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CaEla CalabEeFe,[a] LeonaEda FEanceFca LioGGa,[b] LoEaine SoHmoL,[c] CaEmela ACEile,[c]

FEanceFco Giacalone,*[a] and Michelangelo GEHGGadaHEia*[a]

A'786&(8: A FimCle one-CoG CEocedHEe HndeE mild condiGionF

haF been deIeloCed JiGh Ghe aim of CEeCaEing a FeG of hLbEid

oEganic-inoEganic mHlGifHncGional maGeEialF. ThiF CEocedHEe iF

baFed on Ghe HFe of caGechol and KIO4 aF oKidiMing agenG in

conjHncGion JiGh 3-aminoCEoCLl-, FHbFGiGHGed 3-aminoCEoCLl-

and 3-meGhLlimidaMoliHm-1-GEimeGhoKLCEoCLlFilane mimick-

ing ColLdoCamine-like chemiFGEL. ReacGionF JeEe caEEied oHG

in JaGeE aG Eoom GemCeEaGHEe and 70 °C Go giIe fifGeen

maGeEialF GhaG JeEe chaEacGeEiFed bL HFing FeIeEal GechniDHeF

(niGEogen ChLFiFoECGion, TGA, XPS, 13C and 29Si CP-MAS NMR,

IR, CHPZC). KnoeIenagel EeacGion JaF choFen aF a good CEobe

Go inIeFGigaGe Ghe aIailabiliGL of fHncGional gEoHCF on Ghe

FHEface of Ghe maGeEialF. The moFG acGiIe caGalLGic maGeEialF

JeEe GeFGed in EecLcling CEocedHEeF. SHch FimCle CEocedHEe

iF of bEoad inGeEeFG foE Ghe FcienGific commHniGL and iG oCen

Ghe dooEF Go Ghe deIeloCmenG of neJ hLbEid oEganic-

inoEganic mHlGifHncGional maGeEialF foE FeIeEal CHECoFeF.

I3864)9(8.43

The conGinHoHF deIeloCmenG of neJ maGeEialF foE caGalLGic

aCClicaGionF aF Jell aF oGheE CHECoFeF iF a GoCic of gEeaG inGeEeFG

and, in GhiF conGeKG, gEeaG aGGenGion haF been focHFed on Ghe

deFign of hLbEid oEganic-inoEganic maGeEialF foE oEganocaGalLGic

and meGal-baFed EeacGionF.[1] Among Ghe CleGhoEa of neJ

maGeEialF, in Ghe laFG decade, a CaEamoHnG aGGenGion haF been

deIoGed Go Ghe Fo-called mHFFel-inFCiEed maGeEialF baFed on

ColLdoCamine (PDA) oE ColLdoCamine-like ColLmeEF[2] Jhich

alFo FhoJ high CoGenGial aF caGalLFGF in FHFGainable chemiFGEL.[3]

The FHFGainabiliGL of caGalLGic CEoceFFeF iF mainlL baFed on Ghe

eaFL and, CoFFiblL, cheaC and gEeen FLnGheFiF of Ghe caGalLGic

maGeEialF Ghen coHCled JiGh high caGalLGic acGiIiGL, EecoIeEabil-

iGL and EeHFabiliGL. In GhiF conGeKG, oKidaGion of doCamine oE

FimCle caGechol-baFed comCoHndF Go giIe ColLdoCamine oE

ColLdoCamine-like maGeEialF coHld be an aCCealing aCCEoach.

In Clace of doCamine, Ghe HFe of FimCle caGechol, aF an

alGeEnaGiIe FoHEce of Ghe caGechol moieGL, EeDHiEeF Ghe CEeFence

of amine-baFed deEiIaGiIeF in Ghe co-ColLmeEiFaGion CEoceFFeF

leading Go Ghe foEmaGion of Ghe deFiEed ColLmeEic maGeEial.[4]

The naGHEe, DHiGe comCleK, of GheFe maGeEialF JaF alFo

inIeFGigaGed HFing 4-meGhLl caGechol and CEoCLlamine aF model

comCoHndF.[5] IG iF knoJn GhaG CEimaEL amineF can coIalenGlL

boHnd Go ColLdoCamine analogoHFlL Go Ghe Eing foEmaGion in

PDA iGFelf.[6] In addiGion Go FimCle amineF, 3-aminoCEoCLlGEial-

koKLFilane, mainlL aF GEieGhoKLFilane (APTES), haF been HFed in

conjHncGion JiGh doCamine, Gannic acid oE 5,6-dihLdEoKLindole-

2-caEboKLlic acid foE Ghe deIeloCmenG of neJ maGeEialF foE

FelecGed aCClicaGionF.[7]

DHe Go Ghe gEeaG inGeEeFG in mHFFel-inFCiEed chemiFGEL, Je

EecenGlL EeCoEGed a FimCle and loJ-coFG aCCEoach bL HFing Ghe

cheaC caGechol and 3-aminoCEoCLlGEimeGhoKLFilane (APTMS), aF

Ghe amine coHnGeECaEG, foE Ghe FLnGheFiF of a ColLdoCamine-like

Filica-baFed maGeEial.[8]

Then, Je FGaEGed a deeCeE inIeFGigaGion in Ghe deIeloCmenG

of neJ hLbEid oEganic-inoEganic mHlGifHncGional maGeEialF in a

IeEL eaFL JaL. Indeed, oKidaGion-ColLmeEiFaGion of caGechol

folloJed bL nHcleoChilic addiGion of amine moieGL and hLdEo-

lLGic ColLcondenFaGion of GEimeGhoKLFilane gEoHC can giIe a

final maGeEial diFClaLing FeIeEal fHncGional gEoHCF FHch aF

amine, imine, Chenolic hLdEoKLl aF Jell aF caEbonLl gEoHCF.

Indeed, mHlGifHncGional maGeEialF aEe IeEL aCCealing foE cooCeE-

aGiIe caGalLFiF.[1a,9] In oEdeE Go GeFG Ghe neJ FLnGheFiFed maGeEialF,

KnoeIenagel EeacGion JaF choFen aF a good CEobe Go

inIeFGigaGe Ghe aIailabiliGL of fHncGional gEoHCF on Ghe FHEface

of Ghe maGeEialF. KnoeIenagel EeacGion maL Gake Clace GhEoHgh

FeIeEal CaGhJaLF and iG iF a IeEL HFefHl EeacGion foE Ghe GoGal

FLnGheFiF of biologicallL acGiIe naGHEal CEodHcGF and GheiE

FLnGheGic analogHeF, elecGEolHmineFcenG comCoHndF, foE oEgan-

ic FolaE cellF and in medicinal chemiFGEL among oGheE

aCClicaGionF.[10]
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#*79187 &3) D.7(977.43

HLbEid maGeEialF JeEe eaFilL obGained JiGh a one-CoG CEocedHEe

HndeE mild condiGionF. In Ghe fiEFG FGeC, caGechol JaF diFFolIed

in KHCO3/K2CO3 bHffeE FolHGion (10 mM, CH 9.0) and, JiGh Ghe

aim of foEming enoHgh -DHinone, Ghe oKidanG KIOo 4 JaF added

aG Eoom GemCeEaGHEe. The FolHGion GHEned IeEL daEk in a feJ

minHGeF and iG JaF lefG Go FGiE foE 2.5 h. In Ghe Fecond FGeC, Go

GhiF daEk FolHGion, Ghe CEoCeE GEimeGhoKLFilane deEiIaGiIe JaF

added and Ghe FolHGion JaF FGiEEed aG 70 °C foE 18 h. AfGeE GhiF

Gime, bEoJn oE daEk-bEoJn CEeciCiGaGeF JeEe foEmed Jhich

JeEe eaFilL filGeEed, JaFhed and dEied Go giIe Ghe hLbEid

maGeEialF. AF GEimeGhoKLFilane deEiIaGiIe, Ghe folloJing

aminoCEoCLlGEimeGhoKLFilane U JeEe HFed (FigHEe 1). InA E

addiGion, imidaMoliHm-baFed FilaneF U JeEe alFo HFed.F H 

MaGeEialF JeEe CEeCaEed HFing onlL one Filane ( UA E

enGEieF 1U10) oE a miKGHEe of GJo FilaneF (enGEieF 11U15).

MaGeEialF JeEe labelled JiGh Ghe leGGeE of Ghe Filane emCloLed

JiGh a diffeEenG nHmbeE (0, 1, 2) deCending on Ghe amoHnG of

oKidiMing agenG HFed and JiGh addiGional leGGeE Jhen Ghed

concenGEaGion JaF doHbled (Fee Table 1). FoE Ghe FLnGheFiF of

Ghe Folid (Table 1, enGEL 1) no oKidiMing agenG JaF HFed, GheA0

oKidaGion/ColLmeEiFaGion EeacGion of Ghe caGechol Gook Clace bL

meanF of aGmoFCheEic oKLgen in 100 mL of bHffeE FolHGion aG

Eoom GemCeEaGHEe foE a dHEaGion of 24 h, afGeE Jhich no

CEeciCiGaGe JaF obFeEIed. SHbFeDHenGlL, 3-aminoCEoCLlGEimeGh-

oKLFilane ( ) (10 mmol) JaF added aF cEoFFlinking agenG andA

Ghe EeacGion conGinHed foE 18 h aG a GemCeEaGHEe of 70 °C.

The FHbFeDHenG maGeEialF ( and , enGEieF 2 and 3) JeEeA1 A2

CEeCaEed HFing Filane , in Ghe CEeFence of IaEiable amoHnG ofA

KIO4 (0.25 and 0.50 eDHiIalenG JiGh EeFCecG Go caGechol). In

GheFe caFeF, Ghe oKidaGion JaF IeEL faFG. The HFe of CeEiodaGe aF

oKidanG JaF EeCoEGed alFo Go acceleEaGe Ghe oKidaGion of

doCamine.[11] In oHE caFe, Ghe miKGHEe immediaGelL became IeEL

daEk and Ghe EeacGion JaF caEEied oHG foE 2.5 h aG Eoom

GemCeEaGHEe, afGeE Jhich, Filane JaF added and Ghe EeacGionA

FeG aG 70°C foE 18 h. The EeacGion caEEied oHG JiGh 0.50

eDHiIalenGF of oKidanG (enGEL 3) CEoIided a gEeaGeE amoHnG of

final maGeEial ( ). FoE GhiF EeaFon, FHbFeDHenG GeFGF JeEeA2

condHcGed HFing 0.50 eDHiIalenGF (Fee Table 1).

