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velosil ODS-5, Nomura Chemical, 10 X 250 mm; flow rate, 2.5 mL/min; 
UV detection at 254 nm; eluant, 88% methanol) to afford amphidinolide 
C (1, tR 10.9 min; 6 mg) in 0.0015% yield (wet weight). 

Amphidinolide C (1): colorless amorphous solid; [a]26
D -106° (c 1, 

CHCl3); UV (MeOH) 240 nm (e 26000); IR (film) 3400, 2930, 1705, 
and 1035 cm"1; 1H NMR (Table II); 13C NMR (CDCl3) S 12.52 (q), 
13.81 (q), 14.45 (q), 15.33 (q), 15.45 (q), 16.09 (q), 22.35 (t), 28.15 (t), 
30.02 (t), 31.42 (t), 31.89 (t), 36.81 (t), 38.74 (t), 39.79 (d), 42.54 (d), 
45.47 (t), 46.00 (t), 48.34 (t), 49.16 (d), 70.70 (d), 74.91 (d), 76.26 (d), 
76.79 (d), 77.20 (d), 78.77 (d), 79.65 (d), 79.77 (d), 81.29 (d), 110.20 
(t), 115.71 (t), 124.54 (d), 124.95 (d), 127.29 (d), 130.75 (d), 139.88 (s), 
140.11 (s), 144.56 (s), 149.13 (s), 171.02 (s), 207.66 (s), and 213.63 (s); 
FABMS (positive ion; glycerol as a matrix) m/z 715 (M + H)+ and 697 
(M - H2O + H)+; HREIMS m/z 696.4236 (M - H2O; calcd for C41-
H60O9, 696.4237). 

Tetraacetate (2). Amphidinolide C (1, 4.7 mg) was treated with 0.3 
mL of acetic anhydride and 0.3 mL of pyridine at room temperature for 
17 h. After evaporation of the solvent, purification by silica gel column 
chromatography (Wako gel C-300, 7 X 70 mm) eluted with hexane/ 
acetone (3:1) afforded the tetraacetate (2, 4.0 mg): 1H and 13C NMR 
(Table I); FABMS (positive ion; diethanolamine as a matrix) m/z 988 
(M + diethanolamine + H)+. 

Compound 3. In the CDCl3 solution of 2 (5 mg in 0.5 mL), 2 was 
slowly oxidized by air to give the peroxide 3, which was separated by a 
silica gel column chromatography (Wako gel C-300, 7 X 70 mm) eluted 

The oxidation of sulfur compounds with singlet oxygen (1O2) 
has been extensively studied, and much attention has been devoted 
to their structures and the reactivities of peroxidic intermediates.2"7 

(1) Presented in part at the 19th Symposium on Oxidation Reactions, 
Osaka, Japan, Nov 12, 1985; abstract p 157. 

(2) For reviews, see: (a) Ando, W. Sulfur Rep. 1981,1, 143. (b) Ando, 
W.; Takata, T. In Singlet O2; Frimer, A. A., Ed.; CRC: Boca Raton, FL, 
1985; Vol. 3, Chapter 1, p 1. 

(3) Krauch, C. H.; Hess, D.; Schenck, G. O., unpublished results. Quoted 
by: Gollnick, K. Adv. Photochem. 1968, 6, 1. 

