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Abstract

Commercially available chemicals, such as diethylene glycol, l,9-nonanediol, 9-decen-l-ol,
1,2,6-hexanetriol, and p-nitrophenol were used to prepare spacer-armed carbohydrate deriva-
tives. Glycosides of D-glucose, N-acetyl-D-glucosamine and 3-@methyl-D-glucose have been
synthesized, carrying reactive groups at the end of the spacer-arms. These glycosides are
capable of forming neoglycoproteins. When bromo sugars were reacted with highly apolar
aglycones in the presence of mercuric cyanide or mercuric bromide, a considerable amount of
‘2-OH-compounds’ (such as 9-hydroxynonyl 3,4,6-tri-0-acetyl-@ D-glucopyranoside) were
formed. Some spacer-armed derivatives (such as 9,10-epoxydecyl ~-D-glucopyranoside) are
theoretically a mixture of diastereomers, but this fact does not mirror in the 1H and 13CNMR
spectra. 0 1997 Elsevier Science Ltd.
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1. Introduction

Spacer-armed carbohydrate derivatives capable of
forming neoglycoconjugates have been found to be
useful in biological research and in the last few
decades a great number of neoglycoproteins have
been prepared for immunological studies [1–12]. Car-
bohydrate-specific antibodies raised against these
semi-artificial antigens have been investigated [13,14].
Purification of antibodies and lectins were possible
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by means of affinity chromatography after incorporat-
ing spacer-armed glycosides into solid matrixes [15].
The chemical syntheses of oligosaccharides related to
different bacteria is one of the ongoing research
projects in this laboratory [16–19]. Oligosaccharides
which are only haptens must be attached to suitable
immunogens, in most cases to proteins to prepare
‘artificial’ antigens.

In order to create covalent linkages the spacers
must have two functional groups. The carbohydrate
moiety can be easily attached to the bridge molecule
as a glycoside and the other end of the spacer must
contain a reactive group. There are many methods in
the literature [1] for the preparation of neoglycopro-
teins, but in the case of complex oligosaccharides the
number of methodologies is limited. In the past twenty
years the 8-methoxycarbonyloctyl [3] and the p-iso-
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thiocyanatophenyl glycosides [2] were the most popu-
lar for attaching oligosaccharide components of bac-
terial cell-wall or blood group substances. The first
one has the ideal length and can react with amino
groups via the corresponding acyl-azide and the latter
can form a thiocarbarnide linkage between the spacer
and the protein. Bridge molecules bearing aldehydo
terminal-groups seem to be the most useful. Reduc-
tive alkylation of amino groups is a rather simple
procedure but the syntheses of suitable aldehydo
derivatives are difficult [4,5]. The reducing end of’an
oligosaccharide can serve itself as a spacer by losing
one monosaccharide unit [7].

Various reactive groups can be formed by applying
short spacer-arms (e.g. 2-bromoethyl [20] or 2-
azidoethyl [21] glycosides) which may be elongated
in a later stage of the reaction sequence. Over the last
decade it has been demonstrated that ‘oxa’ or ‘dioxa’
spacers prepared from diethylene or triethylene gly-
COIS[8,9,22–24] are very useful for the preparation of
neoglycoproteins.

In this paper we report on the syntheses of a series
of interesting spacer-armed glycosides related to D-

glucose, N-acetyl-D-glucosamine, and 3-O-methyl-
D-glucose.

2. Results and discussion

Commercially available chemicals, such as diethy-
Iene glycol (l), l,!l-nonanediol (2), 9-decen-l-ol (3),
1,2,t&hexanetriol(4), and p-nitrophenol (5) were used
to prepare spacer-armed carbohydrate derivatives. Us-

Table I
1~CNMR data for spacered D-glucose derivatives in CDjOD

Carbon Compound

ing 1–5, various reactive end-groups, such as
methoxycarbonyl, carboxyl, carbonyl, epoxide, and
p-isothiocyanate, have been developed in order to
produce neoglycoproteins. Monoglycosylation of 1
and 2, followed by Jones oxidation would give
methoxycarbonyl-alkyl spacers, respectively. After
glycosylation of 3 and removal of the protecting
groups, the double bond can be ozonolyzed [5] to
give an aldehyde. In an alternative route an epoxide
may be formed and used directly in the neoglycopr(~-
tein synthesis. The reaction of the appropriately pro-
tected 4 with a suitable glycosyl donor, followed by
deprotection may give a derivative bearing a /Lina/
diol portion. Oxidation with sodium periodate then
may produce an aldehyde for the reductive alkylation
reaction with proteins [1,4,5]. Conversion of’ p-
nitrophenyl glycosides to neoglycoproteins via /~-iso-
thiocyanatophenyl derivatives are well-documented
[2,25].

Diols 1 and 2 were reacted, separately. with
2,3,4,6 -tetra-O-acetyl-a-D-glucopyranosyl bromide
(6). The mercuric bromide-promoted reaction [26] of
1 gave the crystalline monoglucoside 8 in an accept-
able yield (61%). Compound 2 was not soluble in
dichloromethane, so the reaction was performed un-
der Helferich conditions at 50 ‘C. It should be noted
that during our investigations Japanese authors also
used 1,9-nonanediol to form an 8-methoxycarbonyl-
octyl spacer [27]. Column chromatography of the
crude product gave 9 (62%) and an unexpected by-
product which turned out to be 9-hydroxyncmyl3,4,6-
tri-O-acetyl-&D-glucopyranoside (10). It is known
from the literature that under Koenigs–Knorr condi-

