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Efficient Preparation of Glycosyl Sulfoxides
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24 rue Lhomond, F-75231, Paris Cedex 05, France

Received April 20, 1998

Keywords: Fluorine / Glycosides / Hydrogen bonds / Oxidation /Peroxides / Peroxides

Aqueous 30% H2O2 in hexafluoro-2-propanol (HFIP) is carbon double bond are shown to not be affected by the
reagent system used. The oxidation of glycosyl sulfides todescribed as a facile, selective and efficient oxidant for the

conversion of sulfides to sulfoxides under neutral conditions. glycosyl sulfoxides was achieved in very high yield at room
temperature.The nitrogen center of the pyridine molecule and the carbon–

Results and Discussion in a very short reaction time. The substituents on the phenyl
group had no significant effect on the reaction: With elec-

In our search for new low-cost and environmental tron-donating p-methyl, p-chloro substituents (1h and 1i)
friendly oxidizing systems, we have recently reported on the and with a strong electron-withdrawing group like p-nitro
Mn(OAc)3·2H2O catalyzed aerobic oxidation of olefins. [9a] (1j) the reaction occurred smoothly to give the correspond-
However, this system was not selective in sulfide oxidation, ing sulfoxides 2h2j in excellent yields.
leading to a mixture of sulfoxide and sulfone. [9b] We thus

Table 1. Oxidation of sulfides R2S2R* with aqueous 30% H2O2turned to oxidation reactions involving 30% aqueous H2O2
in HFIP[a]

as the most readily available inexpensive oxidant. The use of
a fluorous phase has recently been proved to present several Substrate R R9 Time [min] Product Yield (%)[b]

advantages in organic syntheses, [10] and considering the
high efficiency of protic solvents for oxidation of sulfide 1a nBu nBu 5 2a 92

1b PhCH2 PhCH2 5 2b 98with aqueous H2O2, we chose 1,1,1,3,3,3-hexafluoro-2-pro-
1c tBu tBu 20 2c 97panol (HFIP) (pK 5 9.3)[11] as a fluorous alcoholic solvent. 1d 2C4H82 5 2d 82

The oxidation of ethyl phenyl sulfide was carried out in 1e Ph Et 5 2e 97
1f Ph PhCH2 5 2f 97HFIP with aqueous 30% H2O2 at room temp., and after 30
1g Ph Ph 5 2g 99min afforded the corresponding ethyl phenyl sulfoxide as 1h p-MeC6H4 Me 5 2h 98

the only product in an excellent yield (97%). The sulfoxide 1i p-ClC6H4 Me 5 2i 95
1j p-O2NC6H4 Me 10 2j 92was recovered in HFIP which was further distilled and re-

used. The sulfoxide was recovered in the HFIP phase after
[a] Sulfide (2 mmol), aqueous 30% H2O2 (4 mmol), HFIP (2.5 ml).quenching the reaction with satd. sodium sulfite solution. 2 [b] Isolated yields.

The fluorous solvent (HFIP) can be recovered by distil-
lation. Prolonging the reaction to 3 h did not give any sul- We then investigated the stability of sensitive functionali-

ties under these oxidation conditions. Cyclopropyl phenylfone. With an excess of aqueous 30% H2O2 at room temp.,
ethyl phenyl sulfoxide was formed within 5 min. When ethyl sulfide (3) gave cyclopropyl phenyl sulfoxide (4) without af-

fecting the strained cyclopropyl group (see Table 2). Allylicphenyl sulfoxide was allowed to react with 30% aqueous
H2O2 in HFIP at 25°C, the starting sulfoxide was reco- sulfides 5 and 7, terminal olefinic sulfide 9 and vinylic sul-

fide 11 afforded the corresponding sulfoxides in high yieldsvered unchanged.
The present system was applied to the oxidation of vari- without affecting the carbon2carbon double bond. With

the thiomethyl-substituted pyridine 13 no oxidation oc-ous sulfides (see Table 1) [9b]. Di-n-butyl sulfide (1a), di-
benzyl sulfide (1b), di-tert-butyl sulfide (1c), and the cyclic curred at the nitrogen center.

