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Abstmct: The use of couplingsacchnrkleantennaonto cyclodexrrinsrdlowsmobility for fbe
biologicdy activegrdactowheadgroup,undallowstherecognitionprocessby thekctin (KbCWL).
Thispaperreportsa chemicalsynthesisofP-CDderivativesusingspacerarms3,4,5,6 and9 carbon
atoms.Preliminaryresultssuggestedthatrecogniticsris stronglydependenton thelengtbof rbespacer
chainbetweenthecyclodextrinandthesugarbeadgroup. 0 1997ElsevierScienceLtd.

Cyclodextrins(CDs)me interestingcandidatesfor thetransportof biologicallyactivemoltmdes.lTheyare
a class of cyclic oligosaccharideshaving6,7 or 8 glucopyranosylunits linkeda-1,4 (a-, ~-, or Y-CD).The
intemrdcavity of CD is slightly apolar. In this way, CDs are capableof includinga wide range of organic
moleculesby interactionbetweenhostand~uestmoleeules.2Thistypeofmolectrkuencapsulationmayprotecta
great numberof sensitive products. In particular,13-CDand its derivativeshave been widely used for the
solubilisationandnon-specifictransportof biologicallyactivemolecules.3In thiswork,thestrategyconsistsof
increasingthe capacity and specificityof the transportand recognitionpropertiesby formationof a neo-
glycoconjtrgatevia an attachedsacchwideantenna.

In precedingwork,we demonstratedthecapacityof galactosyl-~-cyclodextrinderivativesto.be recognizxl
by a galactosespecificcell wall lectin(KbCWL).4Thispreliminaryworksuggestedthatrecognitionis strongly
dependenton the lengthof spacerchain betweenthe cyclodextrinand the sugar bead groupand also on the
numberof sugarspresentedto theleetin.

Thisprojectconsidersthesynthesisof carriersof biologicallyactivemolecules.In a first series,Gal head
groupswereconnectedto mono-6-amino-6-deoxy-~-cyclodextrinusingvaryingspacerchainlengths(3,4,5,6
and9 carbonatoms).In the secondpart,a carrierhavingsevenGalheadgroupswasconstructedfromtheper-
6-arnino-6-deoxy-~yclodextrin.

Thesynthesiswascarriedout via standardpeptidecouplingof the &D-Gd spacermoleculeontomono51
andheptakis-6-amino-6-deoxy-P-cyclodextrin62.
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The &yclodextrin derivatives5 and6 weresynthesisedrespectivelybycondensationof 1.2equivof ~ -D-
Gal spacer4 with mono-6-amino-6-deoxy-~-cyclodex~in1 and of 8.4 equivof 4 with heptakis-6-arnino-6-
deoxy-~cyclodextrin2 in dry DMFat 15°Cusingdicyclohexylcarbodiimide/l-hydroxybenzotriamlehydrate
(DCUHOBT, 1equiv/1.4 equiv)as couplingreagents.The glycoconjugates4a-e were synthesisedfromthe
correspondingtetra-O-itcetyl-a-D-bromogalactosein three steps.The syntheticroute dependson the easy
conversionof thesaccharidesisothiocyanatecompoundsintoamides7.Thestartingcompoundsarepreparedin a
phasetransferreactionof thecorrespondinghalideswithKSCNandtetrabutylammoniumbromide(Bu4N+Br)
in acetonitrilein thepresenceof molecularsieves(4.&. Thetetra-O-acetyl-/3-D-galactosylisothiocyanate(3.85
mrnol)is condensedwith the mono-methyl-esterscorrespondingto malonicacid (C3), succinicacid (C4),
glutaricacid (C5), adipic acid (C6) and nonanoicacid (C9) (1.4 equiv) in anhydroustoluene (20ml)in the
presence of triethylamine (0.1 equiv). This new products 3a-d were purified by flash chromatography
(toluencketone: 8/2).8Completeesterhydrolysis(acetateandmethylester)couldbe acbievedwithmethanolic
sodiumhydroxide(IM) during4 h at roomtemperature.9
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Thefinalproducts5a-d and6 areobtainedin 35-52%yieldsafterpurificationonsilicagelchromatography
(n-butanol/EtOH/H20:5/4/3)andchamcterisedby IH NMR(300MHzand400MHz)10andelectrospraymass
spectrometry.The H-1 signalsof &cyclodextnn wereobservedat 4.84 ppm (d, J=l.5Hz for the monoCD
derivatives5 andnonresolvedsignalforthe per-CD-derivative6) andtheH-1signalsof the &D-Gal residues
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at 4.68 ppm(J=7.5Hz).The broadeningof the $CD H-1signalsin thecaseof theper-substitutedsystem,may
arisefromslowconformatiorxdrearrangementof theamidosubstituentsas observedforpolysubstituted’iunino-
acidderivativesof &CDby 5toddart.6

