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The X-ray and MNDO-derived structures and aromatic solvent induced shifts (ASIS) of the N-(p-toluene-
sulfonyl)sulfilimines of dibenzothiophene (le), phenoxathiin (2e), and thianthrene (3e) are reported. In le, the
dibenzothiophene ring system remains essentially planar, with the phenyl rings inclined only 3.7°. The sulfilimine
substituent is pseudoaxial (pa’). In 2e, the phenoxathiin ring system is gently folded in a “boat” conformation
with the phenyl rings inclined 16.9°; the Cremer and Pople puckering factors are @ = 0.267 (3) A, ¢ = 179.6 (6)°,
and 8 = 104.5 (6)°. The substituent is pa’ In 3e, the thianthrene ring system is sharply folded in a “boat”
conformation with the phenyl rings inclined 52.7° (Q = 0.842 (6) A, ¢ = 179.9 (4)°, and 8 = 92.9 (4)°). The substituent
is pseudoequatorial (pe). In each structure, the substituent is asymmetrically oriented with respect to the vertical
plane bisecting the central ring. ASIS analysis of the peri hydrogens of 1e-3e establishes that the solid state
substituent orientations of all three derivatives are maintained in solution (le, écpey, — 8¢, = +0.46 ppm; 2e,
+0.18 ppm; 3e, -0.13 ppm). MNDO calculated AH; of the respective pa’ vs pe’ conformers suggest that the
stereochemistry observed in the crystal structures may be thermodynamically favored (AAH;: le, (spontaneous
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convergence to pa’); 2e, 0.66 kcal mol™! favoring pa’ 3e, 0.76 kcal mol™ favoring pe’).

Introduction Table I. Selected Bond Distances®®
Dibenzothiophene (1a) and tricyclic 6,6,6 diaryl sulfides bond Te % 30

with sulfur at the meso position (e.g., phenoxathiin (2a), SN L6332 1632 Tl

thianthrene (3a), phenothiazine (4a), thioxanthene (5a), C2-S1 1788 1751 1791

and thioxanthenone (6a)) form conformationally restricted N-S2 1.623 1618 1615

S-monosubstituted derivatives with the substituent in C5-S1 1.773 1.757 1.773

either a pseudoaxial (pa’) or pseudoequatorial (pe’) ori- C2-C3 1.391 1.390 1.393

entation. Structural analyses suggest that the orientation gg‘gi i':g(s) 1.380 1.405
R\ \ C3-08 1.364

Y. St Y. 7R cae 1362 1.755

\u/ \\—// C4-8S3 1.778

, , S2-01 1.428 1.439 1.442

pa pe S2-02 1.442 1.438 1.438

of the substituent is dependent on (1) in 2-6, the presence 82-C14 1.769 1.769 1.786

and nature of additional substituents on the opposite meso
atom Y; (2) the presence of additional substituents on the
phenyl rings, especially at the peri positions; and (3) in
solution, specific interactions with the solvent. While there
do not appear to be any general correlations in substituent

9Tn angstroms. ®Estimated standard deviations: 1le, 0.002-0.003
A; 2e, 0.002-0.004 A; 3e, 0.005-0.010 A.