(4) (a) Foote, C. S.; Denny, R. W.; Weaver, L.; Chang, Y.; Peters, J. W. 
Ann. N.Y. Acad. ScU 1970,171, 139. (b) Foote, C. S.; Peters, J. W. /. Am. 
Chem. Soc. 1971, 93, 3795. (c) Foote, C. S.; Peters, J. W. IUPAC Congr., 
23rd, Spec. Led. 1971, 4, 129. (d) Kacher, M. L.; Foote, C. S. Photochem. 
Photobiol. 1979, 26, 765. (e) Gu, C-L.; Foote, C. S.; Kacher, M. L. J. Am. 
Chem. Soc. 1981,103, 5949. (0 Gu, C-L.; Foote, C S. J. Am. Chem. Soc. 
1982,104, 6060. (g) Liang, J.-J.; Gu, C-L.; Kacher, M. L.; Foote, C S. J. 
Am. Chem. Soc. 1983, 105, 4717. 
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chem. Photobiol. 1980, 31, 191. (c) Ando, W.; Kabe, Y.; Kobayashi, S.; 
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Wasserman, H. H.; Strehlow, W. Tetrahedron Lett. 1970, 795. (c) Murray, 
R. W.; Jindal, S. L. Photochem. Photobiol. 1972, 16, 147. (d) Murray, R. 
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with hexane/acetone (3:1). After 3-4 months, the ratio of 2 and 3 in 
the CDCl3 solution was approximately 3:1. 3: 1H NMR (CDCl3) S 6.51 
(dd, J = 15.3 and 10.9 Hz, H-26), 6.07 (d, J = 10.9 Hz, H-27), 5.91 (s, 
H-IO), 5.64 (dd, J = 15.3 and 7.7 Hz, H-25), 5.55 (s, H-29), 5.48 (m, 
H-13), 5.37 (d, J = 4.1 Hz, H-7), 5.28 (dd, J = 1.1 and 6.8 Hz, H-24), 
5.16 (dd, J = 6.1 and 4.1 Hz, H-7), 5.05 (s, H-41), 4.96 (s, H'-41), 4.82 
(d, J = 15.8 Hz, H-36), 4.44 (d, J = 15.8 Hz, H'-36), 4.30 (m, H-20), 
4.14 (m, H-23), 4.09 (m, H-6), 3.87 (m, H-3), 3.07 (m, H-16), 2.15, 
2.10, 2.04, and 2.04 (each 3 H, s, Ac X 4), 1.69 (3 H, s, H3-40), 1.30 
(3 H, s, H3-37), 1.06 (3 H, d, J = 7.1 Hz, H3-39), 1.05 (3 H, d, J = 6.5 
Hz, H3-38), 0.97 (3 H, d, J = 7.3 Hz, H3-35), and 0.90 (3 H, t, J = 7.3 
Hz, H3-34); FABMS (positive ion; diethanolamine as a matrix) mjz 
1020 (M + diethanoamine + H)+. 
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Recently, Foote et al.4g elegantly proposed that there are two 
intermediates in the singlet oxygenation reaction of sulfide in 
aprotic solvents, in which an initial nucleophilic persulfoxide 
intermediate 1 reacts with an electrophile such as diphenyl sul
foxide, loses singlet oxygen, or collapses to an electrophilic thia-
dioxirane intermediate 2 that reacts with a nucleophile such as 
sulfide. Meanwhile, in protic solvents the persulfoxide inter-

1 2 3 

mediate is stabilized by hydrogen bonding as 3.4^7 The function 
of the alcohol was interpreted as decreasing the negative charge 
density on the persulfoxide, thus promoting nucleophilic attack 
by a second sulfide. Since no direct trapping of the intermediates 
has been achieved,8 however, the structures of them are still 
controversial.2-7 Accordingly, the molecule that may serve as a 
diagnostic test for a persulfoxide intermediate is clearly desirable 
for mechanistic studies of the oxidation reaction of sulfides. The 
candidate is thiirane.5f'9 The particular advantage of thiirane 

(7) Sawaki, Y.; Ogata, Y. J. Am. Chem. Soc. 1981, 103, 5947. 
(8) Recently, we succeeded in the spectroscopic observation of persulf-

oxides: Akasaka, T.; Yabe, A.; Ando, W, J. Am. Chem. Soc, in press. 
(9) Jensen, F.; Foote, C. S. J. Am. Chem. Soc. 1987,109, 1478. We thank 

Prof. Foote for a prepublication copy of their manuscript. 

