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ABSTRACT

A series of silanes containing carbohydrate residues usable as
building blocks for the preparation of modified poly(dimethyl-
siloxane)s (PDMS) were synthesized. Allyl glycosides, allyl
ethers and allyl amides of glucose, gluconic acid and glucuronic
acidy-lactone with protected hydroxyl groups were reacted with
diisopropoxymethylsilane in the presence of hydrosilylation cat-
alysts yielding sugar substituted dialkoxysilanes. In addition, di-
and trialkoxysilanes containing sugar residues were obtained by
reaction of D(+)glucon@-lactone with 3-aminopropylsilanes.
By hydrosilylation of tetramethylcyclotetrasiloxane with trimeth-
ylsilyl (TMS)-protected 3-O-allylglucose a glucose substituted
cyclosiloxane was obtained and used in equilibration reactions
for the synthesis of water soluble PDMS with pendant sugar
moieties. However, the ring double bond of cellobial was found
to be unaccessible for hydrosilylations.

* Author to whom correspondence should be addressed.

323

Copyright © 2000 by Marcel Dekker, Inc. www.dekker.com



Downl oaded At: 12:46 24 January 2011

324 HAUPT ETAL.
INTRODUCTION

Polymers consisting of ayirophobic, it chemically and biologically
stable, synthetic backbone and side chains of a natydabhilic saccharide
residue (“glycopolymers”) [1, 2], We attracted increasing interest in recent
years, mainly with respect t@ry special applications in basic biochemical and
biomedical researchWWhereas numerous combinations of polyacryate, -poly
methacrylate and polystyrene backbones with saccharides been inestk
gated, PDMS hae been scarcely considered, although their use gdraghc
bic backbone is of a@wtage because of their good chemical and thermal
stability, high oxygen dfnity, as well as biocompatibilitySuch lydrophobic/
hydrophilic hybrid polymers including linear as well as crossidlPDMS types
are &pected to xhibit interesting properties useful in nyaapplications, for
example as amphiphilic polymers (nonionic silicone actdints), sugce modi
fiers or biocompatible materials. In additiongamofunctional silanes and silox
anes with idroxyl groups are of interest as resin components foicuweble
resins based on silicone acrylates as well as for the preparation gdniwer
organic tybrid materials by the sol-gel process.

Reactions of sugys with chlorosilanes are well knn, predominantly
for protecting their droxyl groups and for analytical purposes. But, due to the
hydrolytical sensitiity of the Si-O-C bonds, this reaction is not suitable for the

synthesis of PDMS-based glycopolymers. In contrast, stable Si-C- bonds can be

formed by lydrosilylation of compounds with carbon-carbon multiple bonds in
the presence of Pt-, Pd-, Rh-, Ru-based catalystJ ig].addition of fdrost
lanes to unsaturated alcohols catalyzed by chloroplatinic avek gise to
numerous side reactions such as the liberatiorydfdgen and the associated
formation of a silyl etheror theB-addition to the C=C double bonthus, HO-
groups of unsaturated alcohols are preferentiallwigeal with a protectie
group which is remeed after the addition reaction [4]. In addition, the reaction
time and the formation of byproducts of thgdiosilylation is strongly influ
enced by the temperature, satv and type of catalyst which has to be carefully
selected in each case.

In previous work, we described silicone rubbers crosstloy glucose
or sucrose moieties [5-7]. Stadletr al reported linear PDMS containing glu
cose-, or glactose residues [8-11] andry recentlythe attachment of N-allyl-
aldonoamides to PDMS ag irvesticated atensvely by the same authors with
respect to the crucial role of thgdrosilylation catalyst [12].
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Scheme 1.

Saccharide substitutedwomolecular silanes and siloxanes usable as
building blocks for the preparation of maed PDMS hae not been reported so
far. Compared to the attachment of audervatives to preformed reacé silox
ane polymers such monomers and intermediafies wfuch more polymeriza
tion flexibility in the preparation of modéd PDMS with special molecular
architectures.

The frst part of this series deals with the synthesis and characterisation
of some lev molecular silanes and siloxanesilding blocks containing sy
residues, the basic structures of which areveha Scheme ITypel monomers
can be used for the synthesis of poly(siloxane)s by polycondensation or for sol-
gel reactions, whereas typle monomers can be incorporated by equilibration
reactions. In order to prent side reactions due to the HO-groups and to get
homogenous reaction media the saccharides generakytbde protected for
the monomer syntheses as well as for polycondensations and equilibrations.

