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Trisulfide 2-oxide 11 has been prepared from disulfide 9 via reduction to the corresponding dithiol and subsequent trapping with thionyl
chloride. Heating trisulfide oxide 11 in the presence of dienes results in transfer of sulfur monoxide to form cyclic unsaturated sulfoxides 13
in good to excellent yields, along with recovery of disulfide 9. A Pummerer reaction can be used to convert the cyclic sulfoxides into thiophenes.

The search for an effective source of sulfur monoxide has 5, itself derived froml, has been shown to transfer sulfur
proven to be a challenging problem in orgdrdnd inorgani¢ monoxide to a diene in low yielt® and Simpkins has shown
chemistry. Early studies on episulfoxidéand thiadiazepin  that rhodium-catalyzed decomposition of stilbene episulfox-
oxide 2* established that small ring sulfoxides fragment upon ide provides a means to transfer sulfur monoxide to alkenes,
heating to produce alkenes and sulfur monoxide, although although this method is restricted to the highly reactive
attempts to trap out the S=O released with dienes gavenorbornene and norbornadieh@.recent report by Espenson
variable yields of dihydrothiophene-oxide add&dtlore described the transfer of sulfur monoxide from sulthen
recently, Harpp has introduced episulfoxid@sand 4 as intermediate in the methyltrioxorhenium-catalyzed oxidation
stable, convenient sources of sulfur monoXitlepon heating  of thioketones with 2 equiv of hydrogen peroxiteYields

in toluene,3 and4 were found to transfer sulfur monoxide Of trapped adduct were limited by the incompatibility of

to four different dienes in good yields. The metal complex dienes and sulfur monoxide with the strongly oxidizing
conditions under which the trapping experiment was carried
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In searching for alternative structures that may be capableprovided disulfided in 31% overall yield. Although the yield
of acting as sources of sulfur monoxide, we were drawn to is only moderate, this reaction allows the rapid preparation

the unusual reactivity observed in a number of 1,8 (peri)-
substituted naphthalene ring systeth#n particular, tran-

sannular interactions between two sulfur atoms in cyclic 1,8-

of gram quantities of disulfid®. The trisulfide oxidell is
a yellow solid that can be stored refrigerated for months
without decomposition.

dithiasubstituted naphthalene derivatives have been extensively The X-ray crystal structure df1 highlights a number of

studied by Glasd and Furukawd? and in the latter case

this has led to a number of unusual photochemically mediated

extrusion reactions. We chose tperi-fused trisulfide-2-
oxide 11 as our synthetic targét.

The synthesis of trisulfide-2-oxidEL is shown in Scheme
1. The known disulfide® appeared to be an ideal precursor

Scheme 1. Synthesis of Trisulfide-2-oxidé1
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interesting structural features (Figure 2). A nonplanar

Figure 2. X-ray crystal structure of trisulfide-2-oxid&l.

conformation is adopted by the trithiane ring, whereby the
central sulfur atom S(2) lies out of the mean least-squares
plane of the naphthalene ring ammkri-sulfur atoms by
1.1708(14) A (torsion angles €151—S2—-S3, 60.1and

to 11, despite the somewhat laborious methods previously C8—S3—-S2—-S1, 64.6°, respectively). The oxygen atom

employed in its synthesi$.Indeed, reduction of disulfide
with lithium aluminum hydride followed by reaction of the
air-sensitive dithiol (10)*¢ with thionyl chloride in the
presence of pyridine providetl in 65% overall yield after
column chromatography. With our subsequent discovery

occupies a pseudoaxial position on the trithiane ring,
probably as a result of stabilization of this conformer through
stereoelectronic effect8?!

Two factors point to the strain in the system. First, the
enlargement of the expected bond angles at C(1), C(9), and

that11does indeed act as a source of sulfur monoxide (vide C(8) (125.7°, 126.6°, and 124.7°) is consistent with the