18 19 20 21

c-1 104.37 104.49 104.43 104.32
c.~ 74.98 75.24 75.14 75.08
c-3 77.86 78.24 78.14 78.09
c-4 71.78 71.79 71.67 71.64
c-5 77.86 78.00 77.90 77.85
C-6 62.71 62.96 62.88 62.76
–COOCH ?, 52.26 52.28
C=o 172.77 176.14
-OCH ~- 71.53 71.04 71.06 70.85

69.68
69.04

-CH ~- 35.01-26.21 35.07–27.27 33.54–27.02
-cHn 140.21
=cH -) 115.05
-CH(0)- 53,48
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tions the ‘2-OH’ compounds may be formed [28]
because of the rearrangement of the corresponding
orthoesters [29]. When 3 was coupled with 6 in the
presence of mercuric bromide in dichloromethane,
the expected product 11 and the ‘by-product’ 12 were
isolated in almost equal amounts (32 and 29.9%). It
is noteworthy that under the same conditions 2,4,6-
tri-O-acetyl-3-O-ally l-a-D-glucopyranosyl bromide
[30] and octanol yielded octyl 4,6-di-O-acetyl-3 -O-al-
1yl-o!-D-glucopyranoside as the side-product [31].

The free hydroxyl group at the end of a spacer
(e.g. in 8 and 9) can be converted into different
reactive groups. Tosylation, azide displacement and
reduction to amine is a well-known reaction sequence
(the first ‘dioxa-spacers’ were prepared by Liptiik in
Munich, 1971 [8,9]). Oxidation seems to be a very
simple way to generate an aldehyde function, but
before deprotection of the sugar unit the reactive
function has to be masked [10]. Jones oxidation of 8
and 9 gave 4-methoxycarbony l-3-oxa-butyl and 8-
methoxycarbonyloctyl glycosides 13 and 14, respec-
tively. The double bond in 11 was converted into the
corresponding epoxide (15) with rn-chloroperbenzoic
acid. The ~-anomeric configuration in compounds
8–15 was determined from their ]H NMR data; all
Jl,z coupling constants were in the range of 7.4–8
Hz. Compound 15 is theoretically a mixture of di-
astereoisomers, but this fact is not mirrored in the ]H
NMR spectrum. Conversion of the allyl glucoside 16
[32] with rn-chloroperbenzoic acid to the epoxide 17
yielded the mixture of the 2’S and 2’R diastereoiso-
mers [33] in a molar ratio of 4:1, as determined from
the 1H NMR spectrum. The ‘extra’ chiral carbon (2’)
is so close to the sugar part that the isomers gave

HO- CH2-CH2-O-CH2-C H2-OH

1

HO-CH2-(CH2)7-CH2 -OH

HO-CH2-(CH2)7-CH= CH2

3

HO-CH2-(CH2)3-CH(OH)-CH20H

4

OAC

‘h
‘“a””, “0 0

RO

different spectra. Zempl& deacylation of 13, 14, and
11 yielded 18, 19, and 20, respectively. In the case of
the epoxides 15 and 17 O-deacylation, yielding 21
and 22, respectively, was performed with magnesium
oxide in methanol [34]. For the ‘SC NMR data of
18–21, see Table 1.

Chemical syntheses of oligosaccharide components
of mycobacterial antigens is one of the ongoing
research projects in this laboratory. 3-O-Methyl-D-
glucose is a frequent building block in the surface
antigens of different mycobacteria. In this context,
spacer-armed derivatives of this sugar have also been
prepared. Reaction of 2,4,6-tri-O-acety l-3-O-methyl-
cwD-glucopyranosylbromide (7) [35] with 3,6-dioxa-
7-ethoxycarbony lheptan-l -o] (23) [8,9] under
Helferich conditions gave the corresponding &gly -
coside (24). Subsequent deacylation with sodium
methoxide (0.35 equiv) in methanol [16] yielded 3,6-
dioxa-7-methoxycarbonylheptyl 3-O-methyl-@D-glu-
copyranoside (25). Saponification of 25 (0.05 M
NaOH), followed by neutralization with Amberlite IR
120 H+ resin resulted in compound 26. The ISC
NMR spectra of 25 and 26 verified the structures: the
chemical shifts of the anomeric carbons clearly
demonstrated the /3-anomeric configurations (103.3
and 102.1 ppm, respectively). Both 25 and 26 can be
coupled to proteins by the acyl-azide [3] or one of the
active-ester methods [6]. In parallel experiments, p-
nitrophenyl 3-O-methyl-~ -D-glucopyranoside (27)
[17] was hydrogenated over palladium on carbon, and
converted into the crystalline p-isothiocyanatophenyl
compound 28 with thiophosgene [25]. The conjuga-
tion of this type of glycoside to proteins is well-docu-
mented [2,11].

OR
RO

‘!i!iL/

o

RO O-CH2-CEI-O-CH2-R1
OR

R ~1

8 Ac CH20H
13 Ac COOMe
18 H COOMe
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For the preparation of the glucoside 33 the hex-
anetriol 4 was converted into 5,6-diacetoxy-hexanol
(31) as follows: compound 4 was reacted with 2,2-di-
methoxypropane in the presence of p-toluenesulfonic
acid and after the workup procedure TLC showed
two spots. One (29) had the same chromatographic
mobility as the reference compound (5S)-5,6-isopro-
pylidene-dioxyhexanol, prepared according to [36]. It
was obvious that the by-product was the mixed acetal
29a. The mixture of 29 and 29a was treated with
acetic acid in dichloromethane to yield 29 (77%).
Conventional benzylation, hydrolysis and then acety-

OR
RO

T!a

0

RO 0–CH2–~H– CH2
Ach-H ‘o ‘

i R

T

17 Ac

22 H

H0–(CH2CH20)3– CH2–COOE1

23

RO

b

o

MeO O—(CH2CHZO)2—CH2—R’
OR

;

