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(13) Thig spectrum was obtained by allowing the reaction to proceed to com-
pletion under conditions where the methyl iodide distills from an open
tube.
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Protonation of Some Arenes in an Aprotic Medium
Sir:

We have found that the dissolution of anthracene (up to 3
mol %) in an aprotic liquid, anhydrous SbCl3-10 mol % AICl;,
at 80-130 °C, results in the prompt formation of stable solu-
tions of the 9-anthracenium ion (1) in 50-60% yields. The
proton source for this novel reaction is the condensation-
dehydrogenation of a part of the anthracene combined with
the reduction of SbCl3 to amorphous metal. The principal
condensed product is anthra[2,1-a]aceanthrylene (2) and in
terms of this product the overall reaction is as shown ineq 1.
Under similar conditions 9,10-dimethylanthracene (3) formed
the 9H4-9,10-dimethylanthracenium cation (4) and naphtha-
cene (5) formed the 5-naphthacenium cation (6), while
naphthalene (7) was not protonated.

6 + 4/3spcly =eesess 4 (OT]O)

e
+ @&‘@ + 4/3sb + 4cI )

Previously, the protonation of anthracene and similar arenes
had only been achieved by providing strong proton donors such
as in superacid media' or with AICl;-HCL.2 In contrast, we
deliberately suppressed such proton donors by working with
carefully purified materials under clean argon atmospheres
in glove boxes and vacuum-tight reaction vessels. Commercial
99.99% anhydrous SbCl; from three vendors was further pu-
rified by refluxing over Sb metal (to remove SbCls) followed
by vacuum sublimation at 40 °C and then distillation under
Ar in a sealed system to yield a colorless solid that melted at
73 °C to a colorless liquid. Aluminum chloride was made ac-
cording to a published procedure? from zone-refined 99.9999%
Al and semiconductor-grade anhydrous HCl to yield a colorless
solid.

In our experiments, the formation of arenium ions was
studied by 'H NMR measurements on the melt both with and
without a (CH;)4N* internal standard. The identity of 1 was
confirmed from a comparison of its integrated 'H NMR
spectrum with that obtained from an authentic sample of 9-
anthracenium heptachlorodialuminate,? C;4HAl;Cl, in
SbCl; without extra AICI;. Cation 4 was identified by com-
parison with the published spectrum,* and 6 was identified by
comparison with the spectrum of 1. These cations formed
rapidly, in <10 min at 80-130 °C, and remained unchanged
for some hours. The NMR spectra of other products, such as
2, were not resolved but appeared as a broad, nondescript en-
velope in the aromatic region.

In the case of anthracene the reaction products from the
NMR studies and from larger scale reactions performed in
scaled glass ampules or Schlenk glassware were determined
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following hydrolysis of the melt in 6 M HCI and dissolution
of the organics in CH,Cly. The organic products were isolated
by LC and identified by UV, NMR, and mass spectroscopy.
Elemental Sb was analyzed by atomic absorption spectroscopy
and X-ray diffraction. The identity and amounts of the prod-
ucts remained the same for all reaction conditions studied,
10-60 min at 80-130 °C. The mole ratio of 1:2:Sb was found
to follow the stoichiometry required by reaction 1.

In an earlier study® we showed that anthracene and 5 in
SbCl; without excess AICI; undergo hydrogen redistribution
reactions to form hydroaromatics (not found in the presence
of excess AICI3) and condensed aromatics including three
bianthracenes and 2.6 Furthermore, no reduction of the SbCl;
solvent was observed. Under the same conditions we found 7
to be unreactive.

The presence of excess AlCl; is necessary for reaction 1 to
occur, and in our experiments the AlCl;/arene mole ratio was
2 or more. A consideration of published electrochemical data’
obtained in molten SbCl; implicates the arene radical cation
as an intermediate in these self-protonation reactions. The
results show that the role of the AICI; is that of enhancing the
oxidizing power of SbCl;. These facts can be accounted for by
reactions 2 and 3.

AtH + 1/3 SbCl, — ArH " +1/3 §b + C1” (2)
+ + % 4 oam +
24tH " — "Ar 4~ TAr 2255 Ar-ar + 24, 3
H

On the basis of the electrochemical data,’ it can be shown
that the presence or absence of excess AlCl; in SbCl; should
affect reaction 2 in a way that parallels the influence of AICI;
on the protonation-solvent reduction reactions presented here.
That is, for anthracene, 3, and 5 at moderate concentration
levels in SbCls, reaction 2 is thermodynamically favorable with
excess AICl; present but unfavorable with AICI; absent,?
whereas for 7 reaction 2 is not favorable whether AIClj is
present or absent.” Enhancement of the oxidizing strength of
SbCl; by added AICI; arises from the reaction of AICI; (or
substances derived from it)!9 with Cl~ released through the
reduction of SbCls.

We have recently obtained intense, well-resolved ESR
spectra for the radical cations of anthracene, 3, and 5 (but not
7) formed from dilute solutions of the parent hydrocarbons in
SbCl3-AICI; melts without the addition of other oxidants.
These and other data!! indicate that reaction 2 occurs and is
influenced by added AICI; in at least qualitative agreement
with what would be expected from the electrochemical mea-
surements.

