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ARTICLE INFO ABSTRACT

Article history Surface coating of metal nanopatrticles is one ofrttagor aspects to be optimizec

Received _ the design of antimicrobial nanoparticles. The mgveof this work is that

/R\ece";eg in revised form antimicrobial derivatives have been used as sradito protecsilver nanoparticle
ccepte!

(Ag NPs).Microbicidal activity studies of fabricated cotttextiles coated with the
Ag@Antibio were performed. Protective ligand layersAaf NPsresulted to be
deterministic factor in their antimicrobial actiitThe best bactericidal activityas
obtained forFabric TAM (coated with Ag NPs with triarylmethane derivate
surface,Ag@TAMSH), with a bacterial decrease of 3 log units for Sieaureus
strain. Intrinsic antibiotic activity and partiabgitive charge of th& AM SH probably

Available online

Keywords enhanced their antimicrobial effectsabric Eu (coated with Ag NPs with euger
Bactericida derivates in surfaceAg@EugenolSH) and Fabric FQPEG (coated withAg NPs
Silver embedded in PEG-fluoroquinolone derivatives in atef AQ@FQPEG) displayet
Eugeno antibacterial activity for botlStaphylococcus aureuand Pseudomonaseruginosa
E'Egroq“'”o'on' strains These coated antimicrobial cotton fabrics carapglied in different medic
: textiles.
2009 Elsevier Ltd. All rights reserved
1. Introduction concomitantly releasing silver ions that enhancetdriidal

activity. Ag NPs would first accumulate on the suefaaf the
bacterial membrane, then would penetrate into tleteba, and
finally would change the permeability of bacteriaembrane
causing a substantial damage. Owing to their chaisiits they

are nowadays one of the most commercialized types of
nanomaterials, being present in more than 200 mtedu
Moreover, Ag NPs display applications in differemdis such as
Lntimicrobial coatings, medical devices, textilégmme water
purifiers, household appliances, among others.

The group of S. R. Joshi has described that fortiounis of Ag
NPs with commonly used antibiotics such as penicilBn
amoxicillin, erythromycin and vancomycin resulteddnhanced
and synergic antimicrobial effects against Gramipasiand
Gram-negative bacteri&( aureusand E. colj).’ Having in mind
this precedent, and the fact that Ag NPs usually irequ
stabilizing agents to avoid their agglomeration,emgisaged the
use of an antimicrobial active compound as stadiliZhe Ag
NPs’s physicochemical properties have a strong énfte in the
interaction between the nanoparticles and the baktter
membrane. These properties include surface chdrieling

Materials capable of fulfiling multiple functions
simultaneously in time are of significance to improthe
performance of products. Cotton is one of the madely used
natural fibers for textiles because of its breailfitgpsoftness and
degradable nature. Cotton with enhanced functidgeslguch as
self-cleaning, flame retardatioA, UV protection® and
antibacteridl is greatly appreciated by a demanding consume
market for high-value added products.

The efficiency of silver as an antibacterial agbas been
known during centuries, and with the appearance bfrsi
nanoparticles (Ag NPs) their use is growing sharply NRg are
well known for their properties against a wide ranfibdacteria
and fung® Thus, cotton fabrics have been endowed with
antimicrobial function by coating with Ag NBsThe efficiency
increases with reduced size, because smaller partithve a
larger surface area able to interact with microoisyas’ The
main toxic proposed mechanism of NPs is thought gothe
oxidative stress resulting in damage to the lipjisiteins and
DNA of the microorganism.Ag NPs attack the respiratory
chain cell division that finally lead to cell deatlwhile
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tendency towards bacteria, and aggregation and Idiso  chloride under solvent-free conditiofsSubsequent addition of
potential. In particular, certain protecting ligamalyers could nonane-1,9-dithiol in glycerol gave the desiredltibi (TAMSH)
better interact with the bacteria, resulting in higfiicacy in  (22% yield). Other methodologies based on the us&lBN as
damaging the bacterial membrane. radical initiator were tested, but decompositiord @fas observed
in all cases, probably due to the quick formatidraaeactive

With the idea that surface coating of metal nantgeas is radical at the CH(Agposition.

