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Fig. 4. Bond angles (o) for molecules A (upper) and B (lower) with 
average e.s.d. 1.0 °. 

C(24) away from C(10) and C(11) and the substituents 
have, where possible, attained a staggered confor- 
mation, several relatively short intramolecular non- 
bonded distances still persist. There does not appear to 
be any intramolecular non-bonded zc interaction except, 
possibly, between R4 and R6, which overlap and 
approach fairly closely [C(31)-C(19) 3.70 (4), 
4.00 (5)A], but as the rings are far from parallel 
[61 (2), 56 (2) ° ] this seems unlikely. R 1 bond lengths 
indicate little delocalization and apart from C(1)-C(4), 
which is common to R2, the most significant deviation 
from integral bonding is N(1)--C(3) [1.39(1), 
1.39 (1) A]. These bond lengths contrast with those in 
the planar quinazoline structure (Huiszoon, 1976), 
where C - N  range from 1.31 to 1.37/~, and C - C  are 
1.40 and 1.41 A. However, the difference is not so 
great where C(2) has achieved sp 2 hybridization by 

double bonding externally to the quinazoline frame, e.g. 
in tricycloquinazoline (Iball & Motherwell, 1969), 
where the quinazoline forms part of a larger planar 
system, the bonds vary from those of the title molecule 
by less than 2 a. Incomplete delocalization is also seen 
in planar quinazolinone derivatives. In the case of 
2-phenyl-4(3H)-quinazolinone (Holm, Christophersen, 
Ottersen, Hope & Christensen, 1977), C(2)-N(1) at 
1.36 A is the only significant difference from the title 
molecule [1.46 (1), 1.44 (1)A]. However, in 2-phenyl- 
3-[p-(2,2,4-trimethylchroman-4-yl)phenyl]-4 (3H)- 
quinazolinone (Gilmore, Hardy, MacNicol & Wilson, 
1977), this bond has lengthened to 1.40A, possibly 
because of the substituent on N(1), but at 
1.37 .A C(4)-N(2) is significantly reduced [title com- 
pound: 1.42 (1), 1.43 (1)A]. The shortest heavy-atom 
intermolecular contacts are 3.46 (4), 3.39 (4) A be- 
tween C(28) and C(5) at I -x ,  2-y, 1-z (molecule A) 
and -x ,  2 - y , - z  (molecule B). 
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Abstract. Mr=  256.36, orthorhombic, P21212 ~, a =  1307.1 (6)A 3, Z = 4 ,  Dx= 1.303 Mgm -3, graphite- 
15.296 (4), b = 11.662 (3), c = 7.328 (2) A, V= monochromated Cu K(~, 2 = 1.5418/~, # = 
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1.950 mm -~, F(000) = 544, T = 298 K, R = 0.044 for 
1248 observed reflections. Single crystals of the title 
compound were obtained through the courtesy of Dr A. 
L. Ternay Jr of the Department of Chemistry, 
University of Texas at Arlington. The 9-methyl and 
10-oxide groups are both in the 'boat-axial' confor- 
mation with respect to the central ring of the thio- 
xanthene ring system. 

Introduction. The determination of the crystal structure 
of the title compound (I) is a continuation of the study 
of the effects of nonbonded interaction between the 
meso and para substituents on the conformation and 
configuration of thioxanthene derivatives. The crystal 
structures of cis and trans isomers of 2,4,9- 
trimethylthioxanthene 10-oxide (Chu, Rosenstein & 
Ternay, 1979; Chu, Grant, Napoleone, Ternay & 
Massah, 1981), and the cis and trans isomers of 
9-ethyl-2,4-dimethylthioxanthene 10-oxide (Chu, 
Napoleone, Massah & Ternay, 1981; Chu & 
Napoleone, 1982) have been determined. The confor- 
mation and configuration of the 1,4-dimethyl 
substituted 9-alkylthioxanthenes will provide further 
information on the comparative effects of the para- 
methyl and 9-alkyl substituents on the conformation of 
the sulfinyl oxygen. The crystal structure of 1,4,9- 
trimethylthioxanthene 10-oxide is presented in this 
paper. The crystal structures of 9-ethyl- and 9- 
isopropyl-sub stituted 1,4-dimethylthiox anthene 10- 
oxides are discussed in the succeeding papers (Chu & 
Napoleone, 1983; Book, Chu & Rosenstein, 1983). 