FoE Ghe FLnGheFiF of (enGEL 4) Filane , haIing GJo aminoB2 B

gEoHCF, FecondaEL and CEimaEL, JaF HFed. Silane , haIing aC

FecondaEL amino gEoHC, JaF HFed foE Ghe CEeCaEaGion of C2

(enGEL 5) JheEeaF Filane , haIing a GeEGiaEL amino gEoHC, JaFD

HFed in Ghe FLnGheFiF of . GiIen Ghe loJeE amoHnG of maGeEialD2

obGained in Ghe laGGeE caFe (enGEL 6), Ghe FLnGheFiF JaF EeCeaGed

bL halIing Ghe IolHme of Ghe bHffeE FolHGion HFed, 50 mL EaGheE

Ghan 100 mL. HoJeIeE, Folid JaF obGained in a FimilaED2)

amoHnG (enGEL 7). FinallL, Ghe FLnGheFiF of (enGEL 8) JaFE2

caEEied oHG bL adding Ghe Filane , Jhich CoFFeFFeF a dimeGh-E

oKLmeGhLl Filane moieGL inFGead of Ghe GEimeGhoKLFilane.

The choice of HFing FHch Filane JaF made in an aGGemCG Go

obGain a ColLmeE JiGh a loJeE degEee of bEanching; Ghe

abFence of Ghe GhiEd meGhoKL gEoHC bonded Go Filicon can

EeFHlG in Ghe obGaining of a moEe lineaE ColLmeEic FGEHcGHEe, and

in GhiF JaL gHaEanGeeing Ghe maGeEial a gEeaGeE conGacG FHEface

and making Ghe amino fHncGionaliGieF moEe acceFFible. In

addiGion, Ghe CEeFence of Ghe meGhLl gEoHC in Clace of Ghe

meGhoKL one coHld incEeaFe Ghe hLdEoChobiciGL of Ghe final

maGeEial. The FLnGheFiF JaF EeCeaGed bL doHbling Ghe concen-

GEaGion Go giIe (enGEL 9); Ghe amoHnG of maGeEial obGainedE2)

HFing GhiF CEocedHEe Eemained conFGanG. On Ghe oGheE hand,
F.,96* 1. A HSGEHcGHEe of FilaneF U .

%&'1* 1. HLbEid maGeEialF. [a]

EnGEL Silane MaGeEial KIO4/bHffeE
[eD./mL]

WeighG[b]

[g]
ReFidHe[c]

[%]
Loading[d]

[mmol/g]
AmG. H2O

[c]

[%]

1 A 0/100 0.820 49.2 8.2 5.7A0

2 A 0.25/100 0.930 39.7 6.6 6.3A1

3 A 0.50/100 1.390 36.6 6.1 7.0A2

4 B 0.50/100 1.023 28.2 4.7 5.8B2

5 C 0.50/100 0.917 32.4 5.4 7.0C2

6 D 0.50/100 0.586 21.5 3.6 7.4D2

7 D 0.50/50 0.545 21.3 3.6 7.0D2)

8 E 0.50/100 1.200 36.9 6.1 3.3E2

9 E 0.50/50 1.203 39.7 6.6 2.6E2)

10 E 0.25/50 0.743 40.4 6.7 2.5E1)

11 A D+ [e] AD6.5 0.50/100 1.380 39.8 6.6 3.5
12 A F+ [e] AF6.5 0.50/100 1.230 33.1 5.2 4.0
13 A F+ [f] AF1.10 0.50/100 0.700 17.4 2.9 3.5
14 A G+ [e] AG6.5 0.50/100 1.300 33.7 5.6 4.1
15 E H 0.50/100 0.950 30.9 5.1 2.8+ EH6.5

[a] ReacGion condiGionF: CaGechol (4.36 mmol), bHffeE FolHGion (KHCO3/K2CO3, CH 9, 10 mM, 100 mL oE 50 mL), KIO4 (0.5 oE 0.25 eD), E.G., 2.5 h; oEganoFilane
(10 mmol), 70 °C, 18 h. [b] IFolaGed JeighG. [c] CalcHlaGed bL TGA. [d] Silane loading fEom TGA, calcHlaGed fEom Ghe EeFidHe aG 800 °C. [e] SilaneF amoHnG:
6 mmol 5 mmol, EeFCecGiIelL. [f] SilaneF amoHnG: 1 mmol 10 mmol, EeFCecGiIelL.+ +
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loJeE amoHnG of maGeEial JaF obGained Jhen leFF amoHnG of

oKidanG JaF HFed ( , enGEL 10). ThiF EeFHlG EeFembleF Ghe oneE1)

EeCoEGed in enGEL 2.

MaGeEialF JeEe alFo CEeCaEed HFing a miKGHEe of GJo FilaneF.

TheFe FolidF aEe labelled JiGh leGGeEF of Ghe coEEeFConding

FilaneF and GJo nHmbeEF Jhich coEEeFCond GheiE molaE EaGio. In

oEdeE Go geG a maGeEial haIing CEimaEL and GeEGiaEL amino

gEoHCF, a miKGHEe of Filane and Filane JaF HFed. The HFe ofA D

Filane GogeGheE JiGh Filane alloJed Go geG a higheE amoHnGA D

of maGeEial . SolidF , and JeEeAD6.5 AF6.5 AF1.10 AG6.5

CEeCaEed HFing Filane and imidaMoliHm-baFed FilaneF andA F G

(enGEieF 12U14). In Ghe caFe of , a laEge amoHnG of FilaneAF1.10 F

JaF HFed comCaEed Go Filane ( : 1 :10 mmol EaGio). In GhiFA A F

caFe, a loJeE amoHnG of maGeEial JaF obGained (enGEL 13).

FinallL, maGeEial JaF obGained fEom dimeGhoKLmeGh-EH6.5

LlFilaneF and (enGEL 15).E H 

The hLbEid maGeEialF JeEe chaEacGeEiFed bL HFing FeIeEal

GechniDHeF confiEming Ghe CEeFence of diffeEenG fHncGional

gEoHCF. FiEFGlL, maGeEialF JeEe chaEacGeEiFed bL GheEmogEaIi-

meGEic analLFiF (TGA). TheEmogEamF aEe EeCoEGed in Ghe

ElecGEonic SHCCoEGing InfoEmaGion (ESI) FecGion (FigHEe S1), and

Ghe EeFHlGF aEe collecGed in Table 1. The fiEFG JeighG loFF,

obFeEIed aEoHnd 100 °C, coEEeFCondF Go Ghe JaGeE adFoEbed bL

Ghe maGeEialF. The amoHnG of adFoEbed JaGeE coHld be a EoHgh

indicaGion of hLdEoChiliciGL oE hLdEoChobiciGL of Ghe FHEfaceF.[12]

The loJeE amoHnG of adFoEbed JaGeE Ghe higheE hLdEo-

ChobiciGL. DimeGhoKLmeGhLl-baFed Filica maGeEialF ( , ,E2 E2) E1)

and ), aF eKCecGed, FhoJed higheE hLdEoChobiciGLEH6.5

(enGEieF 8U10, 15). The EeFidHe IalHeF JeEe coEEecGed baFed on

Ghe amoHnG of JaGeE CEeFenG in Ghe FamCleF. The maGeEialF haIe

a good GheEmal FGabiliGL being FGable HC Go 200 °C; Ghe oEganic

CoEGion iF comCleGelL degEaded aG 700 °C. In oEdeE Go IeEifL Ghe

EeCEodHcibiliGL of Ghe CEocedHEe, EeCeaGed CEeCaEaGion of Ghe

maGeEialF gaIe FimilaE EeFHlGF.

The CeEcenGageF of Ghe obGained EeFidHe aEe EeCoEGed in

Table 1. ThiF IalHe iF EelaGed Go Ghe EeFidHal Filica (SiO2) GhaG

coEEeFCondF Go Ghe alkoKLFilane HFed in Ghe FLnGheFiF. TheFe

daGa alloJed Go calcHlaGe Ghe Filane loading in Ghe maGeEialF. AF

a fiEFG aCCEoKimaGion, GheFe IalHeF can alFo be coEEelaGed Go Ghe

amoHnG of amine CEeFenG, alGhoHgh Ghe CoFFibiliGL GhaG Michael

addiGion EeacGionF occHEEed meanF GhaG Ghe amino fHncGionF

CEeFenG in Ghe maGeEial aEe noG all Ghe Fame and noG eDHallL

aIailable on Ghe FHEface of Ghe maGeEialF.

The maGeEial obGained in Ghe abFence of Ghe oKidiMing agenG

(enGEL 1) haF a IeEL high EeFidHe, CEobablL dHe Go Ghe facG GhaG

onlL a Fmall amoHnG of oKidiFed caGechol JaF CEeFenG in Ghe

EeacGion FLFGem, i.e. DHinone FGEHcGHEeF and/oE oKidiFed ColL-

caGechol JiGh Jhich Ghe APTMS coHld haIe EeacGed. The HFe of

KIO4 haF CEoIided maGeEialF JiGh a loJeE Filane loading, dHe Go

Ghe CEeFence of higheE ColLcaGechol/DHinone FGEHcGHEeF JiGh

Jhich Ghe APTMS JaF able Go EeacG (enGEieF 2 and 3). The HFe of

Filane , conGaining GJo amino fHncGionF, CEimaEL and Fecon-B

daEL, haF CEoIided a maGeEial JiGh a loJeE loading (enGEL 4). The

EeacGion JaF dHClicaGed, obGaining a comCaEable EeFHlG. The

loading JaF FlighGlL higheE (enGEL 5) Jhen Filane JaF HFed,C

haIing onlL a FecondaEL amino fHncGion. The HFe of Filane ,D

haIing a GeEGiaEL amine, haF CEoIided a maGeEial JiGh a loJ

Filane loading (enGEL 6). ThiF EeFHlG JaF CEedicGable Fince Ghe

CEimaEL and FecondaEL amino fHncGionF can giIe nHcleoChilic

addiGion EeacGionF (Michael addiGion) on Ghe , -HnFaGHEaGed� �

caEbonLl FLFGemF of Ghe DHinone FLFGemF. FHEGheEmoEe, CEimaEL

amineF can foEm imineF JiGh Ghe keGone gEoHCF of FHch

FLFGemF. TeEGiaEL amineF cannoG giIe addiGion EeacGionF Go Ghe

caEbonLl and ceEGainlL MichaelVF addiGion iF leFF likelL. ThiF

eKClainF Ghe FmalleE amoHnG of Ghe obGained maGeEial. FHEGheE-

moEe, fEom a IiFHal CoinG of IieJ, Ghe obGained maGeEial aCCeaEF

IeEL daEk, almoFG black, Hnlike Ghe oGheE bEoJn-coloHEed

maGeEialF. In oEdeE Go GEL Go obGain a gEeaGeE DHanGiGL of maGeEial,

Ghe EeacGion JaF EeCeaGed in doHble concenGEaGion (50 mL of

FolIenG inFGead of 100 mL) bHG Ghe EeFHlG JaF FimilaE Go Ghe

CEeIioHF one (enGEL 7).

