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Abstract

As effective natural antioxidants, tocopherols and also their esters are frequently added to
foodstuffs, pharmaceuticals and cosmetics. For increase of polarity, hence solubility in water,
a series of a-tocopheryl oligosaccharides was synthesised using BF;-etherate. The pure
a-tocopheryl B-maltotetraoside as well as the higher homologues proved to be water-soluble.
© 1997 Elsevier Science Ltd. All rights reserved.
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1. Introduction

a-Tocopherol 1 (Scheme 1) [1] is one of the most
important and essential natural antioxidants, which
operates as a radical scavenger protecting biological
membranes against lipid peroxidation [2,3]. It is the
main component of Vitamin E, which consists of at
least eight structurally related compounds: four toco-
pherols and four tocotrienols. Each of the tocopherols
contains three chiral centres with the natural R con-

figuration. Following the official nomenclature, the
natural a-compound is called RRR-a-tocopherol [4].
Synthetic substances differ in their configuration de-
pending on the procedure by which they were synthe-
sised [5]. The most widely used and cheapest com-
pound contains all eight stereoisomers and is called
all-rac-a-tocopherol 1 and this was also employed in
these glycosylation reactions. Tocopherols are added
to many foodstuffs, pharmaceuticals and cosmetics to
prevent them from becoming rancid [6,7]. Nowadays,
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Scheme 1. a-Tocopherol 1.
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Scheme 2. Some oxidation products of 1.

the general opinion is that naturally occurring anti-
oxidants rather than novel synthetic substances should
be added to the above mentioned products. A major
disadvantage, however, of tocopherols is their limited
solubility in aqueous solutions. Therefore, several
attempts such as the preparation of tocopheryl phos-
phates were made to overcome this problem [8,9].

The idea of using carbohydrates as hydrophilic
components in tocopheryl derivatives has not yet
been investigated. However, the preparation of some
tocopheryl mono- and di-saccharides has been re-
ported in very poor yields (about 13%) and they were
claimed to be novel derivatives of antiallergic activity
[10].

The main problem in glycosylation of tocopherols
is their easy oxidation ( E°= +500 mV, pH 7 [11])
to the corresponding open chain quinone 2 [12] and
other oxidation products such as the cyclic
paraquinones 3 [13,14] and 4 [15] or the dimeric spiro
derivative 5 [16,17] under various conditions as shown
in Scheme 2. In addition, many oxidation products
with known and unknown structures have been re-
ported [18,19]. Hence, for example, the often success-
fully applied Koenigs—Knorr glycosylation condi-
tions employing silver salts were not suitable in this
case.

2. Results and discussion

Boron trifluoride diethyl etherate (Scheme 3) was
chosen as glycosylation catalyst, because it does not
oxidise the labile tocopherol. Glycosylation experi-
ments using tin tetrachloride were also performed
successfully, but the work-up of tin salts was difficult
and tedious. Theoretically, glycosylation under phase
transfer conditions should also be possible, however,
solvents excluding oxygen must be used, otherwise
the aglycon would be oxidised under such strongly
basic conditions. Glycosylation of tocopherol em-
ploying 4-toluenesulfonic acid as catalyst gave only
13% [20] of the peracetylated a-tocopheryl B-D-glu-
copyranoside (8a). A more efficient method was
claimed to yield about 80% of «-tocopheryl a-D-
mannopyranoside, but this yield was dependent on
the exact mixture of copper- and zinc-halides [21].

A major advantage of the glycosylation with BF;-
etherate as catalyst is the direct use of the B-anomer
of the peracetylated sugars [22,23] without any fur-
ther activation at the anomeric centre. This allowed
the synthesis of the core molecule in only one step,
by simple glycosylation of the B-peracetylated malto-
oligosaccharides with the tocopherol unit. The first
attempt to glycosylate a-tocopherol 1 was performed
with equimolar amounts of reactants and catalyst.
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After 45 min a new UV-active compound was de-
tected by TLC, which was later shown to be the
desired glycoside 8a. The reaction was quenched
after 2.5 h; with longer reaction times the formation
of more decomposition and oxidation products was
observed. The reaction mixture was worked-up and
purified by column chromatography. The H-1 cou-
pling constant in the '"H NMR spectrum showed the
presence of the pure a-tocopheryl B-glucoside 8a as
the main product in approximately 40% yield; no
«-glucoside could be detected. Whereas the SB-acetate
7a reacted very well with a-tocopherol 1, the «-
anomer did not react under these conditions even
after extended reaction times. Furthermore, no
anomerisation could be detected within eight days
using pure crystallised S-pentaacetylglucose 7a as
glycosyl donor. Generally, peracetylated mal-
tooligomers crystallise with difficulty, however, the
crude mixtures could be used, which could contain up
to 20% of the a-anomer.

Attempts to optimise the reaction conditions
showed the best results with 2.5 equivalents of the
catalyst. Whereas one equivalent is used for forma-
tion of the oxocarbenium intermediate at the anomeric
centre, another is assumed to coordinate the phenolic
group of tocopherol. With a sixfold excess of the
cheaper a-tocopherol, the equilibrium was shifted to
the product side and, under these conditions, 67% of
the a-tocopheryl B-D-glucoside 8a could be isolated.
Following this method, a-tocopheryl S-maltoside 8b
(57%), a-tocopheryl B-cellobioside 10 (53%)
(Scheme 4), and a-tocopheryl B-lactoside 12 (65%)
could be prepared, too. The highest yield for this type
of reaction was obtained in the preparation of a-
tocopheryl B-maltotrioside 8¢ (69%). The glycosides
of the higher maltooligomers were also synthesised in
somewhat lower yields: a-tocopheryl f-maltotetrao-
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side 8d (39%), a-tocopheryl B-maltohexaoside 8e
(31%), and a-tocopheryl B-maltoheptaoside 8f (44%)
[24,25].

