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Combination of ionic liquid [bmim]PF6 with boron trifluoride etherate
as an efficient catalytic system for the glycosylation

of ααααα�tocopherol and naphthotocopherol
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The use of a combination of ionic liquid [bmim]PF6 with boron trifluoride etherate as the
catalyst in the glycosylation of α�tocopherol and chromanol of vitamin К1 (naphthotoco�
pherol) allowed us to obtain β�glycosides in high yield when β�anomer of peracetylated D�glucose
was used. In addition, usually inactive α�anomers of peracetylated D�glucopyranose and
D�galactopyranose were involved in this reaction.

Key words: ionic liquid, glycosylation, α�tocopherol, naphthotocopherol (chromanol of
vitamin К1), D�glucopyranose and D�galactopyranose pentaacetates.

α�Tocopherol is a structural component of the group
Е vitamins and is the main lipophilic antioxidant of the
mammalian biological membranes. This exerts a positive
effect in prevention and treatment of a number of diseases
caused by the oxidative stress.1,2 At the same time, the
low stability in an organism, limited absorption, and high
extent of accumulation of α�tocopherol in the lipid tis�
sues lead to a reduction of the therapeutic effect and
prevents its biocompatibility with other ingredients in the
creation of food, pharmaceutical, and cosmetic composi�
tions. In recent years, growing attention has been paid to
the hydrophilic α�tocopherol derivatives, modified at the
phenolic hydroxy group, among which compounds hav�
ing biological activity different from that of α�tocopherol
itself were found.3 Earlier, hydrophobic 7,8�benzоannu�
lated analogs of α�tocopherol, viz., cyclic isomer of dihy�
dro derivative of vitamin К1 (naphthotocopherol), was
reported to have high antioxidant activity.4 In this con�
nection, introduction of a carbohydrate fragment into the
α�tocopherol and naphthotocopherol molecules aimed at
increasing their polarity and hydrophilicity was of un�
doubted interest.

Earlier,5—8 it has been shown that the acid�catalyzed
glycosylation of α�tocopherol was complicated due to the
formation of by�products (quinones, dimeric spiro deriv�
atives) because of the electronic effects characteristic of
6�hydroxychromanyl system as well as of steric hindrance
of the phenolic group created by methyl groups. There�
fore, the yields of β�glycosides were low or they partially
isomerized to α�anomers.6 When acetylated sugars were
used as the glycosyl donors, boron trifluoride etherate

turned out to be the most efficient catalyst out of those
studied,5,6 however, acetates of α�anomers of D�gluco�
and D�galactopyranoses did not enter the reaction.

Our quest for the new possibilities in optimization of
the synthesis of glycoside conjugates of α�tocopherol was
directed to ionic liquids, which in recent years were ac�
tively used as the perfect reaction media for the accelera�
tion of various reaction,9—11 in particular, those proceed�
ing via carbocations or acylium ions.12,13 Ionic liquids
have been successfully used as the solvents and catalytic
systems in acidic glycosylation of alcohols with benzylat�
ed glucopyranosyl fluorides,14 diethylphosphites,15 and
trichloroacetimidates,16 as well as with sugars without pro�
tecting groups.17 Ionic liquids were used in О�glycosyla�
tion of alcohols with unsaturated sugar derivatives.18,19

Ionic liquids showed high efficiency in С�glycosylation of
phenols and naphthols.20 At the same time, ionic liquids
were not reported to be used in the synthesis of О�glyco�
sides of phenols, in particular, of α�tocopherol and naph�
thotocopherol.

We showed that glycosylation of (R,S)�α�tocopherol
(1) upon treatment with β� and α�anomers of D�glucopy�
ranose pentaacetate (2 and 3, respectively) and with α�D�
galactopyranose pentaacetate (4) in dichloromethane in
the presence of both [bmim]PF6 and boron trifluoride
etherate proceeds smoothly and leads exclusively to
β�glycosides of the corresponding sugars 5 and 6
(Scheme 1).

The highest yields of glycosides were obtained when
the molar ratio BF3•OEt2 : [bmim]PF6 was 5 : 1. An in�
crease in the content of the ionic liquid (molar ratio
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Scheme 1

Reagents a n d  c o n d i t i o n: a. 2/BF3•OEt2—[bmim]PF6, CH2Cl2; b. 3/BF3•OEt2—[bmim]PF6, CH2Cl2; c. 4/BF3•OEt2—[bmim]PF6,
CH2Cl2.