Table II. Selected Bond Angles®®

. . . . 1 1 2 3e
orientation between systems, internal comparisons of the 5 3:;;_2 5 ° T 2: "
known S-monosubstituted derivatives of each parent 03-C4-C5 1242
sulfide indicate similar conformations. Thus, S-mono- S3-C3-C2 ’ 1217
substituted derivatives of 1a are pa’, of 2a pa’, of 3a pe’, §3-C4-C5 120.7
of 4a pa’, of 5a pe’, and 6a pe’ (see Chart I). C3-C2-81 112.2 122.4 117.2
Recently, the crystal structure of the N-p-toluene- C4-C5-81 112.8 122.9 117.7
sulfonyl (tosyl) sulfilimine of 2,4,9-trimethylthioxanthene 8%:%%‘_%2 904 152’91’% 100.2
was reported;*® this study extended the structural analyses C3-83-C4 ‘ 100.6
.. . . 6 e .
of tosyl sulfilimines derived from dialkyl,® alkyl aryl,” and C2-S1-N 107.5 103.4 106.9
C5-S1-N 100.5 105.8 101.6
(1) Presented in part at the 18th Middle Atlantic Regional Meeting S1-N-82 114.4 112.0 112.9
of the American Chemical Society, Newark, NJ, May 22, 1984; also N-§2-01 105.0 104.9 103.9
i):lsenéed in pl:'t ;t the 998th European Crystallographic Meeting, Turin, N-82-02 112.5 112.1 1115
y, September 2-6, 1985. = . Y X
(2) Current add;'egs: Special Testing angl Research Laboratory, Drug g1§82;? é‘f 4 iggg %ggg }ggg
g;lf(());?;?g?t Administration, 7704 Old Springhouse Road, McLean, VA 02-S2-C14 106.6 107.0 106.3

(3) Current address: Queensborough College, Department of Chem-
istry, City University of New York, Bayside, NY 11364-1497.

(4) Tamura, Y.; Mukai, C.; Ikeda, M.; Kido, M. Chem. Lett. 1981,
619-20. See also: Tamura, Y.; Mukai, C.; Nakajima, N.; Ikeda, M. J. Org.
Chem. 1980, 45, 2972-6.

(5) Tosylsulfilimines 5e and 6e have been synthesized (no structural
information), see: Tamura, Y.; Nishikawa, Y.; Sumoto, K.; Ikeda, M. J.
Org. Chem. 1977, 42, 32269,

(6) Cameron, A. F.; Hair, N. J.; Morris, D. C. J. Chem. Soc., Perkin
Trans. 2 1973, 19514,

(7) K&lmaén, A.; Sasvari, K. Cryst. Struct. Commun. 1972, 1, 243-6.

0022-3263/91/1956-3259$02.50/0

9In degrees. ®Estimated standard deviations: le, 0.1-0.3°; 2e,
0.2-0.5°; 3e, 0.5-1.1°.

diaryl® sulfides to the tricyclic 6,6,6 diaryl sulfides. Herein,
we report the solid and solution state conformations of the

(8) Kalman, A.; Duffin, B.; Kucsman, A. Acta Crystallogr., Sect. B
1971, 27, 586-94.

© 1991 American Chemical Society
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Chart I
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2,Y=0
3,Y=8
4, Y=NH
5,Y=CH,
6,Y=C=0
8,X=8;b, X=S=0;¢ X=8"MeX";d, X =5"C"(COOR)y;
e, X=S N -tosyl
compd substit orienttn ref

la 9

1b pa’ 10

lc pa’ 8

le pa’ this work

2a 11

2b pa’ 12

2e pa’ this work

3a 13

3b pe’ 14

3d pe’ 12

3e pe’ this work

4a 15

4b pa’ 16

5a 17

5b pe’ 18

5d pe’ 19

6a 20

6b pe’ 21

6d pe’ 22

Figure 1. Solid-state geometry of le.

tosylsulfilimines of dibenzothiophene (le),?® phenoxathiin
(2e), and thianthrene (3e),>* as determined by single-

(9) Schaffrin, R. M.; Trotter, J. J. Chem. Soc. A 1970, 1561-5.

(10) Hashmall, J. A.; Horak, V.; Khoo, L. E.; Quicksall, C. O.; Sun, M.
K. J. Am. Chem. Soc. 1981, 103, 289-95.

(11) Hosoya, S. Acta Crystallogr. 1968, 20, 429-32.

(12) Chen, J. S.; Watson, W. H.; Austin, D.; Ternay, A. L., Jr. J. Org.
Chem. 1979, 44, 1989-91.

(13) (a) Rowe, I; Post, B. Acta Crystallogr. 1958, 11, 372-4. (b)
Lynton, H.; Cox, E. G. J. Chem. Soc. 1956, 4886-95. (c) Rowe, L; Post,
B. Acta Crystallogr. 1956, 9, 827.

(14) Ternay, A. L., Jr.; Baack, J. C.; Chu, S. S. C.; Napoleone, V.;
Martin, G.; Alfaro, C. J. Heterocycl. Chem. 1982, 19, 833-6.

