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The proton and carbon-13 nmr spectra of thioxanthone sulfoxide, thioxanthone sulfone, thioxanthonium
bis(carbomethoxyl)methylide and thioxanthonium bis(carbomethoxyl)methylide S-oxide are assigned using
2-D nmr techniques and compared to those of thioxanthone. The pseudo-equatorial methylide fragment
shields C4a/5a by ~ 11 ppm relative to the corresponding sulfoxide and by ~ 4 ppm relative to thioxanthone.
The pseudo-axial methylide fragment in the oxysulfonium ylide has the same effect upon C4a/5a as does the
pseudo-axial oxygen of the corresponding sulfone. The sulfoxide and the sulfonium ylide have similar
chemical shifts for C2/7 (~131 ppm) as do the sulfone and oxysulfonium ylide (~ 133 ppm).
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Introduction.

For a number of years we have conducted a detailed
study of the stereochemistry and reactivity of many so-
called *°6,6,6” tricyclic heterocycles [1]. These systems in-
cluded phenothiazine, thioxanthene, thioxanthone,
phenoxathiin and so forth. Our interest in such structures
has been stimulated, in part, by the extensive biological
activity associated with heterocycles of this type. Included
in such biologically active molecules are neuroleptic
agents such as chlorpromazine, thioridazine, and thio-
thixene. These substances are well known pharmacological
agents and have been the focus of structure-activity rela-
tionship studies [2].

In spite of continuing efforts, there remains an inade-
quate understanding of the role of electronic and confor-
mational effects upon the pharmacological activity of such
compounds. However, it is clear that the efficacy of these
heterocycles as antipsychotic agents is strongly dependent
upon (a) the nature of the atoms(s) between the aryl rings
(i.e., at the meso positions) and (b) the presence and nature
of a substituent para to the meso positions. When sulfur
occupies a meso position, one very reasonable assumption
is that a substituent para to it alters electron density in the
ring to which it is bonded and, additionally, at sulfur. The
ability of a substituent to influence bonding between this
sulfur and atoms bonded to sulfur but not a part of the
ring system (e.g., the methylide carbon of a sulfonium
ylide) has only recently been demonstrated [3]. Further-
more, we have recently shown that the C2 substituent ex-
erts an effect upon the “‘unsubstituted’’ aryl ring and, in
particular, influences the electron density at C6 and C7 of
the thioxanthone ring system [4].

In the past we have examined the effect of the oxidation
state of sulfur upon spectroscopic properties of sulfur-
containing heterocycles. Recently, we have focused upon

the nature of sulfonium ylides and oxysulfonium ylides
derived from sulfur-containing 6,6,6-tricyclic heterocycles.
This has led us to investigate the similarities/dissimilar-
ities of these ylides with the corresponding sulfoxides and
sulfones. In this manuscript we report the complete proton
and carbon chemical shift assignment for various oxida-
tion states of thioxanthone. The compounds studied in-
clude the divalent sulfur species thioxanthone (1), the
trivalent species thioxanthone sulfoxide (2) and thioxan-
thonium bis(carbomethoxy)methylide (3) and the tetra-
valent species thioxanthone sulfone (4), and thioxan-
thonium bis(carbomethoxyl)methylide S-oxide (5).
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Results and Discussion.

Chemical shift assignments were made via the use of
two different variations of two-dimensional '*C-'H
chemical shift correlated spectra [5,1a). These two-dimen-
sional nmr techniques indicate which protons are coupled
to a given '*C resonance, and can be optimized so as to
correlate *C signals with their attached proton(s) (CSCM
spectrum), or to protons several (usually 3) bonds removed
(LROCSCM, i.e., Long-Range Optimized CSCM).

CSCM spectroscopy is useful for several reasons. First,
it separates *C or 'H signals with similar chemical shifts
into distinct responses. Thus, chemical shifts of individual
resonances are determined more easily than by the use of
conventional spectra, especially if overlapping coupled
proton signals are present. Second, CSCM spectroscopy
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facilitates proton chemical shift assignment if the assign-

ments of the *C resonances are known, or vice-versa. In e
addition, the “‘multiplicity’’ of the response in the contour o
plot of the CSCM experiment often is the same as the ”“s

gross multiplicity (e.g., from ortho 'H-'H couplings) of the

proton signal that corresponds to that response. This can

6

aid in distinguishing between otherwise permutable o2

chemical shift assignments.

The analysis of the spectra of 5 is typical and is
presented below.
The initial step in the assignment of proton and carbon
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chemical shifts involved the correlation of the carbonyl
carbon (C9) to proton(s) on the aryl ring. This was done by
employing an LROCSCM experiment that was optimized
for three-bond C-H couplings. Therefore, only the proton
at C1 (H1) would be expected to correlate with the C9

resonance.