Reaction of Singlet Oxygen with Thiirane: Peroxysulfenic 
Acid Intermediate as a New Oxidizing Species1 

Takeshi Akasaka, Masahiro Kako, Hideki Sonobe, and Wataru Ando* 

Contribution from the Department of Chemistry, University of Tsukuba, Sakura-mura, 
Ibaraki 305, Japan. Received February 17, 1987 

Abstract: The reaction of singlet oxygen with 7-thiabicyclo[4.1.0]heptane (cyclohexene sulfide) in methanol has been investigated. 
The first example for epoxidation of olefins by the active oxidizing species generated in photooxygenation of the thiirane is 
provided. It suggests that the active oxidizing species is probably the peroxysulfenic acid intermediate derived from ring opening 
of a thiirane peroxide intermediate by nucleophilic attack of methanol. 

0002-7863/88/1510-0494$01.50/0 © 1988 American Chemical Society 



Singlet Oxygen Reaction with Thiirane 

Scheme II 

11 

1 1 ^ l _ 9 + (r>̂ " }-^io 
MeOH l k^J-OMe 

is that the persulfoxide intermediate might react easily with alcohol 
to give a new oxidizing species, peroxysulfenic acid 42 (Scheme 
I), similar to the case of the acid-catalyzed ring opening of thiirane 
oxides.10 We report here evidence for the first trapping of a 
persulfoxide intermediate by methanol to afford the peroxysulfenic 
acid intermediate that oxidizes olefins to epoxides and sulfides 
to sulfoxides. 

Results and Discussion 
7-Thiabicyclo [4.1.0] heptane (cyclohexene sulfide, 5)" reacts 

with singlet oxygen in the presence of methylene blue as sensitizer 
and light. If the photooxygenation is carried out under nitrogen 
or in the absence of a sensitizer or light, no reaction occurs. The 
oxygenation is inhibited by l-phenyl-3-[/>-(diethylamino)-
styryl]-5-[p-(diethylamino)phenyl]-2-pyrazoline,12 a known singlet 
oxygen quencher. These control experiments make it probable 
that singlet oxygen is the primary oxygenating species. Photo
oxygenation of 5 in methylene chloride gave the polymeric 
products. Since photooxygenation of 5 in the presence of dimethyl 

O Q-. ctw err 
5 6 7 8 

sulfoxide gave thiirane sulfoxide 6 (79% yield)13 and dimethyl 
sulfone, however, the initial formation of peroxythiirane oxide 7 
is evident.4**7 Photooxygenation of 5 in the presence of methanol 
to give peroxysulfenic acid 814 is evidenced by the change in 
products as a function of added olefin. Photooxygenation in 5 
in methanol gave sulfinate 9 (35%) and disulfide 10 (30%). Since 

k^-OMe Ix^-OMe MeO-1 x̂-J 

9 10 

acid-catalyzed methanolysis of 6 afforded thiosulfinate 11 by 
dehydrogenation of the corresponding sulfenic acid,15 6 is an 
alternative source of products 9 and 10 for oxidation in methanol. 
It is known that thiirane oxides undergo nucleophilic ring opening 
in the presence of a strong acid.10 In the case where the nucleophile 
is methanol, the product is a methoxy thiosulfinate. 10b'c The 
products are generally believed to arise from dehydration of a 
sulfenic acid, which is assumed to be the primary product from 
the ring opening." Similar to the case of thiirane oxides,10 

however, it seems to be reasonable that nucleophilic attack by 
methanol as solvent on 7 to give 8 would also preferentially take 
place compared with that on 7 by a sulfide nucleophile to afford 

(10) (a) Manser, G. E.; Mesure, A. D.; Tilett, J. G. Tetrahedron Lett. 
1969, 3153. (b) Kondo, K.; Negishi, A.; Tsuchihashi, G. Tetrahedron Lett. 
1969, 3173. (c) Kondo, K.; Negishi, A.; Ojima, I. / . Am. Chem. Soc. 1971, 
94, 5786. 

(11) van Tamelen, E. E. Organic Syntheses; Wiley: New York, 1963; 
Collect. Vol. IV, p 232. 

