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A novel Zn phthalocyanine bearing 4 salicylideniminophenyloxy substituents on peripheral positions was
synthesized from the reaction of 4-aminophenoxy substituted phthalocyanine and salicylaldehyde. The con-
densation reaction of salicylidene Schiff base groups and benzeneboronic acid produced a new phthalocyanine
carrying benzeneboronic acid ester derivatives as substituents. Ethoxy groups were bound to boronic acid
as a second ligand. The presence of B-N bond interactions enhanced the stability of this boronated ph-
thalocyanine derivative, which exhibited sufficient air stability during the purification and characterization
processes. The novel compounds were characterized by using elemental analysis, IR, 'H-NMR, ' B-NMR,

13 C-NMR, UV-Vis and MALDI-TOF MS spectral data.
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Introduction

Phthalocyanines have a conjugated 2-dimensional 18 m-electron system thereby allowing the incorporation of
more than 70 different metal or non-metal ions into their inner core.! Since their first synthesis at the beginning
of the last century, phthalocyanines, the most important artificial structural analogous of porphyrins, have found
widespread industrial applications as photosensitizers, catalysts, electrocatalysts, sensors, and nonlinear optical

devices in addition to their traditional applications as dyes and pigments. !»2
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Boron chemistry has emerged as an interesting area of research due to its interesting applications in

3,4

several areas of material sciences. medicinal sciences,® and supramolecular chemistry.%7 The advantage of

boron chemistry is the possibility of obtaining stable 3- and 4-coordinated boron compounds, which have been
extensively employed in the preparation of supramolecular structures.®>?

Esters of boronic acids are notoriously unstable to hydrolysis. ' However, organoboran compounds with
a boroxazolidine ring in their structure exhibited high hydrolytic stability. This notable increase in hydrolytic
stability is ascribed to the formation of a B-N coordinative bond.!! Furthermore, compounds containing BN
bonds have been shown to possess biological activity. In this respect, the formation of complexes containing a

12,13 some examples include the condensation of boronic acids

17

dative N-B bond has been studied intensively;

4 amino acids, 1916 or Schiff bases.

with ethanolamine,

Some success in the use of boron-containing compounds has been achieved in boron neutron capture
therapy (BNCT).!® Several porphyrins and derivatives containing borane moieties have been synthesized and
evaluated as boron delivery agents for BNCT due to their high selectivity for tumor tissue over most normal
tissues. ! Furthermore, these tetrapyrroles are accumulated by a variety of malignant lesions in necessary
amounts.?? The molecular structure of phthalocyanines remains stable in response to irradiation with thermal
neutrons. In this regard, phthalocyanines appear to be preferable for BNCT over porphyrins.?! However, a
limited number of boronated phthalocyanines have been reported to date,'® probably as a consequence of their
poor solubility in most solvents, causing problems in their synthesis and purification. 22

Our interests lie in the preparation of novel tetrapyrrole derivatives in which control over the structure of
the bulk material is achieved by the attachment of suitable substituents to the tetrapyrrole core.23726 Recently,
we have reported boronic esters of octakis(2-hydroxyethylsulfanyl)porphyrazine and its precursor unsaturated
dinitrile derivative.?” In the present study, as part of our ongoing project on tetrapyrrole derivatives with
boron-containing substituents, our aim was to prepare a novel phthalocyanine with 4 salicylideniminophenyloxy-

substituents on peripheral positions and then prepare its complexes with benzeneboronic acid.

Experimental

All reagents and solvents were of reagent grade quality, obtained from commercial suppliers. The solvents
were stored over molecular sieves (4 A). [2,9,16,23-Tetra-(4-[4-aminophenoxy])-phthtalocyaninatozinc(IT)] (1)
was synthesized as reported in the literature.?® Salicylaldehyde and benzeneboronic acid were used as supplied
commercially. The progress of the reactions was monitored by TLC (SiO2). IR spectra were recorded on a Perkin
Elmer Spectrum One FTIR (ATR sampling accessory) spectrophotometer; electronic spectra in the UVVis
region were recorded with a Scinco S-3100 single beam UV/Vis PDA spectrophotometer. 'H-NMR spectra
were recorded on a Varian UNITY INOVA 500 MHz spectrophotometer using TMS as internal reference. '3 C-
and ' B-NMR spectra were recorded on a Bruker Ultra Shield Plus 400 MHz spectrometer. Boron trifluoride
diethyl etherate was used as an external standard in the '' B-NMR spectra. Mass spectra were recorded on a
Bruker microflex LT MALDI-TOF MS with 2,5-dihydroxybenzoic acid (DHB) as the matrix. Elemental analyses
were performed on a Thermo Flash EA 1112.