Itsorderto confirmcompletesubstitutionelectrospraymassspectroscopy(negativemode)wascarriedout,
this showed mass peaks correspondingto m/z= M-3H+/3 at 1147. NOE difference experiments show
interactions between the Gal H-1 proton and the adjacent amide proton. In the $D-Gal-spacer-f&CD-
derivativesnoNOESYandROESYeffectsm seenbetweentheGal-amideprotonandtheH-1~yclodextrin
protons.Tbtsssaccharidesantennaeare directedout of the cavityof the P-CDinto the aqueousenvironment.
Hencethissystemis availablefor thetransport.

lle capabilityof newcompoundsto berecognisedby biologicalsystemswastestedbyuseof thegalactose
spedlc lectin KbCWL (Kb:Kluyveromycesbulgarkus). These results show the minimumconcentration
necessaryof thenewmoleculesto inhibitthe flocculationactivityof theKbCWLin a solutioncorrespondingto
3.4activityunits~g-lof protein.
Preliminarystudiesshowedthat &CD derivatives5 have a biologicalactivity.The concentrationinhibiting
KbCWLflocculationis includedbetween3.5 mmol din-3for a shortspacerand 1.75mmol din-3for a long
spacer.In contrastto ourexpectationsof obtaininga “clusteringeffect”per-substitutionof j3-CDby the ~D-
Gal-Cg head group6 leads to only a 1.5fold increasein recognition.This may on effect arise from cross
linkingof cellsby thelarge(40~ diameter)moleculeleadingtocellflocculation.

We havesynthesiseddifferenttypesof cyclodextrinderivativesdirectedtowardsrecognitionby &D-Gal
specificcell wall lectins (five new carriers).Our results show that the chemical modificationof P-CD by
substitutionof primaryhydroxylon theringwithgalactoseend armsinducestheirrecognitionbycarbohydrate
proteins.Thisis an “exo-recognition”processnotinvolvingthecyclodextrincavity.
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3-[N-(2,3,4,6-Tetra-O-acct}rl-~-D-galactop}'ranosJ'lamino)] ethyl malonate 3a: Yield (78%), Rf: 0.43,1H RMN
(CDCt3),6H ppm, 1.21 (t, 3H, CH3); 1.95,1.97,1.99,2.07(S, 12H,CH3-C=O);3.33 (S,2H, CH2-C=O);3.98 (U 2H, H-
6a et H-6b); 4.07 (q, 2H, CH2); 4.1l-4. t8 (m, IH, H-5); 5.09 (old, IH, J2,3=9Hz, J2,1=9Hz, H-2); 5.20 (old, IH,
J3,2=9Hz,J3,4=4Hz,H-3); 5.2S (dd,lH, JH1,NH=9HZ,J1,2+HL H-l); 5.37 (old,IH, J4,3=4Hz,J4,5=0,8Hz,H-4);7.18
(d, IH, JNHHl=9H~ NH);7,1 (q, 2H, CH2).

