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A directed synthesis of monohydroxyphthalocyanines has been developed; using the phthalocyanine—O-subphthalocyanine
complex as an example, it has been shown that they can be used as building blocks in syntheses of heteronuclear complexes.

In the past decade, special interest of scientists was focused on
nonsymmetrically substituted phthalocyanines containing various
substituents at the macrocycle.! Such phthalocyanines have
interesting properties that enable their use as new technical
materials, for instance in non-linear optics,?> as well as photo-
sensitizers in the photodynamic therapy of cancer.*

Structural modification of substituents is increasingly used in
syntheses of new nonsymmetrically substituted monophthalo-
cyanines.” We believe that, from a preparative point of view,
monohydroxyphthalocyanines are very promising compounds
of the monophthalocyanine series. These compounds are con-
venient building blocks owing to the availability of the free
OH group.%-8

Previously, it was found in the syntheses of tetrahydroxy-
phthalocyanines that 4-hydroxyphthalodinitrile does not undergo
self-cyclisation.” In view of this, hydrolysis of ether bonds in
the corresponding alkoxy-substituted complexes is the only
method to synthesise hydroxyphthalocyanines.®-10 Leznoff and
Greenberg!! used binuclear clamshell-type phthalocyanines as
starting compounds to synthesise monohydroxyphthalocyanines.
Treatment of the former with BBr; gave the target nonsym-
metrically substituted monophthalocyanines in 0.7-4.8% overall
yields. However, we consider this approach to be quite laborious
as it requires binuclear phthalocyanines to be synthesised first.

We have developed a directed synthesis of nonsymmetrically
substituted monophthalocyanines containing an OH group at
the 2-position (Scheme 1). First, starting from 4-nitrophthalo-
dinitrile 1 and benzyl alcohol, we synthesised 4-benzyloxy-
phthalodinitrile 2.7 Mixed cyclisation of the latter* with 4,5-di-
butylphthalodinitrile 3a or 4-fert-butylphthalodinitrile 3b in the
presence of zinc acetate gave monobenzyloxyphthalocyanines
4ab. However, as shown by TLC data, these products and zinc

t Synthesis of 2. NaH (145 mg, 6.0 mmol) was added to a solution
of benzyl alcohol (0.5 ml, 4.8 mmol) in DMF (2 ml). After the reaction
was completed, a solution of compound 1 (0.8 g, 4.6 mmol) in DMF
(2 ml) was added with cooling (+5 °C) and vigorous stirring to the
reaction mixture; the mixture was allowed to reach room temperature,
and stirring was continued for another 30 min. Once the reaction was
completed, the reaction mixture was treated with water. The flaky
precipitate formed was filtered off, washed with water (3x50 ml) and
dried at 60 °C. The target product was purified on silica gel using CHCl,
as the eluent. The yield of product 2 was 776 mg (69%). IR (KBr, v/cm™):
2229 (w, CN). 'H NMR (CDCl;) d: 5.30 (s, 2H), 7.20-7.65 (m, 8H).
MS, m/z: 234 [M]*, 91 [M — CgH;N,0O]*". Found (%): C, 76.86; H, 4.34;
N, 11.89. Calc. for C,5sH,,N,0O (%): C, 76.91; H, 4.30; N, 11.96.

© 2008 Mendeleev Communications. All rights reserved.
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Scheme 1 Reagents and conditions: i, PhCH,0OH, NaH, DMF; ii,
Zn(OAc),-2H,0, N,N-dimethylaminoethanol; iii, H,SO,, 5 min, H,O.

phthalocyanines formed as by-products have similar R; values;
in view of this, we carried out stage (iii) without preliminary
isolation of compounds 4a,b. The mass spectra (MALDI-TOF)
of the reaction mixtures formed in stage (ii) revealed molecular
ion peaks of compounds 4a,b with m/z 1020 and 852, respec-