R R’
Ac COOEt “-

H COOMe

26 i H COOH

lation gave 1,2-diacetoxy-6-benzyloxy-hexane (30)
which was hydrogenated (Pal-C, Hz) to afford 1,2-
diacetoxy-hexanol 31. Compounds 30 and 31 were
purified by column chromatography. 2,4,6-Tri-O-
acetyl-3-O-methyl-a-D-glucopyranosyl bromide (7)
was coupled with 31 and the product (32) was deacy-
lated to yield 33 (for 1qCNMR data, see Table 2).
Oxidation of the uicinal diol into the aldeh~xlo
derivative 34 allows to prepare neoglycoproteins by
the reductive alkylation method [1]. The structures of
the deprotected compounds 18–21, 25, 26, and 33
were confirmed by 13CNMR spectroscopy.

Table 2
1~CNMR data for spacered 3-O-methyl-D-glucose derivatives

Carbon Compound

25 26 28 33
CDCll CDCl~-CD~OD 1:1 CDaOD CD~OD

c- I 103.27 102.09 102.37 104.30
c-2 73.77 72.66 74.68 74.9I
c-3 85.67 85.56 87.72 87.84
c-4 70.21 69.26 70.97 71.16
c-5 75.64 75.91 78.14 77.74
C-6 62.03 60.76 62.49 62.60
-OCH ~ 60.36 59.61 61.08 61.04
-COOCHj 51.67
-OCHz- 70.75-68.72 69.26-67.75 70.7’2
-CHz- 34.04–23,06
-CHZOH 67.3 I
-CH(OH)- 73.15
Aromatic 127.74

119.08
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Preparation of neoglycoproteins using glycosides
described in this paper will be published elsewhere.

3. Experimental

Gerreral.-Melting points (uncorrected) were de-
termined on a Kotler hot-stage apparatus. Optical
rotations were )measured with a Perkin–Elmer 241
polarimeter. NMR spectra were recorded with a
Bruker WP-200 SY spectrometer for solutions in
CDClj (internal MeJSi) or in CDjOD. The reactions
were monitored by TLC on Kieselgel 60 F25J(Merck,
Darmstadt) with detection by charring with sulfuric
acid. Kieselgel 60 (Merck) was used for short-column
chromatography. 1,9-Nonanediol (2), 9-decen-l-ol
(3), and 1,2,6-hexanetriol (4) were ordered from
Aldrich.

5- H>’dt-[]x>-3-().x~t-petzt>l 2,3,4,6 -tctru-O-acetyl-@
D-~llt(~~~]?’rut?{~.~it(e(8).—A mixture of 2,3,4,6-tetra-
O-acetyl-a-m.glucopy ranosyl bromide (6; 4.11 g, 10
mmol) and diethylene glycol (1; 10.6 g, 100 mmol)
in dry CH ~Cl~ (50 mL), containing activated pow-
dered 4 ~ molecular sieves (5 g), was stirred under
Ar for 15 min. Then, HgBrz (3.60 g, 10 mmol) was
added and stirring was continued at room temperature
overnight. The mixture was diluted with CHZCIZ
(300 nlL), filtered through Celite, and the filtrate was
washed with aq 57c KI (3 X 30 mL) and water (3 X 30
mL), dried, and concentrated. The obtained crys-
talline mass was recrystallized from a mixture of
EtOAc and cyclohexane to give 8 (2.68 g, 61%); mp
86-88 “C; lit. mp 87-88 ‘C [8,9]; [a]~ – 13.5° (c
0.8. CHClj); lit. [ a ]1)– 14° (CHCll) [8,9].

9-H>zlrox>twr~>’l2,3,4,6 -tetra-O-acetyl- fi-D-glucu-
p)ra}?oside (9).—A mixture of 1,9-nonanediol (2; 16

R()-(CH2)4-CH-CH2
II

‘Y”
Me Me

29 H
29a CH, -C(OMe)-CH,

RTC--O

R R’

32 Ac CH(OAC)-CH,OAC

33 H CH(OH)-CH,OH
34 H CHO

g, 100 mmol), Hg(CN)2 (6.3 g, 25 mmol), and HgBrZ
(0.90 g, 2.5 mmol) in 1:1 dry toluene-nitrornethane
(300 mL) was concentrated to half its volume at
atmospheric pressure. After cooling to 50 ‘C under
Ar, compound 6 (8.22 g, 20 mmol) was added and
the mixture was stirred for 2 h. After cooling, the
solution was diluted with CHZC12( 150 mL), filtered,
and concentrated. The residue was taken up in
CHZCIZ (300 mL) and the solution was filtered,
washed with aq 5% KI (2 X 50 mL) and water (2 X 50
mL), dried, and concentrated. The product was sub-
jected to column chromatography using 8:2
CHzClz–acetone as the eluent. The first product that
eluted was 9 (6.12 g, 62.4%); [a ]~ –7° (c 0.76,
CHCl~); ‘H NMR (CDCl~): 8 5.26-4.90 (m, 3 H,
H-2,3,4), 4.48 (d, 1 H, ./[,z 8 Hz, H-l), 4.32-4.03
(m, 2 H, H-6a,6b), 3.94-3.40 (m, 5 H, H-5 and 2
-CHZ-O-), 2.10 (S, S H, Ac), 2.06 (bs, 1 H, OH,
deuterable), 2.04, 2.03, and 2.01 (3 s, each 3 H, 3
Ac), 1.68–1.20 (m, 14 H, 7 –CHZ–). Compound 9
was used for the next step without further characteri-
zation. After mixed fractions ( 1.74 g), the next com-
pound that eluted was 9-hydroxynonyl 3,4,6-tri-0-
acetyl-~-D-glucopyranoside (10) (501 mg, 5.6%); mp
75-76 “C (from EtOH); [a],, +5° (c 1.02, CHCl~);
1H NMR (CDClq): 85.11 and 5.02 (2 t, 2 H, H-3,4),
4.36 (d, 1 H, .11,28 Hz, H-l), 4.32–4.03 (m, 2 H, H-
6a,6b), 3.97-3.49 (m, 6 H, H-2,5 and 2 -CH2-O-),
2.10 and 2.03 (2 s, 6,3 H, 3 Ac), 1.73-1.22 (m, 14 H,
7 -CH2-). Anal. Calcd for CzlH~cO1t):C, 56.23; H,
8.09. Found: C, 56.35; H, 8.11.