EXPERIMENTAL

General

D(+)-Glucose, D(+)-gluconé-lactone 6), D(+)-glucuronoy-lactone,
allyl alcohol, allylamine trimetyichlorosilane, and h@metlyldisilazane were
obtained fromAldrich and used as reeeid.All solvents were dried by common
methods and distilled. 3-O-Allyl-1,2;5,6-di-O-isopydipen-a-D(+)-glucofura-
nose (a) [13], allyl-2,3,4,6-tetra-O-acety3-D-glucopyranoside {b)[14], diiso-
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propoxymetlylsilane @) [15], 1,2-O-isoproplidene glucofuranosidurono-6,3-
lactone {)[16], 3,4,6-tri-O-acetyl-D-glucal 138 [17], 3,6,2",3",4",6"-Hea-
O-acetyl-D-cellobial 13b) [17], the 3-aminoproplysilane®a-d were prepared
according to the literature [18]

The solution of Karstedi’ catalyst [19] \as obtained by heating a mix
ture of 0.25 g N#tCL.4.H0O, 0.25 g 2,4,6,8-tetramafitetravinylcycotrisi-
loxane and 0.25 g NaHG@ 1ml abs. ethanol to 76 for 10 minutes under
nitrogen atmospher&he solhent was remeed by a nitrogen stream and the
residue vas dissoled in 2.5 ml abs. benzene.

'H-NMR and*C-NMR-Spectra were recorded on a BeuRC-E-200
FT-NMR spectrometer

Allyl-2,3,4,6-tetra-O-trimethylsilyl- B-D-glucopyranoside (1c)

To get the purg-isomer 1c was prepared by deacetylation 1§ and
subsequent silylation. 9.71 g (25 mmal) was dissoled in 100 ml 0,01 M
NaOCH; in CH;OH and stirred with 20 g strong acid iaxchanger (Levatit SC
10400 at room temperature for 2 houfithe ion &changer \as fltered of and
the solent was remeed under reduced pressuréeld: 4.5 g (82%) ally-D-
glucopyranoside.

2.7 g (12 mmol) allyB-D-glucop/ranoside and 9.85 g (61 mmol)xae
mettyldisilazane were heated to reflux for 20 hodrse reaction mixture as
filtered and rcess disilazane as remweed under reduced pressuyeeld: 4.0 g
(64%)

'H-NMR (DMSO-d) & (ppm): 6.08-5.85 (m; 1H; CH=), 5.34-5.11 (m;
2H; =CH,), 4.42-3.13 (m; 9H; H-1,2,3,4,5,6,6’, =CHHg), 0.30-0.02 (m; 36H;
9(CH)

“C-NMR (DMSO0) & (ppm): 134.50 (=CH), 117.39 (GH), 102.38
(C-1), 79.04, 76.86, 76.35 (C-2,3,5), 71.92 (C-4), 70.04 (€EH); 62.48 (C-
6), 2.64, 2.09, 1.55, 1.40, 1.05, 0.78, 0.6, -0.07 (Sj}CH

3-0-Allyl-1,2,4,6-tetra-O-trimethylsilyl-D-glucopyranose (1d)

1d was prepared by deprotectionid and subsequent silylation. 10 mi
conc. HCl vas dropped into a dispersion of 12.6 g (42 mrhain 150 ml water
and stirred at room temperature for 1 hdure solution vas adjusted to pH 7
with 10% NaOHAfter removal of water under reduced pressure the residag w
stirred with 50 ml CHOH, filtered, and the soént was distilled.Yield: 6.3 g
(68%) 3-O-allyla-D-glucop/ranose A solution of 8.9 g (81 mmol) trimeyh
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chlorosilane in 30 ml n-kxane vas dropped within one hour to a mixture of 4.5
g (20.4 mmol) 3-O-allyl-D-glucop/ranose, 20 ml formamide and 6.6 g (81
mmol) pyridine at 0-8C under nitrogen atmosphere and then stirred for 2 hours.
The he&ane phase as separated, the sefvt was remeed under reduced pres
sure, the residueas redissoled inn-hexane and punéd by treatment with car
bon blackYield: 5.6 g (68 %).

'H-NMR(CDCl;) & (ppm): 6.02-5.81 (m; 1H; CH=), 5.33-5.06 (m; 2H:;
=CH,), 4.50-3.10 (m; 9H; H-1,2,3,4,5,6,6’, =CHHg), 0.23-0.08 (m; 36H;
9(CHy).

“C-NMR(CDCL) & (ppm): 135.36, 135.14 (=CH), 115.51, 115.15
(CH,=), 97.88 (C-1(), 93.71 (Ce), 85.03 (C-B), 81.13 (C-8&), 77.21, 76.86,
74.99, 74.10, 73.77, 72.17, 70.63 (C-2,4,5 u. =CHHY),61.71 (C-6).

Allyl-D-glucofuranosidur ono-6,3-lactone

8,8 g (50 mmol) D(+)-glucurongHactone, 10.0 g ion xehanger
(Lewatit SC 104 and 50 ml allyl alkhol were stirred at 8C for 4 hoursThe
ion exchanger s fltered of and excess allyl alcohol as distilled under reduced
pressureThe residue as recrystallized from eflacetate.

Yield: 5.9 g (55%.

Fp 106-108C
Elemental analysis (%) Calculated: C 50,00 H 5,59

Found: C 49,42 H 5,41

'H-NMR (DMSO-d) & (ppm): 5.95-5.70 (mH, -CH=), 5.90 (d, 1H,
C5-OH), 5.75 (d, 1H, CHOH), 5.30-5.05 (m, 2H, =CH{ 5.00 (s, 1H, H-1),
4.90-4.70 (m, 2H, H-3, H-4), 4.50 (t, 1H, H-5), 4.10 (d, 1H, H-2), 4.25-4.10 (m,
1H, H-a of -CH,-), 3.95 — 3.80 (m, 1H, Ha( of -CH,-).

