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The crystal structure of 9-isobutylthioxanthene 10,10-dioxide, Cj7HI802S, has been determined by the 
heavy-atom method. The refinement was carried out by the least-squares method with anisotropic 
temperature factors based on three-dimensional data to give a final R value of 0-050 for 2283 reflections. 
The space group is P21/c with Z =  4, and the unit-cell dimensions are a = 12-973 _+ 0"004, b = 9"121 _+ 0"003, 
c= 12.645+0.004A, fl=98"96+0"03 °. The crystal contains both enantiomorphs in equal amounts. 
The distances and angles in the benzenoid rings are normal, and the best planes of the benzene rings 
make a dihedral angle of 141.8 °. The meso atoms, C(9) and S, are not significantly displaced from the 
planes of the benzene rings. The isobutyl group is "boat-axial' with respect to the central thioxanthene 
ring. The sulfur-carbon bond distance is 1.757 + 0.002 A. The average carbon-carbon bond distance is 
1-527 _+ 0.006 A for carbon-carbon single bonds, 1.386 + 0.004 A for carbon--carbon bonds in benzenoid 
rings and 1.515 + 0.003 A for carbon-carbon bonds involving C(9) and the benzenoid ring. The packing 
of the molecules in the crystal is determined by the van der Waals interactions. 

Introduction 

9-1sobutylthioxanthene 10,10-dioxide is one of a series 
of thioxanthene derivatives under study in this labo- 
ratory by the X-ray diffraction method. This compound  
is the first thioxanthene sulfone derivative studied by 
X-ray diffraction and is closely related to 9-isobutyl- 
thioxanthene (Chu, 1973). A comparison of the C-S 
bond distance, C - S - C  bond angle, and the dihedral 
angle between the best planes of the benzene rings 
with other thioxanthene derivatives is of  interest for 
understanding the bonding characteristics of  the sulfur 
atom. 

Experimental 

Single crystals of  9-isobutylthioxanthene 10,10-dioxide 
were obtained by courtesy of Dr A. L. Ternay of the 
Chemistry Depar tment  of  the University of Texas at 
Arlington. The crystals are t ransparent  prisms, elon- 
gated along the a axis. The accurate cell parameters 
were measured with Cu Ks radiation on a Picker 
FACS-1 automatic  diffractometer. The density of the 
crystals was determined by the flotation equi l ibr ium 
method in a mixture of carbon tetrachloride and tolu- 
ene. The crystal data is summarized in Table 1. 

The integrated intensity data were collected on a 
Picker FACS-I automatic  diffractometer in the De- 
par tment  of  Crystal lography of the University of Pitts- 
burgh. The crystal was cut to approximately 0.22 × 
0.43 × 0.25 m m  and was mounted  along the b axis. A 
0/20 scanning mode with Cu K~ radiation was used 
to measure 2483 independent  reflections with 20 values 
below 130 °, of which 2283 were considered as ob- 
served. The total time for the background counts re- 

* This paper  was presented at the A C A  meeting in Gaines- 
ville, Fla., J anuary  1973. 

Table 1. Crystal data of  9-isobutylthioxanthene 
10,1 O-dioxide 

Chemical formula C~7H~802S Molecular weight 270.40 
Monoclinic, space group P2~/c from the systematic extinctions: 
hOl absent when l=2n+ 1 and 0k0 absent for k =2n+ 1 ; 

a = 12.973 _+ 0.004 A Z = 4 
b= 9"121 +0"003 Din= 1"273 g cm -3 
c = 12.645 + 0-004 D.~ = i .286 
fl= 98-96 + 0-03 ° p(Cu K~) = 18"73 cm - 

).(Cu K~.)= 1.5418 A 

corded at the limits of  each scan was 20 sec. A reflec- 
tion was considered observed if  its intensity was greater 
than 3a(1), where a(1) was determined from counting 
statistics. Three s tandard reflections were repeated in 
intervals of  every 100 reflections, and their intensities 
showed fluctuations of  less than 6 % over the data col- 
lection period. Scale factors, based on the variation 
of  the s tandard reflections, were applied to the inten- 
sity data to compensate for this fluctuation. The inten- 
sity data were reduced to structure factors by the ap- 
plication of Lorentz and polarization factors, and no 
absorption corrections were applied. 

