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The use of preformed poly(propylene imine) dendrimers surface concentration variations on the dendrimer properties.
After modification of the dendrimers with these saccharide[DAB(Pa)x] with reactive primary amine end groups proved

to be very useful for the construction of saccharide surface- units, the acetyl protecting groups were removed.
Purification of these derivatives was accomplished by usingcoated dendrimers. For this purpose, amide bonds were

introduced by a reaction between the primary amine end dialysis either in water or in aqueous methanol. The
solubility behavior of the resulting glucodendrimers provedgroups of the dendrimers with N-succinimidyl-activated

esters of spacer-armed acetyl-protected thioglucopyranoside to be strongly dependent on the hydrophobic part, i.e. the
alkyl chain spacers in the molecule. Therefore, theseunits. The linear alkyl chain spacers between the dendrimer

surface and the saccharide units was increased in length with nanosized multivalent structures, appropriate for studying
carbohydrate-protein interactions, are also proposed useful1, 5 and 10 carbon atoms. These spacer arms were

introduced to determine the influence of local saccharide for investigating amphiphilic properties.

Introduction Therefore, dendrimers could be good candidates for biologi-
cal investigations where these cooperative effects might beDendrimers[1] are known for their well-defined, highly
operating.branched architectures that are built in a stepwise manner.

When functionalized nanosized globular structures are de- Since the first patents lodged by Denkewalter, [14] many
sired, mostly divergently synthesized dendrimers such as the macromolecular components have been reported based on
PAMAM[2], arborols[3] and the poly(propylene imine) den- dendrimers incorporating biologically active entities such as
drimers[4] are employed, because of their availability on a antibodies, [15] amino acids, [11] [16] oligonucleotides[17] and
reasonably large scale, even for higher generations of den- mono- and oligosaccharide residues. [18] In recent years, sev-
drimers. Modification of the end groups of these dendri- eral groups have described[19] [20] [21] [22] [23] their particular
mers has received enormous attention and has led to the approaches to the construction of carbohydrate-containing
disclosure of the dendritic box[5], the unimolecular (in- dendrimers or 2 as they have become known 2 glycoden-
verted) micelle [6] and metallodendrimers, [7] leading to appli- drimers. [24] This new family of neoglycoconjugates has pro-
cations foreseen[8] in areas like (chiral) clathration,[9] cataly- ved to be extremely useful when studying multiple carbo-
sis [10] and biology. Many of the unique dendritic properties, hydrate2protein interactions. The enhancement in binding
like guest-host interactions and dense surface packing, only of saccharide residues to protein receptors as a result of
arise at higher generations of dendrimers, indicating that increasing the saccharide “valency” is a well-known
cooperative effects are present in these nanosized struc- phenomenon in glycobiology[25] which is often referred to
tures. [9] [11] [12] These cooperative recognition effects are even as the cluster glycoside or multivalency effect. It has already
more prominent in biological situations, especially when been shown that some carbohydrate-containing dendrimers
clustering effects within a molecule are important. [13] possess much higher activities in binding towards lectins

than their corresponding individual saccharide residues.
[°] A list of abbreviations used in this paper is given in ref.[33]. Some researchers claim to have evidence that this effect is
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Figure 1. Structural formulas of the first (1a) and fifth generationonly displayed in the case of relatively small dendritic sac-
(1b) poly(propylene imine) dendrimers and glucodendrimers 9a29ccharides 2 and that no significant increase in biological

obtained according to Scheme 2
activity has been observed in the case of large glycodendri-
mers. [26] One can speculate that fully substituted high gen-
eration dendrimers are too crowded to provide efficient
multivalent binding of their carbohydrate residues. Anal-
ogous results have been obtained by Seebach et al. [27] when
studying the enzymatic hydrolysis of a series of dendrimers
incorporating ester bonds susceptible to the action of en-
zymes: enzyme-catalyzed hydrolysis was only possible in the
case of the lower generation dendrimers.

With these results foremost in our minds, we now report
on the synthesis of large dendritic structures with variations
of the local saccharide “concentrations” on the dendrimer
surface. Control of “concentrations” was achieved by the
introduction of a linear alkyl chain spacer between the den-
drimer surface and the saccharide units. By increasing the
linear alkyl chain spacer length with 1, 5 and 10 carbon
atoms we were also able to study the relationship between
structure and water solubility. Based on the unimolecular
micelle concept, [6c] it should also be possible to investigate
the hydrophilic and hydrophobic interactions within these
types of structures since we are increasing the hydrophobic
contribution in the molecule on going to longer alkyl chain
spacer lengths.

Results and Discussion

Synthetic Strategy

As the basis for our modification, we used the divergently
synthesized poly(propylene imine) dendrimers[4], which are
generally known for their ease of undergoing modifications
at the peripheral primary amine groups. Here, we only stud-
ied the modification of the dendrimer of the first generation
(1a) with 4 primary amine end groups and of the fifth gen-
eration (1b) with 64 end groups (Figure 1). Although the
end groups are reactive toward many reagents, we chose a
mild coupling method well-known from peptide chemistry,
namely, the reaction with the N-succinimidyl-activated ester cedure[28]. The salt was converted into the thiol by reaction
species. This method leads smoothly to the formation of an of 3 with sodium hydrogen sulphite in water, which fur-
amide bond by a very mild coupling procedure. Previously, nished 4 in a quantitative yield. [28] Compound 4 was a key
we have used this coupling method successfully for the con- intermediate in the synthesis of all spacer-armed thioether-
struction of the unimolecular micelles, [6c] the dendritic linked saccharide residues. [29] They could be prepared by
box[5] [11] and derivatized saccharide dendrimers[21]. In our reaction of 4 with bromoacetic acid to give 5a, 6-bromo-
present synthetic strategy, we have to use acetyl protective hexanoic acid to give 5b and 11-bromoundecanoic acid to
groups on the saccharide unit to circumvent side reactions give 5c using K2CO3 as a base. [30] Purification of these com-
from taking place during subsequent chemical modifi- pounds was accomplished by using column chromatogra-
cations. These acetyl protecting groups can be easily re- phy, 5a, 5b and 5c were obtained in yields of 85, 76 and
moved after attachment of the monosaccharide units to the 62%, respectively. The N-succinimidyl-activated esters 6a,
dendrimers, using standard deprotection techniques, lead- 6b and 6c were obtained by a reaction of 5a, 5b and 5c with
ing to compounds 9a29c (Figure 1). N-hydroxysuccinimide under the influence of DCC using

dimethoxyethane as a solvent[31] in yields of 91, 87 and
Saccharide Residues 84%, respectively.