ReacGionF JiGh Filane , caEEied oHG HndeE Ghe CEeIioHFE

diffeEenG condiGionF, gaIe Ghe coEEeFConding maGeEialF JiGh

FimilaE TGA (enGEieF 8U10). PEimaEL amine-baFed maGeEialF A2

and (enGEieF 3 and 8) CEeCaEed HndeE Ghe Fame condiGionFE2

FhoJed Ghe Fame Filane loading. MaGeEial diFClaLed aAD6.5

GoGal Filane conGenG FimilaE Go CEimaEL amine-baFed maGeEialF

(enGEL 11). HoJeIeE, fEom TGA iG iF noG CoFFible Go aFceEGain Go

EelaGiIe amoHnG of Ghe GJo FilaneF in Ghe maGeEial. ImidaMoliHm-

baFed maGeEialF gaIe FimilaE GoGal Filane loadingF eKceCG, aF

eKCecGed, in Ghe caFe of Jhich JaF CEeCaEed HFing aAF1.10

loJ amoHnG of Filane (enGEieF 12U15).A 
13C and 29Si cEoFF ColaEiFaGion magic angle FCinning (CP-

MAS) NMR FCecGEa of CEeCaEed maGeEialF aEe EeCoEGed in Ghe ESI

FecGion (FigHEe S2). In FigHEe 2 aEe EeCoEGed Ghe 13C NMR FCecGEa

of (a), (b), (c), and (d). TheA0 A2 D2) E2) 13C CP-MAS NMR

FCecGEa cleaElL FhoJ FignalF EelaGed Go Ghe CEoCLl chain beaEing

Ghe coEEeFConding amino moieGL (FigHEe 2). In Ghe caFe of ,D2)

FignalF of Ghe -dimeGhLlaminoCEoCLl chain iF CEeFenG Jhile,N,N

in Ghe caFe of iG iF CEeFenG Ghe Fignal aG ca.U1 CCm Jhich iFE2)

EelaGed Go Ghe meGhLl linked Go Filicon. The IeEL laEge Fignal

CaGGeEnF, FGaEGing fEom ca. 110 CCm Go ca. 180 CCm aEe

F.,96* 2. 13C MAS NMR FCecGEa of (a), (b), (c), and (d).A0 A2 D2) E2) 
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aGGEibHGable Go Ghe comCleK caGechol-baFed FGEHcGHEeF, comCEiF-

ing boGh aEomaGic caGechol EingF and o-DHinoneF-baFed

FGEHcGHEeF. In Ghe 13C CP-MAS NMR FCecGEHm of Ghe inGenFiGLA0

of aEomaGic FignalF iF loJ dHe Go Ghe laEge CEeFence of Ghe Filica

moieGL JheEeaF, in Ghe caFe of Ghe inGenFiGL of aEomaGicD2)

FignalF iF higheE becaHFe of Ghe EedHced CEeFence of Ghe Filica-

baFed moieGL.

In FigHEe 3 29Si CP-MAS NMR FCecGEa of maGeEialF (a),A0 A2

(b), (c), and (d) aEe EeCoEGed. SHch FCecGEa diFClaLD2) E2)

FignalF aGGEibHGable mainlL Go T3 FCecieF RSi(OSi)3 and, eFCeciallL

in Ghe caFe of , T2 FCecieF Jhich can be aFcEibed Go RSiD2)

(OH)i (OSi)2, RSi(OMe)i (OSi)2 and/oE RSi(OPh)i (OSi)2[13] conGEibH-
GionF. 29Si NMR FCecGEa of FhoJF a Fignal aG ca. 23 CCmE2) i
dHe Go Ghe D2 R2Si(OSi)2 FCecieF JiGh a Fmall FhoHldeE dHe Go

Ghe D1 R2Si(OH)i (OSi) FCecieF. In Ghe caFe of , CeakF aGA0

aEoHnd 100U108 CCm aEe obFeEIable. TheFe FignalF coHld be

EelaGed Go Q FLFGemF Jhich CEeFence coHld be dHe Go deal-

kLlaGion aG Ghe Filicon aGom GhaG haF occHEEed in Fome eKGenG Go

giIe Ghe Si(OSi)4 and Si(OSi)3OH FLFGemF. DealkLlaGion of Filicon

aGom in Ghe CEeFence of caGechol haF been EeCoEGed.[14] IG FhoHld

be noGed GhaG haF been obGained in Ghe abFence of GheA0

oKidiMing agenG Ghen, caGechol JaF CEeFenG in laEge amoHnG

Jhen Ghe Filane JaF added. In FigHEe 4 13C and 29Si MAS NMR

FCecGEa of and aEe EeCoEGed. In Ghe caFe of ,AD6.5 AG6.5 AD6.5

FignalF dHe Ghe CEeFence of Ghe GJo diffeEenG aminoCEoCLl

chainF aEe CEeFenG. AlFo in Ghe caFe of , FignalF dHe Go GheAG6.5

CEeFence of Ghe aminoCEoCLl chain and CEoCLl-3-(1-meGh-

LlimidaMoliHm) moieGL aEe CEeFenG aF Jell aF FignalF dHe Ghe

imidaMoliHm Eing. 29 Si CP-MAS NMR FCecGEa of Ghe laGGeE

maGeEialF again FhoJ FignalF aGGEibHGable mainlL Go T3 and T2

FCecieF.

The XPS FHEIeL FCecGEa foE Ghe CEeCaEed maGeEialF and

FCecGEa of N1F, C1F and O1F aEe EeCoEGed in FigHEeF S3U12 (ESI).

In FigHEe 5, XPS FCecGEa of aEe EeCoEGed, aF an eKamCle.D2)

The FHEIeL XPS FCecGEHm of (FigHEe 5a) EeIealed GheD2)

CEeFence of O, N and C aGomF JiGh Ghe coEEeFConding CeakF aG

532.6 eV, 402.1 eV and 285.1 eV, EeFCecGiIelL. FHEGheEmoEe,

EeCEeFenGaGiIe CeakF foE Ghe Si2 F and Si2C aEe alFo obFeEIed,

dHe Go Ghe CEeFence of Ghe Filane moieGieF.

The N1F FCecGEHm (FigHEe 5b) JaF deconIolHGed inGo GJo

CeakF cenGeEed aG 399.4, and 402.1 eV coEEeFConding Go NHi 2

and NHi 3
+, EeFCecGiIelL. The XPS FCecGEHm of C1F (FigHEe 5c)

JaF deconIolHGed inGo GhEee CeakF coEEeFConding FC2 (C�C) aG

284.7 eV, Ci OH/Ci N aG 286.1 eV, aF Jell aF C�O aG 288.3 eV.

ConGEibHGion of CoFFible Ceak aG ca. 283 eV dHe Go Ci Si iF noG
cleaElL IiFible. The O1F FCecGEHm (FigHEe 5d) alFo confiEmed Ghe

coeKiFGence of Ghe afoEemenGioned FCecieF (deconIolHGed inGo

GhEee CeakF aG 530.9 eV, 532.2 eV and 533.4 eV coEEeFConding

Go C�O, Oi Si and Ci OH, EeFCecGiIelL). TheFe FCecGEa cleaElL
FhoJ Ghe eKiFGence of Fome eKCecGed fHncGional gEoHCF, FHch

aF amine, caEbonLl and hLdEoKLl moieGieF.[4d,7c,e,h,15] XPS FCecGEa

and deconIolHGion analLFiF of oGheE maGeEialF (Fee ESI,

TableF S1U3) FhoJ an almoFG idenGical deconIolHGion CaGGeEn

foE all Ghe maGeEialF CEeCaEed.

In CaEGicHlaE, iG iF JoEGhL Go diFcHFF Ghe N1F band in Ghe XPS

FCecGEa of maGeEialF (Fee SI and Table 2). In Fome caFeF, GJo

CeakF can be fiGGed JiGh binding eneEgieF aG c.a. 399 and

401 eV. In Ghe caFe of and onlL one Ceak JaF CEeFenG.B2 E2)

The loJeE binding eneEgL niGEogen Ceak iF aGGEibHGed Go fEee

amineF, Jhile Ghe higheE binding eneEgL Ceak coHld be EelaGed

Go CEoGonaGed and H-bonded amineF.

HLdEogen-bonding inGeEacGionF maL Gake Clace beGJeen

Ghe amine gEoHCF and neighboHEing FHEface Chenol gEoHCF oE

Filanol gEoHCF. ThiF FiGHaGion EeFembleF Ghe acid-baFe EeacGion

Go Lield Ghe CEoGonaGed FCecieF EeCoEGed in Ghe caFe of niGEogen

abFGEacGion of a CEoGon fEom a Filanol gEoHC EeCoEGed in Ghe

caFe of aminoalkoKLFilane-baFed maGeEialF.[16] A comCaEiFon of

Ghe GJo CeakF EaGio, can giIe infoEmaGion aboHG Ghe baFiciGL of

Ghe FHEface boHnd amine gEoHCF. BaFed on Ghe N1F aEea EaGioF,

baFiciGL in Ghe dEL FGaGe folloJF Ghe GEend diamine NH< 2 <N-

meGhLl N,N-dimeGhLl, conFiFGenG JiGh IaCoHE ChaFe baFiciGL<

GhaG folloJF Ghe Fame GEend.

