TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 40 (1999) 8833-8836

Through-bond interaction between sulfonium and sulfenyl sulfur
atoms having anthracene and naphthalene spacers

Emiko Koyama,? Kenji Kobayashi,®* Ernst Horn *® and Naomichi Furukawa **

2Department of Chemistry and Tsukuba Advanced Research Alliance Center, University of Tsukuba, Tsukuba,
Ibaraki 305-8571, Japan
YDepartment of Chemistry, Rikkyo University, Nishi-lkebukuro, Toshima-ku, Tokyo 171-8501, Japan

Received 30 July 1999; revised 31 August 1999; accepted 10 September 1999

Abstract

The reaction of 9-(methylsuifinyl)-10-(methylthio)anthracene with trifluoroacetic anhydride followed by quen-
ching with aqueous NaHCO3 gives 9,9-bis(methylthio)-10-anthraquinone. The dithia dication and/or the corres-
ponding carbodication via through-bond interaction between sulfonium and sulfenyl sulfur atoms is proposed as
an intermediate. © 1999 Elsevier Science Ltd. All rights reserved.
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In the past two decades the study of o-bonded dithia dications formed by intramolecular through-
space interaction between sulfur atoms in close proximity has been of considerable interest.! Recently,
Nenajdenko and we have extended this chemistry to intermolecular reactions.>? The Pummerer reaction
of mono-sulfoxides of p-bis(methylthio)-aromatics (aromatics=benzene, biphenyl, diphenyl sulfide, etc.)
with trifluoroacetic anhydride (TFAA) gives a mixture of the corresponding mono-Pummerer product,
bis-Pummerer product, and bis-sulfide in an n:1:1 ratio (n>2), wherein intermolecular interaction
between sulfonium and sulfenyl sulfur atoms is much more favorable than the through-bond interac-
tion between them (Scheme 1).3 In the course of the search for aromatic spacers, we have noticed
the distinctive behavior of 9-(methylsulfinyl)-10-(methylthio)anthracene (1) and 1-(methylsulfinyl)-4~
(methylthio)naphthalene (8). Herein, we report the reactions of 1 and 8 with acids or acid anhydrides,
which proceed via the dithia dication B and/or the corresponding carbodication C as a result of through-
bond interaction between sulfonium and sulfenyl sulfur atoms.*

The reaction of the mono-sulfoxide 1 with 5 equiv. of TFAA in CH;Cl, at —20°C for 5 min followed by
quenching with aqueous NaHCO3 gave 9,9-bis(methylthio)-10-anthraquinone (3),? together with 9,10-
anthraquinone (4) and 9,10-bis(methylthio)anthracene (), in 79, 5, and 6% isolated yields, respectively
(Scheme 2). This reaction is independent of the concentration of 1. In marked contrast to other mono-
sulfoxides of p-bis(methylthio)-aromatics,’ it is noted that the reaction of 1 with TFAA does not afford
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Scheme 1.

any Pummerer products. The 13C NMR spectrum of 3 showed two characteristic peaks at 8 57.61 and
182.53 due to the quaternary carbon of dithio acetal and the carbonyl carbon, respectively. Furthermore,
the molecular structure of 3 was confirmed by the X-ray diffraction analysis (Fig. 1).6
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Scheme 2.

The reaction of 1 with TFAA in CDCl3 at -20°C was monitored by NMR spectroscopy. The
'H NMR spectrum exhibited only two singlet peaks at § 2.28 and 7.54, and the '3C NMR spec-
trum showed a peak at & 87.98 which is characteristic of the quaternary carbon attached with
methylthio and trifluoroacetate groups. These data are in good agreement with the structure of
9,10-bis(methylthio)-9,10-bis(trifluoroacetoxy)anthracene (2) (Scheme 3).57 The reaction of a 1:1
mixture of 9-(trideuteriomethylsulfinyl)-10-(methylthio)anthracene (1-d3) and 9-(methylsulfinyl)-10-
(trideuteriomethylthio)anthracene (1'-d3) with TFAA followed by quenching with aqueous NaHCO3
afforded 9-(methylthio)-9-(trideuteriomethylthio)-10-anthraquinone (3-d3) as a sole product for 3, in-
dicating that the conversion of 2 into 3 is an intramolecular rearrangement.

8 8
‘ ’
1-d4 1-d3

The formation of 2 from 1 and TFAA strongly suggests through-bond interaction between two sulfur
atoms during the course of the reaction. The plausible mechanism is as follows (Scheme 3). The reaction
of 1 with TFAA gives the trifluoroacetoxysulfonium salt A, which could be converted into the transient

Figure 1. Molecular structure of 3 (35% probability ellipsoids)
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quinoid-like dithia dication B and/or the corresponding carbodication C®? via through-bond interaction
between sulfonium and sulfenyl sulfur atoms. It is known that, in 9,10-disubstituted anthracene dications,
substantial positive charge is localized at the C9 and C10 positions.® Double addition of trifluoroacetates
to B and/or C could produce 2. Hydrolysis of the trifluoroacetate group in 2 followed by intramolecular
rearrangement of the methylthio group from C9 to C10 affords 3.

Further evidence for the formation of B and/or C via through-bond interaction comes from the
reactions of 1 with H2SO, and trifluoromethanesulfonic anhydride (Tf,0),% wherein the neucleophilicity
of these counter ions generated is lower than that of trifluoroacetate. Treatment of 1 with H,SO4 at room
temperature for 5 min followed by quenching with NaHCO; quantitatively gave 9,10-anthraquinone (4)
and dimethyl disulfide (Scheme 4), in marked contrast to 1-(methylsulﬁnyl)-4-(methylthio)benzene.10
This result supports the formation of B and/or C followed by the attack of H>O on the carbocations
to afford 4. The reaction of 1 with 1 equiv. of Tf,0 in CH,;Cl;:CH3CN (v/v 2:3) at —20°C for 5 min
followed by quenching with aqueous NaHCO; quantitatively afforded a 1:1 mixture of 4 and 9,10-
bis(methylthio)anthracene (5) (Scheme 4). When quenched with 2 equiv. of thiophenol, a mixture of
5, 9-(methylthio)- 10-(phenylthio)anthracene (6), and 9,10-bis(phenylthio)anthracene (7) was exclusively
obtained in a 1:2:1 ratio together with diphenyl-, methylphenyl-, and dimethyl disulfides.
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The reaction of 1-(methylsulfinyl)-4-(methylthio)naphthalene (8) with TFAA under the same
conditions as Scheme 2 afforded the normal mono-Pummerer product 9, 1-(methylthio)-4-
(trifluoroacetoxy)naphthalene (10), and the bis-sulfide 11 in 41, 22, and 18% yields, respectively
(Scheme 5). A bis-Pummerer product which would be produced via intermolecular through-space
interaction was detected in only trace amounts. The formations of 10 and 11 could result from
through-bond interaction between sulfur atoms. Single addition of trifluoroacetate to a type B and/or
C of naphthalene followed by the attack of another trifluoroacetate on the sulfur atom of the resulting
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cationic O,S-acetal could give 10 and methylsulfenyl trifluoroacetate, which could be reacted with 8 to
afford 11.4¢

? 1) TFAA
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Scheme 5.

In summary, we have demonstrated through-bond interaction between sulfonium and sulfenyl sulfur
atoms having anthracene and naphthalene spacers. This result could be attributed to the stability
of the dication of polycyclic arenes.®?? Thus, the interchange of intramolecular through-bond and
intermolecular through-space interactions between sulfur atoms of p-bis(methylthio)-aromatics can be
controlled by the nature of the aromatic spacers.*!0
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