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Materials 
 
Tetrakis(triphenylphosphine) palladium(0) (99%) from TCI were used as 

received. Iodine monochloride (1.0 M solution in dichloromethane), benzene 1,4-
diboronic acid from Aldrich and the conventional reagents were used as received. 4,4’-
Methoxy biphenyl boronic acid, (3,5-dibromophenyl)-trimethylsilane and ROTs were 
prepared according to the similar procedures described previously. All atmosphere 
sensitive reactions were done under nitrogen. Visualization was accomplished with UV 
light and iodine vapor. Flash chromatography was carried out with Silica Gel 60 (230-
400 mesh) from EM Science.  

 
Techniques  

1H-NMR and 13C-NMR spectra were recorded from CDCl3 solutions on a 
Bruker AM 250 spectrometer. Microanalysis were performed with a Perkin Elmer 240 
elemental analyzer at Organic Chemistry Research Center. The purity of the products 
was checked by thin layer chromatography (TLC; Merck, silica gel 60). The 
Microanalysis were performed with a Perkin Elmer 240 elemental analyzer at Organic 
Chemistry Research Center. MALDI-TOF-MS was performed on a Perseptive 
Biosystems Voyager-DE STR using a 2, 5-dihydroxy benzoic acid matrix. Preparative 
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high performance liquid chromatography (HPLC) was performed at room temperature 
using a 20 mm × 600 mm poly styrene column on a Japan Analytical Industry Model 
LC-908 recycling preparative HPLC system, equipped with UV detector 310 and RI 
detector RI-5.  

 
Synthesis 
 

 
 

Scheme S1. Synthesis of compound 8. 
 
Synthesis of compound 2 
 

Compound 11 (4.0 g, 4.08 mmol) and 4,4'-methoxy-biphenyl boronic acid2 (2.2 
g, 9.72 mmol) were dissolved in 70 mL of degassed 2M Na2CO3 aqueous solution and 
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80 mL of THF. Then tetrakis(triphenylphosphine) palladium(0) (22 mg, 0.018 mmol) 
was added. The mixture was heated at reflux for 48 h with vigorous stirring under 
nitrogen. Cooled to room temperature, the layers were separated, and the aqueous layer 
was then washed twice with dichloromethane. The combined organic layer was dried 
over anhydrous magnesium sulfate and filtered. The solvent was removed in a rotary 
evaporator, and the crude product was purified by column chromatography (silica gel) 
using dichloromethane / hexane as eluent to yield 0.856 g (51%) of white solid. 1H-
NMR (250MHz, CDCl3, δ, ppm) δ = 7.85 (s, 1Ar-H; p to Ar-TMS), 7.75-7.58 (m, 
14Ar-H), 7.03-7.00 (d, 4Ar-H; o to ArOCH3, J = 6.8 Hz), 3.87 (s, 6H; phenylOCH3), 
0.37 (s, 9H; silane-CH3). 
 
Synthesis of compound 3 
 

Compound 2 (0.856 g, 1.67 mmol) in distilled dichloromethane (300 mL) at -78 
oC was dropped 1.0 M solution of ICl in dichloromethane (3.3 mL, 3.3 mmol). The 
reaction mixture was stirred over 30 min under nitrogen. 1M aqueous Na2S2O5 (100 
mL) solution was added and stirred over 1 h at room temperature. The layers were 
separated, and the aqueous layer was then washed twice with dichloromethane. The 
combined organic layer was dried over anhydrous magnesium sulfate and filtered. The 
solvent was removed in a rotary evaporator, and the crude product was purified by 
column chromatography (silica gel) using dichloromethane as eluent to yield 0.645 g 
(68.2%) of a white powder. 1H-NMR (250MHz, CDCl3, δ, ppm) δ = 7.95 (s, 2Ar-H; o to 
Ar-I), 7.82 (s, Ar-H; p to Ar-I), 7.70-7.61 (m, 8Ar-H), 7.60-7.58 (d, 4Ar-H; p to ArO, J 
= 6.7 Hz), 7.02-6.99 (d, 4Ar-H; o to ArO, J = 6.8 Hz), 3.87 (s, 6H; phenylOCH3). 