The peracetylated compounds were characterised
by NMR spectroscopy (Tables 1 and 2). Up to the
maltotrioside 8¢, the resolution of the 'H NMR spec-
tra was sufficient to assign all the signals. The use of
all-rac-a-tocopherol did not affect the signals of the
carbohydrate protons. For the higher maltooligosac-
charides, it was possible to relate an unambiguous
shift area to each proton by 'H/'H-COSY. Like in
the free a-tocopherol, the glycosidically bound toco-
pherol showed badly resolved 'H NMR signals. For-
tunately, the shift of the signals relating to tocopherol
are not influenced by the length of the carbohydrate
chain. The resolution of the *C NMR of a-tocopherol
is much better since all of the 29 carbon atoms
display a defined signal [26,27]. Only C-2 of a-
tocopherol has a chemical shift about 75 ppm and
falls into the area of the signals of carbohydrates.
Unfortunately, it was impossible to assign C-2, C-3
and C-5 signals of individual carbohydrates along the
chain, therefore the *C NMR spectra did not give
more information than the 'H NMR spectra.

Unexpectedly, some problems occurred with the
deacetylation of the glycosides. Following the Zem-
plén procedure [28], the a-tocopheryl B-D-glucoside
8a could be deacetylated to 9a in almost quantitative
yield. However, the same procedure tailed with the
a-tocopheryl B-D-maltoside 8b even at extended re-
action time due to oxidative decomposition. Whereas
several methods such as potassium carbonate in
methanol [29] or 1:8:1 triethylamine—methanol-water
were not successful. The best results were obtained
with sodium methoxide in methanol in degassed sol-
vents under argon atmosphere. The work-up of the
a-tocopheryl B-D-glucoside 9a and a-tocopheryl (-

3
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Scheme 4. © Locants as in Scheme 1.
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Table 1
"H NMR data (400 MHz, CDCl,) for the acetylated a-tocopheryl glycosides

Unit Chemical shifts (8)

H-1 H-2 H-3 H-4 H-5 H-6a H-6b
8a I 471, d 5.33,dd 5.24,dd 5.17,dd 3.53, ddd 4.19,dd 4.05,dd
8b I 473, d 5.18, dd 5.30,dd 4.09, dd 3.50, ddd 443, dd 4.17,dd
11 5.43,d 4.86, dd 5.34, dd 5.05, dd 3.91, ddd 4.25,dd 4.04, dd
10 I 452, d 4.67,d 5.19-5.26, 3.86,t 3.41, ddd 445, dd 4.08, m
dd
1I 5.19-5.26, d 491, dd 5.14,t 5.06,t 3.66, ddd 4.37,dd 4.05, m
12 I 5.26-5.21, 4.67, m, 5.26-5.21, 3.91-3.85, 3.42, ddd 442, ~d 4.04-4.17,
m,2 H m,2 H m,2H m,3 H
II 4.50,d 5.10, dd 4.96, dd 5.35, dd 3.91-3.85, 4.04-4.17, 4.04-4.17,
m,2 H m, 3 H m,3 H
8c 1 474, d 5.2,dd 5.34,t 4.04, m 3.51, dt 4.40, dd 4.16, dd
II 5.17,d 4.78, dd 5.46,t 5.09,t 4.03, m 3.70, dd 3.54,dd
111 5.37,d 4.86, dd 5.30, t 5.06, t 3.90, dt 4.26, dd 4.08, dd
8d I 4.71-4.77, 5.17, dd 5.25-5.42, 4.02-4.10, 3.54, ddd 5.42-4.51, 4.16,d
m, 3H m,7H m, 2 H m,3 H
II 5.25-5.42, 471-4.77, 5.25-5.42, 5.42-4.51, 4.21-4.31, 3.86-3.98, 3.86-3.98,
m,7H m,3H m, 7H m,3 H m,3H m,5H m,5H
I 5.25-5.42, 471-4.77, 5.25-5.42, 5.42-4.51, 4.21-4.31, 3.86-3.98, 3.86-3.98,
m,7H m,3H m,7H m,3H m,3 H m,5SH m,5H
v 5.25-5.42, 4.85, dd 5.25-5.42, 5.06,t 4.02-4.10, 4.21-4.31, 3.86-3.98,
m,7H m,7H m,2 H m,3 H m,5H
8e I 4.66-4.78, 5.16,t 5.23-5.42, 4.00-4.11, 353, m 4.42-4.53, 4.17,d
m,5H m, 11 H m, 2 H m,SH
I 5.23-5.42, 4.66-4.78, 5.23-5.42, 4.42-4.53, 4.20-4.33, 3.86-3.98, 3.86-3.98,
m, 11 H m,5H m, 11 H m,5H m,5H m,9H m, 9H
III 5.23-5.42, 4.66-4.78, 5.23-5.42, 4.42-4.53, 4.20-4.33, 3.86-3.98, 3.86-3.98,
m, 11 H m,5H m, 11 H m,5H m,5SH m 9H m, 9 H
v 5.23-5.42, 4.66-4.78, 5.23-5.42, 4.42-4.53, 4.20-4.33, 3.86-3.98, 3.86-3.98,
m, 11 H m,5H m, 11 H m, 5 H m,5H m,9H m,9H
A" 5.23-5.42, 4.66-4.78, 5.23-542, 4.42-4.53, 4,20-4.33, 3.86-3.98, 3.86-3.98,
m, 11 H mSH m,11H m,5H m, SH m, 9 H m, 9 H
VI 5.23-5.42, 4.86, dd 5.23-5.42, 5.07,t 4.00-4.11, 4.20-4.33, 3.86-3.98,
m, 11 H m, 11 H m,2 H m,5H m, 9 H
8f I 4.67-4.78, 5.18, dd 5.26-5.44, 4.02-4.12, 3.54, ddd 4.44-4.56, 417, ~d
m, 6 H m, 13 H m, 2 H ~ dt m, 6 H
II 5.26-5.44, 4.67-4.78, 5.26-5.44, 4.44-4.56, 4.19-4.34, 3.87-4.00, 3.87-4.00,
m, 13 H m, 6 H m, 13 H m, 6 H m, 6 H m, 11 H m, 11 H
It 5.26-5.44, 4.67-4.78, 5.26-5.44, 4.44-4.56, 4.19-4.34, 3.87-4.00, 3.87-4.00,
m, 13 H m, 6 H m, 13 H m, 6 H m, 6 H m, 11 H m, 11 H
v 5.26-5.44, 4.67-4.78, 5.26-5.44, 4.44-4.56, 4,19-4.34, 3.87-4.00, 3.87-4.00,
m, 13 H m, 6 H m, 13 H m, 6 H m, 6 H m, 11 H m, 11 H
A" 5.26-5.44, 4.67-4.78, 5.26-5.44, 4.44-4.56, 4.19-4.34, 3.87-4.00, 3.87-4.00,
m, 13 H m, 6 H m, 13 H m, 6 H m, 6 H m, 11 H m, 11 H
VI 5.26-5.44, 4.67-4.78, 5.26-5.44, 4.44-4.56, 4.19-4.34, 3.87-4.00, 3.87-4.00,
m, 13 H m, 6 H m, 13 H m, 6 H m, 6 H m, 11 H m, 11 H
Vi1 5.26-5.44, 4.88, dd 5.26-5.44, 507,dd~t 4.02-4.12, 4.19-4.34, 3.87-4.00,
m, 13 H m, 13 H m,2H m, 6 H m, 11 H

