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A SPIRODIOXATHIIRANE INTERMEDIATE
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Summary: Photosensitized oxygenation of biadamantylidene thiirane afforded,
in addition to the corresponding thiirane oxide, the desulfurization products
i.e., biadamantylidene and its oxidized products, dioxetane and oxirane, via a
spirodioxathiirane intermediate.

Reaction of singlet oxygen with sulfur compounds has been extensively
studies and much attention has been devoted to the structures of peroxidic

intermediate.1'4

The photooxidation of sulfide was first described by Schenck
et al.5 They reported that dialkyl sulfides wundergo photosensitized
oxygenation to give 2 moles of sulfoxide per mol of absorbed oxygen. The
nucleophilic persulfoxide 1 might be of first hypothetical intermediate
followed by cyclization to electrophilic dioxathiirane 2 of second one.z'3 At
low temperature in aprotic solvent6, sulfone formation is accelerated from
direct rearrangement of 2. Their structures are, however, not certain yet.
Photosensitized oxygenation of thiirane might be an interesting target to clear
the characteristic and structure of such intermediates.
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In this paper we would like to show that a spirodioxathiirane is
genarated as an intermediate in photosensitized oxygenation of biadamantylidene
thiirane (3).

Photosensitized oxygenation of thiirane 3 ( 3.3 x 10"2M ) was carried out
at 15°C for 6 hrs in methylene chloride with methylene blue ( MB, 1.1x10‘3M )
as a sensitizer and use of two 500W halogen lamps. When the reaction mixture
was chromatographed on silica gel, the corresponding thiirane oxide (4),
biadamantylidene dioxetane (5), and biadamantylidene oxirane (6) with a trace
amount of biadamantylidene (7) and unreacted thiirane were obtained (Scheme 1).
No reaction took place in the absence of light and a sensitizer. This
oxidation was inhibited by addition of 0.3 eq of DABCO, a singlet oxygen

4473



4474

Scheme 1.
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Table 1. Photosensitized Oxygenation of 3 <:§S;x< = Ad

Products and Yields®(%)

Reaction conditions’ gc §d gd ld
15°C 55.1 17.7 6.5 0.5

-40°C 28.3 7.8 44.3 6.5
MeOH-CH,C1,(10:1),15°C 97.6 trace 0 trace
DMS0(50eq)/CH,C1,,15°C 73.3 12.7 9.2 0.4

a) Conversion yields. b) hv/MB/OZ/CHZCl2 c) Isolated yields.
d) GLC yields.

quencher.7

These results clearly show an incorporation of singlet oxygen
reaction. Interestingly, the yields of thiirane oxide 4, dioxetane 5, and
oxirane 6 depends on solvent, additive and temperature. The results obtained
are summarized in Table 1. Addition of methanol and dimethyl sulfoxide
accelerated the formation of thiirane oxide 4. As the reaction temperature
was decreased from 15°C to -40°C, the yield of oxirane 6 increased
dramatically. The formation of thiirane oxide 4 could be explained as
follows. Methanol may stabilize a thiirane peroxide intermediate 8 by

3 and it would decrease the negative charge on an outer

hydrogen bonding1_
oxygen atom making the intermediate more electrophilic. The methanol
stabilized 8 could react with thiirane 3 to form 2 moles of 4. 8 also could
be trapped by nucleophilic oxygen atom transfer to dimethyl sulfoxide to yield
the corresponding thiirane oxide (4) and dimethyl sulfone.1_3 Without
electrophiles thiirane peroxide 8 may collapse to form a spirodioxathiirane
intermediate 9 which reacts with another thiirane 3 to give 2 moles of thiirane

3 and this cyclization seems to be very fast ( Scheme 2 ).

oxide QT'

It is quite interesting to note the formation of oxirane 6. The
formation of oxirane 6 was enhanced at low temperature in aprotic solvent by
suppression of the formation of thiirane oxide 4. This means that instead of
intermolecular reaction of a spirodioxathiirane intermediate 9 with thiirane

;,6 the elimination of sulfur dioxide from a spirodioxathiirane 9 occurs
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directly and/or through the biadamantylidene thiirane dioxide (10) to produce

biadamantylidene (7) which was oxidized to oxirane §,8'9 Thiirane dioxide 10
could not be produced from the reaction of thiirane oxide 4 with thiirane

peroxide intermediate 8, probably by steric hindrance of the sulfoxide center.

Scheme 2.
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Above results prompted us to study the photosensitized oxygenation of
thiirane 3 and biadamantylidene (7) in the presence of sulfur dioxide. The
epoxidation occurs very efficiently (Table 2,Entry 1,5)10'H which is
strikingly contrast with predominant formation of dioxetane 5 in
photosensitized oxygenation of 2312 Control experiments show that no
epoxidation occurred in the absence of sulfur dioxide and methylene blue.'3
Since sulfur dioxide is sufficiently dissolved in thereaction mixture at low

14 s4dition of an excess of sulfur dioxide did not alter the yield

temperature,
of 6 (Entry 3). The formation of oxirane 6 can be explained by that a sulfur
dioxide captures a nucleophilic oxygen atom of perepoxide intermediate 11, as
was in the case of the sulfoxide trapping of 11.15 Further studies on the
effect of S0, in the photosensitized oxygenation of olefin are being in

progress.

Table 2. Photosensitized Oxygenation of 3 and 7 in the Presence of 802.10

Products and Yieldsa(%)

Entry  Substrates  Reaction conditions 4 S 6 7
1 3 MB/15°C/CH2C12/SOZ 45.9 trace 28.3 12.1
2 3 MB/15°C/CH2C12 55.1 17.7 6.5 0.5
3 3 MB/—4O°C/CH2C12/SO2 22.6 trace 39.3 12.0
4 3 MB/-40°C/CH,C1, 28.3 7.8 44.3 6.5
5 7 MB/15°C/CH2C12/SO2 ——— trace 98.0 —_—

a) Conversion yields.
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Scheme 3. SO
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