Determination and refinement of the structure 

The structure was solved by the heavy-atom method. 
The position of the sulfur a tom was obtained from the 
Harker  peaks (u, v, w), (0, v, ½), and (u, ½, w) of  the E 2 - 1 
Patterson synthesis. All carbon and oxygen atoms 
were located in two successive Fourier  syntheses. The 
structure-factor calculations for all atoms except hy- 
drogen has yielded an R value of 0.29 for three-dimen- 
sional data. Two cycles of full-matrix least-squares re- 
finement with isotropic temperature factors reduced 
the R value to 0.13. Two cycles of full-matrix least- 
squares refinement with anisotropic temperature fac- 
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Table 2. Fractional atomic coordinates 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/~ values is: 

- (ill th z + fl2zk z + fl3312 + 2fl~2hk + 2fl~ 3111+ 2f123kl) . 
Values for non-hydrogen atoms are x 104. 

X y Z ~11 /~22 ~33 ~12 ]~13 ~23 
S 1749 (0) - 3 0 0  (I) -1543  (0) 66 (0) 114 (1) 45 (0) - 3  (0) 7 (0) - 4  (0) 
O(1) 2658 (1) 317 (2) - 1899 (1) 89 (1) 153 (3) 69 (I) - 1 5  (2) 33 (1) 5 (2) 
0(2) 893(1) - 7 1 2  (2) - 2 3 5 4 ( 1 )  92 (2) 174 (3) 59(1) - 3  (2) - 1 3 ( i )  - 2 0  (2) 
C(I) 2831 (2) -2845  (3) 962 (2) 68 (2) 121 (4) 84 (2) 14 (2) 15 (2) 20 (2) 
C(2) 2724 (2) -4231 (3) 528 (3) 90 (2) 114 (4) 114 (3) 14 (2) 31 (2) 20 (3) 
C(3) 2320 (2) -4421 (3) - 5 4 2  (3) 90 (2) 97 (4) 128 (3) - 4  (2) 41 (2) - 1 0  (3) 
C(4) 2007 (2) -3218  (3) -1178  (2) 69 (2) 122 (4) 93 (2) - 1 0  (2) 26 (2) - 2 3  (2) 
C(5) 493 (2) 1861 (3) - 1028 (2) 61 (2) 135 (4) 62 (2) 4 (2) - 1 (1) 9 (2) 
C(6) 159 (2) 2877 (3) -339 (2) 57 (2) 133 (4) 82 (2) 15 (2) 6 (1) 7 (2) 
C(7) 612 (2) 2907 (3) 717 (2) 59 (2) 131 (4) 75 (2) 9 (2) 14 (1) - 9  (2) 
C(8) 1409 (2) 1938 (3) 1101 (2) 56 (2) 129 (3) 59 (2) 1 (2) 11 (1) - 9  (2) 
C(9) 2668 (2) -98 (3) 848 (2) 52 (1) 111 (3) 53 (I) 6 (2) 2 (1) 2 (2) 
C(II) 2532 (2) -1606 (3) 348 (2) 48 (1) 107 (3) 66 (2) 1 (2) 13 (1) 4 (2) 
C(12) 2128 (2) - 1825 (2) -724 (2) 55 (2) 97 (3) 67 (2) - 4  (2) 14 (1) - 1 (2) 
C(13) 1307 (2) 921 (2) -638 (2) 54 (2) 98 (3) 52 (I) 0 (2) 6 (1) 1 (2) 
C(14) 1781 (2) 933 (2) 427 (2) 48 (1) 102 (3) 51 (1) - 4  (2) 6 (1) 3 (2) 
C(15) 3750 (2) 532 (3) 713 (2) 51 (2) 143 (4) 75 (2) - 1 (2) 4 (1) - 13 (2) 
C(16) 4065 (2) 1926 (3) 1346 (2) 57 (2) 124 (4) 101 (2) - 3  (2) 5 (2) - 19 (2) 
C(17) 4277 (3) 1676 (4) 2539 (3) 125 (3) 249 (7) 98 (3) -40  (4) -11 (2) -39  (4) 
C(18) 5016 (3) 2604 (4) 963 (3) 99 (3) 211 (6) 168 (4) -59  (3) 37 (3) -46  (4) 

