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Progress in the chemistry of electronically excited
metal complexes is largely connected with searching
for new complexes characterized by long-lived excited
states and reversible photo- and electro-induced charge
transfer [1]. Cyclometalated complexes of platinum
metals form a promising type of such complexes [2—4].

Proceeding with our research into Pd(Il) and Au
(III) complexes with 2-phenylpyridine [4, 5], in this
work we synthesized mixed-ligand cyclometalated
complexes based on the deprotonated form of 2-
benzylpyridine (benzpy) with 2,2'-bipyridyl (bpy) and
1,10-phenantroline (phen) (see scheme) and identified
the products by 'H NMR, electronic absorption and
emission spectroscopy, and cyclic voltammetry.
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The obtained complexes are stable in the solid state
and in solutions (acetonitrile, DMSO, DMF). The 'H
NMR data show that both cyclometalated and chelat-
ing ligands are present in the inner sphere of the
complexes and that the six-membered metal-complex frag-
ment {M(benzpy)} has a boat-type configuration [6—8]
and does not undergo fast inversion at room temperature.
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The electronic absorption spectra of these com-
plexes, like the spectra of cyclometalated complexes
based on 2-phenylpyridine [4, 5], characteristically
show bathochromically shifted of intraligand bands
and by the appearance of a new band in the region of
330-370 nm, assigned to a charge-transfer transition.

The reduction voltammograms of the Pd(II)
complexes contain a reversible one-electron wave
whose half-wave potential is almost independent of the
nature of the chelating ligand (E,, —1.71 V), that
allows us to assign it to the electron transfer on m*
orbitals preferentially localized on the {Pd(benzpy)}
fragment. The irreversible reduction waves of the Au(III)
complexes were assigned to the electron transfer on
metal d* orbitals, which results in formation of highly
reactive Au(Il) complexes undergoing subsequent fast
reaction.

The vibrationally structured low-temperature
luminescence spectra of the [Pd(benzpy)bpyl®,
[Pd(benzpy)phen]®, and [Au(benzpy)phen]® com-
plexes are similar to each other, which, along with the
lifetime [t 10*=107° s] and the characteristic vibration
frequency of 1400 cm™, points to an intraligand nature
of the lowest excited state localized on the {Pd(benzpy)}
fragment of the complexes.

The complexes were synthesized by a common
procedure including 30-min stirring preliminarily syn-
thesized [Pd(benzpy)(u-Cl)], [6] or [Au(benzpy)Cl,]
[7] with 2 equiv of AgNOj; in an acetonitrile solution,
filtering off the AgCl precipitate, and adding 1 equiv
of chelating ligand to the filtrate. After 1-h stirring at
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50°C the resulting yellow precipitates of the com-
plexes were filtered off, washed with CH;CN and
ether, and dried in air. Yields 60-70 %.

[(2-Benzyl-3-ido)pyridine](2,2'-bipyridyl) palla-
dium(IT) nitrate [Pd(benzpy)bpy]NOs. 'H NMR
spectrum (CD3;CN), o, ppm (J, Hz): {Pd(benzpy)}
~8.66 d (H, *Jyy 2.9), 8.19 d (H?, *Jyy 2.9), 8.04 d.d
H*, *Juu 7.3, 8.0), 7.75 d (H®, *Juyu 8.0), 7.50 t (H’,
3Jau 6.5), 740 d (H?, *Jyy 7.3), 7.17 m (HY), 7.10 m
(H), 4.94 d (H, 3y 13.1), 423 d (H, *Jyy 15.3);
{Pd(bpy)} —8.75 d (2H*", *Jy 5.8), 8.46 d (2H*®, *Jyy
8.0), 8.28 d.d (2H"" 7.3, 7.9), 7.69 d.d 2H* 4.4, 7.2).
Electronic absorption spectrum (CH3;CN), Apax, nm
(e x 107, mol™! em™): 235 (60.98), 305 (25.2), 320
(23.5), 350 sh (3.1). Phosphorescence parameters (77 K,
DMF : toluene, 1 : 1) Amax, nm (T, ps): 453, 484, 515,
570 (330). Reduction voltammogram (DMF, reference
FC+/FC), V: E1/2 -1.70.

[(2-Benzyl-3-ido)pyridine](1,10-phenanthroline)
palladium(II) nitrate [Pd(benzpy)phen]NO;. 'H NMR
spectrum (CD3;CN), 6, ppm (J, Hz): {Pd (benzpy)}
-8.62.d (H®, *Jyn 5.1), 8.08 t.d (H*, *Juy 8.0, *Jym 1.5),
7.79 d QH*®, Jiyy 8.0), 7.56 m (H?), 7.17 m (3H>***),
4.98 d (H® *Jyy 14.5), 4.29 d (HP, *Jun 14.5);
{Pd(phen)} —9.05 d (H", *Juy 4.4), 8.94 d (H", *Juu
5.1), 8.83 d (2H", *Juu 8.0), 8.24 s (2H>?), 8.02 d.d
H, 6.5, 8.7), 8.00 d.d (H, *Juyy 6.5, 8.7).
Electronic absorption spectrum (CH3CN), Apax, nm (€ X
107, mol™ em™): 230 (55.4), 270 (51.9), 300 sh (20.7),
340 sh (9.1). Phosphorescence parameters (77 K,
DMF:toluene, 1:1) Apax, nm (T, ps): 452, 483, 520, 553
(3400). Reduction voltammogram (DMEF, reference
Fc*/Fc), V: Eyp—1.71.

