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ABSTRACT

A new approach to the formation of ether derivatives of some mono- and di-
saccharides by an initialising electrochemical step is described. With the exception of
the nonreducing sucrose all compounds are protected at the anomeric center. In
contrast to the general procedure we replaced the common bases by platinum as an
electrode material with a small hydrogen overvoltage in aprotic media, such as DMF.
In this way the hydroxyl groups are transformed to alcoholate anions with the gene-
ration of hydrogen. The reaction of these electrochemically generated anions with
alkylating reagents such as allyl bromide, benzyl bromide and methyl iodide results in
the formation of ether derivatives.

INTRODUCTION

One field of activity in our research group is the electroreductive generation of
alcoholate anions of simple alcohols such as methanol or ethanol in a membrane elec-
trolysis (:ell.1 This technique is of interest for industrial application. We have ex-
tended our method to carbohydrates, which can be regarded as polyalcohols. In
preparative carbohydrate chemistry the use of protecting groups is very significant
with ether derivatives of simple mono- and disaccharides playing an important role.
Using alkyl halides such as benzy! bromide or methyl iodide opens a convenient route
for the preparation of these common derivatives. In most of the alkylation proce-

dures the alky! halides are used together with strong bases such as sodium hy-
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droxide, silver oxide or methylsulfinyl anions.2 This is demonstrated in an immense
number of articles and reviews.

In recent studies we focused on the electrochemical behaviour of simple mono -
and disaccharides (Fig. 1), which are protected only at the anomeric center. The
hydroxyl groups of the saccharides are transformed to polyalcoholate anions (Scheme 1)
by an electroreductive step on platinum with generation of hydrogen.

Concerning sufficient electrochemical stability of the supporting electrolyte,
the system DMF/LiBr proved to be useful. Both DMF and lithium cations are not
electroactive at the working potential we used in electrolysis. We assume a single
electron transfer from the electrode to the substrate which implies a direct deproto-
nation of the hydroxyl group5.3’4’5 After electrolyses, electrophiles are added to
the electrolyte solution in a second step (ex-situ). A similar procedure is used in the
electrochemical alkylation of thiols, where electroreductively generated thiolates reac-
ted with various organohalides to yield substituted sulfides.6 It is our intention to
replace common bases and organometallic compounds in a chemical reaction by a
simple platinum electrode, to achieve different regioselectivities. We report the elec-
trochemical behaviour of some mono- and disaccharides and the substitution patterns

of the resulting ether derivatives.

RESULTS AND DISCUSSION

The electrochemical reactivities of mono- and disaccharides were examined by

cyclic voltammograms, as illustrated in earlier publications .3 The current-potential
dependencies of methyl a-D-glucopyranoside and other model compounds, mono-
saccharides as well as disaccharides, are similar. All cyclic voltammograms exhibit a
broad cathodic current peak in the potential region of -2 V. It is therefore not pos-
sible to distinguish between the deprotonation of single hydroxyl groups.

During electrolysis the electrochemically generated anions are stabilized by lithium
as the counterion. Due to the high electrochemical reactivity of the alkyl halides at po-
tentials of -2 V, the reaction with the sugar anions was carried out after electro-

lysis. Tables 1 and 2 illustrate the substitution pattern and the current yields of

the preferably monosubstituted saccharides.

The substitution pattern of methyl ax-D-glucopyranoside and sucrose did not ex-

hibit a dependency on solvent or supporting electrolyte. An alternative application
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R-OH+e —— RO~ + V,H»

SCHEME 1

of NMP, DMSO and CH3CN or L3C|04 as supporting electrolyte decreased the current
yield but the substitution pattern remained unchanged. If monovalent lithium is
substituted by bivalent magnesium or zinc, the deprotonation of hydroxyl groups does
not occur due to the positive reduction potential of magnesium and zinc and inhibition
of the electrode surface. Variation of the potential of the electrolysis in the range
of ~1.8 and -2.3 V did not show any effects. The same is true for substitution
of electrode material by graphite. This shows that neither the electrolyte system, nor

the electrode material are determining the substitution pattern.

The selective protection of carbohydrates with alkyl halides is influenced by the
acidity of the hydroxyl groups as well as by inter- and intramolecular hydrogen
bonding, configuration and sterical aspects of the saccharides.7 The size of the
alky! halides also plays an important role.

An initial electrochemical step in connection with a specific adsorption configu-
ration of the substrate on the electrode surface should also show an influence on
regioselectivity of the reaction. The monosaccharides exhibited a broader spec-
trum of substituted products than the disaccharides. The HO-2 position of gluco-
and manno-residues was preferentially substituted, whereas in the galacto-residue the
HO-3 position is favoured preferentially due to the neighboring axial HO-4 group.
The order of substitution of the hydroxyl groups was 2>863>4» 3 for the glucoside,
2>4>3 36 for the mannoside and 3>6» 2=4 in the case of galactoside.

The HC-2 position of mannoside and glucoside is the most acidic one.a'9 The
reactivity of sucrose revealed a high selectivity in order of decreasing reactivity at
HO-2, HO-1'" and HO-3', which is probably due to the high acidity of the hydroxyl
groups in these positions,’o due to strong intramolecular hydrogen bonding between
these hydroxyl groups. The high degree of substitution at HO-2 of sucrose is
in agreement with the substitution in HO-2 of the glucose residue.