F.,96* 3. 29Si NMR FCecGEa of (a), (b), (c), and (d).A0 A2 D2) E2) 

F.,96* 4. 13C and 29Si MAS NMR FCecGEa of (a) and (b), and (c) and (d).AD6.5 AG6.5 
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ComCaEiFon JiGhin CEimaEL amine-baFed maGeEialF ( , ,A0 A1

A2, Table 2, enGEieF 1U3) FhoJF a FimilaE baFiciGL. The CEeFence

of onlL one Ceak dHe Go Ghe fEee amine in Ghe caFe of E2)

(enGEL 7) iF inGeEeFGing and coHld be aGGEibHGed Go Ghe diffeEenG

naGHEe of Ghe maGeEial, being iG moEe hLdEoChobic Ghan Ghe

oGheE maGeEialF. (enGEL 8) CoFFeFFing CEimaEL and GeEGiaELAD6.5

amine moieGieF FhoJF a FimilaE behaIioHE Go JheEeaF GheA2

CEeFence of Ghe Fecond Ceak Ghe caFe of maGeEialF CEeCaEed

JiGh imidaMoliHm-baFed FilaneF can be alFo dHe Go Ghe CEeFence

of Ghe imidaMoliHm moieGL (enGEieF 9U11).

The FT-IR FCecGEa of CEeCaEed maGeEialF (FigHEe S13) JeEe

FimilaE FhoJing a laEge and bEoad Ceak cenGeEed aG ca.

3350 cm i 1 dHe Go Ghe CEeFence of amine and hLdEoKLl gEoHCF

aF Jell aF bonded and fEee JaGeE molecHleF. The Ceak aG ca.

1600 cm i 1 can be aFcEibed Go Ghe FGEeGching IibEaGion of C�O

JheEeaF Ghe C�C FGEeGching IibEaGion of Ghe aEomaGic EingF

geneEaGed Ghe Ceak aG ca. 1590 cmi 1. PeakF cenGeEed aG ca.

1111 cm i 1 and 1020 cm i 1 JeEe aFFigned Go Ghe FLmmeGEic

FGEeGching IibEaGion modeF of Ci O and Go Ghe Sii Oi Si
FGEeGching IibEaGionF, EeFCecGiIelL JheEeaF Ghe FhaEC Ceak aG

1260 cm i 1 in and iF dHe Go Ghe SiE2) EH6.5 i CH3 FGEeGching
IibEaGion.

SEM analLFiF of FelecGed maGeEialF (FigHEeF S14U17) FhoJed

diffeEenG moEChologieF deCending on Ghe Filane HFed. RegHlaE

EoHnd-FhaCed nanoFGEHcGHEeF, GLCical of ColLdoCamine-like

maGeEialF JeEe obFeEIed in Ghe caFe of CEimaEL amine-baFed

Filane maGeEialF JheEeaF diffeEenG moEChologL JaF obFeEIed foE

Ghe GeEGiaEL amine-baFed Filane maGeEial. EDX maCCing (FigHE-

F.,96* 5. D2)(a) XPS FHEIeL of ; (b) deconIolHGed N1F FCecGEHm; (c) deconIolHGed C1F FCecGEHm and (d) deconIolHGed O1F FCecGEHm.

%&'1* 2. Binding eneEgieF and aGomic CeEcenGage of deconIolHGed CeakF
of N1F XPS FCecGEa.

EnGEL MaGeEial Ci N
eV [aGomic %]

Ci NH +

eV [aGomic %]

1 399.5 (87%) 401.7 (13%)A0

2 399.4 (90%) 401.7 (10%)A1

3 399.5 (85%) 401.8 (15%)A2

4 399.6 (100%) UB2

5 399.5 (65%) 401.5 (35%)C2

6 399.4 (42%) 402.1 (58%)D2)

7 399.7 (100%) UE2)

8 399.5 (79%) 402.2 (21%)AD6.5

9 399.6 (65%) 401.8 (35%)AF6.5

10 399.6 (65%) 401.8 (35%)AG6.5

11 399.7 (69%) 401.7 (31%)EH6.5
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eF S18U20) FhoJed a homogeneoHF diFGEibHGion of Filicon and

niGEogen aGomF in Ghe maGEiK.

AF a fHEGheE FGeC in Ghe chaEacGeEiFaGion inIeFGigaGion, Je

decided Go deGeEmine Ghe CHPZC of FelecGed maGeEialF (Fig-

HEe S21). ThiF IalHe maL helC Go Fhed Fome lighG in Ghe

deCEoGonaGion-CEoGonaGion chaEacGeEiFGicF of Ghe FHEface of a

maGeEial Fince iG EeCEeFenGF Ghe CoinG aG Jhich Ghe FHEface baFic

(oE acidic) fHncGional gEoHCF no longeE conGEibHGe Go Ghe CH

IalHe of Ghe FolHGion.[17] In Table 3 CHPZC IalHeF foE FelecGed

EeCEeFenGaGiIe maGeEialF aEe EeCoEGed. ValHeF of CHPZC JeEe

FimilaE foE , and iEEeFCecGiIe foE diffeEenG aminoA2 C2 D2)

fHncGionaliGieF and decEeaFing loadingF. LoJeE IalHeF JeEe

foHnd in Ghe caFe of and indicaGing GhaG, deFCiGe GheA0 E2)

CEeFence of Ghe CEimaEL amino gEoHC aF foE , FHch maGeEialFA2

behaIed diffeEenGlL. , CoFFeFFing GJo amino fHncGional-AD6.5

iGieF, gaIe a higheE CHPZC IalHe. AlGhoHgh noG diEecGlL coEEelaG-

able Fince a comCaEiFon beGJeen dEL FGaGe (XPS analLFiF) and

aDHeoHF condiGionF (CH PZC) iF noG conFeDHenGial, Ghe loJeE

baFiciGL of EeFemble JhaG Je obFeEIed JiGh N1F analLFiF inE2) 

XPS JiGh EeFCecG Go Ghe oGheE maGeEialF.

The GeKGHEal CEoCeEGieF of Ghe maGeEialF JeEe inIeFGigaGed

via niGEogen ChLFiFoECGion analLFiF. FigHEeF S22U27 FhoJ Ghe

EeIeEFible iFoGheEmF chaEacGeEiFed bL a FhaEC incEeaFe of Ghe

adFoEbed IolHme aG a EelaGiIe CEeFFHEe cloFe Go 1. AccoEding Go

IUPAC claFFificaGion, Ghe deFcEibed feaGHEeF can be EelaGed Go

GLCe II iFoGheEm, conFiFGenG JiGh macEoCoEoHF abFoEbenGF. The

FCecific FHEface aEea (SSA) of Ghe FolidF JaF calcHlaGed HFing Ghe

BEHnaHeE-EmmeGG-TelleE (BET) meGhod (0.05 P/P< 0<0.3). The

IalHeF EeCoEGed in Table 4 FhoJ GhaG Ghe FolidF diFClaL a loJ

SSA in Ghe Eange of 4U63 m2g i 1.

BaFed on Ghe aboIe chaEacGeEiFaGion daGa, Ghe obGained

hLbEid maGeEialF conGain laEge domainF of aminoCEoCLl moieGieF

aF Jell aF aEomaGic/DHinone moieGieF.

The fiEFG FGeC of Ghe FLnGheFiF inIolIeF Ghe faFG oKidaGion of

caGechol Go -DHinone. UndeE FHch condiGionF, -DHinone cano o

EeacG EeIeEFe diFmHGaGion JiGh caGechol, Go giIe highlLvia

EeacGiIe Femi-DHinone EadicalF GhaG can coHCle Go foEm diaELl

comCoHndF Jhich can be fHEGheE GEanFfoEmed/oKidiFed.[18] In

Ghe Fecond FGeC, Ghe main EeacGionF aEe baFed on Michael-GLCe

addiGion JiGh onlL a Fmall fEacGion of CEodHcGF foEmed Schiffvia

baFe EeacGionF[5] and hLdEolLFiF and condenFaGion of Ghe

GEimeGhoKLFilLl moieGL (Scheme 1). The FGEHcGHEeF EeCoEGed in

Scheme 1 and FigHEe 6 (Iide infEa) do noG coEEeFCond Go Ghe

eKacG naGHEe of Ghe maGeEialF and eKacG comCoFiGion of Chenolic

and amine moieGieF CEeFenG in each maGeEial bHG aEe a GenGaGiIe

JaL Go EeCEeFenG Ghem.

WiGh Ghe aim Go eKCloEe Ghe aIailabiliGL of amino moieGieF

on Ghe FHEface of Ghe FLnGheFiFed maGeEialF, KnoeIenagel

EeacGionF beGJeen eGhLl cLanoaceGaGe, aF a FHbFGEaGe conGaining

�-acid hLdEogenF, and 3-meGhoKLbenMaldehLde JeEe caEEied

oHG. CaGalLGic GeFGF JeEe EHn HFing 10 mg of each maGeEial and

1 mmol of each EeacGanG FolHbiliFed in 1 mL of eGhanol. In

FelecGed caFeF, EeacGionF JeEe alFo caEEied oHG in GolHene and in

JaGeE.

MaGeEial gaIe a IeEL loJ Lield (enGEL 1), deFCiGe FhoJingA0

Ghe higheFG loading in Filane, Jhich coHld alFo indicaGe a high

%&'1* 3. CHPZC IalHeF.

EnGEL MaGeEial CHPZC

1 7.4A0

2 8.7A2

3 8.3C2

4 8.8D2)

5 6.6E2)

6 9.7AD6.5

%&'1* 4. SCecific FHEface aEeaF [SSA].

EnGEL MaGeEial SSA [m2gi 1]

1 4A0

2 13A1

3 63A2

4 24B2

5 16C2

6 5D2)

7 10E2)

$(-*2* 1. TenGaGiIe FGEHcGHEe baFed on chaEacGeEiFaGion daGa (Fee diFcHF-
Fion).

