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1. General experimental details and techniques 

UV-Vis spectra were recorded on a Hewlett-Packard 8453 instrument. IR spectra were recorded on a 

Bruker Vector 22 spectrophotometer. NMR spectra were recorded on a BRUKER AC-300 (300 MHz) 

instrument with solvent used as internal reference. Chemical shifts are measured in ppm relative to 

tetramethylsilane (TMS). For target compound 2, due to aggregation at NMR concentrations, multiple 

scans (i.e., over 1000) had to be run in order to observe its aromatic protons with a satisfactory signal to 

noise ratio. Mass spectra were obtained on a Bruker Ultraflex III MALDI-TOF spectrometer. Column 

chromatography was carried out on silica gel Merck-60 (230-400 mesh, 60 Å) or reverse phase silica 

gel (LiChroprep RP-18, 25-40 μm), and TLC on aluminum sheets pre-coated with silica gel 60 F254 or 

60 RP-18 F254S (Merck). Chemicals were purchased from Sigma-Aldrich and Alfa-Aesar, and used 

without further purification. 

 

2. Synthetic procedures  

2.1 In the route towards compound 1 (TT1)  

Apart from the hydroxycarbonylation step (described in the main text), the synthetic procedures to 

prepare 4-iodophthalonitrile1 and the tri-tert-butyl iodo-Pc precursor,2 have been previously described 

in the literature.   

 

2.2. In the route towards compound 2  

 

3,6-Bis(4-methylphenylsulfonyloxy)phthalonitrile  

Synthesized as reported in the literature.3 

                                                 

1  S. M. Marcuccio, P. I. Svirskaya, S. Greenberg, A. B. P. Lever, C. C. Leznoff and K. B. Tomer, Can. J. Chem., 1985, 63, 
3057. 

2  E. M. Maya, P. Vazquez and T. Torres, Chem. Eur. J., 1999, 5, 2004. 
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3,6-Bis[(tert-butylphenyl)sulfanyl]phthalonitrile (4)  

Procedure adapted from: K. Sakamoto, E. Ohno-Okumura, T. Kato and Hisashi Soga, J. Porphyrins 

Phthalocyanines, 2010, 14, 47. Tert-buthylbenzenethiol (2.52 g, 15.1 mmol) was dissolved in DMSO 

under a argon atmosphere, and 3,6-bis(4-methylphenylsulfonyloxy)phthalonitrile (2.83 g, 6.05 mmol) 

was added. The mixture was stirred for 15 min, and finely ground anhydrous potassium carbonate (3.33 

g, 24.2 mmol) was added slowly for two hours while stirring. The mixture was stirred under argon 

atmosphere for 15 h. Water was added and the aqueous phase extracted using DCM (3 x 50 mL). The 

extracts were further treated with 5% aqueous sodium carbonate (2 x 250 ml) and then dried over 

anhydrous MgSO4. After filtration, the solvent was evaporated under vacuum. The desired product was 

purified by column chromatography over silica gel with hexane/THF (3:1) as eluent.  Yield: 51%. 1H 

NMR (300 MHz, DMSO-d6): δ (ppm)= 7.41 (m, 8H), 6.95 (s, 2H), 1.31 (s, 18H). FT-IR [(KBr) 

νmax/cm-1]: 3040, 2960, 2210, 1600, 1500, 1460, 1210, 808, 735, 529, 433. MS (MALDI-TOF, DCTB): 

m/z = 456.3 [M+]. 

 

Zinc(II) iodophthalocyanine 3 

A mixture of phthalonitrile 4 (0.46 g, 1.0 mmol), 4-iodophthalonitrile (0.05 g, 0.2 mmol) and zinc(II) 

acetate (0.06 g, 0.32 mmol) in DMAE (5mL) was stirred at 140 oC under argon atmosphere for 24 h. 