.H H\/CH3 ~H 3 

H H 

H CH 3 

Experimental. Single crystals obtained through the 
courtesy of Dr A. L. Ternay Jr of the Department of 
Chemistry, University of Texas at Arlington, unit-cell 
parameters by least-squares analysis of 15 reflections 
with 20 from 47 to 100 °, P2~212 ~ deduced from 
systematic absences (h00 absent with h odd, 0k0 
absent with k odd, 00l absent with l odd), Syntex P2~ 
automatic diffractometer, crystal 0.36 x 0.36 x 
0.35mm, 0/20 scanning mode, 1280 independent 
reflections with 2 0 <  130 °, 1248 observed, I > 3a(I); 
three standard reflections measured after every 50 
reflections showed a random variation of less than 5% 
in intensity; Lorentz-polarization corrections, no ab- 
sorption or extinction corrections, direct methods, 
MULTAN (Germain, Main & Woolfson, 1971), refine- 
ment by block diagonal least squares (Shiono, 1971), 
anisotropic, most of the hydrogen positions located in a 
difference Fourier synthesis, except some of those 

associated with the methyl groups which were 
calculated with respect to the atoms to which they are 
bonded, isotropic temperature factors for hydrogen 
atoms, w =  1/[a(F)] 2, a(F) from counting statistics, 
~w{ll Fol--IF c I1 }2 minimized; since the structure has 
a noncentrosymmetric space group, the absolute con- 
figuration of the molecule was determined by the applica- 
tion of anomalous-scattering factor for S atom; R = 
0.044 for the parameters and the configuration shown 
in Table 1" and Fig. 1, respectively, Rw=0-051,  
S = 0.97, maximum height in final difference Fourier 
synthesis is 0.15 e A -3, R = 0.053 and R w = 0-060 for 
the mirror-related structure, atomic scattering factors 
for sulfur, oxygen, and carbon were from International 
Tables for X-ray Crystallography (1962), for hydrogen, 
from Stewart, Davidson & Simpson (1965). 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 38362 (10 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 

Discussion. The atomic parameters are given in Table 1 
and identification of the atoms and the configuration of 
the molecule are shown in Fig. 1. Similarly to other 

Table 1. Atomic coordinates (× 104) for non-hydrogen 
and (×103 ) for hydrogen atoms and thermal 

parameters 

The estimated standard deviations are given in parentheses and refer 
to the last positions of respective values. 

1 n ~t , Beq = ~_..i~_..j i jai  £l) a l .a  j. 

X y Z Beq/B (,/k 2~1 
S 3703 (1) 3130 (I) 4592 (1) 3.05 (3) 
0 3720 (2) 2486 (2) 2807 (5) 4. I0 (14) 
C(1) 6260 (3) 4077 (3) 4921 (6) 3.16 (17) 
C(2) 6553 (3) 3301 (4) 6220 (6) 3.85 (20) 
C(3) 5988 (3) 2534 (4) 7049 (6) 4-26 (22) 
C(4) 5107 (3) 2508 (4) 6625 (6) 3.49 (19) 
C(5) 2653 (3) 4999 (4) 4565 (7) 3.50 (18) 
C(6) 2432 (3) 6131 (4) 4233 (6) 3.79 (19) 
C(7) 3051 (3) 6846 (4) 3446 (6) 3.67 (18) 
C(8) 3876 (3) 6452 (3) 3029 (6) 3.06 (17) 
C(9) 5032 (3) 4907 (3) 3012 (5) 2.65 (16) 
C(l 1) 5376 (2) 4077 (3) 4450 (5) 2-55 (15) 
C(12) 4819 (2) 3282 (3) 5302 (5) 2.70 (15) 
C(13) 3485 (3) 4603 (3) 4144 (5) 2.77 (15) 
C(14) 4114(3) 5316(3) 3407(5) 2.51 (15) 
C(15) 6910 (3) 4889 (4) 4062 (8) 4.33 (21) 
C(16) 4507 (3) 1672 (4) 7589 (7) 4.75 (24) 
C(17) 5090 (3) 4378 (4) 1073 (6) 3.89 (20) 
H(2) 724 (3) 340 (4) 649 (6) 4.8 (12) 
H(3) 621 (3) 206 (4) 797 (7) 5-8 (12) 
H(5) 227 (3) 444 (4) 505 (7) 5.2 (12) 
H(6) 190 (2) 648 (3) 476 (5) 3.0 (9) 
H(7) 297 (3) 772 (3) 327 (6) 4.2 (11) 
H(8) 42"9 (3) 700 (4) 264 (7) 5-3 (12) 
H(9) 546 (3) 570 (5) 293 (9) 8.7 (17) 
H(15)l 691 (4) 495 (5) 280 (11) 10.9 (21) 
H(15)2 748 (4) 469 (4) 428 (8) 7.4 (15) 
H(15)3 687 (3) 576 (4) 421 (7) 6-8 (15) 
H(16)I 408 (4) 137 (5) 662 (10) 12-2 (23) 
H(16)2 421 (4) 201 (6) 850 (I0) 13.6 (24) 
H(16)3 482 (3) 81 (5) 798 (8) 8.0 (17) 
H(17)I 472 (2) 360 (3) 92 (6) 3.9 (10) 
H(17)2 578 (3) 418 (3) 76 (6) 4-5 (11) 
H(17)3 491 (3) 484 (4) 24 (7) 5-7 (13) 
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H(15)I FWI?)2 

