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Abstract .  C20H2202S , monoclinic ,  P2t/c, Z = 4 ,  M . W .  
326.5, a=6 .845 (1 ) ,  b =  14.967(3), c =  16.839(1) A, f l=  
103"24(1) °, D x =  1.29, D , , =  1.28 g cm -a (by flotat ion),  
2(Cu K ~ ) =  1"5418 A, kt(Cu K ~ ) =  17"13 cm -~. Final  
residual  R =0-049.  

Introduction. Samples  of  9- (cyclohexylmethyl) th ioxan-  
thene 10, t0-dioxide (I) were ob ta ined  th rough  the 
cour tesy  o f  D r  A. L. Te rnay  Jr  o f  the Chemis t ry  
D e p a r t m e n t  o f  the Univers i ty  of  Texas  at  Ar l ington .  
Single crystals  in the fo rm of  clear pr isms were g rown 
f rom an ethyl a lcohol  solution.  The space group,  P21/c, 
was deduced f rom systemat ic  absences (hOl absent  with 
l odd  and  0k0 absent  with k odd).  Three-d imens iona l  
X- ray  diffract ion da ta  were collected on a Datex-  
Syntex au toma t i c  d i f f rac tometer  in the Biophysics and  
Biochemis t ry  D e p a r t m e n t  of  the Texas  A & M Uni-  
versity,  College Stat ion,  Texas.  A crystal  approx ima te ly  
0.27 x 0 . 2 2 x 0 . 5 1  m m  was m o u n t e d  a long the c axis. 
A 0/20 t ime var iable  scanning  mode  with Cu Kc¢ 
rad ia t ion  was used to measure  1713 independent  re- 
flections with 20 values below 100 °, o f  which 1563 were 
considered as observed by the cr i ter ion I >  3o(I) ,  where  
or(I) was de te rmined  f rom count ing  statistics. The 
intensi ty 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 ta  were 
scaled by means  of  a Wilson plot. 

(i) 

The s t ruc ture  was de te rmined  by the heavy-a tom 
me thod .  The ref inement  procedure ,  the a tomic  scatter-  
ing factors ,  and the compu te r  p rog rams  used in this 
analysis  were the same as those described in the pre- 
ceding paper  by Chu & Mang ion  (1975). The final R 
index (~  IFol-lFcl I~lFo]) was 0.049. The magn i tude  
of  [~w(Fo-Fc)2 / (m-n)]  ~/'-, 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 0.91. There  were five low-order  s t rong  reflections 
(002, 032, 102, 131, 102), whose calculated s t ruc ture  
ampl i tudes  were much  higher  than  the observed values 
owing to extinct ion.  They  were given zero weight in the 
leas t -squares  ref inement  and  were excluded in the 
calculat ion of  the final d i sagreement  index. The final 

Table  1. Fractional atomic coordinates and thermal parameters ( x 104) 

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 - (fl~lh 2 + fl,,k 2 + fl33l 2 + 2fl~2hk + 2fl~ahl + 2f123kl). 