infra), we developed a convenient “one-pot” synthesis
disulfide 9 starting from commercially available 1-bromo-
naphthalene7. Hence, lithium—halogen exchange a@n
followed by directed deprotonatiéhand trapping of the
resulting 1,8-dilithionaphthalen@) with elemental sulfuf
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minimization of steric interactions associated with the close
proximity of substituents at the 1,8-positions of the naph-
thalene ring systertt. Second, whereas S(1) is essentially
coplanar with the naphthalene ring, S(3) lies 0.203(4) A out
of the mean least-squares plane, on the opposite side to S(2).
The thermal stability ofLl1 in the absence of dienes was
first investigated. Upon refluxing overnight in chlorobenzene,
clean conversion to disulfid® was observed, along with
the formation of elemental sulfét Encouraged by this result,
we investigated the potential @il to act as a source of sulfur
monoxide in trapping experiments with dienes and were
delighted to find thatefluxing a solution ofL1 in chloro-
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benzene with excess 2,3-dimethyl butadiE2eresulted in
guantitative formation of sulfoxidé3aand disulfide9.?® The
reaction of trisulfide oxidell with dienes 12a—d is
summarized in Table 1. Good yields of sulfoxide cycload-

Table 1. Reaction ofl1 with Dienes12a—d®

Ph Ph
>/ \< 7 \< ;/ \,\ 7\
12a 12b 12¢ 12d _
2_{ s Ph Ph
S S S S
1 11 11 1
0 0O 0 0O
13a 13b 13c 13d
ratio  time sulfoxidelyield® recovered 9°
entry diene 11:12 (h) (%) (%)
1 12a 110 14 13a/100 99
2 12b 1:10 6 13b/74 99
3 12c 1:25 6.5 13c/65 100
4 12¢c 11 3 13c¢/50 100
5 12d 1:25 6 13d/93 100
6 12d 11 6 13d/38 100
7 12d 251 4.5 13d/84 98

a Chlorobenzene, reflu¥. Isolated yield after column chromatography.

ducts13 are obtained when the reaction is run with an excess

of diene (entries 43 and 5) or an excess dfl (entry 7).
Poorer yields are obtained when a 1:1 ratio of dien&lits

used (compare entries 3 and 4 and 5 and 6). In all cases the

disulfide 9 can be easily recovered in high yiett.
Sulfoxides 13 are potentially useful intermediates in

organic synthesis. For example, dehydration of the myrcene-

derived cycloadduct3d under Pummerer conditioffggave
thioperillenel4, a constituent of hop and rose oil (Scheme
2)2%1n the case of reaction dfl with piperinel2ethe novel
thiophenel5 was isolated directly from the reaction mix-
ture?’

(23) A slower reaction is observed in refluxing toluene; After 26 h a
65% vyield of 13awas obtained.
(24) Typical Experimental Procedure. Trisulfide oxide11 and diene

12 were refluxed in degassed chlorobenzene until TLC analysis showed

complete disappearance dl. The solvent was removed under reduced

Scheme 2. Thiophene Synthesis
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The thermal decomposition aficyclic trisulfide-2-oxides
has been investigated in detail by Field and Lacefiéfd.
In contrast toll, thermolysis of acyclic trisulfide-2-oxides
gives rise to a mixture of trisulfide, disulfide, and sulfur
dioxide (Scheme 3). Interestingly, the proposed mechanism

Scheme 3. Thermal Decomposition of Acyclic
Trisulfide-2-oxides
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postulates an initial rearrangement to a disulfide-sulfur
monoxide adducfl7, which rapidly reacts with a second
molecule of trisulfide oxidéd.6. To determine whether sulfur
monoxide transfer is common to all trisulfide-2-oxides, we
carried out the thermal decomposition of the phenyl deriva-

pressure, and the residue was subjected to column chromatography on silicdive 16 in the presence of 2,3-dimethyl butadieb2a but

gel. The nonpolar disulfid® eluted first (60—80 pet-ether) followed by
the sulfoxidel3 upon increasing the solvent polarity (ethanol).
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did not observe the formation of any sulfoxid8a.

In summary, the novel trisulfide oxidel has been shown
to be an effective sulfur monoxide transfer reagent in trapping
experiments with dienes. The overall process benefits not
only from a convenient source of sulfur monoxide in thionyl
chloride but also in the generation of a recyclable byproduct

(28) Field, L.; Lacefield, W. BJ. Org. Chem1966,31, 3555.

(29) Flash vacuum pyrolysis (>54€) of 1,2,3-benzotrithiole 2-oxide
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in disulfide 9. Current efforts include elucidation of the Supporting Information Available: X-ray data in CIF
mechanism of transfer of sulfur monoxide frdrito dienes  format for compoundL1. This material is available free of
and application of this design principle to the generation of charge via the Internet at http://pubs.acs.org. In addition, the
other reactive intermediates. author has deposited X-ray coordinates with the Cambridge
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