one of the major aspects to be optimized in theigdesf
antimicrobial Ag NPs, we describe here the preparaifosilver

nanoparticles using different antimicrobial derivas as K.CO N7 | :
stabilizers. This approach is completely new and wetwa oy pac, ~ OgH @ N N
explore if these Ag NPs present enhanced microbigidglerties ﬂ» ’Nbc"‘! O O
when deposited on the surface of a cotton fabric.o@a side, + ZTBFK  THRHO (9:1) solvent free

compounds bearing antibacterial properties, suchewgenol, B gec N v O
triarylmethane and fluoroquinolone, have been coiergly 3 | 1
functionalized with thiol groups to be used as didris. On the N O O N+
other hand, we have prepared polyethylene glycoG)PEgged
antibiotics as confining polymers for the stabiliaa of silver e O
nanoparticles. Coating of cotton fabrics with thesiéser- Glyerol

antibiotic nanoparticles (Ag@Antibio) is also rematt as well as 22% 6

the characterization of all the silver-based materand their $

microbicidal activity. '\/\/\/\/\

SH
2. Results and discussion

4 5 N

HSCgH13SH

. ) . - . Scheme 2. Preparation of the stabilizér(TAMSH
We describe first the preparation of Ag@Antibio. Taki P " )

advantage of our previous experience in the préiparaf metal We then selected another well-known family of antio&
nanoparticles? the synthesis of the Ag stabilizers was based on the fluoroquinolone$’ Fluoroquinolone 7 was prepared
derivatization strategy (thiol-ene reaction) apgiie in all  following a methodology previously described by ¢fieup of H.
selected antibiotics. Prior modification of thegimial antibiotic Koga!® Subsequent addition of dithiol ga8én a moderate 35%
to incorporate a thiol group was undertaken to fakdit of the  yield. Acid hydrolysis of the ethyl ester afforde@%H, 9, in
well-known silver-thiol affinity** In addition, the length of the quantitative yield (Scheme 3).

linker betwgen the SH group and the ant|b|ot|9 n}omlg_ht_ to By 0 o 0 o

be appropriate for facile binding to the Ag nanopket avoiding F:(:ﬁjj)j\c’/\ HS Gyt SH FI:EJJ)LO/\ rww

the steric hindrance of the active biological malecin the 3 N' e NI AL, NI

surface. Moreover, given that the functional groupfs the H 7 10°c reflux . KL
antibiotic may play a crucial rule in their bioadty, the point of | e * Lo S
attachment of the thiol linker was carefully seldct&hus, we
decided to incorporate a vinyl group on the antibiand then to
carry out common thiol-ene coupling using nonaredithiol.**

Eugenol1 was first selected due to its known antibacterial , With the thiol stabilizers in hand, we undertook gyathesis
properties and the presence of a double boundeimibiecule'? of the nanopartlclgs. AS. a quel, 5|qur nanopasidlg@DT
The desired thiol-bearing euger®|(EugenolSH) was prepared (PT = dodecanethiol), with a diameter size of 2.6.Z nm, were
in 85% yield using 3 equiv. of nonane-1,9-dithial glycerol  first prepared following a methodology previouslysdebed for
(Scheme 1). In this reaction, 10% of the compound?®!d nanoparticle§; consisting in a two-phase system (water-
corresponding to the double addition of the dithiol two  toluene) reduction of AgNOby sodium borohydride in the

molecules of eugenol was also isolated (see supplame Presence of dodecanethiol and tetraoctylammonivomiale as
information (S6)). phase-transfer agent (entry 1, Table 1). When thees

conditions were applied to EugenolSH as stabilizer bulk silver
was formed. Then, we assayed the same conditionasing a
MeO. . HSCoHigSH MeoID/V\S/\/V\N\SH mixture of dodecanethiol ariti(1:1) as stabilizers obtaining once
@N Glycem’l HO again bulk silver. Finally, we succeeded with a mdragic
; 80°C 2 system THF/HO as reaction medium. Thus, silver nanopatrticles
85% Ag@EugenolSH were prepared by reducing an aqueous/THF
solution of AgNQ with 3.2 mol-equiv. of NaBKlin the presence
Scheme 1. Preparation of the stabiliz&r(EugenolSHi of the stabilizer2 (Scheme 4a, entry 2 in Table 1). Similarly,
spherical and well dispers&sg@TAMSH (3.2 £ 0.7 nm) were
synthesized under these monophasic conditions ($ehéb,
entry 3 in Table 1). In all cases, transmissiortede microscopy
images confirmed the presence of small Ag NPs and the
diameter could be calculated. Typical Plasmon rasoce bands

