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Abstract

In this study, the novel highly soluble and non-aggregated peripherally /non-peripherally tetrakis-2,6-dimethoxyphenoxy substituted
mono-lutetium(III) acetate phthalocyanine complexes have been synthesized for use in different technological applications. The
newly synthesized phthalocyanine complexes have been characterized by elemental analysis, FT-IR, "TH NMR, UV—wvis, fluorescence
spectroscopy and MALDI-TOF Mass spectra. The effects of the positions (peripheral or non-peripheral) of the substituents on the
spectroscopic properties of 2,6-dimethoxyphenoxy substituted mono-lutetium(III) phthalocyanines have also been reported.
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Oz

Bu ¢aligmada ¢esitli teknolojik uygulamalarda kullanilmasi amaciyla yeni, olduk¢a ¢oziiniir ve agregasyon yapmayan ftalosiyanin
halkasina periferal ve non-periferal pozisyonlardan 2,6-dimetoksifenoksi gruplariyla tetrastbstitiie lutesyum(III) asetat metalli
ftalosiyanin bilesikleri sentezlenmis ve yapilari elemental analiz, FT-IR, 1H NMR, UV-vis spektroskopisi ve MALDI-TOF Kiitle
analiz metotlar: kullanilarak karakterize edilip aydinlatilmigtir.  Ayrica bu bilegiklerin periferal ve non-periferal pozisyonlardan
2,6-dimetoksifenoksi gruplariyla siibstitiie edilmesiyle spektroskopik 6zelliklerindeki degisiklikler rapor edilmistir.

Anahtar Kelimeler: Lutesyum(III) asetat, Mono-lutesyum ftalosiyanin, Agregasyon yapmayan, Non-periferal, Periferal, Cozinir

1. Introduction

Metallophthalocyanines (MPcs) are organometallic mac-
rocycles that typically comprise the usually planar organic
ligand and a metal ion or metalloid within the central cavity
of the ring. MPcs have attracted considerable attention in
solar cells, photodynamic therapy, gas sensors, liquid crystal,
and electrochoromic displays because of their remarkable
optical and electrical properties, the conjugated system, as
well as chemical and thermal stability (Simon and Andre
1985, Leznoff and Lever 1989,1993,1996, Simon and Bas-
soul 2000). Complexes of lanthanide metallated Pcs (LnPcs)
are also highly interesting owing to their physical, electrical,
optical, and electrochemical properties originated from
their extensive electron delocalization and their thermal
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and chemical stability (Gould 1996, Kudrevich and vanLier
1996, Rosenthal 1996). They have found wide application
in technological areas such fluorescence materials (Buono-
Core et al. 1990, Wu et al. 2008), electroluminescence
(Edward et al. 1997), and as fluorescence probes and labels
in a variety of biological systems (IMeares et al. 1984, Kukhta
et al. 2006, Wu and Zhang 2002). Lutetium phthalocyanine
complexes of (LuPcs) have been studied owing to their rich
electrochromic and gas-sensing properties and high intrinsic
conductivity (Nicholson et al. 1993, Zugle et al. 2011, Weiss
and Fischer 2003, Besbes et al. 1987, Petty 1992). Their
properties can be tuned by depending on the substituents at
peripheral or non-peripheral positions onto the macrocycle
ring (Yilmaz et al. 2003). Therefore, it is important to know
electrochemical and spectroelectrochemical properties of
these complexes to be used in various technological applica-
tions. Moreover, solubilities of phthalocyanines, which play
key role for their application areas, can be enhanced substi-
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tution with suitable groups at peripheral or non-peripheral
positions of the Pc ring (Friedrich and Haarer 1984, Taka-
hashi et al. 1995, Wohrle et al. 1993). Our aim in this study
is to synthesize novel soluble non-aggregated substituted
lutetium(III) acetate metallated mono-phthalocyanines
(Lu(OAc)Pcs) for use in various technological applica-
tions. Herein, we report the synthesis, characterization and
spectroscopic properties of Lu(OAc)Pcs tetra-substituted
at the non-peripheral (3) and peripheral (4) positions with
2,6-dimethoxyphenoxy groups (Figure 1).

