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Experimental Section

General. All reactions requiring anhydrous or inert conditions were carried out under an inert
atmosphere of dry nitrogen using standard Schlenk line techniques.

Solvents and materials. Tetrahydrofuran and diethyl ether were distilled under nitrogen from sodium
benzophenone ketyl. All other solvents and reagents were used as received from commercial suppliers.
Chemicals were purchased from Sigma-Aldrich Chemical Company. Solvents for extractions or
cromatography were of technical grade. Flash-chromatography was carried out using Merck Silica (40-
60 p). Analytical TLC was performed with Merck Silica gel 60 F,s4 plates..

Product analysis. Electrospray mass spectra were carried out on the Waters LCT Premier™ XE
benchtop orthogonal acceleration time-of-flight (0a-TOF) mass spectrometer.'H, *C, *'P and 2D (P-
COSY) NMR spectra were all recorded on Bruker AM 300 MHz or AM 500 MHz referenced to the
residual 'H or "*C containing solvent or to external 85% H3POy in the case of *'P-NMR. Chemical shifts
(0) are given in parts per million (ppm) and coupling constants are given in Hertz. Elemental analysis
were determined by the Analytical Service Department of the School of Chemistry (ASEP) using a
Perkin-Elmer 2400 CHN microanalyser. A commercial Malvern Zeta-Nano Sizer was used for DLS
measurements. The size distribution calculated by the Nano software is derived from a non-negative
least squares (NNLS) analysis. The instrument was periodically verified by measuring polystirene latex
standards from Duke Scientific Corporation. To avoid any possible dust contamination during
preparation of the solutions, the dispersants were filtered using syringe filters with pore size of 200 nm.
Three repeat measurements were performed on the same sample to check count rate repeatability.

CMC measurement by dye inclusion. The critical micelle concentration (CMC) was measured using
the colorimetric technique based on the oil-soluble dye, 1-(2-pyridylazo)-2-naphthol (PAN). 100 ml of a
saturated solution of PAN in pentane (~ 1.6 x 10 M) was prepared. A set of 10 solutions of 6 or 7 at

various concentrations were made from 0 to 10 M. 2 drops of the saturated PAN solution in pentane
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were added to 2 ml of each solution. The solutions were gently swirled, allowing the pentane to
evaporate and the color to develop, and then were filtered. The intensity of the color in each solution
was noted and their absorbance measured at 470 nm (ligands absorb at 290 nm). This critical micelle
concentration was supported by DLS, by analyzing size and count rate for samples at the same
concentrations as in the colorimetric analysis.

Modelling: HyperChem 8.0.3 software was used: Models were constructed starting from
crystallographic atomic coordinates for [Ag(dppe)a]’, [Ag(d4pype)s]* and
[Age{CH3C(CH,PPh,)3}4(OTf)4]*" obtained from the Cambridge Crystallographic Database (refcodes
KOJRIK and JOXQOC) or from the supplementary material from reference 12. Para-H atoms were
replaced with piperazinyl CH,N(CH,CH;),NCHj substituents which were placed into approximate chair
conformations with equatorial substituents prior to energy minimization by molecular mechanics using

the AMBER force field.

|
)
Br N Br N /\©\ g N
H 1) Mg, THF /N\) P P K/N\
Dioxane, 25°C 2) PCly(CH,CH,)PCl,, reflux
87% 90%

Br N @
NONQ

L1
4-| N-(N-methylpiperazinyl)methyl]bromobenzene. Bromobenzylbromide (80.0 mmol) was dissolved
in 50.0 ml of dioxane and 4-methylpiperazine (17.7 ml, 160.0 mmol) was slowly added at 0°C. After
stirring for one hour, the 4-methylpiperazinium bromide was filtered off, the solution diluted with 200
ml of diethylether, washed with brine and water and dried over sodium sulfate. Evaporation of the
solvent under vacuum gave the pure product as yellow oil. Yield : 18.8g (87 %). '"H-NMR (300 MHz,

CDCly) § 7.39 (d, 2H, *Jun = 9 Hz), 7.17 (d, 2H, *Ju = 9 Hz), 3.42 (s, 2H), 2.42 (bs, 8H), 2.25 (s, 3H).
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BC-NMR (75 MHz, CDCl3) ): § = 137.8, 131.7, 131.2, 121.2, 62.7, 55.5, 53.5, 46.5. ES-MS (m/z): 269
(M+H)".