4-[N-(2~,4,6-Tetra-O-acet3rl-~-D-galactolj~'ranos)'lamino)] methyl succinate 3b: Yield (80%),Rf: 0.40, IH RMN
(CDC13),&Hppm, 1.27,1.31,1.37,1.41(s, 12H,CH3-C=O);1.73 (t, 4H, 2CH2-C=O);2.18 (s, 3H, OCH3);2.26-2.40(m,
2H, H-6aet H-6b);3.35-3.40(m, IH, H-5);3.55 (old,IH, J2,3=IOHZ,J2,1=7Hz,H-2); 3.8 (old,IH, J3,2=10Hz,J3,4=5Hz,
H-3); 3.9 (old,IH, JHI,NH=8HZ,JI,2=7HZ,H-1);4.62 (old,IH, J4,3=5Hz,J4,5=1Hz,H-4); 8.39 (d, IH, JNH,H1=8HZ,
NH).
5-[N-(2,3,4,6-Tetra-O-acet}'l-~-D-galactol))'ranos}"lamino)] methyl ghrtarate 3c: Yield (72%),Rf: 0.42, IH RMN
(CDC13),5H ppsn, 1.91,1.97,1.99,2.1t (s, 3H, CH3-C-); 2.3- 2.4 (m, 2H, CH2);2.51 (L2H, 2CH2-C=O);3.56 (s, 3H,
OCH3);3.97-4.02 (U 2H, H-6aet H-6b);4.27-4.33 (m, IH, H-5); 4.96-5.Ol(dd, IH, J2,3=10Hz,J2,1=10Hz,H-2); 5.19
(old, IH, J3,2=IOHZ,J3,4=3 HZ, H-3); 5.28 (old, IH, JHI, NH=lOHZ, J1,2=10Hz, H-l); 5.44 (old, IH,
J4,3=3Hz,J4,5=1.2Hz,H-4);8.8 (d, IH,JNH,HI=lOHZ,NH).
6-[N-(2#,4,6-Tetra-O-acet)rl-~-D-galactopl'ranos}'lamino)] metlvl asbte 3~: Yiekt (85.4%),Rf: 0.45, IH RMN
(CDC13),&ppm1.58 (M,4H, 2 CH2,); 1.95,1.99,2.01,2.04;(s, 12H,CH3-C_); 2.20 (t, 4H, 2 CH2-C=O);3.67 (s, 3H,
OCH3); 3.8 (m, 2H, H-6a et H-6b); 4.09 (m, IH, H-5); 5.08 (old, IH, J2,3=9Hz, J2,1=WJZ,H-2);5.17(M, IH,
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J3,Z~HGJ3,4=3HZH-3); 5.20 (old,IH, JH1,NH*Hz,JI,24Hz, H-l); 5.40 (old,IH, J4,3=3Hz,J4,5=I.5HqH-4); 6.44
(d, IH, JNH,H1=WZ.NH).

9 TIEnewpruducts,veryhydroscopic,wemidentifiedfromtkir IHNMRspectra(DMSO-d6):
3-(N-@-gahctoP3’ranos3’larnino)-malonieaciddaYield(46%),~Hppm,3.11 (s, 2H, CH2-C4); 3.28 (m, IH,H-2);

3.4+3.71(m, 4H glue);4.05 (m, IH, H-3);4.67 (m, IH, H-l); 8.64@, IH, JNHI*IOHZ NH).
4-[N-&D-galactopyranosylamino)-sucehrieaeisl 4b:Yield (66’%.), 6H pp~ 1.82(t,4H, 2CH2-C=O);2.14-2.28 (W IH,
H-2);2.22-2.38(rq 4H Ghrc);3.35-3.44(m, IH, H-3);4.08-4.30(m, IH, H-l); 8.39 (d, IH, JNHI=9.3Hz, NH).
~-&D-gsrlaetopyrnosylamino)-glutaric acid 4e:Yield (72?4)6H Pprw, 1.36-1.40(m, 2H, CH2);2.43 (t, 4H, 2r2H2-
C==O);3.06-3.15 (m, IH, H-2); 3.16-3.20 (m, 4H Glue);3.35-3.39 (m, IH, H-3); 4.58-4.66 (m, IH, H-I); 8.49 (d, IH,
JNH,1=9HzNH).
6-(N-&D-gatactopyrarrosylamino)adipie acid 4d: Yield (54%),&pp~ 2.11 (t, 4H, 2CH2-C=O);3.253.33 (m, IH, H-
2); 3.48-3.59(U 4H Glue);4.28-4.52(m, IH,H-3);4.60-4.69(m, IH, H-l); 8.35 (d, IH, JNH1=9Hz,NH).

