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A series of sulfonium ylides has been prepared by the reaction of 9-alkylidenethioxanthenes with dimethyl

diazomalonate. The e’ electron pair on sulfur is more efficient than the a’ in trapping the

““carbenes’’

generated by copper(l]) catalyzed decomposition of diazo compounds. Consequently, e’ ylides are the kineti-
cally-controlled reaction products. Varying the C2 substituent does not alter this.

Sulfides and sulfonium ylides containing the isopropylidene moiety do not undergo rapid ring inversion.
Rotation about the S*-C™ bond occurs in the pseudo-axial conformation but not the pseudo-equatorial. The
use of the anisochronicity of portions of the malonylide fragment as a criterion for heterocyclic ring inver-
sion is presented. It is suggested that the sulfoxides of phenothiazine, phenoxathiin, thianthrene, and related

sulfoxides, undergo rapid ring inversion.

J. Heterocyclic Chem., 22, 1261 (1985).

Introduction.

9,10-Dihydroanthracene (1) is folded about an imagina-
ry line containing its meso positions (C9,C10). The same is
generally true of its heterocyclic analogs. Thus most of
these systems adopt a geometry in which the central ring
exists in the classic “‘boat’ form. As a consequence, sub-
stituents at the meso positions may occupy either the
pseudo-axial (a") or the pseudo-equatorial (e’) position.
These two positions are diastereotopic and moieties bond-
ed to them are expected to have different spectral proper-
ties, different chemical reactivity, and so forth. An a’ bond
is essentially parallel to the aryl 7 clouds while an e’ bond
is essentially orthogonal.

H pseudo-axial

H
pseudo-equatorial
< ) ’

The Geometry of 9,I0-Dihydroanthracene

Generally, compounds of this type containing unsubsti-
tuted outer rings undergo rapid ring inversion at room
temperature. It was impossible, for example, to alter the
appearance of the methylene singlet of thioxanthene 2
even at —120° (at 100 MHz) [1]. It is reasonable that thi-
anthrene 3 and thioxanthone 4 also have low barriers to
ring inversion [2]. Indeed, since the thioxanthone ring sys-
tem is nearly planar, its barrier to ring inversion should be
quite low. The reason for these low barriers is that the ma-
jor source of increased energy in the transition state for in-
version is angle strain; bonds need not pass by one ano-
ther during the ring inversion process.

Ring inversion in these systems exchanges e’ and a’ sub-
stituents.

Many sulfur-containing analogs of 1 exhibit valuable
pharmacological activity. Thus chlorpromazine (a pheno-
thiazine) and thiothixene (an alkylidenethioxanthene) are
both neuroleptic agents. As part of a continuing study of
the stereochemistry of such systems, and the relationships
between molecular geometry and biological activity, we
have begun to examine the stereochemistry and spectral
properties of ylides derived from these heterocycles [3].
These studies offer among other things, the opportunity to
study the effect of ring substituents upon moieties bonded
to sulfur. This appears to be necessary to fully compre-
hend the action of such drugs since most have substituents
on a ring para to sulfur (i.e., C2 in 2.4). While it has been
suggested that these substituents alter the electronic
nature of such sulfur atoms, there is a paucity of informa-
tion about precisely which properties are altered--and how
they are affected [4].

CHZCHZCHZN(CH::,)Z CHCH2

Chlorpromazine Thiothixene

This report describes the synthesis and presents the
conformational analysis of ylides derived from alkylidene-
thioxanthenes. The work addresses, among other things,
the relationship between ring inversion and (a) the nature
of the alkylidene fragment and (b) $*-C™ bond rotation in
these systems. Further, it notes the greater reactivity of e’
electron pairs in these systems towards copper-stabilized
carbenoids prepared by the method of Ando [5].
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Results and Discussion.
Syntheses.

All of the thioxanthones used in this study ahve been de-
scribed in the literature [6]. 2-Methylthioxanthone (3) and
2-methoxythioxanthone (6) were prepared in about 80%
and 50% yield, respectively [6a,7]. This represents the
range of yields. Thioxanthone, 4, and 2-chlorothioxan-
thone are commercially available.