9-Decen-l-y[ 2,3,4,6 -tetra-O-acetyl -~- D-gluco-

p]ranoside (11).—Compound 6 (2.06 g, 5 mmol)
was coupled with 9-decen- 1-01(3; 1.09 g, 7 mmol) in
the presence of HgBr9 as described for the prepara-
tion-of 8. The producis were separated by means of
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column chromatography. The first compound that
eluted as a syrup was 11 (778 mg, 32%); [a ]~
– 15.7° (c 2.2, CHC13); ‘H NMR (CDC13): 8 5.72
(m, 1 H, -CH=), 5.18-4.78 (m, 5 H, H-2,3,4 and
=CH2), 4.49 (d, 1 H, J,,2 7.4 Hz, H-l), 4.24-4.00
(m, 2 H, H-6a,6b), 3.78 (m. I H, -0-CH,-), 3.61
(m, 1 H, H-5), 3.38 (m, 1 H, -0-CH,-), 1.98, 1.95,
1.92, and 1.90 (4 s, each 3 H, 4 Ac), 1.56–1. 12 (m,
14 H, 7 –CH ~–). Anal. Calcd for CzAH3x01t):C,
59.24: H, 7.87. Found: C, 59.35; H, 7.97. The second
product that eluted was 9-decen-l -y] 3,4,6-tri-0-
acetyl-/3-t~-glucopyranoside (12) (665 mg, 29.9%);
mp 58–60 “C (f’rom EtOH); [a ]~ + 12.7° (c 1.03,
CHCI,); 1H NMR (CDC1:,): 85.82 (m, 1 H, -CH=),
5.23–4.88 (m, 4 H, H-3,4 and CHZ‘), 4.36 (d, 1 H,
./Iz 7.8 Hz, H-l), 4.33–4.07 (m, 2 H, H-6a,6b), 3.92
(m, 1 H, -0-CH,-), 3.68 (m, 1 H, H-5), 3.63-3.48
(m, z H, H-2 and -0-CH,-), 2.39 (bs, 1 H, OH,
deuterable), 2.09 and 2.03 (2 s, 6,3 H, 3 Ac), 1.71-
1.22 (m, 14 H, 7 –CHZ–). Anal. Calcd for CzzH3b0,,:
C, 59.44; H, 8.16. Found: C, 59.48; H, 8.20.

4-~ef}loXJ’L’(l f-boilJ’[-J-().XU-b LlfJl” 2,3,4,6 -tetru-O -
cl(t’t?l-~-~>-gluc[jp?ranc).vide (13).—To a solution of 8
(873 mg, 2 mmol) in 1:1 CH,C12-acetone (40 mL)
was added dropwise a solution of CrO~ (500 mg, 5
mmol) in 3.5 M H~SO1(2.5 mL) during 30 min at O
“C. After an additional 30 rein, the chilling was
terminated and the mixture stirred for 2 h (TLC, 8:2
CHzClz-acetone). EtOH (10 mL) was then added at O
‘C and, after 30 min the solid separated was filtered
off and washed with acetone. NaHC03 ( 1 g) was
added to the combined organic phases in small por-
tions, and the suspension was concentrated. The
residue was partitionated between CHZCIZ (30 mL)
and water (30 mL), and BuLNBr ( 1 g) and MeI (5
mL) were added. The mixture was vigorously stirred
for 48 h, diluted with CHZCIZ (30 mL), and the
organic 1ayer was separated, washed with water (3 X

15 mL), dried, and concentrated. The residue was
purified by column chromatography to yield 13 (643
mg, 69.2%); mp 69–70‘C (from EtOH); [a ID–25.’2°
(c 0.49, CHC1,); ‘H NMR (CDC1,): 8 5.27-4.97
(m, 3 H, H-2,3,4), 4.61 (d, 1 H, J,,, 8 Hz, H-l),
4.31-3.63 (m, 9 H, H-5,6a,6b, 3 –CHZ–), 3.74 (s, 3
H, COOCH3), 2.08, 2.04, 2.02, and 2.00 (4 s, each 3
H, 4 Ac). Anal. Calcd for C ,gHzX013:C, 49.14; H,
6.08. Found: C, 49.04; H, 6.02.

8-Metll~]x~<arbc~n>l~]c’tJl 2,3,4,6 -tetra-O-acetJl---
D-glL~(~~pjran(~side(14).—Compound 9 (981 mg, 2
mmol) was converted into 14 (736 mg, 7 1%) as
described for the preparation of 13; mp 61-63 ‘C
(from EtOH); [a],, - 14° (c 1, CHC13); ‘H NMR

(CDCI,): 85.22-4.83 (m, 3 H, H-2,3,4), 4.40 (d, 1
H, J[,z 7.5 Hz, H-l), 4.24-3.99 (m, 2 H, H-6a,6b)
3.87-3.30 (m, 3 H, H-5 and -O-CHZ-), 3.58 (s, 3
H, COOCH3), 2.21 (t, 2 H, –CH9–COOMe), 2.03,
1.99, 1.98, and 1.94 (4 s, each 3 HU4 Ac), 1.60-1.11
(m, 12 H, 6 -CH,-). Anal. Calcd for C,, H, X0,2: C,
55.59; H, 7.39. Found: C, 55.47; H, 7.42.