In contrast to the results mentioned above, the ionization and subsequent reac-

tion of benzyl B-derivatives of maltose and lactose with alkyl halides led to remarkably
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TABLE 1.  Substitution patterns and current ylelds™ of benzyl-, methyl-
and allyl ethers of monosaccharides

alkyl product distribution at current
educt halide C - positions in X yleld in %
2 1314 16 123124)261(46]36

methyl a-
D-gluco- |benzyl 43 |3 8 {1312,5(7,5]|14 5 4 50
pyranoside { bromide
methyl - | methyl
D-gluco- metny! 3619 | 13110 | ---~- 32------ --- 51
pyranoside lodide

methyl a- allyl

Ey—rggzocsc;;e bromide| 8013V | / |17} / (12} /7 | 7} / 40
methyl a-

D-manno- [benzyl | 261 453 , 1 3 [____ - 65
pyranoside | bromide

methyl o- ethyl

D-manno- | methy

pyranoside | iodide 42126 / } 7 |- 25--mmm e e 35
methyl o- a“y|

%;23325,; bromide | 55 |23 7 | 227 |7 |7 |/ / 40
methyl o-

D-galacto-| 2" | 28 |315 / | 25 |- ---6--------mr ] 9.5 30

pyranoside | bromide

methyl B- | penzy!
D-galacto- nzy

5 (49| 7 {30 |-—-- 5,5---—=----110,5 34
pyranoside | bromide

a. Current yield of isolated products. The yield determining partner is the electron,
which is transferred from the electrode to the substrate. The current of a
batch wise electrolysis decreases with consumption of substrate. This
means the electrolysis has to be stopped long before the substrate is consumed
in total. In the present case this was done after times up to 6 hours , cor-
responding to a consumption of 40 to 50 % of the substrate. For this reason
we noted current yields and no product yields. Diethers were not separated in
all cases.

different substitution patterns. Only one hydroxyl group of the glycosyl residues
of these saccharides was transformed into an ether derivative. This was HO-3'
of lactose and HO-2" of maltose, with the current yield ranging from 75 up to

100 %. This corresponds to the high reactivity of the HO-2 and HO-3 groups in
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TABLE 2. Substitution pattern and current yields of benzyl-, methyl-
and allyl ethers of disaccharides

alkyl product distribution at current
educt halide C -positions in % yield in %
2 6 i 2 3
sucrose |22 4 |/ 139 | s |13 48
bromide
sucrose methyl
iodide 54 / 27 / 19 63
sucrose allyl 39 / 61 / / 28
bromide
benzy! B~ benzyl
lactoside bromide 23 / / / 75 40
ber\zyl B‘ methyl 10 / / / g0 26
lactoside iodide
benzyl B- allyl i
lactoside bromide mixture of 2 and 3’ 41
benzyl B- benzyl 20 / ;
mattoside bromide 80 / 34
benzyl 8- methyl y Y / 100 Y 38
maltoside iodide |

methyl a-D-glucoside and ~galactoside, respectively. The HO-2 group of the
aglycon only reacted to a small extent. The evident preference of the non-redu-
cing residue in both saccharides might be caused by the anomeric benzyl group
and the resulting adsorption configuration on the electrode surface. The aromatic
system renders adsorption of the aglycon residue on the electrode surface unfavor-
able due to repulsive interactions of the electronic system of the arene and the
electrode caused by the highly negative potential. This would explain the surprising
regioselectivity. The influence of the anomeric benzyl group on adsorption will
be investigated.

Disaccharides as well as monosaccharides exhibited a high preference for the
substitution of secondary hydroxyl groups. The reason for this could be a direct
electron transfer from the electrode to the specific hydroxyl groups, if migration
of hydrogen due to intramolecutar hydrogen bondings is excluded. The monosaccha-

rides show a preferred monosubstitution, but nevertheless give a high number of
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isomers. The smaller monosaccharides may have several adsorption configura-
tions on the electrode, which would explain the broader spectrum of products.
An alternative explanation might be that the smaller monosaccharides may more easily
undergo intermolecular hydrogen transfer than the large benzyl B-protected disaccha-
rides.

There are only few data in the literature which may be compared to our
model compounds. The selective equimolar benzylation of methyl a-D-galactoside
with sodium hydride and benzyl bromide in DMF leads to a yield of 50 % monoethers.11
The order of reactivity of the hydroxyl groups is 6>43»23>3. In the case of the
B-anomer it is 6 »3> 2 without benzylation in the HO-4 position. These results
reveal a different reactivity of the hydroxyl groups caused by use of different
cations,12 in comparison to our results. The methylation of methyl o-D-glucoside
with sodium hydroxide and methy! iodide in tert -butyl alcohol results in the formation
of mono-, di- and triethers. The order of reactivity is 2>63>3 % 4.13 There is no
significant influence on the substitution pattern when using sodium or !ithium.14

A correlation of the electrostatic surface potential distribution of these sugar
molecules with the substitution pattern will be discussed eisewhere.15 Ester com-

pounds could be obtained by the same method with acy! halides as trapping agents.
EXPERIMENTAL

Electrolysis

Electrolysis was carried out in a three compartment cell with a working volume
of 40 mL (Fig. 2). The working electrode as well as the counter electrode were platini-
zed platinum sheets with an area of 6 cm?2 All potentials are referred to the
Ag/0.01 M Ag+ system in acetonitrile. Catholyte and anolyte compartments were
separated by a fine porosity glass frit G 3 (monosaccharides) or a cation exchange
membrane Nafion™ 417 (disaccharides).'® In all experiments DMF/0.5 M LiBr was
used as the electrolyte system (¢ 500 ppm H20).

Substrate concentrations were 0.5 M (methyl a-D-glucopyranoside, methy! o~
D-mannoside), 0.4 M (sucrose) and 0.2 M {methyl a-D-galactoside, methyl B-D-

galactoside, benzyl B-tactoside and benzyl B-maltoside). During electrolysis argon was

bubbled through the catholyte.
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potentiostat

counter electrode
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reference electrode
~ frit / membrane

-7 =N
t

FIG. 2. Three compartment cell for electrolysis. Both electrodes are
platinized platinum sheets. The reference system is a silver wire

in a 0.01 M AgNQO3; solution in acetonitrile.

Solvents and reagents

DMF was refiuxed over CaH,, distilled in vacuum and stored over molecular sie-
ve 4 /o\ LiBr and the saccharides were dried under high vacuum at 100 °C. Mono-
saccharides (Cerestar) as well as sucrose (Janssen), lactose and maltose (Fluka)
were purchased. Benzyl B-disaccharides were synthesized as outlined in the

. 17,18,19
literature.

Instrumentation

Electrolyses were performed with a potentiostatic set up (BANK POS 73).
HPLC was performed on a Shimadzu LC-4A instrument equipped with silica gel

columns ( Polygosit 60-5, Macherey-Nagel) and LiChrosorb columns (RP 18-60/5) on
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analytical (250 x 4 mm) and preparative scales (250 x 16 mm). NMR spectra were
recorded with a Bruker AM 300 MHz instrument, using TMS as internal standard.