1,2-Bis{4-| N-(N-methylpiperazinyl)methyl]phenyl}phosphinoethane (L1). To a solution of 4-[N-
(N-methylpiperazinyl)methyl]bromobenzene (5.0g 18.5 mmol) in dry THF, Mg (0.5 g, 22.2 mmol) and
a crystal of iodine were added at 0°C. After the exothermic reaction had taken place, the mixture was
stirred at r.t. for 1 hour. 1,2-Bis(dichlorophosphino)ethane (0.9 g, 3.7 mmol) was then added at r.t. and
the mixture heated to reflux for 2 hours. The reaction was quenched with distilled water (50 ml) and
the milky mixture was filtered through a short pad of Celite in order to remove the magnesium
hydroxide gel. The pad was washed with chloroform. The water phase was extracted with chloroform (3
x 100 ml) and the collected organic phases dried over Na,SO4 and concentrated under reduced pressure.
The crude solid obtained was purified by flash-column chromatography (DCM / MeOH = 95/5 + 1%
ammonia 35% solution) and yielded a yellow solid. Yield = 2.7g (90 %). M.p. = 49°-50°C. '"H NMR
(300 MHz, CDCl3) (1 7.25 (m, 16H,), 3.48 (s, 8H), 2.45 (bs, 32H), 2.27 (s, 12H), 2.07 (t, 4H, “Jyp = 6
Hz). *'P-{'"H} NMR (121 MHz, CDCls) [J -12.7 (s). *'P-{'H} NMR (121 MHz, D,0) [J -15.3 (s). "*C
NMR (75 MHz, CDCls): & 139.2, 137.0 (t, 'Jep= 7 Hz), 133.0 (t, “Jep = 10 Hz), 129.6, 63.1, 55.5, 53.5,
46.5, 24.4. ES-MS (m/z): 847 (M+H)". CHN analysis for CsoH7,NgP,: C, 70.89, H, 8.57, N, 13.23;
found C, 70.57, H, 8.81, N, 13.04. DLS (20 mM, D,0O, Cumulant Analysis) Dy = 5.0 nm (100 %), PI =
0.04.

Ag(I) complexes of L1: To a solution of L1 (0.050 g, 0.060 mmol) in D,O (3.0 ml), AgX (0.030
mmol) was added and the mixture stirred for five minutes. D,O was removed by freeze drying.

Agy(L1)4(OT1),. *'P-{'H} NMR (202 MHz, D,0): I = 1.9 (pair of multiplets), 'J('®Ag, *'P) = 295
Hz, 1.1 (pair of triplets of doublets) 'J('”Ag, *'P) = 228 Hz, *Jpp = 44 Hz. IH-NMR (202 MHz, D,0):
0 = 7.15-7.12(m, 32H), 7.01 (d, >J = 6 Hz, 12H), 6.55 (bs 16H), 3.53-3.32(m, 32H), 2.28 (bs, 144H),
2.20 (s, 24H), 2.14 (s, 24H). CHN analysis for Cy02H2ssN3:,PsO6S:FsAgy: C 62.14, H 7.49, N 11.48;

found C 61.52 H 6.97 N 10.75. DLS (D;0, Intensity size distribution) Dy=2.5 + 0.5 nm.
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Agy(L1)4(NO3),. *'P-{'H} NMR (121 MHz, D,0): [J = 2.2 (pair of multiplets), 'J('”Ag, *'P) = 278
Hz, 1.5 (pair of triplets of doublets) 'J('*Ag, *'P) = 225 Hz, “Jpp = 42 Hz.

Agy(L1)4(OTs),. *'P-{'H} NMR (121 Hz, D,0): [J = 1.85 (pair of multiplets), 'J('’Ag, *'P) = 296
Hz, 1.2 (pair of triplets of doublets) 'J('* Ag, *'P) = 230 Hz, “Jpp = 40 Hz.

Ag(L1),(OTY) in acidified water. Trifluoromethansulfonic acid (42 pl, 0.0480 mmol) was added to the
solution of the dinuclear complex prepared as described and the mixture stirred for five minutes. *'P-
{'"H} NMR (121Hz, D,0): [ = 3.9 ppm, 'J('®Ag, *'P) =266 Hz. '"H-NMR (202 MHz, D,0): (] = 7.37-
7.32 (m, 32H), 4.34 (s, 16H), 3.76-3.64 (m, 32H), 3.43-3.33 (m, 32H), 2.93 (s, 24H), 2.53 (s, 8H). DLS
(D0, Intensity size distribution) Dy= 1.5+ 0.3 nm.

Ag(L1),(OTf) in CD3CN. To a solution of L1 (0.050 g, 0.060 mmol) in CD3;CN (3.0 ml), AgX (0.030
mmol) was added and the mixture stirred for five minutes. *'P-{'"H} NMR (121 MHz, CD;CN): [J = 2.3

ppm, J('®Ag, 3'P) = 265 Hz.
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Figure S1 Colorimetric determination of critical micelle concentration (CMC) for L1 in H20.
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Figure S2 Raw correlation data of aqueous solution of L1 at different concentrations.
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Figure S3 CMC of L1 measured by Dynamic Light Scattering
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Figure S4 'H NMR spectra of L1 in D,0, acidified D,0 and CDCl;
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Figure S5 1H-NMR spectra showing interconversion between mono- and di-nuclear silver complexes

with pH.
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Figure S6 *'P-NMR COSY of the dinuclear complex [Agx(L1)4]*" in D,O.
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Figure S7 Effect on *'P NMR (121Mhz, D,0) spectra of addition of MeOH to [Agy(L1)4]*".

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


