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ABSTRACT

[
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The nonreducing disaccharide trehalose was modified into an octa-amino-functionalized core molecule to serve in the synthesis of carbohydrate-
centered PAMAM glycodendrimers and thiourea-bridged glycoclusters.
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After numerous routes for the synthesis of dendrimers have
been elaborated in recent years, today’s dendrimer research gcheme 1. Synthetic Approach to Carbohydrate-Centered

emphasizes the development of useful applications of PAMAM Dendrimerg
functional dendrimer$. Early on, PAMAM (polyamido o

) i ) - . J_oH T Qo0
amine) dendrimefsbecame interesting molecules in trans- m — 2O N,

fection, as it was shown that they are able to transfer DNA
into eukaryotic cell$.To synthesize core-modified PAMAM
dendrimers, which might have advantageous properties

methyl acrylate

compared to their promising original counterparts, we have Q
recently introduced carbohydrate-centered analotjgest, mo/o\/\N/\)\ OMe
D-glucose was transformed into its per-aminoethyl-function- OMe
alized derivative, which was then submitted to the iterative 3
reaction sequence for the construction of PAMAM genera- l ethylenediamine
(1) (@) Matthews, O. A.; Shipway, A. N.; Stoddart, J.F¥og. Polym.
Sci.1998,23, 1-56. (b) Végtle, F.; Fischer, MAngew. Chem1999,111, Qe NH
934—-955; Angew. Chem., Int. EA999 38, 884-905. (c) Hecht, S.; Fréchet, 00 /\)\\NH
J. M. J.Angew. Chem2001,113, 76-94; Angew. Chem., Int. ER001, m ~N
40, 74-91. \/YNH
(2) Tomalia; D. A.; Baker, H.; Dewald, J. Rolym. J.1985,17, 117— N
132, o] NH,
(3) Tang, M. X.; Redemann, C. T.; Szoka, F. Bloconjugate Chem. . .
1996,7, 703—714. aThis method has been successful witlylucose?

(4) Dubber, M.; Lindhorst, Th. KChem. Commuril998, 1265—1266.
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aKey: (a) CHCl,—MeOH 5:1, NaHCQ, Os, 15 min,—78 °C, then PPk 12 h, then dibenzylamine, NaBH(OAg)CH,Cl,, 80%; (b)
Pd—C, NHCO,, MeOH, reflux, 60%; (c) methyl acrylate, MeOH, led to a polydisperse mixture of structurally defect molecules.

tions, consisting of the addition to methyl acrylate followed || A

by amidation with ethylenediamine (Scheme 1). It has been Scheme 3
our goal to extend this concept, exemplified with glucose,

to oligosaccharides such as the nonreducing disaccharide foute A (Scheme 2): roue®

trehalose. First, we followed the route, which had been & oH o
successful with the monosaccharide, comprising perallylation, © Br._~_NRBoc
ozonization, reductive amination with dibenzylamine, and ¢70% V R = H or Boc
reductive debenzylation (Scheme 2; Scheme 3, route A). o

Indeed, this proc):/edure (furnished the fully aminoethyl)- WO\/\ E%OWNRBOC
modified trehalose derivativ&in good yield. However, when i

3 was treated with methyl acrylate in MeOH to give the first l y

PAMAM half-generation, a clean product was not obtained. &0~ Q.0_~_NH,
No reaction conditions that led to a structurally perfect, , <
monodisperse product could be discovered. A polydisperse ltwf‘;{;ps

mixture such ad (Scheme 2) was obtained instead, showing o J)ij

significant amounts of defects upon mass spectrometric N0 route D (Scheme 4).
investigation. ©

Molecular modeling suggested that steric hindrance pre- LGO% V&O‘/\
vents the synthesis of structurally perfect trehalose-centered
dendrimers of the targeted type. We therefore decided to N0 NH, ¢83%
extend the sugar-linked spacers by one methylene group. EO/O\/\/OH
Thus, the aminopropyl-modified trehalose-centered core
molecule8 (Scheme 4) became our target. Several routes route C: ‘52%
for its synthesis were investigated (Scheme 3, route®B
of which the reaction of trehalose with an amino-protected v&/o"' v&o\/\Br
3-bromo-propylamine (Scheme 3, route B) represents the CN
shortest pathway. However, this approach was not successful ¢ = ¢99%
in our hands.

