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Synthesis and spectral properties of new planar binuclear
phthalocyanines sharing the benzene ring
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New planar binuclear phthalocyanines sharing the benzene ring were synthesized and their
spectral properties were studied. Intense absorption in the near-IR region (~850 nm) was

observed for the first time.
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Planar binuclear phthalocyanines sharing the benzene
or naphthalene ring are characterized by an extended
n system responsible for intraelectronic conjugation be-
tween two macrocycles. These compounds can exhibit
unique spectral properties due to which they can be used
in different fields.!=3 Unfortunately, there is contradic-
tory information not only about the choice of the optimal
procedure for the synthesis of these compounds but also
about their spectral properties.

In the present study, we developed a one-pot proce-
dure for the synthesis of metal-containing planar binuclear
phthalocyanines (Scheme 1).

An attempt to prepare complexes Sa—e by fusion of
the starting phthalogens 1 and 2a—d in the presence of zinc
or magnesium acetate in a ratio of 1:20: 10 (Scheme 1,
pathway a) led to the formation of the target products in
trace amounts. It appeared that the reaction proceeded
primarily as oligomerization of tetranitrile 1 giving rise to
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Reagents and conditions: a. fusion, 230 °C; b. N,N-dimethylaminoethanol, refluxing, 3.5 h.
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the corresponding phthalocyanines, as evidenced by the
results of electronic absorption spectroscopy and mass
spectrometry of soluble components. The reactions with
the use of 1,3-diiminoisoindolines 3a and 4a—d as the
starting compounds in the presence of zinc or magnesium
acetates afforded target compounds 5a—e in 8—10% yields
(Scheme 1, pathway b). The mixtures of phthalocyanine
products were separated by gel-permeation chromato-
graphy on BioBeads SX-1 with the use of THF as
the eluent. The first fraction consisted primarily of oli-
gomeric products with weights from 5000 to 35000
(mass-spectrometric data); the second fraction, of target
binuclear phthalocyanines 5a—e; the third fraction,
of monophthalocyanines produced by self-cyclization
of 4a—d.

Treatment of magnesium complex 5e with concen-
trated H,SO, afforded ligand 6 in virtually quantitative
yield (Scheme 2). Under these conditions, zinc com-
plexes 5a—d, unlike complex 5e, do not undergo de-
metallation.

It is known that NMR spectroscopy not always pro-
vides clear information about the structures of phthalo-
cyanines primarily because of aggregation of phthalocya-
nine molecules. As a result, signals in the spectra are
strongly broadened or nonresolved.4 In the 'H NMR spec-
tra of compounds 5a—e and 6 in CDCl;, signals for aro-
matic protons were absent. After the addition of a few
drops of CsDsN to solutions of the complexes under study
in CDClj, the spectra became interpretable. For example,
the signals for the aliphatic protons are observed at
8 1.20—4.10 depending on the nature of substituents. The
signals for the protons of six benzene rings are observed at
6 8.10—8.30 and 9.34—9.50; the signals for the protons of
the shared benzene ring, at § 11.10—11.50 (2 H). The
compositions of compounds 5a—e and 6 were confirmed
by the presence of molecular ions in the MALDI-TOF
mass spectra with a characteristic isotope cluster. The

mass spectra of binuclear complex Se and the correspond-
ing ligand 6 are exemplified in Fig. 1.

In addition, binuclear phthalocyanines 5a—e and 6
were characterized by electronic absorption spectra. We
observed for the first time intense absorption of com-
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Fig. 1. Mass spectra (MALDI-TOF) of the Mg complex 5e (a)
and phthalocyanine 6 (b).
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Fig. 2. Electronic absorption spectra of phthalocyanines 5a in
chloroform (a, curve 7) and THF (a, curve 2), 5e (b, curve 1),
and 6 (b, curve 2) in THF.

plexes 5a—e in the near-IR region, which is very impor-
tant from the practical point of view.5:¢ The character of
the electronic spectra of compounds 5a—e substantially
depends on the nature of the solvent (Fig. 2, a). For
example, diffuse absorption is primarily observed in the
600—900 nm region in noncoordinating solvents, such as
C¢Hg, CHCI;, or Et,O. Absorption becomes more pro-
nounced with increasing polarity of the solvent (dioxane
or THF), and the intensity of the band at 850 nm gradu-
ally increases. In coordinating solvents (DMF or pyri-
dine), this band is shifted to 858—861 nm, the character
of the electronic absorption spectra remaining unchanged.