-(1)-Glucose was used as the source of the saccharide
Modification of the Poly(propylene imine) Dendrimers withprecursors (Scheme 1 and Table 1). Starting from 2,3,4,6-
Saccharide Residuestetra-O-acetyl-α--glucopyranosyl bromide (2), the thiou-

ronium salt 3 was prepared by a reaction of this bromide The desired acetylated glucodendrimers were obtained by
coupling of the N-succinimidyl esters 6a26c to the poly-with thiourea in acetone, following a literature pro-
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Scheme 1. Syntheses of glucose derivatives 6a26c for attachment procedures. Removal of the acetyl protecting groups was

to the poly(propylene imine) dendrimers accomplished by subjecting them to standard Zemplén de-
acetylation[32] leading to 9a29c, which could be purified
using dialysis either in water (for 9a and 9b) or aqueous
methanol (for 9c).

Scheme 2. Coupling of saccharide units with the primary amine
groups in the dendrimers

Reagents and conditions: a) DAB(PA)x, CH2Cl2, 25°C, 18 h, 86%
(7), 95% (8a), 95% (8b), 93% (8c). 2 b) 1. MeONa/MeOH/CH2Cl2,Reagents and conditions: a) SC(NH2)2, Me2CO, reflux, 30 min,
25°C, 10215 min, 2. NaOH/H2O/MeOH, 25°C, 16 h, dialysis, 85%74% (3). 2 b) NaHSO3, H2O, 2h, 100% (4). 2 c) Br(CH2)nCO2H,
(9a), 76% (9b), 58% (9c).K2CO3, Me2CO/H2O, 3h, 85% (5a), 76% (5b), 62% (5c). 2 d) N-

hydroxysuccinimide/DCC/MeO(CH2)2OMe, 025°C, 20 h, 91%
(6a), 86% (6b), 84% (6c).

Structure Determinations of the Glucodendrimer Series

Successful coupling between the activated esters 6a26cTable 1. Yields, optical rotations and mass data for the dendrimer
precusors and dendrimers 1a and 1b was established by NMR and IR

spectroscopy. Compound 7 was characterized fully using
Com- Yield [%] [α]D

20 Calcd. mole- MALDI-TOF-MS 1H- and 13C-NMR spectroscopy, as well as IR spectroscopypound (CH2Cl2) cular mass
and MALDI-TOF-MS. In the 1H-NMR spectrum signals
for the CH2 part of the dendrimer resonate at δ 5 1.45,4 100 13.6 364.4 365 [M 1 H]1

387 [M 1 Na]1 1.69, 2.47, 2.51 and 3.28, whereas the newly formed amide
5a 85 248 422.4 445 [M 1 Na]1 bond NH proton gives a triplet in the spectrum at δ 5 7.34.467 [M 1 2 Na]1

Also the absorptions of the saccharide part, as well as of5b 76 233 478.5 501 [M 1 Na]1
5c 62 229 548.7 571 [M 1 Na]1 the acetyl protecting groups, appear as a set of well-resolved

593 [M 1 2 Na]1 signals in the regions at δ 5 3.2725.24 and δ 5 2.0122.09,6a 91 259 519.5 541 [M 1 Na]1
557 [M 1 2 Na]1 respectively. The 13C-NMR spectrum of 7 shows character-

6b 87 224 575.6 597 [M 1 Na]1 istic signals for the dendrimer part at δ 5 24.0, 26.2, 38.0,
6c 84 220 645.7 668 [M 1

51.0 and 53.2. The absorptions of the methyl carbon atomsNM1Na]1
685 [M 1 K]1 of the acetyl protecting groups are found in the region δ 5

20.5220.7, whereas the saccharide part shows 6 signals at
δ 5 62283. The carbonyl absorptions of the newly formed
amide bond, as well as the acetyl protecting groups, overlap(propylene imine) dendrimers (1a and 1b) using CH2Cl2 as

the solvent (Scheme 2). Work-ups were accomplished by ex- in the region of δ 5 1692171. In the IR spectrum, the
newly formed amide bond has an (2NH) absorption bandtraction of the diluted reaction mixtures with saturated

aqueous Na2CO3 solutions. The glucodendrimer 7 was con- at a wave number of 3388 cm21. Characterization of this
compound by MALDI-TOF-MS showed nicely peaks atstructed as a model compound from the first generation

dendrimer (1a) modified with 6a, and 7 was fully charac- m/z 1937 and 1959, corresponding to the [M 1 H]1 and
[M 1 Na]1 species, respectively. The assignments of the res-terized by 1H-, 13C-NMR and IR spectroscopy and

MALDI-TOF-MS. As in the case of 7, the other glucoden- onances for the saccharide part in the NMR spectra were
based the unambiguous peak assignments deduced fromdrimers 8a28c were synthesized (Scheme 2) starting from

the fifth generation dendrimer with 64 primary amine end COSY and XHCORRD measurements carried out on com-
pound 5a. No large shifts in the 1H- and 13C-NMR spectragroups (1b) by allowing it to react with the activated esters

6a26c, using the same reaction conditions and work-up for the succinimide esters 6a26c and the dendrimers 7 and
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8a28c were observed, making good characterization and troscopy. Nicely resolved spectra are obtained (Figure 2) for

9a and 9b using D2O as solvent, where, for 9c, difficultiespeak assignments of these derivatives possisible.
Dendrimers 8a28c were characterized solely by 13C- in solubility were encountered as this compound did not

dissolve in D2O or CD3OD. The best solubility has beenNMR and IR spectroscopy, since in the 1H-NMR spectra
the absorptions were considerably broadened with signals obtained so far with mixtures of D2O and CD3OD at ele-

vated temperatures (60°C). Even at these temperatures, theoverlapping, even when the spectra were recorded at ele-
vated temperatures. [21] The saccharide part is found as six sample is still turbid and does not dissolve completely. The

13C-NMR spectrum of 9c shows some well-resolved absorp-separate nicely resolved signals in the region δ 5 62283.
Signals for the spacer part of the molecule resonate at δ 5 tions for the saccharide part in the range δ 5 63287. The

absorptions arising from the spacer part, as well as from25236. The newly formed amide bond is found in the area
δ 5 168.92170.7, at approximately the same values as the the dendrimer part, are considerably broadened compared

to those in other glucodendrimers, especially for the car-absorptions for the acetyl protecting groups. Typical ab-
sorptions for the dendrimer part of the molecules in the bonyl group, which is found as a very broad signal at δ 5