2. Material and Methods

All used chemicals were of reagent grade quality. 3-Nitroph-
thalonitrile, 4-Nitrophthalonitrile, 2,6-dimethoxyphenol
and metal salt were purchased from Sigma-Aldrich and
used as received. The solvents were purified, dried and
stored over molecular sieves (4A). All reactions were car-
ried out under dry nitrogen atmosphere unless otherwise
noted. 3-(2,6-dimethoxyphenoxy)phthalonitrile (1) and
4-(2,6-dimethoxyphenoxy)phthalonitrile (2) compounds
were synthesized and purified according to the literature
(Piskin 2016). Column chromatography was performed on
silica gel 60 for a proper purification of the pure compound.
Melting points of the Pc complexes were found to be higher
than 300 °C. The purity of the products was tested in each
step by thin layer chromotography (Silicagel F-254 coated
TLC plate). FT-IR Spectra and electronic spectra were
recorded on a Shimadzu FTIR-8300 (ATR) and a Shimadzu
UV-1601 spectrophotometer, respectively. Elemental analy-

ses carried out using a LECO CHN 932 was performed by
the Instrumental Analysis Laboratory of TUBITAK Anka-
ra Test and Analysis Laboratory.’H-NMR spectra were
recorded on a Varian Mercury 400 MHz spectrophotometer
in DMSO-d, and chemical shifts were reported (d) relative
to Me,Si as internal standard. MALDI-MS of newly syn-
thesized complexes were obtained in 2,5-dihydroxybenzoic
acid as MALDI matrix using nitrogen laser accumulating
50 laser shots using Bruker Microflex MALDI-TOF mass

spectrometer.
2.1. Synthesis

2.1.1. General Procedure for the Synthesis of
Metallo-Phthalocyanines (3 and 4)

3-(2,6-Dimethoxyphenoxy)phthalonitrile (1) or 4-(2,6-di-
methoxyphenoxy)phthalonitrile (2) (0.200 g, 0.72 mmol),
anhydrous lutetium(III) acetate (0.063 g, 0.18 mmol),
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (0.12 mL, 0.80
mmol) used as a catalyst and NV, N-dimethylformamide
(DMF) (1.75 mL) were mixed and refluxed with stirring
under argon atmosphere for 24 h. After cooling to room
temperature, the solution was dropped in the hot methanol
and then filtered off. The green solid products were pre-
cipitated and collected by filtration and washed with hot
methanol, ethanol, n-hexane, acetone, diethyl ether and
then dried in vacuum at 50°C. The products were purified
by passing through a silica gel column using chloroform as
the eluting solvent.

H,CCOO
N

HsCCOO

Figure 1. Synthesis of
tetra-substituted lutetium
(ITI) acetate mono-
phthalocyanines (3—4).
Reagents and conditions: ()
N,, Lu(CH,COO),, DMF,
DBU, reflux, 24 hour.

4 OR
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2.1.1.1. 1(4),8(11),15(18),22(25)- Tetrakis~(2,6-
dimethoxyphenoxy)phthalocyaninato lutetium(II) acetate (3)

The non-peripherally substituted Lu(OAc)Pc complex
(3) is soluble in chloroform (CHCL), dichloromethane
(CH,CL), tetrahydrofurane (THF), toluene, acetonitrile,
DMF and dimethylsulfoxide (DMSO). Mp>300°C. Yield:
66.96 mg (25.48 %). Calculated for C ,H_ LuN.O,: C,
58.50%; H, 3.79%; N, 8.27%; found C, 58.66%; H, 3.63%;
N, 8.45 %. FT-IR (ATR) Vmax/cm'l: 743, 802, 823, 879,
970,1077(C-C str.), 1108(C-N str.), 1182(C-N str.), 1338
(C-O str.), 1478(C-H bend.),1594(C=C str.), 1652(C=N
str.), 1731(C=0 str.), 2922(-CH, str.), 3007(=C-H str.),
3078(=C-H str.). UV-2is (DMSO, 1x10° M): A__ (nm), (log
€): 320 (4.40),375 (4.36), 635 (4.12), 675 (4.24), 704 (5.08).
MS (MALDI-TOF) m/z: calc.: 1355.14; found: 1450.68
[M-OAc+DHB]". '"H NMR (400MHz, DMSO-d,, ppm):
d = 8.88-8.07 (m, 4H, Ar-H), 8.06-6.79 (m, 20H, Ar-H),
3.82 (s, 24H,-OCH,), 1.42 (s, 3H, acetate-CH,)

