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Materials 

Solvents (Benzene, MeCN, PhCl, H2O, D2O, CH3OH, CD3OD) were of the highest grade 

commercially available (Aldrich–Fluka) and were used as received. 2,6-Di-tert-butyl-4-

methylphenol (BHT) was recrystallized from hexane. Caffeic acid, Caffeic Acid Phenethyl Ester 

(CAPE, ≥97%) and 2,2,5,7,8-pentamethyl-6-chromanol (PMHC) (≥97%) were from Aldrich and 

were used as received. Compound 4 was synthesized as previously described.1 2,2'-

Azobis(isobutyronitrile) (AIBN) was recrystallized from methanol and stored at -20 °C. Cumene 

and styrene (Aldrich) were percolated twice through silica and alumina prior to use. Solutions were 

prepared immediately prior to use. 

 

Determination of the BDE(OH) 

Spectra were recorded in quartz tubes at 293 K on a Bruker Elexsys 500 X-band spectrometer 

equipped with a Bruker VT-1000 variable temperature unit. Spectral analysis was optimized by 

means of computer simulations and subjected to a least-squares fitting procedure based on the 

systematic application of the Monte Carlo method, available in WinESR Commander V.1.0 

software, developed by Prof. Marco Lucarini (University of Bologna). Spectra were recorded in 

deoxygenated benzene solutions by irradiating the samples with a 500 W high-pressure Hg lamp 

and using calibrated metal sectors to modulate the intensity of irradiation. Experiments were 

performed at three different [BHT] / [4] ratios. 

 

Autoxidation experiments 

Autoxidation experiments were performed in a two-channel oxygen-uptake apparatus, based on a 

Validyne DP 15 differential pressure transducer and built in our laboratory. In a typical experiment, 

an air-saturated chlorobenzene (or acetonitrile) solution of styrene or cumene containing AIBN 

(0.05 M) was equilibrated with an identical reference solution containing also an excess of 

2,2,5,7,8-pentamethyl-6-chromanol (PMHC) (0.1-1 mM) in the same solvent at 30 °C. When a 

constant oxygen consumption was observed, a concentrated solution of the antioxidant was injected 

into the sample flask, and the oxygen consumption was measured, after calibration of the apparatus, 

from the differential pressure recorded with time between the two channels (see Figure 1S).  

PMHC was also used as reference antioxidant to measure the rate of initiation Ri, see eq. 1S, where 

τ is the duration (in seconds) of the inhibition period (Fig. S1). 

 

[ ]
τ

PMHCRi
2=                             (1S) 
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The study of cumene autoxidation is preferred in the case of weak inhibitors (i.e. kinh<105 M-1s-1), 

which are not able to retard the autoxidation of styrene. On the other hand, cumene has a 

propagation constant (kp) too low to measure kinh values in the case of antioxidants having kinh 

values larger than approx. 105 M-1s-1. 

 

 

Figure 1S. Oxygen consumption measured during the autoxidation of styrene (4.3 M) in PhCl 

initiated by AIBN (0.05 M) at 303 K inhibited by PMHC (6.3 μM). In the inset, the kinetic 

treatment of equation 2S is shown. 

 

The deuterium kinetic isotope effect (DKIE) was measured by adding 1% of CD3OD or D2O to 

PhCl and MeCN respectively and the kinh measured in these conditions was compared to that 

obtained by using non-deuterated solvents (CH3OH and H2O). 
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Kinetic treatment 

The reactions involved in the autoxidation of a generic organic substrate (RH) and in the action of a 

phenolic antioxidant (AH) are summarized in Scheme 1S. 

 

 

Scheme 1S. The autoxidation reaction 

 

When an evident inhibition period was observed, see for instance Fig. 1S, oxygen consumption 

traces were analyzed by eq. 2S, where Δ[O2]t is the concentration of O2 consumed at time t, taking 

as t=0 the injection of the antioxidant.2 The advantage of this equation, based on the assumption 

that all ROO• radicals disappear by reacting with the antioxidant, is that it keeps into account that 

the antioxidant is consumed during the course of the inhibition period. 

 

Δ[O2]t = (kp[RH] / kinh) ln(1-t/τ)                                                      (2S) 

 

When the antioxidant provided only a reduced O2 consumption without a clear inhibition, equation 

3S was used, where Rox and Rox,0 are respectively the slopes of the O2 consumption measured at the 

beginning of the reaction in the presence and in the absence of the antioxidant (AH).3  

 

                                                   (3S) 

 

Equations 2S and 3S require the knowledge of the propagation (kp) and self-termination (2kt) rate 

constants for the organic substrate RH at the temperature of the experiment. For cumene and 

styrene, these are available in literature and are reported in Table 1S. 
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Table 1S. Rate constants at 303 K for the autoxidation of styrene and cumene. 

 kp 2kt reference 

styrene 41 4.2×107 3 

cumene 0.32 4.6×104 4 

 

It should be pointed out that, with styrene, the propagation step consists of the addition of peroxyl 

radicals to styrene to give polyperoxylstyryl radicals.3 

 

 

References 

1) C. Daquino, A. Rescifina, C. Spatafora and C. Tringali. Eur. J. Org. Chem. 2009, 6289-6300 

2) G. W. Burton and K. U. Ingold, J. Am. Chem. Soc. 1981, 103, 6472-6477. 

3) J. A. Howard and K. U. Ingold Can. J. Chem. 1967, 45, 793-802. 

4) R. F. Enes, A. C. Tomè, J. A. S. Cavaleiro, R. Amorati, M. G. Fumo, G. F. Pedulli and L. 

Valgimigli Chem. Eur. J. 2006, 12, 4646 – 4653 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 ()
  /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 (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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