“C-NMR (DMSO-d) & (ppm): 175.3 (C-6), 134.9 (-CH=), 117.0 (=CH2), 108.0
(C-1), 83.0 (C-3), 78.4 (C-2), 77.3 (C-4), 69.0 (C-5), 67.7 ¢LH

Allyl-2,5-di-O-trimeth ylsilyl-D-glucofuranosid-urono-6,3-lactone (1e)

A solution of 5.0 g (46 mmol) trimegkchlorosilane in 23 ml n-h@ne
was dropped into a mixture of 4.5 g (21 mmbip 3,7 ml gyridine and 14 ml
formamide at 0-8C under nitrogen atmosphere and subsequently stirred at room
temperature for 1.5 hour§he he&ane phase as separated, the seiv was
removed under reduced pressufidie residue was redissoled in n-h&ane and
purified by treatment with carbon blackeld: 5.5 g (73 %).
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'H-NMR (CDCL) & (ppm): 5.95-5.70 (m, 1H, -CH=), 5.30-5.10 (m,
2H, =CH,), 5,00 (s, 1H, H-1), 4.90 (dd, 1H, H-4); 4.70 (d, 1H, H-3) 4.40-4.30
(m, H-2, H-5); 4.35-4.20 (m, 1H; -CH,-) 3.95-3.80 (m, 1He(' of -CH,),
0.35-0.05 (bs, 18H, Si-GH

“C-NMR (CDCE) & (ppm): 173.6 (C-6), 133.5 (-CH=), 117.6 (=QH
107.1 (C-1) 83.3 (C-3), 78.5(C-2), 77.7 (C-4), 69.8 (C-5), 68.1 (-G} -0.1;

-0.2 (Si-CH).

General Procedure for the Hydrosilylation of the Unsaturated
Sugar Derivatives la-e

A solution of the allyl substituted sagand anxcess oR in toluene or
0-Xylene vas heated to reflux in a nitrogen atmosphere and the catalyst solution
was addedAfter the reaction time, the solutions weikefed and puried by
treatment with carbon black and the solvand unreacte® were distilled of
under reduced pressur€he purity of liquid products as conifrmed by @s
chromatograpyy *H- and**C-NMR-spectroscopin CDCl.

3a 3.0 g (10 mmollla, 4.87 g (30 mmol®, 0.2 ml catalyst solution, 20
ml o-xylene, 0.5 hours refluXield: 4.0 g (87%).

'H-NMR (CDCL) & (ppm): 5.87 (d; 1H; H-1), 4.50 (d; 1H; H-2), 4.32 (t;
1H; H-5), 4.21-3.92 (m; 7H; H-4,6,6', O-GH2CH-(CH,),), 3.83 (d, 1H; H-3),
1.70-1.52 (m; 2H; Si-CHCH,), 1.47, 1.40, 1.34 u. 1.32 (4s; 12H; 20445),
1.14, 1.11 (2s 12H; 2CH-{4£),), 0.61-0.50 (m; 2H; Si-C}§), 0.10 (s; 3H; Si-
CHs).

“C-NMR (CDCE) & (ppm): 111.84 u. 109.02 (};105.44 (C-1), 83.06,
82.69, 81.35 (C-2,3,4), 77.92, 76.65 (C-5, OCH7.36 (C-6), 64.860H-
(CHy),), 16.98, 26.24, 25.57 (QH,),), 25.90, 25.68 (CHEHs),), 23.55 (Si-
CH,-CH,), 11.05 (Si-CH), -3.78 (Si-CH).

3b:1.9 g (5 mmollilb, 2.4 g (15 mmolR, 0.2 ml catalyst solution, 10 ml
o-xylene, Shour reflux.Yield: 2.7 g (98%).

'H-NMR (CDCL) & (ppm): 5.21-4.88 (m; 3H; H-2,3,4), 4.48 (d; 1H; H-
1), 4.30-3.32 (m; 7H; H-5,6,6’, O-GH2CH-(CHs),), 2.10-1.90 (4s; 12H; 4CGH
1.68-1.48 (m; 2H; Si-CHCH,), 1.21-1.03 (m; 12H; 2CH-(&),), 0.57-0.42
(m; 2H; Si-CH), 0.10 (s; 3H; Si-CH).

“C-NMR (CDCL) & (ppm): 170.81, 170.43, 169.55, 169.41 (C=0),
105.66 (C-1), 73.03, 72.71, 71.86, 71.49 (C-2,3,5, Q}088.57 (C-4), 64.85
(CH-(CHy),), 62.11 (C-6), 25.86, 25.64 (CHKEK5),), 23.30 (Si-CH-CH,), 20.77
(Acetyl-CHy), 10.81 (Si-CH), -3.80 (Si-CH).
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3c 1.5. g (1 mmolilc, 1,6. g (10 mmol®, 0.1 ml catalyst solution, 10
ml o-xylene, 0.5 hour refluXield: 1.75 g (82%).