If necessary, chemical shift assignments were confirmed by decoupling. Optical rota-
tions were recorded with a Perkin-Elmer polarimeter MC 241. TLC was performed

on silica gel (Merck 60 Feosa).

General procedures

After electrolysis the electrophiles were added in 1.1 equivalent of the current
consumed in the electrolysis and left to react for about 12 hours. In the case of
monosaccharides, the solvent was removed and most of the educt was recrystal-
lized from acetone. The conducting electrolyte was separated via cation and an-
ion exchange columns {Amberlite IR 120 and IRA 400). The crude mixture of pro-
ducts was separated by reversed-phase chromatography (gradient elution:
MeOH/H,0). Disaccharides were acetylated in pyridine/acetic anhydride. The crude
products were dissolved in chloroform, washed with water and dried (Na,SO,).
Subsequently the solvent was evaporated. Traces of pyridine were removed by co-
evaporation with toluene. Preparative column chromatography was performed using
silica gel KG 60. If necessary, subsequent separation was performed using HPLC.

In this case hexane/ethyl acetate in the ratio 1:1 or 2:1 was used as the eluent.

'H4 NMR Data

Methyl 2-O-Benzyl-a-D-glucopyranoside. mp 118 °C, [alp 86 (c 1.0,
CHCly), Lit.?% mp 120 °C, [al@® 86.8, 'H NMR (CDCl,) § 3.28 (s, 3 H,
OCH,), 4.54 (d, Ji2 = 3.6 Hz, H-1), 4.58 (d, 1 H, Jpncpa.pheHb = 12.2 Hz,
PhCHa), 4.7 (d, 1 H, PhCHb), Lit: 'H NMR?', 13C NMR2"22

Methyl 3-0O-Benzyl-a-D-glucopyranoside. syrup, [aly 89 (c 0.5, CHCI,),
Lit.2% mp 89-90 °C, [al® 90.3, 'H NMR (CDCl,) & 3.44 (s, 3 H, OCH,),
4.52 (d, 1 H, JphcHa.phcHy = 11.6 Hz, PhCHa), 4.75 (d, Jiz = 3.5 Hz, H-1,
5.02 (d, 1 H, PhCHb), Lit.: 'H NMR , '3C NMR

Methyl 4-O-Benzyl-a-D-glucopyranoside. mp 127 °C, [alp 152 (c 1.0,
CHCI,) Lit.®: mp 126-127 °C, [a1B148.9, see also Lit 22" 'H NMR (CDCl,),
§ 3.36 (s, 3 H, OCH,), 4.67 (d, 1 H, Jppcua.phoup = 11.8 Hz, PhCHa), 4.70
(d, 1H, Jiz = 3.3 Hz, H-1), 4.88 (d, 1 H, PhCHb)
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Methyl 6-O-Benzyl-a-D-glucopyranoside. syrup, [alg 105 (c 0.93,
CHCIy), Lit.? mp 64-65 °C, [ald? 106.4, see also Lit.??+% 1H NMR
(CDCl,) 8 3.37 (s, 3 H, OCH,), 4.57 (t, 2 H, JppcHa,phcHe = 12 Hz, PhCHa,
PhCHb), 4.73 (2 = 3.7 Hz, H-1), Lit.: 'H NMR?®

Methyl 2,4-Di-O-benzyl-a-D-glucopyranoside. mp 74 °C, [alp 87 (¢
0.7, CHCly), Lit.2': mp 75 °C, [al® 87, 'H NMR (CDCly) & 3.33 (s, 3 H,
OCH,), 4.61 (d, 1 H, Jiz = 3.6 Hz, H-1), 4.66 (d, 1 H, Jppcr1a,PhcHib = 12.1
Hz, PhCH1a), 4.7 (d, 1 H, PhCH1b), 4.73 (d, 1 H, JphcHea,phcHes = 116 Hz,
PhCH2a), 4.91 (d, 1 H, PhCHzb), Lit.: 'H NMR"

Methy! 2,6-Di-O-benzyl-a-D-glucopyranoside. syrup, [xly 57 (c 0.8,
CHCl,), Lit.®: mp 81°C, [ald? 62.6, 'H NMR (CDCl,) § 3.34 (s, 3 H, OCH,),
4.56 (d, 1 H, Jphemta,preHib = 12.2 Hz, PhCH1a), 4.61 (d, 1 H, PhCH1b), 4.64
(d, 1,2 = 3.5 Hz, H-1) 4.66 (d, 1 H, Jphcmza,phenzs = 12 Hz, PhCH2a), 4.69
(d, 1 H, PhCH2b), Lit.: '3C NMR??

Methyi 3,6-Di~0O-benzyi-a-D-glucopyranoside. syrup, [aly 74 (c 0.5,
CHCly), Lit.®: syrup, [al P 69.2, see also Lit.??, 'H NMR (CDCl,), & 3.38 (s,
3 H, OCHy), § 4.5 (d, 1 H, Jphcuia,phcrtp = 11.3 Hz, PhCH1a), 4.55 (d, 1 H,
JphcH2a . PhcHab = 12.1 Hz, PhCH2a), 4.62 (d, 1 H, PhCH2b), 4.76 (d, J,2
= 3.8 Hz, H-1), 4.8 (d, 1 H, PhCH1b)

Methy! 4,6-Di-O-benzyl-a-D-glucopyranoside. syrup, Laly 113 (¢ 0.5,
CHCI,), Lit.2% mp 77 °C, [adg?® 119.1, see also Lit.?>, 'H NMR (CDCl,) § 3.41
(s, 3 H, OCH,), 4.66 (d, 1 H, Jphcria.ehoHip = 11.0 Hz, PhCHta), 4.75 (d, Ji,2
= 3.8 Hz, H-1), 4.84-4.94 (m, 3 H, Jpncpoa.phcHoy = 11.4 Hz, PhCHib,
PhCH2a, PhCHz2b), Lit.: 'H NMR'Z, '3C NMR™

Methyl 2-O-Methyl-a-D-glucopyranoside. syrup, [aly 46 {(c 0.7,
CHCl,), Lit.%8; syrup, Laln 48, 'H NMR (D,0) § 3.28 (s, 3 H, OCH,), 3.43 (s,
3 H, OCH,), 4.93 (d, J12 = 3.6 Hz, H-1), Lit.: 13C NMR?"29:30.%