c'x~'"r ~2.~ ~9, ,8, 

° o | 

! j ~6, 

C(9)-C(I 1)-C(12)-S 5-3 (5) S-C(13)-C(14)-C(9) -2.6 (5) 
C(I I)-C(12)-S-C(13) -37.4 (4) C(13)-C(14)-C(9)-C(I 1) -37.6 (5) 
C(12)-S-C(13)-C(14) 36.,1 (4) C(14)-C(9)-C(1 I)-C(12) 35.7 (5). 

Fig. I. OR TEP drawing (Johnson, 1965) of one molecule of the title 
compound. The torsion angles (°) around the central ring are also 
shown. 

thioxanthenes, the central ring in the title compound is 
in a boat conformation. The puckering parameters 
(Cremer & Pople, 1975) of the central ring are 
q2 = 0.588, q3 = 0.067 A, Q = 0.592 A, ¢02 = 178.7 °, 
and 0 =  96.5 °. For ideal boat conformation, these 
values are q2 = Q, q3 = 0/~, (P2 = 180°, and 0 =  90 °. 
The torsion angles around the central ring are shown in 
Fig. 1. In the title compound, the 9-methyl and 10-oxide 
groups are both in the boat-axial conformation. It has 
been shown that the 10-oxide group prefers the 
boat-equatorial conformation when the 9-alkyl 
substituent is a methyl group (Jackobs & Sun- 
daralingam, 1969). That the boat-axial conformation 
was preferred in the title compound and in the cis 
isomer of 2,4,9-trimethylthioxanthene 10-oxide (Chu, 
Rosenstein & Ternay, 1979) is due to the nonbonded 
interaction between the sulfinyl oxygen and the para- 
methyl [at C(4)] substituent. This result demonstrates 
that the para-methyl substituent has a larger effect than 
the 9-axial methyl substituent in governing the confor- 
mation of the sulfinyl oxygen. 

The equations of the least-squares planes of the 
two benzo rings are -2 .86  (3)x+ 7.79 (2)y + 
5.278 (9)z = 3.98 (2) and 4.77 (3)x + 3.03 (2).)? + 
6 .697 (6 )z=5 .84 (1 )  (where x, y, and z are in 
fractional coordinates) for rings A and B, respectively. 
The deviations of atoms range from 0.001 (5) to 
0.007 (6)A, and 0.004 (6) to 0.013 (5)/~ for plane A 
and plane B, respectively. The deviations of the two 
methyl substituents on the benzo ring, C (15) and C(16), 
from plane A are 0.006 (8) and 0.036 (8)A, respec- 
tively. The folding angle between the planes of the two 
benzo rings is 140.7 (1) ° compared to that of 147.3 ° in 
cis-2,4,9-trimethylthioxanthene 10-oxide. The smaller 
folding angle in the title compound is due to the 
nonbonded interaction between the 9-methyl and 
para-methyl substituents. 