177 in the 13C-NMR spectrum. Generally for the depro-13C-NMR spectrum are found at δ 5 24 and 53 approxi-
mately, with an absorption at δ 5 37 (CH2NHCO). 13C- tected compounds 9a29c, the signals of the dendrimer part

can be found at δ ø 25, 39 and 53, whereas those of theNMR spectroscopy also provide information on the com-
pleteness of the reaction, since unreacted CH2NH2 func- spacer at δ 5 27238. The signals of the saccharide part

may be found as a set of well-resolved signals at δ 5 63287tions give rise to signals at δ 5 40. In the cases of dendri-
mers 8a28c, no signal could be detected in this region, indi- with the amide carbonyl absorption to be found in the re-

gion of δ 5 1752180. Removal of the protective groups cancating that the reaction was at least near completion.
Deprotections of the acetyl groups were performed using be monitored by the absence of absorptions at δ 5 20221

and 1692171.standard Zemplén procedures[32], furnishing dendrimers
9a29c in yields of 85, 76 and 58%, respectively. Charac- The chiroptical features of these compounds (Table 2)

were also studied by polarimetry. However, for a good com-terization was accomplished by 13C-NMR and IR spec-
parison it is better to compare the molar rotations per sac-
charide unit ([Φ]D/n) for these compounds. The optical ro-Table 2. Yields and chiroptical data of the spacer armed glucose

dendrimers tation of 9c could not be determined on account of the
insolubility and turbidity of the solution. From the molar

Compound Yield [%] [α]D
20 Calcd. molecular [Φ]D/n rotation per end group, ranging between 2108 to 2191, no

mass
clear trend can be observed within these series.

7 86 234 1,934.10 2164
8a 95 237 33,048.89 2191 Conclusion
8b 95 228 36,639.93 2160
8c 93 217 41,128.25 2109 In conclusion, we have described a synthetic approach to-
9a 85 231 22,287.50 2108 ward globular nanosized structures with low surface densi-9b 76 229 25,878.36 2117

ties of biologically active saccharide residues, thus making

Figure 2. 13C-NMR spectra of glucosedendrimers 9a29c recorded at 100.6 MHz in D2O or D2O/CD3OD (for 9c at 60°C)
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5.11 (pt, J3,4 ø J4,5 5 9.7 Hz, 1 H, 4-H), 5.20 (pt, J2,3 ø J3,4 5 9.4interactions with specific carbohydrate binding sites in pro-
Hz, 1 H, 3-H). 2 13C NMR (100.6 MHz, CDCl3): δ 5 20.5, 20.6teins possible. Moreover, these compounds should be very
(CH3CO), 61.9 (C-6), 68.0 (C-4), 73.4 (23, C-2, C-3), 76.2 (C-5),useful in probing hydrophilic and hydrophobic interactions
78.6 (C-1), 169.2, 169.5, 170.0, 170.5 (CH3CO). 2 IR (KBr): ν̃ 5since the hydrophobic part of the molecule increases on go-
2969 and 2890 (CH3), 1741 (C5O), 1240 (OCOCH3). 2 MALDI-ing to the longer alkyl chain spacers. This feature was exem-
TOF-MS; m/z: 365 [M], 387 [M 1 Na]1; calcd. for C14H20O9S

plified by the solubility behavior of the dendrimer with the 364.37.
C-10 spacer arm, which proved only to be barely soluble in

1-(2,3,4,6-Tetra-O-acetyl-β--glucopyranosylthio)acetic Acidboth water and methanol. In order to realize water-soluble
(5a): A K2CO3 solution (0.69 g, 5.0 mmol in 5 ml of water) wassaccharide-coated dendritic surfaces, having low local con-
added to a stirred solution of 4 (1.82 g, 5.00 mmol) and bromo-centrations of biologically active surface end groups, we in-
acetic acid (0.70 g, 5.0 mmol) in acetone (5 ml). Stirring was con-tend to focus our attention on making dendrimers with long
tinued for 120 min, after which the reaction mixture was acidified

alkyl chain spacers bearing oligosaccharides as end groups. with acetic acid (0.5 ml) and subsequently extracted with CH2Cl2
We expect the introduction of oligosaccharides to influence (3 3 30 ml). The combined organic layers were dried with Na2SO4
the balance between hydrophobicity and hydrophilicity in a and purification was accomplished by column chromatography
positive sense, thus making water-soluble systems possible (SiO2; PhMe/EtOAc/AcOH, 50:50:2), which furnished pure 5a

(1.80 g, 4.26 mmol, 85%) as a white solid. Rf 5 0.3 (PhMe/EtOAc/again.
AcOH, 50:50:2), m.p. 1232124°C 2 [α]D

20 5 248 (c 5 0.99,The Dutch part of this investigation was supported by The Ne-
CH2Cl2). 2 1H NMR (400.1 MHz, CDCl3): δ 5 2.02, 2.04, 2.07,therlands Foundation for Chemical Research (SON), with financial
2.10 (4 s, 4 3 3 H, CH3CO), 3.33, 3.57 (2 d, J 5 15.4 Hz, 2 H,aid from The Netherlands Organization for Scientific Research
CH2CO2H), 3.76 (ddd, J4,5 5 10.0 Hz; J5,6a 5 4.5 Hz; J5,6b 5 2.3(NWO). DSM Research is gratefully acknowledged for an unrestric-
Hz, 1 H, 5-H), 4.15 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.2 Hz, 1 H, 6b-ted grant and for providing us with the poly(propylene imine) den-
H), 4.22 (dd, J6a,6b 5 12.5 Hz; J5,6a 5 4.7 Hz, 1 H, 6a-H), 4.69 (d,drimers. The British part of this investigation was supported by
J1,2 5 10.0 Hz, 1 H, 1-H), 5.07 (pt, J1,2 ø J2,3 5 9.5 Hz, 1 H, 2-the Engeneering and Physical Sciences Research Council and the
H), 5.11 (pt, J3,4 ø J4,5 5 9.8 Hz, 1 H, 4-H), 5.26 (pt, J2,3 ø J3,4 5British Council.
9.3 Hz, 1 H, 3-H), 10.62 (s, 1 H, CO2H). 2 13C NMR (100.6 MHz,
CDCl3): δ 5 20.5, 20.6 (CH3CO), 30.9 (CH2CO2 H), 61.8 (C-6),Experimental Section
68.0 (C-4), 69.5 (C-2), 73.5 (C-3), 75.9 (C-5), 82.1 (C-1), 169.4,

General Techniques: Compound 2 was obtained from Aldrich 169.5, 170.1, 170.9 (CH3CO), 174.7 (CO2H). 2 IR (KBr): ν̃ 5 3167
and 3 was prepared following a literature procedure.[28] The poly- (CO2H), 2967 (CH3), 1745, 1255 (C5O), 1227 (OCOCH3). 2
(propylene imine) dendrimers 1a21b were supplied by DSM Re- MALDI-TOF-MS; m/z: 445 [M 1 Na]1, 467 [M 1 2 Na]21; calcd.
search (The Netherlands). 2 Thin layer chromatography (TLC) for C16H22O11S 422.41.
was used on aluminium sheets coated with Kieselgel 60 F254