Methyl 3-O-Methyl-a-D-glucopyranoside. syrup, [aln 52 (c 0.8,
CHCI), Lit*%  mp 118 °C, [aly 81.1, see also Lit.?®® TH NMR (D,0) § 3.33
(s, 3 H, OCH,), 3.50 (s, 3 H, OCH,), 4.69 (d, hz = 3.9 Hz, H-1), Lit.:
10 NMR21,29

Methyl 4-0O-Methyl-a-D-glucopyranoside. syrup, [wlp 136 (c 0.5,
CHCL,), Lit?* mp 94 °C, Calp 164, see also Lit3°, 'H NMR (D,0) & 3.29 (s,
3 H, OCH,), 3.44 (s, 3 H, OCH,), 4.68 (d, Jiz = 3.8 Hz, H-1), Lit.: 13C NMR%-3®
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Methyl 6-0O-Methyl-a-D-glucopyranoside. syrup, [alp 104 (c 0.9,
CHCIy, Lit.>": syrup, Lalp 127.9 (H,0), 'H NMR (D,0) & 3.29 (s, 3 H,
OCH,), 3.30 (s, 3 H, OCH,), 4.68 (d, Jiz = 3.6 Hz, H-1, Lit.: !3C NMR?%:3®

Methyl 3,4,6-Tri-O-acetyl-2-O-allyl-a—-D-glucopyranoside. only analy-
sed by 'H NMR (CDCl,), § 1.95-2.02 (3 s, 9 H, CH,CO), 3.4 (s, 3 H, OCH,),
3.47 (dd, Jz,3» = 10.0 Hz, H-2), 3.9 (o, Js,s = 2.3 Hz, Js,s' = 4.6 Hz, H-5),
3.97-4.05 (m, 3 H, H-6, methylene protons), 4.21 (dd, 1 H, Js,s’ = 12.3 Hz,
H-6", 4.78 (d, Ji,2 = 3.5 Hz, H-1), 4.91 (t, Js,s = 9.6 Hz, Ja,s = 10.0 Hz, H-4),
5.11-5.23 (m, 2 H, vinyl protons), 5.33 (t, H-3) 5.7-5.85 (m, 1 H, vinylene
proton)

Methyl 2,3,4-Tri- O-acetyl-6-0O-allyl-a-D-glucopyranoside. only analy-
sed by 'H NMR (CDCi,) & 2.01-2.09 (3 s, 9 H, CH,CO), 3.4 (s, 3 H, OCH,),
3.49 (dd, Js,s = 4,8 Hz, Js,s’ = 10.8 Hz, H-6), 3.54 (dd, Js,s' = 3.1 Hz, H-6"),
3.93 (0, H-5), 3.98-4.02 { m, 2 H, methylene protons), 4.89 (dd, Jz,3 = 10.1
Hz, H-2), 4.94 (d, J1,2 = 3.6 Hz, H-1), 5.09 (dd, Ja,5s = 10.1 Hz, H-4), 5.15-5.3
(m, 2 H, vinyl protons), 5.48 (dd, Js,a = 9.4 Hz, H-3 )}, 5.8-5.94 (m, 1 H, vi-
nylene proton)

Methyl 3,6-Di-O-acetyl-2,4-di- O-allyl-a-D-glucopyranoside. only ana-
lysed by 'H NMR (CDCly) & 2.1, 2.12 (2 s, 6 H, 2 CH,CO), 3.38 (s, 3 H,
OCH,), 3.41 (dd, Jz,3 = 10.1 Hz, H-2), 3.45 (t, H-4), 3.79 (o0, Ja,5 = 10.0 Hz,
H-5), 4.0-4.17 {m, 4 H, methyiene protons), 4.2 {dd, Js,s = 5.1 Hz, H-6),
4.31(dd, Js,s' = 2.3 Hz, H-6"}, 4.8 (d, J1,2 = 3.5 Hz, H-1}, 5.1-5.29 (m, 4 H,
vinyl protons), 5.43 (t, J3s,e = 9.6 Hz, H-3), 5.67-5.9 (m, 2 H, vinylene pro-
tons)

Methyl 2-0O-Benzyl-a-D-mannopyranoside. mp 95°C, [aly 22 (c 2,
CHCly), 'H NMR (CDCl,) 8 3.32 (s, 3 H, OCH,), 4.69 (d, 1 H, JphcHa, PhcHb =
12 Hz, PhCHa), 4.71 (d, 1 H, PhCHb), 4.77 (d, Jiz = 2.2 Hz, H-1), Lit.: 'H
NMR and '*C NMR®'

Methyl 3-0O-Benzyl-a-D-mannopyranoside. syrup, 'H NMR (CDCl,)
3.29 (s, 3 H, OCH,), 4.58 (d, 1 H, Jpncra.phcus = 11.5 Hz, PhCHa), 4.66 (d,
1 H, PhCHb), 4.77 {d, i,z = 1 Hz, H-1), 2,4,6-tri-O-acety! ester, 'H NMR
(CDCl,) 8 1.98-2.05 (3 s, 9 H, 3 CH,CO), 3.40 (s, 3 H, OCH,), 4.08 (dd, Js.6
= 2.7 Hz, Js,s' = 12.0 Hz, H-6), 4.17 (dd, Js,s’ = 5.9 Hz, H-6"), 4.74 (d, Jr,2 =
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1.7 Hz, H-1), 5.16 (t, J3,4 = 9.6 Hz, Ja,s = 9.8 Hz, H-4), 5.32 (d, J2,3 = 3.4
Hz, H-2), Lit.: 'H NMR and '3C NMR?'