F.,96* 6. D TenGaGiIe FGEHcGHEe of maGeEialF baFed on Filane and fEom GJo
FilaneF.
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load in amino gEoHCF, giIen GhaG Ghe amino fHncGion iF CEeFenG

in Ghe FGaEGing Filane. ThiF EeFHlG coHld be an indicaGion of Ghe

loJ aIailabiliGL of Ghe amino fHncGionF. In addiGion, Ghe 1H NMR

FCecGEHm FhoJed Ghe CEeFence of Ghe coEEeFConding dieGhLl

aceGal (ca. 22%) GhaG EemoIeF Ghe FGaEGing aldehLde Go Ghe

KnoeIenagel EeacGion. Indeed, a higheE Lield JaF affoEded in

JaGeE (enGEL 2). FEom XPS daGa (Fee Table S1, enGEL 1) A0

aCCeaEF Go be Ghe maGeEial haIing Ghe loJeFG N/Si aGomic EaGio,

Ghen indicaGing Ghe loJeFG amine aIailabiliGL on Ghe FHEface. The

oKidaGion of caGechol JiGh KIO4 CEoIided maGeEialF JiGh a

FlighGlL higheE caGalLGic acGiIiGL in eGhanol (enGEieF 3 and 5). In

Ghe caFe of , EeacGionF JeEe alFo caEEied oHG in GolHene and inA2

JaGeE FhoJing a deCendence of Ghe Lield on Ghe ColaEiGL of Ghe

FolIenG emCloLed (enGEieF 4U6). The higheE Lield obFeEIed JiGh

diamine (enGEL 7) iF eKClained bL Ghe CEeFence of GJo amino

fHncGionF, one CEimaEL and one FecondaEL Jhich conFeDHenGlL

leadF Go a higheE caGalLGic loading. The HFe of Ghe maGeEial

conGaining onlL a FecondaEL amino fHncGion FhoJed, indeed,

an inGeEmediaGe Lield (enGEL 8).

ReFHlGF obFeEIed JiGh Ghe GJo maGeEialF haIing Ghe GeEGiaEL

amino fHncGion aEe IeEL inGeEeFGing (enGEieF 9U12). AlGhoHgh

GheL CoFFeFF a loJeE loading, Ghe obFeEIed LieldF JeEe higheE

Ghan Ghe CEeIioHF oneF. ThiF coHld alFo be dHe Go Ghe gEeaGeE

CEeFence of GeEGiaEL amino gEoHCF aIailable foE caGalLFiF, Fince

no MichaelVF addiGion can Gake Clace. The good N/Si aGomic

EaGio diFClaLed aG XPS coHld indicaGe FHch aIailabiliGL (Table S1).

No diffeEence JaF obFeEIed Jhen JaGeE JaF HFed inFGead of

eGhanol (enGEieF 10 and 11) JheEeaF IeEL loJ Lield JaF

obFeEIed in GolHene (enGEL 9).

High LieldF JeEe alFo Eeached JiGh maGeEialF andE2 E2)

haIing Ghe CEimaEL amino fHncGion. TheFe maGeEialF JeEe

CEeCaEed HFing Ghe coEEeFConding dimeGhoKLmeGhLl Filane. IG

FhoHld be noGed GhaG maGeEialF and , haIe Ghe Fame FilicaA2 E2

loading (6.1 mmol/g) bHG DHiGe diffeEenG caGalLGic acGiIiGL

(enGEieF 5 and 13). PEobablL, Ghe GJo maGeEialF CoFFeFF a

diffeEenG hLdEoChobiciGL dHe Go Ghe CEeFence of Ghe meGh-

LlFilane moieGL in aF demonFGEaGed bL Ghe diffeEenG JaGeEE2

conGenG (Fee Table 1). CaGalLFG JaF alFo GeFGed in GolHene,E2)

eGhanol and JaGeE (enGEieF 14U16). Again, Lield in GolHene JaF

Ghe loJeFG Jhile Ghe Fame Lield JaF obFeEIed in Ghe ColaE

FolIenGF. MaGeEial CEeCaEed JiGh loJeE amoHnG of oKidiMingE1)

agenG gaIe FlighGlL higheE LieldF (enGEieF 17 and 18) aF in Ghe

caFe of enGEL 3.

AnoGheE comCaEiFon coHld be made beGJeen and .A1 E2)

EIen if Ghe eKCeEimenGal condiGionF foE GheiE FLnGheFiF JeEe

diffeEenG, GheFe CEimaEL amino-baFed maGeEialF FhoJed FimilaE

Filane loading, SSA, N/Si aGomic EaGio and N/NH+ EaGio fEom XPS.

Again, Ghe gEeaG diffeEence in acGiIiGL coHld be aFcEibed Go Ghe

diffeEenG hLdEoChobiciGL aF Feen fEom Ghe diffeEenG amoHnG of

JaGeE in Ghe TGA.

CaGalLFG gaIe Ghe higheFG Lield in JaGeE. ThiF EeFHlG iFAD6.5

in agEeemenG JiGh Ghe higheE CHPZC foE . ImidaMoliHm-AD6.5

baFed maGeEialF gaIe alFo inGeEeFGing EeFHlGF FhoJing GhaG FHch

moieGL had an imCoEGanG Eole. Indeed, gaIe a high Lield,AF6.5

mHch higheE Go Ghe FimCle CEimaEL amine-baFed caGalLFG A2

(enGEL 21 IF enGEL 5).

CaGalLFG (enGEieF 23 and 24) GhaG diFClaLed a loJAF1.10

Filane conGenG (Table 1) and JaF CEeCaEed HFing a laEge eKceFF

of imidaMoliHm-baFed Filane comCaEed Go Ghe CEimaEL amine-

baFed one, FGill gaIe a high Lield deFCiGe Ghe mHch loJeE Filane

loading. The Eole of Ghe imidaMoliHm FalG iF highlighGed bL Eole

of iGF anion. Indeed, Jhen iodide JaF HFed in Clace of chloEide

a loJeE Lield JaF obFeEIed. FinallL, Jhich JaF CEeCaEedEH6.5

HFing Ghe dimeGhoKLmeGhLl coEEeFConding FilaneF gaIe, aF foE

E2 E2) AF6.5 and , a higheE Lield Jhen comCaEed Go (enGEieF 27,

28 21, 22) and Ghe higheFG Lield in eGhanol.vs

In oEdeE Go inIeFGigaGe if Ghe Fole FolIenG had a Eole,

EeacGionF JeEe caEEied oHG in GolHene, eGhanol and JaGeE

JiGhoHG caGalLFG (enGEieF 29U32). Indeed, HncaGalLFed EeacGionF

maL Gake Clace.[19]

IG iF inGeEeFGing Go obFeEIe GhaG in eGhanol a good Lield IalHe

JaF obGained. AF alEeadL obFeEIed bL PaGai, eGhanol, behaIeF aF

a FGEongeE baFe Ghan JaGeE. On Ghe oGheE hand, JaGeE, oJing Go

iGF gEeaGeE FolIaGing CoJeE and higheE dielecGEic conFGanG,

FGabiliFeF Ghe caEbanionF foEmed. The Lield IalHe in eGhanol iF

higheE Ghan GhaG obGained HFing and comCaEable Go GhaGA0

obGained JiGh and . In oGheE JoEdF, , and had,A1 A2 A0 A1 A2

CEacGicallL, no caGalLGic effecGF. FeemF Go haIe an inhibiGingA0

effecG on Ghe EeacGion CEobablL becaHFe acGHallL caGalLFed Ghe

aceGal foEmaGion.

FEom a mechaniFGic FGandCoinG, FeIeEal CaGhJaLF maL be

oCeEaGiIe, Ghe ion-CaiE mechaniFm, faIoHEed bL GeEGiaEL amineF;

a mechaniFm caEbinolamine, iminiHm, and enolaGe inGeE-via

mediaGeF caGalLFed bL FecondaEL amineF[20] and Ghe mechaniFm

inIolIing a coIalenG imine inGeEmediaGe, faIoHEed bL CEimaEL

amineF.[21] In addiGion, aF foE Ghe Eole ClaLed bL Filanol gEoHCF,[22]

a CoFFible Eole of Chenolic hLdEoKLl gEoHCF can be alFo

oCeEaGiIe.

AF alEeadL diFcHFFed, maGeEialF maL CoFFeFF diffeEenG fHnc-

Gional gEoHCF. EIen HFing, aF FGaEGing EeacGanG, Ghe CEimaEL

aminoCEoCLl Filane, diffeEenG amino fHncGionF, FHch aF Fecon-

daEL amineF and imine moieGieF, can be CEeFenG in Ghe final

maGeEial. Then, diffeEenG CaGhJaLF can be oCeEaGiIe in Jhich

Ghe diffeEenG fHncGional gEoHCF can JoEk cooCeEaGiIelL.[23] On

Ghe oGheE hand, Fince ColaE FolIenGF aid Ghe ion-CaiE mechaniFm

bL FGabiliMing Ghe caEbanion inGeEmediaGe,[24] iG iF CoFFible a laEge

conGEibHGion of FHch mechaniFm.

AF EeCoEGed aboIe, FhoJed a IeEL loJ caGalLGic acGiIiGLA0

in eGhanol and higheE in JaGeE. The feaGHEeF of aEe a highA0

loading of Filane, bHG a loJ N/Si aGomic EaGio aF Feen fEom XPS

Jhich coHld indicaGe GhaG amino fHncGionaliGieF aEe leFF

aIailable on Ghe FHEface of Ghe maGeEial. In addiGion, CHPZC JaF

loJeE Ghan oGheE maGeEialF CEeCaEed fEom GEimeGhoKLFilane

deEiIaGiIeF. JaF Ghe onlL maGeEial Jhich haF caGalLFed GheA0

foEmaGion of a ceEGain amoHnG of Ghe dieGhLl aceGal, EemoIing

Ghe aldehLde fEom Ghe eDHilibEiHm. The HFe of JaGeE in Clace of

eGhanol had a good effecG Fince no aceGal can be foEmed and,

becaHFe of iGF higheE ColaEiGL GhaG FGabiliFeF Ghe caEbanionF

foEmed, effecGiIelL deCEeFFed GheiE EecombinaGion EaGe JiGh

CEoGonF.