The efficacy of this methodology under neutral con-sulfide 1d afforded the corresponding sulfoxides in very
good yields. Aromatic sulfides such as ethyl phenyl sulfide ditions prompted us to extend our reagent system to glyco-

syl sulfide oxidation. m-Chloroperbenzoic acid in CH2Cl2(1e), benzyl phenyl sulfide (1f) and the less nucleophilic di-
phenyl sulfide (1g) afforded sulfoxides as the only product (278°C to 230°C) was extensively used for the conversion
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Table 3. Oxidation of glycosyl sulfides with aqueous 30% H2O2 inTable 2. Selective oxidation of sulfide with aqueous H2O2 in

HFIP[a] HFIP[a]

[a] Sulfide (0.5 mmol), 30% aqueous H2O2 (1 mmol), HFIP (2.5
ml). 2 [b] Isolated yields.

proton in HFIP forms a strong hydrogen bond with H2O2[a] Sulfide (2 mmol), aqueous 30% H2O2 (4 mmol), HFIP (2.5 ml). and activates the hydroxy leaving group from H2O2 (see2 [b] Isolated yields.
Figure 1, left). When performed in the more basic trifluoro-
ethanol (pK 5 12.8) [11] the reaction was very slow. More

of glycosyl sulfides to sulfoxides. [2] [12] However, over-oxi- striking is the fact that HFIP prevents any further oxidation
dation was observed when the reaction was carried out at to the sulfone. It is a general feature that sulfoxides are
room temp. and so further efforts have focussed on more much less nucleophilic at the sulfur atom than sulfides, and
selective conditions. [8d]

that their oxidation is slower than that of the corresponding
At first, we examined the oxidation of the tetraacetate β- sulfides. In addition to this, under our reaction conditions,

-glucopyranosyl sulfide 15 with aqueous 30% H2O2 in the formation of a strong hydrogen bond between the HFIP
HFIP which led to a 50:50 diastereomeric mixture of β-- solvent and the oxygen atom of the sulfoxide could greatly
glucopyranosyl sulfoxides in 86% yield after 16 h (see Table decrease the nucleophilicity at the sulfur atom (see Figure
3). It is known that glycosyl sulfoxide glycosylation does 1, right). The addition of dimethyl sulfoxide in HFIP/H2O
not require a specific configuration at the sulfur atom.[2] [12]

caused the appearance, in the 1H-NMR spectra, of a cou-
The O-benzyl and O-benzoyl derivatives of the glycosyl sul- pling constant (7.5 Hz) between the hydroxy proton and the
fides 17, 19 and 21 afforded (within 3 h) the corresponding

α-proton, indicating a hydrogen bond. Thus, further oxi-
sulfoxides 18, 20 and 22 in very good yield. Benzylidene and dation of the sulfoxide did not take place.
acetonide protecting groups, which are sensitive to acidic
medium,[13] were stable under the present neutral con- Figure 1. Role of HFIP in sulfide oxidation
ditions. COSY- and HMQC-NMR experiments have been
performed on 18 for a complete assignment of carbon
atoms and protons.

Mechanism: In our oxidation system of sulfide to sulf-
oxide, it is important to note the following: The oxidation
of sulfide to sulfoxide with H2O2 in HFIP is faster than in
non-fluorous protic solvents, [14] and even faster than in
non-fluorous protic solvents in the presence of acid. [7b] Oxi-
dation of sulfide stops at the sulfoxide stage even with ex-
cess oxidant at room temp. Conclusion

In order to understand the reaction better, we have
checked that the addition of 30% aqueous H2O2 to HFIP We have found a new and selective oxidation reaction of

sulfides to sulfoxides with H2O2 in hexafluoro-2-propanol[19F NMR: δ 5 274.6, (d, J 5 5.8 Hz)] in D2O did not
give any change in the 19F-NMR signal. This indicates that (HFIP) under neutral conditions and at room temp. This

method can be applied to the oxidation of many sulfidesHFIP acts as a solvent and does not give any peroxide inter-
mediate. The efficiency of our oxidizing system can be ex- without sulfone formation, even with excess aqueous 30%