Tocopherol-system: 2.51-2.60 (m, 2 H, CH,-4), 1.96-2.19 (m, 9 H, CH;-8b,7a,5a and OAc), 1.70-1.89 (m, 2 H, CH,-3),
0.99-1.62 (m, 24 H, CH;-2a, CH-4",8",12", CH2—<1"—11">), 0.80-0.89 (m, 12 H, CH3-4”a,8"a,12”a,13”).
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Table 2
Coupling constants for the acetylated a-tocopheryl glycosides
Unit Coupling constants (Hz)
J1,2 ‘]2.3 ‘13,4 J4,5 ‘]5.6a J5.6b Jéaléb
8a I 7.7 94 9.4 94 4.6 2.5 12.2
8b [ 7.8 9.3 9.2 9.7 33 33 12.2
11 4.1 10.1 9.9 10.2 2.5 2.5 12.5
10 | 7.9 94 9.8 9.9 2.4 4.7 11.2
1 8.1 9.1 9.7 9.7 4.3 2.2 124
12 I 2 2 2 9.6 2.1 4.6 11.2
11 7.6 10.4 3.6 1.1 . a 4
8¢ I 7.9 10.4 9.5 9.5 1.5 3.6 11.5
11 39 10.3 9.9 9.9 3.9 2.2 11.5
111 3.9 9.8 9.6 9.8 4.1 2.3 12.2
8d° I 8.2 9.6 9.6 3.2 3.2 11.2 4.0
v 4.0 10.6 9.6 9.6 4 2 a
8e® I 8.4 8.4 11.2 . d a 2
VI 39 9.6 94 94 A a 4
8t " I 8.4 8.9 d 9.2 2.7 2.7 10.0
Vil 4.0 8.9 8.9 8.9 N 4 4

* Not assigned.
b Signals of the inner chain units not assigned.

maltoside 9b was straightforward by neutralisation
with ion exchange resin, filtration and evaporation of
the solvent. During the deprotection of the a-
tocopheryl B-lactoside 12, the product 13 partially
precipitated. A similar observation was also noted in
the transfer of peracetylated a-tocopheryl [-cel-
lobioside 10 to compound 11 and of peracetylated
a-tocopheryl B-maltotrioside 8¢ to compound 9c.
Therefore, after neutralisation, the ion exchange resin
was removed and the products were precipitated by
addition of water, filtrated and dried. Compounds 9d,
9e and 9f were worked-up as described for 9a, but
after evaporation of the solvent the residue was dis-
solved in water and then lyophilised.