The carbonyl carbon (177.02 ppm) shows only one three-

bond correlation and that is to the proton resonance at
8.34 ppm, identifying the source of the 8.34 ppm signal as O\ /O
S

H1. The CSCM spectrum shows that a carbon resonance at
128.92 ppm correlates with H1 through a one-bond coupl-
ing, defining that carbon as C1. Two other carbons should

o” Yo
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correlate to H1 vig a three-bond coupling, C3 and C4a. In-
deed, two such correlations to H1 are observed in the
LROCSCM spectrum - one at 134.37 ppm and the other at
140.06 ppm. One of these two carbons is a quaternary car-
bon and lacks a C-H one-bond coupling; consequently, it
should not appear on the CSCM spectrum. Indeed, the
resonance at 140.06 ppm is absent from this spectrum,
identifying it as C4a. The other quaternary carbon, Cla, Figure 1. Proton and carbon chemical shifts.
must give rise to the signal at 131.15 ppm. This leaves C3
to be assigned to the resonance at 134.37 ppm. In turn, the
CSCM spectrum leads to the assignment of the resonance

at 7.84 ppm to H3.

The remaining peaks at 133.92 ppm and 125.53 ppm in
the CSCM spectrum show responses that are a “‘triplet’
and “‘doublet”, respectively. The peak at 125.53 ppm
must therefore be C4, the attached proton (H4) being split
into a doublet by H3. The remaining resonance, 133.92
ppm, is assigned to C2. The CSCM spectrum then gives haandl
assignments of H4 and H2. The responses of C1 and C3
are also a doublet and a triplet, respectively, supporting

this interpretation.

The same type of analyses led to the carbon and proton
chemical shift assignments of the remaining compounds.
The results are summarized in Figure 1. The 'H assign-
ments for 1 agree with literature values [6]. The °C assign-

ments resulting from our studies indicate that the previ- ! ‘
ously reported assignments of 1 [7] are correct except that R T o TR S
C2 and C4 assignments were transposed [8]. The spectrum R : '
of 1 used to reach this conclusion is shown in Figure 2.
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Figure 2. The CSCM spectrum of thioxanthone.
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The discussion of these data begins with a comparison
of 1, its sulfoxide, 2, and its sulfone, 4.

Thioxanthones are, as a group, essentially planar [9].
The carbonyl stretching frequency of thioxanthone is
quite low, occurring at 1643 cm™ [10,11]. These data in-
dicate that resonance contributor 1b plays a substantial
role in describing the electron distribution within the
ground state of 1 [12].
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The extent that 1b contributes to the electronic struc-
ture of 1 depends upon the electron donating ability of the
sulfur atom. Oxidizing a sulfide to a sulfoxide will reduce
the electron donating ability of the sulfur, resulting in an
increased contribution of resonance forms analogous to 1a
for 2. In a tetracoordinate sulfur species such as 4 there
are no electron pairs to donate so that a contributor such
as 1b is impossible. This view is supported by the follow-
ing data.

X-Ray crystallographic analysis shows the dihedral
angle of 2 to be 155.7° {13). This is consistent with some
loss of aromaticity in the central ring of 2, which removes
the demand that this ring (and therefore the entire hetero-
cycle) be planar. The carbonyl stretching frequencies of 2,
1667 cm™, and 4, 1679 cm™, indicate an increase in C - O
double bond character in passing through the series 1, 2,
4. This is completely consistent with a decrease in sulfur’s
electron-donating ability as lone-electron pairs on sulfur
are replaced by atoms.

The C2,7 carbon chemical shift is a good probe of the
electron donating/withdrawing ability of the sulfur func-
tionality. These positions are as far removed from sulfur as
is possible in this system, thus minimizing anisotropic ef-
fects arising from the substituent bonded to sulfur.
However, its location para to the point of attachment of
sulfur results in maximal sensitivity to electronic
(resonance) changes in the aromatic rings induced by
changes in the groups attached to sulfur. Since C2,7 is
meta to the carbonyl group it will be relatively unaffected
by changes in the nature of the carbonyl group.

For comparison purposes, Figure 1 also presents the 13C
chemical shifts for diphenyl sulfide (6), diphenyl sulfoxide
(7), and diphenyl sulfone (8) [14). In the thioxanthone
series, the C2,7 chemical shift goes downfield from 126.23
ppm in 1 to 131.32 ppm in 2 and to 133.11 ppm in 4.
These changes are similar to those experienced by C4 in
passing through the series 6, 7, and 8 (127.0 ppm, 131.0
ppm, and 133.2 ppm, respectively). The '*C chemical shifts
of C2,7 of 1 and C4 of 6 attest to the electron donating
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ability of the sulfide group, these values being shifted up-
field compared to benzene (128.5 ppm in deuteriochloro-
form). The '*C shifts listed for compounds 2, 4 and 7, 8 in-
dicate that (a) the sulfonyl is a more potent electron-with-
drawing group than is the sulfoxide and (b) both are
electron-withdrawing relative to sulfide. Therefore, it is
reasonable to expect that resonance structures similar to
1b contribute much less to the electronic structures of 2
than of 1.