H2O2. No strict conditions are required for this selectivity.plained by a specific feature of HFIP. Because of the elec-
tron-withdrawing character of the CF3 group, the hydroxy Carbon2carbon double bonds and nitrogen atoms are not
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m.p. 144°C. 2 1H NMR (400 MHz, CDCl3): δ 5 3.30 (td, J 5 9.7affected under these reaction conditions. The oxidation of
Hz, J 5 5 Hz, 0.5 H, 5-H), 3.58 (m, 1 H, 0.5 H, 5-H, 0.5 H, 4-H),glycosyl sulfides to the corresponding sulfoxides was
3.70 (m, 0.5 H, 6-H), 3.75 (t, J 5 10.5 Hz, 0.5 H, 6-H), 3.79 (t,achieved in high yield without affecting the O-protecting
J 5 9.3 Hz, 0.5 H, 4-H), 3.85 (dd, J 5 9.1 Hz, J 5 7.7 Hz, 0.5 H,groups. The reaction is fast, the experimental procedure is
2-H), 3.92 (m, 1 H, 3-H), 4.0 (dd, J 5 10.5 Hz, J 5 5 Hz, 0.5 H,simple, and the solvent (HFIP) is recovered and can be re-
6-H), 4.02 (d, J 5 9.8 Hz, 0.5 H, 1-H), 4.16 (dd, J 5 9.8 Hz, J 5

used as such without any further purification. 8.5 Hz, 0.5 H, 2-H), 4.42 (m, 0.5 H, 6-H), 4.6 (d, J 5 9.1 Hz, 0.5
H, 1-H), 5.53 (s, 1 H, 7-H), 7.027.7 (m, 20 H). 2 13C NMR: δ 5K. S. R. thanks the CNRS and the CEFIPRA for a position as
68 (C-6), 70.2/71 (C-5),75/76.5 (C-2), 81 (C-4), 83 (C-3), 94/96 (C-associate researcher.
1), 101.5 (C-7) 1222132 (aromatic). 2 C33H32O6S (558.70): calcd.
C 71.19, , 5.81, S 5.76; found C 71.16, H 5.92, S 5.66

Phenylsulfenyl 2,3,4,6-Tetra-O-acetyl-β--glucopyranoside (16):Experimental Section
White crystalline solid (0.19 g, 86%). M.p. 46°C. 2 IR (thin film):

General: 1,1,1,3,3,3-hexafluoro-2-propanol was obtained from
ν̃ 5 1757 cm21. 2 1H NMR (200 MHz, CDCl3): δ 5 1.922.2 (m,

Aldrich. 2 1H NMR: 200 MHz in CDCl3. 2 TLC: 0.25 mm Merck
12 H), 3.5223.72 (m, 1 H), 4.024.16 (m, 2 H), 4.26 (d, J 5 9.7

precoated silica plates (60F-254). Unless otherwise stated, sulfides
Hz, 0.5 H), 4.44 (d, J 5 9.5 Hz, 0.5 H), 4.8825.04 (m, 1 H),

were used as purchased from Lancaster. Sulfide 13 [15] was prepared
5.1625.38 (m, 2H), 7.4827.56 (m, 3 H), 7.6027.72 (m, 2H). 2

according to the literature procedure. The sulfoxides 2a [8d], 2b [16],
C20H24O10S (458.49): calcd. C 52.62, H 5.31, S 7.02; found C 52.55,

2c [14], 2d [17], 2e2j [16], 4 [18], 8 [19], 12 [20] and 14 [15] are known com-
H 5.49, S 6.85.

pounds and were identified by comparing physical and spectro-
Phenylsulfenyl 2,3-Di-O-benzoyl-4,6-O-benzylidene-β--glucopyr-scopic data with the values reported in the literature.

anoside (20): White solid (0.28 g, 96%), m.p. 176°C. 2 IR (thin
11-(Phenylthio)-1-undecene (9): 11-Bromo-1-undecene (1.17 g, 5 film): ν̃ 5 1733 cm21. 2 1H NMR (200 MHz, CDCl3): δ 5 3.523.7

3 1023 mol) was added to a stirred solution of thiophenol (0.55 g, (m, 0.6 H), 3.724.1 (m, 3 H), 4.1724.25 (dd, J 5 4.9, 10.4 Hz, 0.4
5 3 1023 mol), sodium hydroxide (0.4 g, 1022 mol) and a catalytic H), 4.46 (d, J 5 9.2 Hz, 1 H), 5.51 (s, 1 H), 5.7925.99 (m, 2 H),
amount of tributyl(hexadecyl)phosphonium bromide (0.1 g) in a 7.2428.02 (m, 20 H). 2 C33H28O8S (584.65): calcd. C 67.79, H
solvent mixture (water/benzene 5 1 mL:5 ml). After stirring for 24 4.84, S 5.48; found C 67.37, H 5.01, S 5.67.
h, the organic layer was separated, washed with aqueous 10% so-