Scheme 3. Preparation of the stabilizér(FQSH

HO'

Another family of antimicrobials is related to thexdwn
Malachite green, which is an extensively world-wideedis
biocide in the aquaculture industy.Thus, we turn to the
synthesis of the vinyl derivative (Scheme 2). We carried out a

palladium-catalyzed cross-coupling reaction of psitan ¢ Ag NPs could be observed in UV-vis spectra of syl

vinyltrifluoroborate with 4-bromobenzaldehyde usiggmol % | oiariois (405-461 nm in CHEITable 1, see supplementary
PdCL/6 mol % of PPhas catalyst, and @80; as a base in a 9:1 ;¢ mation (S18-523-528-530)).

mixture of THF/HO, affording 4-vinylbenzaldehydd, in 97%
yield (Scheme 2)° The diaminotriarylmethang was prepared
(51% vyield) through the Baeyer condensation of @hematic
aldehyde4 and N,N-dimethylaniline in the presence of niobium



a) S-Eu
AgNO; g S-Eu
Meojij/\/\scw"’s“ —, s
HO' THFH,0 - S-Eu
EuSH, 2 S
Ag@EugenolSH /\/\Q\ OH

b)

| |
Qg
AgNO;

NaBH,
(D wemo

THF/H,0
SCoH1gSH
TAMSH, 6

OMe

N,

N

-TAM
TAM-S. S-TAM O
TAM-S S-TAM
S/\/\/\/\/\ O O
S g
I

Ag@TAMSH

-

Scheme 4. a) Preparation of Ag@EugenolSH. b) Preparation of
Ag@TAMSH

In order to confirm that the obtained materials dt contain
free thiol ligands, NMR DOSY experiments were perforrtezt
Sl). A diffusion coefficient of D = 3.98.18 m?-s' for
Ag@EugenolSH in CDCl; was observeut not trace of signals
at D = 7.08.18° m’-s" were found, corresponding to free
EugenolSH in the same conditionSimilarly, the diffusion
coefficient forAg@TAMSH was D = 1.58.16° m’-s*in CDCl,
whereas TAMSH presented a valor of D = 5.01%1%% s* and it
was neither observed. The self-diffusion coefficgenof
EugenolSH,2, and TAMSH,6, were consistent with its relative
low volume. The corresponding X-Ray diffraction (XRD)
patterns showed a very broad and charactéfigfid 1) peak a@

= 38 from the stable face centered culfec)phase of metallic
silver in the two studied casesAd@EugenolSH and
Ag@TAMSH, see Sl). The chemical oxidation state of silver in
Ag composites was ascertained by XPS analysis. Theyacan
spectrum of Ag@EugenolSH and Ag@TAMSH exhibits the
presence of CgL S 2, O Is, and Ag 8l core levels. Two similar
peaks for both samples, at 368.4 and 374.4 eV, smoreled to
Ag 3d 5/2 and Ag 8 3/2 binding energies, respectively. The
splitting of the 8 doublet of Ag is 6.0 eV, indicating the
formation of metallic Ag(0) NPs (see supplementafgrimation
(S22, S27))! The preparation of Ag NPs using fluoroquinoléne
as stabilizer failed probably due to its low solitpilin the
mixture THF/HO.

3
yield). This was then allowed to react with sodiumdazin
DMF at 60°C for 24h to afford the corresponding azid 73%
yield (Scheme 55

Finally, the copper-catalyzed 1,3-dipolar cycloaiddi
between alkynel0 and azide MeO-PEG-N(molar ratio 1:1)
under the standard click conditiGhgprovided compoundLl
(70% yield) which was hydrolyzed to afford the add in
quantitative yield. Silver nanoparticleAg@FQPEG were
prepared by reducing an aqueous/THF solution of Agiith .2
equiv. of NaBH in the presence of the stabilizE2 (1 equiv.)
(Scheme 5, entry 4 in Table 1). TEM analysis comdid the
formation of spherical and dispersed nanoparticlte a mean
size of 11.0 £ 0.5 nm. The lattice fringe spacingasurements
indicate that the regular lattice spacing of d 230nm is
consistent with thel{ 1) plane in thefcc structure of Ag(0). The
electron diffraction (ED) pattern evidenced also ¢tiger planes
(200, (220 and B11) belonging to thécc Ag single crystal.