'H-NMR (CDCL) & (ppm): 4.20-3.13 (m; 11H; H-1,2,3,4,5,6,6', O-CH
2CH-(CH;y),,), 1.74-1.52 (m; 2H; Si-CHCH,), 1.20 (d; 12H; 2CH-(8,),),
0.67-0.54 (m; 2H; Si-Ch), 0.23-0.10 (m; 39H; 13Si-GH

“C-NMR (CDC}) & (ppm): 102.95 (C-1), 78.91, 76.59, 76.32 (C-2,3,5),
71.80 (C-4 u. O-Ch), 68.57 (C-4), 64.440H-(CHy),), 62.44 (C-6), 25.91 (CH-
(CHy),), 23.46 (Si-CHCH,), 11.28 (Si-CH), 1.57, 1.06, 0.21, -0.30 (TMS-Si-
CH;y), -3.75 (Si-CH).

3d: 1.0 g (2 mmol}iLd, 0.66 g (4 mmolR, 0.1 ml catalyst solution, 5 ml
o-xylene, 0.5 hours refluXield: 1.3 g (98%).

'H-NMR (CDCL) & (ppm): 4.48-3.05 (m; 11H; H-1,2,3,4,5,6,6,
O-CH,, 2(CH-(CHs),), 1.25-1.07 (m; 2H; Si-CHCH,), 1.18, 1.14 (2s;
12H; 2(CH-(Ms),), 0.57-0.40 (m; 2H; Si-Chl, 0.23-0.08 (m; 39H; 13
(Si-CHy).

“C-NMR (CDCE) & (ppm): 98.29 (C-f), 94.07 (C-h), 85.81 (C-B),
81.76 (C-&), 77.65, 76.62, 76.38, 74.74, 72.45, 71.22, 71.11 (C-2,4CH M-
64.62 CH-(CHsy),), 62.12 (C-6), 25.89, 25.67 (CKifls),), 23.86 (Si-CHCH,),
10.78 (Si-CH), 1.59, 0.95, 0.72, 0.49, 0.31, -0.17, -0.30 (TMS-SKCFB.83
(Si-CHs).

3e 2.4 g (6.5 mmollle 1.1 g (6.5 mmolR, 4 mg Rh(PEH:)sCl (solu
tion in toluene), 40 ml toluene, 1M 17 hoursYield: 3.2 g (93%)

'H-NMR (CDCL) & (ppm): 5.00-4.75, (m, 2H, H-1, H-3), 4.75-4.60 (d,
1H, H-3), 4.50-4.25 (m, 2H, H-2, H-5), 4.15 (m, 2H, -B-CCH,),), 3.85-3.70
(m, 1H, Ha of -CH,-), 3.35-3.15 (m, 1H, K¢ of -CH,-), 1.70-1.40 (m, 2H, Si-
CH,-CH,-), 1.30-1.00 (m, 12H, -O-CH-{&),), 0.65-0.40 (m, 2H, Si-CHCH.-

), 0.35 0.00 (bs, 21H, Si-GH

N-Allyl-gluconic Acid Amide (4a)

A mixture of 7.13 g (40 mmol) D(+)-glucon®tactone and 2.86 g (40
mmol) allylamine vas reflwed in 50 ml methanol for 15 minutéthe solution
was cooled and the precipitated white crystals were dried under reduced pres
sure.
Yield: 6.7 g (67.2 %). Fp.:120-2C
Elemental analysis @8&,/NOs, %)
Calculated: C 45.95 H7.28 N 5.95
Found: C 46.16 H 6.96 N 5.87
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IR (KBr) (cm™): 3400 (O-H, N-H), 2922 (C-H), 1667, 1653, 1640
(C=0, C=C), 1541 (N-H bending).

'H-NMR (DMSO-d¢:+D,0): 7.77 (bs; 1H; NH), 5.92-5.70 (m; 1H;
CH=), 5.37-5.00 (m; 2H; =Chi 4.11-3.91 (m; 2H; NH-8,), 3.83-3.32 (m;
11H; H-2,3,4,5,6,6’, 8OH)

“C-NMR (DMSO-d): 172.69 (C=0), 135.55 (CH=), 115.35 (=QH
74.03, 72.81, 71.90 70.54 (C-2,3,4,5), 63.71 (C-6), 40.97 (NEK-CH

N-Allyl-penta-trimeth ylsilyl-gluconic Acid Amide (4b)

4.70 g (20 mmoldaand 28.3 g (175 mmol) kametlyldisilazane were
heated to reflux for 72 hours under nitrogen atmospfée reaction mixture
was fltered, the gcess disilazane ag remweed under reduced pressure and the
residue vas fractionated.

Yield: 11.7 g (86%), Bp: 131-3€/0.015 mbar

'H-NMR(CDCly): 5.96-5.73 (m; 1H; CH=), 5.28-5.10 (m; 2H; =QH
4.30-3.42 (m; 8H; NH-8,, H-2,3,4,5,6,6"), 0.22-0.02 (m; 54H; Si-gH

“C-NMR(CDCL): 171.92 (C=0), 134.39 (CH=), 116.87 (=gH77.82,
75.55, 74.04, 72.64 (C-2,3,4,5), 64.28 (C-6), 41.66 (NH}COH98, 0.86, 0.76,
0.38, 0.39 (Si-CH).