 
Synthesis of compound 4 
 

Compound 3 (0.645 g, 1.13 mmol) was dissolved in 100 mL of distilled 
dichloromethane then dropping BBr3 (5.6 mL, 5.6 mmol) slowly at 0 oC. The reaction 
mixture was stirred at room temperature under nitrogen for 6 h. The solution was 
quenched with MeOH at 0 oC for 30 min. Then 1M aqueous Na2S2O5 (50 mL) solution 
was added and stirred over 1 h at room temperature and the resulting solution was 
evaporated. The mixture was washed with water and ethyl acetate. The combined 
organic solution was dried over anhydrous magnesium sulfate and filtered. The solvent 
was removed in a rotatory evaporator, and the crude product was purified by column 
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chromatography (silica gel, ethyl acetate) to yield 0.550 g (89.7%) of a white solid. 1H-
NMR (250MHz, CDCl3, δ, ppm) δ = 7.94 (s, 2Ar-H; o to Ar-I), 7.81 (s, Ar-H; p to Ar-I), 
7.65-7.62 (m, 8Ar-H), 7.56-7.53 (d, 4Ar-H; p to ArOH, J = 6.7 Hz), 6.93-6.92 (d, 4Ar-
H; o to ArO, J = 8.65 Hz). 
 
Synthesis of compound 6 
 

Compound 4 (0.55 g, 1.02 mmol) and tosylated 2nd generation of 
triethyleneoxide2 (R1OTs) (1.0 g, 1.0 mmol) and excess K2CO3 were dissolved in 100 
mL of anhydrous acetonitrile. The mixture was heated at reflux for 12 h. After 
evaporated solvent, the resulting solution was poured into water and extracted with 
dichloromethane. The methylene chloride solution was washed with water, dried over 
anhydrous magnesium sulfate, and filtered, solvent was removed in a rotary evaporator, 
and the crude product was purified by column chromatography (silica gel) using ethyl 
acetate : methanol (10:1 v/v) as eluent to yield 0.79 g (56%) of a colorless liquid. 1H-
NMR (250 MHz, CDCl3, ppm) δ = 7.89 (s, 2Ar-H; o to Ar-I), 7.76 (s, Ar-H; p to Ar-I), 
7.60-7.45 (m, 12Ar-H), 6.96-6.89 (t, 4Ar-H; o to ArO, J = 9.0 Hz), 4.11-4.08 (d, 4H; 
ArOCH2CH(CH2)2, J=7.1 Hz), 3.63-3.34 (m, 66H;OCH2, 12H; OCH3) 2.41-2.14 (m, 
3H; CH(OCH2)2). 
 
Synthesis of compound 8 
 

Compound 6 (0.79 g, 5.70 mmol) and benzene 1,4-diboronic acid (0.037 g, 0.22 
mmol) were dissolved in 70 ml of degassed 2M Na2CO3 aqueous solution and 80 mL of 
THF. Then tetrakis(triphenylphosphine) palladium(0) (22 mg, 0.018 mmol) was added. 
The mixture was heated at reflux for 48 h with vigorous stirring under nitrogen. Cooled 
to room temperature, the layers were separated, and the aqueous layer was then washed 
twice with methylene chloride. The combined organic layer was dried over anhydrous 
magnesium sulfate and filtered. The solvent was removed in a rotary evaporator, and the 
crude product was purified by column chromatography (silica gel)  using ethyl 
acetate : methanol (10:1 v/v) as eluent to yield 0.21 g (36%) of waxy solid. 1H-NMR 
(250 MHz, CDCl3, ppm) δ = 7.78-7.37 (m, 34Ar-H), 6.93-6.90 (d, 4Ar-H; o to Ar-OH, 
J=8.45 Hz), 6.85-6.82 (d, 4Ar-H; o to Ar-OCH2, J=8.90 Hz), 3.97-3.95 (d, 4H; 
ArOCH2CH(CH2)2, J=5.10 Hz), 3.65-3.49 (m, 132H;OCH2), 3.36 (s, 24H; OCH3), 
2.37-2.04 (m, 6H; CH(OCH2)2); 13C-NMR (400 MHz, CDCl3, ppm) δ = 159.2, 158.7, 
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142.4, 140.4, 128.4, 128.0, 127.8, 127.4, 115.2, 77.6, 77.4, 72.3, 70.9, 70.0 69.6, 66.5, 
59.4, 40.5, 40.4; Anal. Calcd for: C146H206O40: C, 67.41; H, 7.98 Found C, 67.51; H, 
8.23; MALDI-TOF-MS m/z 2623.1 ([M+Na]+), Calcd 2601.17. 