[(2-Benzyl-3-ido)pyridine](2,2'-bipyridyl)gold (I1I)
nitrate [Au(benzpy)bpyl(NO;),. '"HNMR spectrum
(CDsCN), 8, ppm (/, Hz): {Au(benzpy)} —8.51 d (H®,
*Jan 5.9), 8.46 d (H?, *Jyy 7.3), 8.20 d (H®, *Jyyy 8.0),
7.93 t (H', *Juy 6.5), 7.58 d (H?, *Juy 8.0), 7.45 m
(2H*™), 7.37 m (H°), 5.06 d (H*, *Juy 15.3), 4.54 d
(HP, *Juy 15.3); {Pd(bpy)} —9.10 d (2H™*, *Jyy 5.8),
8.97 d (2H*®, *Jyyy 8.0), 8.71 d.d (2H'" 7.3, 8.0), 8.12
d.d 2H™ 6.5, 7.3). Electronic absorption spectrum
(CH;OH), Amax, nm (€ x 107, mol™' cm™): 280 (18.0),
330 (6.6). Reduction voltammogram (DMF, reference
Fc'/Fc), V: E, —0.69.

[(2-Benzyl-3-ido)pyridine](1,10-phenantroline)-
gold(IT) nitrate [Pd(benzpy)bpy](NO;),. 'H NMR

spectrum (CD;CN), 8, ppm (J, Hz): {Au(benzpy)}
-9.29 d (H®, *Jyy 5.8), 9.22 d (H?, *Juy 8.0), 8.97 m
(HY, 8.51 t (H, *Jyy 6.5), 8.24 d (H®, *Jiy 8.0), 7.99
m (H), 7.73 d (H?, *Jyn 8.0), 7.47 m (H*), 5.09 d (H*,
3Jn 16.7), 4.60 d (HP, *Juy 15.3); {Au(phen)} —9.29 d
(2H™", *Ji 5.8), 8.53 s (2H*), 8.40 m (2H"), 7.47 m
(ZHB’B'). Electronic absorption spectrum (CH;0H),
Amaxs M (6107, mol™ em™): 270 (55.4), 280 (41.9),
320 (12.4), 370 (4.6). Phosphorescence parameters (77 K,
DMF : toluene, 1 : 1) Ay, nm (T, ps): 452, 480, 510 (86).
Reduction voltammogram (DMF, reference Fc'/Fc),
V: E, -0.73.

The '"HNMR spectra were taken on a Bruker AC-
200F spectrometer. The electronic absorption spectra
were obtained on an SF-2001 spectrophotometer at
293 K. The luminescence parameters at 77 K were
determined on a KSVU-1 device with a laser (LGI-21)
photoexcitation [9]. The reduction voltammograms
were obtained at 293 K on an SVA-1B device in a
three-electrode cell with separated compartments for
the working (Pt), auxiliary (Pt), and reference (Ag)
electrodes [10].

ACKNOWLEDGMENTS

The work was financially supported by the Russian
Foundation for Basic Research.

REFERENCES

1. Balzani, V., Juris, A., Venturi, M., Compagna, S., and
Serroni, S., Chem. Rev., 1996, vol. 96, no. 5, p. 759.

2. Balashev, K.P., Puzyk, M.V., Cotlyar, V.S., and
Kulikova, M.V., Coord. Chem. Rev., 1997, vol. 159,
p- 109.

3. Brooks, J., Babayn, Y., Lamansky, S., Djurovich, P.L.,
Tsyba, 1., Bau, R., and Thomson, M.E., Inorg. Chem.,
2002, vol. 41, no. 12, p. 3055.

4. Kulikova, M.V., Balashev, K.P., Kvam, P.-I., and
Songstad, J., Zh. Obshch. Khim., 2000, vol. 70, no. 2,
p- 177.

5. Ivanov, M.A. and Puzyk, M.V., Opt. Spektrosk., 2001,
vol. 91, no. 6, p. 927.

6. Kiraki, K., Fuchita, Y., and Takechi, K., Inorg. Chem.,
1981, vol. 20, no. 12, p. 4316.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 78 No. 4 2008



684 FINAGENOVA, BALASHEV

7. Cinellu, M.A., Zukka, A., Stoccoro, S., Minghetti, G., 9. Vasil’ev, V.V., Balashev, K.P., and Shagisultanova, G.A.,
Manassero, M., and Sansoni, M., J. Chem. Soc. Dalton Opt. Spektrosk., 1983, vol. 54, no. 5, p. 876.
Trans., 1995, no. 17, p. 2865.

8. Fuchitta, Y., Idea, H., Tsunemune, Y., Kinoshita-
Nagaoka, J., and Kawano, H., J. Chem. Soc., Dalton 10. Kotlyar, V.S. and Balashev, K.P., Elektrokhimiya, 1996,
Trans., 1998, no. 5, p. 791. vol. 32, no. 11, p. 1358.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 78 No. 4 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


