-a tom 
method .  The ref inement  was carr ied  out  by the full- 

mat r ix  leas t -squares  me thod  with anisot ropic  temper-  
a ture  factors .  All the hydrogen  a toms  were located on 
a difference Four ie r  synthesis.  Their  posi t ional  p a r a m -  
eters were refined; their  thermal  pa r ame te r s  were 
assigned the same values as those of  the a toms  to which 
they are bonded.  Cru i ckshank ' s  (1965) weight ing 
scheme was used, and  the weights were calculated 
accord ing  to the fo rmula  1/w=l'75-O'151Fol+ 
0.005lFol 2. The quan t i ty  ~w([ lFol - lFc[ [}  2 was min-  
imized. The final R index (YllFol--IFcll/~lFol) was 
0.044. The final goodness-of-f i t ,  [~(Fo- Fc)Z/(m- n)] ~/2, 
where  m is the n u m b e r  of  reflections and  n is the 
n u m b e r  of  pa rame te r s  refined, was 0.96. The a tomic  
scat ter ing factors  used were those of  h~ternational 
Tables for X-ray Crystallography (1962). The final 
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Fig. 1. The structure of one molecule of thioxanthene 

lO,10-dioxide. 

Table  1. Fractional atomic coordinates and thermal parameters (all × 104) 
The estimated standard deviations are given in parentheses and refer to the last digits of respective values. The expression for 
the temperature factor exponent is - (pl~h 2 +,822k 2 --bB3312 + 2B~2hk + 2Btshl+ 2,823k/). 

x y z AI B2, /~33 A,  B,3 B,3 
s 1243 (0) 1789 (1) 353 (0) 20 (0) 184 (2) 55 (0) - 4  (0) - 3  (0) 6 (1) 
O(1) 1782 (1) 1021 (3) - 9 6  (2) 26 (1) 267 (5) 68 (1) - 2 2  (1) - 3  (1) 24 (2) 
0(2) 828 (1) 394 (3) 755 (2) 31 (1) 244 (5) 84 (1) - 3 0  (1) - 6  (1) 47 (2) 
C(1) 1932 (1) 6637 (5) 1472 (2) 21 (1) 299 (9) 74 (2) 8 (2) - 1  (1) - 3 4  (4) 
C(2) 1930 (2) 6181 (7) 2370 (3) 24 (1) 478 (13) 71 (2) 13 (3) - 1 (1) - 6 4  (5) 
C(3) 1710 (2) 4362 (7) 2654 (2) 26 (1) 495 (13) 48 (2) 6 (3) 1 (1) - 2 0  (4) 
C(4) 1479 (1) 3000 (6) 2045 (2) 22 (1) 369 (10) 54 (2) 2 (2) 3 (1) 13 (3) 
C(5) 295 (1) 2681 (5) -761 (2) 20 (1) 313 (9) 55 (2) 6 (2) 0 (1) 11 (3) 
C(6) -11  (2) 3917 (6) -1350 (2) 21 (1) 432 (11) 53 (2) - 1 4  (2) - 1  (1) - 1  (4) 
C(7) 229 (2) 5756 (6) - 1547 (2) 24 (1) 452 (13) 58 (2) 27 (3) - 1 (1) -41  (4) 
C(8) 778 (2) 6389 (5) - 1159 (2) 26 (1) 296 (9) 64 (2) 11 (2) - 8  (1) - 4 4  (3) 
C(9) 1690 (1) 5817 (5) - 129 (2) 22 (1) 236 (7) 62 (2) - 12 (2) - 4  (1) - 13 (3) 
C(ll)  1708 (1) 5326 (4) 848 (2) 16 (1) 227 (6) 60 (2) 2 (2) - 2  (1) - 8  (3) 
C(12) 1491 (1) 3498 (4) 1152 (2) 17 (1) 231 (6) 48 (1) 2 (2) 1 (1) 5 (2) 
C(13) 843 (1) 3323 (4) -387  (2) 18 (1) 245 (6) 46 (1) - 2  (2) 2 (1) 0 (2) 
C(14) 1099 (1) 5164 (4) -571 (2) 19 (1) 246 (7) 47 (1) 4 (2) - 5  (1) - 1 2  (2) 
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Table  1 (cont.) 