The characterisation of the deprotected tocopheryl
glycosides such as 9a was difficult due to a poorly
resolved spectrum in CDCl;. The maltoside 9b was
soluble in methanol and hence gave a well resolved
spectrum in CD,OD. All the other compounds were
measured in Me,SO-d,. Glycosides 9¢, 9d, 9e and 9f
were also soluble in deuterium oxide, but it was not
possible to record NMR spectra. Probably, these
substances form supramolecular structures such as
micelles. This is also assumed to favor the fast uptake
of water which prevented correct elemental analysis.

One of the aims of the synthesis of the tocopheryl
glycosides was a test of solubility properties. There-
fore, small amounts (0.5 mg) of the derivatives were

Table 3
Solubility of the a-tocopheryl glycosides *
H,O CH,0OH CH,Cl, Me, SO Pyridine

9a - -/ + + + +
9b - + /- - + +
11 - - - + +
13 - — — + +
9c -/ + + - + +
9d +/- +/- - + +
9e + -/t — + +
of + -/+ - + +

a

— = unsoluble, — / + = poor solubility (0.5 mg /0.5 ml),
mg /0.1 ml).

+ / — = modest solubility (0.5 mg/0.2 ml), + = soluble (0.5
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put on a thin glass plate and treated in 0.1 mL steps
with the chosen solvent at room temperature. The
solvation process was observed under the micro-
scope. With regard to the small number of glycosides
with longer carbohydrate chains, the solubility tests
were only qualitative. The results are depicted in
Table 3.

Two tests were performed to examine the degrada-
tion of a-tocopheryl B-D-glycosides. Under acidic
conditions (2 N HCI), the glycosidic bond was cleaved
after some minutes as detected by the Emmerie—En-
gel reaction [30]. This colour detection of tocopherols
is based on the easy oxidation of a-tocopherol with
iron(IlI) chloride to give the corresponding quinone
which in turn forms an intense red-coloured complex
with bipyridine. For enzymatic degradation, the hep-
taoside 9f was incubated with a mixture of B-gluco-
sidase (almonds) and a-glucosidase (yeast) at 30 °C
in buffer solution (pH 5.6) [31]. After five days, no
reaction was observed as monitored by TLC. Further,
B-amylase (potatoes) was added in order to cleave
the a-(1 — 4)-maltose units [32]; however, the gluco-
side 9a precipitated. Thus, degradation to the free
a-tocopherol could not be achieved by these meth-
ods.

3. Experimental

General methods.—Optical rotations were deter-
mined with a Perkin—Elmer Model 241 Polarimeter
(10 cm cells, Na—D-line: 589 nm). TLC was per-
formed on precoated plates of silica gel (Kieselgel 60
F254, E. Merck), detection was by UV-absorption
or/and spraying with 10% ethanolic H,SO, fol-
lowed by heating. Flash column chromatography was
performed on silica gel (Kieselgel 60, 200—400 mesh,
E. Merck). Ratios of solvent mixtures for chromatog-
raphy are specified in terms of volume. '"H NMR
spectra and PC NMR spectra were recorded at 250 or
400 MHz on Bruker AC-250 and AMX-400 (100.67
MHz for "°C) with Me,Si (8 0) as the internal
standard. Lyophilisation was performed with Ley-
bold-Heraeus Lyovac GT 2 or with Christ Alpha
1-4. Elemental analyses were determined by Mikro-
analytische Abteilung, Institut fiir Organische
Chemie, Universitit Hamburg.

General procedure for acetylation (GM 1).—The
B-peracetylated carbohydrates were prepared with
sodium acetate and acetic anhydride according to the
reported procedures [18]. The syrupy raw products
were used without further purification.

General procedure for glycosylation (GM 2).—

Boron trifluoride diethyl etherate was added to a
solution of 1 and the B-peracetylated sugar in neat
CH,Cl,. The mixture was kept in the dark and stirred
for 3 h at room temperature (TLC control). The
excess of BF;-etherate mixture was decomposed with
NaHCO,. After dilution with CH,Cl,, the mixture
was washed with water and NaCl. Following drying
(MgSO0,), the solvents were removed under dimin-
ished pressure and the resulting syrup was purified by
column chromatography.

General procedure for deprotection (GM 3).—The
compound was dissolved in neat, degassed MeOH
under argon atmosphere. Freshly prepared 0.1 M
methanolic NaOMe was added dropwise until pH 8
was reached. After completion of the reaction, moni-
tored by TLC, the mixture was neutralised by Amber-
lite IR 120 H™ resin and filtrated. The material was
concentrated at 40 °C under reduced pressure. In case
of unpolar derivatives, traces of solvent were re-
moved in highvacuum. Water-soluble compounds
were dissolved in water and then lyophilised.