Scheme 2

X– = OAc–, F6P–

BF3•OEt2 : [bmim]PF6 = 1 : 2) causes a decrease in the
yields of glycosides. No reaction of α�tocopherol (1) oc�
curs in the presence of the ionic liquid alone, without
addition of BF3•OEt2. A sharp drop in the yield of glyco�
side 5 was observed when [bmim]PF6 was used as the
solvent (instead of dichloromethane), apparently, because
of the low solubility of the reagents and high viscosity of
the reaction media.

Similarly to (R,S)�α�tocopherol (1), [bmim]PF6 as
the additive plays a decisive role in the reaction of (R,S)�
naphthotocopherol 7 with β� and α�anomers of D�glu�
copyranose pentaacetate (2 and 3). When  boron trifluo�
ride etherate alone was used as the catalyst, naphthotoco�

pherol 7 did not react with α�anomer 3, whereas its reac�
tion with β�anomer 2 afforded β�glycoside 8 in low yield.
At the same time, α�anomer 3 was successfully involved
into the reaction under the action of a catalytic system
BF3•OEt2—[bmim]PF6, and the reaction with β�anomer
2 afforded β�glycoside 8 in considerably higher yield.

The observed promoting effect of the ionic liquid and
the formation of β�glycosides from both anomers of acety�
lated sugars can be explained by the transformation of
glycosyl donor upon treatment with Lewis acids to oxo�
carbenium ion B and further to the more stable 1,2�di�
oxocarbenium ion С, which leads to the corresponding
β�glycoside D (Scheme 2).21 An increase in polarity of the
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solvent and ionic strength of the solution results in accel�
eration of the reaction,21—23 which, obviously, is favored
by the ionic liquid. In addition, ionic liquid [bmim]PF6
considerably increases the catalytic activity of
BF3•OEt2,12 and its anion (hexаfluorophosphate) stabi�
lizes ions B and С.

In conclusion, a combination of [bmim]PF6 with bo�
ron trifluoride etherate is an efficient catalytic system,
exceeding in its activity the earlier known catalysts of
glycosylation of α�tocopherol with acetylated sugars. The
first synthesis of naphthotocopherol β�glucoside was ac�
complished in the presence of this catalytic system.

Experimental

IR for neat samples spectra were recorded on a Specord IR�
75 spectrometer, UV spectra were recorded on a Specord М�40
spectrometer. 1Н and 13С NMR spectra in CDCl3 were record�
ed on a Bruker АМ�300 spectrometer (1Н, 300.13 MHz; 13С,
75.47 MHz), Me4Si was used as the internal standard. Optical
rotation was determined on a Perkin—Elmer 141 polarimeter,
specific rotation is given in deg mL g–1 dm–1. Sorbfil plates were
used for TLC with n�hexane—EtOAc (1 : 1) as the solvent sys�
tem visualization was done with phosphomolibdic acid and 5%
aqueous H2SO4. (R,S)�α�Tocopherol was purchased from Fluka,
(R,S)�naphthotocopherol was obtained by a known procedure,24

ionic liquid [bmim]PF6 was synthesized as described earlier.25

Glycosylation (general method). A solution of sugar (2, 3,
and 4 for 1 or 2 and 3 for 7) (1 mmol) in CH2Cl2 (4 mL) was
added to a stirred solution of α�tocopherol (1) (1 mmol) or
naphthotocopherol (7) (1 mmol), BF3•OEt2 (2.5 mmol), and
[bmim]PF6 (0.5 mmol) in CH2Cl2 (11 mL) (the flask was pro�
tected from light, Ar, ~25 °C). The reaction mixture was stirred
for 3 h, saturated aq. NaHCO3 was added to make it neutral
followed by dilution with CH2Cl2 (20 mL). The organic layer
was washed with brine (3×10 mL) and dried with MgSO4, the
solvent was evaporated. The residue was extracted with hex�
ane—ethyl acetate (5 : 1, 3×10 mL), the combined extracts were
concentrated in vacuo. The residue was subjected to column
chromatography on SiO2 (16 g). The starting compounds 1 or 7
were eluted first with n�hexane—EtOAc (10 : 1), then glycosides
5, 6, and 8 (Rf 0.5) were eluted with n�hexane—EtOАc (10 : 3).
The yields of glycosides and the results of experiments with
other ratios of reagents are given in Table 1.

