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Supporting Information 

General considerations: D2O, CD3OD, CD3CD(OD)CD3 was purchased from Cambridge Isotope 

Laboratory Inc.; tetra p-sulfonatophenyl porphyrin from Tokyo Chemical Industry (TCI); 

(Rh(CO)2Cl)2 from Stream; and all other chemicals were purchased from Aldrich or Alfa Aesar unless 

otherwise noted and used as received. Room temperature 1H NMR spectra were recorded on a Bruker 

AV-400 spectrometer and variant temperature 1H NMR spectra on a Bruker AV-600. The chemical 

shifts were referenced to 3–trimethylsilyl–1– propanesulfonic acid sodium salt. 

Na3[(TSPP)RhIII(H2O)2]. Na3[(TSPP)RhIII(H2O)2] was synthesized by literature methods of Ashley1. 

The stock solution of (TPPS)RhIII was prepared in H2O solution. A certain amount of stock solution 

was withdrawn from the stock solution into a round bottom flask and acid/base solution (CF3SO3H or 

NaOH) were added to tune the pH value. After the solvent was removed under vacuum, the mixture 

was dissolved in D2O.  
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Scheme 1S The structure of (TSPP)RhIII(H2O)2 

Catalytic aerobic oxidation of alcohols in water. 1.8 ml 2 mg/ml (TPPS)RhIII solution was transferred 

into a 10 ml round bottom flask. After the solvent was removed under vacuum, the solid was dissolved 

in 1.5 ml buffer solution. The solution was then transferred to a Schlenk flask with a high vacuum 

valve (V=40 ml) fitting in a Radleys parallel synthesis station. The sample was subjected to three 
freeze-pump-thaw cycles after 663 μL PhCH2OH was added, and then filled with 1 atm O2. The 

solution was stirred and heated at 80 oC for 7 h.  
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Figure 1S Radleys parallel synthesis station 

Preparation of the buffer solutions. pH=9.2 borate buffer: 0.477 g Na2B4O7.10H20 (1.25 mmol) was 

dissolved in water and then diluted to 25.00 ml in a 25ml volumetric flask. (H3BO3/NaBO2=0.10 

M/0.10 M). pH=10.2 carbonate buffer: 0.401 g NaHCO3 (4.77 mmol) and 0.452 g Na2CO3 (4.26 

mmol) was dissolved in water and then diluted to 25.00 ml in a 25ml volumetric flask. 

(NaHCO3/Na2CO3=0.19 M/0.17 M). pH=11.2 carbonate buffer: 0.0525 g NaHCO3 (0.625 mmol) and 

0.59 g Na2CO3 (5.57 mmol) was dissolved in water and then diluted to 25.00 ml in a 25ml volumetric 

flask. (NaHCO3/Na2CO3=0.025 M/0.22 M). pH=12.2 carbonate buffer: 3.74 g Na2CO3 (35.3 mmol) 

was dissolved in water and then diluted to 25.00 ml in a 25ml volumetric flask. (Na2CO3=1.4 M). 

pH=13.2 buffer: 0.161 g NaOH (4.03 mmol) was dissolved in water and then diluted to 25.00 ml in a 

25ml volumetric flask. (NaOH =0.16 M). pH=14.2 buffer: 1.603 g NaOH (40.1 mmol) was dissolved 

in water and then diluted to 25.00 ml in a 25ml volumetric flask. (NaOH =1.60 M). 

Table 1S Catalytic aerobic oxidation of benzyl alcohol mediated by (TSPP)RhIII in water. 

 

Reaction condition: alcohols 0.66 ml (6.3 mmol) and 1.5 ml buffer solution containing (TPPS)RhIII 
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3.6 mg (3.2×10-3 mmol) in a 40 ml tube charged with 1 atm oxygen. a: refluxing for 3 h in a 100 ml 

tube charged with 1 atm oxygen . TON=n(benzaldehyde)/n((TPPS)RhIII), GC yield. 

Measurement of solubility of each alcohol in water. The saturated solubility of each alcohol in D2O 

was determined by 1H NMR relative to a standard 3-trimethylsilyl-1 propanesulfonic acid sodium salt 

at room temperature. 

Table 2S The physical properties of substrate alcohols 

 

The oxidation of isopropanol without the presence of CH3I at 40 oC (pH=11.2). 0.50 ml 2 mg/ml 

(TPPS)RhIII solution and 0.40 ml pH=11.2 carbonate buffer solution were mixed in a 10 ml round 

bottom flask. After the solvent was removed under vacuum, the mixture was redissolved in 0.40 ml 

D2O solution containing (CH3)3SiCH2CH2CH2SO3Na (3.0×10-3 M) in a J.Young Valve NMR tube.  