N-(3-Diisopropoxymethylsilyl-)pr opyl-penta-O-trimethylsilyl-gluconic Acid
Amide (5)

A solution of 2.00 g (3.35 mmo#b and 1.62 g (10 mmol) 2as in 10
ml o-Xylene vas heated to reflux under nitrogen atmosphere. and 0,05 ml cata
lyst solution vas addedAfter refluxing for 30 minutesThe solent was
removed under reduced pressure.
Yield: 2,59 (97%)
Elemental analysis (gH;sNOgSis, %)
Calculated: C 49.09 H 9.97 N 1.85
Found: C 49.26 H 9.61 N 1.75
'H-NMR (CDCL): 6.58 (bs; 1H; NH), 4.24-3.00 (m; 10H; H-
2,3,4,5,6,6', N-CH 2(CH-(CHy),), 1.68-1.50 (m; 2H; Si-CHCH,), 1.23-1.14
(m; 12H; 2(CH-(®s),), 0.68-0.54 (m; 2H; Si-CH), 0.26-0.09 (m; 48H; 16(Si-
CHsy).
“C-NMR(CDCL): 171.99 (C=0),77.26, 76.01, 73.93, 72.54 (C-2,3,4,5),
64.95 CH-(CH,),), 64.19 (C-6), 41.90 (NH-CH 25.92 25.70 (CHEH),),
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23.74 (Si-CH-CH,), 12.54 (Si-CH), 1.06, 0.92, 0.49, -0.34 (TMS-Si-QFB.74
(Si-CHy).

General Procedure for the Reaction of D(+)-gluconod-Lactone (6) with
Aminosilanes

A mixture of 6 and the aminosilane a8 refluwed in methanol under
nitrogen atmosphere for 30 minutd$e solent was remwed under reduced
pressure and the residual crystals were dried.

9a 7.13 g (40 mmolp, 7.65 g (40 mmolBa, 70 ml methanolYield:
12.67 g (86 %)

Fp. 103-104C.

'H-NMR (DMSO+D,0): 7.63 (bs; 1H; NH), 4.70-3.30 (m; 11H; H-
2,3,4,5,6,6', 50H), 3.69 (qg; 4H; 2(0-QH3.13-2.94 (m; 2H; NH-8,), 1.54-
1.32 (m; 2H; NH-CH-CH,), 1.10 (t; 6H; 2(O-CHCHs), 0.58-0.40 (m; 2H; Si-
CH,), -0.02 (s; 3H; Si-CH).

“C-NMR (DMS0):172.21 (C=0), 73.60, 72.39, 71.42, 70.05 (C-
2,3,4,5), 63.31 (C-6).

57.37 (O-CH), 41.06 (NH-CH), 22.69 (NH-CH-CH,), 18.26 (O-CH
CH,), 10.6 (Si-CH), -4.95 (Si-CH).

9h: 0.534 g (3 mmolp, 0.658 g (3 mmolBb, 5 ml methanolYield: 1.19
g (100%).

'H-NMR (DMSO+D,0):7.70 (bs; 1H; NH), 4.70-3.30 (m; 13H; H-
2,3,4,5,6,6', 50H, 28-(CH,),), 3.17-3.00 (m; 2H; NH-8,), 1.55-1.38 (m; 2H;
NH-CH,-CH,), 1.18, 1.14 (2s; 12H; 2CH-{E),), 0.58-0.43 (m; 2H; Si-C}),
0.10 (s; 3H; Si-CHh).

“C-NMR (DMSO0): 172.58 (C=0),73.99, 72.98, 71.80, 70.41 (C-
2,3,4,5), 64.58QH-(CH,),), 63.69 (C-6), 41.54 (NH-CH 25.98 (CH-CHy),),
23.28 (NH-CH-CH,), 12.05 (Si-CH), -3.57 (Si-CH).

9c: 7.1 g (40 mmolp, 8.9 g (40 mmolBc, 70 ml methanolYield: 15.1
g (94%).

'H-NMR (DMSO+D,0):7.62 (bs; 1H; NH), 4.40-3.30 (m; 11H;
H-2,3,4,5,6,6', 50H), 3.72 (q; 6H; 3(0-QH3.13-2.97 (m; 2H; NH-8,),
1.55-1.38 (m; 2H; NH-CHCH,), 1.13 (t; 9H; 3(CH), 0.60-0.43 (m; 2H;
Si-CH,).

“C-NMR (DMSO0):172.23 (C=0), 73.59, 72.40, 71.42, 70.06 (C-
2,3,4,5), 63.32 (C-6), 57.63 (0-GH40.94 (NH-CH), 22.64 (NH-CH-CH,),
18.10 (CH), 7.23 (Si-CH).
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9d: 0.9 g (5 mmolk, 1.32g (5 mmolBd, 10 ml methanolYield: 1.9 g
(88 %).