Synthesis of 2,9,16,23-Tetra-(4-[4-salicylideneiminophenoxy])-phthtalocyaninato zinc(II) (3)
A solution of 2,9,16,23-tetra-(4-[4-aminophenoxy])-phthtalocyaninato zinc(IT)2® (140 mg, 0.139 mmol) in 20 mL
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of dry THF was added dropwise to a solution of 2-hydroxybenzaldehyde (2) (0.06 mL, 0.556 mmol) in 15 mL of
dry THF and the mixture was refluxed under argon for 15 h. The solvent was evaporated to 1/10 of the initial
volume and the reaction mixture was precipitated by adding methanol at room temperature. The crude product
was separated by filtration as a green solid, which was dissolved in chloroform (5 mL), and 3 was precipitated
by the dropwise addition of methanol. The precipitate was filtered; washed several times successively with cold
water, methanol, and ethanol; and dried in vacuo. (Yield: 73 mg, 37%); mp > 200 °C; FTIR (v max/cm?!):
3058 (ArH), 2920, 1610 (-HC=N), 1574, 1485, 1469, 1393, 1278, 1230 (ArOAr), 1184, 1115, 1088, 1043, 945,
828, 745; 'H-NMR (DMSO-dg)d (ppm): 13.20 (s, O-H), 9.05-8.99 (dd, 2H, Ar-H), 8.89-8.85 (dd, 2H, Ar-H),
8.74-8.69 (m, 4H, Ar-H), 8.37 (s, 4H, N=CH), 7.74-7.49 (m, 22H Ar-H), 7.42-7.38 (m, 6H, Ar-H), 6.99-6.93 (m,
8H, Ar-H); UVVis (THF): A max/nm (log e, L mol~! em~1): 676 (4.91), 612 (4.18), 353 (4.72), 277 (4.50);
Anal. (Cg4H52N120g7Zn): C, H, N cale. 70.91, 3.68, 11.81 found 70.67, 3.91, 11.70; MS (MALDI-TOF): m/z
(%) 1422.676 ([M+1]T, 100).

Synthesis of compound 5: In 90 mL of ethanol/toluene (1:8) mixture were dissolved 150 mg (0.105
mmol) of compound 2,9,16,23-tetra-(4-[4-salicylideneiminophenoxy])-phthtalocyaninatozinc(IT) (3) and 52 mg
(0.42 mmol) of benzeneboronic acid. The reaction mixture was refluxed for 12 h under stirring. The water
generated in the reaction and part of the solvent were removed using a Dean-Stark trap. Removal of the solvent
under reduced pressure left a green solid, which was then washed with a small amount of cold ethanol and dried
in vacuo (Yield: 170 mg, 82.75%); mp = 177 °C; FTIR (vmax/cm!): 3043 (Ar CH), 2956-2845 (alkyl CH),
1603 (C=NH), 1441 (C=C), 1366-1307 (B-O), 1232 (C-O-C), 1086, 1044, 944, 829, 745, 698 (B-Ar); ' H-NMR
(CDCl3) ¢ (ppm): 8.15 (4H, N=CH), 7.84 (m, 8H, Ar-H)), 7.62-7.20 (m, 44 H, Ar-H), 7.11-6.92 (m, 12 H,
Ar-H), 3.64 (q, 8H, O-CH2-C), 1.18 (t, 12H, O-C-CH3); *C-NMR (CDCl3)é (ppm): 172.55 (Ar C), 169.85
(Ar C), 163.42 (C=N), 160.56 (Ar C), 159.30 (Ar C), 158.10 (Ar C), 157.43 (Ar C), 155.69 (Ar C), 154.63 (Ar
C), 143.87 (Ar C), 139.59 (Ar C), 137.31 (Ar C), 136.18 (Ar C), 135.51 (B-Ar CH), 134.59 (N-Ar CH), 133.56
(Ar CH), 132.45 (B-Ar C), 131.99 (Ar C), 131.17 (Ar C), 130.40 (Ar C), 130.08 (Ar C), 128.26 (Ar CH), 127.98
(B-Ar CH), 127.48 (Ar CH), 126.00 (Ar CH), 125.21 (Ar CH), 122.94 (Ar CH), 120.74 (Ar CH), 120.59 (Ar
CH), 120.35 (Ar CH), 120.15 (Ar CH), 119.93 (Ar CH), 119.13 (Ar CH), 117.32 (Ar CH), 116.59 (Ar CH),
114.96 (Ar CH), 110.05 (Ar CH), 76.43 (Ar CH), 75.73 (Ar CH), 58.17 (O-Aliphatic CH), 23.21 (O-Aliphatic
CH); 'B-NMR (DMSO-dg)d (ppm): 2.3 (tetracoordinated B); UV-Vis (THF): Amax/nm (log €, L mol ~!
em 1) 677 (4.92), 613 (4.20), 353 (4.74), 279 (4.60); Anal. (C116HggsB4N120127Zn): C, H, N calc. 71.42,
4.55, 8.62 found 71.24, 4.78, 8.83; MS (MALDI-TOF): m/z 1950.364 ([M+1] ™).