all-rac-a-Tocopheryl 2,3,4,6-tetra-O-acetyl-B-D-
glucopyranoside (8a).—Compounds 7a (0.78 g, 2
mmol) and 1 (0.86 g, 2 mmol), dissolved in CH,Cl,
(30 mL), were reacted in the presence of BF;-etherate
(0.60 mL, 4.8 mmol) according to GM 2 procedure.
After purification by flash chromatography (80:1
CH,Cl,~acetone,) the slightly yellow syrupy 8a (1.00
g, 1.31 mmol, 66%) was obtained; [a ]} —7.7° (¢ 1,
CH,CL,); '"H NMR: Tables 1 and 2. C NMR
(CDCl,): 6 101.8 (C-1), 71.0 (C-2), 72.7 (C-3), 68.2
(C-4), 71.5 (C-5), 61.4 (C-6), 74.5 (C"-2), 30.9
(CT-3), 20.2 (C™-4), 1204 (C™-5), 1447 (C™-6),
122.5 (C™-7), 127.9 (C™-8), 23.4 (C"-2a), 117.0 (C-
4a), 11.4 (C"-52), 12.2 (C"-7a), 148.0 (C™-8a), 12.9
(CT-8b), 38.9 (C™-1. 11), 209 (C™-2"), 36.8-36.9
(C'-3,5,7,9),323(C"4, 8),24.0(C"-6), 244
(C™-10'), 27.5 (C™-12"), 193 (C"-4a, 8'a), 22.2,
22.3 (C™-12'a, 13'), 168.8, 170.0 (COCH,), 20.3
(COCH,). Anal. Calcd for C,;H,O0,, (761.0): C,
67.87; H, 9.00. Found: C, 67.74; H, 9.13.

all-rac-a-Tocopheryl 2,3,6-tri-O-acetyl-4-O-(2,3,4,6-
tetra - O - acetyl - a - D - glucopyranosyl) - B-D - gluco-
pyranoside (8b).—Compounds 7b (1.24 g, 1.5 mmol
relating to the B-acetate) and 1 (0.65 g, 1.5 mmol),
dissolved in CH,Cl, (20 mL), were reacted in the
presence of BF;-etherate (0.45 mL, 3.6 mmol) ac-
cording to GM 2 procedure. After purification by
flash chromatography (20:1 CH,Cl,-acetone), the
slightly yellow glass 8b (0.89 g, 1.17 mmol, 57%)
was obtained; mp 68 °C; [«]® +72.8° (¢ 1.5,
CH,Cl,); '"H NMR: Tables 1 and 2. "C NMR
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(CDCl,): § 105.1 (C'-1), 74.5 (C'-2), 77.5 (C'-3),
81.0 (C'-4), 76.4 (C'-5), 61.8 (Cl-6), 102.6 (C"-1),
73.8 (C"-2), 75.2 (C"-3), 71.5 (C"-4), 74.9 (C"-5),
62.3 (C"-6), 75.6 (CT-2), 32.0 (C™-3), 21.4 (CT-4),
123.6 (CT-5), 146.2 (CT-6), 125.7 (CT-7), 129.6 (C-
8), 23.9 (C"-2a), 117.0 (C"-4a), 13.9 (C*-5a), 13.0
(CT-7a), 149.4 (C™-8a), 11.8 (CT-8b), 40.3 (C'-1.
11'),21.4(C"-2),38.2(C™-3,5,7,9),33.6 (CT-4,
8'), 25.0 (CT-6'), 25.6 (C™-10), 28.9 (CT-12), 19.9
(C"-4'a, 8'a), 22.8 (C™-12'a, 13'). Anal. Calcd for
CysHgO,o (1049.3): C, 62.96; H, 8.07. Found: C,
62.66; H, 8.17.

all-rac-a-Tocopheryl (2,3,4,6-tetra-O-acetyl-a-D-
glucopyranosyl)-(1 = 4)-(2,3,6-tri-O-acetyl- «-D-
glucopyranosyl)-(1 — 4)-2,3,6-tri-O-acetyl- B-D-
glucopyranoside (8¢).—Compounds 7¢ (724 mg, 0.6
mmol relating to the B-acetate) and 1 (1.55 g, 3.6
mmol), dissolved in CH,Cl, (60 mL), were reacted
in the presence of BF;-etherate (0.18 mL, 1.44 mmol)
according to GM 2 procedure. After purification by
flash chromatography (17:1 CH,Cl,~acetone), the
slightly yellow glass 11 (552 mg, 0.41 mmol, 69%)
was obtained; mp 78-79 °C; [a]y) +10.5° (¢ 1.28,
CH,CL,); "H NMR: Tables 1 and 2. Anal. Calcd for
C¢rH 00,7 (1336.7): C, 60.17; H, 7.54. Found: C,
60.02; H, 7.58.

all-rac-a-Tocopheryl (2,3,4,6-tetra-O-acetyl-a-D-
glucopyranosyl)-(1 = 4)-(2,3,6-tri-O-acetyl- «-D-
glucopyranosyl)-(1 = 4)-(2,3,6-tri-O-acetyl - «-D-
glucopyranosyl)-(1 — 4)-2,3,6-tri-O-acetyl-3-D-
glucopyranoside (8d).—Compounds 7d (278 mg,
0.17 mmol relating to the B-acetate) and 1 (83.0 mg,
0.2 mmol), dissolved in CH,Cl, (20 mL), were
reacted in the presence of BF;-etherate (0.06 mL,
0.48 mmol) according to GM 2 procedure. After
purification by flash chromatography (15:1
CH,Cl,~acetone), the slightly yellow glass 9d (109
mg, 0.17 mmol, 39%) was obtained; mp 94 °C; [« |5
~42.6° (¢ 0.56, CH,Cl,); 'H NMR: Tables 1 and 2.
Anal. Caled for CooH,, 055 (1624.7): C, 58.36; H,
7.19. Found: C, 58.52; H, 7.40.