We have presented a novel arene self-protonation reaction
in an aprotic SbCl;-AlCl; melt for which there is considerable
evidence that the reaction proceeds through an oxidation of
the arene to a radical cation by the SbCl;. The function of the
AICI; appears to be that of enhancing the oxidizing power of
the SbCl; solvent. Our investigations of this chemistry con-
tinue, and a full report will soon be prepared.
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3,3,4,4-Tetraphenyl-1,2-oxathiolan-5-one 2-Oxide.
Synthesis, Structure, and Selected Chemistry
Sir:

Considerable effort has been directed toward the prepara-
tion of stable mixed carboxylic-sulfinic acid anhydrides (1).!-¢
To date these attempts have been largely unsuccessful.!=4¢ In
this communication, we report the synthesis, properties, and

structure of a stable member of this class of compounds,
3,3,4,4-tetraphenyl-1,2-oxathiolan-5-one 2-oxide (2).%

RCOSR! Ph 0
Ph S/
1
Ph \O
2

The title compound 2 was prepared in one step (18% yield)
by the treatment of 3,3,4,4-tetraphenylthiolactone® (3) in
methylene chloride with 2.3 equiv of m-chloroperbenzoic acid.
Analysis by thin-layer chromatography prior to workup indi-
cated the possible presence of compounds 2, 4, 5, and 6 along
with unreacted 3. In an effort to minimize the decomposition
of anhydride 2 during isolation, medium-pressure liquid
chromatography (SiO,, hexanes-methylene chloride (60:40),

Ph
0
Ph —( 2.3 equiv of MCPBA .\ PhZC=CPh2
Ph S (Csl:af:ﬂig:)c (18%) 4 (15%)
Ph
3

Ph,CCPh + Ph,CO
5017%) 6 (24%)
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Figure 1. ORTEP drawing of the title compound showing numbering of
ring.

~20 psi) was employed to isolate 2.10

The infrared, 'H and '3C NMR, and mass spectral (CI and
EI modes) properties along with elemental analyses (C, H, S)
supported the proposed structure for anhydride 2.!! The in-
frared spectrum showed prominent bands at 1795 and 1100
cm™! which can be assigned to the C=0'2 and S—O"3 groups,
respectively, The proton decoupled 13C NMR spectrum ex-
hibited 16 different carbons in the aromatic region (127-141
ppm) as well as three additional peaks (67.8, 87.4, 173.2 ppm).
The resonances at 67.8 and 87.4 ppm are comparable with
those obtained for C-3 and C-4 of compound 3.° The remaining
absorption at 173.2 ppm has been assigned to the carbonyl
carbon.!* Mass spectrometry (CI mode) showed a molecular
ion peak (P 4+ 1) at m/e 425.

Cognizant of both the prior difficulties in assignment of
structure® and the claims of the inherent instability of car-
boxylic-sulfinic acid anhydrides,! we felt it necessary to carry
out a single-crystal X-ray structure determination. In partic-
ular, the observed spectral properties could be explained by
several structures isomeric with 2. Crystals of the title com-
pound are monoclinic, space group P2, /n, with a = 9.130 (2),
b=13711(3),c=16.988 (2) A; 8 =103.91 (2)°. Intensity
data were measured on a Syntex P2, diffractometer (Mo Ko
radiation monochromatic with a graphite crystal) equipped
with a low-temperature apparatus which kept the crystal
cooled to 238 K. The structure was solved by direct methods
(MULTAN!3) and refined by full-matrix least squares to R =
0.072 (R,, = 0.065) using 3383 unique reflections [/ >
3a(D)).

The five-membered ring (see the ORTEP drawing, Figure
1, for numbering) has an envelope conformation, with O,-
S,-C4-Cs in one plane; C3 is —0.84 A out of this plane, and
the dihedral angle of the envelope is 133°. Important distances
(&ngstroms) and angles (degrees) follow: O;-S;, 1.680; S,-0,,
1.407; S,-C3, 1.916; C3~Cq4, 1.586; C4-Cs, 1.611; Cs-0Os,
1.118; C5—01, 1.385; C5—01—Sz, 117.3; 01~Sz—02, 105.4;
Ol—SZ—C3, 90.1; Oz—Sz—C3, 1 10.7; Sz—C3—C4, 98.1; C3—
C4—C5, 103.6; C4—C5—Ol, 108.0; C4—C5—05, 127.9; Os—Cs—Ol,
123.9. Crystallographic details will be furnished in a later
paper.

Two reasonable pathways can be envisioned for the for-
mation of compound 2 (Scheme I). One mechanism involves
the oxidation of 3 with 1 equiv of peracid to give initially an
a-keto sulfoxide 7. Isomerization of 7 to the sulfenyl derivative
8, followed by rapid oxidation at sulfur, would yield 2.16 Al-
ternatively, successive oxidation of thiolactone 3 at sulfur with
2 equiv of peracid would lead to the a-keto sulfone 9,!7 which
then could rearrange to give anhydride 2. Precedent exists for
the isomerization both of substituted sulfoxides to sulfenyl
derivatives'® and of sulfones to sulfinate esters.!32.19

© 1979 American Chemical Society