IG can be eaFilL Feen GhaG GheEe iF no coEEelaGion beGJeen

CHPZC IalHeF (Table 3) and caGalLGic acGiIiGL Jhen Je comCaEe

CEimaEL amine-baFed maGeEialF. DeFCiGe Ghe IeEL loJ FHEface
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aEea IalHe and loJeE baFic FGEengGh, JaF Ghe moFG acGiIeE2)

caGalLFG. ThiF EeFHlG coHld be aFcEibed, aF alEeadL FHCCoFed, Go

iGF higheE hLdEoChobiciGL of Ghe Folid FHEface dHe Go Ghe HFe of

Ghe dimeGhoKLmeGhLl-baFed Filane. AF EeCoEGed in Ghe liGeEaGHEe,

CEimaEL aminoalkLl modified ColLFilFeFDHioKaneF [25] gaIe an

incEeaFed Lield JiGh incEeaFed FolIenG ColaEiGL, FHCCoEGing Ghe

idea of a CaEGiGioning effecG dHe Go Ghe higheE hLdEoChobiciGL of

ColLFilFeFDHioKaneF comCaEed Go Filica maGeEialF. A FimilaE

behaIioHE JaF obFeEIed bL HF foE Ghe CEoline-caGalLFed

aFLmmeGEic aldol EeacGion[26] in Jhich Ghe HFe of JaGeE affoEded

higheE LieldF in Ghe aldol CEodHcGF dHe Go CaEGiGioning effecG. In

oHE caFe, Jhen EeacGionF JeEe caEEied oHG in GolHene (Table 5,

enGEieF 4, 9 and 14), a FolIenG in Jhich EeacGanGF aEe Jell

diFFolIed, loJeE LieldF JeEe obGained becaHFe EeacGanGF JeEe

noG foEced GoJaEd Ghe FHEface of Ghe caGalLFGF. The HFe of JaGeE,

a EeacGion mediHm in Jhich EeacGanGF aEe noG Jell diFFolIed,

foEced Ghe laGGeE GoJaEd Ghe FHEface giIing a beGGeE Lield JiGh

Ghe moEe hLdEoChobic caGalLFG (Table 5, enGEieF 6 16).vs

In Ghe eKamined caFeF, Ghe higheE caGalLGic acGiIiGL in

eGhanol Ghan in GolHene iF alFo in agEeemenG JiGh Ghe CEeFence

of oGheE caGalLGic moieGieF on Ghe FHEface GhaG oCeEaGe GhEoHgh

Ghe ion-CaiE mechaniFm (Fee ESI).[27] The high caGalLGic acGiIiGL of

D2 coHld be dHe Go iGF higheE baFic FGEengGh. The almoFG no

caGalLGic acGiIiGL obFeEIed JiGh in GolHene iF an indicaGionD2

GhaG Ghe ion-CaiE mechaniFm iF oCeEaGiIe JiGh GeEGiaEL amine-

baFed caGalLFG. OIeEall, maGeEialF diFClaLed higheE caGalLGic

acGiIiGL in JaGeE Fince Ghe Lield JiGhoHG caGalLFG in JaGeE JaF

mHch leFF Ghan in eGhanol.

AfGeE GheFe CEeliminaEL GeFGF, Je decided Go GeFG Ghe

EecLclabiliGL of Ghe moFG CEomiFing caGalLGic maGeEialF. FoE GhiF

CEocedHEe 20 mg of caGalLFG JeEe HFed. The EeacGionF JeEe

caEEied oHG in eGhanol oE JaGeE (1 mL) HFing 2 mmol of eGhLl

cLanoaceGaGe and FeIeEal aldehLdeF. AG Ghe end of each

EeacGion, Ghe CEodHcG JaF FeCaEaGed fEom Ghe EeacGion miKGHEe

and analLFed bL 1H-NMR, Jhile Ghe caGalLFG, EecoIeEed bL

cenGEifHgaGion, afGeE being dEied, JaF HFed foE Ghe neKG cLcle

JiGhoHG anL EeacGiIaGing CEocedHEe. FiEFG, Je inIeFGigaGed

caGalLFGF CEeCaEed HFing a Fingle Filane.

The fiEFG EecLcling FGHdL JaF CeEfoEmed HFing Ghe diamine-

baFed caGalLFG HFing 2,4-dimeGhoKLbenMaldehLde. AfGeE aB2

EeacGion Gime of 5 h, a Lield of 88% JaF obFeEIed. The Fecond

cLcle gaIe a loJeE Lield (74%). In addiGion Go FHch decEeaFed

acGiIiGL, Ghe maGeEial JaF noG eaFilL EecoIeEed aF a loFF of aboHG

40% bL JeighG JaF foHnd afGeE onlL GJo cLcleF. Then, no

FHbFeDHenG cLcleF JeEe caEEied oHG. The Fecond caGalLGic

maGeEial inIeFGigaGed JaF . BL HFing Ghe Fame 2,4-dimeGh-C2

oKLbenMaldehLde and a EeacGion Gime of 5 h Ghe Lield JaF 54%

Jhich decEeaFed in Ghe Fecond cLcle (43%). GiIen GheFe EeFHlGF,

iG JaF decided noG Go caEEL oHG anL fHEGheE EeacGion cLcleF.

Table 6 FhoJF Ghe Gen cLcleF made JiGh . FoE eachD2

benMaldehLde, Ghe coEEeFConding EeacGion JiGhoHG caGalLFG JaF

caEEied oHG foE comCaEiFon (Table 6, fooGnoGe). ThEee diffeEenG

FHbFGEaGeF JeEe HFed. IG can be obFeEIed GhaG Lield IalHeF

conFGanGlL decEeaFed afGeE Ghe fiEFG fiIe cLcleF in Jhich 2,4-

dimeGhoKLbenMaldehLde JaF HFed. The folloJing GhEee cLcleF

(fEom 6 Go 8), laFGing 1 hoHE, JeEe caEEied oHG HFing 4-

niGEobenMaldehLde; Ghe obGained EeFHlGF FhoJed a GoGal Lield of

Ghe aldehLde in line JiGh Ghe gEeaGeE EeacGiIiGL of Ghe aldehLde.

AG GhiF CoinG Ghe ninGh cLcle JaF EHn oHG again JiGh Ghe leFF

EeacGiIe 2,4-dimeGhoKLbenMaldehLde Go IeEifL Ghe IaEiaGion of

Ghe caGalLGic acGiIiGL of Ghe maGeEial afGeE eighG cLcleF. A fHEGheE

decEeaFe in caGalLGic acGiIiGL JaF obFeEIed. In Ghe GenGh cLcle 4-

bEomobenMaldehLde JaF HFed giIing a Lield of 83%.

In Table 6 aEe alFo EeCoEGed EecLcling FGHdieF JiGh . AlFoD2)

in GhiF caFe, caGalLFG JaF eaFilL FeCaEaGed fEom Ghe EeacGionD2)

miKGHEe aG Ghe end of each cLcle. Yield IalHeF, EelaGing Go 2,4-

%&'1* 5. KnoeIenagel EeacGion beGJeen eGhLl cLanoaceGaGe and 3-meGhoKLbenMaldehLde.[a]

EnGEL CaGalLFG SolIenG Yield
[%]

EnGEL CaGalLFG SolIenG Yield
[%]

1 EGOH 6A0 [b] 17 EGOH 84E1) [c]

2 HA0 2O 34 18 HE1) 2O 80
3 EGOH 33 19 EGOH 75A1 AD6.5

4 TolHene 19 20 HA2 AD6.5 2O 93
5 EGOH 25 21 EGOH 80A2 AF6.5

6 HA2 2O 42 22 HAF6.5 2O 69
7 EGOH 76 23 EGOH 75B2 AF1.10

8 EGOH 56 24 HC2 AF1.10 2O 64
9 TolHene 6 25 EGOH 59D2 AG6.5

10 EGOH 82 26 HD2 AG6.5 2O 62
11 HD2 2O 83 27 EGOH 92EG6.5

12 EGOH 82 28 HD2) EH6.5 2O 87
13 EGOH 72 29 No caGalLFG TolHene 5E2 <
14 TolHene 34 30 No caGalLFG EGOH 30E2)

15 EGOH 77E2) [c] 31 No caGalLFG H2O 8
16 HE2) 2O 75 32 No caGalLFG U 5<

[a] ReacGion condiGionF: caGalLFG (10 mg), 3-meGhoKLbenMaldehLde (1 mmol), eGhLl cLanoaceGaGe (1 mmol), FolIenG (1 mL). [b] DieGhLl aceGal (22% fEom 1H
NMR of Ghe cEHde EeacGion miKGHEe). [c] TEaceF of dieGhLl aceGal.
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dimeGhoKLbenMaldehLde, FhoJ a flHcGHaGing GEend alGhoHgh

decEeaFing beGJeen Ghe fiEFG and fifGh cLcle. The ninGh cLcle

FhoJF a higheE Lield Ghan Ghe fifGh. YieldF EelaGing Go 4-

niGEobenMaldehLde JeEe DHanGiGaGiIe. The IalHe obGained in Ghe

GenGh cLcle, JheEe 4-bEomobenMaldehLde JaF HFed, FhoJed a

high Lield, if comCaEed Go Ghe Lield obGained HFing Ghe Fame

aldehLde and fEeFh caGalLFG in iGF fiEFG cLcle (93%).

AnoGheE FeG of EecLcling inIeFGigaGion JaF caEEied oHG JiGh

caGalLFG (Table 6). The EeFHlGF obGained foE Ghe fiEFG foHEE2)

cLcleF FhoJ IeEL high Lield IalHeF; in Ghe fifGh cLcle, JheEe 2,4-

dimeGhoKLbenMaldehLde JaF FGill HFed, a FlighG decEeaFe JaF

obFeEIed. The cLcleF JheEe 4-niGEobenMaldehLde JaF HFed

(fEom 6 Go 8) FhoJ alFo high and conFGanG Lield IalHeF. The

ninGh cLcle gaIe again a high Lield. The IalHe EeCoEGed in Ghe

Gable EefeEEing Go 4-bEomobenMaldehLde FhoJed a FHdden

decEeaFe in Ghe caGalLGic CeEfoEmance of Ghe maGeEial, Jhich iF

confiEmed bL Ghe comCaEiFon JiGh Ghe Lield obGained JiGh E2)

in Ghe fiEFG cLcle HFing 4-bEomobenMaldehLde Jhich JaF 97%.