(R,S)�ααααα�Tocopheryl�2,3,4,6�tetra�О�acetyl�βββββ�D�glucopyra�
noside (5), [α]D

18 –8.5 (с 1.83, СН2Сl2) (cf. Ref. 5). UV
(СН2Сl2), λmax/nm (ε): 287 (1772). IR and 1Н and 13С NMR
spectra are in agreement with those described.5,6

(R,S)�ααααα�Tocopheryl�2,3,4,6�tetra�О�acetyl�βββββ�D�galactopyr�
anoside (6), [α]D

20 +5.7 (с 0.58, CHCl3) (cf. Ref. 6). UV (EtОН),
λmax/nm (ε): 288 (1786). IR and 1Н and 13С NMR spectra are in
agreement with those described.6

(R,S)�Naphthotocopheryl�2,3,4,6�tetra�О�acetyl�βββββ�D�glu�
copyranoside (8), [α]D

20 +2.8 (с 1.00, CH2Cl2). Found (%):
С, 68.83; Н, 8.62. С45Н66О11. Calculated (%): С, 69.03; Н, 8.50.
IR, ν/cm–1: 1760 (С=О); 1210, 1080, 1060 (С—О). UV
(CH2Cl2), λmax/nm (ε): 309 (8964), 316 (3796), 330 (3258).
1H NMR, δ: 0.84—0.88 (m, 12 Н, МеС(4´), МеС(8´),
2 МеС(12´)); 1.00—1.79 (m, 23 Н, Н(1´)—Н(12´), Н(3)); 1.95,

2.02, 2.04, 2.06 (m, 12 Н, MeCO); 2.21 (s, 3 Н, МеС(2)); 2.31
(s, 3 Н, МеС(5)); 2.71 (t, 2 Н, Н(4), J = 6.5 Hz); 3.50—3.52
(m, 1 Н, Н(5″)); 4.00 (dd, 1 Н, Н(6b″), J = 12.2 Hz, J = 2.0
Hz); 4.18—4.24 (dd, 1 Н, Н(6a″), J = 12.2 Hz, J = 4.9 Hz); 4.95
(d, H(1″), J = 8.0 Hz); 5.18—5.32, 5.45—5.51 (m, 3 Н, Н(2″),
H(3″), H(4″)); 7.27—7.45 (m, 2 Н, Н(8), Н(9)); 8.05, 8.19
(both d, 2 Н, Н(7), Н(10), J = 8.1 Hz). 13С NMR, δ: 13.04
(МеС(5)); 19.58, 19.64 (МеС(4´), Ме(С(8´)); 20.37 (C(4));
20.44, 20.52, 20.64 (МеСО); 22.52, 22.61 (2 МеС(12´)); 23.52
(МеС(2)); 23.52 (С(2´)); 24.31, 24.68 (С(6´), С(10´)); 27.34
(С(12´)); 31.0 (С(3)); 32.56, 32.64 (С(4´), С(8´)); 37.17, 37.26
(С(3´), С(5´), С(7´), С(9´)); 39.25 (С(11´)); 39.99 (С(1´));
61.66 (C(6″)); 68.52 (C(4″)); 71.45 (C(5″)); 71.94 (C(2″)); 73.28
(C(3″)); 75.52 (С(2)); 101.96 (C(1″)); 114.36 (С(5)); 121.06,
122.68, 124.21, 125.44 (С(7)—С(10)); 124.78, 126.79, 127.80
(С(4а), С(6а), С(10а)); 141.43 (С(10b)); 145.80 (С(6)); 169.17,
169.28, 170.24, 170.30 (МеСО).

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 07�03�00438)
and by the Presidium of the Russian Academy of Sciences
(Program of Fundamental Research P�08 "Development
of Methodology of Organic Synthesis and Creation of
Compounds with Valuable Applied Properties").

References

1. R. Brigelius�Flohe, F. J. Kelly, J. T. Salonen, J. Neuzil,
J. M. Zingg, and A. Azzi, Am. J. Clin. Nutr., 2002, 76, 703.

