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Divergent Synthesis of Hydrophilic Dendrons Based on Tri(ethylene glycol) Spacers
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Scheme S1. Synthetic procedure of 1G-Dendron (4) and monomeric unit (5). Reagents: (a) acetic anhydride, pyridine, THF; (b) NaH, benzyl 
bromide, DMF, H2O (dropwise); (c) KOH, MeOH; (d) monotosylated tri(ethylene oxide), K2CO3, KI, CH3CN; (e) 10% Pd/C, H2, MeOH

Materials. Phloroglucinol (1,3,5-trihydroxybenzene), tri 
(ethylene glycol), palladium (10 wt % on activated carbon), and 
benzyl bromide were purchased from Sigma-Aldrich Chemical 
Co. All other chemicals were purchased from commercial 
sources, and used as received without further purification. Pota-
ssium carbonate (K2CO3) and potassium iodide (KI) were dried 
at 100 oC for 24 hours before use. Dichloromethane (DCM) 
and tetrahydrofuran (THF) were refluxed in the presence of 
calcium hydride (CaH2) and sodium, respectively, and followed 
by distillation. N,N-Dimethylformamide (DMF) and acetonitrile 
were dried at least 2 days by static drying mode with 4 Å mole-
cular sieves.

Characterization. 1H- and 13C-NMR spectra were recorded 
on Varian 200 and Varian 500 instruments, using chloroform-d 
(CDCl3) as the solvent, and tetramethylsilane (TMS) as the in-
ternal reference for chemical shifts. Gel permeation chromato-
graphy (GPC) determinations were performed on a waters sys-
tem equipped with a Waters 510 HPLC pump, a Waters M486 
tunable absorbance detector, a Waters M410 differential refrac-
tive index detector, and three waters styragel HR columns with 
a continuous porosity of 102 - 104 Å. Monodisperse linear 
polystyrene standards were used for the preparation of the cali-
bration curve. THF (with 2% v/v N,N-dimethylacetamide) was 
used as the eluent, and the rate was 1.0 mL/min at 35 oC. 
Matrix-assisted laser desorption ionization-time-of-flight mass 
spectra (MALDI-TOF MS) were performed on a Perceptive 
Biosystems Voyager-DE STR Biospectrometry, using 2,5-di-
hydroxy benzoic acid (DHB) as the matrix. The purity of the pro-
ducts was checked by using thin-layer chromatography (TLC; 
Merck, silica gel 60).

Synthesis. The synthesis is outlined in Schemes S1 and 1. 
Tri(ethylene glycol) monotosylate. To a solution of tri(ethyl-

ene glycol) (70 g, 466.2 mmol), 4-toluenesulfonyl chloride 
(22.2 g, 116.5 mmol) in anhydrous CH2Cl2 (620 mL) under 
nitrogen was added Et3N (77.3 mL, 956 mmol) at room tem-
perature. The reaction mixture was stirred at room temperature 
for 18 hours. The resulting mixture was treated with diluted 
HCl, and washed with brine. After removing the solvent, the 

residue was purified by silica column chromatography (eluent: 
ethyl acetate) to yield a colorless oil (28.2 g, 80%). 1H-NMR 
(200 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 3H), 7.32 (d, J = 8.4 
Hz, 2H), 4.14 (m, 2H), 3.67 (m, 4H), 3.56 (m, 6H), 2.42 (s, 3H). 
13C-NMR (50 MHz, CDCl3) δ 144.9, 132.9, 129.8, 127.9, 70.7, 
69.3, 68.7, 61.7, 21.7. TLC (n-hexane:ethyl acetate = 3:7): Rf 0.35.