(15) Bell, J. D.; Blount, J. F.; Briscoe, O. V.; Freeman, H. C. Chem.
Commun. 1968, 1656-7.

(18) Chu, S. 8. C.; De Meester, P.; Jovanovic, M. V.; Biehl, E. R. Acta
Crystallogr., Sect. C. Cryst. Commun. 1988, 41, 1111-4.

(17) Gillean, J. A, IIT; Phelps, D. W.; Cordes, A. W. Acta Crystallogr.,
Sect. B 19783, 29, 2296-8.

(18) Ternay, A. L., Jr.; Ens, L.; Herrmann, J.; Evans, S. J. Org. Chem.
1969, 34, 940-5. The crystal structure of 5h has not been reported; for
a closely related analogue (cis-9-methylthioxanthene S-oxide), see:
giggog, J. J.; Sundaralingam, M. Acta Crystallogr., Sect. B 1969, 25,

(19) Abbady, M. A.; Craig, D.; Ternay, A. L., Jr.; Martin, G. E.; Galloy,
dJ.; Watson, W. H. J. Org. Chem. 1981, 46, 1793-9.

(20) Toussaint, J. Bull. Soc. R. Sci. Liege 1957, 26, 77-82.

Figure 3. Solid-state geometry of 3e.

Table III. Selected Torsion Angles®®

angle le 2e 3e

C10-C3-03-C4 164.7

C10-C3-83-C4 135.5
C3-03-C4-C9 -164.6

C3-83-C4-C9 ~137.7
C13-C2-S1-Ch 179.9 -162.4 -131.6
C2-81-C5-Cé 178.2 164.5 132.5
03-C3-C2-S1 -5.1

83-C3-C2-S1 -2.6
03-C4-C5-S1 5.5

8$3-C4-C5-S1 4.1
C3-C2-81-C5 -1.0 19.4 50.5
C4-C5-81-C2 2.2 -19.7 -51.0
C3-C2-S1-N 100.1 -89.4 156.1
C4-C5-S1-N -105.6 87.1 -160.7
C2-S1-N-S2 112.0 -137.9 106.9
C5-S1-N-82 -154.3 116.4 -145.6
S1-N-82-C14 -77.4 64.1 66.5
S1-N-82-01 168.3 179.1 -178.7
S1-N-82-02 38.0 -52.2 -50.5
N-82-C14-C15 117.7 80.7 73.2

%In degrees. ?Estimated standard deviations: le, 0.2-0.6°; 2e,
0.4-1.0°; 3e, 1.0-2.2°,

crystal X-ray diffraction and aromatic solvent induced shift
(ASIS) methods, respectively. In addition, we report
briefly on the results of a theoretical (MNDO) study of

(21) Chu, S. 8. C. Acta Crystallogr., Sect. B 1976, 32, 1583-5.

(22) Ternay, A. L., Jr.; Abbady, M. A,; Martin, G. E.; Watson, W. H,;
Galloy, J. J. Chem. Soc., Chem. Commun. 1980, 846.

(23) Sulfilimine le is the first reported tosylsulfilimine derivative of
a thiophene-like molecule; its synthesis was originally reported as im-
possible, see: Hellwinkel, A.; Fahrbach, G. Justus Liebigs Ann. Chem.
1968, 715, 68-73.

(24) The tosylsulfilimine of phenothiazine (4e) is unstable.
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Table IV. Crystal, Data Collection, and Refinement Parameters

parameter le 2e 3e

formula CypH;gNOS, C; H;;NOsS; C,oH NO,S,

mw (Daltons) 353.47 369.46 385.53

a, 8.009 (1) 10.311 (1) 8.449 (1)

b A 7.189 (1) 13.470 (1) 11.278 (1)

