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Abstract: The binuclear MnlV- MnIv manganese complex 1catalyzes the periodic acid oxidation of
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sulfides to sulfones under mild conditions. The reaction was found to be lusul] seieclive siv'ius aimast
quantitative yields of the sulfones even in the presence other easily oxidized groups. Only amines were
found to hinder the reaction. © 1998 Elscvicr Science Ltd. All rights reserved.

Due to the extensive use of sulfur derivatives in modern synthetic chemistry! the oxidation of sulfides to
sulfones is well documented.?2 For this reason the search is still continuing for a reagent to carry out such
transformations fast and cfﬁciently 3 Recently we reported the oxidation of selected organic substrates with

sulfones in the presence of such functional groups. We now report the resuits of this study.

The catalyst studied was the binuclear complex 1, [MnlV-MnlV (u-0)3L3](PFg), (L=1,4,7-trimethyl-1,4,7-
triazacyclononane) which was first reported by Wieghardt and Girerd>? and later by Hage 5 as a catalyst for the
epoxidation of olefins. Generally reactions (Table 1) were carried out in pyridine with ~1.8mol% of catalyst6
even though the amount of catalyst could be reduced to 0.3mol% with little loss of reactivity (Entry 4). The
oxidation of n-dibutyl sulfide 2 to n-dibutyl sulfone 3 was fast and efﬁc;icnt, although the rate was dependent
upon the concentration of the solution (Entries 2 and 3). When 1 was omitted from the reaction only the
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sulfoxide was formed after 3.5h (Entry uring the reaction a precipitate forms which was shown to be a
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complex of iodic acid and pyridine and not the catalyst. The catalyst was shown to be robust as filtration of the

ridi s
precipitate and addition of fresh portions of the sulfide and periodic acid di
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not affect catatlytic oxidation. This
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was repeated ten times without any effect on the rate or yield of the reaction.
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Table 1: Catalytic oxidation of sulfides to sulfones with 1 and periodic acid.?
Entry ~ System Reaction Yieldb (%)
Substrate  HsIOg Time Ry-S-R;

(meol) (mmol) (h) Ri-5-R R1'g ~Rs
1¢ 2 4 35 3 96 trace
2c 2 4 0.5 trace 34 65

1 0 4 94

1.5 0 1 99 (95f)

3cd 2 4 0.5 41 55 2
1 20 68 11

A LS 8 52 39

4c.e 2 4 0.5 30 66 4
1 3 30 67

1.5 0 4 94

5c 4 4 25 15 28 55
overnight 0 0 91
6° 5 4 20 0 0 96
7c 6 8 21 0 0 84
8f 7 4 overnight - - 84
of 8 8 overnight - - 93
10f 9 4 overnight - - 91
11f 10 4 overnight - - 88
i2f ii 4 overnight - - 89
13f 12 4 overnight - - 92
14f. 2 13 4 overnight - - 85
156 ¢ 14 4 overnight - - 87
1658 15 4 overnight - - 91
17f 16 4 overnight - - 85
185h 17 7 3 days - - 86
19f 18 4 overnight - - 96
20fh 19 7 3 days - - 0

2) Reactions were carricd out with 30mg of 1 in pyridine (10m!) unless stated otherwise. b) Known compounds were

ldcunﬁcd by comparison with authentic samples. ¢) Yields of products were determined by GC analysis. d) 30ml of
pyridine was used. e) 5mg of 1 was used. f). Yields stated are for isolated products. g) Sulfones from 13, 14 and 15
A
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suifide to phenyl vinyl sulfone without the formation of any other oxidation products (Entry 10). The same was
observed with the phenyl allyl sulfides, 9-11, and also for the furan derivatives 13-15 which gave only the
sulfones in high yields with no oxidation on the heterocycle, olefin or benzyl position (Scheme 2).
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Scheme 2

The value of the reagent system was fully demonstrated when thiochroman-4-ol 16 was converted to
thiochroman-4-ol S,S-dioxide in 85% isolated yield. The benzyl portion is reported to be readily oxidized with

o-iodoxybenzoic acid.8 Hage and Fenna29 also reported that 1 and threge-n peroxide converts benzyl alcohol

to benzaldehyde and benzoic acid which is not observed under
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the alcohol by reaction with HOF*CH3CN compiex. Although benzothiophene and dibenzothiophene (Entries
18 &19) reacted slowly, the yields were still high. The less reactive 2,5-dimethylthiophene (Entry 20) failed to

give any product under these conditions.

Table 2: Competitive Oxidation of Dibutyl Sulfide in the Presence of Olefins, Alcohols and Amines

Entry System?a Yield® of S/SO/SO;
S/?Bitf:&e BuSBu BuSOBu BuSO;Bu
UMNO )
i n-Dibutyi suifide (2) 0 i 99
2 n-Dibutyl sulfide (2) 0 1 99
Styrene (2)
3 n-Dibutyl sulfide (2) 0 1 99
Linoleic acid (1)
4 n-Dibutyl sulfide (2) 0 I 99
Ethyl linoleate (1)
5 n-Dibutyl sulfide (2) 1 12 87
cycloheptatriene (1)
6 n-Dibutyl sulfide (2) 0 3 95
Benzyl alcohol (2)
7 n-Dibutyl sulfide (2) 77 19 2
N,N-Diethylaniline (2)
8 n-Dibutyl sulfide (2) 25 44 25
Triethylamine (2)

a). Reactions were carried out in pyridine (10ml) with a catalytic amount of 1 (30mg). b) Yields
of sulfides, suifoxides and sulfones were determined by GC analysis of the crude reaction mixture.



The seiectivity of the reagent towards suifides was reaffirmed by competition reactions between n-dibutyl
sulfide with styrene, linoleic acid, ethyl linoleate, cycloheptatriene and benzyl alcohol (Table 2). In all the
above experiments only the sulfone was formed with no oxidation of the other substrate (Entries 2-6). The only
functional group which was not compatible with the oxidation was the amine function. When the oxidation was
carried out in the presence of N,N-diethylaniline or triethylamine the yield of the sulfone was dramatically
reduced (Entries 7 and 8). Pyridine, the solvent of the reaction, does not react as no N-oxide could be detected

even after 24h.

In conclusion we have demonstrated that 1/periodic acid in pyridine is a fast and efficient system for the
conversion of sulfides to sulfones. The system has also been shown to be highly selective towards sulfide
oxidatio n in the presence of other readily oxidized group h the exception of amines
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