The necessary alkenes were prepared by the reaction of
the appropriate thioxanthone and Grignard reagent fol-
lowed by immediate dehydration of the alcohol [8]. While
several dehydration procedures were tried (eg., phospho-
rus pentoxide and thionyl chloride), the most generally
successful one involved the use of cold, concentrated sulf-
uric acid.

The ylides were prepared by reaction of the appropriate
sulfides with dimethyl diazomalonate using anhydrous
copper(Il) sulfate as a catalyst and toluene as the
“solvent’”. This process, based upon the work of Ando [5],
afforded the ylides in 60-98% yields (isolated). The isome-
ric cyclopropanes were not detected by nmr but these
might have been present at concentrations of less than
about 5%. The ylides, once separated from insoluble (inor-
ganic) materials, were recrystallized from any of several
(including ethanol
mixture). There was no evidence for decomposition or

solvents and a benzene-hexane
isomerization during recrystallizations. However, traces of
ethanol sometimes had to be removed with the aid of an
Abderhalden drying pistol (charged with phosphorus pent-
oxide and warmed to 40-50°),
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Table 1 summarizes the synthetic results for methylid-
enethioxanthene (7), ethylidenethioxanthene (8), propyl-
idenethioxanthene (9), and isopropylidenethioxanthene
(10). The syntheses, described in detail in the experimen-
tal section, are derived from the work of Sindelar [9] and
of Tamura [10].

Table 1
Synthesis of 9-Alkylidenethioxanthenes

X\C/Y
LI
Compound X Y % Yield Mp, (°C)
7 H H 92 oil
8 H CH, 74 oil
9 H C,H; 82 oil
10 CH, CH, 75 85-87

It is convenient to consider separately the aryl-substitut-
ed isopropylidenethioxanthenes prepared for this study. A
summary of pertinent synthetic information is found in
Table 2 for 1,4-dimethyl-9-isopropylidenethioxanthene
(11), 2,4-dimethyl-9-isopropylidenethioxanthene (12),
2-methyl-9-isopropylidenethoxanthene (13), 2-chloro-9-iso-
propylidenethioxanthene (14), 2-bromo-9-isopropylidene-
thioxanthene (15), and 2-methoxy-9-isopropylidenethio-
xanthene (16).
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Finally, pertinent data for the following ylides is found
in Table 3; 9-methylidenethioxanthenium bis(carbometh-
oxy)methylide (17), 9-ethylidenethioxanthenium bis(carbo-
methoxy)methylide (18), 9-propylidenethioxanthenium
bis(carbomethoxy)methylide (19), 9-isopropylidenethio-
xanthenium bis(carbomethoxy)methylide (20), 1,4-dimeth-
yl-9-isopropylidenethioxanthenium bis(carbomethoxy)-
methylide (21), 2,4-dimethyl-9-isopropylidenethioxanthe-
nium bis(carbomethoxy)methylide (22), 2-methyl-9-iso-
propylidenethioxanthenium bis(carbomethoxy)methylide
(23), 2-chloro-9-isopropylidenethioxanthenium bis(carbo-
methoxy)methylide (24), 2-bromo-9-isopropylidenethioxan-
thenium bis(carbomethoxy)methylide (23), 2-methoxy-9-
isopropylidenethioxanthenium bis(carbomethoxy)methyl-
ide (26).

Table 2

The Synthesis of 9-Isopropylidenethioxanthenes

Stereochemistry of Sulfonium Ylides

1263

NMR Spectra.

The proton magnetic resonance spectra of the sulfon-
ium ylides and their progenitor sulfides are summarized in

Tables 4 and 5.

The most striking characteristic of these spectra is the
appearance of the methoxy resonance(s) and their relation-
ship to the substituent at C9. Thus, when C9 is methylid-
ene, ethylidene or propylidene (17-19, respectively), the
two methoxy groups are isochronous, appearing as a sharp
singlet near 3.6 ppm. This resonance is not very sensitive
to the nature of the alkylidene group in the series 17-19.
These values are close to the methoxy resonance for thio-
xanthonium bis(carbomethoxy)methylide (27) reported
under conditions of rapid S*-C~ bond rotation [11]. These
results suggest, among other things, that these systems all
have approximately the same geometry.