 
 

 
 

Scheme S2. Synthesis of compound 9. 
 

Synthesis of compound 5 
 
Compound 4 (0.5 g, 0.93 mmol) and iodomethane (0.13 g, 0.93 mmol) and 

excess K2CO3 were dissolved in 100 mL of acetone/ethanol (1:1 v/v). The mixture was 
heated at reflux for 2h. After evaporated solvent, the resulting solution was poured into 
water and extracted with ethyl acetate. The ethyl acetate solution was washed with water, 
dried over anhydrous magnesium sulfate, and filtered, solvent was removed in a rotary 
evaporator, and the crude product was purified by column chromatography (silica gel) 
using methylene chloride : hexane (1:1 v/v) as eluent to yield 0.27 g (53%) of a white 
solid. 1H-NMR (250 MHz, CDCl3, ppm) δ = 7.95 (s, 2Ar-H; o to Ar-I), 7.81 (s, Ar-H; p 
to Ar-I), 7.66-7.52 (m, 12Ar-H), 7.02-6.99 (d, 2Ar-H; o to ArO, J = 8.7 Hz), 6.95-6.92 
(d, 2Ar-H; o to ArOCH3, J = 8.6 Hz), 3.87 (s, 3H; phenylOCH3). 
 

Synthesis of compound 7 
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Compound 5 (0.27 g, 0.49 mmol) and tosylated 2nd generation of 

triethyleneoxide2 (R1OTs) (0.50 g, 0.49 mmol) and excess K2CO3 were dissolved in 100 
mL of anhydrous acetonitrile. The mixture was heated at reflux for 12 h. After 
evaporated solvent, the resulting solution was poured into water and extracted with 
dichloromethane. The dichloromethane solution was washed with water, dried over 
anhydrous magnesium sulfate, and filtered, solvent was removed in a rotary evaporator, 
and the crude product was purified by column chromatography (silica gel) using ethyl 
acetate : methanol (10:1 v/v) as eluent to yield 0.49 g (73%) of a colorless liquid. 1H-
NMR (250 MHz, CDCl3, ppm) δ = 7.9 (s, 2Ar-H; o to Ar-I), 7.80 (s, Ar-H; p to Ar-I), 
7.69-7.54 (m, 12Ar-H), 7.01-6.97 (d, 4Ar-H; o to ArO, J = 8.8 Hz), 4.06 (d, 2H; 
ArOCH2CH(CH2)2, J=7.1 Hz), 3.85 (s, 3H; phenylOCH3), 3.64-3.36 (m, 66H;OCH2, 
12H; OCH3) 2.44-2.15 (m, 3H; CH(OCH2)2).  
 
Synthesis of compound 9 
 

Compound 7 (0.49 g, 0.35 mmol) and benzene 1,4-diboronic acid (0.058 g, 0.35 
mmol) were dissolved in 70 ml of degassed 2M Na2CO3 aqueous solution and 80 mL of 
THF. Then tetrakis(triphenylphosphine) palladium(0) (22 mg, 0.018 mmol) was added. 
The mixture was heated at reflux for 48 h with vigorous stirring under nitrogen. Cooled 
to room temperature, the layers were separated, and the aqueous layer was then washed 
twice with methylene chloride. The combined organic layer was dried over anhydrous 
magnesium sulfate and filtered. The solvent was removed in a rotary evaporator, and the 
crude product was purified by column chromatography (silica gel)  using ethyl 
acetate : methanol (10:1 v/v) as eluent to yield 0.35 g (38%) of waxy solid. 1H-NMR 
(250 MHz, CDCl3, ppm) δ = 7.94-7.50 (m, 34Ar-H), 7.03-7.02 (d, 4Ar-H; o to Ar-OH, 
J=2.60 Hz), 7.00-6.99 (d, 4Ar-H; o to Ar-OCH2, J=2.55 Hz), 4.07-4.05 (d, 4H; 
ArOCH2CH(CH2)2, J=5.10 Hz), 3.87 (s, 6H; phenylOCH3), 3.64-3.46 (m, 132H;OCH2), 
3.36 (s, 24H; OCH3), 2.40-2.21 (m, 6H; CH(OCH2)2); 13C-NMR (400 MHz, CDCl3, 
ppm) δ = 159.2, 158.8, 142.0, 140.1, 139.3, 133.1, 132.9, 128.1, 127.8, 127.7, 124.9, 
114.8, 114.2, 76.5, 71.9, 70.6, 70.5, 70.4 69.6, 69.4, 69.2, 66.1, 59.0, 55.3, 40.1, 39.9; 
Anal. Calcd for: C148H210O40: C, 67.61; H, 8.05 Found C, 67.58; H, 8.09; MALDI-TOF-
MS m/z 2650.3 ([M+Na]+), Calcd 2627.44. 
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Dynamic Laser Light Scattering Experiments 
 