all-rac-a-Tocopheryl (2,3,4,6-tetra-O-acetyl-a-D-
glucopyranosyl)-(1 — 4)-(2,3,6-tri-O-acetyl- a-D-
glucopyranosyl)-(1 — 4)-(2,3,6-tri-O-acetyl- a-D-
glucopyranosvl) -(1 = 4)-(2,3,6-tri-O-acetyl- «-D-
glucopyranosyl)-(1 — 4)-2,3,6-tri-O-acetyl- B-D-
glucopyranoside (8¢).—Compounds 7e (343 mg, 0.15
mmol relating to the B-acetate) and 1 (388.0 mg, 0.9
mmol), dissolved in CH,Cl, (30 mL), were reacted
in the presence of BF,-etherate (0.045 mL, 0.36
mmol) according to GM 2 procedure. After purifica-
tion by flash chromatography (8:1 CH,Cl,—acetone),

the slightly yellow glass 9e (102 mg, 0.046 mmol,
31%) was obtained; mp 108 °C; [«a]Z +68.4° (c
0.68, CH,Cl,); '"H NMR: Tables | and 2. Anal.
Caled for C4H ,;,0,;(2200.7): C, 57.10; H, 6.95.
Found: C, 57.31; H, 6.83.

all-rac-a-Tocopheryl (2,3,4,6-tetra-O-acetyl-a-D-
glucopyranosyl)-(1 = 4)-(2,3,6-tri-O-aceryl- a-D-
glucopyranosyl)-(1 — 4)-(2,3,6-tri-O-acetyl- a-D-
glucopyranosyl)-(1 — 4)-(2,3,6-tri-O-acetyl - a-D-
glucopyranosyl)-(1 — 4)-(2,3,6-1ri-O-acetyl- ¢-D-
glucopyranosyl)-(1 — 4)-(2,3,6-tri-O-acetyl- a-D-
glucopyranosyl) -(1 —> 4)-2,3,6-tri-O-acetyl- B-D-
glucopyranoside (8f).—Compounds 7f (210 mg, 0.08
mmol relating to the B-acetate) and 1 (62 mg, 0.14
mmol), dissolved in CH,Cl, (10 mL), were reacted
in the presence of BF;-etherate (0.025 mL, 0.19
mmol) according to GM 2 procedure. After purifica-
tion by flash chromatography (13:2 CH,Cl,—
acetone), the slightly yellow glass 9f (87 mg, 0.035
mmol, 44%) was obtained; mp 110.5 °C; [a ]}
+50.8° (¢ 0.49, CH,Cl,); "H NMR: Tables 1 and 2.
Anal. Caled for C, sH ¢,04,(2488.7): C, 55.46; H,
6.64. Found: C, 54.96; H, 6.86.

all - rac - « - Tocopheryl B - D - glucopyranoside
(9a).—Compound 8a (0.9 g, 1.2 mmol) was depro-
tected according to GM 3 procedure yielding the
colourless syrup 9a (686 mg, 1.16 mmol, 97%);
[a]® —59 (¢ 1.53, MeOH +5% CH,CL,); 'H
NMR (CDCl,): § 4.56 (d, 1 H, J/, 6.1 Hz, H'-1),
3.65-3.82 (m, 5H, H'-2, H'-3, H'-4, H'-6a, H'-6D),
3.81 (~d, 1 H, J5 9.2 Hz, H'-5), 2.44-2.53 (m, 2
H, CH,-4), 2.13, 2.09, 2.01 (s, 9 H, CH,-8b,7a,5a),
1.66-1.80 (m, 2 H, CH,-3), 0.98-1.60 (m, 24 H,
CH,-2a, CH-4"8",12", CH,-(I"-11")), 0.81-0.89
(m, 12 H CH;-4"a,8"a,12"a,13"). Anal. Calcd for
C4sH,0,(592.9): C, 70.91; H, 10.20. Found: C,
70.51; H, 10.34.

all-rac-a-Tocopheryl 4-O-( a-D-glucopyranosyl)-3-D-
glucopyranoside (9b).—Compound 8b (840 mg, 0.78
mmol) was deprotected according to GM 3 procedure
yielding the colourless powder 9b (591 mg, 0.78
mmol, 100%); [«] +37.8 (¢ 0.91, MeOH +5%
CH,CL,); '"H NMR (CD,OD): § 444 (d, | H, J|,
6.8 Hz, H'-1), 3.43-3.62 (m, 6H, H'-2, H'-3, H'-4,
H"-3, H"-5, H"-6b,), 3.08-3.24 (m, 2H, H'-5, H"-4),
3.64-3.73 (m, 3H, H'-6a, H'-6b, H"-6a,), 5.10 (d, 1
H, J 4.2 Hz, H"-1), 3.34 (dd, 1 H, J;; 94 Hz,
H'"-2) 2.34-2.46 (m, 2 H, CH,-4), 2.11, 2.04, 1.95
(s, 9 H, CH,-8b,7a,5a), 1.62-1.88 (m, 2 H, CH,-3),
0.91-1.55 (m, 24 H, CH;-2a, CH-4",8",12", CH,-
(1"-11")), 0.70-0.83 (m, 12 H CHj;-
4"2,8"a,12"a,13"). C,,H,,0,, (755.0).
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all -rac - a- Tocopheryl 4-0-[4-0-(a-D-gluco-
pyranosyl)-a-D-glucopyranosyl]-B-D-glucopyranoside
(9¢).—Compound 8¢ (162 mg, 0.121 mmol) was
deprotected according to GM 3 procedure yielding
the colourless powder 9¢ (85.0 mg, 0.093 mmol,
771%); [a]® +60.7 (¢ 099, MeOH); 'H NMR
(Me,SO): 6 4.41(d, 1 H, H'-1, J{, 7.6 Hz), 4.62 (d,
1 H, H"1, J!, 35 Hz),4.97 (d, 1 H, H"-1, J{} 355
Hz), 5.40-5.80 (m_, 2 H, OH), 4.55-5.20 (m, 8 H),
4.20-4.45 (m, 3 H), 2.99-3.84 (m, 18 H) 1.65-1.88
(m, 2 H, CH,4), 2.16, 2.14, 1.98 (s, 9 H, CH;-
8b,7a,5a), 0.95-1.58 (m, 26 H, CH,-3, CH;-2a, CH-
4"8",12", CH,-(1"-11")), 0.81-0.85 (m, 12 H CH,-
4"a,8"a,12"a,13"). C,,H4,0,, (917.14).

