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Abstract

A new metal-free 5 and metallophthalocyanines 6 and 7 containing four 27-membered diazaheptathia macrocyclic moieties on peripheral
positions have been synthesized. The metal-free phthalocyanine 5 was synthesized by the reaction 27,28-dicyano-9,10,12,13,23,24,31,32-
octahydro-5H,15H-tribenzo[b,h,w][1,4,7,13,16,19,25,10,22]heptathia diazacycloheptacosine-6,16 (7H,17H )-dione 4 with anhydrous 2-(dime-
thylamino)ethanol under reflux for 28 h. Metallophthalocyanines 6 and 7 were synthesized by the reaction of 4 with anhydrous NiCl2 and
Zn(CH3CO)2 in dry quinoline, respectively. The new compounds were characterized by a combination of elemental analysis and 1H NMR,
13C NMR, IR, UVevis and MS spectral data.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Phthalocyanine, which was first developed as a pigment,
has found widespread applications in materials science [1].
It has been employed as charge carriers in photocopiers and
laser printers, as well as materials for optical storage in recent
years [2,3]. Many potential applications are expected for these
molecular materials which have a high thermal and chemical
stability, for instance oxidation catalysis [4], solar cell func-
tional materials [5], gas sensors [6], nonlinear optical limiting
devices [7], photodynamic therapy agents [8], antimycotic ma-
terial [9], and corrosion inhibitors [10], infectious diseases
[11], and eye and neurodegenerative diseases [12]. The elec-
trochemical and spectroscopic properties can be altered by
changing the metal center. The other way to tune the proper-
ties of phthalocyanine compounds is to introduce different
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kinds of substituents onto the peripheral and nonperipheral po-
sitions of the phthalocyanine ring. Particularly, the optical and
electrochemical properties of phthalocyanines can be signifi-
cantly altered by incorporating substituents at the nonperiph-
eral positions. Because of their potential applications, tens of
thousands of tons of phthalocyanines (Pcs) are produced per
year worldwide [13].

In the last few decades the synthesis of artificial receptors
that are able to coordinate metal cations undergone a spectac-
ular growth [14,15]. Most of the attention has been focused on
macrocyclic receptors capable to bind more than one transition
metal ion [16e22]. Depending on the nature of subunits used
for their construction, a variety of macropolycyclic structures
have been synthesized. Most of these ligands contain both ni-
trogen and oxygen donor atoms and have a great affinity for
alkali-metal and alkaline-earth metal cations. To enhance the
coordinating properties of these macrocycles, different modifi-
cations have been made such as the ring size, the nature of
substituents, and the type of donor atoms [23]. There are
only a few reports concerning the Agþ complexabilities and
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selectivities of thiazacrown ether derivatives containing sulfur
and nitrogen atoms on the crown ring [24,25]. Macrocycles
which contain some sulfur and nitrogen atoms as donor atoms
have high complexabilities for some transition metal ions.

We have previously described the synthesis of metal-free
and metal phthalocyanines which contain four 20-membered
diazatetraoxa macrocycles each attached to a 15-crown-5 unit
[26] and macrobicyclic moieties [27]. In this study, the synthe-
sis and characterization and structural investigation of metal-
free and Ni(II), Zn(II) phthalocyanines, which contain sulfur
and nitrogen donor atoms macrocyclic moieties, are described,
suggesting that the suitable combination of diazaheptathia
macrocycles and phthalocyanine may allow new functionalized
materials to be prepared, which are of importance for analytical
chemistry as transition metal extraction agents.