Phenylsulfenyl 2,6-Di-O-benzoyl-3,4-O-isopropylidene-β--dium hydroxide (2 3 10 ml) and then with water, and dried with
galactopyranoside (22): White solid (0.242 g, 92%); m.p. 172°C. 2calcium chloride. Evaporation of the solvent afforded the sulfide
IR (thin film): ν̃ 5 1730, 1716 cm21. 2 1H NMR (200 MHz,9 [21] as a colorless oil (1.26 g, 96%). 2 IR (neat): ν̃ 5 1636 cm21.
CDCl3): δ 5 1.39 (s, 3 H), 1.64 (s, 3 H), 4.224.3 (m, 1 H),2 1H NMR (CDCl3): δ 5 1.221.8 (m, 14 H), 2.05 (m, 2 H), 2.9
4.3224.74 (m, 5 H), 5.36 (dd, J 5 5.3, 6.8 Hz, 0.3 H), 5.97 (t, J 5(t, J 5 7.3 Hz, 2 H), 4.825.1 (m, 2 H), 5.725.9 (m, 1 H) 7.127.4
3.7 Hz, 0.6 H), 7.328.1 (m, 15 H). 2 C29H28O8S (536.61): calcd.(m, 5 H).
C 64.90 H 5.27, S 5.97; found C 64.23, H 5.32, S 6.19.

General Procedure for the Oxidation of Sulfides in HFIP: 30%
aqueous H2O2 (0.45 ml, 4 3 1023 mol) was added to a stirred

[1] [1a] E. Block, J. Chem. Educ. 1971, 48, 8142824. 2 [1b] I. Fle-solution of allyl dodecyl sulfide (5) (0.484 g, 2 3 1023 mol) in
ming, Chem. Ind. (London) 1975, 449. 2 [1c] E. Block, Reac-HFIP (2.5 ml) at 25°C. The reaction was monitored by GC. After tions of Organosulfur Compounds, Academic Press, New York,

the complete disappearance of the sulfide (5 min), the excess H2O2 1978. 2 [1d] T. Durst, Comprehensive Organic Chemistry (Eds.:
D. H. R. Barton, W. D. Ollis), vol. 3, Pergamon, Oxford, 1979.was quenched with a saturated Na2SO3 solution (2.0 ml). The two

[2] D. Kahne, S. Walker, Y. Cheng, D. Van Engen, J. Am. Chem.phases (aqueous and HFIP) were separated and the HFIP phase
Soc., 1989, 111, 688126882.was dried (molecular sieve 3Å). After distillation of the solvent, [3] J. Drabowicz, P. Kielbasinski, M. Mikolajczyk, The Chemistry

3-(dodecylsulfinyl)-1-propene (6) was obtained as a white solid of Sulfones and Sulfoxides, (Eds.: S. Patai, Z. Rappoport, C. J.
M. Stirling), Wiley, New York, 1988, p. 233.(0.49 g, 95%, purity 99% by GC), m.p. 56°C. 2 IR (thin film): ν̃ 5

[4] Oxidations in Organic Chemistry (Ed: M. Hudlicky), ACS1640 cm21. 2 1H NMR (200 MHz, CDCl3): δ 5 0.88 (t, J 5 6.8
Monograph 186, American Chemical Society, Washington, DHz, 3 H), 1.26 (br. s, 18 H), 1.621.9 (m, 2 H), 2.622.8 (dt, J 5 C., 1990, p. 252.

1.0, 6.9 Hz, 2 H), 3.323.6 (m, 2 H), 5.325.5 (m, 2 H), 5.726.0 (m, [5] D. Barnard, L. Bateman, J. I. Cunneen, Organic Sulfur Com-
pounds, vol. 1 (Ed.: N. Kharasch), Pergamon Press, New York,1 H). 2 C15H30OS (258.47): calcd. C 69.69, H 11.72, S 12.4; found
1961, p. 2292247.C 69.60, H 11.08, S 12.23. [6] C. R. Johnson, J. E. Keiser, Org. Synth. Coll. Vol. V 1973,
7912793.11-(Phenylsulfenyl)-1-undecene (10): Colourless oil (0.545 g,