¥ Synthesis of 5a. Zn(OAc),2H,0 (250 mg, 1.14 mmol) was added
to a solution of compounds 2 (90 mg, 0.38 mmol) and 3a (548 mg,
2.28 mmol) in DMAE (35 ml). The mixture was stirred for 5 h and then
treated with water. The phthalocyanine products were filtered off, washed
with MeOH (3x50 ml), dried at 50 °C, dissolved in conc. H,SO, and
kept for 15 min, then poured onto ice. The phthalocyanine complexes
that precipitated were filtered off, repeatedly washed with water to a
neutral pH, and chromatographed on silica gel (CHCI;—THF, 50:1) to
isolate 39 mg (18%) of complex 5a. IR (KBr, v/cm™): 3210-3500 (OH).
"HNMR ([?Hg]THF) ¢: 1.14 (t, 18H), 1.55-1.68 (m, 12H), 1.85-2.10
(m, 12H), 3.90 (t, 12H), 8.78-9.30 (m, 9H). UV-VIS (CHCl;, 4,,,,,/nm):
350, 614, 685. MS, m/z: 930 [MH]*, 1858 2x[M — H]*.

5b: yield 22%. IR (KBr, v/em™): 3200-3460 (OH). '"H NMR ([*’Hg]THF)
0: 1.66 (s, 27H), 9.11-9.58 (m, 12H). UV-VIS (CHCl,, 4,,,,/nm): 349,
612, 679. MS, m/z: 760 [MH]*, 1522 2x[M + H]*.
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tively. Monohydroxyphthalocyanines 5a,b obtained by acidic
treatment differ considerably from symmetric by-products in
chromatographic mobility, which simplified the isolation of these
compounds.

The IR spectra of complexes Sa,b were found to contain
characteristic absorption bands in the range 3200-3500 cm!
(OH group). The signals of aliphatic and aromatic protons in
the '"H NMR spectra (Bruker WM-250, [*Hg] THF) are observed
in the ranges of 6 1.14-3.90 and 8.78-9.30, respectively. The
mass spectra (MALDI-TOF) of compounds 5a,b were found to
contain molecular ion peaks ([M]*) with m/z 930 and 762,
respectively. The character of electronic absorption spectra of
complexes Sa,b and the positions of the main bands are
identical to those for symmetrically substituted analogues, which
suggests that the OH group makes no contribution to the
chromophore system.

Note that we were the first to perform the cleavage of benzyl
ethers (iii) on treatment with concentrated sulfuric acid in the
case of phthalocyanines. The overall yields of complexes Sa,b
were 18-22%, which exceeded considerably the yields of
related compounds obtained by Leznoff’s method.!!

We have previously found that nonsymmetrically substituted
monophthalocyanines containing a benzyl-type OH group in
the peripheral substituent can react with subphthalocyanines!?
to give heteronuclear complexes.!© We have now shown for
phthalocyanine 5a'? as an example that a phenol-type OH group
can undergo a similar reaction. The reaction of compound Sa
with boron 2,3,9,10,16,17-hexabutylsubphthalocyanine 6 resulted
in a new heteronuclear complex, ‘phthalocyanine-O-subphthalo-
cyanine’ 7 (Scheme 2).8

It was found that the decrease in the distance between the
macrocycles in compound 7 creates certain steric hindrance that
primarily results in a considerable increase in the reaction time
in comparison with the related heterodimer that we obtained
previously.!3
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Figure 1 Electronic absorption spectrum of heteronuclear complex 7 (THF).

The mass spectrum (MALDI-TOF) of heteronuclear complex
7 contained peaks of the molecular ion (m/z 1659, M*) and
the characteristic fragment ion (m/z 731, M* — Cs¢Hg;NgOZn)
formed by cleavage of the ether bond. In the 'H NMR spectrum
(CDCl, + [*Hs]pyridine) of complex 7, the singlet of aromatic
protons of the subphthalocyanine macrocycle (6H) is shifted
downfield by 0.03-0.04 ppm with respect to the original sub-
phthalocyanine 6.!3 The multiplet of the phthalocyanine ring
protons and the signals of aliphatic protons are observed in the
regions of 6 8.85-9.24 (9H) and 1.05-3.45 (108 H), respectively.
The "B NMR spectrum of compound 7 was found to contain a
singlet at § —15.21 that is somewhat shifted upfield in comparison
with compound 6.'3

Heteronuclear complex 7 is also characterised by the electronic
absorption spectrum (Figure 1). As a result of combining two
macrocycles in one molecule, we observed the bands of both
macrocycles. Unlike of initial compounds mechanical mixture,
in the case of complex 7, the specific ratio of Q-bands is
revealed (Q,:0, = 1:2.7). Moreover, the extinction coefficient
of subphthalocyanine band (Q)) in 7 (log &€ =4.42) is lower than
that in corresponding free subphthalocyanine 6 (log ¢ = 4.76).13

Heteronuclear complex 7 is stable and well-soluble in the
majority of organic solvents; however, cleavage of the B-O
bond occurs almost instantly in the presence of acids, even at
room temperature. Compound 7 is also unstable on absorption
carriers, so we isolated it on a Bio-Beads cross-linked polymer.