Results and discussion

To the best of our knowledge, this is the first report of the synthesis of zinc phthalocyanine substituted with
boronic acid ester of Schiff base groups. As the first step, Schiff base product 3 was obtained from the reaction of
salicylaldehyde with 2,9,16,23-tetra-(4-[4-aminophenoxy])-phthtalocyaninatozinc(Il) (1)2® in THF under argon
atmosphere. Salicylidenimino groups on the peripheral positions were especially preferred due to the presence of
-OH and azomethine donor sites capable of binding to benzeneboronic acid. The Schiff base structure obtained
from the reaction of salicylaldehyde with amine groups of compound 1 presents 2 active sides to boron reagent:

the OH group, which can form boron esters, and the nitrogen, which can give N-B coordination compounds. 2°
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Hydrolytic stability of the weaker O-B bond in the boron complexes can be enhanced by the formation of a

strong coordinative N-B bond. '4:16

Treatment of compound 3 with benzeneboronic acid in ethanol/toluene mixture at reflux temperature

for 12 h using a Dean-Stark apparatus in order to remove water generated through the esterification reaction

afforded the phthalocyanine 5 substituted peripherally with 4 benzeneboronic acid esters of Schiff base groups

(Scheme). The reaction was completed to give a green solid product in a relatively high yield (82.75%).
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Scheme. Synthetic route for compound 3 and 5 (i) THF, reflux; (ii) Toluene: Ethanol (8/1, v/v), reflux, Dean-Stark.

In the esterification reaction, benzeneboronic acid was used rather than diphenylborinic acid because it

was aimed to enhance the solubility of the Schiff base esters by introducing an ethoxy group obtained from the

condensation reaction of ethanol with the second -OH group of the benzeneboronic acid into the structure. It

is well reported in the literature that the solubility of the aryl esters of diphenylborinic acid is lower than that
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of the alkyl aryl esters of benzeneboronic acid.3%:3! In the present case, enhancement in the solubility of the
compound 5 is a consequence of these ethoxy groups attached to boronic ester. While compound 3 is soluble
in chloroform, toluene, DMF, and DMSO, due to the presence of ethoxy groups in its structure, compound 5 is
also soluble in methanol and ethanol and slightly soluble in diethyl ether in addition to the above solvents.
Both of the new compounds obtained in this study have been characterized as far as possible by

spectroscopic techniques (IR and 'H-, 3C-; 11 B-NMR) and mass spectrometry.
The IR spectrum of the phthalocyanine derivative 3 showed a strong band at 1610 cm ~! attributed to the

stretching frequency of the C=N bond. Aromatic C-H peaks were observed around 3058 cm ! and aromatic
C-O-C stretching was observed at 1230 cm ! as a strong band. In the 'H-NMR spectrum of 3 taken in
DMSO-dg a signal for CH=N proton was observed at 8.37 ppm. The aromatic protons appeared as multiplets
at 9.05-8.69 ppm and 7.74-6.93 ppm. The presence of the characteristic molecular ion peak at m/z = 1422 [M]
in the mass spectrum also confirmed the proposed structure.