2.1.1.2. 2(3),9(10),16(17),23(24)-Tetrakis-(2,6-
dimethoxyphenoxy)phthalocyaninato lutetium(II1) acetate (4)

The peripherally substituted Lu(OAc)Pc complex (4) is
soluble in CHCI,, dichloromethane (DCM), THE, toluene,
acetonitrile, DMF and DMSO. Mp>300° C. Yield: 59.55
mg (22.68%). Calculated for C, H_ LuN,O, : C, 58.50%;
H, 3.79%; N, 8.27%; found C, 58.71%; H, 3.62%; N,
8.43 %. FT-IR (ATR) w__/cm™: 736, 763, 823, 886, 940,
1040(C-C str.),1074(C-C str.), 1105(C-N str.),1182(C-N
str.), 1330(C-O str.), 1388(C-H bend.), 1471(C-H bend.),
1601(C=C str.), 1655(C=N str.), 1717 (C=0 str.), 2934(-
CH, str.), 3005(=C-H str.), 3060(=C-H str.). UV—vis
(DMSO, 1x10° M): A__(nm), (log €): 338 (4.71), 359
(4.71), 618 (4.19), 688 (5.02). MS (MALDI-TOF) m/z:
calc.: 1355.14; found: 1451.15 [M-OAc+DHB]*."H-NMR
(400MHz, DMSO-d,, ppm): d= 9.47-9.24 (m, 2H, Ar-H),
8.61-8.26 (m,2H, Ar-H),7.99-6.89 (m, 16H, Ar-H), 7.96—
6.80 (m, 4H, Ar-H), 3.90 (s, 24H, —OCH3), 1.33 (s, 3H,
acetate-CH,).

3. Results and Discussion
3.1. Syntheses and Characterization

'The non-peripherally and peripherally substituted phthalo-
nitriles synthesized from 3-nitrophthalonitrile, 4-nitroph-
thalonitrile and 2,6-dimethoxyphenol through base cata-
lyzed nucleophilic aromatic displacement according to the
literature (Pigkin 2016). Figure 1 shows the synthetic route
involved for the formation of the novel phthalocyanines (3
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and 4). The non-peripherally and peripherally substituted
Lu(OAc)Pcs (3 and 4) were formed by cyclotetrameriza-
tion of the compounds 1 and 2 in the presence of anhydrous
Lu(CH,COO), and 1,8-diazabicyclo[5.4.0]Jundec-7-ene
(DBU) as a strong base in DMF at reflux temperature. The
obtained Pcs (3 and 4) washed several times with different
organic solvents (hot methanol, ethanol, n-hexane, acetone,
diethyl ether) and then purified by column chromatogra-
phy with silica gel using chloroform as eluenting solvent.
The Lu(OAc)Pcs (3 and 4) exhibited excellent solubility
in organic solvents such as CHCL,, DCM, THE, toluene,
acetonitrile, DMF and DMSO. It was observed that both
introduction of 2,6-dimethoxyphenoxy groups as substitu-
ent on the Pc ring and lutetium(III) acetate metal ion in
the Pc cavity increase the solubility. The newly synthesized
phthalocyanine complexes (3 and 4) were fully character-
ized by spectroscopic techniques such as FT-IR, 'H-NMR,
MALDI-TOF mass, UV—vis and elemental analyses as well.
'The obtained results were in accordance with the proposed
structures. The strong -C=N bands of 1 and 2 were appeared
at 2231 and 2227 cm™ in the Fourier Transform Infrared
(FT-IR) spectra (Pigkin 2016) and these bands were dis-
appeared after conversion to the Lu(OAc)Pcs derivatives
(3 and 4). In the FT-IR spectra of the Lu(OAc)Pcs, weak
bands were observed above 3000 cm™ due to aromatic C-H
stretching. The aliphatic C-H stretching vibrations of syn-
thesized complexes were observed at around 2838-2934
cm™™. The [M-OAc+DHB]* peaks of the Lu(OAc)Pes (3
and 4) were identified easily with 2,5-dihydroxybenzoic
acid (DHB) as MALDI matrix in the reflectron mode us-
ing a MALDI-TOF mass spectrometry. These peaks (3 and
4) were observed at 1450.68 for 3 and 1451.15 Da for 4
(Figure 2 for 3 and Figure 3 for 4). The MALDI-TOF mass
spectra of 3 and 4 confirmed the proposed structures.