all -rac - a- Tocopheryl B-maltotetraoside (9d).—
Compound 8d (45 mg, 0.028 mmol) was deprotected
according to GM 3 procedure yielding the colourless
powder 13 (25.0 mg, 0.023 mmol, 83%); [«]¥® +6.2
(c 0.11, H,0); '"H NMR (Me,SO): 6 4.39 (d, 1 H,
Ji, 7.6 Hz, H'-1), 498 (d, 1 H, J|', 4.1 Hz, H"- 1)
499 (d, 1 H, J™ 4.1 Hz, H™1), 5.04 (d, 1 H, J
3.5 Hz, H"-1), 5.38-5.87 (m, 6 OH), 5.10 (m_,
OH), 444-4.72 (m_, 3 H, OH), 4.21-4.34 (m, 2 H,
OH), 3.00-3.69 (m, 24 H), 1.68-1.77 (m, 2 H,
CH,-4), 2.13, 2.11, 1.96 (s, 9 H, CH,-8b,7a,5a),
0.98-1.57 (m, 26 H, CH,-3, CH;-2a, CH-4",8",12",
CH,-(1"-11")), 0.80-0.85 (m, 12 H CHj-
4"a,8"2,12"a,13"). C53Hg,0,, (1079.3)

all -rac - a- Tocopheryl B-maltohexaoside (9¢).—
Compound 8e (32.0 mg, 0.015 mmol) was depro-
tected according to GM 3 procedure yielding the
colourless powder 9e (16.0 mg, 0.011 mmol, 76%);
[« +12.5 (¢ 0.14, H,0); '"H NMR (Me,S0): &
440 (m, 1 H, J{, 7.6 Hz, H-1), 5.06 (d, 1 H, J\}
3.5 Hz, HY"-1), 4.19-5.89 (m, 19 H, OH), 4.97-5.04
(m, 4 H, H"1, H"™1, HY-1, HY-1), 4.44-4.72 (m,
35 H), 1.69-1.76 (m, 2 H, CH,-4), 2.16, 2.15, 2.14,
2.13 (s, 6 H, CH,-7a,5a), 1.98 (s, 3 H, CH,-8b),
0.97-1.57 (m, 26 H, CH,-3, CH,-2a, CH-4",8",12",

,-(1"-11")), 0.79-0.86 (m, 12 H CHj;-

4"a,8"a,12"a,13"). C¢sH, 004, (1403.6).

all-rac- a- Tocopheryl B-maltoheptaoside (9f).—
Compound 8f (37.0 mg, 0.015 mmol) was depro-
tected according to GM 3 procedure yielding the
colourless powder 9f (21.0 mg, 0.013 mmol, 80%);
[a]® +16.3 (c 0.19, H,0); '"H NMR (Me,SO): &
440 (m, 1 H, J{, 7.6 Hz, H'-1), 4.10-5.75 (m, 22
H, OH, HY-1, 493-5.04 (m , 4 H, J/;"" 3.6 Hz,
H"-1, H"™-1, HV- 1, HY-1, HY'-1), 2.74-3.72 (m, 42
H), 1.64-1.72 (m, 2 H, CH,-4), 2.11, 2.10, 2.09,
2.08 (s, 6 H, CH;-7a,5a), 1.93 (s, 3 H, CH,-8b),
0.95-1.51 (m, 26 H, CH,-3, CH,-2a, CH-4",8",12",

CH,-(1"-11")), 0.78-0.81 (m, 12
4"a,8"a,12"a,13"). C;,H 5,05, (1565.7).

all-rac-a-Tocopheryl 2,3,6-tri-O-acetyl-4-0O-(2,3,4,6-
tetra-O-acetyl- B-D- glucopyranosyl) - B-D - glucopy-
ranoside (10).—1,2,3,6-Tetra-O-acetyl-4-0-(2,3,4,6-
tetra-O-acetyl-B-D-glucopyranosyl)-B-D-glucopyrano-
side (1.02 g, 1.5 mmol) and 1 (0.65 g, 1.5 mmol),
dissolved in CH,Cl, (60 mL), were reacted in the
presence of BF;-etherate (0.45 mL, 3.6 mmol) ac-
cording to GM 2 procedure. After purification by
flash chromatography (30:1 CH,Cl,-acetone), the
slightly yellow glass 10 (0.84 g, 0.80 mmol, 53%)
was obtained; mp 61.5 °C; [a]® —59° (¢ 1.1,
CH,C1,); '"H NMR: Tables 1 and 2. Anal. Caled for
CssHg, 0,0 (1049.3): C, 62.96; H, 8.07. Found: C,
62.92; H, 8.17.