6-(2,3,4,6-Tetra-O-acetyl-β--glucopyranosylthio)hexanoic Acid(Merck). The plates were developed by treatment with 5% H2SO4
(5b): A K2CO3 solution (1.38 g, 10.0 mmol in 10 ml of water) wasin EtOH at 120°C. 2 Column chromatography was carried out
added to a stirred solution of 4 (3.64 g, 10.0 mmol) and 6-bromo-using silica gel 60 F (Merck 40263 µm). 2 Dialysis was performed
hexanoic acid (1.95 g, 10.0 mmol) in acetone (10 ml). Stirring wasusing Medicell dialysis tubing with size 2 Inf Dia 18/320 2 14.3
continued for 150 min, after which the reaction mixture was acidi-mm and a molecular weight cutoff of 12214,000 Dalton. 2 Melt-
fied with acetic acid (0.5 ml) and subsequently extracted withing points are uncorrected and were determined with a Jeneval
CH2Cl2 (3 3 30 ml). The combined organic layers were dried withmicroscope equipped with a Linkam hot stage. 2 Optical rotations
Na2SO4 and the solvent was evaporated. Purification was ac-([α]D

20) were measured with a Jasco DIP-370. 2 NMR spectra:
complished by column chromatography (SiO2; chloroform/AcOH,Bruker AM-400 spectrometer at 400.1 MHz and 100.6 MHz for
98:2), which furnished pure 5b (3.65 g, 7.63 mmol, 76%) as a white1H and 13C nuclei, respectively. Tetramethylsilane (TMS) was used
solid. Rf 5 0.3 (CHCl3/AcOH, 98:2), m.p. 82283°C. 2 [α]D

20 5as an internal standard and data are given in ppm. 2 IR: Perkin
233 (c 5 0.97, CH2Cl2). 2 1H NMR (400.1 MHz, CDCl3): δ 5Elmer 1600 series FT-IR in cm21. 2 Matrix-assisted laser desorp-
1.44 (quint, J 5 7.7 Hz, 2 H, CH2CH2CH2CO2 H), 1.64 (pseudotion ionization/time-of-flight mass measurements (MALDI-TOF-
sept, J 5 7.4 Hz, 4 H, CH2CH2CH2CH2CO2 H), 2.01, 2.03, 2.06,MS): Kratos Kompact MALDI III instrument using a 2,5-di-
2.09 (4 s, 4 3 3 H, CH3CO), 2.36 (t, J 5 7.4 Hz, 2 H, CH2CO2H)hydroxybenzoic acid matrix.
2.68 (m, 2 H, SCH2), 3.71 (ddd, J4,5 5 10.0 Hz; J5,6a 5 4.8 Hz;

2,3,4,6-Tetra-O-acetyl-β--glucopyranosylthiol (4): An aqueous J5,6b 5 2.3 Hz, 1 H, 5-H), 4.14 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.2
solution of sodium hydrogen sulphite (10.50 g, 10.0 mmol in 35 ml Hz, 1 H, 6b-H), 4.25 (dd, J6a,6b 5 12.4 Hz; J5,6a 5 4.9 Hz, 1 H,
of water) was added to a solution of 3 (9.75 g, 20.0 mmol) in water 6a-H), 4.48 (d, J1,2 5 10.0 Hz, 1 H, 1-H), 5.03 (pt, J1,2 ø J2,3 5
(100 ml). This mixture was allowed to stand for 5 min and sub- 9.4 Hz, 1 H, 2-H), 5.09 (pt, J3,4 ø J4,5 5 9.9 Hz, 1 H, 4-H), 5.23
sequently placed in an ice bath for 2 h. A white precipitate was (pt, J2,3 ø J3,4 5 9.3 Hz, 1 H, 3-H), 10.45 (s, 1 H, CO2H). 2 13C
formed which was extracted with CH2Cl2 (3 3 50 ml). The organic NMR (100.6 MHz, CDCl3): δ 5 20.6, 20.7 (CH3CO), 24.1, 28.0,
layers were combined, washed with water (2 3 25 ml), dried with 29.2, 29.6 (CH2 spacer), 33.7 (SCH2), 62.1 (C-6), 68.2 (C-4), 69.7
Na2SO4. Evaporation of the solvent furnished pure 4 (7.29 g, 20.0 (C-2), 73.8 (C-3), 75.8 (C-5), 83.5 (C-1), 169.4, 170.2, 170.7
mmol, 100%) as a white solid, m.p. 118°C. 2 [α]D

20 5 13.6 (c 5 (CH3CO), 179.2 (CO2H). 2 IR (KBr): ν̃ 5 2955 (CH3), 1744, 1720
1.07, CH2Cl2). 2 1H NMR (400.1 MHz, CDCl3): δ 5 2.01, 2.03, and 1260 (C5O), 1233 (OCOCH3). 2 MALDI-TOF-MS; m/z: 501
2.07, 2.09 (4 s, 4 3 3 H, CH3CO), 2.34 (d, J 5 10.0 Hz, 1 H, SH), [M 1 Na]1; calcd. for C20H30O11S 478.51.
3.75 (ddd, J4,5 5 9.9 Hz; J5,6a 5 4.7 Hz; J5,6b 5 2.2 Hz, 1 H, 5-
H), 4.13 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.0 Hz, 1 H, 6b-H), 4.26 11-(2,3,4,6-Tetra-O-acetyl-β- -glucopyranosylthio)undecanoic

Acid (5c): A K2CO3 solution (1.80 g, 13.0 mmol in 13 ml of water)(dd, J6a,6b 5 12.4 Hz; J5,6a 5 4.8 Hz, 1 H, 6a-H), 4.57 (pt, J1,SH ø
J1,2 5 9.9 Hz, 1 H, 1-H), 4.98 (pt, J1,2 ø J2,3 5 9.5 Hz, 1 H, 2-H), was added to a stirred solutionof 4 (4.75 g, 13.0 mmol) and 11-
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bromoundecanoic acid (3.45 g, 13.0 mmol) in acetone (13 ml). Stir- 9.4 Hz, 1 H, 2-H), 5.07 (pt, J3,4 ø J4,5 5 9.9 Hz, 1 H, 4-H), 5.23

(pt, J2,3 ø J3,4 5 9.3 Hz, 1 H, 3-H). 2 13C NMR (100.6 MHz,ring was continued for 90 min, after which the reaction mixture
was acidified with acetic acid (0.5 ml) and subsequently extracted CDCl3): δ 5 20.3, 20.4 (CH3CO), 23.7, 27.4, 28.8, 29.3, 30.4 (CH2

spacer), 25.3 (CH2-suc), 61.9 (C-6), 68.0 (C-4), 69.6 (C-2), 73.5 (C-with CH2Cl2 (3 3 30 ml). The combined organic layers were dried
with Na2SO4 and the solvent evaporated. Purification was ac- 3), 75.4 (C-5), 83.1 (C-1), 168.3 (CO2-suc), 169.2 (CO-suc), 169.2,