[7] [7a] C. G. Overberger, R. W. Cummins, J. Am. Chem. Soc. 1953,98%). 2 IR (thin film): ν̃ 5 1635 cm21. 2 1H NMR (200 MHz,
5, 478324787. 2 [7b] J. Drabowicz, P. Lyzwa, M. Popielarczyk,

CDCl3): δ 5 1.321.8 (m, 14 H), 2.05 (m, 2 H), 2.722.9 (m, 2 H), M. Mikolajczyk, Synthesis, 1990, 9372938.
4.825.1 (m, 2 H), 5.725.9 (m, 1 H), 7.427.7 (m, 5 H). 2 C17H26OS [8] [8a] D. Ramkumar, S. Sankararaman, Synthesis 1993,

105721058. 2 [8b] R. Y. Yang, L. X. Dai, Synth. Commun. 1994,(278.46): calcd. C 73.31, H 9.43, S 11.51; found C 73.25, H 9.37,
24, 222922236. 2 [8c] M. Hirano, S. Yakabe, S. Itoh, J. H.S 11.48.
Clark, T. Morimotoa, Synthesis 1997, 1161 and references cited.
2 [8d] R. Kakarla, R. Dulina, N. Hatzenbuhler, Y. Hui, M.General Procedure for the Oxidation of Glycosyl Sulfides in HFIP:
Sofia, J. Org. Chem. 1996, 61, 834728349.Aqueous 30% H2O2 (0.11 ml, 1023 mol) was added to a stirred [9] [9a] K. S. Ravikumar, F. Barbier, J. P. Bégué, D. Bonnet2Del-

solution of glycosyl sulfide 17 (0.27 g, 0.5 3 1023 mol) in HFIP pon, Tetrahedron 1998, 54, 745727464. 2 [9b] K. S. Ravikumar,
J. P. Bégué, D. Bonnet2Delpon, Tetrahedron Lett. 1998, 39,(2.5 ml) at 25°C. The reaction was monitored by TLC. After the
314123144.complete disappearance of the sulfide (3 h), the excess H2O2 was

[10] [10a] I. T. Horvath, J. Rabai, Science, 1994, 266, 72275. 2quenched with saturated Na2SO3 solution (2.0 ml) and the fluorous [10b] R. D. Chambers, G. Sandford, A. Shah, Synth. Commun.
phase containing the sulfoxide was separated. After distillation of 1996, 26, 186121866. 2 [10c] I. Klement, H. Lutjens, P. Kno-

chel, Angew. Chem. Int. Ed. Engl. 1997, 145421456. 2 [10d] A.HFIP, sulfoxide 18 was obtained as a white solid (0.27 g, 97%),
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Ogawa, D. P. Curran, J. Org. Chem. 1997, 62, 4502451 and [16] F. Chen, J. Wan, C. Guan, J. Yang, H. Zhang, Synth. Commun.

1996, 26, 2532260.references cited.
[11] L. Eberson, M.P Hartshorn, O. Persson, J. Chem. Soc. Perkin [17] A. Fabretti, F. Ghelfi, R. Grandi, U. M. Pagnoni, Synth. Com-

mun. 1994, 24, 239322398.Trans. 2, 1995, 173521744.
[12] [12a] L. Yan, D. Kahne, J. Am. Chem. Soc. 1996, 118, [18] C. R. Johnson, E. R. Janiga, J. Am. Chem. Soc. 1973, 95,

769227700.923929248. 2 [12b] D. Crich, S. Sun, J. Am. Chem. Soc. 1997,
119, 11217211223. [19] D. J. Antonjuk, D. D. Ridley, M. A. Smal, Aust. J. Chem. 1980,

33, 263522651.[13] T. W. Greene, P. G. M. Wuts (Eds.), Protective Groups in Or-
ganic Synthesis, Wiley, New York, 1991, p. 118. [20] R. W. Van der Veen, H. Cerfontain, J. Chem. Soc., Perkin Trans.

1 1985, 6612668.[14] J. Drabowicz, M. Mikolajczyk, Synth. Commun. 1981,
102521030. [21] T. G. Back, D. L. Baron, K. Yang, J. Org. Chem. 1993, 58,

240722413.[15] K. U. Baldenius, H. B. Kagan, Tetrahedron: Asymmetry 1990,
1, 5972610. [O98245]

Eur. J. Org. Chem. 1998, 2937229402940