Hydrogen atomic coordinates (x 103) 

x y 
H(CI) 208 (2) 806 (6) 
H(C2) 216 (2) 701 (6) 
H(C3) 171 (2) 391 (7) 
H(C4) 131 (2) 182 (6) 
H(C5) 12 (2) 153 (6) 
H(C6) - 4 3  (2) 354 (6) 
H(C7) 0 (2) 674 (6) 
H(C8) 95 (2) 760 (7) 
H'(C9) 179 (2) 723 (6) 
H"(C9) 204 (2) 508 (6) 

Z 

126 (3) 
284 (3) 
326 (3) 
226 (3) 

- 6 4  ( 3 )  
- 1 6 3  ( 3 )  
- 1 9 2  ( 3 )  

- 131  ( 3 )  

- 2 5  (3) 
- 4 0  ( 2 )  

pos i t iona l  and the rmal  paramete rs  are given in 
Table  1.* 

The  compu te r  p rog rams  used in this analysis  were 
the ORFLS p r o g r a m  (Busing, Mar t i n  & Levy, 1962) 
and  Za lk in  Four ie r  synthesis  p r o g r a m  modif ied  by Dr  
R. Sh iono  o f  the Univers i ty  of  Pi t t sburgh,  and  a 

* A table of calculated and observed structure factors has 
been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 30381 (11 pp., 1 micro- 
fiche). Copies may be obtained through The Executive Secre- 
tary, International Union of Crystallography, 13 White Friars, 
Chester CHI 1NZ, England. 
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Fig. 2. The molecular packing diagram, excluding hydrogen atoms, viewed down the b axis of thioxanthene 10,10-dioxide. 
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number  of  structure interpretat ion programs (Shiono, 
1971 ; Chu, 1971). All calculations were carried out on 
a C D C  C Y B E R  72 computer  in the Comput ing  Labor-  
a tory at Southern Methodis t  University. 

Table 3. Least-squares planes and displacements o f  
atoms from the planes 

Equation of planes: Ax+By+ Cz=D, where x,y,z are in A, 

Plane 

Discussion. The determinat ion of  this crystal structure (a) 
is a continuat ion of  studies on a series of th ioxanthene  (b) (c) 
derivatives. Fig. 1 shows the conformat ion  of  thio- (d) 
xanthene 10,10-dioxide in an ORTEP (Johnson, 1965) (e) 
drawing. Bond lengths and bond angles with their 
s tandard  deviations involving nonhydrogen atoms are 
listed in Table 2. The average ca rbon-hydrogen  bond 
length is 0.98 A with a root-mean-square  s tandard  C(l) 
deviation of  0.04 A. The least-squares planes in thio- C(2) 
xanthene 10,10-dioxide are shown in Table 3. The di- C(3) 

C(4) 
hedral angle between the least-squares planes of  the c(11) 
two benzene rings is 133.9 ° as compared  with 141-8 ° c(12) 
in 9-isobutylthioxanthene 10,10-dioxide (Chu & Chung S 
1973) and 135.3 ° in thioxanthene (Gillean, Phelps & c(9) 
Cordes, 1973). The larger dihedral angle in 9-isobutyl- 
thioxanthene 10,10-dioxide is due to the interaction be- 
tween the 9-isobutyl group and the oxygen atom. The 
S-C and S-O bond lengths and the bond angles a round  
the S a tom in thioxanthene 10,10-dioxide all agree 
well with those in 9-isobutylthioxanthene 10,10-dioxide 
where the coordination number  of  the sulfur a tom is 
four. 