169.3, 170.0, 170.5 (CH3CO). 2 IR (KBr): ν̃ 5 2941 (CH3), 2862complished by column chromatography (SiO2; PhMe/EtOAc/
AcOH, 80:20:2), which furnished pure 5c (4.43 g, 8.07 mmol, 62%) (CH2), 1740 (C5O), 1224 (OCOCH3). 2 MALDI-TOF-MS; m/z:

597 [M 1 Na]1; calcd. for C24H33NO13S 575.59.as a white solid, m.p. 87288°C, Rf 5 0.32 (PhMe/EtOAc/AcOH,
80:20:2). 2 [α]D

20 5 229 (c 5 1.00, CH2Cl2). 2 1H NMR (400.1
N-Succinimidyl 11-(2,3,4,6-Tetra-O-acetyl-β--glucopyranosyl-MHz, CDCl3): δ 5 1.27 (br., 12 H, CH2 spacer), 1.61 (m, 4 H,

thio)undecanoate (6c): DCC (0.90 g, 4.36 mmol) was added to aCH2CH2CO2 H, SCH2CH2), 2.01, 2.03, 2.06, 2.09 (4 s, 4 3 3 H,
stirred and cooled (025°C) solution of 5c (2.03 g, 3.70 mmol) andCH3CO), 2.35 (t, J 5 7.4 Hz, 2 H, CH2CO2H), 2.67 (m, 2 H,
N-hydroxysuccinimide (0.46 g, 4.00 mmol) in dimethoxyethane (10SCH2), 3.72 (ddd, J4,5 5 9.9 Hz; J5,6a 5 4.7 Hz; J5,6b 5 2.2 Hz, 1
ml). This mixture was stirred overnight, the solids were filtered offH, 5-H), 4.13 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.1 Hz, 1 H, 6b-H),
and the solvent was evaporated. The residue was precipitated twice4.25 (dd, J6a,6b 5 12.4 Hz; J5,6a 5 4.8 Hz, 1 H, 6a-H), 4.49 (d,
from cyclohexane, yielding 6c (2.00 g, 3.10 mmol, 84%) as a glass-J1,2 5 10.0 Hz, 1 H, 1-H), 5.03 (pt, J1,2 ø J2,3 5 9.7 Hz, 1 H, 2-
like compound. 2 [α]D

20 5 220 (c 5 7.3, CH2Cl2). 2 1H NMRH), 5.09 (pt, J3,4 ø J4,5 5 9.7 Hz, 1 H, 4-H), 5.23 (pt, J2,3 ø J3,4 5
(400.1 MHz, CDCl3): δ 5 1.29 (m, 12 H, CH2 spacer), 1.61 (m, 29.3 Hz, 1 H, 3-H), 10.20 (s, 1 H, CO2H). 2 13C NMR (100.6 MHz,
H, SCH2CH2), 1.73 (quint, J 5 7.2 Hz, 2 H, CH2CH2CO2-suc),CDCl3): δ 5 20.6, 20.7 (CH3CO), 24.7, 28.7, 29.0, 29.0, 29.1, 29.3,
2.01, 2.03, 2.06, 2.09 (4 s, 4 3 3 H, CH3CO), 2.61 (t, J 5 7.3 Hz,29.3, 29.5, 30.0 (CH2 spacer), 33.9 (SCH2), 62.2 (C-6), 68.3 (C-4),
2 H, CH2CO2-suc), 2.68 (m, 2 H, SCH2), 2.86 (s, 4 H, CH2-suc),69.9 (C-2), 73.9 (C-3), 75.8 (C-5), 83.6 (C-1), 169.4, 170.3, 170.7
3.77 (ddd, J4,5 5 9.9 Hz; J5,6a 5 4.7 Hz; J5,6b 5 2.2 Hz, 1 H, 5-(CH3CO), 179.1 (CO2H). 2 IR (KBr): ν̃ 5 2926 (CH3), 2853
H), 4.12 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.1 Hz, 1 H, 6b-H), 4.23(CH2), 1746 and 1707 (C5O), 1228 (OCOCH3). 2 MALDI-TOF-
(dd, J6a,6b 5 12.4 Hz; J5,6a 5 4.8 Hz, 1 H, 6a-H), 4.56 (d, J1,2 5MS; m/z: 571[M 1 Na]1, 593 [M 1 2 Na]21; calcd. for
10.0 Hz, 1 H, 1-H), 5.01 (pt, J1,2 ø J2,3 5 9.7 Hz, 1 H, 2-H), 5.06C25H40O11S 548.65.
(pt, J3,4 ø J4,5 5 9.7 Hz, 1 H, 4-H), 5.22 (pt, J2,3 ø J3,4 5 9.3 Hz,

N-Succinimidyl 1-(2,3,4,6-Tetra-O-acetyl-β--glucopyranosyl- 1 H, 3-H). 2 13C NMR (100.6 MHz, CDCl3): δ 5 19.9, 20.0, 20.1
thio)acetate (6a): DCC (0.97 g, 4.70 mmol) was added to a stirred (CH3CO), 23.9, 28.0, 28.4, 28.6, 28.7, 29.0, 29.3, 30.2 (CH2 spacer),
and cooled (025°C) mixture of 5a (1.66 g, 3.92 mmol) and N- 25.0 (CH2-suc), 61.6 (C-6), 67.8 (C-4), 69.3 (C-2), 73.2 (C-3), 75.0
hydroxysuccinimide (0.48 g, 4.17 mmol) in dimethoxyethane (8 ml). (C-5), 82.7 (C-1), 168.2, 168.8, 168.9, 169.2, 169.6 170.0 (C5O). 2
The mixture was stirred overnight, the solids were filtered off and IR (KBr): ν̃ 5 2929 (CH3), 2855 (CH2), 1739 (C5O), 1223 (OC-
the solvent was evaporated. The residue was precipitated twice OCH3). 2 MALDI-TOF-MS; m/z: 668 [M 1 Na]1, 685 [M 1 K]1;
from cyclohexane, yielding 6a (1.86 g, 3.58 mmol, 91%) as a viscous calcd. for C29H43NO13S 645.72.
syrup. 2 [α]D

20 5 259 (c 5 5, CH2Cl2). 2 1H NMR (400.1 MHz,
CDCl3): δ 5 2.01, 2.03, 2.07, 2.09 (4 s, 4 3 3 H, CH3CO), 2.89 (s,