It has already been demonstrated that the C-13 chemic-
al shift of the methylide carbon of ylides derived from
thioxanthenes (and related heterocycles) can be used to as-
signed conformation to the malonylide fragment [3]. Thus,
e’ ylides containing e’ malonylide fragments were found to
resonate near 50 ppm while structurally-related a’ malon-

Compound A Z, Z, % Yield  Mp(°C)  ylide fragments exhibited their methylide resonance at
1 CH, " CH, ) o over 60 ppm. The ylides examined in this study. exhi}ll)it
12 H CH, CH, 86 119.120  their methylide resonance at 50-55 ppm, suggesting that
13 H CH, H 86 61-63 they are e’ rather than a'.
14 H cl H 50[a] 9899 Those ylides which have an isopropylidene fragment at
15 H Br H 51 [a] 92-94 C9 sh ind . trast th .
16 : OCH, H . - show, in dramatic contrast, two methoxy resonances in
the 'H nmr. Thus increasing the size of the 9-alkylidene
[a] The yield is based upon a single synthesis. group has rendered the methoxy groups of the malonylide
Table 3

The Synthesis of Thioxanthenium Ylides

R

N

)
~R
Zy

O zz
s

+

24
~C(COpCH3),

Compound R R’ Z, Z, Z, Temp [a] Time [b] % Yield Mp (°C)
17 H H H H H 85-86 3 63 190-191
18 H CH, H H H 90-95 3 84 228-230
19 H C,H, H H H 7892 3.5 71 201-203
20 CH, CH, H H H 85-87 4 81 197-200
21 CH, CH, CH, H CH, 95-98 4 84 165-167
22 CH, CH, H CH, CH, 90-94 4 62 150-152
23 CH, CH, H CH, H 97-102 3 92 154-156
24 CH, CH, H Cl H 98-100 3 98 197-198
25 CH, CH, H Br H 9599 3 59 187-189
26 CH, CH, H OCH, H 98-102 3 95 185-187

[a] Reaction temperature (°C). [b] Reaction time (hours) includes approximately 15 minutes for reaction mixture to reach designated temperature.
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Table 4
'H-NMR Spectra of Alkylidenethioxanthene bis(Carbomethoxy)methylides [a)
Ru R .
909
S#
24
(CH30{0)C)oC™
Compound R, $ R, 6 Z,$6 Z, & Z, 96 CO,CH, Ar-H
17 H, 1.8 H,18 H H H 3.6 [b) 7.4-7.7
18 H, 6.3 [¢] CH,, 2.1 [d] H H H 3.6 [b] 7.3-1.7
19 H, 6.2 [e] CH,, 2.5 [f] H H H 3.6 [b) 7.3-7.7
CH,, 1.2 [g]
20 CH,, 2.0 CH,, 2.0 H H H 3.4, 3.8 [h] 7.3-7.6
21 CH,, 1.7 [i] CH,, 1.9 [i] CH,, 2.3 [i] H CH,, 2.5 [i] 3.4, 3.8 [h] 6.9-7.6
22 CH,, 2.0 [i] CH,, 1.9 [i] H CH,, 2.3 [i] CH,, 2.4 [i] 3.3, 3.7 [h] 6.8-7.6
23 CH,, 2.0 [j] CH,, 2.0 [j] H CH,, 2.3 H 3.3, 3.6 [h] 6.9-7.5
24 CH,, 2.1 [h] CH,, 2.1 [j] H Ct H 3.4, 3.8 [h] 7.2.7.8
25 CH,, 2.0 CH,, 2.0 H Br H 3.4, 3.8 [h] 7.1-7.8
26 CH,, 2.0 [i] CH,, 2.1 [i] H OCH,, 3.8 H 3.4, 3.8 [h,k] 6.8-7.6

[a] Recorded at 200 MHz in deuteriochloroform at 25°. Chemical shifts, in ppm and relative to TMS, are given to the nearest 0.1 ppm. Integrated in-
tensities are consistent with assignments. Assignments of isomeric groups (eg., R and R’ in 21) may be exchanged. [b} Isochronous under these condi-
tions. [c] Quartet, ] = 7.5 Hz. [d] Doublet, ] = 7.5 Hz. [¢] Multiplet. [f] Sextet, ] = 7.3 Hz. [g] Triplet,J = 1.2 Hz. [h] Anisochronous. Based
upon variable temperature studies of 27 (unpublished resulis), the upfield methoxy resonance is assigned the “‘endo’’ position (within the dihedral
angle formed by the aryl planes) carbomethoxy group. [i} Assignments may be exchanged. [j] Chemical shifts differ only very slightly and are indis-
tinguishable at 60 MHz (deuteriochloroform, 34°). [k] Signals slightly broadened.