a)

NaN3
Et;N, MsClI
4O ey /(,0\/~)\0Ms—> yi \/‘)\N
7OH e DMF 45
CH,Cl,, rt. 60°C
b)
o O
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Scheme 5. a) Preparation of MeO-PEG;Nb) Preparation oAg@FQPEG
Then, the silver nanoparticleag@DT, Ag@EugenolSH,

We were also interested in the obtention of Ag@AntibioAJ@TAMSH and Ag@FQPEG (10° mmol of Ag(0) in each

materials with complementary properties in termsveftability,
thus water-soluble NPs. It has been shown in theatites that
compounds bearing poly(ethylene oxide) units, suah
polyethylene glycol (PEG), can be used as protgctgents
acting as hydrophilic ligands for metal nanopagscincluding

case, % of Ag in the material was determined in afles from
char yield in TGA experiments, Table 1) were dispeligetHF
and applied onto a piece of cotton fabric (3x3 mim)give
Fabric DT, Fabric Eu, Fabric TAM and Fabric FQPEG
respectively. SEM images of cotton fiber coated anecoated

silver? Encouraged by the results shown in our hands by PEGvere carried out. A particulate morphology could tesily

tagged derivatives in the formation of metal namtplas’® we
sought to create a PEG-antibiotic derivative. AltplodrQSH,9,
was not a good precursor for Ag NPs, we selected th
fluoroquinolones family because they could be gasibdified in
order to introduce the poly(oxyethylenated) cham their
structure. This strategy could allow us to haveuarfiquinolone
derivate finally linked to Ag. Thus, ethyl 7-chlofefluoro-4-
hydroxyquinoline-3-carboxylate was first preparedpesviously
described in the literatufand then it was treated with propargyl
bromide in the presence of&O,/DMF at 9GC for 2h affording
10 in 70% vyield. Then, we planned to prepare the P&gged
molecule through a “click” [2+3] copper-catalyzelityme-azide
cycloaddition reaction (CUAAC) on the triple bofidThe azide
coupling partner was obtained in two steps. Treatmat
commercially available MeO-PEG-OH with methanesulfonyl
chloride (2 equiv.) in the presence of triethylaeirin
dichloromethane furnished the corresponding mesyla7%

observed on the cotton surface after coating (seexample the
SEM ofFabric Eu in Figure 1).

e

Figure 1. SEM images of cotton fiber. Left: un-coated; Ridkabric Eu



4

Table 1. Preparation and characteristics of Ag NPs

Diameter
Ag[a] max[c]
Entry Ag NPs Ag¥® (nm)
(mmol) (UWVIS) [d]
(HRTEM)

1 Ag@DT 0.11 61.5 447 2.6+0.7
2 Ag@Eugenol SH 0.3 31.8 461 2.3+0.2
3 Ag@TAMSH 0.3 17.4 452 3.2+0.7
4 AQg@FQPEG 0.08 19.8 405 11.0+0.5

BAgNOs mmol; Ag/stabilizer (1:1):®calculated from TGA;in CHCE;
@200 NPs counted.

The second part of this work was devoted to ansassent of
the antibacterial properties of the cotton fabribcrobicidal
experiments were performed usi@japhylococcus aureufS.
aureug ATCC 15981 and Pseudomonasaeruginosa (P.