Spectroscopic data allowed full characterization of the new phthalocyanine derivative 5. The IR spectrum
of 5 exhibited a strong adsorption band at 1603 cm ~!, attributable to the stretching band for the HC=N group.
This band is shifted to lower wavenumbers compared to the same band in compound 3 (1610 cm ~1) due to the
coordination of the nitrogen atom to boron.3? Aliphatic CH stretching vibrations at 2956-2845 cm ~' confirm
the alcoholysis of the B-OH groups to B-OR. The appearance of a new band in the region 1366-1307 cm ~!
indicates the formation of a B-O bond.?? Furthermore, the stretching vibrations of C-O-C (1232 cm ') and

monosubstituted benzene (698 cm ~!) appeared at expected frequencies.

The 'H-NMR and '3C-NMR spectra of compound 5 were obtained in CDCl3 In the ' H-NMR spectrum
of compound 3, the OH proton was observed as a singlet at § 13.20 ppm but it did not appear in the spectrum
of compound 5. This indicates the condensation of B-OH groups with Ar-OH units. Moreover the protons of
OCH, and CHj3 appeared as a quartet and triplet at 3.64 and 1.18 ppm, respectively The aromatic protons
were observed around 7.84-6.92 ppm as multiplets The ' H-NMR spectrum of compound 5 also shows a singlet
signal at 8.15 ppm for the imine proton.

The '3 C-NMR data of 5 confirm the results of the ' H-NMR spectrum. The carbon atoms of the phenyl
group attached to the boron atom appeared at 135.51, 132.45, and 127.98 ppm. Furthermore, as additional
evidence of ester formation, the carbon signals of the ethoxy group were observed at 58.17 and 23.21 ppm.

Moreover, the MALDI-TOF mass spectrum showed the molecular ion peak at m/z = 1950.

The ''B spectrum of compound 5 in DMSO-dg at room temperature showed a broad signal at 2.3
ppm. This signal at 2.3 ppm was attributed to benzeneboronic esters coordinated with the nitrogen atom.!!-34
Therefore, for compound 5, the intramolecular N— B coordinated system should be present according to these
data. 3536

In substituted metallo and metal-free phthalocyanines, strong absorption is detected in the visible region
between 650 and 690 nm, termed the Q band, and in UV between 320 and 370, called the Soret band.?” The
Soret band arises from the deeper m-levels/LUMO transition and the Q band is attributed to the 7 — 7 *
transition from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital
(LUMO) of the phthalocyanine ring.3”

The UV-Vis spectra of 3 and 5 recorded in THF are presented in the Figure. The absorption spectrum

of phthalocyanine 3 exhibiting a strong @ band at 676 nm due to a single w7 * transition with shoulders at 612

903



A novel soluble phthalocyanine capable of..., S. OZCELIK, et al.

nm is similar to that previously reported for 2,9,16,23-tetra-(4-[4-aminophenoxy])-phthtalocyaninatozinc(II). 28
However, the Soret (B) band of compound 3 is shifted to a longer wavelength in comparison to that of compound
1.

The Q-band absorption peak of phthalocyanine 5 appeared at 677 nm, suggesting that introduction
of boronated substituents into peripheral substituents has no significant effect on the position of @ band in
UV-Vis spectrum of compound 5 compared to phthalocyanine 3. Furthermore, the boronated phthalocyanine
5 exhibited a band at 279 nm with a higher absorbance value than that of phthalocyanine 3 at 277 nm.
This increase in the absorbance value can be attributed to the presence of the benzene groups of boronated
substituents attached to the structure of phthalocyanine 5 by the condensation reaction of benzeneboronic acid

and phthalocyanine 3.

Absorbance

0 T T T \
250 350 450 550 650 750

Wavelength (nm)

Figure. Absorption spectra of compound 3 and 5 in THF.