Table 2 (cont.) 
Hydrogen atomic coordinates (x 103) 

x y z 
H(Ci)  310 (3) - 2 6 6  (4) 178 (3) 
H(C2) 293 (.3) - 5 1 3  (4) 97 (3) 
H(C3) 230 (3) - 5 4 5  (.4) - 8 0  (3) 
H(C4) 169 (3) - 3 3 4  (4) - 196 (3) 
H(C5) 16 (3) 176 (4) - 184 (3) 
n ( c 6 )  - 4 5  (3) 357 (4) - 61  (3) 
H(C7) 35 (3) 363 (4) 122 (3) 
H(C8) 170 (3) 198 (4) 187 (,3) 
H(C9) 266 (2) - 2 3  (`3) 167 (2) 
H(CI5)I 431 (`3) - 3 2  (4) 97 (3) 
H(C15)2 376 (3) 72 (4) - 3  (3) 
H(C16) 344 (3) 265 (4) 121 (3) 
H(CI7)I 491 (4) 89 (5) 262 (3) 
H(C17)2 439 (4) 252 (5) 303 (4) 
H(C17)3 370 (4) 1 ! 1 (5) 285 (3) 
H(CI8)I 523 (3) 352 (5) 139 (4) 
H(C18)2 564 (4) 184 (5) 117 (4) 
H(C18)3 487 (4) 287 (5) 17 (4) 

tors reduced R to 0.082. All hydrogen atoms were 
clearly revealed in the difference Fourier synthesis with 
reasonable bond lengths and bond angles with respect 
to the atoms to which they are bonded. Two more 
cycles of least-squares refinement with anisotropic 
temperature factors, including all hydrogen atoms, 
gave the final R value of 0.050. The positional param- 
eters of the hydrogen atoms were refined, but their 
thermal parameters were assigned the same as those 
of the atoms to which they are bonded. Cruickshank 's  
(1961) weighting scheme was used in order to make 
[7.w(Fo - F c )  2 / (no. of reflections - no. of parameters)] t/2 
approximately equal to unity, and the average w(Fo- 
Fc) 2 is approximately constant for different magnitudes 
of [Fo[ and sin 0. The weight of  the reflections was cal- 
culated according to the formula 1/w=(1.75-O.15]Fo[ 

+0.00451FolZ). The final positional and thermal par- 
ameters are listed in Table 2, and the corresponding 
structure factors are given in Table 3. 

The computer  programs used in this analysis were 
the ORFLS program (Busing, Martin & Levy, 1962) 
modified by Shiono (1970), a modified Zalkin Fourier 
synthesis program (Shiono, 1967), a data reduction 
program (Shiono, 1971), and a number  of structure 
interpretation programs (Shiono, 1971; Chu, 1971). 
All calculations were carried out on a U N I V A C  1108 
computer.  

Description of the structure 

The configuration of a 9-isobutylthioxanthene 10,10- 
dioxide molecule and the identification of the atoms 
are shown in the ORTEP (Johnson, 1965) drawing 
shown in Fig. 1. Since the crystal belongs to a centro- 
symmetric space group, both enant iomorphs  are pres- 
ent in the crystal. 

The bond lengths and bond angles with their stan- 
dard deviations are shown in Fig. 2. The mean value 
of ca rbon-carbon  bond lengths within the benzene 
rings is 1.386_+0.004 A. The carbon-carbon  bond 
lengths in the central ring involving C(9) are 1.512 + 
0.003 and 1.517 _+ 0.003 A,. The mean value of exocyclic 
carbon-carbon  bond lengths is 1.527 _+ 0.004 A. All of  
these bond lengths are in good agreement with the 
results obtained in methixene (Chu, 1972) and 9-iso- 
butyl thioxanthene (Chu, 1973). The average ca rbon-  
hydrogen bond length is 1.03_+ 0.04 A,, in agreement 
with the values obtained in other X-ray crystal struc- 
ture analyses. 

The mean value of the two carbon-sul fur  bond 
lengths is 1.757 _+ 0.002 A with a coordinat ion number  
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o f  four  for the sulfur a tom.  This  is s igni f icant ly  shorter  T h e  m e a n  va lue  o f  the  t w o  s u l f u r - o x y g e n  b o n d  
than the C ( s p Z ) - S  b o n d  lengths  wi th  a sulfur c o o r d i n a -  lengths  is 1.440 + 0 . 0 0 2 / ~ .  Thi s  va lue  is in g o o d  agree-  
t ion  n u m b e r  o f  t w o  or three.  A c o m p a r i s o n  o f  C - S  m e n t  wi th  S - O  b o n d  lengths  f o u n d  in the  other  sul- 
b o n d  lengths  in tr icycl ic  c o m p o u n d s  with  accurate  forte s tructures  (Klug ,  1968; Preuss ,  H o p p e ,  H e c h t -  
s tructure  data  is s h o w n  in Tab le  4. f ischer & Zechmei s t er ,  19711. H o w e v e r ,  it is signifi-  

Tab le  3. O b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  f a c t o r s  
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Table  3 (cont.) 
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cant ly  shor ter  t han  the S-O bond  length in sulfoxides. 
A compar i son  of  the S-O bond  lengths is also shown 
in Table  4. 