¢, A 14.251 (1) 12.858 (1) 18.626 (2)

a, deg 90 90 90

8, deg 94.31 (5) 105.78 (2) 90

v, deg 90 90 90

V,A 818.2 1718.6 1774.8

space group P2, P2/c P2,2,2,

Z 2 4 4

radiatn, A 0.71073 1.5418 1.5418

temp, °C 22 22 22

#, cm™! 3.3 29.11 38.63

D, g/cm® 1.435 1428 1.443

cryst] dimensns 02%035x 015x03x 015x%X0.2X%
0.4 0.35 0.25

transmssn coeff 0.77-1.12 0.79-1.30 0.87-1.37

A7l gin 0 limits, A 0.087-0.704  0.017-0.626  0.017-0.626

no. data 3825 3575 2108

no. data with 2982 3031 1774

I> zaq (x =5) (x = 3.0) (x =1.8)

no. paramtrs refined 217 227 227

R 0.035 0.043 0.061

R, 0.043 0.059 0.067

P(l/w = a*(F) + 0.01 0.01 0.01

0.25 (pF,)?)

le-3e, which was undertaken in an attempt to shed ad-
ditional light on the conformational preferences of these
derivatives.

Results and Discussion

Molecular conformations of 1e-3e obtained from X-ray
are illustrated in Figures 1-3, respectively. Selected bond
lengths and bond and torsion angles are presented in
Tables I-III. Crystal, data collection, and refinement
parameters are detailed in Table IV.

Molecular Stereochemistry in the Solid State. The
molecular conformations of le-3e vary from planar to
strongly folded. In le, the dibenzothiophene ring system
is essentially coplanar, with the phenyl rings inclined only
3.7°. The corresponding angles in la, 1b, and 1c are sim-
ilarly small at 1.6, 4.4, and 1.1°, respectively. Comparable
bond lengths and angles among la—e are also very similar
(see supplementary material, Table S-I). The sulfilimine
substituent in le is pa’and the S™-N bond is projected
approximately perpendicular to the dibenzothiophene
moiety (torsion angle C-C-SV-N £102°).

In 2e, the phenoxathiin ring system is gently folded in
a “boat” conformation with the phenyl rings inclined 16.9°;
the Cremer and Pople puckering factors?® are @ = 0.267
(3) A, ¢ =179.6 (6)°, and 6 = 104.5 (6)°. Interestingly, 2e
is significantly less folded than 2a (42°) or 2b (28°); com-
parable bond lengths and angles among 2a—e, however,
remain similar (Table S-II). Similarly to le, the substit-
uent in 2e is pa’ with the S™V-N bond nearly perpendicular
(torsion angle C-C-STV-N +88°).

In 3e, the thianthrene ring system is sharply folded in
a pronounced “boat” conformation with the phenyl rings
inclined 52.7° (Q = 0.842 (6) A, ¢ = 179.9 (4)°, and § = 92.9
(4)°). The extent of folding is quite similar to that of 3a
(52°) and 3d (44.3°); bond lengths and angles are again
similar (Table S-ITI). In contrast to le or 2e, however, the
substituent in 3e is pe’ and consequently the STV-N bond
is projected approximately along the line bisecting the
central ring (torsion angle C-C-STV-N £158°).

In all three crystal structures le-3e, the tosyl substituent
is asymmetrically oriented with respect to the vertical

(26) Cremer, D.; Pople, J. A. J. Am. Chem. Soc. 1975, 97, 1354-8.
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s(iv)

Figure 4. Newman ?gojection of SV [(YO”NC] tetrahedra
perpendicular to the S™Y-N bond. Torsion angles (same enan-

tiomers):
bond le 2e 3e
SIV-N-SVi-C 774 64.1 66.5
SV-N-SVL-O/ -168.3 179.1 -178.7
SIV-N-§V1-0” -37.9 -52.1 -50.5

plane bisecting the central ring. The conformations of the
tosyl groups about their respective SY-N bonds (64-77°,
Figure 4) fall within the range observed for numerous
similar N-substituted arenesulfonamides.?® This con-
sistency suggests that crystal packing and/or intermole-
cular interactions are only minimally important to the tosyl
group orientation. Examination of nonbonded contacts
indicates that there are no short intermolecular contacts
involving S or O atoms; however, there are several short
intramolecular contacts between sulfony! oxygens and peri
hydrogens.