The sample was subjected to three freeze-pump-thaw cycles after 5 μL isopropanol was added. The 

kinetic 1H NMR spectra were recorded on the Bruker AV-600 magnet at 313.2 K.  
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The oxidation of isopropanol in the presence of CH3I at 40 oC (pH=11.2). 0.5 ml 2 mg/ml 

(TPPS)RhIII solution and 0.40 ml pH=11.2 carbonate buffer solution were mixed in a 10 ml round 

bottom flask. After the solvent was removed under vacuum, the mixture was redissolved in 0.40 ml 

D2O solution containing (CH3)3SiCH2CH2CH2SO3Na (3.0×10-3 M). The red solution was transferred 

to a J. Young Valve NMR tube containing a external standard benzyl aldehyde. The sample was 

subjected to three freeze-pump-thaw cycles after 5 μL isopropanol was added. CH3I was transferred 

to the NMR tube through an ‘H’ tube. The kinetic 1H NMR spectra at different concentration of 

isopropanol were recored at 313.2 K, KIE comparison of regular and deuterated isopropanol was 

performed at 308.2 K.  Activation parameters were obtained by measuring rate constants at different 

temperature at 303.2 K, 308.2 K, 313.2 K, and 323.2 K, respectively.  

Table 3S The measurement of rate constants at different concentration of isopropanol (pH=11.2). 
Entry Amount of isopropanol c(isopropanol)/M kobs 
1 6 μL isopropanol 0.20 3.29E-4 
2 8 μL isopropanol 0.26 4.01E-4 
3 10 μL isopropanol 0.32 4.96E-4 
4 12 μL isopropanol 0.40 5.57E-4 
5 14 μL isopropanol 0.43 6.13E-4 

 

The observation of porphyrin rhodium alkoxide in water. 30 μL (or 60 μL) methanol (1.4 M or 2.8 

M) was added to an NMR tube containing 0.5 ml D2O solution of (TSPP)RhIII (9×10-4 M), 

(CH3)3SiCH2CH2CH2SO3Na (3.0×10-3 M). The 1H NMR was recorded on a Bruker AV-400 

spectrometer at room temperature. Aqueous solutions of (TSPP)RhIII complexes occurs in an 

equilibrium distribution with the bis aquo, mono and bishydroxo complexes, [(TSPP)RhIII(D2O)2]-3, 

[(TSPP)RhIII-OD(D2O)]-4, [(TSPP)RhIII(OD)2]-5 in water (Scheme 2S Column 1). The porphyrin 

pyrrole and phenyl 1H NMR shifts are used in identifying the (TSPP)Rh species in D2O. 1H NMR 

shift and intensity measurements were used effectively in quantifying the distribution of species in 

solution. Mixing methanol with (TSPP)RhIII in water resulted in the formation of another 9 rhodium 

porphyrins species, [(TSPP)RhIII(D2O)2]-3, [(TSPP)RhIII(D2O)(DOCH3)]-3, [(TSPP)RhIII(DOCH3)2]-3, 

[(TSPP)RhIII-OD(D2O)]-4, [(TSPP)RhIII-OD(DOCH3)]-4/[(TSPP)RhIII-OCH3(D2O)]-4 , [(TSPP)RhIII-

OCH3(D2O)]-4, [(TSPP)RhIII(OD)2]-5, [(TSPP)RhIII-OD(OCH3)]-5, and [(TSPP)RhIII(OCH3)2]-5. There 

were 12 fast equilibrium reactions involved (Scheme 2S, Figure 2S).  
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Scheme 2S The possible simultaneous multi-equilibrium of 9 rhodium porphyrins species with the 

addition of methanol in water. 

Addition of methanol to the acidic aqueous solution (pH<5) containing (TSPP)RhIII where 

[(TSPP)RhIII(D2O)2]-3 predominated resulted in an equilibrium distribution with the mono and bis 

methanol complexes, [(TSPP)RhIII(D2O)(DOCH3)]-3, [(TSPP)RhIII(DOCH3)2]-3 (Scheme 2 Row 1). 

Investigations by 1H NMR spectroscopy in D2O as a function of concentration of methanol at different 

pH value reveal that the 3 complexes (Scheme 2 Row 1) were in fast equilibrium. Rapid interchange 

of coordinated water and methanol with the bulk solvent and free methanol in the solution resulted in 

a single set porphyrin 1H NMR resonances (Figure 2S A). In the range of 0.001M<[NaOH]<0.02 M, 3 

complexes in Scheme 2S Row 2 are dominant species and in rapid equilibrium where the 1H NMR 

resonances of coordinated methoxide hydrogens shifted from -3.01 ppm to -2.88 ppm with increasing 

the hydroxide concentration (Scheme 2S Row 2, and Figure 2S B-D). In the range of 

0.025M<[NaOH]<0.10 M, [(TSPP)RhIII(OD)2]-5(1), [(TSPP)RhIII-OD(OCH3)]-5(2), and 

[(TSPP)RhIII(OCH3)2]-5(3) are in fast equilibrium distribution and the 1H NMR resonances of 

coordinated mono methoxide hydrogens of 2 was found at -2.82 ppm and the bis methoxide of 3 at -

2.84 ppm (Figure 2S E and Figure 3S). When the [NaOD]>0.2M, only one tiny coordinated methoxide 

was observed at -2.81 ppm by 1H NMR (Figure 2S F).  