The identical position of the Q bands in non-boronated and boronated phthalocyanine derivatives is
in accordance with expectations. First of all, boronated groups are isolated from the phthalocyanine core by
phenoxy bridges. Secondly, the Lewis acidity of the boron atom in phthalocyanine 5 is diminished as a result
of the presence of oxygen atoms adjacent to them; the lone pair of oxygen atoms can delocalize on the vacant
p orbital of the boron atom to reduce the Lewis acidity of the boron leading a weaker B-N interaction.?® The

latter also weakens the B-N interaction in phthalocyanine 5.

In this work, we demonstrated the synthesis of a novel Zn phthalocyanine substituted with salicyli-
deniminophenyloxy substituents on peripheral position from the reaction of 4-aminophenoxy substituted ph-
thalocyanine and salicylaldehyde. Subsequent condensation of salicylidene Schiff base functionalities with ben-
zeneboronic acid in ethanol/toluene solvent mixture at reflux temperature produced a new Zn phthalocyanine
carrying benzeneboronic acid ester groups. Spectrophotometric data indicated that the boron atom in the
boronate groups is in tetracoordinated state with formation of a coordinative N-B bond. This newly synthe-
sized boronated phthalocyanine exhibited sufficient air stability during the purification and characterization

processes due to the presence of a B-N interaction in the compound.

904



A novel soluble phthalocyanine capable of..., S. OZCELIK, et al.

Acknowledgments

This work was supported by the Research Fund of Istanbul Technical University and TUBITAK (Project
number: 110T833).

© % N o oot~ W N

_ =
—= O

12.
13.

14.
15.
16.
17.

18.

19.
20.

21.

22.

23.

References

McKeown, N. B. Phthalocyanine Materials: Synthesis, Structure and Function, Cambridge University Press, Cam-
bridge, 1998.

Isci, U.; Dumoulin, F.; Ahsen, V.; Sorokin, A. B. J. Porphyrins Phthalocyanines 2010, 1/, 324-334.
Branger, C.; Lequan, M.; Lequan, R. M.; Barkazoukas, M.; Fort, A. J. Mater. Chem. 1996, 6, 555-558.
Entwistle, C. D.; Marder, T. B. Chem. Mater. 2004, 16, 4574-4585.

Hawthorne, M. F.; Lee, M. W. J. Neuro-Oncol. 2003, 62, 33-45.

Iwasawa, N.; Takahagi,H. J. Am. Chem. Soc. 2007, 129, 7754-7755.

Barba, V.; Hernandez, R.; Hopfl, H.; Santillan, R.; Farfan, N. J. Organomet. Chem. 2009, 694, 2127-2133.
Barba, V.; Gallegos, E.; Santillan, R.; Farfan, N. J. Organomet. Chem. 2001, 622, 259-264.

Barba, V.; Hernandez, R.; Santillan, R.; Farfan, N. Inorg. Chim. Acta 2010, 363, 4112-4116.

Atkinson, E. R.; McRitchie, D. L.; Soloway, A. H. J. Med. Chem. 1966, 9, 412-414.

Barba, V.; Villamil, R.; Luna, R.; Godoy-Alcontar, C.; Hopfl, H.; Beltran, H. I.; Zamudio-Rivera, L. S.; Santillan,
R.; Farfan, N. Inorg. Chem. 2006, 45, 2553-2561.

Hoépfl, H. J. Organomet. Chem. 1999, 581, 129-149.

Munéz, B. M.; Santillan, R.; Rodriguez, M.; Méndez, J. M.; Romero, M.; Farfan, N.; Lacroix, P. G.; Nakatani, K.;
Ramos-Ortiz, G.; Maldonado, J. L. J. Organomet. Chem. 2008, 693, 1321-1334.

Hohaus, E. Z. Anorg. Allg. Chem. 1983, 506, 185-194.
Mohler, L. K.; Czarnik, A. W. J. Am. Chem. Soc. 1993, 115, 7037-7038.
Trujillo, J.; Hopfl, H.; Castillo, D.; Santillan, R.; Farfan, N. J. Organomet. Chem. 1998, 571, 21-29.

Galbraith, E.; Kelly, A. M.; Fossey, J. S.; K.-K6hn, G.; Davidson, M. G.; Bull, S. D.;. James, T. D. New J. Chem.
2009, 33, 181-185.