The chemical shift of C3 in the series 6, 7, 8, is essen-
tially constant (129.2 + 0.1 ppm). This is consistent with
its location meta to the sulfur, since resonance interac-
tions between meta groups are minimal. This suggests that
the chemical shift of the analogous carbon in the thioxan-
thone series should be constant. However, the resonance
of C3,6 in 1, 2 and 4 shifts downfield from 132.19 ppm in 1
to 133.67 ppm in 2 to 134.53 ppm in 4. Since C3,6 is meta
to sulfur, and para to the carbonyl group, it is quite
reasonable that instead of being affected directly by
changes ‘in the sulfur group, C3,6 is being affected by
changes induced in the carbonyl group in the series 1, 2,
and 4.

The changes seen in the C3,6 resonance are consistent
with the contention that the resonance form analogous to
1b contributes less to the structure of 2 than of 1 and not
at all to the structure of 4. As the significance of resonance
form 1b decreases, the carbonyl group develops more dou-
ble bond character. Concurrent with this change is an in-
creased ability of the carbonyl group to withdraw electron
density from the aryl ring (rather than from sulfur). This is
because the now “‘normal’’ carbonyl group can participate
in resonance interaction with the aryl rings and accept
electron density, whereas the charge-separated carbonyl
group present in 1b cannot.

It can be seen that the C9 (carbonyl) *C chemical shift
is not a good probe of S-substituent effects. It neither
changes in any regular fashion as the sulfur group
changes nor correlates, even approximately, with any
other parameters that would be expected to be a reason-
able probe of the S-substituent effects. For example, 2, 3,
benzophenone (9) [15], and anthrone (10) have approx-
imately the same carbonyl stretching frequency, ~ 1665
cm™'. However, this same series exhibits a range of car-
bonyl *C chemical shifts from 177.7 to 196.1 ppm [16].
Furthermore, both 1 and 2 have similar carbonyl 3C
chemical shifts (179.8 + 0.1 ppm) but vastly different car-
bonyl stretching frequencies (1643 cm™ and 1667 cm™,
respectively). Additionally, as the oxidation state of sulfur
is changed, the C9 chemical shift does not change in a way
which directly correlates with the change in the C2,7
chemical shift. We conclude that the C9 chemical shift is
influenced by several factors, rendering it of questionable
utility in assessing S-substituent effects in thioxanthones.
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A comparison of the spectra of thioxanthonium bis(car-
bomethoxyl)methylide (3) and thioxanthonium bis(carbo-
methoxyl)methylide S-oxide (5) also is instructive.

Comparing the C2,7 resonances indicates that the ylide
fragment is essentially equivalent to an oxide fragment in
terms of nmr effects upon conjugated, remote positions.
This conclusion stems from the fact that the C2,7
resonances of 2 and 3 are very close to each other (131.32
and 131.13 ppm, respectively) as is the case for 5 and 4
(133.92 and 133.11 ppm, respectively). These shifts in-
dicate that the sulfur groups in these two sets of com-
pounds have similar electron-withdrawing abilities.

Other comparisons between the spectra of 3 and 5 and
the spectra of 2 and 4 are more difficult because the ylide
fragment in 3 is in the pseudo-equatorial position whereas
the ylide fragment in 3 is pseudo-axial. This is evidenced
by the differences in ylide carbon chemical shift, 61.2 ppm
in 3 versus 70.6 ppm in 5. These ylide carbon chemical
shifts are consistent with values for structurally related
ylides with the same geometries [17]. The resonances of
the methylide fragment of 3 are broadened compared to
that of 5. This is also consistent with pseudo-equatorial
location of the ylide fragment in 3 [18].

The difference in location of the ylide fragment cannot
be discounted when comparing these spectra. In par-
ticular, C4a,5a is close enough to the ylide group that the
difference in ylide geometry may influence these
resonances. The unusual upfield shift of C4a,5a in 3 in-
dicates that the equatorial ylide group shields C4a,5a
relative to 1, whereas, these carbons are deshielded in 2.
When the methylide fragment is removed to the a’ posi-
tion this effect is diminished (compare 4 and 5). Conse-
quently, this effect is considered by us to be due to
anisotropic effects rather than inductive effects. As an ex-
ample of this, the C4a,5a resonance in 3 is only shifted up-
field ~0.7 ppm compared to 4, which indicates that the
ylide group is not any less electron-withdrawing than a
sulfoxide group.