Dynamic light scattering measurements were performed using the maximum 

operating power of the laser was 30mW. The detector optics employed optical fibers 
coupled to an ALV/SO-SIPD/DUAL detection unit, which employed an EMI PM-28B 
power supply and ALV/PM-PD preamplifier/discriminator. The signal analyzer was an 
ALV-5000/E/WIN multiple tau digital correlator with 288 exponentially spaced 
channels. The dynamic light scattering (DLS) were performed with the aqueous solution 
of molecule 9 (0.01 wt%) over scattering angle range of 30o to 150o at 25℃, using 
UNIPHASE He-Ne laser operating at 632.8 nm. The CONTIN analysis of the 
autocorrelation function at a scattering angle of 90o showed a broad peak corresponding 
to an average hydrodynamic radius (Rh) of approximately 125 nm (Figure S1a). The 
angular dependence of the apparent diffusion coefficient (Dapp) was measured because 
the slope is related to the shape of the diffusing species. As shown in Figure S1d, the 
slope is 0.02, consistent with the value predicted for elongated non-spherical micelles 
(0.03). 
 

 
 

Figure S1. (a) Size distribution of compound 9 at scattering angle of 90o (from CONTIN 
analysis). (b) Autocorrelation functions of compound 9 in aqueous solution. (c) Kratky 
plot of compound 9. (d) Angular dependence of diffusion coefficient for compound 9. 
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Figure S2. (a) Autocorrelation functions and (b) size distribution (at scattering angle of 
90 o from CONTIN analysis) of compound 8 in aqueous solution with concentration 
variation. 
 

 
Dye Encapsulation Experiment 
 
Dye encapsulation experiment was performed to confirm hydrophobic core 

structure of facial amphiphiles in aqueous solution. To 2ml of aqueous solution (0.0025 
wt%), approximately 1.2 mg of hydrophobic dye, Nile Red, was added and was 
sonicated for 3 h at room temperature. Then the solution was filtered to obtain clear 
solution.  

 

 

 
Figure S3. (a) Absorption spectra of Nile Red solubilized with 9 in water (red line). (b) 
Emission spectra of Nile Red solubilized with 9 in water (red line)..  
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TEM Experiments 
 
The transmission electron microscope (TEM) was performed at 120 kV using 

JEOL 2010. For TEM image of compound 8 and 9 in aqueous solution, one drop of 
aqueous solution of compound 8 and 9 (0.01 wt %) was placed on a carbon-coated 
copper grid, respectively, and dried at room temperature. The formation of non-
spherical aggregates in aqueous solution was also provided by transmission electron 
microscopy (TEM) experiments. The negatively stained sample with uranyl acetate 
clearly shows 1-dimensional nanofibers with a uniform diameter of 7 nm. Considering 
that the fully extended molecular length of the amphiphilic molecule is estimated to be 
~4 nm from the molecular modeling, the 7 nm width is consistent with a bilayer packing 
of aromatic segments. 

 

 
 

Figure S4. TEM image of compound 9 in aqueous with magnification. 
. 

 
Reference 
 

(S1)  Y.-S. Yoo and M. Lee, J. Mater. Chem. 2005, 15, 419-423 
 
(S2)  C. -J. Jang, J.-H. Ryu, J. -D. Lee, D. Sohn and M. Lee, Chem. Mater. 2004, 16, 

4226-4231. 



<<
  /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


