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The specificity of the electronic structure of 
complexes of cyclometalled platinum group metals 
with heterocyclic ligands characterized by long-lived 
excited electronic state and reversible nature of the 
process of electroreduction determines their promising 
application as components of optoelectronic devices 
[1, 2]. It was shown earlier [3] that cyclometalled            
Pt(II) and Pd(II) complexes with 4,6-diphenyl-
pyrimidine form a metal system with a spatial transfer 
of photoexcitation energy between the peripheral and 
bridging components in their structure.  

In this work we obtained and characterized by 1H 
NMR, IR, electron absorption and emission spectro-
scopy, and voltammetry the complexes of the type         
[Rh(Hdphpm)2(N^N)]ClO4 [Hdphpm is monodeproto-
nated form of 4,6-diphenylpyrimidine, (N^N)-chelating 
ligands: ethylenediamine (En), ortho-phenanthroline 
(phen) and 2,2'-bipyridyl (bpy)].  

These complexes are stable both in solid state and 
in solution in (CH3)2CHOH, CH3CN, (CH3)2SO. In the 
1H NMR spectra of these complexes the proton 
resonances are observed of both two magnetically 
equivalent cyclometallating ligands Hdphpm-, and 
chelating ligands (En, Bpy, Phen). The upfield shift of 
the proton resonance of metallated phenyl ring of 
Hphpm– in the ortho-position to the metal [Δδ 1.2 and 
–0.9 ppm] as compared with the non coordunated 
ligand indicates the cis-configuration of the metallated 
phenyl rings of two 4,6-diphenylpyrimidine ligands in 
the inner sphere of the complexes, resulting in the 
anisotropic action of the circular current of one 
metallated ring on the chemical shift of protons of  
another ring [4]. IR spectrum of [Rh(Hdphpm)2En]ClO4 

is characterized by a low-frequency shift of (C=N) 
stretching vibra-tions of the pyrimidine part of 
cyclometallated ligand, and by typical [5,6] change of 
in-plane bending (C–H) vibrations as a result of 
metallation of the phenyl rings.  

The UV spectrum of [Rh(Hdphpm)2 (N^N)]ClO4 
complexes in the region of (λ < 330 nm) is charac-
terized besides the intraligand adsorption bands by the 
presence of specific long-wave absorption band (λ = 
390–410 nm) and vibration-structured phosphore-
scence (λ = 463–487 nm) as a result of the spin-
allowed and spin-restricted optical transition between 
the orbitals localized on the metal complex fragment of 
(Rh(Hdphpm)2). The availability in the compositions 
of [Rh(Hdphpm)2phen]ClO4 and [Rh(Hdphpm)2bpy]
ClO4 of two cyclometallated and one chelating 
heterocyclic ligands determines the presence of three 
ligand-centered one-electron waves of reduction of the 
complexes as a result of electron transfer on the 
unoccupied π* orbitals of each ligand Substitution of 
heterocyclic bpy and phen by aliphatic En leads to the 
existence of two [Rh(Hdphpm)2En]ClO4 reduction 
waves as a result of the electron transfer on the π* 
orbitals of two cyclometallating ligands.  

4,6-Diphenylpyrimidine was obtained along the 
procedure in [7]. The Rh(III) complexes were obtained 
according to the general methodology that included the  
formation of [Rh(Hdphpm)2(μ-Cl)]2 precipitate by 
refluxing 1 equivalent of RhCl3·3H2O with 8 equi-
valents of 4,6-diphenylpyrimidine in 2-methoxyetanol 
followed by the substitution of chloride ligands by 
ethylenediamine, 1,10-phenanthroline or 2,2'-bipyridyl 
by the reaction of the suspension in methanol of 

DOI: 10.1134/S1070363209100284 



bridging Rh(III) chloride complex with the chelating 
liands. Precipitation of the complexes from the 
methanol solution was performed by adding NaClO4 to 
the reaction mixture. The resulting precipitate 
containing complex was filtered, washed with cold 
methanol, then with ether, and dried in air.  

Bis[(4-phenyl-3-ido)(6-phenylpyrimidino)]etylene-
diaminorhodium(III) perchlorate [Rh(Hdphpm)2En]· 
ClO4. Yield 65%. 1H NMR spectrum (CD3CN), δ, 
ppm (J, Hz): 9.23 s (2H), 8.53 d (3JHH 1.1; 2H), 8.41 d 
(3JHH 7.5; 4H), 8.09 d.d (3JHH 7.8, 4JHH 1.3; 2H), 7.67 
m (6Н), 7.05 d.d.d (3JHH 7.8, 7.4; 4JHH 1.2; 2H), 6.95 
d.d.d (3JHH 7.3, 7.4, 4JHH 1.14; 2H), 6.48 d (3JHH 7.7; 
2H), 3.49 d (3JHH 9.2; 2H), 3.03 m (2H), 2.88 d (3JHH 
9.1; 2H), 2.77 d (3JHH 4.3; 2H). Parameters of the IR 
spectrum (KBr), ν, cm–1: 693 and 747 (C6H5), 740 (C6 
H4), 1585 (C=N). The electron absorption spectra 
(CH3CN), λmax., nm (ε×10–3, l mol–1 cm–1): 278 (15), 
324 (10.1), 410 (3.2). Parameters of phosphorescence 
[77 K, CHON(CH3)2: CH3C6H5, 1:1], λmax., nm (τ, ms): 
487, 505, 559 (13). Reduction voltammogram [(CHON
(CH3)2, relatively to the Fc+/Fc redox system], V:            
E1/2 –1.90, –2.10 