10 llE newpruductswereidentifiedfmm theirIH NMRspectrum(DMSO-d6)rmdES.MSnegativemode:Mono-6-[3-(f3-D-
@Xopy-osylwino}lJ-dioxopmpyl]-ino44wxy-~<yclodextrh, 5a:Yield509” 8ppm1.87(s, 2H,CH2-C=O);
3.06-3.35(nu H Glue&CD andH-2 Gal);3.64 (m, 7H,H-3 &CD);3.8 (m, IH,H-3 Gal);4.48 (q 6H, OH-6&CD);4.68
(d H H-1 GoO;4.77 (d, 7H, H-1 13-CD);5.71 (m, 16H,OH-2,OH-3&CD andOH-2,OH-3Gal);7.31(m,IH,NH$
CD);7.58(4 IH,J+Hz,NHGsl).ES.MS:tiZ 1379.6~-H+]-, 689.3 ~-2H~-2 /2.
MonA[4+-D-galactopyranos3,lamino)-l,4-diox}rbutJ,l] amino-6-rlcoxy-~-cycloricxtrirr,5b:Yield46%,i$ppm2.09 (t,
4H, 2CH2-C=O);3.35-3.59 (m, H Glue P-CD,H-2 Gal);3.61 (m, 7H, H-3 P-CD);3.65 (m, IH, H-3 Gal);4.52 (~ 6H,
OH-6 &CD); 4.67 (d, IH, H-1 Gal);4.84 (d, 7H, H-I P-CD);5.76 (m, 16H,OH-2,OH-3 P-CD and OH-2, OH-3 Gal);
7.58 (rrLIH, NH P-CD);7.70 (d, IH, J=9Hz,NH Gal).ES.MS:rrrlz,1393.6[M-H+]-,696.3 [M-2H+]2”/2.
Mono&[fi~-D-gdadopy mnos~'lamine}lSdioxopcntj"l]amino4-dmxy-~<yclodextrin, 5c:Yield54.5%,&ppm 2.09
(n 2H. CH2~ to C*); 2.51 (I>4H, 2CH2-C=O);3.4 (m. H GhICP-CDandH-2Gal);3.61 (Q 7H, H-3 13-CD);3.64
(m, IH, H-3 Gal);4.47 (m, 6H, OH-6P-CD);4.7 (d, IH, H-1 Gal);4.89 (d, 7H, H-1 &CD); 5.76 (old,16H,OH-2,OH-3
&CD andOH-2,OH-3Gal);7.2 (m, IH, NH P-CD);7.6 (d, IH, J=9.1HzNH).ES.MS:tiz, 1407.6W-H+]-, 703.3 ~-
2H~2- 12.
Mono& [&(~D-galactopy ranosylamino)-l,6-dioxohex}rl]amino-6-deoxy-&ycloslextrirr,5d: Yield 52%,8 ppm 2.41
(W 4H, 2CH2~ to C=O);2.51 (t, 4H, 2CH2-C=O);2.74 (m, H Glue~-CD,H-2 Gal);2.90 (m, 7H, H-3 P-CD);3.35 (m,
IH, H-3 Gal);3.64 (m,6H, OH-6P-CD);4.48 (d, IH,H-1 Gal);4.83 (d, 7H, H-1 P-CD);5.7 (m, 16H,OH-2snd OH-313-
CD andOH-2et OH-3Gal);7.2 (m, IH,NH P-CD);7.96 (d, IH, J=lOHZ,NH Gal).ES-MS:rrdz,1421.6~-H+]-, 710.3
~-2H~2-/2.
Per+[9<~-D-galactop}' ranos}rlamino)-l,9-dioxonon~'l]amino-d-rleoxy-~-c}’clodextrin,6: Yield 35%,(D20) 6 1.3( m,
42H, CH2 spacer);1.55 (m, 28H, CH2~ to C=O);2.3 ( m, 28H, CH2et to C=O);3.4-3.9 ( brd,H Ghrc&CD and H
Gal);3.95 ( d, 7H, J=lHz, H-4 Gal);4.87 (d, 7H, J=7.5HLH-1 Gal);5.05 (lsrd,7H, H-1 &CD). ES.MS:mk 1147 ~-
3H~3- /3.
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