(12) Ando, W.; Sato, R.; Yamashita, M.; Akasaka, T.; Miyazaki, H. J. 
Org. Chem. 1983, 48, 542. 

(13) Kondo, K.; Negishi, A. Tetrahedron 1971, 21, 4821. 
(14) An alternative intermediate, a hydroperoxymethoxysulfurane, in the 

reaction with methanol has been proposed by Foote et al.' However, we 
believe that a sulfurane structure containing a three-membered ring seems to 
be unfavorable, and ring opening of a peroxythiirane oxide by nucleophilic 
attack of methanol easily takes place to afford 8. For a review of sulfurane 
chemistry, see: (a) Oae, S.; Kunieda, N. In Organic Sulfur Chemistry; Oae, 
S., Ed.; Kagakudojin: Kyoto, 1982; Vol. 1, Chapter 3, p 126. (b) Hayes, R. 
A.; Martin, J. C. In Organic Sulfur Chemistry; Bernardi, F., Csizmadia, I. 
G., Mangini, A., Eds.; Elsevier: New York, 1985; p 408. 

(15) Oae, S. In Organic Sulfur Chemistry; Oae, S., Ed.; Kagakudojin: 
Kyoto, 1982; Vol. 2, Chapter 5, p 131. 
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Table I. p Values for Various Electrophilic Oxygen Atom Transfer 
Reactions 

system oxygen acceptor" p (vs a) ref 

5/ '0 2 /MeOH 
HOOH 
PhC(O)OOH 
Et 2S/ '0 2 /MeOH 
Ph2S(ORf)2ZHOOH" 
R,R2S(ORf)2/HOOH» 

A 
B 
A 
B 
A 
A 

-0.74 
-0.98 
-2.50 
-0.61 
-0.43 
-0.86 

this work 
24 
25 
5b 
6h 
6h 

"A = (p-XC6H4)2S; B = p-XC6H4SPh. b 

Ri. R2 = (OF 3 ) 2
x

0 _ : R, . C(CF3I2Ph 

6. When the intermediate was generated in the presence of excess 
norbornene or cyclohexene, 9 and 10 were produced in 37% and 
29% yields, respectively, together with the epoxide. Possible 
reactions leading to the observed products are shown in Scheme 
II. 10 might be obtained by oxidation16 of the corresponding thiol 
derived from methanolysis of 11. Photoepoxidation of olefins did 
not take place at all in the absence of 5. An oxenoid mechanism, 
which could resemble those in biological epoxidations,17 is sug
gested for the epoxidation reactions. When the photooxygenation 
was carried out in the presence of norbornene at -40 °C in a 
solution of methanol-methylene chloride (9:1), ejco-norbornene 
oxide18 was obtained in 37% yield. Yields were determined by 
GLC, and the reaction conditions are not optimized. Addition 
of a radical trap (triphenylmethane)19 in concentrations up to 5 
X 10"3M does not have any influence on epoxidation: norbornene 
oxide, 21% in the absence and 20% in the presence of a trap at 
15 0C. Similarly, cyclohexene is converted into the corresponding 
epoxide in 47% yield at 15 0C in a methylene chloride solution 
containing methanol (0.5 M). Cyclohexene oxide was identified 
as the ring-opening product 2-methoxycyclohexanol.20 2-
Cyclohexen-1-ol and 2-cyclohexen-l-one as radical-oxidation 
products21 were not obtained at all. No epoxide was obtained in 
the photooxygenation of diethyl sulfide in methanol in the presence 
of norbornene. In contrast to the case of 5, photooxygenation of 
3-thiatricyclo[3.2.1.02'4]octane (norbornene sulfide, 12)22 in 
methanol gave the corresponding sulfoxide 1323 quantitatively, 
and no epoxidation took place in the presence of olefin. Since 

Ap df 
12 13 

only few reactivities of the active oxidizing intermediates 1-3, 
generated in the photooxygenation of sulfides, have been known 
hitherto to oxidize sulfide,4'5b sulfoxide,45,7 and an active a-C-H 
bond5f,6g and to cause oxidative decarboxylation of a-keto car-
boxylic acids,5d it is worthwhile that 8 is effective for the ep
oxidation of olefins. In turn, the intermediate structure might 
surely be persulfoxide 7. 