9,10-Epox>dec>l 2,3,4,6 -tetra-O-acet?’ l-~- D-gluco -
p~’ranoside (15).—To a solution of 11 (973 Ing, 2
mmol) in CH *C1~ (20 mL) was added 3-chloroper-
benzoic acid (800 mg). The mixture was stirred at
room temperature for 3 days, then it was diluted with
CHZC12 (100 mL), washed with aq 5% NaHC03
(2 X 20 mL) and water (3 X 20 mL), dried, and con-
centrated. The residue was subjected to column chro-
matography to give syrupy 15 (862 mg, 72%); [ u ][)
– 15° (c 1.36, CHC13); ‘H NMR (CDC13): 85.18-
4.82 (m, 3 H, H-2,3,4), 4.39 (d, 1 H, .J1,Z8 Hz, H-l),
4.23–3.98 (m, 2 H, H-6a,6b), 3.78 (m, 1 H, –O–
CHZ-), 3.60 (m, 1H, H-5), 3.38 (m, 1 H, -O-CHZ-),
2.82 (m, 1 H, –CH–O–), 2.68 and 2.38 (2 dd, each 1
H, –CHZ–O–), 2.00, 1.98, 1.96, and 1.93 (4 s, each
3 H, 4 Ac), 1.52-1.12 (m, 14 H, 7 –CHL–). Anal.
Calcd for C2AH3801,: C, 57.36; H, 7.62. Found: C,
57.56; H, 7.57.

2,3-Epox~:propyl 2-ucetamido-3,4,6 -tri-O-ucet?31-2-
deoxy-~-D-glue’~Jpyru?zc~side (17).—Allyl 2-acetami-
do-3,4,6 -tri-O-acetyl-2 -deoxy-&D-glucopyra noside
[32] (16; 775 mg, 2 mmol) was converted into 17
(600 mg, 74.4%) as described for the preparation of
15; mp 167– 168 ‘C (from EtOAc–hexane); lit. mp
162-163 ‘C (from MeOH-EtzO) [37]; ‘H NMR
(CDC1,): the product was a 1:4 mixture of the 2’R
and 2’S diastereoisomers [33]. Characteristic data: S
5.61 (d, 1 H, NH), 5.30-4.99 (m, 2 H, H-3,4), 4.76
(d, 0.2 H, Yl,, 9 Hz, H-1 of the 2’R isomer), 4.62 (d,
0.8 H, Jl,z 9 Hz, H-1 of the 2’S isomer), 4.33–4.08
(m, 2 H, H-6a,6b), 2.10, 2.04, and 1.98(3 s, 3,6,3 H,
4 Ac), Anal. Calcd for C ,TH2~N01tJ:C, 50.62; H,
6.25. Found: C, 50.45; H, 6.30.

4-Methox~<xv-bonJl-3-oxa-butyl ~-D-glucop>3runo-

side (l8).—To a solution of 13 (232 mg, ().5 mmol)
in dry MeOH (10 mL) was added a catalytic amount
of NaOMe. After standing overnight (TLC, 85:15
CH2Clz–MeOH) the solution was neutralized with
Amberlite IR 120 (H+) resin, filtered, and concen-
trated, to yield syrupy 18 (139 mg, 94%); [a][~
– 25.6° (c 0.52, CHC13); for 13C NMR data, see
Table 1. Anal. Calcd for C,, H2(10g: C, 44.59; H,
6.80. Found: C, 44.75; H, 6.88.

8- Meth~]xycurbon~’ l(~ctJ’l ~-D-glucop}rantj.~i~ie
(19).—Zempl6n O-deacylation of 14 (259 mg, 0.5
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mmol) as described for the preparation of 18 gave
crystalline 19 ( 169 mg, 96%); mp 7 1–73 “C (from
EtOAc–hexane); [a]~) – 24. 1° (c 1.14, MeOH); for
IJC NMR data, see Table 1; Anal. Calcd for
C ,cHj{JOR:C, 54.84; H, 8.63. Found: C, 54.77; H,
8.59.

9-De~ewl ->1 ~-~-gfucop?’ranoside (20).—
Zemp16n 0-deacylation of compound 11 (122 mg,
().25 mmol), followed by column chromatography
(85: 15 CHzC12-MeOH) of the crude product yielded
20, isolated as a syrup (72 mg, 90%); [a]~ – 19.9°
(c 0.98, MeOH); for ‘3C NMR data, see Table 1.
Before recording the spectrum the sample was co-
concentrated with CD~OD.

9,10-EpoxydecJl fi-l>-g!Ll(.’[]p>f-atzoside (21).—To
a solution of 15 (503 m.g, 1 rnmol) in dry MeOH (40
mL) WaS addtxl MgO (500 1ng)[34]. The mixture was
stirred for 80 h at room temperature, then filtered,
and the filtrate was concentrated to give crystalline
21 (302 mg, 909?.); mp 80–84 “C (from EtOAc–
hexane); [ a][) – 24° (c 0.9, MeOH); for 1~CNMR
data, see Table 1. Anal. Calcd for C ~bH3[)07:C,
57.46; H, 9.04. Found: C, 56.67; H, 9.18.