ReHFed caGalLFGF JeEe analLFed bL TGA afGeE 10 cLcleF and

EeFHlGF comCaEed JiGh Ghe fEeFh oneF (Table 7). CaGalLFG JaFD2

highlL FGable aF Jell aF caGalLFG , JheEeaF a Fmall loFF JaFD2)

obFeEIed in Ghe caFe of GhaG, acGHallL, gaIe a mHch loJeEE2)

Lield in Ghe 10Gh cLcle. IG mHFG be conFideEed GhaG Ghe loJeE Ghe

EeFidHe, Ghe loJeE Ghe amino coHnGeECaEG.

We caEEied oHG fHEGheE EecLcling GeFGF on (Table 8). In aD2)

fiEFG FeG, 4-chloEobenMaldehLde JaF HFed HC Go fiIe cLcleF

FhoJing conFGanG LieldF in Ghe fiEFG foHE cLcleF and a FlighG

decEeaFe in Ghe fifGh. Then, DHanGiGaGiIe LieldF JeEe obFeEIed in

Ghe neKG GJo cLcleF JiGh 4-niGEobenMaldehLde. In Ghe FHbFe-

DHenG cLcle, again JiGh 4-chloEobenMaldehLde, no decEeaFe in

acGiIiGL JaF obFeEIed comCaEed Go Ghe fifGh cLcle (enGEieF 1U8).

The EecoIeEed caGalLFG in enGEL 7 JaF HFed again JiGh 4-

chloEobenMaldehLde giIing Ghe Fame EeFHlG in enGEL 5. In a

Fecond FeG of EecLcling EeacGionF FGill good EeFHlGF JeEe

obGained (enGEieF 9U12). BoGh FeG of EecLcling confiEmed a good

leIel of EecLclabiliGL of Ghe maGeEial. Then, Je HFed caGalLFGF

AD6.5 EH6.5 AD6.5and foE EecLcling FGHdieF (Table 9). JaF

GeFGed in eGhanol and in JaGeE, dHe Go iGF eKcellenG EeFHlG in GhiF

mediHm (Fee Table 5). JaF HFed in eGhanol. BeGGeEEH6.5

CeEfoEmanceF JeEe obFeEIed HFing . TheEmogEaIimeGEicEH6.5

%&'1* 6. D2 D2) E2)RecLcling FGHdieF JiGh , and .[a]

EnGEL CLcle AE Time [h] CaGalLFG D2

Yield [%]
CaGalLFG D2)

Yield [%]
CaGalLFG E2)

Yield [%]

1 1 2,4-diMeO 5 91[b] 91[b] 97[b]

2 2 2,4-diMeO 5 88 95 97
3 3 2,4-diMeO 5 79 63 97
4 4 2,4-diMeO 5 69 75 97
5 5 2,4-diMeO 5 54 44 88
6 6 4-NO2 1 99> [c] >99[c] 98[c]

7 7 4-NO2 1 99 99 97> >
8 8 4-NO2 1 99 99 97> >
9 9 2,4-diMeO 5 32 51 98
10 10 4-BE 2.5 83[d,e] 91[d,e] 43[d,f]

[a] ReacGion condiGionF: caGalLFG (20 mg), aldehLde (2 mmol), eGhLl cLanoaceGaGe (2 mmol), eGhanol (1 mL). [b] Yield JiGhoHG caGalLFG: 20%. [c] Yield JiGhoHG
caGalLFG: 5%. [d] Yield JiGhoHG caGalLFG: 32%. [e] Yield JiGh fEeFh caGalLFG: 93%. [f] Yield JiGh fEeFh caGalLFG: 97%.<

%&'1* 7. TGA and loading of fEeFh and EeHFed caGalLFGF.[a]

EnGEL CaGalLFG TGA EeFidHe [%] Loading [mmol/g]
FEeFh AfGeE EeHFe FEeFh AfGeE EeHFe

1 21.4 20.6 3.6 3.4D2

2 21.3 21.1 3.6 3.5D2)

3 39.4 31.0 6.6 5.2E2)

4 39.8 26.8 6.6 4.5AD6.5

5 33.7 27.7 5.6 4.6EH6.5

[a] TGA of , , afGeE 10 cLcleF; TGA of , afGeE 8D2 D2) E2) AD6.5 EH6.5 

cLcleF.

%&'1* 8. D2)RecLcling FGHdieF JiGh .[a]

EnGEL CLcle AE Time [h] Yield [%]

1 1 4-Cl 2.5 95[b]

2 2 4-Cl 2.5 93
3 3 4-Cl 2.5 94
4 4 4-Cl 2.5 92
5 5 4-Cl 2.5 82
6 6 4-NO2 1 99>
7 7 4-NO2 1 99>
8 8 4-Cl 2.5 83
9 1 2-NO2 1 95[c]

10 2 4-BEi 3-OMe 1.5 95[d]

11 3 BiGhioChenLl 4 84[e]

12 4 4-BE 1.5 71[f]

[a] ReacGion condiGionF: caGalLFG (20 mg), aldehLde (2 mmol), eGhLl
cLanoaceGaGe (2 mmol), eGhanol (1 mL). [b] Yield JiGhoHG caGalLFG: 5%.<
[c] Yield JiGhoHG caGalLFG: 85%. [d] Yield JiGhoHG caGalLFG: 5%. [e] Yield<
JiGhoHG caGalLFG: 7%. [f] Yield JiGhoHG caGalLFG: 14%.
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analLFiF afGeE 8 cLcleF eIidenced a ceEGain loFF boGh foE AD6.5

and (Table 2, enGEieF 4 and 5).EH6.5

C43(197.43

BL mimicking Ghe ColLdoCamine chemiFGEL, Je CEeCaEed a FeG

of hLbEid oEganic-inoEganic maGeEialF in a one-CoG CEocedHEe

HndeE mild condiGionF. ThiF CEocedHEe iF baFed on Ghe HFe of

caGechol and KIO4 aF oKidiMing agenG in conjHncGion JiGh 3-

aminoCEoCLl- oE FHbFGiGHGed 3-aminoCEoCLl- oE 3-meGh-

LlimidaMoliHm-1-GEimeGhoKLCEoCLlFilane. The fiEFG FGeC of Ghe

FLnGheFiF inIolIeF Ghe faFG oKidaGion of caGechol Go -DHinoneo

giIing a comCleK miKGHEe of aELl comCoHndF Jhich maL

HndeEgo mainlL Michael-GLCe addiGion JiGh CEimaEL oE Fecon-

daEL aminoCEoCLlGEimeGhoKLFilaneF folloJed bL hLdEolLFiF and

condenFaGion of Ghe GEimeGhoKLFilLl moieGL. ChaEacGeEiFaGion of

Ghe hLbEid maGeEialF indicaGed Ghe CEeFence of FeIeEal fHnc-

Gional gEoHCF. Then, KnoeIenagel EeacGion beGJeen eGhLl

cLanoaceGaGe and FeIeEal benMaldehLdeF JaF choFen aF good

CEobe Go inIeFGigaGe Ghe aIailabiliGL of fHncGional gEoHCF on Ghe

FHEface. In FHch a JaL iG JaF CoFFible Go idenGifL Ghe beFG

EeacGion condiGionF and Ghe HFe of Ghe CEoCeE aminoCEoCLlFi-

laneF foE Ghe obGainmenG of Ghe moFG acGiIe caGalLGic maGeEialF.

In CaEGicHlaE, maGeEialF and CoFFeFFing a GeEGiaELD2) AD6.5

amine gaIe good EeFHlGF. MaGeEialF baFed onlL on CEimaEL

amine gaIe no good EeFHlGF HnleFF GheL JeEe CEeCaEed HFing a

dimeGhoKLmeGhLl-baFed Filane. In Ghe laGGeE caFe, Ghe enhanced

hLdEoChobiciGL coHld be Ghe EeaFon foE Ghe incEeaFed caGalLGic

acGiIiGL. PEobablL, a FimilaE effecG JaF oCeEaGiIe in Ghe caFe of

EH6.5. SHch FimCle CEocedHEe coHld be of inGeEeFG foE Ghe

deIeloCmenG of neJ hLbEid oEganic-inoEganic mHlGifHncGional

maGeEialF foE FeIeEal CHECoFeF.