 

       
Figure 2S The 1H NMR spectra of equilibrium distribution of 9 complexes in water at different 

concentration of sodium hydroxide ([(TSPP)RhIII]initial = 9×10-4 M, [CH3OH] = 1.4 M). A: pH=5; B: 

0.004 M NaOH; C: 0.008 M NaOH； D: 0.020 M NaOH; E: 0.025 M NaOH; F: 0.60 M NaOH. 
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Assignments of the 1H NMR for 1, 2 and 3. The 1H NMR for 1, 2 and 3 are assigned based on the 

changes in the observed intensities for the pyrrole and methoxide resonance as the methanol 

concentration is varied (Figure 3S). The intensity integration of pyrrole hydrogens of [(TSPP)RhIII-

OD(OCH3)]-5 and [(TSPP)RhIII(OCH3)2]-5 corresponds with the intensity integration of alkoxide 

hydrogens (Figure 3S). With addition of methanol, the appearance of new pyrrole hydrogens at 8.93 

ppm was observed with the appearance of a new resonance at -2.82ppm which is attributed to 

methoxide hydrogns of complex 2 (Figure 3S C). With increasing the concentration of methanol, a 

new resonance of pyrrole hydrogens was observed at 8.92 ppm with the observation of high field peak 

at -2.84 ppm ascribed to the methoxide hydrogens of complex 3 (Figure 3S D-E).  

     
Figure 3S The 1H NMR spectra of equilibrium distribution of complexes 1-3 in water at different 

concentration of methanol ([(TSPP)RhIII]initial = 9×10-4 M, [NaOH] = 0.030 M). A:without methanol; 

B: 0.50M methanol; C: 1.0M methanol； D: 1.4 M methanol; E: 2.9 M methanol; F: 3.8 M methanol. 

The evaluation of equilibrium constant of ligand substitution reaction in water. The porphyrin 

pyrrole and phenyl 1H NMR shifts are used in identifying the (TSPP)Rh species in D2O. 1H NMR 

shift and intensity measurements were used effectively in quantifying the distribution of species in 

solution. All of the 9 complexes are in fast simultaneous equilibrium in water. At basic limit 

([NaOD]>0.025M) where complexes 1, 2, 3 predominate, we were able to evaluate equilibrium 

constants for methanol substitution of the first and second water reactions K = 25±5 and K = 5.5±1, 

respectively (Scheme 2S Row 3, Table 4S- Table 5S) by integration of pyrrole hydrogens and 

methoxide hydrogens of 1H NMR spectra of complexes 1, 2, 3.  

Combining with the equilibrium of methanol and hydroxide in equilibrium with methoxide and 

water (CH3OH + OH-  CH3O- + H2O, K= 0.3)[2], the equilibrium constant for ligand displacement of 

the first hydroxide to methoxide is 75 (Scheme 3S A), and the displacement of the second hydroxide 

is 16 (Scheme 3S B)  
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Scheme 3S Derivation of equilibrium constants for ligand exchange reaction in water 

 
Table 4S The measurement of equilibrium constant of (TSPP)Rh-(OD)2 + CH3OD  

(TSPP)Rh-(OD)(OCH3) + D2O     K in water at 298K 

Entry [NaOD]/M [CH3OD] /M Ratio of 
intensity integrationi 

[D2O]  
/M 

K 

1 0.025 1.4 0.65 55.3 26 
2 0.030 1.4 0.67 55.3 26 
3 0.030 2.9 1.54 55.3 27 
4 0.040 1.3 0.70 55.3 30 
5 0.040 2.8 1.28 55.3 25 
6 0.050 1.4 0.66 55.3 26 
7 0.050 2.8 1.04 55.3 21 

i: Ratio of intensity integration is derived from the integration of pyrrole hydrogens of (TSPP)Rh-

(OD)(OCH3) and (TSPP)Rh-(OD)2 species of 1H NMR spectra.  

 

Table 5S The measurement of equilibrium constant of (TSPP)Rh-(OD)(OCH3) + CH3OD  

(TSPP)Rh-(OCH3)2 + D2O     K 

Entry [NaOD]/M [CH3OD]/M Ratio of 
intensity integrationi 

[D2O]/M K 

1 0.025 1.4 0.16 55.3 6.3 
2 0.030 1.4 0.16 55.3 6.3 
3 0.030 2.9 0.27 55.3 5.1 
4 0.040 1.3 0.15 55.3 6.4 
5 0.040 2.8 0.30 55.3 5.9 
6 0.050 1.4 0.15 55.3 5.9 
7 0.050 2.8 0.26 55.3 5.1 
8 0.10  1.3 0.13 55.3 5.5 

i: Ratio of intensity integration is derived from the integration of methoxide hydrogens of (TSPP)Rh-

(OD)(OCH3) and (TSPP)Rh-(OCH3)2 species of 1H NMR spectra. 

Reference: 

[1] Ashley K. R.; Shyu, S. B.; Leipoldt, J. G. Inorg. Chem. 1980, 19, 1613. 

[2] (a) Pliego, J. R.; Riveros, J. M. Chem. Phys. Lett. 2000, 332, 597; (b) Zhong, Y.; Warren, G. L.; 

Patel, S. Journal of Computational Chemistry 2008, 29, 1142. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