Methyl 6-O-Benzyl-a-D-mannopyranoside. syrup, 'H NMR (CDCl,) 8
3.32 (s, 3 H, OCH,), 4.57 (t, 2 H, JphcHa,PhcHb = 12.1 Hz, PhCHa, PhCHb),
4.74 (d, Jr,2 = 1 Hz, H-1), 2,3,4-tri-O-acetyl ester, '"H NMR (CDCl, )} &
1.93-2.08 (35,9 H, 3 CH,CO), 3.42 (s, 3 H, OCH,), 4.74 (d, J1,2 = 1.9 Hz,
H-1)}, 5.20 (dd, Jz,3 = 3.1 Hz, H-2), 5.22 (dd, H-3), 5.31 (t, Ja,a = 9.8 Hz,
Ja,s = 9.4 Hz, H-4)

Methy! 2,6-Di~-O-benzyl-a-D-mannopyranoside. syrup, [aly -3 (¢ 0.7,
CHCI,), Lit.%. syrup, Lalgf® -4.9, 'H NMR (CDCl,) & 3.36 (s, 3 H, OCH,),
455 (d, 1 H, JphcHia,PhcHie = 11.6 Hz, PhCH1a), 4.59 (d, 1 H,
JPhCHa,PhCHb = 11.8 Hz, PhCH2a), 4.63 (d, 1 H, PhCH2b), 4.74 (d, 1 H,
PhCH1b), 4.81 (d, J1,2 = 1.2 Hz, H-1)

Methyl 2-0O-Methyl-a-D-mannopyranoside. syrup, [alp 51 (¢ 1.0,
CHCIly), Lit.*%: syrup, [alp 51, see also Lit.*°, 'H NMR (CDCI,) & 3.28 (s, 3 H,
OCH, ), 3.34 (s, 3 H, OCH,), 4.79 (d, J1,2 = 1.5 Hz, H-1), Lit.: 'H NMR*"*2

Methyl 3-O-Methyl-a-D-mannopyranoside. syrup, [alp 60 (¢ 0.4,
CHCly), Lit.*: syrup, [alf* 59.6, 'H NMR (CDCI,) § 3.26 (s, 3 H, OCH,),
3.28 (s, 3 H, OCHy), 4.6 (d, J1,2 < 1 Hz, H-1), Lit.: 'H NMR and '3C NMR*?

Methyl 6-0O-Methyl-a-D-mannopyranoside. syrup, [alp 79 (c 0.5,
CHCI,), Lit.**:  syrup, [ad?® 78.8, see also Lit.*®, '"H NMR (acetone) & 3.31
(s, 3 H, OCH,), 3.33 (s, 3 H, OCH,), 4.61(d, J1,2 = 1.0 Hz, H-1)

Methyl 3.4.6-Tri~O-acetyl-2-O-allyl-a-D-mannopyranoside. only analy-
sed by 'H NMR (CDCty) 8 1.9-2.0 (3 s, 9 H, CH,;CO), 3.4 (s, 3 H, OCH,), 3.75
(dd, Jr,2 = 1.8 Hz, Jz,3 = 3.2 Hz, H-2), 3.85 (0, Ja,s = 9.9 Hz, Js,6 = 2.4 Hz,
Js,e' = 5.2 Hz, H-5), 4.0~-4.1 (m, 3 H, H-6, methylene protons), 4.2 (dd, Js,s’
= 12.1 Hz, H-86", 4.7 (d, H-1), 5.1-5.22 (m, 3 H, Js,s« = 10.0 Hz, H-3, viny!
protons}, 5.3 ( t, H-4}, 5.75-5.9 {m, 1 H, vinylene proton}

Methyl 2,3,4-Tri- O-acetyl-6-0O-allyl-a-D-mannopyranoside. only analy-
sed by 'H NMR (CDCl,) & 1.96-2.07 (3 s, 9 H, CH,CO), 3.31 (s, 3 H, OCH,),
3.47 (d, 2 H, H-6, H-6"), 3.83 (g, Js,6 = Js,s' = 5.7 Hz, H-5), 3.98-4.05 (m,
2 H, methylene protons), 4.64 (d, Ji,2 = 1.5 Hz, H-1), 5.1-5.2 (m, 3 H, H-2,
vinyl protons), 5.2-5.27 {(m, 2 H, J3,a = 9.8 Hz, H-3, H-4), 5.65-579 (m, 1H,

vinylene proton)
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Methyl 2-0-Benzyl-a-D-galactopyranoside. mp 120 °C, [alp 113 (¢ 1.0,
CHCIy), Lit.*  mp 122 °C, [alp 114.5, 'H NMR (CDCI,) § 3.43 (s, 3 H, OCH,),
4.71(d, 1 H, JphcHa,pheHb = 11.8 Hz, PhCHa), 4.73 (d, 1 H, PhCHb), 4.85 (d,
Ji,z = 3.9 Hz, H-1) Lit.:  'H NMR*®

Methyl 3-0O-Benzyl-a-D-galactopyranoside. syrup, [wln 97 (c 0.5,
CHCly), Lit.*: syrup, [alp 95, 'H NMR (CDCl,) & 3.32 (s, 3 H, OCH,), 4.61
(d, 1 H, JphcHa,phcHb = 12 Hz, PhCHa), 4.68 (d, 1 H, PhCHb), 4.69 (d, J1,2 =
3.5 Hz, H-1), Lit.: 'H NMR?'

Methy!l 6-0O-Benzyl-a-D-galactopyranoside. mp 143 °C, [alp 116 (c
0.4, CHCIy), Lit.*>:  mp 145 °C, [adp 117.5, 'H NMR (CDCI,) & 3.41 (s, 3 H,
OCH,), 4.6 (t, 2 H, JphcHa.pherb = 12.3 Hz, PhCHa, PhCHb), 4.83 (d,
Jiz = 3.7 Hz, H-1)

Methyl 2,6-Di-O-benzyl-a—-D-galactopyranoside. syrup, [alyn 73 (¢ 0.4,
CHCly), Lit.*®: syrup, [algf? 74.9, see also Lit.**, 'H NMR (CDCI,) 8 3.35 (s,
3 H, OCH,), 4.58 (s, 2 H, PhCH1a, PhCH1b), 4.66 (d, 1 H, JphcH2a,phcHab =
12.1 Hz, PhCHz2a), 4.7 (d, 1 H, PhCH2b), 4.72 (d, J1,2 = 3.4 Hz, H-1)

Methyl 3.6-Di~0O-benzyl-a-D-galactopyranoside. syrup, [alp 112 (¢ 0.5,
CHCly), Lit.": syrup, [adp 109, 'H NMR {CDCI,) § 3.43 (s, 3 H, OCH,), 4.57
(d. 1 H, JpheH1a,PhcH1b = 11.9 Hz, PhCH1a), 4.62 (d, 1 H, PhCH1b), 4.73 (s, 2
H, PhCH2a, PhCH2b), 4,85 (d, J1,2 = 3.9 Hz, H-1)