Phloroglucinol triacetate (1). To a solution of phloroglucinol 
(30 g, 237.9 mmol), acetic anhydride (97.2 g, 952.1 mmol) in 
anhydrous THF (360 mL) under nitrogen was added pyridine 
(77.3 mL, 956 mmol) at room temperature, and the reaction 
mixture was stirred for 15 hours. After removal of the solvent 
under reduced pressure, the residue was purified by recrystal-
lization from n-hexane to yield a white solid (57.6 g, 97%). 
1H-NMR (200 MHz, CDCl3) δ 6.84 (s, 3H), 2.27 (s, 9H). 13C- 
NMR (50 MHz, CDCl3) δ 168.5, 151.1, 112.8, 21.2. TLC 
(n-hexane:CH2Cl2 = 1:4): Rf 0.26.

5-(Benzyloxy)-1,3-phenylene diacetate (2). To a solution 
of 1 (17.4 g, 69 mmol), sodium hydride with min. 55% (7.2 g, 
165.6 mmol) in anhydrous DMF (400 mL) under nitrogen was 
added benzyl bromide (14.2 g, 82.8 mmol) at room temperature. 
The mixture was cooled to 0 oC, and H2O was added dropwise 
over a period of 3 hours. Then, the reaction mixture was stirred 
at room temperature for 2 hours, diluted with ethyl acetate (500 
mL), washed with brine and water, dried over MgSO4, filtered, 
concentrated under reduced pressure. The residue was purified 
by silica column chromatography (n-hexane:CH2Cl2 = 1:1 to 
CH2Cl2) to yield a white solid (10.5 g, 51%). 1H-NMR (200 
MHz, CDCl3) δ 7.40 (m, 5H), 6.63 (d, J = 1.8 Hz, 2H), 6.56 (t, 
J = 1.8 Hz, 1H), 5.02 (s, 2H), 2.28 (s, 6H). 13C-NMR (50 MHz, 
CDCl3) δ 168.9, 159.9, 151.7, 136.2, 128.7, 128.3, 127.7, 108.2, 
106.3, 70.6, 21.3. TLC (n-hexane:CH2Cl2 = 1:4): Rf 0.56.

5-Benzyloxy resorcinol (3). To a solution of 2 (10.5 g, 35 
mmol) in methanol (55 mL) was added 5 M KOH aq. solution 
(70 mL), and the reaction mixture was stirred at 80 oC for 10 
hours. The resulting solution was cooled to room temperature, 
and carefully treated with diluted HCl, and extracted with THF 
(30 mL)/CH2Cl2 (30 mL). The combined organic layer was 
washed with brine, and concentrated under reduced pressure. 



2      Bull. Korean Chem. Soc. 2010, Vol. 31, No. 7  Communications to the Editor

The residue was purified by silica column chromatography 
(CH2Cl2:ethyl acetate = 9:1) to yield a yellowish solid (6.6 g, 
87%). 1H-NMR (200 MHz, CDCl3) δ 7.34 (m, 5H), 6.07 (d, J = 
1.8 Hz, 2H), 5.96 (t, J = 1.8 Hz, 1H), 4.99 (s, 2H), 4.87 (br, 2H). 
13C-NMR (50 MHz, CDCl3) δ 161.0, 157.5, 136.8, 128.7, 128.1, 
127.6, 96.1, 95.4, 70.2. TLC (CH2Cl2:AcOEt = 4:1): Rf 0.57.

1G-Dendron (4). To a solution of 3 (4.5 g, 20.8 mmol) and 
tri(ethylene glycol) monotosylate (22 g, 72.3 mmol) in an-
hydrous acetonitrile (200 mL) were added K2CO3 (8.6 g, 62.2 
mmol) and KI (3.45 g, 20.8 mmol), and the reaction mixture 
was stirred at 95 oC for 23 hours under nitrogen. The resulting 
solution was cooled to room temperature, and concentrated 
under reduced pressure. The resulting mixture was dissolved 
with CH2Cl2, carefully treated with diluted HCl, washed with 
brine, and concentrated under reduced pressure. The residue 
was purified by silica column chromatography (ethyl acetate 
to ethyl acetate:CH3OH = 47:3) to yield a colorless oil (8.7 g, 
87%). 1H-NMR (500 MHz, CDCl3) δ 7.36 (m, 5H), 6.18 (d, J = 
2.5 Hz, 2H), 6.15 (t, J = 2.5 Hz, 1H), 4.99 (s, 2H), 4.07 (m, 4H), 
3.82 (m, 4H), 3.71 (m, 8H), 3.68 (m, 4H), 3.60 (m, 4H), 2.69 
(br, 2H). 13C-NMR (125 MHz, CDCl3) δ 160.5, 136.8, 128.5, 
127.9, 127.5, 94.6, 72.5, 70.7, 70.3, 70.0, 69.5, 67.3, 61.6. Anal. 
Calcd for C25H36O9: C, 62.48; H, 7.55, Found: C, 62.41; H, 
7.65. TLC (eluent; AcOEt): Rf 0.32.

