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Synthesis and Extremely High Gas Permeability of Polyacetylenes Containing
Indan/Tetrahydronaphthalene Groups

Yanming Hu, Masashi Shiotsuki, Fumio Sanda, Toshio Masuda*

General Considerations. Tantalum(V) chloride (TaCls, Aldrich) was used without further
purification.  Tetrabutyltin (n-BusSn, Wako) was used after distillation. Cyclohexane,
benzene, and dichloromethane were distilled from calcium hydride under dry nitrogen prior to
use. oa-Methylstyrene (Aldrich), tert-butyl alcohol (Aldrich), 2-phenyl-2-propanol (Wako),
thionyl chloride (Wako), titanium(IV) chloride (1.0 M in methylene chloride, Aldrich),
2,3-dimethyl-2-butene (Aldrich), and 2,5-dichloro-2,5-dimethylhexane (Wako) were used as
received without further purification.
1,1,3 ,3-tetrame:thylindan,1 1,1,2,2,3,3 -hexamethylindan,2 and
1,1,4,4-tetramethyl-1,2.3.4-tetrahydronaphthalene® were prepared according to the literature
methods. Monomers 1-3 were synthesized referring to the literature concerning iodination
and ethynylation.*”

Molecular weights of polymers were estimated by gel permeation chromatography
(CHCIl; as eluent, polystyrene calibration). IR spectra were recorded on a JASCO

FT/IR-4100 spectrophotometer. NMR spectra were recorded on a JEOL EX-400
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spectrometer. The melting points were measured with a Yanaco micro melting point
apparatus. Elemental analysis of monomers was carried out at the Microanalytical Center of
Kyoto University. UV-vis spectra were recorded on a Shimadzu UV-2200
spectrophotometer. Thermogravimetric analysis (TGA) was conducted in air with a
Perkin-Elmer TGA7 thermal analyzer.

1-(1,1,3,3-tetramethylindan-5-yl)-2-phenylacetylene (1).

A 300 mL three-necked flask was equipped with a three-way stopcock and a
magnetic stirring bar. After the flask was flushed with nitrogen, 1,1,3,3-tetramethylindan
(16.4 g, 94 mmol), iodine (9.5 g, 37 mmol), and periodic acid (4.3 g, 19 mmol) was dissolved
in acetic acid aqueous solution (100 mL, 80%) containing sulfuric acid (3.0 mL). The
reaction mixture was stirred at 80 °C for 20 h. After H;O (200 mL) was added, the solution
was extracted with diethyl ether. The organic layer was washed first with 1 M
Na,S,05-5H,0 aq (5 x 200 mL) and then with H,O (3 x 200 mL). The ethereal solution was
dried over anhydrous magnesium sulfate. ~After evaporating the solvent, the crude product
was purified by silica gel column chromatography (eluent: hexane) to give
5-iodo-1,1,3,3-tetramethylindan as a colorless liquid; yield 20%. 'H NMR (CDCl;) &
(ppm): 7.50 (dd, °J = 8.0 Hz, *J= 1.6 Hz, 1H, Ar), 7.42 (d, J = 1.6 Hz, 1H, Ar), 6.87 (d, J =
8.0 Hz, 1H, Ar), 1.81 (s, 2H, CH>), 1.28 (s, 6H, CHz), 1.28 (s, 6H, CH3). "*C NMR (CDCls)

