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Abstract—The third generation hyperbranched polyesterpolyol has been modified with maleic anhydride at
various ratios of the polyol to the modifying agent, from 1 : 6 to 1 : 18. The prepared modified polyols are
capable of the complex formation with copper(Il), cobalt(II), and nickel(II) ions.
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Most of the biopolymers found in living organisms
are polyanions. The biological activity of polyanions is
fairly diverse, like that of glycoproteins and nucleic
acids. Polyanions possess some antiviral activity,
likely due to the modulation of the absorbing cells
action; therefore, polyanions may be applied as com-
ponents of antiviral vaccines, antitumor and immuno-
modulating agents [1]. In view of this, the non-toxic
hyperbranched polymers containing carboxylic acid
fragments are of interest; moreover, they are known to
possess the complexing ability towards the biologically
active metal ions. Such polymers can be prepared via
chemical modification of hyperbranched polyester-
polyols. The increase of the starting hyperbranched
polymer generation enhances the possibility to alter the
amount of functional groups in the modified polymer
and thus to manage the amount of metal ions in the
formed complexes. Furthermore, the macromolecular
nature of the ligand increases the complex stability due
to additional polarization of the metal ion in the
inhomogeneous electrostatic ligand field and protect-
ing the metal coordination sphere from the incur-
poration of interfering reagents [2]. Previously
polycarboxylic acids were synthesized on the poyester
polyol second generation Boltorn H20 [core is
ethoxylated pentaerythritol, monomer is 2,2-bis (hyd-
roxymethyl) propionic acid] [3, 4]. In this work, we
present the modification of commercially available
third generation hyperbranched polyol Boltorn H30 (I)
(Perstorp Specialty Chemicals AB) with maleic
anhydride (see Scheme 1).

The modification of hydroxy groups of I with
maleic anhydride was performed at various ratio of the
reagents, 1 : 6to 1:18.

The purity of the prepared products was confirmed
by the absence in the IR spectra of the bands
characteristic of the stretching vibrations of maleic
anhydride carbonyls at 1848 and 1790 cm'. The
modified polyols were characterized by acid number
(AN) and the amount of carboxy groups (m), both
determined by potentiometric titration [5]. The
products prepared at different reagents ratios showed
the following characteristics: AN = 52 and m = 6 (II);
AN = 101 and m = 12 (II); AN = 137 and m = 18
(IV). The complex formation ability was probed by
spectrophotometry, using Co(II), Ni(II), and Cu(Il) salt
solutions as examples. In particular, the solutions of
II-IV in DMSO possessed negligible absorption in the
UV and visible light spectral ranges. The addition of
salts [Cu(NOs),, Co(NOj),, or Ni(NOs),] to the
solutions of II-IV led to the appearance of new
absorption bands, absent in the spectra of pure salts
solutions. The absorption bands maxima of the formed
complexes were as follows: Co(Il), 536 nm; Ni(Il),
766 nm; and Cu(II), 812 nm (see Scheme 2).

EXPERIMENTAL

Potentiometric titration was performed using AT-
210 (Kioto Electronics, Japan) modular titration station.
IR absorption spectra of the solid samples were Regis-
tered on a Spectrum 400 (Perkin Elmer) Fourier spectro-
meter equipped with Almaz KRS-5 ATR attachment:
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resolution of 4 cm ™!, 14 scans at 4000-400 cm ™. NMR
spectra of (CD3),CO solutions were recorded on an
Avance 400 (Bruker) spectrometer at 400 MHz ('H)
and at 125.77 MHz ("*C).

Modification of I with maleic anhydride was
performed as described in [3]. The products -1V
were white or yellow amorphous substances.

Compound II. Yield 67.5%. IR spectrum, v, cm ':
3394 br.m (OHyouna), 2978-2883 m (CH3, CH,), 1721
v.s (-C=0), 1643 m (C=C), 1466 m [8,,(CHs)], 1404,
1375 w [8(CH,)], 1214, 1119, 1037 m (C-O-C). 'H
NMR spectrum, o, ppm: 1.14 s, 1.21 s, 1.32 s [OC(O)-
CCH;], 3.63-3.72 m (OCH,CH,), 4.11 s, 4.13 s
[C(CH,OC),], 4.28-4.30 m [CH,OC(0)], 6.40 s
(CH=CH). “C NMR spectrum, 8¢, ppm: 18.1, 19.4,
20.7 (CHs), 43.7 [C(CH,0OC)4], 50.5 [H3C—C(CH,),],
64.9-68.9 m (CH,), 132.1 (CH=CH), 175.1 (C=0).

Compound III. Yield 72.6%. IR spectrum, v, cm ':
3423 br.m (OHpouna), 2978-2883 m (CH3, CH,), 1725
v.s (C=0), 1643 m (C=C), 1466 m [5,(CHs)], 1400,
1370 w [8(CH,)], 1218, 1119, 1041 m (C-O-C). 'H
NMR spectrum, o, ppm: 1.14 s, 1.21 s, 1.32 s [OC(O)-
CCH;], 3.63-3.72 m (OCH,CH,), 4.11 s, 4.14 s
[C(CH,OC);], 4.28-4.30 m [CH,OC(0)], 6.40 s
(CH=CH). “C NMR spectrum, 8¢, ppm: 17.1, 18.4,
19.7 (CHs), 42.7 [C(CH,OC),], 49.5 [H;CC(CH,)],
64.0-67.6 m (CH,), 133.2 (CH=CH), 174.2 (C=0).
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Compound IV. Yield 69.15%. IR spectrum, v, cm :
3452 br.m (OHpouna), 2978-2891 m (CH3, CH,), 1721
v.s. (C=0), 1639 m (C=C), 1466 m [3,(CH3)], 1404,
1375 w [3(CH,)], 1222, 1119, 1041 m (C-O-C). 'H
NMR spectrum, o, ppm: 1.13 s, 1.21 s, 132 s
[OC(O)CCH;], 3.64-3.71 m (OCH,CH,), 4.11 s, 4.14
s [C(CH,0C),], 4.28-4.33 m [CH,OC(0O)], 6.41 s
(CH=CH). *C NMR spectrum, 3¢, ppm: 18.1, 19.4,
20.7 (CH;), 43.8 [C(CH,0C),], 50.5 [H3;C—C(CH,),],
64.9-67.8 (CH,), 133.6 (CH=CH), 175.2 (C=0).

REFERENCES

1. Shtil’'man, M.I., Soros. Obrazovat. Zh., 1998, vol. 5,
p. 49.

2. Pomogailo, A.D., Rozenberg, A.S., and Uflyand, LE.,
Nanochastitsy metallov v polimerakh (Metal Nano-
particles in Polymers), Moscow: Khimiya, 2000.

3. Kutyreva, M.P., Usmanova, G.Sh., Ulakhovich, N.A.,
Medvedeva, O.1., Syakaev, V.V., Ziganshina, S.A., and
Kutyrev, G.A., Polymer Science, Ser. B, 2013, vol. 55,
no. 4, p. 201.

4. Kutyreva, M.P., Usmanova, G.Sh., Ulakhovich, N.A.,
and Kutyrev, G.A., Russ. J. Gen. Chem., 2010, vol. 80,
no. 4, p. 787.

5. Toroptseva, A.M., Belogorodskaya, K.V., and Bon-
darenko, V.M., Laboratornyi praktikum po khimii i
tekhnologii vysokomolekulyarnyhh soedinenii (Labo-
ratory Workshop on Chemistry and Technology of
Macromolecular Compounds), Moscow: Khimiya, 1972.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 83 No. 12 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /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 <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