Methyl 2-0O-Benzyl-B-D-galactopyranoside. mp 145 °C, [alp 11 (¢ 1.0,
CHCly), Lit.**:  mp 146 °C, [adp 13, 'H NMR (CHCI,) § 3.59 (s, 3 H, OCH,),
4.31 (d, J1,2 = 7.6 Hz, H-1), 4.66 (d, 1 H, JpncHa.phcHb = 11.5 Hz, PhCHa),
4.95 (d, 1 H, PhCHb)

Methyl 3-0O-Benzyl-B-D-galactopyranoside. mp 135 *C, (alp -2 (¢ 1.0,
(CHCIy, Lit.*3: mp 136 °C, [alp 0.0, 'H NMR (D,0) § 3.39 (s, 3 H, OCHy),
(4.16 d, J1,2 = 7.5 Hz, H-1), 4.50 (d, 1 H, Jphcpa.phomns = 11.7 Hz, PhCHa),
4.61(d, 1 H, PhCHb), Lit.:  'H NMR and '*C NMR'®

Methy! 6-0O-Benzyl-B-D-galactopyranoside. mp 99 °C, [uln -28 (c 0.8,
CHCly), Lit.**: mp 101 °C. [adp -33, see also Lit.?*, TH NMR (CDCI,) & 3.49
(s, 3 H, OCH,), 4.13 (d, Jr,2 = 7.5 Hz, H-1), 4.54 (t, 1 H, Jphcra.phcus = 12.2
Hz, PhCHa, PhCHb)

Methyl 3,6-Di~O-benzyl-B-D-galactopyranoside. syrup, [alp -3 (c 0.4,
CHCIy), Lit.?>: syrup, [alp -1.9, see also Lit.'"*, '"H NMR (CDCl,) & 3.42 (s,



10: 08 23 January 2011

Downl oaded At:

186 HAMANN ET AL.

3 H,OCH,), 417 (d, Ji,2=7.7 Hz, H-1), 4.59 (s, 2 H, PhCHa, PhCHb), 4.7 (d,
1H, JphcHa,pheHe = 11, 8 Hz, PhCHa), 4. 77 (d, 1 H, PhCHb)

3.4.6,1',3.4°,6'-Hepta-O- acetyl - 2- O-benzylsucrose. syrup, [al,

53 (¢ 1.05, CHCIy),'H NMR (CDCly) & 1.93 - 2.20 (7s, 21H, CHaCO), 3.58

(dd, Jr,2 = 3.6Hz, Jz,3 = 10.1 Hz, H-2), 5.56 (d, Ji,2 = 3.6 Hz, H-1) 7.23 ~ 7.43
(m, 5 H, aromatic protons)

Anal. Calcd for CaszHa2018 (726.7): C, 54.54; H, 5.79. Found: C, 54.30;
H, 5.90.

2,3,4,6,3',4' 6'-Hepta-0-acetyl-1'- O-benzylsucrose. syrup, [CRFN
56 (c 1.0, CHCIB), 'H NMR (CDCi;) 8 193 - 2.7 (7s, 21H, CHaCO), 3.41 (d, 1 H
J1 cHa, 1" cHb = 10.6Hz, 1'-CHb), 3.59 (d, 1 H, J1cHb, 1rcHa = 10.6HzZ, 1'-CHa),
7.26 - 7.38 {(m, 5 H, aromatic protons)

Anal. Calcd for CasHa201ws (726.7): C, 54.54; H 5.79. Found: C, 53.31;
H, 5.84.

2,3,4,6,1,4',6'-Hepta- O-acetyl-3'- O-benzylsucrose. syrup, [aly
75 (¢ 2.0, CHCIs),' H NMR (CDCIy) & 2.00 — 2.20 (7s, 21H, CHsCO), 4.20 (d,
Jat,at = 7.5Hz, H-3'), 7.24 - 7.43 (m, 5H, aromatic protons)

Anal. Calcd for CaaHa20w (726.7): C, 54.54; H, 5.79. Found: C, 54.55;
H, 5.91.

3,4,6,1,3,4',6'-Hepta- O-acetyl - 2- O-methylsucrose. syrup, [al,
45 {c 2.0, CHCl3), "H-NMR (CDCly) 8 1.95 - 2.19 (7s, 21 H, CHsCO), 3.36 (dd,
Jiz = 3.7 Hz, Je,3 = 10.3 Hz, H-2), 3.40 (s, 3H, OCHs), 5.62 (d, Ji,z = 3.7 Hz,
H-1)

Anal. Calcd for C27Ha3sOw (850.58): C, 49.85; H, 589. Found: C,
49.11; H, 5.69.

2.3,4,6,3',4',6'-Hepta- O-acetyl- I'- O- methylsucrose. syrup, laly
49 (¢ 2.0, CHCls), "H-NMR (CDCLy) 8 1.95 - 2.20 (7s, 21 H, CHaCO), 3.4 (d,
J1 CHa, 1'CHb = 10.8 Hz, 1H, 1'-CHb), 3.42 (s, 3 H, OCHa), 3.65 {d, Jy:cHb, 1'CHa
= 10.8 Hz, 1 H, 1'-CHa)
C27H38018 (650.58) : Found C 49.57 H 5.58, Calc. C 49.85 H 5.89

2,3,4,6,1,4',6'-Hepta - O-acetyl - 3'- O-methylsucrose. syrup, [oly
6.4 (c 2.0, CHCI3), TH NMR (CDCIB) $198 - 218 (75, 2t H, CH3CO), 3.48 (s,
3 H, OCH,;), 4.30 (d, Js'.4* = 6.7 Hz, H-3")
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Anal. Calcd for CzrH3s01w (8650.58): H, 5.55; C, 49.85. Found: C,
49.60; H, 5.89.