2,.J-Ep(~xJpr[~I?jl 2-acetamido-2-deoxy-& tl-gluco-
p?ranoside (22).—Compound 17 (202 mg, 0.5 mmol)
was deacylated with MgO as described for the prepa-
ration of 21. The crude product was subjected to
column chromatography (7:3 CHZCI*–MeOH) to
yield crystalline 22 (72 mg, 52%); mp 152-155 ‘C
(f’romEtOAc-MeOH); [a]~ –32° (C 0.70, MeOH);
lit. mp 175–178 ‘C (acetone–HzO); [al[) – 37.4°
(H,O) [37].

3,6-Dioxu- 7-etl~{~x~’~:urh{]nJlheptJ’l 2,4,6 -tri-O-
[~eet~l-3-O-ntetl~>l-~-~-,gluc(jp>’ranc) side (24).—A
mixture of 3,6-dioxa-7-ethoxy carbonylheptan- 1-01
[8,9] (23; 1.92 g, 10 mmol) and Hg(CN), (2.53 g, 10
mmol) in 1:1 dry toluene–nitromethane (60 mL) was
concentrated to half its volume at atmospheric pres-
sure. After cooling, 2,4,6-tri-0-acetyl-3 -0-methyl-a-
~-glucopyranosyl bromide (7) ( 1.92 g, 5 mmol) [35]
was added, and the mixture was stirred overnight at
room temperature, then diluted with CHZCIZ (150
mL), filtered, and the filtrate was washed with aq 5Y0
K1 (2 X 20 mL) and water (3 X 20 mL), dried
(M.gSO,), and concentrated. Column chromatography
(9: I CHzClz–acetone) of the residue gave 24, iso-
lated as a syrup ( 1.89 g, 76.4’%); [a 11)– 15.3° (c
1.35; CHC13); ‘H NMR (CDCl~): 8 5.15–4.97 (m, 2
H, H-2,4), 4.56 (d, 1 H, H-l), 4.35-4.13 (m, 6 H,
CHz-COOEt, O--CHz-CH:l, and H-6a,6b), 4.03-
3,90 (m, I H, H-5), 3.85-3.47 (m, 9 H, 4 –CHz–
and H-3), 3.43 (s, 3 H, OMe), 2.13, 2.11, and 2.10 (3

s, each 3 H, 3 Ac), 1.31 (t, 3 H, O–CHz–CH~).
Anal. Calcd for C21H~L01~:C, 51.01; H, 6.93. Found:
C, 51.23; H, 6.96.

3,6-Dioxa-7-methox}carbonylheptyl 3-O-methy[-fl-
D-g/ucopyrarzoside (25).—To a solution of 24 (1.30
g) in dry MeOH (.50mL) was added NaOMe (50 mg)
[16], and the mixture was stored for 3 days at room
temperature, then neutralized with HOAC, and con-
centrated. The residue was purified by column chro-
matography (85: 15 CHZC1*–MeOH) to give 25, iso-
lated as a syrup (656 mg, 70.4%); [a]~ – 14.9° (c
1.03, MeOH); for ‘3C NMR data, see Table 2. Anal.
Calcd for C ,qHzhOIO:C, 47.45; H, 7.40. Found: C,
47.30; H, 7.38.

7-Carbox}l-3,6-dioxa-heptyl 3-O-methyl-~-D-glu-
copyranoside (26).—Compound 25 ( 177 mg, 0.5
mmol) was dissolved in 0.05 M NaOH (5 mL), and
the solution was kept for 2 h at 60 ‘C. After cooling,
the solution was neutralized with Amberlite IR 120
(H+) resin, concentrated, and the residue (121 mg,
71~) was purified by column chromatography (1:1
CHzC12–MeOH) to yield 26, isolated as a syrup (60
mg, 35%); [ a ]~ – 13° (c 0.44, MeOH); for ‘SC
NMR data, see Table 2.

p-lsothiocjlanatophenyi 3-O-methJ:l-~-D-g114 co-
pyranoside (28).—p-Nitrophenyl 3-0-methyl-~-D-
glucopyranoside [17] (27; 63 mg, 0.2 mmol) was
hydrogenated over Pal-C (20 mg) in aq 80% EtOH
(10 mL) for 2 h, then the catalyst was filtered off.
The pH of the filtrate was adjusted to 8 with BaC03
and maintained by adding BaC03 whilst thiophos-
gene (0.2 mL) was added, and the mixture was stirred
for 1 h at room temperature. Filtration and concentra-
tion yielded a slightly coloured syrup which was
purified by column chromatography (9:1 CHzClz–
MeOH) to give 28 (49 mg, 75%); mp 153–156 ‘C;
[& –63.6° (C 0.50, MeOH); for ISC NMR data,
see Table 2. Anal. Calcd for C ,dHITNOdS: C, 51.36;
H, 5.24. Found: C, 5 1.50; H, 5.29.

.5,6-Zsopropylidene-dioxyhexanol (29).—A mix-
ture of 1,2,6-hexanetriol (4; 1.34 g, 10 mmol), 2,2-di-
methoxypropane (8 mL, 65 mmol) and p-toluene-
sulfonic acid (50 mg) was stirred at room temperature
for 3 h. The reaction was terminated with aq 5%
NaHCO~ (20 mL). The mixture was extracted with
CHZCIZ(100 mL), and the organic phase was washed
with water (3 X 15 mL), dried, and concentrated.
After this workup procedure, TLC (9:1 CHzClz–
MeOH) of the product showed two spots, but only
one had the same chromatographic mobility as the
reference compound (5S)-5,6-isopropy lidene-di-
oxyhexanol, prepared according to [36]. The product
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was dissolved in CH ~Cl~ (30 mL), aq 60Yo HOAC
was added, and the mixture was stirred at room
temperature until the mixed acetal (29a) had been
converted into 29. The solution was then neutralized
as described above, dried, and concentrated to give
29, isolated as a syrup (1.35 g, 77.5%); ‘H NMR
(CDC1,): 84.18-3.98 (m, 2 H, H-la,lb), 3.68-3.44
(m. 3 H, H-5,6a,6b), 2.75 (bs, 1 H, OH, deuterable),
1.77–1.43 (m, 6 H, 3 -CHZ-), 1.42 and 1.36 (2 s,
each 3 H, CMez).