'H-NMR (DMSO+D,0): 7.70 (bs; 1H; NH), 4.70-3.30 (m; 14H; H-
2,3,4,5,6,6', 50H ,38-(CH;),), 3.16-3.02 (m; 2H; NH-8,), 1.54-1.41 (m; 2H;
NH-CH,-CH,), 1.18, 1.14 (2s; 18H; 3CH-{£),), 0.60-0.43 (m; 2H; Si-C}j.

“C-NMR (DMSO0): 172.30 (C=0), 73.99, 72.97, 71.81, 70.42 (C-
2,3,4,5), 64.65QH-(CH,),), 63.70 (C-6), 41.45 (NH-CH| 25.74 (CH-CH,),),
23.27 (NH-CH-CH,), 9.12 (Si-CH).

1,2-O-Isopropylidene-N-(3-diisopropoxymettylsilyl)-pr opyl-glucuronic
Acid Amide (10)

1.9 g (9 mmol) 7 and 1.9 g (9 mmol) 8b were stirred in 50 ml toluene at
60°C for 2 hoursThe solent was remeed under reduced pressure, the residue
was purifed by treatment with carbon bladkeld: 3.7 g (98 %).

'H-NMR (DMSO-d): 8.05 (m, 1H, CO-NH), 5.85 (d, 1H, H-1), 5.70 u.
5.50 (m, 2H, C3-OH, C5-0OH), 4.40 (d, 1H, H-2, H-3, H-4, H-5), 4.20-4.00 (m,
3H, H-2, H-3, H-4, H-5), 4.10 (m, 2H,CH-G}M 3.20-3.00 (m, 2H, N-CH),
1.55-1.35 (m, 2H, Si-CH2-CH2), 1.40 u. 1.25 (s, 6H, G)CH15 u. 1.10 (s,
12H, CH-CH), 0.60-0.45 (m, 2H, Si-C§{ 0.10 (s, 3H, Si-C}).

2,4,6,8-Btramethyl-tetra-(1,2-4,6-tetratrimethylsilyl-3-O-pr opylgluco-
pyra-nosyl)-cyclootetrasiloxane (12a)

0.36 g (1.50 mmol}l1and 0.1 ml 0,05% HPtCL.6H,O solution in ise
propanol were added to 3.0 g (5.88 mniallat 9CC and stirred for 30 minutes.
The product s dissoled in chloroform and treated with carbon blagker
filtration the solent was remeed under reduced pressure and the resicage w
stirred at 1000,003 mbar for 8 hours to renmunreactedl. Yield: 3.2 g (95%)

*H-NMR (CDCL): 0.0-0.2 (m; -Si-CK 156 H), 0.3-0.5 (m; -Si-CH 8
H), 1.45-1.8 (m; -CHCH,-CH,-; 8 H), 3.0-3.8 (m; § H’, H', H’ -CH,-O-,
32 H), 4.4 (d; 4 H).

Elemental analysis @H206026Si0, %)

Calculated: C 46.43 H 9.20
Found: C 45.97 H 9.30

2,4,6,8-Btramethyl-tetra-(3-O-pr opylglucopyranosyl)-cyclootetrasiloxane (12b)

1.91 g (0.84 mmol)2awas reflwed in 200 ml methanol/ater (1:1) for
48 hoursThe foaming solution as distilled carefully to yield 0.6 g (36%) yel
low crystalline residue.
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Fp 112-116C
‘H-NMR (CDCL): 0.0-0.2 (m; -Si-Ck 120 H), 0.3-0.6 (m; -Si-CH
8 H), 1.45-1.8 (m; -CHCH,-CH,-; 8 H), 3.0-4.0 (m; H§ H’, H', H’, -CH,-O-,
-OH; 36 H), 4.4 and 4.9 (d;'®"; 4 H).
ElementalAnalysis (CoHgiO2eSis, %)
Calculated: C 42.84 H7.19
Found: C 41.97 H 6.90

Isopropyl-4-0-(2,3,4,6-tetra-O-acetylB-D-glucopyranosyl)-6-O-acetyl-2,3-
di-deoxy-a-D-erythro-hex-2-enopyranoside (14)

A solution of 5 g (8.92 mmolL3b in 25 ml dichloromethane as
cooled to 0-8C under nitrogen atmosphere and 0.5 ml bortrifluorid-etherate
was addedAfter stirring for 25 minutes. a solution of 0.91 g (8.97 mmo}) tri
ethylamine in 15 ml dichloromethanas added and the mixtureag/ shakn
with 100 ml water The oganic phase as separated, driedver sodium sul
fate, and the soént was remeed under reduced pressuiigne residue a&s
dissohed in methanol, precipitated withater, filtered and driedYield: 4.6 g

(92 %)
Fp.: 111-113C
ElementalAnalysis: (GsHz6014,%)
Calculated: C 53.57 H 6.47
Found: C53.14 H 6.47

'H-NMR (CDCL): 6.1 (d, 1 H, H-2), 6.25 (ddd, 1 H, H-3), 5.25-4.95 (m,
4 H, H-1,2°,3',4), 465 (d, 1 H, H-1), 4.35-3.9 (m, 6 H, -B(CH),,
H-4,6a,6b,6a",6b"), 3.8-3.6 (M, 2 H, H-5,5"),2.2-1.95 (m, 15 H,- @ketyl),
1.25,1.2 (2 d, je 3 H, (&),CH-).