Jabbour, A.; Steinberg, D.; Dembitsky, V. M.; Moussaieff, A.; Zaks, B.; Srebnik, M. J. Med. Chem. 2004, 4,
2409-2410.

Li, H.; Fronczek, F. R.; Graga, M. Vicente, H. Tetrahedron Lett. 2008, 49, 4828-4830.

Fabris, C.; Jori, G.; Giuntini, F.; Roncucci, G. Journal of Photochemistry and Photobiology B: Biology 2001 64,
1-7.

Evstigneeva, R. P.; Zaitsev, A. V.; Luzgina, V. N.; Ol’'shevskaya, V. A.; Shtil, A. A. Curr. Med. Chem. - Anti-Cancer
Agents 2003, 3, 383-392.

Ratajski, M.; Osterloh, J.; Gabel, D. Anti-Cancer Agents in Medicinal Chemistry 2006, 6, 159-166.

(“)zge§meci7 I, Giiney, O.; Okur, A. I, Gil, A. J. Porphyrins Phthalocyanines 2009, 18 753-759.

905



A novel soluble phthalocyanine capable of..., S. OZCELIK, et al.

24.
25.

26.

27.
28.

29.
30.

31.

32.
33.
34.

35.

36.

37.
38.

906

Dinger, H. A.; Koca, A.; Giil, A.; Kogak, M. B. Dyes Pigments 2008, 76, 825-831.
Sesalan, B. S.; Koca, A.; Giil, A. Dyes Pigments 2008, 79 259-264.
Uslu Kobak, R. Z.; (“)ZtﬁI‘k7 E. S.; Koca, A.; Giil, A. Dyes Pigments 2010 86, 115-122.

Bageren, S. C.; Ozgelik, S.; Gil, A. J. Porphyrins Phthalocyanines 2011, 15, 742-747.

a) Karaoglan, G. K.; Gumriik¢ii G.; Koca A.; Giil, A. Dyes Pigments 2011, 88, 247-256.

b) Shankar, R.; Sharma, P.; Cabrera, A.; Espinosa, G.; Rosas, N. Indian J. Chem. B 1996, 35B, 894-899.
¢) Wohrle, D.; Krawczyk, G.; Paliuras, M. Macromol. Chem. Physic 1988, 189, 1001-1011.

d) Tsaryova, O.; Semioshkin, A; Wohrle, D; Bregadze, V. I.J. Porphyrins Phthalocyanines 2005, 9, 268-274

(
(
(
(
Chremos, G.; Weidmann, H.; Zimmerman, H. J. Org. Chem. 1961 26 1683-1683.

Hall, D. G. Boronic Acids Preparation, Applications in Organic Synthesis and Medicine, Wiley-VCH, Weinheim,
2005.

Barba, V.; Hopfl, H.; Farfan N.; Santillan, R.; Beltran, H. I.; Zamudio-Rivera, L. S. Chem. Commun. 2004,
2834-2835.

Barba, V.; Rodriguez, A. Ochoa, Ma. E.; Santillan, R.; Farfan N. Inorg. Chim. Acta 2004, 357, 2593-2601.
Islam, T. M. B.; Yoshina, K.; Nomura, H.; Mizuno, H. T.; Sasane, A. Analytical Science 2002, 18, 363-366.

No6th, H.; Wrackmeyer, B. Nuclear magnetic properties of boron, in nuclear magnetic resonance spectroscopy of
boron compounds; Diehl, P., Fluck, E., Kosfeld, R., Eds.; NMR Basic Principles and Progress Series, 14, Springer-
Verlag, Berlin, 1978.

Galvez-Ruiz, J. C.; Solano-Ruiz, E.; Sdnchez-Ruiz, S. A.; Contreras, R.; Flores-Parra, A. Arkivoc V 2008, 81-100.

Collins, B. E.; Sorey, S.; Hargrove, A. E.; Shabbir, S. H.; Lynch, V. M.; Anslyn E. V. J. Org. Chem. 2009, 74,
4055-4060.

Sevim, A. M.; Ilgiin, C.; Giil, A. Dyes Pigments 2011, 89, 162-168.
Yoshino, J.; Kano, N.; Kawashima, T. Tetrahedron 2008, 64, 7774-7781.