Glucodendrimer 7: Compound 6a (483.5 mg, 0.931 mmol) was4 H, CH2-suc), 3.56, 3.86 (2 3 d, J 5 15.4 Hz, 2 H, SCH2), 3.80
added to a solution of 1a (73.7 mg, 0.233 mmol) in CH2Cl2 (10 ml)(ddd, J4,5 5 10.0 Hz; J5,6a 5 4.5 Hz; J5,6b 5 2.3 Hz, 1 H, 5-H),
and the reaction mixture was stirred overnight. After dilution with4.15 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.2 Hz, 1 H, 6b-H), 4.21 (dd,
CH2Cl2 (40 ml), the solution was washed with saturated aqueousJ6a,6b 5 12.5 Hz; J5,6a 5 4.7 Hz, 1 H, 6a-H), 4.85 (d, J1,2 5 10.0
Na2CO3 (5 3 30 ml, usually 123 h was required for the completeHz, 1 H, 1-H), 5.04 (pt, J1,2 ø J2,3 5 9.5 Hz, 1 H, 2-H), 5.11 (pt,
separation of layers), dried with Na2SO4, filtered and concentratedJ3,4 ø J4,5 5 9.8 Hz, 1 H, 4-H), 5.25 (pt, J2,3 ø J3,4 5 9.3 Hz, 1
to give 7 (0.38 g, 0.20 mmol, 86%) as a white foam. 2 [α]D

20 5H, 3-H). 2 13C NMR (100.6 MHz, CDCl3): δ 5 20.3, 20.4
234 (c 5 1.2, CH2Cl2). 2 1H NMR (400.1 MHz, CDCl3): δ 5(CH3CO), 25.3 (CH2-suc), 27.7 (SCH2), 61.7 (C-6), 67.9 (C-4), 69.6
1.45 (m, 4 H, NCH2CH2CH2CH2N), 1.69 (quint, J 5 6.5 Hz, 8 H,(C-2), 73.3 (C-3), 75.5 (C-5), 81.3 (C-1), 165.0 (SCH2CO2), 169.0
NCH2CH2CH2NH), 2.01, 2.04, 2.07, 2.09 (4 s, 48 H, CH3CO), 2.47(CO-suc), 169.4, 169.6, 170.0, 170.8 (CH3CO). 2 IR (KBr): ν̃ 5
(m, 4 H, NCH2CH2CH2CH2N), 2.51 (quint, J 5 6.3 Hz, 8 H,2946 (CH3 and CH2), 1740 (C5O), 1223 (OCOCH3). 2 MALDI-
NCH2CH2CH2NH), 3.28 (m, 8 H, NCH2CH2CH2NH), 3.27 andTOF-MS; m/z: 541 [M 1 Na]1, 557 [M 1 K]1; calcd. for
3.47 (2 3 d, J 5 15.6 Hz, 8 H, CH2CONH), 3.79 (ddd, J4,5 5 10.0C20H25NO13S 519.48.
Hz; J5,6a 5 4.5 Hz; J5,6b 5 2.3 Hz, 4 H, 5-H), 4.14 (dd, J6a,6b 5

N-Succinimidyl 6-(2,3,4,6-Tetra-O-acetyl-β--glucopyranosyl- 12.4 Hz; J5,6b 5 2.1 Hz, 4 H, 6b-H), 4.23 (dd, J6a,6b 5 12.4 Hz;
thio)hexanoate (6b): DCC (0.60 g, 2.91 mmol) was added to a J5,6a 5 4.7 Hz, 4 H, 6a-H), 4.70 (d, J1,2 5 10.0 Hz, 4 H, 1-H), 5.04
stirred and cooled (025°C) solution of 5b (1.39 g, 2.90 mmol) and (pt, J1,2 ø J2,3 5 9.5 Hz, 4 H, 2-H), 5.10 (pt, J3,4 ø J4,5 5 9.7 Hz,
N-hydroxysuccinimide (0.333 g, 2.90 mmol) in dimethoxyethane (5 4 H, 4-H), 5.24 (pt, J2,3 ø J3,4 5 9.4 Hz, 4 H, 3-H), 7.34 (t, J 5
ml). This mixture was stirred overnight, the solids were filtered off 5.5 Hz, 4 H, NH). 2 13C NMR (100.6 MHz, CDCl3): δ 5 20.5,
and the solvent was evaporated. The residue was precipitated twice 20.6, 20.7 (CH3CO), 24.0 (NCH2CH2CH2CH2N), 26.2
from cyclohexane, yielding 6b (1.45 g, 2.52 mmol, 87%) as a glass- (NCH2CH2CH2NH), 33.7 (SCH2), 38.0 (CH2NH), 51.0
like compound. 2 [α]D

20 5 224 (c 5 3.0, CH2Cl2). 2 1H NMR (NCH2CH2CH2NH), 53.2 (NCH2CH2CH2CH2N), 61.8 (C-6), 68.0
(400.1 MHz, CDCl3): δ 5 1.51 (quint, J 5 7.6 Hz, 2 H, (C-4), 69.7 (C-2), 73.5 (C-3), 75.8 (C-5), 83.3 (C-1), 168.9, 169.4,
CH2CH2CH2CO2), 1.63 (m, 2 H, SCH2CH2), 1.76 (quint, J 5 7.5 169.4, 169.9, 170.5 (C5O). 2 IR (KBr): ν̃ 5 3388 (NH), 2946 (CH3Hz, 2 H, CH2CH2CO2), 2.01, 2.03, 2.06, 2.09 (4 s, 4 3 3 H, and CH2), 1753 (C5O), 1226 (OCOCH3). 2 MALDI-TOF-MS;
CH3CO), 2.63 (t, J 5 7.4 Hz, 2 H, CH2CO2) 2.68 (m, 2 H, SCH2), m/z: 1937 [M], 1959 [M 1 Na]1; calcd. for C80H120N6O40S42.88 (s, 4 H, CH2-suc), 3.75 (ddd, J4,5 5 10.0 Hz; J5,6a 5 4.8 Hz; 1934.10.
J5,6b 5 2.3 Hz, 1 H, 5-H), 4.13 (dd, J6a,6b 5 12.4 Hz; J5,6b 5 2.2
Hz, 1 H, 6b-H), 4.24 (dd, J6a,6b 5 12.4 Hz; J5,6a 5 4.9 Hz, 1 H, Glucodendrimer 8a: Compound 6a (872 mg, 1.68 mmol) was ad-

ded to a solution of 1b (188.0 mg, 0.0262 mmol) in CH2Cl2 (10 ml)6a-H), 4.53 (d, J1,2 5 10.0 Hz, 1 H, 1-H), 5.02 (pt, J1,2 ø J2,3 5
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and the reaction mixture was stirred overnight. After dilution with [α]D

20 5 229 (c 5 2.27, H2O). 2 13C NMR (100.6 MHz, D2O):
δ 5 23.4, 26.6 (CH2CH2N), 27.8, 30.4, 31.8, 32.5 (CH2 spacer),CH2Cl2 (40 ml), the solution was washed with saturated aqueous