Compound 5. To a solution of 4 (9.6 g, 20 mmol) in an-
hydrous CH3OH (45 mL) was added 10% Pd/C (20% wt, 1.92 g), 
and the reaction solution was degassed for 5 times with hydro-
gen. Then, the reaction mixture was stirred at room temperature 
for 24 hours in the presence of H2. Then, Pd catalyst was filtered 
off and the filtrate was concentrated under reduced pressure. 
The residue was purified by silica column chromatography 
(ethyl acetate:CH3OH = 19:1 to 8/1) to yield a colorless oil 
(6.5 g, 83%). 1H-NMR (200 MHz, CDCl3) δ 6.07 (s, 2H), 6.04 
(s, 1H), 4.05 (m, 4H), 3.80 (m, 4H), 3.69, (br, 12H), 3.60 (m, 
4H), 3.10 (br, 1H), 1.99 (br, 1H). 13C-NMR (50 MHz, CDCl3) 
δ 160.5, 158.0, 95.6, 94.3, 72.5, 70.8, 70.4, 69.8, 67.5, 61.8. 
TLC (ethyl acetate:CH3OH = 9:1): Rf 0.46.

Compound 6. To a solution of 4 (4.5 g, 9.37 mmol), 4-tolu-
enesulfonyl chloride (9.0 g, 47 mmol) in anhydrous CH2Cl2 
(60 mL) under nitrogen was added pyridine (3.7 g, 47 mmol) 
at room temperature, and the reaction mixture was stirred for 
3 days. After removal of the solvent under reduced pressure, 
the resulting mixture was dissolved with CH2Cl2, treated with 
diluted HCl. Then, the solution was washed with brine, and 
concentrated under reduced pressure. The residue was purified 
by silica column chromatography (CH2Cl2:ethyl acetate = 9:1) 
to yield a brownish oil (5.8 g, 78%). 1H-NMR (200 MHz, 
CDCl3) δ 7.78 (d, J = 8.2 Hz, 4H), 7.32 (m, 5H), 7.31 (d, J = 
8.2 Hz, 4H), 6.16 (d, J = 1.6 Hz, 2H), 6.11 (d, J = 1.6 Hz, 1H), 
4.99 (s, 2H), 4.15 (m, 4H), 4.05 (m, 4H), 3.78 (m, 4H), 3.69, (m, 
12H), 2.42 (s, 6H). 13C-NMR (50 MHz, CDCl3) δ 160.5, 144.8, 

136.8, 133.0, 129.9, 128.6, 128.0, 127.6, 94.6, 94.4, 70.9, 70.1, 
69.8, 69.4, 68.8, 67.5, 21.8. TLC (eluent; CH2Cl2/ethyl ace-
tate = 9:1): Rf 0.55.