The electronic absorption spectrum of magnesium bi-
nuclear complex 5e differs from that of the corresponding
ligand 6 (Fig. 2, b).

There is contradictory information about the elec-
tronic absorption spectra of structurally similar planar bi-
nuclear phthalocyanines.”>3 As a rule, spectral studies were
limited to the 300—800 nm region and the electronic
spectra in nonpolar solvents were reported (or described).
We demonstrated that clear information about the pro-

nounced main absorption band is absent in the spectra
recorded in such solvents. Due to an extension of the
range of electronic absorption spectra to 1000 nm and the
use of polar solvents, we observed for the first time intense
absorption of planar binuclear phthalocyanines sharing
the benzene ring in the near-IR region.

To conclude, we synthesized new planar binuclear
phthalocyanines 5a—e and 6. An approach to the synthe-
sis of free binuclear ligands was developed using de-
metallation of magnesium complex 5e as an example. The
structures of the reaction products were confirmed by
NMR spectroscopy and mass spectrometry. The influ-
ence of the nature of the solvents on the character of the
electronic absorption spectra of these complexes was stud-
ied. Intense absorption of metal complexes 5a—e in the
near-IR region was found for the first time.

Experimental

The '"H NMR spectra were recorded on a Bruker AM-300
instrument operating at 300.13 MHz. The electronic absorption
spectra were measured on a ThermoSpectronic Helios-o spec-
trophotometer in 0.5 cm quartz cells in C¢Hy, CHCL;, Et,0,
dioxane, THF, and pyridine. The mass spectra were obtained on
an Autoflex Il instrument (MALDI-TOF, 2,5-dihydroxybenzoic
acid as the matrix). Column chromatography was carried out on
BioBeads SX-1 (BioRad). All solvents were purified according
to standard procedures immediately before use. The salts
Zn(OAc),-2H,0 and Mg(OAc),-4H,0 were kept in a vacuum
drying oven at 100 °C for 4 h prior to the synthesis. Compound 1
(Aldrich) was used without pre-purification. Compounds 2a,’
2b,10 2¢,11 24,1213 3.7 43¢, !4 and 4d!5 were prepared accord-
ing to procedures published earlier.

Bis{7%,82,122,132,172,182-hexaethyltribenzo[g,/,q]-
5,10,15,20-tetraazaporphirino(zinc)}[b,e]benzene (5a). The salt
Zn(OAc),-2H,0 (155 mg, 0.71 mmol) was added to a solution
of compounds 3 (30 mg, 0.14 mmol) and 4a (568 mg, 2.83 mmol)
in N,N-dimethylaminoethanol (50 mL). The reaction mixture
was stirred at room temperature for 15 min, refluxed for 4 h, and
treated with water. The phthalocyanine products were separated
and washed with CH;0H (3x50 mL). Compound S5a was puri-
fied on BioBeads SX-1 using THF as the eluent and obtained in
a yield of 16 mg (8%). MS (MALDI-TOF), m/z (I, (%)):
1414 [M]* (96). 'H NMR (THF-dg+Py-ds), 5: 1.68—1.70 (m,
36 H, CH,CHj;); 3.10—3.30 (m, 24 H, CH,CH;); 8.30 (s, 4 H,
Ar); 9.40 (s, 8 H, Ar); 11.10 (s, 2 H, Ar). UV-Vis (THF),
Amax/TM (loge): 356 (4.79), 703 (4.59), 847 (4.93).