The  valence angles in the benzenoid  rings are nor-  
mal.  The  C - S - C  bond  angle is 102.0 + 0.1 °, which is 
s ignificantly larger t han  tha t  in t h ioxan thene  and  thio-  
xan thene  sulfoxide. The C - S - C  bond  angles in these 
c o m p o u n d s  are shown in Table  4. The  mean  value of  
the C - S - O  b o n d  angle is 109.1 +0.1 °, as compa red  
with the average value of  107.5 ° in t h ioxan thene  sul- 
fox°des (Jackobs  & Sundara l ingam,  1969; Ternay ,  
Chasa r  & Sax, 1967) and  f l - th ianthrene  dioxide (Ho- 
soya, 1966). Consequent ly ,  the sulfur bonds  in the sul- 
fone forms a more  f la t tened py ramid  c o m p a r e d  with 
the similar  py ramid  in sulfoxides. 

Accord ing  to the da ta  in Table  4, the C(spZ)-S bond  
length is the longest  (1.784 A) and  the C - S - C  bond  
angle is the smallest  (95.6 ° ) when the c o o r d i n a t i o n  
n u m b e r  of  the sulfur a t o m  is three. When  the coord ina-  
t ion  n u m b e r  of  the sulfur a t o m  is changed  to two, the 
b o n d  length is reduced to 1.769 A and  the bond  angle 
is en larged  to 100.6 ° . The  bond  length and  the bond  
angle for the te t rava lent  sulfur a toms are 1.757 A and  
102.0 °. Fu r the rmore ,  the more  p r o n o u n c e d  pyr imidal  
conf igura t ion  in sulfoxides suggests tha t  the p3 bond ing  
domina tes  in t r ivalent  sulfur compounds ,  and  the un- 
shared  pai r  o f  3s electrons are not  readily avai lable  for 

bond ing  over lap with 2p orbi tals  o f  the ad jacent  car- 
bon a toms  (Price & Oae, 1962). In the case of  sulfides, 
the shor ten ing  of  the C-S  bond  can be a t t r ibu ted  to 

C(81 

C (5 )  ~ , - ~ C , q  4~ 

C( I :  

C(16)4 

0 ( 2 1  

C(12) i  
C(11~ 

- ) 

Fig. 1. The structure of one asymmetric unit of 9-isobutyl- 
thioxanthene 10,10-dioxide. 

Table  4. Comparison of C-S  bond lengths, C - S - C  bond angles, and dihedral angles in trio'clic compounds 
with different coordination numbers for S 

The estimated standard deviations are given in parentheses~and refer to the last decimal position. 

Compound 

Methixene 
9-Isobutylthioxanthene 
Thianthrene 
Phenothiazine 

cis-9-Methylthioxanthene 10-oxide 

fl-Thianthrene dioxide 

Mean bond lengths Dihedral 
Coordination C-S S-O C-S-C angle References 
number of S (~) (A) (o) (o) 

2 1.765 (3) 100.5 (2) 137.9 Chu (1972) 
2 1.768 (3) 100-9 (2) 138-9 Chu (1973) 
2 1.773 (5) 100.4 (3) 128.1 Rowe & Post (1958) 
2 1.770 (3) 99.6 (1.5) 153.3 Bell, Blount, Briscoe 

&Freernan (1968) 
Mean values 1.769 (1) 100.6 (1) 

3 1-782 (2) 1.492 (3) 95.2 (1) 127.2 Jakobs & 
Sundaralingam (1969) 

3 1.785 (9) 1.477 (7) 95-9 (4) 133 Ammon, Watts & 
Stewart (1970) 

Mean values 1.784 (2) 1.485 (3) 95.6 (I) 

4 1.757 (2) 1.440 (2) 102.0 (1) 141.8 This work 
9-Isobutylthioxanthene 
10,10-dioxide 

* Excluded from the calculation of the average value. 
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the rc bond character arising from the 2p orbitals of 
the carbon atom and the 3p and 3d orbitals of the 
sulfur atom. The near tetrahedral configuration of the 
four S-C and S-O bonds in sulfones indicates that sp  3 

hybridization characterizes the bonding in tetravalent 
sulfur compounds. The short S-C and S-O bond 
lengths in sulfones can adequately be explained by the 
contribution of ionic bond character due to electrical 
effects resulting from a strong positive charge on the 
sulfur and by the capability of the 3d orbitals of posi- 
tively charged sulfur of accepting some share of one 
or more electrons from adjacent 2p orbitals (Price & 
Oae, 1962). 