aeruginosa PAOL1 as bacteria. These two strains were chosen to
bacteria,

represent  Gram-positive and  Gram-negative
respectively. These experiments consisted in teansfy 3
different pieces (3x3 mm) of each cloth to a midtatp
containing 200 ul of the bacterial suspensions &t cfu/mL
in 25% Luria Bertani (LB). These suspensions weea thllowed
to incubate in the dark in the presence of theidabwith a
mechanical rotator at 50 rpm at°7for 18 h. After incubation,
serial dilutions were performed to determine thecemiration
(cfu/ml) of each bacteria in each well. A blank cohtof an
untreated fabric was useHirstly, we compared the activity of
different fabrics forS. aureuqFigure 3. No bactericidal effect
was observed fofabric DT probably due to the hydrophobicity
of the long dodecanethiol chains that surroundsthface of the
nanoparticles, avoiding the interaction between Ag NiRd
bacteria, and the possible leaching of Ag(l) catidosthe
solution. Best bactericidal performance was obtaiieed-abric
TAM, with a decrease of 3 log units. This fabric istedawith
hydrophilic Ag NPs stabilized by TAMSH, which possess two
tertiary amines that will be at least partially pmated in the
aqueous medium. This last result is in concordavitke the fact
that surface charge is a deterministic factor. Erimicrobial
enhancement ofFabric TAM could be possible due to the
positive charge of the capping agents on the Agasarfwhich
facilitates a strong ionic interaction between theM¥gs and the
negatively-charged bacteria membrénéhis effect has been
described before by using Ag NPs stabilized by dongt
surfactant, such as an hyper-branched poly(amidwgmivith
terminal  dimethylamino groups (PAMAM-N(GH).® In
addition, a decrease of the bacterial coloniesideup to at least
1.4 log units for theéFabric Eu and 2 orders of magnitude for
Fabric FQPEG was observedin the case oAg@FQPEG, a
part of the intrinsic effect of the fluoroquinolomeoiety, the
water solubility of the Ag NPs would enhance the redezfsthis
antibacterial agents from the textile to the suspmemof bacteria
improving the microbicidal activity. Finally, we caconclude
that spherical Ag NPs with similar size but differgmbtecting
agents (entries 1,2 and 3 of Table 1) gave extrerdiferent
microbicidal results.

Then, we centred our studies on the microbicidakarments
using the P. aeruginosa PAOl1 as bacteria (Figure 3). The
experiments were repeated as described aboveés . faureus
Once again, no bactericidal effect was observed-&oric DT.
FurthermoreFabric TAM, in contrast with the results obtained

Tetrahedron

for S. aureuswas not active in this case. On the other hand,
Fabric Eu, coated with neutralAg@EugenolSH, causes a
bacterial decrease of 1.6 log units showing theceftd the
presence of eugenol. The different antibacteriafopmance of
these Ag-Antibio NPs is probably due to the intrinsftect of
the antibiotic moiety. In addition, a decrease pfto at least 1.5
log units forFabric FQPEG is obtained, which is indicative of
the effect of fluoroquinolone. In addition, we calei that the
water solubility of theAg@FQPEG would also enhance the
release of the antibacterial agents from the &xtid the
suspension of bacteria improving the microbiciddivity.

Concentration (log,  cfu/mL)

Blank Fabric Eu Fabric TAM  Fabric FQPEG  Fabric DT

Ag@NPs scaterred in fabrics

Figure 2. Effect of coated fabrics on the S. aureus cultures.
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Concentration (log, , cfu/mL)

Blank Fabric Eu Fabric TAM  Fabric FQPEG  Fabric DT

Ag@NPs scaterred in fabrics

Figure 3. Effect of coated fabrics on the P. aeruginosa cultures.

3. Conclusions

As a conclusion, several silver-antibiotic nanogtet have
been prepared using microbicidal derivatives adilgtars.
Surface coating of these Ag NPs resulted to be an#akfactor
in their antimicrobial activity. Antibacterial testshowed that
Fabric DT coated with hydrophobiAg@DT do not show
antibacterial activity. However, textiles coated withore
hydrophilic Ag NPs present activity against Gram-niegabr
Gram-positive bacteria. Best bactericidal perforneaneas
obtained foFabric TAM with a bacterial decrease of 3 log units
for the S. aureusstrain. Ag@TAMSH can interact with bacteria
with different mechanisms; the presence of partigbsitive
ammonium salts in the surface of the nanopartigiesbably
enhances their antimicrobial effects towar8s aureus In
addition, a decrease of the bacterial coloniesideup to at least
1.4 log units for theéFabric Eu and 2 orders of magnitude for
Fabric FQPEG was observedWith respect toP. aeruginosa
strain, Fabric Eu and Fabric FQPEG also showed good
antimicrobial activity. Furthermore, in the caseA@FQPEG



we consider that the water solubility of the Ag NPs wloalso
enhance the release of the antibacterial agents tine textile to
the suspension of bacteria improving the microlsicidctivity.
These antimicrobial fabrics could be applied in 8lpe of
medical textiles as gauzes and bandages.