The bond lengths and angles with their standard 
deviations are shown in Fig. 2. Similarly to other 
para-methyl substituted thioxanthene 10-oxides (Chu, 
Rosenstein & Ternay, 1979; Chu & Napoleone, 1982), 
there is a slight lengthening of the C (12)-S bond length 
on the side of the benzo ring with the para-methyl 
substituents. The two C - S - O  bond angles are also 
significantly different and the difference is primarily due 
to the interaction between the sulfinyl oxygen and the 
9-methyl substituent, both being in the boat-axial 
conformation. This can be deduced from the fact that 
the larger C - S - O  bond angle is on the side of the 
benzo ring without para-methyl substituents. Further- 
more, the nonbonded distance of 2.44 (4) A between O 
and H(17)l is much shorter than the nonbonded 
distances of 3.13 (7) and 3.29 (7)A between O and 
H(16)l and O and H(16)2, respectively. The C - H  
bond lengths range from 0.86 to 1.15 A (mean 1.00/~,) 
with a r.m.s, standard deviation of 0.05 A. The 
C - C - H  bond angles involving benzene rings range 
from 112 to 125 ° (mean 119°), and the C - C - H  and 
H - - C - H  bond angles involving tetrahedral C atoms 
range from 92 to 127 ° (mean 109°). The standard 
deviation of these bond angles is 3 °. A stereoscopic 

~51(61 ~l.910ffW 

~5091~1 ~13(1) 

110.813~I11.2(31 1~.3(4}~ 118.8(4) 

Fig. 2. Bond lengths (,/~) and angles (o) of the title compound with 
e.s.d.'s in parentheses. 
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b 

a 

Fig. 3. The molecular packing of the title compound in a unit cell. 

diagram of the packing of the molecules in the crystal is 
shown in Fig. 3. The closest intermolecular contact not 
involving hydrogens is 3.460 (6)A between O and 
C(15). 

This research was supported by the Robert A. Welch 
Foundation, Houston, Texas. The authors wish to 
thank Dr A. L. Ternay Jr of the University of Texas at 
Arlington for kindly supplying the crystals. 
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Abstr~iet. M r =  270.40, orthorhombic, P212~21, a = 
10.578 (1), b- -  10.243 (1), c =  12.987 (2)A, V =  
1407.1 (3)/k 3, Z = 4, D x = 1.276 Mg m -3, graphite 
monochromated Cu Ka, 2 = 1.5418 A, # = 
1.844 mm -1, F(000) = 576, T = 298 K, R = 0.036 for 
1281 observed reflections. Single crystals of the title 
compound were obtained through the courtesy of Dr A. 
L. Ternay Jr of the Department of Chemistry, 
University of Texas at Arlington. The 9-ethyl and 
10-oxide groups are both in the 'boat-axial' confor- 
mation with respect to the central ring of the thio- 
xanthene ring system. 

Introduction. The determination of the crystal structure 
of  the title compound (I) is a continuation of the study 
of the effects of nonbonded interaction between the 
meso and para substituents on the conformation and 
configuration of the thioxanthene ring system. The 

H CH2CH3 
H \ / ' CH3 

H H 
H CH 3 

(I) 

crystal structure of cis- 1,4,9-trimethylthioxanthene 10- 
oxide (Chu & Book, 1983) has been determined. The 
present study will provide comparative information on 
the effect of varying the size of the 9-alkyl substituent. 

Experimental. Single crystals obtained through the 
courtesy of Dr A. L. Ternay Jr of the Department of 
Chemistry, University of Texas at Arlington, unit-cell 
parameters by least-squares analysis of 15 reflections 
with 20 from 57 to 90 ° , P2~2121 deduced from 
systematic absences (hO0 absent with h odd, OkO 
absent with k odd, OOl absent with l odd), Syntex P21 
automatic diffractometer, crystal 0.35 x 0.21 x 
0 .47mm,  0/20 scanning mode, 1363 independent 
reflections with 2 0 <  130 °, 1281 observed, I > 3or(I); 
three standard reflections measured after every 50 
reflections showed a random variation of less than 3% 
in intensity; Lorentz-polarization corrections, no ab- 
sorption or extinction corrections; structure deter- 
mination, refinement, atomic scattering factors, com- 
puter programs were the same as those described in the 
preceding paper (Chu & Book, 1983); structure also 
belongs to noncentrosymmetric space group as in the 
cis-9-methyl derivative of 1,4-dimethylthioxanthene 
10-oxide (Chu & Book, 1983), absolute configuration 
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