x y z #1, #2, #3~ #12 #,~ #23 
S 8394 (1) 1761 (1) 408 (0) 181 (2) 41 (0) 47 (0) 1 (1) 27 (1) 3 (0) 
0(1) 9118 (3) 2505 (2) 17 (1) 216 (5) 60 (1) 69 (1) - 2 2  (2) 45 (2) 10 (1) 
0(2) 9836 (3) 1096 (2) 765 (2) 246 (6) 61 (1) 69 (1) 32 (2) 24 (2) 6 (1) 
C(1) 2936 (5) 1242 (2) -963  (2) 312 (9) 57 (2) 41 (1) - 3 0  (3) 10 (3) 13 (1) 
c(2) 3279 (6) 447 (2) -1332 (2) 419 (11) 65 (2) 41 (1) - 7 6  (4) 15 (3) 1 (1) 
C(3) 5126 (6) 62 (2) -1191 (2) 510 (13) 60 (2) 42 (1) - 4 8  (4) 57 (4) - 5  (1) 
c(4) 6728 (5) 468 (2) -659  (2) 365 (10) 49 (2) 49 (1) - 4  (3) 58 (3) 5 (1) 
C(5) 8197 (5) 2141 (2) 1962 (2) 354 (10) 40 (2) 50 (2) - 9  (3) 6 (3) 5 (1) 
C(6) 7223 (7) 2456 (2) 2543 (2) 580 (14) 51 (2) 42 (2) - 6  (4) 41 (4) 1 (1) 
C(7) 5337 (7) 2784 (2) 2313 (2) 627 (16) 49 (2) 54 (2) 10 (4) 92 (4) - 3  (1) 
C(8) 4333 (5) 2822 (2) 1498 (2) 384 (11) 46 (2) 59 (2) 12 (3) 74 (4) 7 (1) 
c(9) 4164 (4) 2528 (2) 1 (2) 197 (7) 40 (1) 45 (1) 1 (3) 22 (3) 8 (1) 
C(l l )  4501 (4) 1673 (2) -424  (2) 219 (8) 45 (2) 34 (1) - 15 (3) 17 (2) 10 (1) 
c(12) 6372 (4) 1265 (2) -286  (2) 258 (8) 41 (2) 37 (1) - 10 (3) 38 (2) 3 (1) 
C(13) 7185 (4) 2165 (2) 1148 (2) 261 (8) 33 (1) 40 (1) - 6  (3) 18 (3) 2 (1) 
c(14) 5251 (4) 2501 (2) 894 (2) 249 (8) 31 (1) 46 (1) 0 (3) 46 (3) 2 (1) 
c(15) 4751 (4) 3379 (2) -442  (2) 224 (8) 44 (2) 57 (2) - 8  (3) 22 (3) 10 (1) 
c(16) 3043 (4) 3803 (2) -1062 (2) 215 (7) 37 (1) 45 (I) 2 (2) 29 (2) 2 (1) 
C(17) 3878 (5) 4477 (2) - 1571 (2) 276 (8) 52 (2) 46 (!) 6 (3) 36 (3) 2 (1) 
C(18) 2243 (5) 4999 (2) -2170 (2) 357 (10) 55 (2) 45 (1) - 5  (.3) 22 (3) 4 (1) 
C(19) 825 (5) 5442 (2) - 1726 (2) 340 (10) 48 (2) 51 (2) 20 (3) 9 (3) 3 (1) 
c(20) -102  (5) 4765 (2) -1262 (2) 266 (9) 56 (2) 68 (2) 17 (3) 31 (3) - 4  (1) 
c(21) 1532 (5) 4262 (2) -655  (2) 276 (9) 49 (2) 51 (1) 13 (3) 50 (3) 8 (1) 
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Table 1 (cont.) 
Hydrogen atomic coordinates (x  103) 

x y z 
H(1) 156 (4) 157 (2) - 102 (2) 
H(2) 212 (5) 21 (2) - 162 (2) 
H(3) 523 (5) - 5 5  (2) - 1 4 5  (2) 
H(4) 808 (4) 27 (2) - 5 6  (2) 
H(5) 958 (5) 183 (2) 206 (2) 
H(6) 796 (6) 241 (2) 313 (2) 
H(7) 467 (6) 305 (2) 268 (2) 
H(8) 290 (5) 303 (2) 132 (2) 
H(9) 261 (4) 257 (2) - 5  (2) 
H(15)I 514 (4) 386 (2) - 2  (2) 
H(15)2 589 (4) 321 (2) - 6 6  (2) 
H(16) 238 (4) 332 (2) - 140 (2) 
H(17)I 473 (4) 413 (2) - 1 8 6  (2) 
H(17)2 476 (4) 493 (2) - 117 (2) 
H(18)l 283 (5) 543 (2) - 2 4 3  (2) 
H(18)2 125 (4) 457 (2) - 2 5 9  (2) 
H(19)I 164 (4) 590 (2) - 1 3 5  (2) 
H(19)2 - 2 3  (5) 579 (2) - 2 1 4  (2) 
H(20)l - 9 8  (4) 437 (2) - 1 6 7  (2) 
H(20)2 - 9 7  (4) 507 (2) - 9 4  (2) 
H(21)l 88 (4) 377 (2) - 3 8  (2) 
H(21)2 234 (4) 474 (2) - 2 2  (2) 

positional and thermal parameters are given in Table 
1.* 

Discussion. The determination of the crystal structure 
of 9-(cyclohexylmethyl)thioxanthene 10,10-dioxide is a 
continuation of the studies on a series of thioxanthene 
derivatives. The 9-(cyclohexylmethyl)thioxanthene 
molecule is related to methixene [(II), Chu, 1973] in 
that it is formed by the substitution of the N-methyl 
group in the piperidyl ring of the methixene by a C H  2 

group. Methixene is known to possess anticholinergic, 
antispasmodic, and antiparkinsonism activities; how- 
ever, 9-(cyclohexylmethyl)thioxanthene shows no phar- 
macological activities (Ternay, 1974). The determina- 
tion of the structure of 9-(cyclohexylmethyl)thioxan- 
thene 10,10-dioxide in this work showed that the 
configuration of the 9-(cyclohexylmethyl) substituent 
is identical with that of the 9-(N-methyl-3-piperidyl- 
methyl) substituent in methixene. Therefore, the N- 
methyl group is a required structure unit for the phar- 
macological activity of methixene. The sulfone deriv- 
ative of 9-(cyclohexylmethyl)thioxanthene rather than 
the sulfide itself was examined in order to compare 
the bonding characteristics of sulfur with other thio- 
xanthene sulfone derivatives (Chu, 1975). 