4, Experimental section

4.1. Materials and methods

5
evaporated. A chromatographic column with a gradieht
Hex:EtO (8:1) to EfO was performed, affording 0.21 g (22%
yield) of 6 as a colorless oilm, ATR (v, cm™): 2922, 2851,
1594, 1515, 1358, 808, 630d,; (250 MHz CDC1;) 7.16 — 7.06
(m, ArH, 4H), 7.01 (dJ = 8.7 Hz, ArH, 4H), 6.69 (d] = 8.7 Hz,
ArH, 4H), 5.38 (s, CH(Ph) 1H), 2.94 (s, CkK 12H), 2.89 — 2.72
(m, PhCHCH,, 4H), 2.55 (m, SCH CH,SH, 4H), 1.61 (m,
SCHCH,, CH,CH,SH, 4H), 1.38 (m, (CkJs, SH 11H); d; (63
MHz, CDCl;) 148.9, 143.4, 138.0, 132.8, 129.8, 129.3, 128.1,

All of the reagents were purchased from commerciah12_4, 54.6, 40.7, 36.0, 33.9, 33.6, 32.2, 29.63,220.1, 28.9,

suppliers and used without purification. Solveneyevdried
prior use. Melting points were measured in a blaflét
apparatus from Reichert or in a B-545 apparatus fBaichi
and are uncorrectedd NMR spectra were recorded on a
400 and 360 MHz spectrometer in deuterated chlomofo

28.8, 28.3, 24.5;HRMS (ESI+):
CsHagNLS, requires 549.3332.

1.4.7-chloro-6-fluoro-1-(3-((9-mercaptononyl)thio)propwi-
0xo-1,4-dihydroquinoline-3-carboxylat@,

MH®, found 549.3326.

¥C NMR spectra were recorded using a 63 and 90 MHz In a 10 mL round bottom flaskethyl 1-allyl-7-chloro-6-

spectrometer. High-resolution mass spectrometry MISR

fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylat€0.65 g, 2.1

was performed on a Q-TOF spectrometer with micramasmmol, 1 eq.), nonane-1,9-dithiol (0.91 mL, 4.2 nibkq.) and 40

MS software using electrospray ionization (ESI).
4.2. Synthetic procedures

1.1.4-(3-((9-mercaptononyl)thio)propyl)-2-methoxypheiol,
(EugenolSH)

In a 25 mL round bottom flask, eugend|,(0.50 g, 3.0 mmol,
1 eq.), dodecane-1,12-dithiol (1.3 mL, 9.0 mmaég®) and 6 mL
of glycerol were added. The mixture was warmed ufg€ &nd
let stirring for 3h. Extractions were done with,&tand water.
Then, the organics were dried and evaporated. Theltireg
crude was purified by a chromatographic column usiagluent
a mixture of 2:1 (Hex:EO), affording 0.76 g (85% yield) &fas
a white solid;m. p.: 78.5-79.5C; nma ATR (v, cm™): 3429
(OH), 2919, 1602, 1524, 1246;, (250 MHz CDC1;) 6.84 (d,J
= 8.2 Hz, ArH, 1H), 6.71 — 6.66 (m, ArH, 2H), 5.57 (s, CH),
3.88 (s, OCH 3H), 2.66 (t,J = 7.5 Hz, G,-CH,, 2H), 2.58 —
2.46 (m, CHSCH, CH,SH, 6H), 1.88 (quintJ = 7.5 Hz,
CH,CH,S, 2H), 1.60 (m, SC}CH,, CH,CH,SH, 4H), 1.44 — 1.25
(m, -(CHys, SH, 11H);dc (63 MHz, CDCl) 147.3, 144.6,
134.4, 121.9, 115.1, 111.9, 56.8, 35.4 , 34.9,,33203, 32.3,
30.6, 32.3, 30, 29.9, 29.8, 29.2, 25RMS (ESI+): MH",
found 379.1733. GH3,0,S, requires 379.1736.

1.2.4,4'-((4-vinylphenyl)methylene) bis(N,N-dimethylam)i, 5

In a 10 mL Schlenk flask under Ar atm, 4-vinylbeldefyde
(0.5 g, 3.8 mmol, 1 eq.)N,N-dimethylaniline (1.4 mL, 11.4
mmol, 3 eq.) and Nbgl(0.1 g, 0.4 mmol, 0.1 eq.) were added.
The mixture was warmed up to 120 and let stirring for 4 h. A
chromatographic column (HexZ&, 8:1) was performed,
affording 0.77 g o6 (57% yield) as a yellow oikly (360 MHz,
CDCl3) 7.35 (d,J = 8.1 Hz, ArH, 2H), 7.14 (d] = 8.1 Hz, ArH,
2H), 7.02 (d,J = 8.8 Hz, ArH, 4H), 6.73 (dd] = 17.6, 10.9 Hz,
CH=CH,, 1H), 6.71 (dJ = 8.8 Hz, ArH4H), 5.73 (d,J = 17.6
Hz, CH=CH, 1H), 5.40 (s, CH(Ph) 1H), 5.22 (dJ = 10.9 Hz,
CH=CH,, 1H), 2.95 (s, CH 12H).d; (91 MHz, CDCl;) 149.9,
146.2, 137.7, 136.1, 133.6, 130.9, 130.4, 126.8.9,1113.5,
55.7, 41.7.