“C-NMR (CDCL): 170.72, 170.60, 170.24, 169.36 (5 > C=0), 130.97
(C-3), 127.69 (C-2), 101.61 (C-1), 92.70 (C-1), 73.47, 72.68, 71.70, 71.30,
70.49, 68.24, 67.18 (C-4,5,2",3",4°,5", @HCHy),), 63.15 (C-6), 61.86 (C-6),
23.48, 21.91 (-O-CHEH,),), 20.81, 20.69, 20.56 (5 GHAcetyl).

Allyl-4-O-(2,3,4,6-tetra-O-acetyl{3-D-glucopyranosyl)-6-O-acetyl-2,3-
dideoxy{3-D-erythro-hex-2-enopyranoside (15)

15 was prepared according to the procedure for the preparation of 14
from 4 g (7.13mmol) 13b, 0.95 g (16.4 mmol) allylalcohol, 20 ml dichlero
methane, 0.4 ml bortrifluoride-etherat and 0.73 g (7.17 mmol) yfethne.
Yield: 3.74 g (93.9%).
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Fp.: 110-113C

Elemental analysis (gH3,0.4 %)
Calculated: C 53.76 H6.14
Found C 54.02 H 6.27

'H-NMR (CDCL): 6.1 (d,1 H, H-2), 6.0-5.85 (m, 1 H, HECH,), 5.75
(ddd, 1 H, H-3), 5.35-4.9 (M, 6 H, =GHH-1,2",3",4"), 4.65 (d, 1 H, H-1"), 4.35-
3.95 (m, 8 H, H-4,5,6a,6b,6a",6b", -G4CH=CH,), 3.75-3.6 (m, 1 H, H-5"),
2.2-1.9 (m, 15 H, CH).

BC-NMR (CDCL): 170.62, 170.52, 170.16, 169.30, 169.24 (5 > C=0),
134.09 (CH=CH,), 131.40 (C-3), 127.00 (C-2), 117.25 (-CBH), 101.58
(C-1), 93.51 (C-1), 73.29, 72.63, 71.71, 71.26, 69.08, 68.22, 67.38 (C-4,5,
2°.3 45, -O€H,-CH=CH,), 62.96 (C-6), 61.82 (C-6"), 20.80, 20.65, 20.52 (5
CHy).

1-O-(Diisopropoxymethylsilyl)-pr opyl-4-O-(2,3,4,6-tetra-O-acetyl-gluco-
pyranosyl)-6-O-acetyl-2,3-dideoxya-D-erythro-hex-2-enopyranoside (16)

A solution of 0.86 g (1.54 mmol)5, 0.25 g (1.54 mmol? and 4 drops
of Karstedts catalyst \as stirred at 8@ under nitrogen for 18 hour§he sof
vent was remeed under reduced pressure to yield piérield: 1.11 g (100 %)

'H-NMR (CDCL): 6.05 (d, 1 H, H-2), 5.75 (d, 1 H, H-3), 5.25-4.9 (m, 4
H, H-1,2",3",4"), 4.6 (d, 1 H, H-1"), 4.3-3.9 (m, 7 H, H-4,6a,6b,6a",6b", -O-
CH(CHy),), 3.9-3.3 (m, 4 H, -O-8,-CH,-CH,-Si-, H-5,5"), 2.2-1.95 (m, 15
H, CHs- Acetyl), 1.75-1.5 (m, 2 H, -O-CHCH,-CH.-Si-), 1.15 (d, 12 H,
(CH5),CH-), 0.55 (dd, 2 H, -CHSi-), 0.1 (s, 2 H, CHSI-).

“C-NMR (CDCL):  170.64, 170.51, 170.16, 169.31, 169.25 (5
>C=0), 131.15 (C-3), 127.14 (C-2), 101.70 (C-1), 94.31 (C-1), 74.45, 73.66,
73.36, 72.66, 71.70, 71.23, 68.22, 67.27, 64.63 (C-4,5,2",3",4",5, 2x -O-
CH(CH;),, -O-CH,-CH,-CH,-Si), 63.02 (C-6), 61.83 (C-6"), 25.65, 25.44 (2x
-O-CH(CHs,),), 21.39, 20.81, 20.64, 20.52 (5 ¢KAcetyl, -O-CH-CH,-CH,-Si),
11.00 (-O-CH-CH,-CH,-Si), -4.02 (CH-Si).

RESULTS AND DISCUSSION

Diisopropoxymethlsilane @) was reacted with allyl desmtives of glu
cose protected by isoprgmene- (a) acetyl- (Lb) and trimetllsilyl (TMS)
(1c, 19 groups under standargdrosilylation conditions. No reactions omio
yields were obtained with common Spesecatalyst (EHPtCL.6H,0), whereas a
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Pt-comple prepared from N&tCl, and tetrametyitetravinyl-cyclotetra-silox
ane as catalyst (Karstesitatalyst) dorded the dialkxysilanes3a-ein 82-95%
yields, (Scheme 2).