o (ppm): 153.9, 151.0, 135.6, 131.9, 124.7, 91.8, 56.3, 42.6, 42.4, 31.4, 31.3. A 300 mL
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three-necked flask was equipped with a three-way stopcock and a magnetic stirring bar.
After the flask was flushed with nitrogen, 5-iodo-1,1,3,3-tetramethylindan (5.6 g, 19 mmol),
dichlorobis(triphenylphosphine)palladium (0.070 g, 0.10 mmol), cuprous iodide (0.11 g, 0.58
mmol) and triphenylphosphine (0.10 g, 0.38 mmol) were placed in the flask and dissolved in
triethylamine (100 mL) at room temperature. Then, a solution of phenylacetylene (2.6 g, 25
mmol) in triethylamine (20 mL) was added dropwise, and stirring was continued at room
temperature for 5 h.  After that, triethylamine in the reaction mixture was evaporated off, and
then ether (200 mL) was added to the residual mass. Solvent-insoluble solid was filtered off,
and the filtrate was washed with 1 M HCI aq. and then with water (3 x 200 mL). The
ethereal solution was dried over anhydrous magnesium sulfate. After evaporating the
solvent, the crude product was purified by silica gel column chromatography (eluent: hexane)
to give a colorless liquid; yield 80%. IR (KBr, cm™): 2958, 2360, 1597, 1493, 1315, 1065,
891, 829, 756, 690, 521. 'H NMR (CDCls) & (ppm): 7.54-7.51 (m, 2H, Ar), 7.30-7.38 (m,
5H, Ar), 7.09 (d, J = 8.0 Hz, 1H, Ar), 1.92 (s, 2H, CH>), 1.32 (s, 6H, CH3), 1.31 (s, 6H, CHj3).
BC NMR (CDCl3) & (ppm): 151.9, 151.4, 131.5, 130.4, 128.3, 128.0, 125.9, 123.6, 122.6,
121.4, 90.1, 88.3, 56.5, 42.6, 42.5, 31.4, 31.3. Anal. Calad for C,;Hz: C, 91.92; H, 8.08.
Found: C, 91.93; H, 8.26.

1-(1,1,2,2,3,3-hexamethylindan-5-yl)-2-phenylacetylene (2).

5-lodo-1,1,2,2,3,3-hexamethylindan was prepared by the same method as for
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5-iodo-1,1,3,3-tetramethylindan using 1,1,2,2,3,3-hexamethylindan instead of
1,1,3,3-tetramethylindan to give a white solid; yield 90%, mp 72-74 °C.  '"H NMR (CDCls) &
(ppm): 7.50 (dd, °J = 8.0 Hz, *J= 1.6 Hz, 1H, Ar), 7.42 (d, J = 1.6 Hz, 1H, Ar), 6.88 (d, J =
8.0 Hz, 1H, Ar), 1.18 (s, 6H, CHs), 1.17 (s, 6H, CHz), 0.86 (s, 6H, CH3). *C NMR (CDCls)
o (ppm): 153.3, 150.3, 135.6, 131.9, 124.8, 91.6, 48.5, 47.8, 47.5, 27.3, 27.2, 21.4.
Monomer 2 was prepared by the same method as for monomer 1 using
5-iodo-1,1,2,2,3,3-hexamethylindan instead of 5-iodo-1,1,3,3-tetramethylindan to give a
white solid; yield 85%, mp 136-138 °C. IR (KBr, cm™): 2981, 2950, 1597, 1493, 1373,
1111, 887, 833, 756, 690, 532. 'H NMR (CDCls) & (ppm): 7.54-7.51 (m, 2H, Ar), 7.39-7.30
(m, 5SH, Ar), 7.10 (d, J = 8.0 Hz, 1H, Ar), 1.18 (s, 6H, CH3), 1.17 (s, 6H, CH3), 0.86 (s, 6H,
CH3). C NMR (CDCls) & (ppm): 153.3, 150.3, 135.6, 131.9, 124.8, 91.6, 48.5, 47.8, 47.5,
27.3,27.2,21.4. Anal. Calad for Cy3Hze: C, 91.34; H, 8.66. Found: C, 91.57; H, 8.72.
1-(1,1,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene-6-yl)-2-phenylacetylene (3).
6-lodo-1,1,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene was prepared by the same
method as for 5-iodo-1,1,3,3-tetramethylindan using
1,1,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene instead of 1,1,3,3-tetramethylindan to give
a white solid; yield 88%, mp 58—60 °C. 'H NMR (CDCls) & (ppm): 7.59 (s, 1H, Ar), 7.42 (d,
J=8.4 Hz, 1H, Ar), 7.03 (d, J = 8.4 Hz, 1H, Ar), 1.66 (virtual s, 4H, CH>), 1.26 (s, 6H, CHj3),