2. R. Brigelius�Flohe and M. G. Traber, FASEB J., 1999, 13,
1145.

3. J. Neuzil, K. Kagedal, L. Andera, C. Weber, and U. T.
Brunk, Apoptosis, 2002, 7, 179.

4. K. Mukai, K. Okabe, and H. Hosose, J. Org. Chem., 1989,
54, 557.

Table 1. Results of glycosylation of α�tocopherol (1) and naph�
thotocopherol (7)

Glycosyl Glycosyl A : D : BF3•OEt2 : Gly� Yield
acceptor donor [bmim]PF6

a coside (%)

1 2 1 : 1 : 2.5 : 0.5 5 93
1 : 1 : 2.5 : 5 5 80
1 : 1 : 2.5 : 5 5 14b

1 : 1 : 0 : 0.5 5 0
1 : 1 : 2.5 : 0 5 40c

3 1 : 1 : 2.5 : 0.5 5 44
1 : 1 : 2.5 : 5 5 38
1 : 1 : 2.5 : 0 5 0

4 1 : 1 : 2.5 : 0.5 6 48
1 : 1 : 2.5 : 5 6 29

7 2 1 : 1 : 2.5 : 0.5 8 63
1 : 1 : 2.5 : 0 8 26

3 1 : 1 : 2.5 : 0.5 8 12
1 : 1 : 2.5 : 0 8 0

a Molar ratio acceptor : donor : BF3•OEt2 : [bmim]PF6.
b Solvent�free.
c See Ref. 5.



 Spivak et al.2490 Russ.Chem.Bull., Int.Ed., Vol. 56, No. 12, December, 2007

5. M. Lahmann and J. Thiem, Carbohydr. Res., 1997, 299, 23.
6. S. Witkowski and P. Walejko, Z. Naturforsch., 2002, 57B, 571.
7. R. K. Uhrig, M. A. Picard, K. Beyreuther, and M. Wiessler,

Carbohydr. Res., 2000, 325, 72.
8. T. Satoh, H. Miyataka, K. Yamamoto, and T. Hirano, Chem.

Pharm. Bull., 2001, 49, 948.
9. A. V. Artemov and E. V. Yarosh, Kataliz v promyshlennosti

[Catalysis in Industry], 2004, No. 4, 24 (in Russian).
10. R. Sheldon, Chem. Commun., 2001, 2399.
11. J. Welton, Chem. Rev., 1999, 99, 2071.
12. G. I. Borodkin and V. G. Shubin, Zh. Org. Khim., 2006, 42,

1761 [Russ. J. Org. Chem., 2006, 42 (Engl. Transl.)].
13. V. A. Ksenofontov, A. N. Pryakhin, L. M. Kustov, and V. V.

Lunin, Kataliz v promyshlennosti [Catalysis in Industry], 2003,
No. 5, 29 (in Russian).

14. K. Sasaki, S. Matsumura, and K. Toshima, Tetrahedron Lett.,
2004, 45, 7043.

15. K. Sasaki, H. Nagai, S. Matsumura, and K. Toshima, Tetra�
hedron Lett., 2003, 44, 5605.

16. Z. Pakulski, Synthesis, 2005, 2074.
17. T.�J. Park, M. Weiwer, X. Yuan, S. N. Baytas, E. M. Mu�

noz, S. Murugesan, and R. J. Linhardt, Carbohydr. Res.,
2007, 342, 614.

Received June 7, 2007;
in revised form September 25, 2007

18. K. Sasaki, S. Matsumura, and K. Toshima, Tetrahedron Lett.,
2007, 48, 6982.

19. P. U. Naik, S. J. Nara, J. R. Harjani, and M. M. Salunkhe,
J. Mol. Catal. A: Chem., 2005, 234, 35.

20. C. Yamada, K. Sasaki, S. Matsumura, and K. Toshima,
Tetrahedron Lett., 2007, 48, 4223.

21. K. J. Jensen, J. Chem. Soc., Perkin Trans. 1, 2002, 2219.
22. H. Schene and H. Waldmann, Eur. J. Org. Chem., 1998, 1227.
23. G. Böhm and H. Waldmann, Liebigs Ann. Chem., 1996, 613.
24. A. Yu. Spivak, O. V. Knyshenko, M. I. Mallyabaeva, and V.

N. Odinokov, Izv. Akad. Nauk, Ser. Khim., 2005, 952 [Russ.
Chem. Bull., Int. Ed., 2005, 54, 975].

25. J. G. Huddleston, H. D. Willauer, R. P. Swatloski, A. E.
Visser, and R. D. Rogers, Chem. Commun., 1998, 1765.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