Table S

'H-NMR Spectra of Alkylidenethioxanthenes [a]

Compound R, $ R, & Z,6

7 H, 5.33 H, 5.33 H

8 H, 5.95 [b] CH,, 1.94 [c] H

9 H, 5.82 [d] CH,, 2.38 [e] H

CH,, 1.04 [f)

10 CH,, 1.99 CH,, 1.99 H
1 CH,, 1.88 CH,, 1.69 CH,, 2.40
12 CH,, 1.97 [g] CH,, 1.97 [g] H
13 CH,, 1.99 CH,, 1.97 H
14 CH,, 1.99 CH,, 2.01 H
15 CH,, 2.00 CH,, 2.00 H
16 CH,, 1.98 CH,, 2.03 H

Z4

Z,, Z,6 Ar-H

H H 7.1-7.4
H H 7.1-7.4
H H 7174
H H 7175
H CH,, 2.30 6.9-7.5
CH,, 2.31 CH,, 2.40 6.8-7.5
CH,, 2.32 H 6.8-7.6
Cl H 7175
Br H 7.0-7.6
OCH,, 3.78 H 6.7-7.5

[a] Spectra recorded at 200 MHz in deuteriochloroform at 25°, Chemical shifts, in ppm are reported relative to TMS. All integrations match the as-
signments shown. [b] Quartet, J] = 7.1 Hz. [c] Doublet, ] = 7.1 Hz. [d] Triplet, J] = 7.4 Hz. [e] Quintet, ] = 7.4 Hz. [f] Triplet, ] = 7.4

Hz. [g] Unresolvable.

fragment anisochronous. This pattern does not appear to
be very sensitive to the C2 substituent [12]. The diastereo-
topic nature of the two carbomethoxy groups in 20-26 is
further supported by the anisochronous C-O resonances
occurring at approximately 165 and 168 ppm. The methyl
carbons of the carbomethoxy groups appear at approxi-

mately 50 and 51 ppm--also anisochronous. Like the other
ylides, the methylide carbon resonates at 50-55 ppm. This
suggests that all of the ylides in this study have essentially
the same conformation, i.e., pseudo-equatorial.

It is possible to group ylides derived from various thio-
xanthene-like systems into three groups. These groups, of
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course, represent points along a spectrum of behavior;
however, they correspond to the types of behavior of great-
est interest to stereochemistry. First, there are molecules
such as thioxanthenium bis(carbomethoxy)methylide (28),
as well as 17-19, which exhibit rapid rotation around the
S*-C- bond. Second, there are the thioxanthonium bis(car-
bomethoxy)methylides (eg., 27) which show a slowed rota-
tion about the S*-C~ bond (25°). Finally, there are the
9-isopropylidenethioxanthenium bis(carbomethoxy)meth-
ylides (eg., 24) which exhibit essentially “‘frozen’ S*-C-
bond rotation under comparable conditions.

Stereochemistry.

Ylides such as 28 have already been shown [3] to prefer
the e’ conformation in both the solid state as well as in so-
lution. Variable temperature experiments (~50° to +50°,
200 MHz) on 28 have not indicated any broadening of the
OCH, resonance which would signal a decrease in the rate
of $*-C~ bond rotation. The equivalence of the methoxy re-
sonances in 29 and in 18-20 can be explained in several
different ways. The manifold which encompasses these is

shown in Scheme 1.