Molecular Conformations in Solution. The aromatic
solvent induced shift (ASIS?) 'H NMR technique has been
extensively utilized for the determination of the confor-
mations of a number of derivatives of 2a,'2 3a,! and oth-
ers'8192 in golution. Specifically, C¢Dg induces an upfield
shift of the proximal peri protons vs CDCl; when solvating
substrates with pa’substituents and a downfield shift when
solvating substrates with pe’substituents. In nonseverely
interacting solvents, the solution conformation generally
matches the solid state.?!

ASIS analysis confirms that the substituent orientations
of 1e-3e are maintained in solution (le, dcpcy, — O¢,p, =
+0.46 ppm; 2e, +0.18 ppm; 3e, —0.13 ppm) (T;’ble S-\}I).
ASIS analysis has (apparently) not been previously applied
to derivatives of 1a; however, the upfield shift is consistent
with a pa’substituent?” and the sulfoxide (1b, also pa’in
the solid state'”) gives a comparable upfield shift (3cpc,
— dcyp, = +0.39 ppm). The induced shifts of 2e and 3e are
smaller than their corresponding sulfoxides (2b, +0.26
ppm;'2 3b, —0.3 ppm14),

MNDO-Derived Structures. MNDO-derived struc-
tures deviate significantly from the X-ray structures, e.g.,
in 2e and 3e, the extent of folding is underestimated by

(26) Kélmén, A.; Czugler, M.; Argay, G. Acta Crystallogr., Sect. B
1981, 37, 868-77.

(27) Evans, S. A.; Ternay, A. L., Jr. J. Org. Chem. 1975, 40, 2993-5.

(28) (a) Ternay, A. L., Jr.; Craig, D.; O'Neal, H. R. J. Org. Chem. 1980,
45, 1520~1. (b) Ternay, A. L., Jr.; Herrmann, J.; Hayes, B. A.; Joseph-
Nathan, P. J. Org. Chem. 1980, 45, 189-90.

(29) This assumes that the conformations found in the crystal struc-
tures are in fact the lowest energy conformers; it is possible that such is
not the case. Additional work in this series, however, indicates that the
pe’ conformers of 5e and 6e are both calculated to be slightly thermo-
dynamically more stable than their respective pa’ conformers (in agree-
ment with their expected pe’conformations). These findings suggest that
the resuits are not merely fortuitous, but rather that MNDO is—albeit
poorly—giving an assessment of the most stable conformer.

(30) A definitive statement requires ASIS analysis of a pe’derivative
of la; to our knowledge, none have been reported.

(31) Dewar, M. J. S.; Reynolds, C. H. J. Comput. Chem. 19886, 7, 140-3.
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Figure 5. MNDO-derived geometry of 2e (note: le and 2e display
similar symmetry).

a factor of at least 2. In addition, the substituents are
symmetrically oriented along the vertical plane bisecting
the central ring, i.e., the most favorable orientation in the
gas phase (Figure 5). The estimates of the carbon skeleton
framework are reasonable; however, estimates of the var-
ious bond lengths and bond angles involving
heteroatoms—particularly in the sulfonylsulfilimine
moieties—are much less accurate, differing by as much as
0.1 A and 8.5° from the solid state structures (Tables
S-VIII, -IX, and -X).

MNDO-calculated AH—providing a theoretical estimate
of the relative thermodynamic stabilities of the pa’vs pe’
conformers—suggest that the conformations observed in
the crystal structures are thermodynamically favored
(AAH; le, (spontaneous convergence to pa’); 2e, 0.66 kcal
xsnol‘1 favoring pa* 3e, 0.76 kcal mol™ favoring pe)® (Table

-V).

Involvement of Sulfur(IV) in »-Conjugation and
Heteroaromaticity. I. S Aromaticity in S-Substituted
Dibenzothiophenes. The pa’substituent orientations in
1b-e precludes r-conjugation with the remaining S™V lone
pair. Within the limits of precision of this study, the SV-C
bond lengths and C-SIV-C angles are insensitive to the
nature and size of the substituent (Tables S-I and -II) and
there is no significant bond alternation in the phenyl rings;
these findings certainly arise in part from the severe con-
formational constraints imposed by the interannular
bridge.