1.25 (s, 6H, CHz). "*C NMR (CDCls) & (ppm): 147.7, 144.6, 135.6, 134.6, 128.7, 91.1, 34.8,
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34.3, 34.1, 31.7, 31.7, 31.7. Monomer 3 was prepared by the same method as for monomer
1 using 6-iodo-1,1,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene instead of
5-iodo-1,1,3,3-tetramethylindan, and was purified by silica gel column chromatography
(eluent: hexane), then by preparative high performance liquid chromatography (HPLC) to
give a white solid; yield 80%, mp 69-70 °C. IR (KBr, cm'l): 3059, 2958, 1597, 1493, 1362,
1065, 891, 829, 752, 690, 540. 'H NMR (CDCls) & (ppm): 7.54-7.53 (m, 2H, Ar), 7.52 (s,
1H, Ar), 7.34-7.30 (m, 3H, Ar), 7.28 (s, 2H, Ar), 1.69 (virtual s, 4H, CH>), 1.30 (s, 6H, CHs),
1.28 (s, 6H, CH3). '>C NMR (CDCl3) & (ppm): 145.5, 145.0, 131.6, 129.9, 128.7, 128.3,
128.0, 126.6, 123.6, 120.1, 89.9, 88.2, 35.0, 34.9, 34.3, 34.2, 31.8, 31.7. Anal. Calad for
CnHas: C,91.61; H, 8.39. Found: C, 91.59; H, 8.30.

Polymerization. Polymerizations were performed in a Schlenk tube equipped with a
three-way stopcock at 80 °C for 24 h under dry nitrogen at the following reagent
concentrations: [M]o = 0.20 M, [TaCls] = 20 mM, [#-BusSn] = 40 mM. The formed
polymers were isolated by precipitation into a large amount of methanol, and dried to constant
weight; the polymer yields were determined by gravimetry. Sharp 'H and C NMR spectra
of these polymers could not be observed because of high viscosity of solution. Poly(1); IR
(KBr pellet): 2594, 1489, 1362, 1315, 1192, 1072, 890, 818, 760, 690, 517. Poly(2); IR
(KBr pellet): 2594, 1489, 1373, 1261, 1157, 1111, 887, 818, 760, 690, 532. Poly(3); IR

(KBr pellet): 2962, 1600, 1493, 1462, 1389, 1362, 1261, 1014, 806, 690, 532.
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Membrane fabrication and desilylation. The membranes (thickness ca. 80—-120 um) were

fabricated by casting from toluene [poly(1) and poly(2)] or chloroform solution [poly(3)] of

the polymers (concentration ca. 0.50-1.0 wt%) onto a flat-bottomed Petri dish. Then, the

dish was covered with a glass vessel to slow solvent evaporation (ca. 3—5 days). After

membranes were prepared, they were immersed in methanol for 24 h and dried to constant

weight at room temperature for 24 h.

Measurement of gas permeabilities. Gas permeability coefficients (P) of polymer

membranes were measured with a Rikaseiki K-315-N gas permeability apparatus equipped

with a MKS Baratron detector at 25 °C. The downstream side of the membrane was

evacuated to 0.3 Pa, while the upstream side was filled with a gas at about 1 atm (10’ Pa), and

the increase of pressure in a downstream receiving vessel was measured. The P values were

calculated from the slopes of time-pressure curves in the steady state where Fick’s law held.
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Polyacetylenes as gas-separation membranes: Acetylenic monomers containing a
polymethylated indan or tetrahydronaphthalene moiety were polymerized with
TaCls—n-BusSn catalyst to give high molecular weight polymers. Free-standing membranes
were fabricated by the casting method. All of the polymer membranes showed unexpected
high gas permeability. Poly(1) and poly(2) are the most permeable to gases among all the

aromatic polyacetylenes.

Keywords: gas separation - membranes - polymerization - polymers - substituted

polyacetylenes




<<
  /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