*

CH30C(0)
~

/c(o)ocn3

(ol
+
~

*

|

52, ~ClOI0CH; o
] ring inversion
C(0)OCH3

+ - + -
$-C bond S$-C bond
rotation rotation

CHz0C(0) C(O)OzH
3 3
! N7
g+ cloocks eZ
- ring inversion st
ClOJOCHy €
=
8 c
Scheme 1

Alternate Methods for Producing Equivalence in Methoxy
Resonances. Conversion of A to B by simple bond rotation
is disfavored by steric hindrance. The alternate route, A
— D — C — B, is more likely in systems which can ring
invert and which lack bulky a’ substituents at the other
meso position.

In order to evaluate the alternate pathways in Scheme 1
it is necessary to examine the behavior of ylides such as
25. In these it is believed that ring inversion is prevented
at 25° (200 MHz, nmr time scale). The higher barrier to
ring inversion is a result of steric repulsions between the
methyl groups of the isopropylidene moiety and the hydro-
gens at C1 and C8. (Drieding models suggest that in a pla-
nar activated complex for ring inversion, the C1, C8 pro-
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tons and the protons of the methyl groups will approach
one another within 0.3 A.)

The *C nmr spectra, as already noted, suggest that the
molonylide moiety in ylides such as 20 exists in the ¢’ ar-
ray. This establishes that in the e’ geometry rotation about
the $*-C~ bond of bis(carboalkoxy)methylides of this varie-
ty is severely hindered. The high barrier to rotation in the
e’ position undoubtedly results from steric repulsions ge-
nerated as the planar [13] malonylide fragment attempts to
rotate past C4-H and C5-H. Thus systems such as 20,
where the a’ conformation is unattainable because ring in-
version is prevented, possess diastereotopic groups bond-
ed to the methylide carbon.

This analysis proves that ylides such as 28, where the
preferred conformation is e’, must undergo facile ring in-
version. It is in the less favored a’ conformation that the
groups bonded to the methylide carbon become equiva-
lent by bond rotation. These results also demonstrate that
ring inversion occurs rapidly in compounds such as 17-19.
In summary, the isochronicity exhibited in these systems
results from a combination of ring inversion and bond ro-
tation in the a’' position and suggests that nonequivalence
of this type may be an extremely useful probe of rates of
ring inversion in sulfur-containing heterocycles.

Rapid rotation occurs easily in the ylide derived from
4,5-dimethyl-9-isopropylidenethioxanthene. This is evi-
denced by the singlet which is observed for the two meth-
oxylcarbonyl groups in this ylide. Examination of both
Dreiding and space-filling (Stuart-Brieglib) models sup-
port the view that in this ylide the two methyl groups peri
to the sulfur force the methylide carbon into the pseudo-
axial position-where it is free to rotate rapidly. That this
ylide fragment is a’ also is supported by the chemical shift
of the carbanionic carbon (67 ppm) falling where we have
already demonstrated that a’ carbons occur.

Ylides derived from thioxanthones usually exhibited an
intermediate rate of rotation about the S*-C~ bond. Thus,
at 60 MHz (34°) the 'H nmr of the methoxy region of 27
consists of an extremely broadened singlet [11]. If the tem-
perature is lowered (or the operating frequency raised to
200 MHz) then this becomes two singlets. This intermedi-
ate behavior is explained by a difference in the dihedral
angle (“‘angle of fold’’) of systems such as 27 compared to
the other under discussion [14]. As the central ring approa-
ches planarity the differences between the a’ and e’ posi-
tions disappears. Indeed, in a completely planar system
the distinction between a’ and e’ should not exist (discoun-
ting distortions, and so forth). As these folded rings be-
come more planar the e’ position moves away from C4-H,
C5-H while the a' position moves toward them. (Simplisti-
cally, the a’ position is becoming more e’ and vice versa.)
In the more planar thioxanthonium bis(carbomethoxy)-
methylides (eg., 27) the malonylide fragment is moved
somewhat away from C4-H, C5-H (compared to 20 or 28)
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and, as a result, can rotate more freely about the 5*-C-
bond than in 20 (or the e’ conformation of 28). Undoubted-
ly ring inversion in 27 is quite rapid. However, inversion
in 28 does not move the methylide carbon to the “‘tradi-
tional” a’ position found in the more folded systems (eg.,
29). Rather, ring inversion in 27 moves the methylide car-
bon from one rather hindered environment to another.
The net result is a slower rate of S*-C~ bond rotation.