1.3.9-((4-(bis(4-(dimethylamino)phenyl)methyl)phenethigd)th
nonane-1-thiolg (TAMSH)

In a 25 mL round Dbottom flask, 4,4-((4-
vinylphenyl)methylene)bi$(,N-dimethylaniline) (0.63 g, 0.2
mmol, 1 eq.), 6 mL of glycerol and nonane-1,9-ditflL.13 mL,
0.5 mmol, 3 eq.) were added. The mixture was warnoGHfC
and let stirring overnight. After cooling, extract® with HO

mL of glycerol were added. The mixture was warmed ap t
11¢C and let stirring overnight. Then, extractions wihi,Cl,
and HO were done, the organics were dried and evaporabed. T
crude mixture was purified by a chromatographic coiu(9:1
Et,O:CH,CI,), obtaining 0.20 g (35% vyield) of a yellowish solid
characterized a8; m.p.: 152-154°C; Npax ATR (v, cm™): 3095,
2987, 1693, 1607, 1549, 1527, 12€Q;(360 MHz CDC1;) 8.50
(s, NHCH, 1H), 8.19 (dJ4r = 9.0 Hz, ArH, 1H), 7.67 (dJy.r =
5.7 Hz, ArH, 1H), 4.42 — 4.27 (m,_GBH,, NCH,, 4H), 2.60 -
2.48 (m, CHSCH,, CH,SH, 6H), 2.15 (quintJ = 7.2 Hz,
CH,CH,S, 2H), 1.64 — 1.53 (m, SGBH,, CH,CH,SH, 4H), 1.39

— 1.22 (m, CHCHs (CH,)s, SH, 14H);dc (90 MHz, CDCly)
172.6, 164.9, 155.3 (dlc.r = 252,1 Hz, ArC-F), 149.3, 135.3,
129.3 (d,Jcr = 6.4 Hz, ArC), 127.1 ). = 20.0 Hz, ArC-Cl),
118.2, 114.1 (dJc¢ = 22.8 Hz), 110.7, 60.9, 52.2, 33.9, 32.3,
29.4, 29.2, 29.0, 28.9, 28.7, 28.5, 28.2, 27.75,244.3;HRM S
(ESI+): MNa’, found 524.1459. £H;CIFNOS,Na requires
524.1467

1.5.7-chloro-6-fluoro-1-(3-((9-mercaptononyl) thio) prgp-4-
0xo0-1,4-dihydro quinoline-3-carboxylic acid(FQSH)

In a 100 mL round bottom flask, 25 mL of a 2 M HGlwion
was added over 0.2 g (0.4 mmol) fdloroquinolone8. The
mixture was warmed up to reflux and let stirring mwght. Then,
the mixture was cooled down to r.t. and extractionsh wi
chloroform were done. The organic phases were dried a
evaporated affording 0.18 g (100% yield) of a ysikh solid,
identified as the organic carboxylic acil m.p.: 183-184°C;
Nmax ATR (v, cm™): 3437 (OH), 2923, 2851, 1613, 1518, 1348;
dy (250 MHz CDC1;) 8.88 (s, NHCH,1H), 8.21 (dly = 8.5
Hz, ArH, 1H), 7.93 (dJy.r = 5.6 Hz, ArH, 1H), 4.52 (bs, NGH
2H), 2.66 - 2.46 (m, C}$CH,, CH,SH, 6H), 2.21 (bs, C}CH,S,
2H), 1.72 — 1.49 (m, SCi&H,, CH,CH,SH, 4H), 1.44 —1.20 (m
(CHy)s, SH, 11H);dc (90 MHz, CDCl3) 177.1, 166.3, 155.7 (d,
Jc .= 253.7 Hz, ArC-F), 149.0, 135.9, 129.1 §d, r = 20.5 Hz,
ArC-Cl), 126.5 (dJc . ¢ = 6.6 Hz, ArG), 119.2, 113.2 (d)c . =
23.0 Hz, ArC), 108.6, 53.2, 33.9, 32.3, 29.3, 2920228.8,
28.7, 28.5, 28.3, 28.2, 28.1, 24B3RMS (ESI+): MNa", found
496.1154. GH,,CIFNO;S;Na requires 496.1157.