Photooxygenation of 5 in methanol-methylene chloride in the 
presence of diphenyl sulfide, which is relatively stable toward 1O2,

413 

gave diphenyl sulfoxide in 80% yield. Competitive kinetic studies 
of the oxidation of symmetrically disubstituted diphenyl sulfides 
showed the oxidant to be electrophilic, describing a p value vs a 
of -0.74 (Table I). The negative p value is comparable with those 
for the oxidation with hydrogen peroxide24 and perbenzoic acid25 

(16) (a) Reference 2b, p 68. (b) Ando, W.; Suzuki, J.; Arai, T.; Migita, 
T. Tetrahedron 1973, 29, 1507. 

(17) Hamilton, G. A. In Molecular Mechanisms of Oxygen Activation; 
Hayaishi, O., Ed.; Academic: New York, 1985; p 405. For recent articles, 
see: (a) Tai, A. F.; Margerum, L. D.; Valentine, J. S. J. Am. Chem. Soc. 
1986, 108, 5006. (b) Heimbrook, D. C; Mulholland, R. L., Jr.; Hecht, S. 
M. / . Am. Chem. Soc. 1986, 108, 7839. 

(18) Budnik, R. A.; Kochi, J. K. J. Org. Chem. 1976, 41, 1384. 
(19) Russell, G. A. J. Am. Chem. Soc. 1956, 78, 1047. 
(20) Battioni, J. P.; Chodkiewicz, W. Bull. Soc. Chim. Fr. 1977, 320. 
(21) van Sickle, D. E.; Mayo, F. R.; Arluck, R. M. / . Am. Chem. Soc. 

1965, 87, 4824. 
(22) Bombala, M. V.; Ley, S. V. J. Chem. Soc, Perkin Trans. 1 1979, 

3013. 
(23) Fujisawa, T.; Kobori, T. Japan Patent 74 35375, 1974. 
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and also for the oxidation in photooxygenation of diethyl sulfide 
in methanol.515 Hydrogen trioxide (ROOOH), an oxygen analogue 
of peroxysulfenic acid, electrophilically oxidizes sulfide to sulfoxide. 
These results are similar to those of intermediates derived from 
hydrogen peroxide and Martin 's sulfuranes6h capable of epoxi-
dizing olefins. 

In summary, the trapping of a persulfoxide intermediate of 
thiirane by methanol might afford the peroxysulfenic acid that 
is able to oxidize olefins to epoxides and sulfides to sulfoxides. 
The peroxysulfenic acid intermediate might be derived from ring 
opening of a thiirane peroxide intermediate by nucleophilic attack 
of methanol. It is noteworthy that this is a first example for 
efficient epoxidation of olefins by the active oxidizing species 
generated in the photooxygenation of sulfides. 

Experimental Section 
IR spectra were recorded with a Hitachi 260-50 spectrometer, 1H 

NMR spectra with a Varian EM 360A spectrometer and a JEOL JNM 
PMX-60SI spectrometer, and 13C NMR spectra with a JEOL JNM 
JX-IOO spectrometer. Deuteriated chloroform was used as the solvent. 
Chemical shift values are reported (&) relative to internal tetramethyl-
silane standard. Mass spectral data were obtained on a Hitachi RMU-
6M Mass spectrometer and exact mass data on JEOL JMS-D300 mass 
spectrometer. Gas chromatography was done on a Hitachi 163 gas 
chromatograph equipped with a fid detector. Gel permeation chroma
tography was performed on a series of JAIGEL IH and 2H columns with 
a flow of 3.5 mL min-1 of chloroform on a LC-08 liquid chromatograph 
of Japan Analytical Industry Co. Ltd. 