2. Experimental

1,2-Bis(2-iodoethylmercapto)-4,5-dicyanobenzene 1 was
prepared according to the literature [27]. All reagents and sol-
vent were of reagent grade quality and were obtained from
commercial suppliers. All solvents were dried and purified
as described by Perrin and Armarego [28]. Melting points
were determined with an electrothermal apparatus and were
uncorrected. FTIR spectra were measured on a Mattson
1001 Fourier-transform spectrometer using KBr pellets. 1H
and 13C NMR spectra were recorded on a Bruker 300 MHz
spectrometer using CDCl3 and DMSO-d6 (99.9%). Mass spec-
tra were measured on a Micromass Quatro LC/ULTIMA LCe
MS/MS spectrometer. Optical spectra in the UVevis region
were recorded with a Varian Cary 50 Conc spectrophotometer
using 1 cm pathlength cuvettes at room temperature. Elemen-
tal analyses were obtained from LECO Elemental Analyser
(CHNS 0932) and Unicam 929 AA spectrophotometer. The
homogeneity of the products was tested in each step using
TLC.

2.1. 1,2-Bis(2 0-aminophenylsulfanylethoxy)-4,5-
dicyanobenzene (2)

2-Aminothiophenol (6.75 g, 54 mmol) was dissolved in dry
tetrahydrofuran (480 ml) under argon atmosphere. Finely
ground anhydrous sodium carbonate (8.90 g, 84 mmol) was
added to the solution. After stirring for 0.5 h efficiently at
reflux temperature, a solution of 1,2-bis(2-iodoethylmer-
capto)-4,5-dicyanobenzene 1 [27] (12 g, 24 mmol) in dry tet-
rahydrofuran (240 ml) was added dropwise over 2 h under
argon atmosphere at reflux temperature and the reaction mix-
ture was heated and stirred at reflux temperature for 20 h. The
reaction was monitored by thin layer chromatography [penta-
neeethyl acetate (8.5:1.5)]. At the end of this period, the mix-
ture was cooled to room temperature, evaporated to dryness
under reduced pressure, water (200 ml) was added to residue
and filtered off. The precipitate was washed with water, so-
dium carbonate (5%), then water and finally washed with eth-
anol and diethyl ether. The light yellow powdered mixture was
purified by silica gel column chromatography using pentanee
ethyl acetate (8.5:1.5) as eluents. The appropriate fraction was
evaporated to give the desired product. The white crystalline
solid was separated by filtration and dried in vacuum. Yield:
11.20 g (93%), mp 131e132 �C. Anal. Calcd for
C24H22N4S4: C, 58.27; H, 4.48; N, 11.32%. Found: C,
58.20; H, 4.56; N, 11.18. IR (KBr disc) nmax/cm�1: 3449e
3354 (NH2), 3066 (CHAr), 2912 (CH3), 2232 (C^N), 1605
(NH2), 1564, 1477, 1457, 1348, 1200, 879, 747. 1H NMR
(CDCl3) d: 7.41 (d, 2H, ArH), 7.22 (t, 2H, ArH), 7.16 (s,
2H, ArH), 6.87 (d, 2H, ArH), 6.71 (t, 2H, ArH), 4.35 (s,
4H, NH2), 3.14e2.92 (m, 8H, SCH2). 13C NMR (CDCl3) d:
148.63, 143.15, 136.72, 131.07, 128.65, 118.95, 115.65
(ArC), 115.31 (C^N), 114.98, 111.92 (ArC), 31.92, 31.84
(SCH2). MS (LCeMS/MS) m/z: 495 [Mþ 1]þ.

2.2. 2-Chloro-N-{2-[2-(4,5-dicyano-2-{2-[2-(2-chloro-
acetylamino)-phenylsulfanyl]-ethoxy}-phenoxy)-
ethylsulfanyl]-phenyl}-acetamide (3)