I1. Heteroaromaticity in 2e and 3e. As partial ylides,
the fully aromatic dipolar resonance forms 2e’ and 3¢’ may
contribute to the resonance stabilization of 2e and 3e.
However, while the MNDO-derived structures—with
shortened S™V-C and S™-C or O—C bond lengths and sig-
nificantly reduced folding (Tables S-VIII, -IX, and -X)—
imply strong contributions from these forms, they are
clearly not significant in the solid-state structures.

+
L0
S/
|
N

" tosyl
20, X=0
3¢, X=8

Klein et al.

III. O Aromaticity in S-Substituted Phenoxathiins.
As in 1b-e, the pa’substituent orientation precludes -
conjugation with the remaining STV lone pair. However,
the oxygen bridge results in much greater conformational
flexibility. The shortened C—O separations (1.364 A) and
increased C—0-C bond angles (121.8°) are suggestive of
sp? hybridization, and the angle of inclination between the
phenyl rings (16.9°) is much less than in either 2a (42°)
or 2b (28°). These results suggest that the bridging oxygen
atom (but not STV) is at least partially involved in #-con-
jugation.

IV. S Aromaticity in S-Substituted Thianthrenes.
Although the pe’ substituent orientation would allow
conjugation by the remaining SIV lone pair, the sharply
folded conformations observed in 3b—e—each comparable
to 3a—precludes significant m-conjugation through either
sulfur atom.

Conclusions

(A) S monosubstitution with a tosylsulfilimine moiety
results in derivatives with conformations similar to other
S-monosubstituted derivatives, e.g., sulfoxides or methy-
lides. Although the existing data set is limited, the con-
sistency in the results to date—ranging from small to large
substituents—suggests a more general rule, i.e., that all
S-monosubstituted derivatives of an individual tricyclic
6,6,6 diaryl sulfide will have similar conformations.

(B) The solid-state substituent orientations of the sul-
filimines are matched in solution, as shown by the ASIS
technique. As there do not appear to be any reported
exceptions, these results also suggest a more general rule,
i.e., that the solution conformations of all S-monosubsti-
tuted derivatives of 1-6 will match their solid-state con-
formations. The ASIS technique may be valid for sub-
stituted dibenzothiophenes.®

(C) MNDO calculations are deficient in estimating the
structures of the sulfilimine derivatives; in general, the
defects in the theoretical models appear to arise from
imposition of overly aromatic character in the heterocyclic
rings and poor parameterization of SV and S! species.?!
Comparisons of the AH; of the pa’ vs pe’ conformers of
S-monosubstituted derivatives of 2-6 may be valid in
predicting molecular conformations.?2

(D) In 2e and 3e, the presence of the lone pair donors
at the opposite meso position does not provide significant
resonance stabilization via the fully aromatic dipolar va-
lence tautomers.

(E) The substituent orientation of 1-3 appears to be
dictated by the degree of folding and the clear preference
for the remaining lone pair on S¥ to avoid 7-conjugation
with the adjacent phenyl rings. If the heterocyclic ring
system is approximately planar (1, 2), the substituent
orients pa’, thereby precluding 7-conjugation; if the het-
erocyclic ring system is sharply folded (3), the remaining
lone pair on STV cannot conjugate regardless of substituent
orientation, and steric and intramolecular interactions are
dominant.