1.6. Ethyl 7-chloro-6-fluoro-1-((1-(2-methoxy-PEG)-1H-132
triazol-4-yl)methyl)-4-oxo-1,4-dihydroquinoline-3+baxylate,
11

In a 50 mL Schlenk flask under argon atmospheseeathyne
10 (0.2 g, 0.62 mmol, 1 eq.), the PEG-{1.26 g, 0.62 mmol),
sodium ascorbate (0.06 g, 0.31 mmol, 0.5 eq.), GUBHO

and CHCI, were done (3 x 3 mL). The organics were dried and0-06 g, 0.25 mmol, 0.4 eq.) and 10 mL of EtOH weread The
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reaction was stirred at room temperature over 4.dagse the 7
reaction was over, it was poured into water an extmastwith
dichloromethane were done. After evaporation, 1.127@% 8

yield) of an orange solid was obtained, identifiedl4d; m.p.:
195-197°C; nma ATR (v, cm™): 2885, 1722, 1612, 1466, 1239, 9.

1100;d,, (250 MHz CDC1;) 8.71 (s, 1H, Ar), 8.21 (d] = 10.8 10.

Hz, ArH, 1H), 7.98 (s, 1H, C=CH-N, 1H), 7.95 @= 7.2 Hz,
ArH, 1H), 5.49 (bs, NCHC=C, 2H), 452 (1,J = 5.0 Hz,
NCH,CH,, 2H), 4.37 (qJ = 7.2 Hz, QCHCH;, 2H), 3.56 (bs,
(CH,)n, 232H), 3.38 (s, OCH3H), 1.42 (1] =7.2 Hz, OCHCH;,

3H); MALDI-TOF: 2264.64 (Qerage 43).

1.7.7-Chloro-6-fluoro-1-((1-(2-methoxy-PEG)-1H-1,2,3-tzi-
4-yl)methyl)-4-oxo-1,4-dihydroquinoline-3-carboxydicid, 12

In a 100 mL round bottom flask, 25 mL of a 2 M HGlwion
was added over 0.21 g (0.1 mmol) faforoquinolonell. The
mixture was warmed up to reflux and let stirring wwght. Then,
the mixture was cooled down to r.t. and extractionsh wi
chloroform were done. The combined organic phases deed
and evaporated affording 0.19 g (100% vyield) of @lids

identified as the carboxylic aciil2; m.p.: 201-203°C; Ny 11.
ATR (v, cm™): 3437 (OH), 2923, 2851, 1613, 1518, 1348; 12
(250 MHz CDC1;) 14.56 (s, OH, 1H), 9.12 (s, ArH, 1H), 8.40 '
(d, J = 5.8 Hz, ArH, 1H), 8.21 (m, ArH, 2H), 5.68 (bs,
NCH,C=C, 2H), 4.54 (tJ = 5.0 Hz, NCHCH,, 2H), 3.56 (bs, 13.
(CHy),, 268H), 3.37 3.38 (s, QGH3H); MALDI-TOF: 2264.64 14.
(naverage: 43)- 15.
1.8.General procedure for the preparation of the silver
nanoparticles 16.
In a 250 mL erlenmeyer, 0.3 mmol (1 equiv.) of the i;
corresponding stabilizer in 50 mL of THF and a solu of )
AgNO; (0.049 g, 0.3 mmol, 1 eq.) in 6 mL of water wereeatld 19.
Over this mixture, a previous prepared solution oBNa(0.036
g, 0.9 mmol, 3.2 mol-equiv.) was added dropwise. ifiregure 20.
was let stirring during 3h at room temperature. Aftes period, 21
part of the THF was evaporated. Then, chloroform added, '
the phases were separated, and the organic fragished with 22.
water. Finally, the organics were dried with ,88, and
evaporated. The resulting dark red solid was washéu eald
diethyl ether, obtaining silver NPs. 23.
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