Bis{72,82,122,132,172,182-hexabutyltribenzo[g,/,q]-
5,10,15,20-tetraazaporphirino(zinc)} [b,e]benzene (5b). The syn-
thesis and purification were carried out analogously to 5a. Com-
pound 5b was prepared from compounds 3 (32 mg, 0.15 mmol),
4b (771 mg, 3.00 mmol), and Zn(OAc),-2H,0 (164 mg,
0.75 mmol) in a yield of 24 mg (9%). MS (MALDI-TOF),
m/z (I (%)): 1751 [M]* (100), 1694 [M — C4Ho"]* (15).
'H NMR (THF-dg+Py-ds), & 1.20 (m, 36 H,
CH,CH,CH,CH;); 1.64—1.76 (m, 24 H, CH,CH,CH,CH3);
1.81—2.00 (m, 24 H, CH,CH,CH,CHj3); 3.20—4.09 (m, 24 H,
CH,CH,CH,CH;); 8.25 (s, 4 H, Ar); 9.34 (s, 8§ H, Ar); 11.50 (s,
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2 H, Ar). UV-Vis (THF), A,/nm (loge): 359 (4.85), 704 (4.62),
847 (4.92).
Bis{72,82,122,132,172,182-hexapropyloxytribenzo|[g,/,q]-
5,10,15,20-tetraazaporphirino(zinc)} [b,e]benzene (5¢). The syn-
thesis and purification were carried out analogously to 5a. Com-
pound 5¢ was prepared from compounds 3 (21 mg, 0.10 mmol),
4c (522 mg, 2.00 mmol), and Zn(OAc),-2H,0 (110 mg,
0.50 mmol) in a yield of 14 mg (8%). MS (MALDI-TOF),
m/z (e (%)): 1774 [M]* (100), 1716 [M — OC;H;"1* (55).
'H NMR (THF-dg+Py-ds), &: 1.32 (m, 36 H, OCH,CH,CHj);
1.98—2.20 (m, 24 H, OCH,CH,CHj3); 3.90—4.10 (m, 24 H,
OCH,CH,CHj3); 8.10 (s, 4 H, Ar); 9.50 (s, 8 H, Ar); 11.40 (s,
2 H, Ar). UV-Vis (THF), A, /nm (loge): 360 (4.73), 716 (4.62),
842 (4.90).
Bis{7(8)2,12(13)%,17(18)?-tri-tert-butyltribenzo[g,/,q]-
5,10,15,20-tetraazaporphirino(zinc)}[b,e]benzene (5d). The syn-
thesis and purification were carried out analogously to 5a. Com-
pound 5d was prepared from compounds 3 (42 mg, 0.20 mmol),
4d (804 mg, 4.00 mmol), and Zn(OAc),-2H,0 (219 mg,
1.00 mmol) in a yield of 28 mg (10%). MS (MALDI-TOF),
m/z (I (%)): 1414 [M]* (100), 1399 [M — CH;"|* (15).
'H NMR (THF-dg+Py-ds), 8: 1.79 (s, 54 H, CH3); 8.22—9.40
(m, 18 H, Ar); 11.20 (s, 2 H, Ar). UV-Vis (THF), A,,,,/nm (loge):
358 (4.64), 717 (4.45), 835 (5.01).
Bis{7(8)%,12(13)2,17(18)2-tri-tert-butyltribenzo[g,l,q]-
5,10,15,20-tetraazaporphirino(magnesium)}[b,e]benzene (5e).
The synthesis and purification were carried out analogously
to 5a. Compound 5e was prepared from compounds 3 (40 mg,
0.19 mmol), 4e (764 mg, 3.80 mmol), and Mg(OAc),-
*4H,0 (203 mg, 0.95 mmol) in a yield of 35 mg (14%).
MS (MALDI-TOF), m/z (I, (%)): 1332 [MH]* (100), 1316
[M — CH;"]* (49). 'H NMR (THF-dg+Py-ds), &: 1.71 (s, 54 H,
CH;); 8.15—9.34 (m, 18 H, Ar); 11.35 (s, 2 H, Ar). UV-Vis
(THF), Apa/nm (loge): 364 (4.76), 725 (4.51), 848 (4.99).
Bis{7(8)2,12(13)2,17(18)2-tri-tert-butyltribenzo[g,/,q]-
5,10,15,20-tetraazaporphirino}[b,e]benzene (6). Complex Se
(15 mg, 0.01 mmol) was dissolved in concentrated H,SO,, kept
for 15 min, and poured onto ice. The phthalocyanine product
that precipitated was filtered off and repeatedly washed with
water to neutral pH. Compound 6 was obtained in a yield of
14 mg (98%). MS (MALDI-TOF), m/z (I (%)): 1288 [MH]"
(100), 1272 [M — CH;"]" (11). '"H NMR (THF-dg+Py-ds), 8:
—2.6 (br.s,4 H, NH); 1.74 (s, 54 H, CH3); 8.12—9.29 (m, 18 H,
Ar); 11.25 (s, 2 H, Ar). UV-Vis (THF), A./nm (loge): 343
(5.11), 687 (4.98), 835 (4.79).