Hydrosilylation of TMS protected allyl-D-glucofuranosidurono-6,3-ac
tone (Le) with 2in the presence of Karstesitatalyst yielded a mixture 8éand
hydrogenated.e whereas with Rh(PE5s);Cl (Wilkinson’s catalyst) only $%
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OR

OR
RI(R?O N "X + 2
OR ||
o]

4b
Karstedt catalyst

R = -Si(CHj,),

Scheme 3.

of this byproduct s formed.The monomef3e enables the incorporation of
reactve su@r lactone residues into silicones.

Dialkoxysilanes containing gluconic acid amide residues were obtained
by two different synthetic routes:

N-allyl gluconic acid amide4@) was conmerted to theTMS protected
derivative 4b by reaction with heametlyldisilazane and subsequentlydnosk
lylated with2 yielding the gluconamide substituted diisopropoxysilaime97%
yield (Scheme 3)Very recentlyit was reported that due to the amide structure
aldonic acid amides can bedrosilylated only with a special prepared bis
(dialkylsulfido)platinum(ll) catalystWe found that Karstedt’ catalyst is also
suitable for the ydrosilylation of such amides in almost quantiatyields.

Similar gluconic- and glucuronic acid amide substitutedwaikilanes
could be prepared by reaction of unprotected D(+)-glu@elaatone 6) or isc
propylidene protected D(+)-glucofuranosidurono-6,3-lactorg with various
3-aminopropl-silanes 8a-d, Scheme 4)Thus the dialkxysilanea (86%),9b
(98%),10(98%) and the triakkxysilane9c (95%) andd (88%) were obtained.

Equilibration reactions ofyclic siloxanes, for xample octametficy-
clotetrasiloxane (OMCTS) are among the major routes to PDMIShE intre
duction of functional groups by this reaction appropriate functionalized
cyclosiloxanes are requiredoirthis purpose the glucose substitutgdasilox-
anel2awas prepared from 2,4,6,8-tetramgtyclotetrasiloxanell) andTMS-
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protected 3-O-allylglucoseld) using HPtCL.6 H,O as catalyst (Scheme 5).
This hydrosilylation was performed without sadnt and can be controlled by the
molar ratio of the reactants. Less than four moleldgder mole oflL1 results in
mixtures of partially substituted/closiloxanes, anxeess ofld yields the fully
substituted product2afrom which unreactedd was dificult to remwe. Thus

a molar ratio of 1:3.9 moles dfd were used ging almost purel2a after
removal of unreacted.1, as vas demonstrated byd-NMR-spectroscop The
TMS protected yclosiloxanel2acan be coverted to the ydrophilic water sol
uble gclosiloxanel2b by treatment with methanolater but adwantageously
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Scheme 5.

12acan be used for equilibration reactions due to its better solubility in apolar
media.

In addition, acetylated glycals were used as easdjlable unsaturated
suaar dervatives for the fdrosilylation experiments. Br this purpose, 3,4,6-tri-
O-acetylglucal 139 and 3,6,2’,3',4’,6’-h&a-O-acetylcellobial X3b) were pre
pared by reduction of the acetylated bromides in quarstgteld according to
the literature.

However, all attempts for the yrosilylation of 13a and 13b with 2
using \arious catalysts (PtCk, Karstedts catalyst, (P#*),PdClL, and (PEP)
RhCI) and under arious reaction conditionsifed. Also, the unsaturated iso
propyl cellobiosidel4 obtained froml3b and isopropanoldiled to react witl2
(Scheme 6)The lack of reactity of these sugr dervatives haing double
bonds in the ring may be attuted to the vigl ether structure id3a,bresp. ster
ical hindrance ir14, since reaction d with the allyl cellobiosidd.5in the pres
ence of Karstedd' catalyst yielded 95% of theqected alkxysilanel6. Other
catalysts resulted in mixtures d6 and its lydrogenated product.

Preliminary equilibration reactions of the functiongtlosiloxanel2a
with OMCTS demonstrated the possibility to prepare polysiloxanes with pen
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dant glucose residues, thegdee of substitution of which can be adjusted by the
molar ratio of the reactants (SchemeTHus a PDMS containing 11 mmol glu
cose residues/gag preparedl@g and after splitting th&@ MS-groups by treat
ment with methanol/ater a lygroscopic solidl2d was obtained the aqueous
solution of which vas shwn to hae a surdce tension of about 30 mN/m.
Condensation reactions of the di- and triksilanes3c or 9c resulted cross-
linked polymers.
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Scheme 7.

The results of thesevastications and properties of the sugnodifed
linear and crosslirdd polysiloxanes will be presented more detailed in forth
coming papers.

CONCLUSION

Previously unreported silane monomers containing carbiaie residues
were prepared byyidrosilylation of allyl ethers of carbgtrates with dialk
oxysilanes and OCTMS as well as by reaction ofasugctones with aminro
propylsilanes.The choice of the appropriate catalysisaffound to be essential
for the reactiity and yields in theseydrosilylation reactionsThe monomers are
useful for the preparation of linear and crosguhlpoly(siloxane)s containing
hydrophilic residues as well as for sol-gel reactions.
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