1,2-Dia(:etcjx>-6-ben~>lox~-l~exane (30).—A mix-
ture of 29 (3.48 g, 20 mmol), dry DMF (15 mL),
powdered KOH (2.8 g), and benzyl bromide (2.85
mL, 24 mmol) was stirred vigorously at room tem-
perature for 3 h, then diluted with CHZC12(150 mL).
tnorganics were filtered off, and the filtrate was
washed with water (3 X 40 mL), dried, and concen-
trated. The residue (5. 1 g) was suspended in aq 60%
HOAC (30 mL) and kept for 30 min at 60 ‘C (TLC,
8:2 CHzClz–acetone). After concentration and co-
concentration with toluene (3 X 20 mL), the crude
product was conventionally acetylated in 1:1 pyri-
dine–AczO (60 mL) at room temperature. After
standing overnight, the mixture was concentrated and
co-concentrated with toluene (3 X 20 mL), and the
crude product was purified by column chromatogra-
phy (97:3 CHzClz–EtOAc) to yield syrupy 30 (2.53
g, 41%); 1H NMR (CDC1~): 8 7.38–7.22 (m, 5 H,
Ph), 5.05 (m, I H, -CH-OAC), 4.48 (s, 2 H, PhCHz),
4.27–3.96 (m, 2 H, –CHZ–OAC), 3.47 (t, 2 H,
O-CHZ-), 2.04 (s, 6 H, 2 Ac), 1.70-1.32 (m, 6 H, 3
-CH2-).

1,2-Diucet~)x~hexan-6-c~l (31).—A mixture of so
(617 mg, 2 mmol), EtOH (10 mL), HOAC (1 mL),
and Pal-C (50 mg) was stirred in an Hz atmosphere
overnight. The mixture was filtered through Celite,
the filtrate was concentrated and co-concentrated with
toluene (3 X 10 mL), and the residue was purified by
column chromatography (97:3 CHQClz–EtOAc) to
give syrupy 31 (360 m,g,82%); 1H NMR (CDCl~): 6
5.08 (m, 1 H, -CH-OAC), 4.28-3.97 (m, 2 H,
–CH2–OAc), 3.64 (t, 2 H, -CH2-O–), 2.08 (S, 6 H,
2 Ac), 1.70-1.30 (m, 7 H, 3 –CHZ– and OH,
deuterable).

5,6-Diacetox>’hex?’[ 2,4,6 -tri-O-acet~’l-3 -O-methJ’l-
~-D-glu(:[~pJran~~.$’ide(32).—Compound 7 (383 mg, 1
mmol) was reacted with 31 (327 mg, 1.5 mmol) as
described for the preparation of 8. Column chro-
matography of the crude product gave 32, isolated as
a syrup ( 162 m,g,31%); [a ]~ – 11°(c 0.60, CHC1~);
iH NMR (CDCl~): 8 5.15–4.91 (m, 3 H, H-2,4 and
-CH-OAc), 4.38 (d, 1 H, Jl,, 8 Hz, H-l), 3.39 (S, 3

H, OMe), 2.14–2.04 (m, 15 H, 5 Ac), 1.70–1.22 (m,
6 H, 3 –CHZ–). Anal. Calcd for Cz~H~fiOl~: C,
53.07; H, 6.97. Found: C, 52.80; H, 6.93.

5,6-Dih?droxJ1hex}l 3-O-methyl-~ -D-glucop}rano-
side (33).—To a solution of 32 (104 mg, 0.2 mmol)
in dry MeOH (10 mL) was added NaOMe (27 mg,
0.5 mmol). The mixture was kept at room tempera-
ture for 2 days, then neutralized with Amberlite IR
120 (H+ ) resin, filtered, and concentrated. Column
chromatography of the crude product gave 33 (49
mg, 79Yo); [a]~ – 10.5o (C 1.6, MeOH); for ‘3C
NMR data, see Table 2. Anal. Calcd for C ,~H2bOg:
C, 50.31; H, 8.45. Found: C, 50.52; H, 8.41.

Acknowledgements

We thank the National Research Foundation
(OTKA F 4066 to J.K.; OTKA 1694 to Z.SZ.) for
financial support. Part of this work has been carried
out at the Universit6 de Paris-Sud in Ch2tenay-
Malabry, France. Z.SZ. thanks Dr. Ladislas Szab6,
Dr. Patricia Szab6, Dr. Daniel Charon, and Mrs.
Michelle Mondange for their interest and help.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

C.P. Stowell and Y.C. Lee, AdL’.
Bioclwm., 37 (1980) 225–281.
C.R. McBroom, C.H. Samanen,

Carbohvdr. Chem.