Reagent-grade solvents were used for the experiments in methylene 
chloride and methanol. Methylene chloride was refluxed over calcium 
chloride and distilled before use. Methanol was refluxed over calcium 
oxide and distilled before use. Methylene blue (Kanto Chemical) and 
deuteriated chloroform for spectroscopy (Merck) were used as received. 
Norbornene (Tokyo Kasei) was used as received. Cyclohexene (Tokyo 
Kasei) was used after distillation. Their epoxides were prepared ac
cording to the literature method.18 Cyclohexene sulfide" and norbornene 
sulfide21 were synthesized by the reported method. These sulfides were 
oxidized with /w-chloroperbenzoic acid to afford the corresponding sul
foxides.13 Diphenyl sulfide (Tokyo Kasei) was used as received. Bis(/>-
chlorophenyl), bis(p-methylphenyl), and bis(p-methoxyphenyl) sulfides 
were prepared according to the literature method.26 

The light source was two 500-W tungsten-halogen lamps. Irradiations 
were carried out in Pyrex tubes in a water bath while oxygen was passed 
through. 

Photooxygenation. General Procedures. A 0.05 M solution of the 
thiirane containing methylene blue as sensitizer was photooxygenated at 
-40 0C. The solvent was removed under reduced pressure, and the 
residue was subjected to preparative HPLC and analytical GLC. 

Photooxygenation of 5. The fraction from preparative HPLC was 
shown to consist of polymeric products. In the presence of dimethyl 
sulfoxide (2.5 M), the corresponding thiirane oxide (6)13 was obtained 
in 79% yield as determined by NMR measurement, accompanied by 
dimethyl sulfone. In the case of photooxygenation of 5 in methanol, three 
fractions were isolated by preparative HPLC. The first product was 
bis(2-methoxycyclohexyl) disulfide (10): 29% yield; IR (NaCl) 1190, 
1110, 1095 cm"1; 1H NMR S 3.38 (s, 6 H), 3.02-3.24 (m, 2 H), 
2.61-2.84 (m, 2 H), 1.06-2.38 (m, 16 H); 13C NMR S 81.14 (d), 56.36 
(q), 54.37 (d), 30.94 (t), 29.94 (t), 24.95 (t), 23.48 (t); MS, m/e 290 
(M+). Anal. Calcd for C M H 2 6 O 2 S 2 : C, 57.78; H, 9.02. Found: C, 
57.70; H, 9.08. The isomeric mixture was not separated. The second 
product was methyl <ra/is-2-methoxycyclohexanesulfinate:° 30% yield; 
IR (NaCl) 1190, 1120, 1090, 990 cm"1; 1H NMR 5 3.82 (s, 3 H), 3.33 
(s, 3 H), 3.22-3.46 (m, 1 H), 2.48-2.72 (m, 1 H), 1.04-2.40 (m, 8 H); 

(24) Modena, G.; Maioli, L. Gazz. Chim. Ital. 1957, 87, 1306. 
(25) Ponec, R.; Prochazka, M. Collect. Czech. Chem. Commun. 1974, 39, 

2088. 
(26) Miller, E.; Crossley, F. S.; Moore, M. L. J. Am. Chem. Soc. 1942, 

64, 2322. 

13C NMR S 78.49 (d), 68.81 (d), 56.13 (q), 55.72 (q), 30.53 (t), 24.66 
(t), 23.54 (t), 19.0(t); MS, m/e 192 (M+). Anal. Calcd for C8H16O3S1: 
C, 49.97; H, 8.38. Found: C 49.90; H, 8.44. The third product was 
methyl cw-2-methoxycyclohexanesulfinate:9 7% yield; IR (NaCl) 1190, 
1120, 1090, 990 cm"1; 1H NMR 6 3.80 (s, 3 H), 3.38 (s, 3 H), 3.32 (m, 
1 H), 1.04-2.76 (m, 9 H); 13C NMR S 77.85 (d), 68.05 (d), 56.36 (q), 
55.83 (q), 30.47 (t), 24.31 (t), 23.48 (t), 18.73 (t); MS, m/e 193 (M+). 
Anal. Calcd for C8H16O3S1: C, 49.97; H, 8.38. Found: C, 50.47; H, 
8.29. 