Experimental Section

Instrumentation. 'H NMR spectra were recorded at 300 MHz
on a Bruker AM-300 WB NMR spectrometer; MeSi was utilized
as an internal calibration standard. X-ray single-crystal diffraction
data were collected at 22 °C on an Enraf-Nonius CAD-4 four-circle
computer-controlled diffractometer using graphite-mono-
chromated Mo K, radiation for le and Cu K, radiation for 2e
and 3e. In each case, the lattice parameters and their standard
deviations (Table IV) were determined by least squares from the

(32) R. F. X. Klein, this lab, work in progress, see ref 29.
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setting angles of 25 reflections. Data were corrected for Lorentz
and polarization effects and for absorption by means of DIFABS®
(based on spherical polar angles); the phase problems for all
structures were solved directly, using MULTAN.* Hydrogen
atoms were entered in calculated positions with isotropic tem-
perature factors 1 A? greater than that of the carbon atoms to
which they are bound. Atomic scattering factors were taken from
standard tables.®® Enantiomorphs for le and 3e were not de-
termined; however, the internal consistency of the pairs of
chemically equivalent bond lengths and angles in each structure
and the congruency of bond lengths and angles with other mem-
bers of the family is sufficient evidence that neglect of enan-
tiomorph determination has not led to systematic errors in me-
trical details that might compromise the conclusions reached in
this study. In 3e, the quality and extent of the data are such that
anomalous scattering by S (under Cu K, radiation) is barely
significant. In le, where the X-ray diffraction data set is more
extensive than for 3e, the anomalous scattering by S (under Mo
K, radiation), while (in principle) detectable, would lead to
differences in bond lengths of no more than a few thousandths
of an A, a perturbation much less than that (0.05 A, or >50) for
which we have perceived structural differences to be significant.

Molecular Orbital Calculations. MNDO¥ calculations were
performed with use of the MOPAC¥ program on a VAX 11/750
VMS computer. Initial bond lengths and angles were obtained

(33) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A 1983, 39, 158~66.

(34) Main, P; Hull, S. E.; Lessinger, L.; Germain, G.; Declercq, J.-P.;
Woolfson, M. M. MULTAN 78, A System of Computer Programs for the
Automatic Solution of Crystal Structures from X-ray Diffraction Data,
Universities of York, England and Louvain, Belgium, 1978.

(35) International Tables for X-Ray Crystallography, Vol. III; Ky-
noch Press: Birmingham, England, 1982,

(36) Dewar, M. J. S.; Thiel, W. J. Am. Chem. Soc. 1977, 99, 4839-907.
For a more recent update and review, see: (b) Dewar, M. J. S. J. Mol.
Struct. 1988, 100, 41-50. For general overviews, see: (a) Sadlej, J.
Semi-Empirical Methods of Quantum Chemistry; Ellis-Horwood, Ltd.:
Chicester, 1985. (b) Clark, T. A Handbook of Computational Chemistry;
Wiley-Interscience: New York, 1985; Chapter 4.

(37) MOPAC (MNDO version 3.00; QCPE publication #455); Stewart,
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When provision is made for removal of coproduct hydrogen sulfide, the reaction of sulfur with methyl p-toluate
(MPT; 1) at 280 °C leads to 70+ % yields of the product dimethyl trans-4,4'-stilbenedicarboxylate (DMSC, 2)
if conversion of the MPT is restricted to ca. 10%. Diphenyl ether or excess MPT serves as the reaction solvent.
Other products of the reaction include dimethyl 4,4’-bibenzyldicarboxylate (DBD, 3), 1,2,3-tris(4-carbometh-
oxyphenyl)propane (4), 1,2,3-tris(4-carbomethoxyphenyl)propene (5; mixture of E and Z isomers), and 2,3,4,5-
tetrakis(4-carbomethoxyphenyl)thiophene (6). The products are consistent with the reversible formation of
4-carbomethoxybenzyl radicals from sulfur and MPT where removal of the hydrogen sulfide drives the reaction

forward.

Introduction
It has been known since early in this century that at least
small quantities of stilbene can be isolated from the re-
action products of toluene and sulfur! and that other aryl

methanes are coupled by sulfur to the corresponding 1,2-
diarylethylenes.?2 Processes for carrying out this reaction
efficiently on toluene were described in a patent by Bhasin
and Williamson.? Toland demonstrated that toluenes

(i)ssAronstein, L.; van Nierop, A. L. Recl. Trav. Chim. Pays-Bas 1903,

1,

(2) Friedman, W. Ber. 1916, 49, 277, 1334, 1352, 1551.
(3) Bhasin, M. M.; Williamson, K. D. U.S. Patent 3548018, 1970.
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