After cooling down to room temperature, DMAE was evaporated under vacuum. The resultant oily 

crude mixture was treated with methanol/water (3:1) and then filtered under vacuum. The green solid 

obtained was washed thoroughly with methanol/water (3:1) and with methanol, and then purified by 

column chromatography over silica gel using hexane/dioxane (3:1) as eluent. As final product, a 

mixture of iodophthalocyanine 3 and the symmetrical phthalocyanine substituted with eight tert-

buthylphenylsulfanyl groups was obtained. The proportion of 3 in this mixture was estimated to be 

                                                                                                                                                                        
3  G. Mbambisa, P. Tau, E. Antunes and T. Nyokong, Polyhedron, 2007, 26, 5355. 
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35% by mass spectrometry. This value was used to calculate the yield of this step and the subsequent 

hydroxycarbonylation reaction.4  Yield: 11%. 1H NMR (300 MHz, CDCl3): δ (ppm)= 8.0-7.0 (m, 33H; 

arom. H), 1.35-1.20 (m, 54H; -CH3). MS (MALDI-TOF, DCTB): m/z = 1888.5 [symmetrical Pc+], 

1686.4 [Iodo-Pc 3+].  

 

Zinc(II) carboxyphthalocyanine 2 

This procedure has been described in the main text of the article. 

 1H NMR (300 MHz, CDCl3): δ (ppm)= 8.0-7.0 (m, 33H; arom. H), 1.35-1.20 (m, 54H; -CH3). FT-IR 

[(KBr) νmax/cm-1]: 3061, 2964, 2905, 2867, 1720, 1647, 1490, 1460, 1395, 1365, 1269, 1233, 1119, 

1015, 832. UV/Vis (THF), λmax (nm) (log ε)= 380 (4.17), 448 (4.0), 678 (4.30), 716 (4.17). MS 

(MALDI-TOF, dithranol): m/z = 1603.5 [M-H]-.   

 

3. Characterization of compounds 

The spectroscopic data obtained for all compounds prepared in the synthetic route towards 1 (not 

shown herein), including 4-iodophthalonitrile1 and the tri-tert-butyl iodo-Pc precursor,2 were coincident 

with those previously reported in the literature. Concerning the carboxyphthalocyanine 2, its 1H NMR 

spectrum in CDCl3 shows two broad multiplets corresponding to the aromatic and tert-butyl protons. 

The poor resolution of the spectrum is probably a consequence of aggregation at NMR concentrations, 

for which multiple scans (i.e., 1024) had to be run in order to observe with low but reasonable intensity 

the aromatic signals of the compound. The low resolution of the spectrum could not be improved under 

other conditions such as high temperature or the use of THF-d8 as solvent.    

                                                 

4  The 1H NMR spectrum of the mixture in CDCl3 shows broad signals due to aggregation, and therefore does not provide 
information to estimate the proportion of the iodophthalocyanine 3 by this technique. MALDI-TOF mass spectrometry, 
on the other hand, is not a quantitative method for determining the proportion of different compounds in a mixture. Yet, 
because the structures of both compound 3 and the symmetrical octakis[(tert-butylphenyl)sulfanyl]phthalocyanine are 
very similar, it is reasonable to assume that their efficiency to fly and being ionized in the mass spectrometer should be 
rather similar. Our estimation also matches the qualitative observations made by TLC. As a result, although the estimated 
yields contain a significant error, they should not deviate much from the actual yields of both reactions.  
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Phthalonitrile 4 

1H NMR (in CDCl3) 
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MALDI-TOF MS (matrix: DCTB) 

 

 

 

 

 

 

 

 

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



 

S6 
 

Iodophthalocyanine 3 (as a mixture with octakis[(tert-butylphenyl)sulfanyl]phthalocyanine) 

MALDI-TOF MS (matrix: DCTB) 
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Carboxyphthalocyanine 2 

1H NMR (in CDCl3) 
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NAME     AMS_022_567_CDCl3
EXPNO                 1
PROCNO                1
Date_          20120119
Time              14.39
INSTRUM           spect
PROBHD   5 mm QNP 1H/13
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    0
SWH            6188.119 Hz
FIDRES         0.188846 Hz
AQ            2.6477044 sec
RG                  512
DW               80.800 usec
DE                 6.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                10.80 usec
PL1               -3.00 dB
SFO1        300.2318540 MHz
SI                32768
SF          300.2300086 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

7.07.58.08.5 ppm

 

MALDI-TOF MS (matrix: dithranol, positive mode) 

 

 

 

 

 

 

 

 

 

 

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



 

S8 
 

MALDI-TOF MS (matrix: dithranol, negative mode) 

 

 

 

 

 

 

 

 

 

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



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /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 (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 <>
    /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