Na2CO3 (5 3 30 ml, usually 123 h was required for the complete 38.5 (SCH2), 39.3 (CH2NH), 53.2, 54.0 (CH2NCH2), 63.8 (C-6),
72.4, 75.2, 80.1, 82.7 (C-2, C-3, C-4, C-5), 88.1 (C-1), 179.5separation of layers), dried with Na2SO4 , filtered and concentrated

to give 8a (0.82 g, 0.025 mmol, 95%) as a slightly yellow foam. 2 (CONH). 2 IR (KBr): ν̃ 5 3416 (NH), 2927 (CH2), 1755 (C5O).
[α]D

20 5 237 (c 5 0.54, CHCl3). 2 13C NMR (100.6 MHz,
Glucodendrimer 9c: A solution of 8c (558 mg, 13.6 mmol) in a

CDCl3): δ 5 20.3, 20.4, 20.5 (CH3CO), 22.9, 26.3 (CH2CH2N),
mixture of dry CH2Cl2 (2 ml) and dry MeOH (3 ml) was treated

33.2 (CH2 spacer), 37.6 (CH2NH), 50.7, 51.2 (CH2NCH2), 61.7 (C-
with 1  MeONa in MeOH (0.5 ml) and stirred for about 15 min

6), 67.8 (C-4), 69.5 (C-2), 73.3 (C-3), 75.4 (C-5), 82.7 (C-1), 169.1,
at room temperature. A white precipitate was formed, the mixture

169.6, 170.2 (C5O). 2 IR (KBr): ν̃ 5 3388 (NH), 2947 (CH3 and
was concentrated and the residue was dissolved in water (6 ml) and

CH2), 1752 (C5O), 1223 (OCOCH3).
MeOH (1 ml). The solution was stirred overnight at room tempera-

Glucodendrimer 8b: Compound 6b (1.05 g, 1.82 mmol) was added ture, before being neutralized with 1  HCl to pH 5 6, concen-
to a solution of 1b (204.2 mg, 0.0285 mmol) in CH2Cl2 (10 ml) trated to 1 ml and subjected to dialysis in a water/methanol (1:1)
and the reaction mixture was stirred overnight. After dilution with mixture. This procedure furnished pure 9c (0.24 g, 7.9 mmol, 58%)
CH2Cl2 (40 ml), the solution was washed with saturated aqueous as a glass-like compound. 2 13C NMR (100.6 MHz, D2O/
Na2CO3 (5 3 30 ml, usually 123 h was required for the complete CD3OD): δ 5 22.4, 25.6 (CH2CH2N), 27.0, 30.0, 30.6, 30.8, 31.1,
separation of layers), dried with Na2SO4 , filtered and concentrated 31.2 (CH2 spacer), 37.3 (SCH2), 38.0 (CH2NH), 52.0 (CH2NCH2),
to give 8b (0.99 g, 0.0271 mmol, 95%) as a slightly yellow foam. 2 62.7 (C-6), 71.2, 74.2, 79.1, 81.5 (C-2, C-3, C-4, C-5), 86.9 (C-1),
[α]D

20 5 228 (c 5 0.55, CHCl3). 2 13C NMR (100.6 MHz, 176.9 (CONH). 2 IR (KBr): ν̃ 5 3425 (NH), 2929 (CH2), 1751
CDCl3): δ 5 20.1, 20.3 (CH3CO), 24.9, 28.0, 28.9, 30.4, 35.6 (CH2 (C5O).
spacer), 26.0 (CH2CH2N), 36.8 (CH2NH), 50.4 (CH2NCH2), 61.6
(C-6), 67.8 (C-4), 69.4 (C-2), 73.3 (C-3), 75.2 (C-5), 83.0 (C-1), [1] [1a] G. R. Newkome, C. N. Moorefield, F. Vögtle, Dendritic Mol-168.8, 168.9, 169.5, 170.0 (CH3CO), 173.1 (CONH). 2 IR (KBr): ecules. Concepts, Syntheses, Perspectives, VCH, 1996. 2 [1b] D.
ν̃ 5 3316 (NH), 2941 and 2860 (CH3 and CH2), 1755 (C5O), A. Tomalia, A. Naylor, W. A. Goddard III, Angew. Chem. Int.

Ed. Engl. 1990, 29, 1382175. 2 [1c] G. R. Newkome, A. Nayak,1228 (OCOCH3).
R. K. Behera, C. N. Moorefield, G. R. Baker, J. Org. Chem.

Glucodendrimer 8c: Compound 6c (1.17 g, 1.81 mmol) was added 1992, 57, 3582362. 2 [1d] Z. Xu, J. S. Moore, Angew. Chem. Int.
Ed. Engl. 1993, 32, 135421357. 2 [1e] C. Wörner, R. Mülhaupt,to a solution of 1b (202.6 mg, 0.0283 mmol) in CH2Cl2 (10 ml)
Angew. Chem. Int. Ed. Engl. 1993, 32, 130621308. 2 [1f] K. L.and the reaction mixture was stirred overnight. After dilution with
Wooley, C. J. Hawker, J. M. J. Fréchet, J. Am. Chem. Soc. 1991,

CH2Cl2 (40 ml), the solution was washed with saturated aqueous 113, 425224261. 2 [1g] K. L. Wooley, C. J. Hawker, J. M. J.
Na2CO3 (5 3 30 ml, usually 123 h was required for the complete Fréchet, Angew. Chem. Int. Ed. Engl. 1994, 33, 82285. 2 [1h] T.

M. Miller, T. X. Neenan, E. W. Kwock, S. M. Stein, J. Am.separation of layers), dried with Na2SO4 , filtered and concentrated
Chem. Soc. 1993, 115, 3562357. 2 [1i] J. Issberner, R. Moors,to give 8c (1.08 g, 0.0263 mmol, 93%) as a slightly yellow foam. 2
F. Vögtle, Angew. Chem. Int. Ed. Engl. 1994, 33, 241322420. 2

[α]D
20 5 217 (c 5 0.56, CHCl3). 2 13C NMR (100.6 MHz, [1j] J. S. Moore, Acc. Chem. Res., 1997, 30, 4022413. 2 [1k] F.

CDCl3): δ 5 20.3, 20.5 (CH3CO), 24.3 (CH2CH2CH2NCH2), 25.7, Zeng, S. C. Zimmerman, Chem. Rev. 1997, 97, 168121712.
[2] [2a] D. A. Tomalia, H. Baker, J. R. Dewald, M. Hall, G. Kallos,28.6, 29.0, 29.4, 29.8, 36.3 (CH2 spacer), 26.9 (NCH2CH2CH2NH),

S. Martin, J. Roeck, J. Ryder, P. Smith, Polym. J. 1985, 17,37.4 (CH2NH), 51.0 and 51.9 (CH2NCH2), 61.9 (C-6), 68.1 (C-4),
1172132. 2 [2b] D. A. Tomalia, H. Baker, J. R. Dewald, M.