Chloroacetic anhydride (3.40 g, 30.18 mmol) in CH2Cl2
(100 ml) was added dropwise through a dropping funnel to
a stirred solution of 1,2-bis(2 0-aminophenylsulfanylethoxy)-4,
5-dicyanobenzene 2 (6 g, 12.07 mmol) in CH2Cl2 (300 ml) at
0e5 �C over a 1.5 h period. The mixture was stirred for addi-
tional overnight under argon atmosphere at room temperature.
At the end of this period, the saturated aqueous NaHCO3 was
added to neutralize the reaction mixture. The organic layer
was separated and washed twice with 50 ml portion of satu-
rated aqueous NaHCO3 and then twice with portions of water.
The organic layer was dried over anhydrous Na2SO4, the sol-
vent was evaporated under reduced pressure to give a crude
product. This white solid was used to prepare the appropriate
macrocyclic without further purification. The yield was 7.5 g
(95%), mp 161e162 �C. Anal. Calcd for C28H24Cl2N4O2S4:
C, 51.92; H, 3.74; N, 8.65%. Found: C, 51.30; H, 3.92; N,
8.38. IR (KBr disc) nmax/cm�1: 3271 (NH), 3072 (CHAr),
2966e2857 (CH3), 2230 (C^N), 1673 (C]O), 1581, 1528,
1438, 1305, 1203, 1113, 931, 763. 1H NMR (CDCl3) d: 9.68
(s, 2H, NH), 8.44 (d, 2H, ArH), 7.60 (d, 2H, ArH), 7.45 (t,
2H, ArH), 7.20 (s, 2H, ArH), 7.16 (t, 2H, ArH), 4.26 (s, 4H,
O]CCH2Cl), 3.11e2.97 (m, 8H, SCH2). 13C NMR (CDCl3)
d: 163.93 (C]O), 143.15, 139.05, 135.84, 131.03, 129.52,
125.42, 121.43, 120.46 (ArC), 115.00 (C^N), 112.50
(ArC), 43.47 (O]CCH2Cl), 34.41, 32.13 (SCH2). MS (LCe
MS/MS) m/z: 648 [Mþ 1]þ.

2.3. 27,28-Dicyano-9,10,12,13,23,24,31,32-octahydro-
5H,15H-tribenzo[b,h,w][1,4,7,13,16,19,25,10,22]
heptathia diazacycloheptacosine-6,16(7H,17H )-
dione (4)

A solution of 2,2 0-dithioethanolthiol (0.95 g, 6.17 mmol) in
dry dimethylformamide (200 ml) in a dropping funnel and
a solution of 3 (4 g, 6.17 mmol) in dry dimethylformamide
(200 ml) in a dropping funnel were added simultaneously un-
der stirring and dry inert gas to dry dimethylformamide
(200 ml) containing anhydrous sodium carbonate (2.61 g,
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24.69 mmol) over 8 h at room temperature. After addition, re-
action mixture was stirred at room temperature for another
24 h, and then filtered off. The precipitate was washed with
water, ethanol and ether. The crude product was recrystallized
from dimethylformamide. The product was collected by filtra-
tion and washed with ethanol and diethyl ether and then dried
in vacuum. The yield was 3.2 g (71%), mp 240e241 �C. Anal.
Calcd for C32H32N4O2S7: C, 52.72; H, 4.42; N, 7.68%. Found:
C, 52.28; H, 4.65; N, 7.41. IR (KBr disc) nmax/cm�1: 3289
(NH), 3097e3063 (CHAr), 2954e2917 (CH3), 2228 (C^N),
1662 (C]O), 1578, 1514, 1433, 1295, 1257, 1153, 1112,
931, 872, 751. 1H NMR (DMSO-d6) d: 9.66 (s, 2H, NH),
7.81 (d, 2H, ArH), 7.76 (s, 2H, ArH), 7.58 (d, 2H, ArH),
7.33 (t, 2H, ArH), 7.18 (t, 2H, ArH), 3.44 (s, 4H,
O]CCH2S), 3.35e3.16 (m, 8H, ArSCH2), 2.79 (m, 8H,
SCH2). 13C NMR (DMSO-d6) d: 167.94 (C]O), 142.45,
138.35, 133.34, 129.32, 128.59, 126.36, 125.48, 123.58
(ArC), 115.87 (C^N), 110.95 (ArC), 35.43 (O]CCH2S),
33.32, 32.32, 31.56, 30.88 (SCH2). MS (LCeMS/MS) m/z:
729 [Mþ 1]þ.