Bis[(4-phenyl-3-ido)(6-phenylpyrimidine)](1,10-
phenanthroline)rhodium(III) perchlorate [Rh
(Hdphpm)2phen]ClO4. Yield 67%. 1H NMR spec-
trum (CD3CN), δ, ppm (J, Hz): 8.73 d.d (3JHH 8.3, 4JHH 
1.5; 2H), 8.49 d (3JHH 1.1; 2H), 8.38 d.d (3JHH 4.9, 4JHH 
1.4; 2H), 8.24 s (2H), 8.04 s (2H), 8.24 d.d (3JHH 7.8, 
4JHH 1.4; 4H), 8.18 d.d (3JHH 8.2, 4JHH 1.5; 2H), 7.86 
d.d (3JHH 4.9, 8.3; 2H), 7.56 m (6Н), 7.26 d.d.d (3JHH 
7.7, 7.4; 4JHH 1.4; 2H), 7.17 d.d.d (3JHH 7.6, 7.4; 4JHH 
1.4; 2H), 6.72 d (3JHH 7.4; 2H). The electron 
absorption spectra (CH3CN), λmax, nm (ε × 10–3,                     
l mol–1 cm–1): 222 (54.9), 272 (66.2), 330 (31.3), 393 
(10.5). Parameters of phosphorescence [77 K, CHON
(CH3)2: CH3C6H5, 1:1], λmax., nm, (τ, ms): 463, 494, 
524 (14). Reduction voltammogram [(CHON(CH3)2, 
relatively to the Fc+/Fc redox system], V: E1/2 –1.68, –
1.94, Epeak –2.16.  

Bis[(4-phenyl-3-ido)(6-phenylpyrimidine)](2,2'-
bipyridyl)rhodium(III) perchlorate [Rh(Hdphpm)2bpy]· 
ClO4. Yield 65%. 1H NMR spectrum (CD3CN), δ, 
ppm (J, Hz): 8.52 d (3JHH 8.2; 2H), 8.49 d (3JHH 1.0; 
2H), 8.24 d.d (3JHH 7.8, 4JHH 1.5; 4H), 8.21 s (2H), 8.20 
d.d (3JHH 7.7; 2H), 8.17 d.d.d (3JHH 8.0, 7.8, 4JHH 1.5; 
2H), 8.05 d (3JHH 4.8; 2H), 7.59 m (6Н), 7.54 d.d.d 

(3JHH 5.0, 8.0, 4JHH 1.5; 2H), 7.22 d.d.d (3JHH 7.6, 7.4; 
4JHH 1.3; 2H), 7.12 d.d.d (3JHH 7.6, 7.4; 4JHH 1.3; 2H), 
6.62 d (3JHH 7.7; 2H). Electron absorption spectrum 
(CH3CN), λmax, nm (ε×10–3, l mol–1 cm–1) nm: 279 
(30.1), 297 sh (26.4), 309 (25.7), 331 (19.2), 395 (6.4). 
Parameters of phosphorescence [77 K, (CHON(CH3)2: 
CH3C6H5, 1:1), λmax., nm, (τ, ms)]: 464, 494, 524 (14). 
Reduction voltammogram [CHON(CH3)2, relatively to 
the Fc+/Fc redox system], V: E1/2 –1.69, –1.92, Epeak             
–2.10.  

The 1H NMR spectra were registered on a JNM-
ECX400A instrument at 293 K in CD3CN. Electron 
absorption spectra were taken on a SF-2000 
spectrophotometer from CH3CN solutions. IR spectra 
were recorded from KBr pellets on a Prestige-21 
Shimadzu IR spectrometer. Luminescent studies were 
conducted on KSVU-1 setup with a pulse laser 
photoexcitation (LGI-21, l 337 nm, τ 10 ns) at 77 K 
from glassy matrices (CH3)2CHOH: CH3C6H5 (1:1) 
[8]. Voltammograms were registered on EAC-1B setup 
at 293 K in a three-electrode cell with the separated 
space of working (Pt), auxiliary (C) and reference (Ag) 
electrodes in the presence of 0.1 M [N(C4H9) 4]BF4 
from solutions in CHON(CH3)2 [9]. Potentials are 
given relatively to the redox system ferrocenyl-
ferrocene (Fc+/Fc).  

REFERENCES  

1. Zhou, G-J., Wang, X-Z., Wong, W-Y., Yu, X-M.,            
 Kwok, H-S., and Lin, Z., J. Organomet. Chem., 2007, 
 vol. 692, no. 16, p. 3461. 
2. Kim, S-Y., Kim, J-H., Ha, Y., Lee, S-H., Seo, J-H., and 
 Kim, Y-K., Current Appl. Phys., 2007, vol. 7, no. 4, p. 380. 

3. Ivanova, E.V., Puzyk, M.V., and Balashev, K.P., Optika 
 i Spektr., 2009, vol. 106, no. 3, p. 409. 

4. Steel, P.J., J. Organometal. Chem., 1991, vol. 408, no. 3, 
 p. 395. 

5. Caygill, G.B. and Steel, P.J., J. Organomet. Chem., 
 1987, vol. 7, no. 1, p.115. 

6. Caygill, G.B., Hartsorn, R.M., and Steel, P.J., J. Orga-
 nomet. Chem., 1990, vol. 382, no. 3, p. 455. 

7. Brederick, H., Gompper, R., and Morlock, G., Chem. 
 Ber., 1957, vol. 90, p. 942. 
8. Vasil’ev, V.V., Balashev, K.P., and Shagisultanova, G.A., 
 Opt. i Spektr., 1983, vol. 54, no. 5, p. 876. 
9. Kotlyar, V.S. and Balashev, K.P., Elektrokhimiya, 1996, 
 vol. 32, no. 11, p. 1358. 

CYCLOMETALLATED Rh(III) COMPLEXES  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  79   No.  10   2009 

2273 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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

  /CreateJDFFile 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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