The least-squares planes in 9-isobutylthioxanthene 

10,10-dioxide are shown in Table 5. The central ring 
is in a boat conformation. The C(9) and S are not 
significantly displaced from the planes of the benzene 
rings, and the slight displacements are in the same side 
of the benzene planes. These are contrary to the re- 
sults found in thioxanthenes (Chu, 1972, 1973)and 
thioxanthene sulfoxide (Jackobs & Sundaralingam, 
1969). The dihedral angle between the least-squares 
planes of the two benzene rings is 141.8 ~ as compared 
with 138.9 ° in 9-isobutylthioxanthene (Chu, 1973). The 
larger dihedral angle in 9-isobutylthioxanthene 10,10- 
dioxide is presumably due either to the different bond- 
ing characteristic of the sulfur atom or to the inter- 
action between the 9-isobutyl group and the oxygen 

H(C6) H(C7) 

.03(4) \\1.01(3) 

120(2) 

|.374(4)" 
1.386(4) 

z23(2 
1.o5(3),r-,%~ 

lib 
H(CS) 

C19)--H(C9) 1.05131 
C(15)-H(CIS)Z 0.96(3) 
C(171-H(C1713 1.03{5) 

O(l)--S ..... 0(2) I17.2(I) 
C(121-S ..... C(13) I02.011) 
C(15)-C(16)-C(17) I13.0~21 
C(15)-C(16)-C{18) I0g.7{21 
C(17)-C(16).C(181 I13.3,31 

~ 9  °121 

120.6(2) (4) 18(2 C.99(3) 

\ '~22 ~(21 ~_. 
~ ~ 2 0 . 7 { 2 )  

117"9(2)kC~ 119"7(2) ~ .  1 51713) 

l O t y  I12.6{2) 

~ 9  "I(I)~ 0g'O{l) 

118.4(2) 

1.393(4) 

120(2),~ 121.4(2) 
,.o~)(cl~ljhl,.7<3> 

1 384~4; 

124'2; 

H(CIS)3 
H(C|6) ) %  
Q1.04(4) H(C17)2 I.OZ(5 

io8121 
1.508{5) 
H(C17)3 

115.2(21~ ~ 

~ 1 1 2 . 5 ( ~  

~ 1.551(3) 
I09.9(2) 

~(c9) 

1.512(3) 

1.52314) 
I(C15)2 

1109(2) 

1.52415) 
o.98(s) 

115(4) 

.O8(5) 

H(617)I 

.on(3) 

C(II)--C(9)--H(C9) IO7(2) 
120.I(2) C(14)--C(9)--H(C91 IO/(2) 

C(15)--C19)--H(C9) IO7(2) 
C(9)---C(15)-H(C15)2 109(2) 
C(16)--C(151-H(C15)2 109(21 

~1.392{4) H(CI5)I-C(IS)-H(C15)2 108(3) 
C(17)--C(16)-H(C16) 106121 

(C11 C(161--C(17)-H(C1711 I~13) 

~J 1.05(4) 6(16)--C(171-H(61712 120131 
C(16)--C(17)-H(C17)3 I15131 

ff 123(2) H(CII)2-C{17)-H(CII)] 101(41 
6116)--61181-H(C1811 llOf]) 

I/ I~76141 H(CIB)I-C(IBj-H~CIS)) I09(4J 
// H(CIB)2-C(I~)*HeCIB)] I14(41 

'r ~ , 1  4j 
~0. ~914) M(C2) 

H(C3) 

Fig. 2. Bond lengths (A) and bond angles (o) of 9-isobutylthioxanthene 10,10-dioxide. 
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atom, both being in 'boat-axial' conformation. The 
'boat-axial' conformation of the isobutyl group is also 
predicted by nuclear magnetic resonance studies in 
solution (Ternay & Evans, 1973). The torsion angles 
of the isobutyl group are shown in Fig. 3; this group 
is in a staggered arrangement which was also found in 
9-isobutylthioxanthene. The torsion angles were cal- 
culated from the coordinates for the enantiomorph 
given in Table 2. 

The packing of the molecules in the crystal, pro- 
jected down the e axis, is shown in Fig. 4. There are 
no intermolecular contacts less than van der Waals 
distances. The closest intermolecular distances be- 
tween C(5) and 0(2) are 3.285 and 3-343 A, that be- 
tween C(2) and O(1) is 3.416 A, and that between C(4) 
and C(7) is 3.548 A. 