These data force us to conclude, therefore, that: (a) ring
inversion is comparatively rapid in simple, unhindered
ylides derived from thioxanthene; (b) S*-C~ bond rotation
occurs freely in the a’ conformation of ylides such as 28; (c)
ylides such as 20 are not undergoing rapid ring inversion;
(d) ylides such as 17 are undergoing rapid ring inversion.
It is suggested that sulfides such as 7-9, like 1 and 4, also
undergo rapid ring inversion but that sulfides such as 15
exist an enantiomerically-stable species in solution.

Our earlier efforts have shown a striking similarity in
the stereochemistry of related sulfoxides and sulfonium yl-
ides in these types of heterocycles [15]. Based upon these
similarities and the results presented in this report, it
seems clear that thianthrene monosulfoxide (29) [3b],
phenoxathiin sulfoxide (30) [16], the isomeric disulfoxides
of thianthrene (31) [17] and phenothiazine sulfoxide (32)
[18] all undergo rapid ring inversion in solution.

Since the rings with 9-isopropylidene substituents are
not ring inverting rapidly, the conformation (a’ vs €) of the
sulfonium ylides will be kinetically controlled. (The pro-
ducts are, we believe, also thermodynamically favored.)

These results demonstrate that, at least in the systems
under discussion, the e’ electron pair on sulfur is more re-
active towards carbenes than is the a’ electron pair. This
suggests that an electronic effect rather than a steric effect
is important in controlling the relative rates of nucleophili-
city of these diastereotopic electron pairs. A simple “‘steric
hindrance’’ argument would have favored attack at the a’
position due to hindrance of the e’ pair by C4-H and C5-H.
Interactions between the a' electron pair and the aryl pi
cloud may reduce the relative reactivity of the a' pair.
There is an alternate explanation, one which has a cer-
tain appeal to these authors. The e’ electron pair is much
more hindered than is the a’ pair. It is suggested that the
apparent greater reactivity of the e’ pair may be simply
“‘apparent’’. The ylides are made by decomposing dimeth-
yl diazomalonate in the presence of anhydrous copper(II)
sulfate. If the copper coordinates to the (perhaps) more
reactive a’ electron pair then this leaves only the e’ pair for
trapping by the carbenoid. In this manner, the less reac-
tive electron pair on sulfur could lead to the observed final
product. We are currently attempting to determine
whether the directing of the ylide fragment to the e’ posi-
tion is due to prior coordination of the a’ electron pair.

Vol. 22

EXPERIMENTAL [19]

Thioxanthones.

All thioxanthones corresponding to alkylidenes described below have
been described in the literature [6,20].

9-Alkylidenethioxanthenes--Unsubstituted Aryl Rings.

All of the alkenes were prepared by the following generalized route.
Specific yields (isolated) are included in Table 1. Magnesium (1.2 g, 0.05
g-atom) was suspended in 20 ml of anhydrous ether and a crystal of iod-
ine added. The appropriate alkyl halide (either bromide or iodide, 0.060
M) was added dropwise over about 10 minutes. After addition was com-
plete the reaction mixture was refluxed for 15 minutes and then cooled to
room temperature.

Table 6
Analyses %
Caled. Found
Compound  Formula C H C H
10 C,H,S 80.63 5.92 80.13 5.90
11 C.H,S 81.15 6.81 81.09 6.48
12 C,H,S 81.15 6.81 81.40 7.16
13 C,,H,S 80.90 6.39 80.55 6.01
1 C,H,,CiS 70.45 4.80 70.85 4.80
15 C,H,,BrS 60.57 4.13 60.49 4.05
16 C,,H,,0S 76.08 6.01 76.15 5.94
17 C,H,,0,S 67.04 4.74 66.93 4.50
18 C,H,,0,8 67.78 5.12 67.84 5.25
19 C,,H,,0,8 68.46 5.47 68.46 5.40
20 C;H,,0,8 68.46 5.47 68.22 5.21
21 C,,H,,0,8 69.67 6.10 69.28 6.00
22 C,,H,,0,5 69.67 6.10 69.91 6.22
23 C,.H,,0,S 69.08 5.80 68.92 5.66
24 C,H,,Cl0,S 62.60 4.75 62.45 4.70
25 C,,H,,BrO,S 56.38 4.28 56.70 4.51
26 C,,H,,0,S 66.31 5.67 66.35 5.99