3,4.6,1',3'.4',6'-Hepta~- O-acetyl-2- O-allylsucrose. only analysed by
'"H NMR {CDCiy) & 2.00 - 2.20 (7s, 21 H, CHaCO), 3.50 (dd, Jv,2 = 3.4Hz,
Jz,a = 10.0 Hz, H-2), 50 (t, Ja,e = 9.6 Hz, H-4), 520 - 5.30 {m, 2 H, vinyl
protons ), 5.35 (t, Jz,3 = 9.7 Hz, H-3), 54 (t, Ja,2° = 6.5 Hz, H-4"), 55 (t,
H-39, 5.55 (d, Ji,2 = 3.5 Hz, H-1), 5.55 (d, Ji,2 = 3.4 Hz, H-1), 570 - 5.90
{m, 1 H, vinylene proton)

2,3,4,6,3',4',6'-Hepta- O-acetyl-1-0O-allylsucrose. only analysed by
'H NMR (CDCl,) & 2.00 - 2.20 (7s, 21H, CHsCO), 3.40 (d, Jy cHa, 1 cHb =
10.6Hz, 1 H, '=CHb), 3.6 (d, J1 b, 1 cHa = 10.6Hz, 1H, 1'=-CHa)

Benzy! (2,3,6,2',4',6'-Hexa - O -acetyl- 3'- O-benzyl) B-D-lactoside.
lal, 144 (c 1.1, CHCLy), "H NMR (CDCly) & 1.94 - 2.16 (6 s, 18 H, CH3CO),
3.48 (dd, Ja', 2 = 10.1 Hz, J3',a* = 3.4 Hz, H-3"), 4.58 (d, J PhCHa,PhCHb = 12.3
Hz, 1 H, PhCHbAglycon), 4.85 ( d, JPhCHb, PhcHa = 12.3 Hz, 1 H, PhCHa,Aglycon),
7.20 - 7.39 (m, 10 H, aromatic protons)

Anal. Calcd for CasHasOsr (774.77). C, 58.91; H, 5.98. Found: C,
60.06; H, 6.13.

Benzy! (3,6,2',3',4',6'~-Hexa- O-acetyl-2-O-benzyl) B-D-lactoside.
[al,-18.2 (¢ 1.0, CHCI,), '"H NMR (CDCI,) § 1.94 - 2.15 (65, 18 H, CHsCO),
3.39 (dd, Ji,2 = 8.1 Hz, J2,3 = 9.6 Hz, H-2), 7.21 - 7.40 (m, 10 H, aromatic
protons)

Anal. Calcd for CasHasOwr (774.77): C, 58.91; H, 5.98. Found: C,
58.36; H, 5.91.

Benzyl (3,6,2',3',4',6'-Hexa - O-acetyl- 3'-O- methyl) B-D-lactoside.
syrup, laly -10.8 (¢ 1.0, CHCI3), H NMR (CDCI3) 3 1.95 - 2.17 (6s, 18 H, CHs

CO), .27 (dd, J2*,3* = 10.0 Hz, J3*,4+> = 3.3 Hz, H-3), 3.33 (s, 3 H, OCHs), d,
(Ji,22 =8.0Hz, H-1), 4.51 (d, J1,2=7.9 Hz, H-1), 4.59 (d, JPhCHa, PhCHb
1= 2.3 Hz, PhCHb Aglycon), 4.86 (d, JPhCHb,PhcHa = 12.3 Hz, PhCHa Agiy-
con), 7.23 - 7.38 {aromatic protons)

Anal. Calcd for Cs2He20+7 (698.67): C, 55.01; H, 6.01. Found: C,
54.95; H, 5.91.

Benzyl (3,6,2',3'.4',6'-Hexa - O- acetyl- 2- O~ methyl) B-D-lactoside.
syrup,'H NMR (CDCI,} 8 1.92 - 2.19 (65, 18 H, CHsCO), 3.35 (s, 3 H, OCHs),
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3.42 (dd, J1,2 = 7.9 Hz, J2,3 = 10.1 Hz, H-2), 7.21 - 7.40 (5 H, aromatic pro-
tons)

Benzyl (3,6,2°,3',4'.6'-Hexa-O-acetyl-2-0O-allyl) B-D-lactoside. syrup,
!H NMR (CDCl;) 8 1.96 - 2,15 (65, 18 H, CH3CO), 3.31 (dd, J1,2 = 7.7 Hz Jz2,3
= 9.4 Hz, H-2), 5.80 (m, 1 H, CH2CHCH=)}, 7.24 - 7.38 (5 H, aromatic pro-
tons)

Benzyl (2,3,6,2',4',6'-Hexa-O-acetyl-3'- O-allyl) $-D-lactoside.
syrup, 'H NMR (CDCl3) § 1.93 - 2.14 (6 s, 18 H, CH3CO), 3.44 (dd, J2',a" =
10.0 Hz, J3*,a" = 3.4 Hz, H-3), 5.84 (m, 1 H, vinylene proton), 7.20 - 7.33 (5
H, aromatic protons)

Benzyl (2,3,6,3',4',6'-Hexa- O -acetyl-2'- O-benzyl) B-D-maltoside.
syrup, [aly 39 (c 1.0, CHCI3), 'H NMR (CDCl;) & 1.89 - 2.08 (6s, 18 H,
CH=C0),3.49 {(dd, Ji*,2> = 3.5 Hz, J2°,3* = 10.0 Hz, H-2"), 4.51 - 484 {(m, 5 H,
6 -CHa, H-1, PhCHb Aglycon, PhCHz), 4.85 (d, J PhCHa.PhCHb = 12.1
Hz, PhCHa Aglycon), 7.24 - 7.39 (10 H, aromatic protons)

Anal. Calcd for CasHaeOiz (774.77): C, 58.91; H, 5.98. Found: C,
58.95; H, 6.15.

Benzyl (3,6,2',3',4',6'-Hexa~ O-acetyl- 2- O-benzyl) B-D-malitoside.
syrup, 'H NMR ({CDCly) & 1.90 - 2.18 (6s, 18 H, CHsCO), 3.37 (dd,
Jie = 7.7 Hz, Jz2,3 = 9.4 Hz, H-2), 7.15 - 7.38 {10 H, aromatic protons)

Benzyl (2,3,6.3',4',6'-Hexa—-O-acetyl-2'-O-methyl) B-D-maltoside.
syrup., [el-28 (c 2.0, CHCI,),'H NMR (CDCi,) § 1.97 - 2.15 (65, 18 H,
CHzCO), 4.56 (d, Ji,2 = 7.8 Hz, H-1), 5.17 (d, J+',2> = 3.7 Hz, H-1),

Anal. Calcd for CazH«201 (698.67): C, 55.0% H, 6.01. Found: C,
54.88; H, 5.85.