and I.J. Goldstein,
Methods Erqvmol., 28 (1972) 212-219.
R.U. Lemieux, D.R. Bundle, and D.A. Baker, J. Am.
Chem. SOL., 97 (1975) 4076–4083; B.M. Pinto and
D.R. Bundle, Carbohydr. Res., 124 (1983) 313–3 18.
R.T. Lee and Y.C. Lee, Curbohydr. Res., 77 (1979)
149–156; R.T. Lee and Y.C. Lee, Carbohydr. Res.,
101 ( 1982) 49–55; R.T. Lee and Y.C. Lee, Carbo-
hydr. Res., 110 (1982) 333-338.
M.A. Bernstein and L.D. Hall, Carbohydr. Re.Y.,78
(1980) CI-C3.
M.M. Ponpipom and K.M. Rupprecht, Carbah}dr.
Res., 113 (1983) 45–56; M.M. Ponpipom and K.M.
Rupprecht, Carboh~’dr.Res., 1I3 ( 1983) 57–62.
H. Paulsen and M. Paal, Carbohydr. Re.s., 113 (1983)
203-218.
A. Liptiik, Z. Szurmai, and P. Ninfisi, Collection of
Abstracts, 2nd Eur. Symp. on Carbohydr. and Glyco-
conjugates, Budapest, Hungary, 1983, p B-4.
Z. Szurmai, L. Szab6, and A. Lipt6k, .Ma Chim.
Hung., 126 (1989) 259–269.
V. Pozsgay, Gl?coconjugate J., 10 (1993) 133-141.
P.J. Garegg and A.A. Lindberg, in J.F. Kennedy
(Ed.), Carbohydrate Chemistry, Clarendon Press, Ox-
ford, 1988, pp 500–559.
J.M. Cruse and R.E. Lewis Jr. (Eds.), Conjugate



J. Ker4kgydrt6 et al. / Carbol@rate Research 297 (1997) 107–115 115

Vaccines. Contributions to Microbialagy and Im-
munology, Vol. 10, Karger, Basel, 1989.

[13] D.R. Bundle, M.A.J. Gidney, S. Josephson, and H.-P.
Wessel, ACS Syrnp. Ser., 231 (1983) 49-63.

[14] V. Pavliak, E.M. Nashed, V. Pozsgay, P. Kovfit, A.
Karpas, C. Chu, R. Schneerson, J.B. Robbins, and
C.P.J. Glaudemans, Y. Bial. Chem., 268 ( 1983)
25797-25802.

[15] J.H. Pazur, Adu. Carbohydr. Chem. Biochern., 39
(198 1) 405-447.

[16] Z. Szurmai, A. Lipt6k, and G. Snatzke, Carbahydr.
Res., 200 (1990) 201-208.

[17] A. Borb& and A. Lipt5k, Carbohydr. Res., 241 (1993)
99-116.

[18] J. Ker6kgyA-t6, Z. Szurmai, and A. Lipt4k, Carba-
hvdr. Res., 245 (1993) 65-80.

[19] I. Bajza, J. Ker6kgy&-t6,J. Hajk6, L. Szi16gyi,and A.
Lipt6k, Carboh}’dr.Res., 253 (1994) I I I-120.

[20] J. Dahm&n, T. Frejd, G. Magnusson, and G. Noori,
Carbah?dr. Res., 111 (1982) Cl –C4; J. Dahm&n,T.
Frejd, G. Gronberg, T. Lave, G. Magnusson, and G,
Noori, Carbohydr, Res., I I8 (1983) 292-301.

[21] A.Ya. Chernyak, G.V.M. Sharma, L.O. Kononov,
P.R. Krishna, A.B. Levinsky, and N.K. Kochetkov,
Carboh>dr.Res., 223 (1992) 303-309.

[22] P.-H. Amvam-Zollo and P. Sinay, Carbah,vdr. Res.,
150 (1986) 199-212.

[23] V. Femandez-Santana, J.R. Marino-Albernas, V.
Verez-Bencolmo, and C.S. Perez-Martinez, J. Carbm
h}dr. Chem., 8 (1989) 531-537.

[24] T. Su,gawara, K. Irie, H. Iwasawa, T. Yoshikawa, S.
Okuno, H.K. Watanabe, T. Kate, M. Shibukawa, and
Y. Ito, Carbohjdr. Res., 230 (1992) 117-149.

[25] P.J. Garegg and B. Gotthammar, Carboh>dr.Res.. 58
(1977) 345-352.

[26] J.-C. Jacquinet, D. Duchet, M.-L. Milat, and P. Sinay,
J. Chem. Sm., Perkin Tram. 1, (1981) 326–330.

[27] K. Wada, T. Chiba, Y. Takei, H. Ishihara, H. Hayashi,
and K. Onozaki, J. Carbolz?dr, Chem.. 13 ( 1994)
941-965.

[28] G. Wulff, G. Rohle, and U. Schmidt, Chem. Ber., 105
(1972) 1111-1121.

[29] G. Wulff and W. Schmidt, Carbohydr. Res., 53 (1977)
33-46.

[30] K. Takeo, T. Nakaji, and K. Shinmitsu, Carboh>dt-,
Res., 133 ( 1984) 275-287.

[31] A. Lokos, Dip]. Thesis, Kossuth L. University, De-
brecen, Hungary, 1995.

[32] M. Kiso and L. Anderson, Carbohydr. I/es., 72 (1979)
C12-C14.

[33] M.G. Peter and S. Petersen, Abstracts, XVIth Int.
Carbohydr. Symp., Paris, France, 1992, A234.

[34] J. Herzig and A. Nudelman, Carboh?dr, Res., 153
(1986) 162-167.

[35] T. Fujiwara, S.W. Hunter, and P.J. Brcnnan, Carb~,-
h~dr. Res., 148 ( 1986) 287-298.

[36] H. Regeling and G.J.F. Chittenden, Cat-boh}dr. Res.,
216 (1991) 79-91.

[37] E,W. Thomas, Carboh]dr. Res., 13 (1970) 225-228.