Thus, we have elaborated a directed method for synthesising
monohydroxyphthalocyanines. A new heteronuclear complex,
phthalocyanine-O-subphthalocyanine 7, has been obtained from
complex Sa.

This work was supported by the Russian Foundation for
Basic Research (grant no. 05-03-33202) and the Programme
for fundamental studies of the Presidium of the Russian Academy
of Sciences ‘Development of Methods for Synthesising Chemical
Compounds and Creating New Materials’.

References

1 M. S. Rodriguez-Morgade, G. de la Torre and T. Torres, in The Porphyrin
Handbook, eds. K. M. Kadish, K. M. Smith and R. Guilard, Academic
Press, San Diego, 2003, vol. 15, p. 125.

2 M. Quintiliani, E. M. Garcia-Frutos, P. Vazquez and T. Torres, Inorg.
Biochem., 2008, 102, 388.

§ Synthesis of 7. Compound 5a (5 mg, 0.005 mmol) was added to a
solution of compound 6 (4 mg, 0.005 mmol) in toluene (5 ml). The
mixture was refluxed for 23 h and then concentrated in vacuo. Target
product 7 was isolated by chromatography on BioBeads SX1. The yield
of compound 7 was 7 mg (89%). 'H NMR (CDCI, + [*H;]pyridine) o:
1.10-3.45 (m, 108H), 8.55 (s, 6H), 8.75-9.20 (m, 9H). "B NMR
(CDCly) 6: —15.21 (s, B). UV-VIS [THF, 1,,,,/nm (log ¢)]: 348 (4.59),
573 (4.42), 614 (4.14), 681 (4.85). MS, m/z: 1659 [M-H]*, 731
[M = C5¢Hg,NgOZn]*".

- 287 -



Mendeleev Commun., 2008, 18, 286-288

3 J. L. Sessler, J. Jayawickramarajah, A.Gouloumis, G. Dan Pantos, T. Torres
and D. M. Guldi, Tetrahedron Lett., 2006, 62, 2123.

4 U. Michelsen, H. Kliesch, G. Schnurpfeil, A. K. Sobbi and D. Wohrle,
Photochem. Photobiol., 1996, 64, 694.

5 A. Yu. Tolbin, L. G. Tomilova and N. S. Zefirov, Usp. Khim., 2007, 76,
732 (Russ. Chem. Rev., 2007, 76, 681).

6 M. Hu, N. Brasseur, S. Z. Yildiz, J. E. van Lier and C. C. Leznoff, J. Med.
Chem., 1998, 41, 1789.

7 D.M. Guldi, A. Gouloumis, P. Vazquez and T. Torres, J. Am. Chem.
Soc., 2005, 127, 5811.

8 S. Makhseed, A.Cook and N.B. McKeown, Chem. Commun., 1999,
419.

9 I Rosenthal, E. Ben-Hur, S. Greenberg, A. Conception-Lam, D. M. Drew
and C. C. Leznoff, Photochem. Photobiol., 1987, 46, 959.

10 C. C. Leznoff, M. Hu, C.R. McArthur and Y. Qin, Can. J. Chem.,
1994, 72, 1990.

11 C.C. Leznoff and S. Greenberg, Tetrahedron Lett., 1989, 30, 5555.

12 C.G. Claessens, D. Gonzales-Rodriguez and T. Torres, Chem. Rev.,
2002, 102, 835.

13 A. Yu. Tolbin, M. O. Breusova, V. E. Pushkarev and L. G. Tomilova,
Izv. Akad. Nauk, Ser. Khim., 2005, 2020 (Russ. Chem. Bull., Int. Ed.,
2005, 54, 2083).

Received: 26th March 2008; Com. 08/3110

— 288 —




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