all-rac-a-Tocopheryl 2,3,6-tri-O-acetyl-4-0-(2,3,4,6-
tetra- O -acetyl- B-D-galactopyranosyl) - B-D - gluco-
pyranoside (11).—1,2,3,6-Tetra-O-acetyl-4-O-
(2,3.4,6-tetra-O-acetyl-B-p-galactopyranosyl)- 3-p-
glucopyranoside (1.00 g, 1.5 mmol) and 1 (0.65 g,
1.5 mmol), dissolved in CH,Cl, (60 mL), were
reacted in the presence of BF;-etherate (0.45 mL, 3.6
mmol) according to GM 2 procedure. After purifica-
tion by flash chromatography (20:1 CH,Cl,—
acetone), the slightly yellow glass 11 (1.02 g, 0.97
mmol, 64%) was obtained; mp 72 °C; [« ]5 +10.5°
(¢ 0.53, CH,Cl,); '"H NMR: Tables 1 and 2. Anal.
Caled for CysHg, O,y (1049.3): C, 62.96; H, 8.07.
Found: C, 62.61; H, 8.12.

all-rac-a-Tocopheryl 4-O-( B-D-glucopyranosyl)--p-
glucopyranoside (12).—Compound 10 (143 mg,
0.136 mmol) was deprotected according to GM 3
procedure yielding the colourless powder 12 (74.3
mg, 0.098 mmol, 72%); [a]¥ —13.2 (¢ 1.0, Me, SO);
'"H NMR (Me,SO) & 441 (d, 1 H, J, 7.1 Hz,
H'-1), 3.27-3.47 (m, 4H, H'-2, H'-3, H'-4, H"-6b),
3.12-3.24 (m, 3H, H'-5, H"-3, H"-5), 3.54-3.66 (m,
2H, H'-6a, H'-6b), 4.30 (d, 1 H, J|', 8.2 Hz, H"-1),
3.00 (ddd, 1 H, J, 8.2 Hz, H"-2), 4.06 (ddd ~ dt, 1
H, J3}, 9.1 Hz, J,5 9.1 Hz, H"-4), 3.71 (ddd, 1 H,
Jie 69 Hz, J& o 11.8 Hz, H"-6a), 555 (d, 1 H,
Jron 4.5 Hz, OH'-2), 471 (s, 1 H, OH'-3), 4.33 (dt,
1 H, OH-6), 522 (d, 1 H,, J,'oy 5.0 Hz, OH"-2),
498 (d, 1 H,, Jj\oy 5.6 Hz, OH"-3), 496 (d, 1 H,,
Jion 5.6 Hz, OH"-4), 459 (¢, 1 H,, Jeaon 3-3 Hz,
Jeson 3.3 Hz, OH"-6), 1.68-1.77 (m, 2 H, CH-4),
2.15, 2.02, 1.98 (s, 9 H, CH,-8b,7a,5a), 0.98-1.60
(m, 26 H, CH,-3, CH;-2a, CH-4",8",12", CH,-(1"-
11")), 0.81-0.85 (m, 12 H CH;-4"a,8"a,12"a,13").
C,,H,,0,, (755.0).

all-rac-a-Tocopheryl 4-O-( B-D-galactopyranosyl)-B-

H CH,-
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D - glucopyranoside (13).—Compound 11 (179 mg,
0.171 mmol) was deprotected according to GM 3
procedure yielding the colourless powder 13 (87.0
mg, 0.115 mmol, 67%); [a ]y +4.4 (¢ 1.0, Me,SO);
'H NMR (Me,SO): & 443 (d, 1 H, J!, 7.6 Hz,
H'-1), 3.29-3.43 (m, 5H, H'-2, H'-3, H"-2, H"-3,
H"-5), 3.62-3.70 (m, 2H, H'-4, H'-6a), 3.18 (m_, 1
H, H'-5), 3.45-3.62 (m, 4H, H'-6b, H"-4, H"-6a,
H'-6b), 426 (d, 1 H, J,, 7.2 Hz, H"-1), 5.10 (d, 1
H, J, oy 4.0 Hz, OH'-2), 4.74 (s, 1 H, OH"-3), 4.33
(t. 1 H, J& on 5.1 Hz, Jg o1 5.1 Hz, OH'-6), 5.29 (d,
1 H, JJ\oy 4.6 Hz, OH"-2), 478 (d, 1 H, J3\oy 5.1
Hz, OH"-3), 452 (d, 1 H, J/\y 4.5 Hz, OH"-4),
459 (m_, 1 H, OH"-6).71-1.78 (m, 2 H, CH,-4),
2.17, 2.15, 1.99 (s, 9 H, CH,-8b,7a,5a), 1.00-1.58
(m, 26 H, CH,-3, CH;-2a, CH-4",8",12", CH,-(1"—
11")), 0.81-0.87 (m, 12 H CH,-4"a,8"a,12"a,13").
C, H,,0,,. (755.0).
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