'H-NMR data and spectra were consistent with the
structures for 3 and 4 (Figure 4 for 3 and Figure 5 for 4). All
the protons were observed in their respective regions. The Pc
ring protons integrated for 12 and 2,6-dimethoxyphenoxy
for 36 as expected. In addition, protons due to the acetate
axial ligand were observed. The isomeric nature of the
molecules only results in the broadening of the NMR
spectra. Elemental analysis results were in agreement with
the proposed structure. A mixture of four possible structural
isomers is expected for the complexes. In this study,
synthesized Lu(OAc)Pc complexes (3 and 4) are obtained
as isomeric mixtures as expected and no attempt was made
to separate them.
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3.2. Ground State Electronic Absorption Spectra

The best evidence the formation of phthalocyanine
macrocycle is their UV—wvis spectra in solution. The ground
state electronic absorption spectra of the Pc complexes 3
and 4 are shown in Figure 6. The UV—wis absorption spectra
of the Pc complexes 3 and 4 indicate the characteristic
intense Q bands at 704 and 688 nm, respectively in DMSO
solution. In addition, an intense peaks of B bands (B1 and
B2 bands) at 320 nm for (3), 338 nm for (4) a relatively
weak and broad absorption around 375 nm for (3) and

359 nm for (4) as shoulders (B bands) were monitored in
DMSO, due to the superimposition of the B1 and B2 bands
(Figure 6). For the lutetium(III) acetate phthalocyanine
bearing 2,6-dimethoxyphenoxy moieties on the non-
periphery and periphery, the Q band is shifted to the longer
wavelength as a result of the electron-donating ability of
2,6-dimethoxyphenoxy substituents as shown in Figure
6. Red-shifted 16 nm between non-peripheral substituted
Lu(OAc)Pc 3 and peripheral substituted Lu(OAc)Pc
4 (Figure 6) were typical of non-peripheral substituted

145068

Figure 2. Mass spectrum of non-

1
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peripherally substituted Lu(OAc)
Pc (3).

R

1451.15

Figure 3. Mass spectrum of

= L T B B T vy

peripherally substituted Lu(OAc)
Pc (4).
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Pcs due to their linear combination of the atomic orbitals
(LCAO) coefhicients at the non-peripheral positions of the
highest occupied molecular orbital (HOMO) being greater
than those at the peripheral positions as explained in the
literature (Anderson et al. 1985, Konami et al. 1990, Mack
and Kobayashi 2011).

3.3. Aggregation Studies

Aggregation is usually depicted as a coplanar association of
rings progressing from monomer to dimer and higher order
complexes. It is dependent on the concentration, nature of

the solvent, nature of the substituents, complexed metal
ions and temperature (Enkelkamp and Nolte 2000). In the
aggregated state the electronic structure of the complexed
phthalocyanine rings are perturbed resulting in alternation
of the ground and excited state electronic structures
(Dominquez 2001). In this study, the aggregation behaviors
of non-peripheral and peripheral 2,6-dimethoxyphenoxy
substituted lutetium(III) acetate Pc complexes were
examined in DMSO, toluene and DCM (Figure 7a for Pc
3 and Figure 7b for Pc 4). The Lu(OAc)Pcs (3 and 4) did