2G-Dendron (7). To a solution of 6 (2.9 g, 3.67 mmol), 5 
(3.2 g, 8.2 mmol) in anhydrous acetonitrile (40 mL) were added 
K2CO3 (1.78 g, 12.8 mmol) and KI (0.61 g, 3.67 mmol), and 
the reaction mixture was stirred at 95 oC for 30 hours under 
nitrogen. The resulting solution was cooled to room tempera-
ture, and concentrated under reduced pressure. The resulting 
mixture was dissolved with CH2Cl2, carefully treated with 
diluted HCl, washed with brine, and concentrated under reduced 
pressure. The residue was purified by silica column chromato-
graphy (ethyl acetate:CH3OH = 9:1 to 3:2) to yield a yellowish 
viscous liquid (3.7 g, 82%). 1H-NMR (500 MHz, CDCl3) δ 7.36 
(m, 5H), 6.17 (d, J = 2.0 Hz, 2H), 6.11 (m, 7H), 4.97 (s, 2H), 
4.05 (m, 16H), 3.81 (m, 16H), 3.68 (m, 32H), 3.58 (m, 8H), 
2.96 (br, 4H). 13C-NMR (125 MHz, CDCl3) δ 160.4, 136.8, 
128.5, 127.9, 127.5, 94.4, 72.5, 70.7, 70.3, 69.9, 69.6, 67.3, 
61.6. Anal. Calcd for C61H92O25: C, 59.79; H, 7.57, Found: C, 
59.73; H, 7.53. TLC (ethyl acetate:CH3OH = 7:3) Rf 0.43.

Compound 8. To a solution of 7 (3.5 g, 2.86 mmol), 4-tolu-
enesulfonyl chloride (5.5 g, 28.6 mmol) in anhydrous CH2Cl2 
(50 mL) under nitrogen was added pyridine (2.3 g, 28.6 mmol) 
at room temperature, and the reaction mixture was stirred for 
3 days. The resulting mixture was treated with diluted HCl, 
washed with brine, and concentrated under reduced pressure. 
The residue was purified by silica column chromatography 
(CH2Cl2:ethyl acetate = 9:1) to yield a viscous liquid (3.8 g, 
73%). 1H-NMR (200 MHz, CDCl3) δ 7.78 (d, J = 8.2 Hz, 8H), 
7.32 (m, 5H), 7.31 (d, J = 8.2 Hz, 8H), 6.17 (s, 2H), 6.09 (s, 
7H), 4.97 (s, 2H), 4.15 (m, 8H), 4.05 (m, 16H), 3.70, (m, 48H), 
2.42 (s, 12H). 13C-NMR (50 MHz, CDCl3) δ 160.5, 144.8, 136.8, 
132.8, 129.8, 129.0, 128.6, 128.2, 127.5, 94.5, 70.8, 70.0, 69.7, 
69.3, 68.7, 67.4, 21.7. TLC (CH2Cl2:ethyl acetate = 7:3): Rf 0.51.

3G-Dendron (9). To a solution of 8 (1.43 g, 0.77 mmol), 5 
(1.45 g, 3.71 mmol) in anhydrous acetonitrile (24 mL) were 
added K2CO3 (1.03 g, 7.43 mmol) and KI (0.26 g, 1.55 mmol), 
and the reaction mixture was stirred at 95 oC for 2.5 days under 
nitrogen. The resulting solution was cooled to room temperature 
and concentrated under reduced pressure. The resulting mixture 
was dissolved with CH2Cl2, carefully treated with diluted HCl, 
washed with brine, and concentrated under reduced pressure. 
The residue was purified by silica column chromatography 
(ethyl acetate/CH3OH = 4:1 to 1:1) to yield a yellowish viscous 
liquid (0.57 g, 27%). 1H-NMR (500 MHz, CDCl3) δ 7.36 (m, 
5H), 6.13 (m, 21H), 4.98 (s, 2H), 4.06 (m, 40H), 3.82 (m, 40H), 
3.68 (m, 72H), 3.60 (m, 16H), 2.64 (br, 8H). 13C-NMR (125 
MHz, CDCl3) δ 160.4, 136.8, 128.5, 127.9, 127.5, 94.4, 72.5, 
70.7, 70.3, 69.9, 69.6, 67.3, 61.6. Anal. Calcd for C133H204O57: 
C, 58.84; H, 7.57, Found: C, 59.01; H, 7.57. TLC (ethyl ace-
tate:CH3OH = 1:1): Rf 0.47.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