Acknowledgment

This work was supported by the Bundesminister fir Forschung und Tech-
nologie (BMFT) no. 0319267A. The authors of this publication are responsible for

the contents. We thank Dr. Sabine Kopper for helpful discussion.

REFERENCES AND NOTES

1. C. H. Hamann, J. Schneider, P. Schmittinger, R. Stephan,
European Patent 0146 771B 1, 1989.



10: 08 23 January 2011

Downl oaded At:

ALKYLATION OF MONO- AND DISACCHARIDES 189

W

13.

14.

15.
16.

17.

20.
2%

22.
23.
24.

25.
26.

S. Hakomori, J. Biochem., (Tokyo), 55, 205, (1964).

C. H. Hamann, H. Polligkeit, P. Wolf in Elektrochemie in Energie~ und
Umwelittechnik, A. Winsel, Ed.; VCH Verlagsgeselischaft, Weinheim, 1991,
p 525.

C. H. Hamann, H. Polligkeit, P. Wolf in Elektrochemische Stoffgewin-
nung, G. Sandstede, Ed.; VCH Verlagsgesellschaft, Weinheim, 1992, p 649.

J. Schneider, Untersuchungen zur Elektrochemie der Alkohole,
Dissertation, Universitdt Oldenburg, 1986.

V. A. Petrosyan, M. E. Niyazymbetov, L. D. Konyushkin, V. P. Litvinov,
Synthesis, 9, 841, (1990).

A. H. Haines, Adv. Carbohydr. Chem. Biochem., 33, 11, (1976).
M. A. Nashed, L. Anderson, Tetrahedron Lett., 39, 3503, (1976).

K. Kefurt, J. Stanek Jr., Z. Kefurtowa, J. Jary, Collect. Czech. Chem.
Commun., 40, 300, (1975).

R. Khan, Pure App!. Chem., 56, 7, 833, (1984).
H. M. Flowers, Carbohydr. Res., 100, 418, (1982).

N. Morishima, S. Koto, M. Ogawa, A. Oshima, A. Sugimoto, S. Zen,
Bull. Chem. Soc. Jpn., 2849, (1983).

R.W. Lenz, J. Org. Chem., 82, 5,183, (1960).
Unpublished Results.
F. W. Lichtenthaler, C. H. Hamann, in preparation.

The cation exchange membrane increased the current yield, but did not change
the substitution patterns.

A. Wolfrom and A Thompson, Methods Carbohydr. Chem., 1, 334,
(1962).

G. Hiller and A. Mazur, Carbohydr. Res., 168, 146, (1987).

A. Wolfrom and A. Thompson, Methods Carbohydr. Chem., 2, 215,
(1963).

J. M. Kister, |. Dyong, Liebigs Ann. Chem., 2179, (1975).

M. E. Haque, T. Kikuchi, K. Yoshimoto, Y. Tsuda, Chem. Pharm. Bull.,
33 (6), 2243, (1985).

T. Ogawa, Y. Takakashi, M. Matsui, Carbohydr. Res., 102, 207, (1982).
J. W. van Cleve, C. R. Russell, Carbohydr. Res., 25, 465, (1972).

D. Joniak, B. Kosikova, L. Kosakova, Collect. Czech. Chem. Commun.,
43, 769, (1978).

T. Ogawa, M. Matsui, Carbohydr. Res., 62, C1-C4, (1978).
P. J. Garegg, H. Hultberg, Carbohydr. Res., 93, C10-C11, (1981).



10: 08 23 January 2011

Downl oaded At:

190

27.

28.
29.

30.

31
32.

33.

34.

35.
36.

37.
38.

39.
40.
41.

42.
43.
44,
45.

HAMANN ET AL.

S. Koto, N. Morishima, R. Kawakara, K. Ishikawa, S. Zen, Bull. Chem.
Soc. Jpn., 185, 1092, (1982).

R. Taman, J. Rosik, A. Kardosowa, Chem. Zvesti, 38 (5), 669, (1984).

T. Usui, T. Yamaoka, K. Matzuda, K. Tuziman, H. Sugiyama, S. Seto,
J. Chem. Soc., Perkin Trans. 1, 2425, (1973).

A. de Bruyn, M. Antonis, P. Kovac, Collect. Czech. Chem. Commun.,
42 3057, (1977).

V. Povgay, N. Nanasi, Carbohydr. Res., T5, 310, (1979).

H. B. Wood Jr., H. W. Piehl, H. W. Fletcher, J. Am. Chem. Soc.,
79, 1986, (1957).

H. Umezawa, T. Tsuchiga, R. Muto, S. Umezawa, Bull. Chem. Soc.
Jpn., 45, 2842, (1972).

D. Trimmell, W. M. Poane, C. R. Russell, C. E. Rist, Carbohydr. Res.,
11, 487, (1869).

A. K. Mitra, D. H. Ball, Cr. Long, J. Chem. Soc., 27, 160, (1962).

P. Colson, H. J. Jennings, J. P. C. Smith, J. Am. Chem. Soc., 96
(26), 8081, (1974).

B. Helferich, W. Klein, W. Schafer, Ber., 59, 79, (19286).

K. Nuomi, S. Kitagawa, Y. Kondo, S. Mirano, Carbohydr. Res., 134,
172, (1984).

S. Abbas, A. H. Haines, Carbohydr. Res., 41, 298, (1975).
. Perry, A. C. Weble, Can. J. Chem., 47, 31, (1869).
. Nashed, Carbohydr. Res., 60, 200, (1978).

. Srivastava, C. Schuerch, Tetrahedron Lett., 35, 3269, (1979).
. Gros, E. M. Gruneiro, Carbohydr. Res., 14, 409, (1970).

g m<zzx

B
A
C. Srivastava, V. K. Srivastava, Carbohydr. Res., B8, 227, (1977).
K
G
J

. Tronchet, J. M. Chalet, Carbohydr. Res., 24, 263, (1972).