Methanolysis of 6. To 10 mL of a methanol solution containing 
concentrated sulfuric acid was added 200 mg of 6 in 5 mL of methanol 
with stirring in an ice-water bath. After 2 h, 6 completely disappeared. 
S-2-methoxycyclohexyl 2-methoxycyclohexanethiosulfinate (11) was 
isolated in 52% yield by silica gel column chromatography using meth
ylene chloride-ethyl acetate as eluent: IR (NaCl) 1190, 1120, 1090, 
1070 cm""; 1H NMR S 3.40 (s, 3 H), 3.37 (s, 3 H), 2.73-3.80 (m, 4 H), 
1.10-2.53 (m, 16 H); 13C NMR 6 82.02 (d), 81.60 (d), 69.22 (d), 68.81 
(d), 56.30 (q), 56.01 (q), 32.58, 31.35, 30.24, 29.94, 24.89, 24.66, 23.48, 
22.08; MS, m/e 306 (M+); exact mass calcd for C14H26O3S2 306.1322, 
found 306.1295. 

Photooxygenation of 5 in the Presence of Olefins. Photooxygenation 
of 5 in the presence of norbornene (2.5 M) at -40 0 C in a solution of 
methanol-methylene chloride (9:1) afforded ejco-norbornene oxide18 in 
37% yield. Yields was determined by GLC (4 mm X 3 m glass column 
packed with 5% PEG-20M-P on Uniport HP; column temperature, 130 
0C). When the reaction was carried out at 15 0C, exo-norbornene oxide 
was identified as the corresponding ring-opening products such as exo-
2-methoxybicyclo[2.2.1]heptan-jyn-7-ol and the -anti-7-ol reported by 
Brettle et al.27 by means of GLC analysis (4 mm X 3 m glass column 
packed with 5% PEG-20M-P on Uniport HP; column temperature, 130 
0C). Similarly, in the presence of cyclohexene (2.5 M), 2-methoxy-
cyclohexanol20 as the acid-catalyzed ring-opening product of cyclohexene 
oxide derivatives was obtained in 47% yield (GLC conditions: 4 mm X 
2 m glass column packed with 2% Silicon OV-I on Uniport HP; column 
temperature, 80 0C). 

Photooxygenation of 5 in the Presence of Diphenyl Sulfide. The for
mation of diphenyl sulfoxide in 80% yield in the photooxygenation of 5 
in the presence of diphenyl sulfide (1 M) was analyzed by GLC (4 mm 
X 1 m glass column packed with 5% PEG-20M-P on Uniport HP; col
umn temperature, 200 0C). Competitive kinetic studies of the photo
oxygenation of 5 in methanol in the presence of 4,4'-disubstituted di
phenyl sulfide was carried out as follows. k!cl was determined by the 
following equation: Jfc„, = [log (A - X)/A]/[log, (B - Y)/B] = XB/ YA, 
where A and B are the amounts of sulfides used in the reaction and X 
and Fare the amounts of sulfoxides formed by the reaction. k,el (R = 
0.9957): p-Cl, 0.48; H, l;p-Me, 2.1;/?-MeO, 2.5. Products ratios were 
determined by GLC at an early stage (i.e., 10% conversion). 

Photooxygenation of Sulfides in the Presence of Norbornene. Diethyl 
sulfide (0.05 M) (norbornene sulfide, 0.05 M) was photolyzed in a 
mixture of methanol and methylene chloride in the presence of nor
bornene (2.5 M). Only the corresponding sulfoxide was observed by 
NMR and GLC analysis, and none of the epoxide was obtained at all. 
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