E<5*6.2*38&1 $*(8.43

$5*(8647(45.( &3) A3&1=8.(&1 M*8-4)7

ChemicalF and FolIenGF JeEe CHEchaFed fEom commeEcial FHCClieEF
Go be HFed JiGhoHG fHEGheE CHEificaGion. TheEmogEaIimeGEic analLFiF
(TGA) meaFHEemenGF JeEe caEEied oHG HndeE oKLgen floJ fEom 100
Go 1000°C JiGh a heaGing EaGe of 10°Cmini 1 in a MeGGleE Toledo
TGA STAR CombHFGion chemical analLFiF JaF CeEfoEmed on a
PeEkinElmeE 2400 SeEieF II ElemenGal AnalLMeE SLFGem. NiGEogen
adFoECGion-deFoECGion analLFiF JaF CeEfoEmed aG 77 K bL HFing a
IolHmeGEic adFoECGion analLMeE (MicEomeEiGicF ASAP 2420). BefoEe
Ghe analLFiF, Ghe FamCle JaF CEe-GEeaGed aG 150 °C foE 16 h HndeE
EedHced CEeFFHEe (0.1 mbaE). The BET meGhod JaF aCClied in Ghe C/
C0 �0.05U0.30 Eange Go calcHlaGe Ghe FCecific FHEface aEea. X-EaL
ChoGoelecGEon FCecGEoFcoCL (XPS) analLFeF JeEe CeEfoEmed JiGh a
TheEmo FiFheE ESCALAB 250Xi inFGEHmenG eDHiCCed JiGh a
monochEomaGic Al K X-EaL FoHEce (1486.6 eV) and a hemiFCheEical�
deflecGoE analLMeE (SDA) JoEking aG conFGanG CaFF eneEgL (CAE)
alloJing Go obGain a conFGanG eneEgL EeFolHGion on Ghe Jhole
FCecGEHm. The eKCeEimenGF JeEe caEEied oHG HFing a 200 m�
diameGeE X-EaL FCoG. The chaEge neHGEaliFaGion of Ghe FamCle JaF
achieIed JiGh a flood gHn HFing loJ eneEgL elecGEonF and aEgon
ionF. The CEeFFHEe in Ghe analLFiF chambeE JaF in Ghe Eange of 10i 8.
ToEE dHEing daGa collecGion. SHEIeL FCecGEa JeEe EecoEded JiGh a
150 eV CaFF eneEgL, JheEeaF high-EeFolHGion indiIidHal FCecGEa
JeEe collecGed JiGh a 20 eV CaFF eneEgL. AnalLFeF of Ghe CeakF
JeEe CeEfoEmed JiGh Ghe FofGJaEe TheEmo AIanGage, baFed on Ghe
non-lineaE FDHaEeF fiGGing CEogEam HFing a JeighGed FHm of
LoEenGMian and GaHFFian comConenG cHEIeF afGeE backgEoHnd
FHbGEacGion accoEding Go ShiEleL and SheEJood.[28] FHll JidGh aG half
maKimHm (FWHM) IalHeF JeEe fiKed foE all Ghe FignalF. Solid FGaGe
CP-MAS 13C-NMR FCecGEa JeEe EecoEded aG Eoom GemCeEaGHEe, on a
Jeol ECZ-R 600 MHM FCecGEomeGeE oCeEaGing aG 14.1 T, HFing a
conGacG Gime of 2 mF, a FCinning EaGe of 8 KHM and a aHGomaF CEobe
of 3.2 mm. CP-MAS 29Si-NMR FCecGEa JeEe EecoEded aG Eoom
GemCeEaGHEe, on a Jeol ECZ-R 600 MHM SCecGEomeGeE oCeEaGing aG
14.1 T, HFing a conGacG Gime of 2 mF, a FCinning EaGe of 8 KHM and a
aHGomaF CEobe of 3.2 mm. LiDHid FGaGe 1H NMR FCecGEa JeEe
collecGed on a BEHkeE 300 MHM FCecGEomeGeE. IR FCecGEa (KBE diFk)
JeEe EecoEded on an AgilenG TechnologieF CaEL 630 FT-IR
FCecGEomeGeE. SCecimenF foE GheFe meaFHEemenGF JeEe CEeCaEed
bL miKing 1 mg of Ghe FamCle CoJdeE JiGh 100 mg of KBE. The CH
of CoinG of MeEo chaEge (CHPZC) JaF deGeEmined aF folloJF.

[29] The
CH of a FeEieF of 20 mL 0.01 M NaCl FolHGionF JaF adjHFGed Go a
IalHe beGJeen 4 and 10 bL adding HCl 0.1 M oE NaOH 0.1 M
FolHGion in cloFed EElenmeLeE flaFkF. BefoEe adjHFGing Ghe CH, all
FolHGionF JeEe degaFFed bL CHEging AE gaF Go EemoIe diFFolIed
CO2. The CH of GheFe FolHGionF JaF EecoEded aF Ghe iniGial CHF (CHi).
Then, 0.1 g of maGeEial JaF added and Ghe final CH (CHf) JaF
meaFHEed afGeE 24 h. The CloGF of boGh CHf vs CHi and CHi vs CHi
gaIe Ghe CHPZC IalHe aF Ghe inGeEFecGion of Ghe cHEIeF. Scanning
elecGEon micEoFcoCL imageF JeEe EecoEded JiGh a JEOL 7500F
coHCled JiGh an eneEgL-diFCeEFiIe X-EaL deGecGoE. The KnoeIenagel
EeacGion CEodHcGF aEe knoJn molecHleF and GheiE FCecGEoFcoCical
and analLGical daGa coEEeFCond Go GhoFe EeCoEGed in Ghe liGeEaGHEe.
(E)-eGhLl 3-(4-bEomo-3-meGhoKLChenLl)-2-cLanoacELlaGe (Table 8,
enGEL 10) haF noG been EeCoEGed in Ghe liGeEaGHEe.

$=38-*7.7 4+ -='6.) 2&8*6.&17 (%&'1* 1)

GeneEal CEoGocol: caGechol (4.36 mmol) JaF diFFolIed inGo a bHffeE
FolHGion (KHCO3/K2CO3, CH 9, 10 mM, 100 mL oE 50 mL) HndeE
magneGic FGiEEing aG Eoom GemCeEaGHEe. Then, KIO4 (0.5 oE 0.25 eD)
JaF added Go Ghe FolHGion. The aboIe miKGHEe JaF FGiEEed aG Eoom
GemCeEaGHEe foE 2.5 h. AfGeE GhiF CeEiod, Ghe amino-baFed oEgano-

%&'1* 9. AD6.5 EH6.5RecLcling FGHdieF JiGh and .[a]

EnGEL CLcle AE Time [h] CaGalLFG
AD6.5 [b]

Yield [%]

CaGalLFG
AD6.5 [c]

Yield [%]

CaGalLFG
EH6.5 [b]

Yield [%]

1 1 2,4-diMeO 5 99[d] 99[d] 99[d]

2 2 2,4-diMeO 5 85 98 95
3 3 2,4-diMeO 5 82 94 95
4 4 2,4-diMeO 5 88 83 99
5 5 4-NO2 1 99> [e] >99[e] >99[e]

6 6 4-NO2 1 99 99 99> > >
7 7 4-BE 2.5 73[f] 79[f] 89[f]

8 8 4-Cl 2.5 55[g] 45[g] 45[g]

[a] ReacGion condiGionF: caGalLFG (20 mg), aldehLde (2 mmol), eGhLl
cLanoaceGaGe (2 mmol), eGhanol (1 mL). [b] SolIenG: eGhanol. [c] SolIenG:
JaGeE. [d] Yield JiGhoHG caGalLFG: 20%. [e] Yield JiGhoHG caGalLFG: 5%. [f]<
Yield JiGhoHG caGalLFG: 32%. [g] Yield JiGhoHG caGalLFG: 5%.<
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Filane (10 mmol) JaF added. The EeacGion miKGHEe JaF FGiEEed foE
18 h aG 70 °C. The bEoJn Folid JaF filGeEed and JaFhed JiGh JaGeE,
eGhanol, meGhanol and dieGhLl eGheE. The obGained maGeEial JaF
dEied aG 60 °C HndeE EedHced CEeFFHEe.

G*3*6&1 564(*)96* +46 8-* K34*:*3&,*1 (43)*37&8.43

'*8;**3 3-2*8-4<='*3>&1)*-=)* &3) *8-=1 (=&34&(*8&8*

The caGalLGic GeFGF JeEe EHn inGo a 10 mL a glaFF Iial JiGh FcEeJ caC
in Jhich 10 mg of caGalLGic maGeEial, 3-meGhoKLbenMaldehLde
(1 mmol), eGhLl cLanoaceGaGe (1 mmol), and eGhanol (1 mL) JeEe
Claced. The EeacGion miKGHEe JaF FonicaGed foE a FhoEG Gime and
heaGed aG 50 °C HndeE FGiEEing foE 5 h. Then, Ghe EeacGion miKGHEe
JaF alloJed Go cool doJn Go Eoom GemCeEaGHEe, dilHGed JiGh
dichloEomeGhane and filGeEed foE caGalLFG EemoIal. The filGEaGe JaF
eIaCoEaGed HndeE IacHHm aG Eoom GemCeEaGHEe. The EeFidHe JaF
JeighGed and analLFed bL 1H NMR FCecGEoFcoCL Ghen CaFFed
GhEoHgh a FhoEG Cad of Filica gel.

G*3*6&1 6*(=(1.3, 564(*)96* +46 8-* K34*:*3&,*1

(43)*37&8.43

The EecLcling GeFGF JeEe EHn inGo a 10 mL a glaFF Iial JiGh FcEeJ
caC in Jhich 20 mg of caGalLGic maGeEial, Ghe aldehLde (2 mmol),
eGhLl cLanoaceGaGe (2 mmol), and eGhanol (1 mL) JeEe Claced. The
EeacGion miKGHEe JaF FonicaGed foE a FhoEG Gime and heaGed aG 50°C
HndeE FGiEEing foE a giIen Gime. Then, Ghe EeacGion miKGHEe JaF
alloJed Go cool doJn Go Eoom GemCeEaGHEe, dilHGed bL addiGion of
dichloEomeGhane/EG2O 5: 1 (I/I), FonicaGed foE FeIeEal minHGeF and
cenGEifHged aG 4000 ECm foE 8 min. The FHCeEnaGanG JaF EecoIeEed
and Ghe JaFhing CEocedHEe JaF EeCeaGed GJice JiGh dichloEo-
meGhane/EG2O 1 :1 (I/I) and finallL JiGh EG2O. The EecoIeEed caGalLFG
JaF dEied aG 50 °C and Ghen EeHFed. The collecGed FHCeEnaGanGF
JeEe eIaCoEaGed HndeE IacHHm aG 40°C and Ghe EeFidHe JaF
JeighGed and analLFed bL 1H NMR FCecGEoFcoCL.

(E)-*8-=1 3-(4-'6424-3-2*8-4<=5-*3=1)-2-(=&34&(6=1&8*

(%&'1* 8, enGEL 10).

WhiGe CoJdeE. Yield: 95%; mC 128U130 °C; 1H NMR (300 MHM,
CDCl3): (CCm) 8.19 (F, 1H), 7.80U7.55 (m, 2H), 7.32 (dd, 8.2,� J�
1.9 HM, 1H), 4.40 (D, 7.1 HM, 2H), 3.99 (F, 3H), 1.42 (G, 7.1 HM,J� J�
3H); 13C NMR (75 MHM, CDCl3): 162.25, 156.45, 153.87, 134.06,�
131.77, 125.41, 118.06, 115.49, 112.18, 103.44, 62.86, 56.42, 14.15.
HRMS (ESI-TOF) : [M Na] calcd foE Cm/E + + 13H12BENO 3Na

+, 331.9893;
foHnd, 331.9890. FT IR (film): 3110,3092, 2994, 2971, 2947, 2919,
2220, 1729, 1607, 1581, 1464, 1409, 1296, 1248, 1176, 1091, 1044,
1018, 850, 813, 759.
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