The packing of  the molecules in the crystal, projected 
down the b axis, is shown in Fig. 2. There are no inter- 
molecular contacts less than the van der Waals  dis- 
tances. 

Table 2. Bond lengths and bond angles involving non- 
hydrogen atoms (estimated standard deviations in paren- 

the last place given) 
o(1)--s- 0(2) 117.7 (1) ° 
O( l ) - - s -  C(12) 108"0 (1) 
O(I)--S C(13) 108.4 (1) 
0(2)--S- C(12) 109.7 (1) 
0(2)--S C(13) 110-3 (1) 
C(12)-S C(13) 101.4 (1) 
C(2)--C(1)--C(11) 121.2 (3) 
C(1)--C(2)--C(3) 119.9 (4) 
C(2)--C(3)--C(4) 120.6 (3) 
C(3)--C(4)--C(12) 118.0 (3) 
C(6)--C(5)--C(13) 118.7 (3) 
C(5)--C(6)--C(7) 120.1 (3) 
C(6)--C(7)--C(8) 120"5 (3) 
C(7)--C(8)--C(14) 120"6 (3) 
C(11)-C(9)--C(14) 112"7 (3) 
C(1)--C(ll)-C(9) 122"0 (3) 
C(l)--C(l 1)-C(12) 117'7 (3) 
C(9)--C(ll)-C(12) 120"3 (3) 
S- C(12)-C(4) 119"9 (2) 
S C(12)-C(II) 117"5 (2) 
C(4)--C(12)-C(11) 122"5 (3) 
S C(13)-C(5) 119.8 (2) 
S C(13)-C(14) 117"3 (2) 
C(5)--C(13)-C(14) 122.9 (3) 
C(8)--C(14)-C(9) 121.9 (3) 
C(8)--C(14)-C(13) 117.2 (3) 
C(9)--C(14)-C(13) 120.9 (2) 

theses with respect to 
s o(1) 1.446 (2) ,~ 
S 0(2) 1"435 (2) 
S C(12) 1"751 (3) 
S C(13) 1.751 (3) 
C(1)--C(2) 1-384 (5) 
C(1)--C(ll) 1-379 (5) 
C(2)--C(3) 1-387 (6) 
C(3)--C(4) 1.392 (5) 
C(4)--C(12) 1-383 (4) 
C(5)--C(6) 1-386 (5) 
C(5)--C(13) 1.383 (4) 
C(6)--C(7) 1-380 (5) 
C(7)--C(8) 1.393 (5) 
C(8)--C(14) 1.397 (4) 
C(9)--C(II) 1-507 (4) 
C(9)--C(14) 1-508 (4) 
C(11)-C(12) 1.400 (4) 
C(13)-C(14) 1.391 (4) 

A B C D 
0.9149 -0-3930 -0.0924 1"8579 
0.9218 - 0"3765 -0.0921 1"9399 
0.5106 -0"3953 -0.7636 0-4874 
0.5141 -0.3920 -0-7629 0.4996 
0.7712 -0.4514 -0"4490 0"6504 

Displacements in A, from the least-squares planes 
Benzene ring 

(a) (b) (c) 
0"004 0"025 C(5) - 0"004 

- 0"003 0"014 C(6) 0"002 
0"004 - 0"002 C(7) 0"002 

- 0"007 - 0"032 C(8) - 0"005 
-0"006 -0"013 C(13) 0"003 

0"007 -0"002 C(14) 0"001 
0"081 * 0"038 S 0"004* 

- 0"036* - 0"028 C(9) - 0"024* 

Central r i n g  

(e) 
C(11) 0.005 
C(12) - 0.005 
C(13) 0.005 
C(14) -0.005 
S 0.642* 
C(9) 0.485* 

(d) 
--0-009 
-- 0"003 

0"003 
0-002 
0-010 
0"002 
0-005 

- 0 - 0 1 1  

* Atoms excluded from the calculation of the least-squares 
planes. 
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