B R

(A _Lh iy

AL

I o

Figure 4.'H-NMR spectrum

2 LB 10 1] [} T L4 & E ] 3 2 | T
. - - @ [ of non-peripherally substituted
T = = o N 3 Lu(OAc)Pc (3) in DMSO-d,.
(]
1 |
Wi 11 fl F l' *L
— M‘hjjl' ' U .
1B o1z M 0 H a 7 H H H H 2 + pem | Figure5.'H-NMR spectrum of
8 5 = = ol = peripherally substituted Lu(OAc)Pc

(4) in DMSO-d,.
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not demonstrate any aggregation behaviors in the solvents

(Figure 7).

'The shoulder peak at 750 nm in chloroform solution was
occured for the Lu(OAc)Pc (3) (Figure 7a). The peak can
be protonation of the nitrogen atoms on the Pc core instead
of J type aggregation because chloroform contains a little
amounts of acidic impurities (generally HCI) (Gtirel et al.
2015, Girel et al. 2016). Moreover, the absorption intensity
of this extra peak increased by adding trifluoroacetic acid and
decreased by adding potassium carbonate (Figure 8 for 3 in
chloroform) as in the literature (Giirel et al. 2015, Girel et
al. 2016). This obtained result substantiated the protonation

of inner nitrogen atoms in the Pcs in chloroform asidic
solvent.

'The aggregation behaviors of non-peripherally and periph-
erally substituted lutetium(III) acetate phthalocyanines (3
and 4) were also investigated at different concentration in
DMSO. As the concentration was increased, the intensity
of absorption of the Q_band also increased and there were
no new bands (normally blue shifted) due to the aggregated
species. Beer-Lambert law was obeyed for the complexes in
DMSO in the concentration ranging from 2 x 10 to 1.20
x 10~ M (Figure 9).

Figure 6. Electronic absorption

Wavelength (nm)

800 spectra of non-peripheral and
peripheral substituted Lu(OAc)Pcs
(3and 4) at 1.0x10° M in DMSO.
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Figure 7. Electronic absorption spectra of (A) non-peripheral substituted Lu(OAc)Pc (3) and (B) peripheral substituted Lu(OAc)Pc (4)

in different solvents.
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4. Conclusions

The synthesis and characterization of non-peripherally
and  peripherally  2,6-dimethoxyphenoxy  substituted
lutetium (III) acetate Pcs were presented in this study. The
elemental analyses, FT-IR, 'H NMR, UV—uis, fluorescence
spectroscopy and MALDI-TOF-MS spectra confirmed
the proposed structures of the novel Pc complexes. The
Lu(OAc)Pcs showed high solubility in common solvents
such as chloroform, DCM, toluene, THEF, acetonitrile,
DMSO and DMEF. In solution, the absorption spectra of

the studied lutetium(III) acetate Pc complexes showed
monomeric behavior evidenced by a single (narrow) Q band,
typical of metallated phthalocyanine complexes in DMSO.
The spectroscopic properties of 2,6-dimethoxyphenoxy
substituted Lu(OAc)Pcs in DMSO were examined for
comparison of the effects of the substituent positions
on the Pc framework and aggregation behavior as well.
The Lu(OAc)Pcs showed non-aggregated species above

mentioned solvents.

16

14

1.2

—1.10E-05 M LuPc in Chloroform

5 1 —1.00E-01 M Potassium Carbonate in Chlaroform
n
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o
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500 600
Wavelength [nm)

Figure 8. UV-vis spectral changes
of the Lu(OAc)Pc (3) in chloroform

ol by addition of potassium carbonate,
trifluoroacetic acid solution,

respectively.
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Figure 9. Aggregation behaviours of (A) non-peripheral substituted Lu(OAc)Pc (3) and (B) peripheral substituted Lu(OAc)Pc (4) in

DMSO at different concentrations: (2 x 107 to 1.20 x 10-> M).
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