Alternatively, the exhaustive addition to acrylonitrile and X0 00 \/\?N
subsequent reduction of the resulting oligo-nitrile (Scheme i — o}
3, route C) may lead t8. While the exhaustive addition of V l 58%
trehalose to acrylonitrile was easily accomplished following 0.0~ NH, 0.0 ~_NH,

(5) Dubber, M.; Lindhorst, Th. KCarbohydr. Res1998,310, 35-41.
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Scheme 4
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aKey: (a) 9-BBN, THF, then NaOH, }D,, 83%¢2 (b) CBr;, PPh, THF, 63%; (c) KPhthN, DMF, 99%; (d) Ns#NH,, THF, 58%; (e)
methyl acrylate, MeOH, 94%; (f) 2,3,4,6-tet@-acetyl-ap-mannopyranosyl isothiocyanate, @&, 4 h, 41%; (g) NaOMe, MeOH, 87%.

a procedure of Newkontfereduction of the resulting octa-  functionalized analogué in sufficient yield. Subsequent
nitrile led to complex product mixtures. Due to the sensitivity Gabriel synthesié finally gave the desired oct@-amino-

of the intraglycosidic bond in trehalose, standard reduction propyl-modified trehalose derivative to be used as a core
protocols, which are also applied in dendrimer chemistry, molecule in PAMAM synthesis. Even though route D is the
were not applicable. Milder procedures, on the other hand, longest of a collection of four alternatives, it proved to be

always led to the formation of secondary amines as side very convenient for this purpose.

products, which could not be separated from the product.
Finally, we envisaged utilizing hydroxypropyl-function-
alized trehalos®, which we have recently described in the
context of glycocluster synthesig.he octa-ob can be easily
obtained by hydroboration of oc@-allyl-trehalosel (Scheme
4). An Appel reactiohis suited to convers into its bromo-

(6) Newkome, G. R,; Lin, X.; Young, J. KSynlett1992, 53-54.

(7) (&) Moors, R.; Vogtle, FChem. Ber.1993,126, 2133—2135. (b)
Worner, C.; Milhaupt, RAngew. Chem1993,105, 1367—1369Angew.
Chem., Int. Ed. Engll993 32, 1306-1308. (c) de Brabander-van den Berg,
E. M. M.; Meijer, E. W.Angew. Chem1993,105, 1370;Angew. Chem.,
Int. Ed. 1993,32, 1308.

(8) Dubber, M.; Lindhorst, Th. KJ. Org. Chem2000,65, 5275—5281.

(9) Appel, R.Angew. Chem1975,87, 863—874;Angew. Chem., Int.
Ed. Engl.1975,14, 801—811.
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When 8 was used as the core molecule in PAMAM
synthesis, the first half-generation trehalose-centered den-
drimer was obtained as a monodisperse product without
structural defects (Scheme 4).

We will eventually evaluate the construction of higher
dendrimer generations. Here, we also demonstrate3ttet
be favorably used for the synthesis of glycoclusters. As
carbohydrate clusters form crucial ligands in numerous
biological recognition processéssuch as in the mannose-

(10) Gabson, M. S.; Bradshaw, R. \Wngew. Chem1968,80, 986—
996; Angew. Chem., Int. Ed. Engl968,7, 919—929.

(11) Essentials of Glycobiology; Varki, A., Cummings, R., Esko, J.,
Freeze, H., Hart, G., Marth, J., Eds.; Cold Spring Harbour Laboratory
Press: Spring Harbor, Plainview, NY, 1999.
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specific adhesion oEscherichia colibacteria to their host In conclusion, we found a versatile way to transfer
cells*? the synthesis of multivalent glycoligarid$orms an trehalose into an octa-amino-functionalized core molecule,
interesting field of glycobiology? which can be employed in various ways. Two possibilities,
Thiourea bridging is an especially successful technique the syntheses of trehalose-centered dendrimers and glyco-
in glycocluster synthesi$.When8 was reacted with 2,3,4,6-  clusters, are demonstrated in this contribution. The potential
tetraO-acetyla-D-mannopyranosyl isothiocyanate, the octa- of the research presented herein will invite the use of the
valent thiourea-bridged mannose clustémwas obtained in  described chemistry also for applications in a different
a clean reaction and easily deprotected to give the freecontext such as that recently shown with the glucose-centered

glycoclusterll. predecessor .16
(12) Lindhorst, Th. K.; Kieburg, C.; Krallmann-Wenzel, Glycocon-
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