CH3 
I 

(II) 

* A table of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31024 (10 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CH1 1NZ, England. 

The configuration of a 9-(cyclohexyhnethyl)thioxan- 
thene 10,10-dioxide molecule and the identification of 
the atoms are shown in the ORTEP (Johnson, 1965) 
drawing, Fig. 1, which also gives the bond lengths and 
bond angles with their standard deviations. The mean 
values of the two C-S and the two S-O bond lengths are 
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Fig. 1. The structure of one molecule of 9-(cyclohexylmethyl)- 
thioxanthene 10,10-dioxide with (a) bond lengths (~),  (b) 
bond angles (°) and e.s.d.'s in parentheses. 
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1.756 _ 0.003/~ and 1.437 _ 0.002 A, respectively, and 
the C-S-C and the mean value of the two C-S-O bond 
angles are 101.0+0.1 ° and 109.4+0.1°, respectively. 
These values are in good agreement with other thio- 
xanthene derivatives when the coordination number 
of the sulfur atom is four (Chu, 1975). The C-H bond 
lengths range from 0.93 to 1.08 A with a mean value 
of 1.00 A and a root-mean-square standard deviation 
of 0.03 A. The C-C-H bond angles involving benzene 
rings range from 111 to 127 ° with a mean value of 120 °, 
and the C-C-H and H-C-H bond angles involving 
tetrahedral carbon atoms range from 103 to 114 ° with 
a mean value of 109 °. The root-mean-square standard 
deviation of these bond angles is 2 ° 

The dihedral angles between the least-squares planes 
of the two benzene rings is 133.7 °. The 9-(cyclohexyl- 
methyl) substituent is in a 'boat axial' conformation. 
These results are the same as those obtained by the 
n.m.r, spectroscopic study of the thioxanthene deriv- 
atives in solution (Evans & Ternay, 1974). The packing 
of the molecules in the crystal, projected down the 
a axis, is shown in Fig. 2. There is no intermolecular 
distance less than the van der Waals interaction. 

The conformation angles of the cyclohexyl ring are 
given in Table 2, and the torsion angles about the 
C(9)-C(15) and C(15)-C(16) bonds are shown in Fig. 3. 
(The conformation and torsion angles are calculated 
from the coordinates for the enantiomorph given in 
Table 1 .) These torsion angles have the same magnitude 
as those in methixene (Chu, 1973), which are also 
shown in Fig. 3 for comparison. Therefore, the 9- 
(cyclohexylmethyl) group in (I) and the 9-(N-methyl- 
3-piperidylmethyl) group in (II) have the same con- 
figuration. 

Table 2. Conformation angles within the cyclohexyl 
r/ng 

Conformation 
Bond Reference atoms angle 

C(16) ~ C(17)  C(21)C(16)C(17)C(18) -52.0 
C(17) --+ C(18)  C(16)C(17)C(18)C(19) 54.7 
C(18) ~ C(19)  C(17)C(18)C(19)C(20) -56.8 
C(19) --+ C(20)  C(18)C(19)C(20)C(21) 58.0 
C(20) -+ C(21)  C(19)C(20)C(21)C(16) -56.8 
C(21) -+ C(16)  C(20)C(21)C(16)C(17) 53.0 

The conformation angle of a directed bond C(17) ~ C(18) 
is defined as the angle that the projection of the bond 
(7(16) --+ (7(17) makes with respect to the projection of the bond 
C(18) ~ C(19). The angle is positive if it is measured clock- 
wise. 
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b 
Fig. 2. The packing of the molecules, excluding hydrogen 

atoms, in the unit cell projected down the a axis. 

C(ll) 

c(16) c(2D 

C(9 

C(14) 

(a) (b) 

C(17) 

c(2o) 

C(ll) C(14) C(17) 

(c) (d) 

Fig. 3. Comparison of torsion angles between the (a) C(9)- 
C(15) and (b) C(15)-C(16) bonds in 9-(cyclohexylmethyl)- 
thioxanthene 10,10-dioxide and the (c) C(9)-C(15) and (d) 
C(15)-C(16) bonds in methixene. 
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