This research was supported by the Robert A. Welch 
Foundation, Houston, Texas. The author wishes to 
thank Dr R. D. Rosenstein of the University of Pitts- 
burgh for his assistance in obtaining the diffraction 
data front the automatic diffractometer in the Crys- 

C07 

H(C15)2 C(14) 

49 ~ "~_ 64 48 " 

H(C9) 

H(C15)1 

73 

H (C15)2 C(18) 

Analysis of thermal motion 

The rigid-body thermal analysis of the 20 non-hydro- 
gen atoms was carried out by the method of Schoma- 
ker & Trueblood (1968). The values of T, L, and S 
tensors together with their standard deviations are 
shown in Table 6. The r.m.s, amplitude of the principal 
axes of T, L, and S and their direction cosines with 
respect to orthogonal axes a, b, and c* are also given 
in Table 6. The r.m.s, value of A Utj, the difference 
between observed Uij and calculated Utj based on the 
rigid-body model, is 0.0056 .~z. A comparison of this 
value with the mean a(U,j) value of 0.0015 A z, cal- 
culated from the estimated standard deviation of the 
flij of the least-squares refinement, indicates that the 
rigid-body model is only moderately satisfactory. 

(a) C(9)-C(15) (b) C(15)-C(16) 

H(C17)1 H(C18)2 
C(18) -- C(15) C(15) C(17) 

H(C17)2 0 H(C18)3 H(C18)1 

H(C16) H(C16) 

(c) C(16)-C(17) (d) C(16)-C(18) 

Fig. 3. The torsion angles (~) about the (a) C(9)-C(15), (b) 
C(15)-C(16), (c) C(16)-C(17), and (d) C(16)-C(18) bonds. 

Table 5. Least-squares planes and the displacements of atoms from the planes 
Equation of planes: A x + B y +  Cz=D, where x,y,z are in A. 

Plane A B C D 
(a) 0.9686 0.0642 -0 .3882 2.9180 
(b) 0-9692 0.0605 -0 .3869 2.9314 
(c) 0.7121 0.6659 -0 .3307 2.0278 
(d) 0.7073 0.6727 - 0.3246 2.0373 
(e) 0.8808 0.3902 - 0.4020 2.1475 

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

(a) (b) (c) (d) 
C(1) 0.000 0"000 C(5) -0"012 -0"021 
C(2) - 0.002 0.002 C(6) 0-008 0.013 
C(3) 0.005 0.007 C(7) 0.003 0.013 
C(4) -0 .006  -0 .008  C(8) -0 .010  -0 .007  
C(11) -0 .001 -0 .007  C(13) 0.005 -0.011 
C(12) 0.004 - 0.003 C(14) 0.006 - 0.006 
S 0.019" -0 .006  S 0.051" 0.017 
C(9) 0.012" -0 .003 C(9) 0.023* 0.003 

Dihedral angles between the least-squares planes 
Planes Dihedral angle 
(a) and (c) 141"8 ° 
(b) and (d) 141-1 
(a) and (b) 0.2 
(c) and (d) 0.6 

* Indicates atoms excluded from the calculation of the least-squares planes. 

Central ring 
(e) 

C(ll) -0.003 
C(12) 0.002 
C(13) -0 .002  
C(14) 0.003 
S 0.529* 
C(9) 0.435* 
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Table 6. Rigid-body thermal parameters refer to orthog- 
onal axes, a, b, c* 

Estimated standard deviations of the elements of thefT, L, and 
S tensors are given in parentheses. T is in A 2, L in (°)2, and S 
in [° A]. 

38 (2) - 4  (2) 3 (2)\ 
O" T( × 103)-- 43 (2) 1 (2)} 

39 (2)/ 

9"8 (9) -1"7 (9) -2-5 (7)\ 
L= 16"4 (13) 2"1 (9)] 

7"1 (8)/ 

Fig. 4. The molecular packing diagram, excluding hydrogen 
atoms, viewed down the c axis of 9-isobutylthioxanthene 
10,10-dioxide. 

ta l lography Depar tment ,  Dr  R. Shiono of  the Univer- 
sity of  Pit tsburgh for making  the ORTEP plot and 
the rigid-body thermal analysis calculation, and Dr  A. 
L. Ternay Jr of  the University of  Texas at Arlington 
for kindly supplying the crystals and for numerous  
discussions. 
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