69.6 (C-2), 73.6 (C-3), 75.5 (C-5), 83.3 (C-1), 169.1, 169.2, 169.8, Hall, G. Kallos, S. Martin, J. Roeck, J. Ryder, P. Smith, Macro-
170.3 (CH3CO), 173.7 (NHCO). 2 IR (KBr): ν̃ 5 3422 (NH), 2928 molecules 1986, 19, 246622468.

[3] G. R. Newkome, Z.-Q. Yao, G. R. Baker, V. K. Gupta, J. Org.and 2854 (CH3 and CH2), 1756 (C5O), 1228 (OCOCH3).
Chem. 1985, 50, 200322004.

Glucodendrimer 9a: A solution of 8a (0.21 g, 6.5 µmol) in a mix- [4] [4a] E. M. M. de Brabander-van den Berg, E. W. Meijer, Angew.
Chem. Int. Ed. Engl. 1993, 32, 130821311. 2 [4b] E. M. M. deture of dry CH2Cl2 (2 ml) and dry MeOH (3 ml) was treated with
Brabander-van den Berg, A. Nijenhuis, M. Muré, J. Keulen, R.1  MeONa in MeOH (0.5 ml) and stirred for about 15 min at Reintjens, F. Vandenbooren, R. de Raat, T. Frijns, S. v. d. Wal,

room temperature. A white precipitate was formed, the mixture was M. Castelijns, J. Put, E. W. Meijer, Macromol. Symp. 1994, 77,
concentrated and the residue was dissolved in water (6 ml) and 51262. 2 [4c] J. C. Hummelen, J. L. J. van Dongen, E. W. Mei-

jer, Chem. Eur. J. 1997, 3, 148921493.MeOH (1 ml). The solution was stirred overnight at room tempera-
[5] J. F. G. A. Jansen, E. M. M. de Brabander-van den Berg, E. W.ture, before being neutralized with 1  HCl to pH 5 6, concen- Meijer, Science 1994, 266, 122621229.

trated to 1 ml and subjected to dialysis in water. This procedure [6] [6a] G. R. Newkome, C. N. Moorefield, G. R. Baker, A. L. John-
furnished pure 9a (0.17 g, 7.63 µmol, 85%) as a glass-like com- son, R. K. Behera, Angew. Chem. Int. Ed. Engl. 1991, 30,

117621178. 2 [6b] G. R. Newkome, C. N. Moorefield, U.S. Pat.pound. 2 [α]D
20 5 231 (c 5 1.8, H2O). 2 13C NMR (100.6 MHz,

5,154,853 (Oct. 13, 1992). 2 [6c] S. Stevelmans, J. C. M. vanD2O): δ 5 23.2, 26.3 (CH2CH2N), 36.0 (CH2 spacer), 39.7 Hest, J. F. G. A. Jansen, D. A. F. J. van Boxtel, E. M. M. de
(CH2NH), 52.4, 53.2, 53.9 (CH2NCH2), 63.7 (C-6), 72.2, 75.0, 79.9, Brabander-van den Berg, E. W. Meijer, J. Am. Chem. Soc. 1996,
82.7 (C-2, C-3, C-4, C-5), 87.9 (C-1), 175.6 (CONH). 2 IR (KBr): 118, 739827399.

[7] [7a] A. W. Bosman, A. P. H. J. Schenning, R. A. J. Janssen, E.ν̃ 5 3421 (NH), 2924 (CH2), 1752 (C5O).
W. Meijer, Chem. Ber. 1997, 130, 7252728. 2 [7b] M. P. An-
drews, G. A. Ozin, Chem. Mater. 1989, 1742178.Glucodendrimer 9b: A solution of 8b (427 mg, 11.7 µmol) in a

[8] H. W. I. Peerlings, E. W. Meijer, Chem. Eur. J. 1997, 3,mixture of dry CH2Cl2 (2 ml) and dry MeOH (3 ml) was treated
156321570.with 1  MeONa in MeOH (0.5 ml) and stirred for about 15 min [9] [9a] P. Murer, D. Seebach, Angew. Chem. Int. Ed. Engl. 1995, 34,

at room temperature. A white precipitate was formed, the mixture 211622119. 2 [9b] P. K. Murer, J. -M. Lapierre, G. Greivel-
dinger, D. Seebach, Helv. Chim. Acta 1997, 80, 164821681.was concentrated and the residue was dissolved in water (6 ml) and

[10] [10a] J. W. J. Knapen, A. W. van der Made, J. C. de Wilde, P. W.MeOH (1 ml). The solution was stirred overnight at room tempera-
N. M. van Leeuwen, P. Wijkens, D. M. Grove, G. van Koten,ture, before being neutralized with 1  HCl to pH 6, concentrated Nature, 1994, 372, 6592663. 2 [10b] C. Bolm, N. Derrien, A.

to 1 ml and subjected to dialysis in water. This procedure furnished Seger, Synlett. 1996, 3872388.
[11] J. F. G. A. Jansen, H. W. I. Peerlings, E. M. M. de Brabander-pure 9b (0.23 g, 8.89 µmol, 76%) as a glass-like compound. 2
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H. W. I. Peerlings, S. A. Nepogodiev, J. F. Stoddart, E. W. MeijerFULL PAPER
van den Berg, E. W. Meijer, Angew. Chem. Int. Ed. Engl. 1995, A. Nepogodiev, J. F. Stoddart, Chem. Eur. J. 1996, 2,

111521128. 2 [20b] P. R. Ashton, S. E. Boyd, C. L. Brown, N.34, 120621209.
Jayaraman, J. F. Stoddart, Angew. Chem. Int. Ed. Engl. 1997,[12] D. -L. Jiang, T. Aida, Nature 1997, 388, 4542456.
36, 7322735. 2 [20c] N. Jayaraman, J. F. Stoddart, Tetrahedron[13] [13a] J. Haensler, F. C. Szoka, Jr., Bioconjugate J. 1993, 4,
Lett. 1997, 38, 676726770.3722379. 2 [13b] Y. C. Lee, R. T. Lee, K. Rice, Y. Ichikawa, T.-

[21] P. R. Ashton, S. E. Boyd, C. L. Brown, S. A. Nepogodiev, E.C. Wong, Pure Appl. Chem. 1991, 63, 4992506. 2 [13c] Y. C.
W. Meijer, H. W. I. Peerlings, J. F. Stoddart, Chem. Eur. J. 1997,Lee, R. R. Townsend, M. R. Hardy, J. Arnarp, M. Haraldson,
3, 9742984.J. Lönn, J. Biol. Chem. 1983, 258, 1992202. 2 [13d] H. J. M.

[22] [22a] K. Aoi, K. Itoh, M. Okada, Macromolecules 1995, 28,Kempen, C. Hoes, J. H. van Boom, H. H. Spanjer, J. de Lange,
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