We thank E. V. Shulishov (N. D. Zelinsky Institute of
Organic Chemistry of the Russian Academy of Sciences)
for recording NMR spectra.

This study was financially supported by the Russian
Foundation for Basic Research (Project No. 05-03-
33202).

References

1.Y.J. Zhang, L. S. Li, J. Jin, S. Jiang, Y. Zhao, and T. J. Li,
Langmuir, 1999, 15, 2183.

2. L. Valkova, N. Borovkov, E. Maccioni, M. Pisani,
F. Rustichelli, V. Erokhin, C. Pattemolli, and C. Nicolini,
Colloids and Surfaces, 2002, A 198, 891.

3. D. Lelievre, L. Bosio, J. Simon, J. J. Andre, and F. Bensebaa,
J. Am. Chem. Soc., 1992, 114 (12), 4475.

4. C. C. Leznoff, H. Lam, S. M. Marcuccio, W. A. Nevin,
P. Janda, N. Kobayashi, and A. B. P. Lever, J. Chem. Soc.,
Chem. Commun., 1987, 699.

5. D. Dini, M. Barthel, and M. Hanack, Eur. J. Org. Chem.,
2001, 20, 3759.

6. H. Miwa and N. Kobayashi, Chem. Lett., 1999, 1303.

7. C. C. Leznoff, S. M. Marcuccio, S. Greenberg, and A. B. P.
Lever, Can. J. Chem., 1985, 63, 623.

8. D. Lelievre, O. Damatte, and J. Simon, J. Chem. Soc., Chem.
Commun., 1993, 939.

9. M. J. Camenzind and C. L. Hill, J. Heterocycl. Chem., 1985,
22, 575.

10. E. A. Cuellarand T. J. Marks, J. Inorg. Chem., 1981, 20, 3766.

11. I. P. Kalashnikova, I. V. Zhukov, L. G. Tomilova, and N. S.
Zefirov, Izv. Akad. Nauk, Ser. Khim., 2003, 1621 [ Russ. Chem.
Bull., Int. Ed., 2003, 52, 1709].

12. M. Hanack, J. Metz, and G. Pawlowski, Chem. Ber., 1982,
34, 2836.

13. B. W. Larner and A. T. Peters, J. Chem. Soc., 1952, 680.

14. A. Yu. Tolbin, L. G. Tomilova, and N. S. Zefirov, Izv. Akad.
Nauk, Ser. Khim., 2005, 2036 [Russ. Chem. Bull., Int. Fd.,
2005, 52, 2099].

15.Y. Q. Liu and D. B. Zhu, Synth. Met., 1995, 71, 1853.

Received February 26, 2006;
in revised form June 5, 2006





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


