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Note

Methylation of carbohydrates by methyl trifluoromethanesulfonate in tri-
methyl phosphate
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The methylation of carbohydrates is an important method for the clucidation
of polysaccharide structures. Current methylation procedures afford strong nucleo-
philic conditions for deprotonation, such as dimethylsulfinylsodium in dimethyl
sulfate in the method of Hakomori' “*. Alkali-labile carbohydrates do not withstand
these conditions®™ . Substitution of the carbohydrate residues by O-acetyl groups
cannot be localized directly by this methylation procedure, but only by the
methyl vinyl ether method of de Belder and Norrman'®, Phosphate substituents
may migrate under alkaline conditions via intramolecular cyclic esters''. Methylation
in a less nucleophilic medium, such as in the methods of Haworth and Machemer!?
or Kuhn er al.'?, often yield undermethylated products and make repeated treatments
necessary'*. Methylation by diazomcthane-boron trifluoride'® or methyl trifluoro-
methanesulfonate'®™'® has been restricted to carbohydrates that are soluble in
nonpolar organic solvents. Polar aprotic solvents, such as hexamethylphosphoric
triamide, dimethyl sulfoxide, and ¥,N-dimethylformamide, decreasc the high reactivity
of methyl trifluoromethancsulfonate' .

In order, to improve the procedure with methyl triffuoromethanesulfonate, the
following solvents with less electron-donor activity?® were tested for their ability
to solubilize carbohydrates and to mediate methylation: tetramethylene sulfone,
cthylene and propylene carbonate, and trimethyl phosphate. The last solvent proved
to be idecal for methylation with methyl trifluoromethancsulfonate and 2,6-di-(tert-
butyl)pyridine as proton scavenger'®. The procedure was applied successfully to the
core oligosaccharide derived from lipopolysaccharides of Escherichia coli B?!,
E. coli K1222:23_ the hapten of E. coli 092%, and to the triethylammonium salts of the
complete lipopolysaccharides of E. coli O82® and E. coli B!,

Bacterial lipopolysaccharides, which are themselves insoluble in dipolar aprotic
solvents and therefore could not be methylated previously, were successfully treated
by this procedure after conversion to their triethylammonium salts by electrodialysis
and neutralization with tricthylamine2®.

The present methylation procedure with methyl trifluoromethanesulfonate in
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trimethyl phosphate is very mild and yields completely methylated carbohydrates
in one step.

EXPERIMENTAL

A sample of carbohydrate (5 mg) was dried over phosphorus pentaoxide and
suspended by sonication in trimethyl phosphate (I mL, Aldrich Chemical Co.,
Milwaukee, WI 53233) which had been further purified by vacuum distillation in the
presence of sodium carbonate?”. To the clear solution or turbid suspension 2,6-di-
(tert-butyl)pyridine (150 pL, ICN KL Laboratories, Plainview, NY 11803) and
methyl trifluoromecthanesulfonate (100 uL, Aldrich) were added and allowed to react
for 2 h at 50°. The solution was then distributed between chloroform (5 mL) and
water (20 mL). The chloroform layer was separated by centrifugation at 500g for
5 min, concentrated by evaporation, and applied to an LH-20 column, The recovered,
methylated carbohydrate was treated further according to the conventional methyla-
tion analysis**3 (hydrolysis, reduction with sodium borohydride, and acctylation).
The partially methylated alditol acctates obtained were separated by g.l.c. and identi-
fied by their retention times.

ACKNOWLEDGMENTS

This work was supported by the Deutsche Forschungsgemeinschaft. The
author thanks Drs. B. Jann and K. Jann for critical reading of the manuscript.

REFERENCES

S. I. HAKOMORL, J. Biochem. (Tokyo), S5 (1964) 205-208.

P. A. SANDFORD AND H. E. CONRAD, Biochemistry, S (1966) 1508-1517.

B. LINDBERG, Methods Enzymol., 28 (1973) 178- 194.

H. Bi6rNDAL, C. G. HELLERQVIST, B. LINDBERG, AND S. SVENSSON, Angew. Chem., Int. Ed. Engl.,

9 (1970) 610-619.

5 K. STELLNER, H. SAITO, AND S. |. HAKOMORI, Arch. Biochem. Biophys., 155 (1973) 464-472.

6 D. M. W. ANDERSON, 1. C. M. DEA, P. A. MAGGS, AND A. C. MuNRO, Carbohydr. Res., 5 (1967)
489-491.

7 E. PercivaL, Carbohydr. Res., 17 (1971) 121-126.

8 J. Kiss, Adv. Carbohydr. Chem. Biochem., 29 (1973) 229-303.

9 P. PREHM, A. SCHEID, AND P. W. CHOPPIN, J. Biol. Chem., 254 (1979) 9669-9677.

10 A. N. pr BELDER AND B. NORRMAN, Carbohydr. Res., 8 (1968) 1--6.

11 D. M. BrowN, D. I. MaGRrRATH, AND A. R. TODD, J. Chem. Soc., (1954) 1442-1445.

12 W. N. HAWORTH aAND H. MACHEMER, J. Chem. Soc., (1932) 2270-2277.

13 R. KunN, H. TRISCHMANN, AND 1. LOWw, Angew. Chem., 67 (1955) 32.

14 K. WALLENFELS, G. BECRTER, R. KUBN, H. TRIscHMANN, aND H. EGGE, Angew. Chem., 75 (1963)
1014-1022.

15 1. O. MasTRONARDI, S. M. FLemMATTL, J. O. DEFerRRARL, AND E. G. Gros, Carbohydr. Res., 3
(1966) 177-183.

16 J. ArRNaP, L. KENNE, B. LINDBERG, AND J. LONNGREN, Carbohydr. Res., 44 (1975) ¢5-c7.

17 J. M. BErrYy AND L. D. HaLL, Carbohydr. Res., 47 (1976) 307-310.

18 J. ARNAP AND J. LONNGREN, Acta Chem. Scand. Ser. B, 32 (1978) 465-467.

19 C. P. WoNG, L. M. JAcKMAN, aAND R. G. PORTMAN, Tetrahedron Lett., (1974) 921-924.

1
2
3
4



374 NOTE

20 V. GUTMANN, Angew. Chem. Int. Ed. Engl., 9 (1970) 843-860.

21 P. PrREHM, S. STIRM, B. JANN, AND K. JANN, Eur. J. Biochem., 56 (1975) 41-55.

22 P. PreHM, S. STIRM, B. JANN, aAND H. G. BowMaN, Eur. J. Biochem., 66 (1976) 362-377.
23 P. PreuM, G. SCHMIDT, B. JANN, aAND K. JANN, Eur. J. Biochem., 70 (1976) 171-176.

24 P. PrReHM, B. JANN, AND K. JANN, Eur. J. Biochem., 67 (1976) 53-56.

25 K. Reske AND K. JANN, Eur. J. Biochem., 31 (1972) 320-328.

26 C. GALANOS AND O. LUDERITZ, Eur. J. Biochem., 54 (1975) 603-610.

27 V. GUTMANN AND G. HaMpeL, Monatsh. Chem., 94 (1963) 830-837.