To the resulting Grignard reagent there was added, dropwise and with
stirring, 0.024 mole of the appropriate thioxanthone dissolved (or sus-
pended) in 40 ml of ether. Addition was carried out at 0-5° (ice bath).
After addition, the reaction mixture was refluxed for 3 hours and then
cooled to 0-5°. A saturated solution of ammonium chloride was added un-
til the pH was 6-7. The resulting organic layer was washed with water (15
ml), dried (magnesium sulfate) and the solvent removed under reduced
pressure to afford an oil [21]. This oil was dissolved in methanol (approxi-
mately 40 ml) and the solution cooled in an ice bath (0-5°). To this was
added, dropwise, 5 ml of concentrated sulfuric acid. The resulting reac-
tion mixture was refluxed for 30 minutes, diluted with water (40 ml), neu-
tralized with 10% aqueous sodium hydroxide and then extracted with
chloroform (3 X 25 ml). The extract was dried (magnesium sulfate) and
the solvent removed under reduced pressure to afford the desired alkene.

Sulfides were shown to be homogeneous by tlc and had nmr spectra
(proton and carbon) consistent with the assigned structures.

9-Alkylidenethioxanthenes--Substituted Aryl Rings.

All of the compounds shown in Table 2 were prepared by this same
general route.

Isopropylmagnesium bromide was prepared by reacting 2-bromoprop-
ane (0.060 mole) with magnesium turnings (0.050 g-atom) in 20 ml of
freshly distilled butyl ether at 65-70°. Addition required approximately
0.5 hour. The resulting Grignard reagent was diluted with an additional
20 ml of butyl ether. After cooling in an ice bath (0-5°), the appropriate
thioxanthone was added, in small portions, over ten minutes. Following
this addition, the reaction mixture was heated for 7 hours at 100-105°.
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The reaction mixture then was treated, in an ice bath, with saturated
aqueous ammonium chloride until the pH went below 7.

The organic layer was separated, washed with water (2 X 10 ml) and
then concentrated under reduced pressure. The resulting residue [21]
was dissolved in ethyl ether (40 ml) and, upon cooling to 0-5°, was treat-
ed, dropwise, with 4 ml of concentrated sulfuric acid [22]. The reaction
mixture was then refluxed for 0.5 hour and then cooled to 0-5°. To this
there then was added 30 ml water and sufficient 10% aqueous sodium
hydroxide to bring the solution to pH 8. The ethereal solution was
separated, washed with water (2 x 10 ml), dried (magnesium sulfate) and
the solvent removed under reduced pressure. This work up sometimes
yielded an oil and sometimes a solid. In either instance the crude product
was recrystallized from 95% ethanol. Specific yields and melting points
of products are contained in Table 2. Products had nmr (proton and car-
bon) spectra consistent with the assigned structures.

9-Alkylidenethioxanthenium bis(Carbomethoxy)methylides.

All of the compounds shown in Table 3 were prepared by the same
general route.

The appropriate alkene (0.010 mole), dimethyl diazomalonate (1.6 g,
0.010 mole), anhydrous copper(Il) sulfate (100 mg) and toluene (20 ml)
were mixed together and stirred, for 3-4 hours at 85-102° (see Table 3).
The reaction was, in general, continued until bubbles of nitrogen no
longer were produced. The reaction mixture was filtered while still hot to
remove copper(I) sulfate and other impurities [23]. When reaction mix-
tures containing 17-21 were cooled to room temperature they deposited
crystals of the desired ylides. Reaction mixtures containing 22-25 afford-
ed a light yellow oil after the solvent was removed under reduced pres-
sure. These oils were crystallized using 95% ethanol (and were also crys-
tallizable from 1:1 benzene-hexane mixtures) [24]. Evaporation of the
toluene afforded solid 26 which was recrystallized from a 1:1 benzene-
hexane mixture.
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