Further work is underway to investigate the effect of the
ylide group on the spectra of the aryl carbons. At this
point, however, we must conclude that the sulfonium ylide
fragments under investigation are analogous to the
sulfinyl group with regard to electron withdrawing/induc-
tive effects. However, the anisotropic effects of these
groups clearly are different [19].

The above discussions exemplify one of the important
advantages that 2-D nmr spectroscopy has compared to
conventional techniques. This is that at no time during the
chemical shift assignment process were any chemical shift
arguments used; all assignments were made using infor-
mation from the 2-D spectra alone. This is significant
because it provided chemical shift assignments that were
not biased by any expectations regarding electron
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donating/withdrawing properties of the sulfur-containing
moieties. Furthermore, assignments were not biased by ex-
trapolations of data from related heterocycles. Therefore,
such properties could be assessed accurately. This, coupl-
ed with the fact that some of the compounds studied had
resonances too close to each other to be assigned by sim-
ple means, explains the need for using 2-D spectroscopy
even for such apparently simple compounds.

EXPERIMENTAL [20]

Compounds 1-4 were prepared according to previously reported
methods [21]. All compounds had purities of >97% as determined by
hple [22].

Thioxanthonium Bis{(carbomethoxyl)methylide S-Oxide (5).

A dry 250 ml 3-necked round bottom flask was fitted with a thermom-
eter, nitrogen inlet, magnetic stirring bar, and condenser connected to a
mineral oil bubbler. After purging with nitrogen for 10 minutes, the flask
was charged with 10.25 g (44.96 mmoles) of thioxanthone sulfoxide, 7.9 g
(50 mmoles) of dimethyl diazomalonate [23], 1.0 g (6.3 mmoles) of
anhydrous copper(lI) sulfate, and 100 ml of dry toluene. The reaction was
initiated by heating the stirred mixture to 100° for a few minutes [24).
The mixture then was stirred for one hour, at each of the following
temperatures (sequentially): 60, 70, 75, and 85°. The reaction mixture
then was cooled to 50°, diluted with 10 ml of chloroform, and immediate-
ly filtered while hot through a bed a Celite. Upon cooling, the filtrate
yielded a precipitate which was removed by filtration [25]. The resulting
filtrate was concentrated in vacuo to half its volume to afford 6.71 g
(41%) of a yellow solid, mp 183-185.5°. Recrystallization from benzene-
ethanol (50/50, v/v) removed some yellow crystals (impurities) as a
precipitate [26]. The resulting filirate was left to partially evaporate over-
night and the crystals which formed recrystallized from benzene-ethanol
(50/50, viv) to afford 3.0 g (19%) of yellow crystals, mp = 184-185°; ir
(Nujol): 1675, 1575, 1183, and 1100 cm™; 'H nmr (deuteriochloroform): &
8.50-8.25 (m, 4 H), 7.90-7.65 (m, 4H), 3.56 (s, 6 H); ms: m/z 358 (M*), 228
(Base).

Anal, Caled. for C,,H,,0,S: C, 60.32; H, 3.94. Found: C, 60.57; H, 3.90.

One-Dimensional Spectra.

All spectra were obtained using saturated deuteriochloroform solu-
tions, prepared at 20°, of each compound in 12 mm tubes. Typical
parameters for 'H spectra were: 30° tip angle, 8K data points, 2400 Hz
sweep width, quadrature detection, 16 transients, a 2-3 second recycle
delay, and a digital resolution of 0.6 Hz. Typical *C parameters were:
30° tip angle, 16K data points, 12,048 Hz spectral width, quadrature
detection, broad-band, bi-level 'H decoupling, a 3-5 second recycle delay,
1 Hz line broadening, and a digital resolution of 1.5 Hz.

2-D Spectra.

The pulse sequence employed for CSCM and LROCSCM spectra is
described by Bax [5]. Phase cycling was employed to achieve quadrature
detection in both dimensions and the coherence transfer echo was
detected. The data were displayed as contour plots in the absolute value
mode. Typical parameters are as follows: °C spectral widths were bet-
ween 500-900 Hz for CSCM and 3200 Hz for LROCSCM; proton spectral
widths used were 400-500 Hz. Between 70-128 blocks of 1K or 2K data
points were acquired. Processing was done using exponential and/or dou-
ble exponential multiplication for the t2 dimension. Processing of the t1
dimension included zero-filling to 256 data points followed by ap-
propriate signal conditioning (see above). Mixing delays A, and A, for
CSCM spectra were 3.3 mseconds and 2.0 mseconds (J = 150 Hz). Corre-
sponding delays of 50 mseconds and 30 mseconds (J = 10 Hz) were used
for LROCSCM spectra [27].
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