2.4. Metal-free phthalocyanine (5)

A mixture of 4 (0.3 g, 0.411 mmol) and dry 2-(dimethyla-
mino)ethanol (1.5 ml) was placed under argon atmosphere in
a standard Schlenk tube. The reaction mixture was refluxed
and stirred under argon for 28 h. After cooling to the room
temperature, the green mixture was diluted with ethanol
(10 ml) until the product precipitated and then the product
was filtered off, washed with ethanol, diethyl ether, CH2Cl2
and dried in vacuum. The yield was 0.046 g (15.39%),
mp> 300 �C. Anal. Calcd. for C128H130N16O8S28: C, 52.68;
H, 4.49; N, 7.68%. Found: C, 52.24; H, 4.89; N, 7.32. IR
(KBr disc) nmax/cm�1: 3285 (NH), 3053 (CHAr), 2960e2925
(CH3), 1673 (C]O), 1579, 1513, 1492, 1411, 1299, 1200,
1158, 1125, 1074, 1018, 866, 751, 665. 1H NMR (DMSO-
d6) d: 9.67 (s, 8H, NH), 7.79 (d, 8H, ArH), 7.76 (s, 8H,
ArH), 7.58 (d, 8H, ArH), 7.32 (t, 8H, ArH), 7.17 (t, 8H,
ArH), 3.44 (s, 16H, O]CCH2S), 3.31e3.16 (m, 32H,
ArSCH2), 2.80 (m, 32H, SCH2). UVevis (DMF): l (nm):
[(10�5 3 dm3 mol�1 cm�1)]: 296 (4.62), 326 (4.49), 368
(4.43), 449 (4.18), 656 (4.17), 707 (4.18). MS (LCeMS/MS)
m/z: 2918 [M]þ.

2.5. Nickel(II) phthalocyanine (6)

A mixture of 4 (0.3 g, 0.411 mmol), anhydrous NiCl2
(0.013 g, 0.102 mmol) and quinoline (1.23 ml) was heated
and stirred at 190 �C for 7 h in a Schlenk tube under argon. Af-
ter cooling to room temperature, the dark green mixture was
diluted with 10 ml of ethanol. The product was filtered off
and washed with the same hot solvent to remove the unreacted
metal salts, then with ethyl acetate, dichloromethane, acetone,
diethyl ether and then dried in vacuum. This product is soluble in
DMF, DMSO, pyridine and moderately in THF. The yield was
0.114 g (38%), mp> 300 �C. Anal. calcd. for C128H128N16NiO8S28:
C, 51.64; H, 4.40; N, 7.53%. Found: C, 51.18; H 4.57; N, 7.21. IR
(KBr disc) nmax/cm�1: 3301 (NH), 3054 (CHAr), 2959e2913
(CH3), 1666 (C]O), 1602, 1577, 1510, 1476, 1433, 1298,
1198, 1156, 1124, 1072, 750. 1H NMR (DMSO-d6) d: 9.69
(s, 8H, NH), 7.95e6.50 (m, 40H, ArH), 3.44 (s, 16H,
O]CCH2S), 3.31e2.80 (m, 64H, ArSCH2). UVevis
(DMF): l (nm): [(10�5 3 dm3 mol�1 cm�1)]: 275 (5.05), 311
(4.93), 410 (4.58), 482 (4.41), 656 (4.20), 701 (4.35). MS
(LCeMS/MS) m/z: 2977 [Mþ 2]þ.

2.6. Zinc(II) phthalocyanine (7)

A mixture of 4 (0.3 g, 0.411 mmol), anhydrous
Zn(CH3CO)2 (0.018 g, 0.102 mmol) and quinoline (1.23 ml)
was heated and stirred at 195 �C for 8 h in a Schlenk tube un-
der argon. After cooling to room temperature, the product was
precipitated by adding ethanol (10 ml), filtered off and washed
with the same hot solvent, then ethyl acetate, dichloromethane,
acetone, diethyl ether and then dried in vacuum. This product
is soluble in DMF, DMSO, pyridine and moderately in THF.
The yield was 0.107 g (35.6%), mp> 300 �C. Anal. Calcd.
for C128H128N16O8S28Zn: C, 51.53; H, 4.39; N, 7.51%. Found:
C, 50.87; H, 4.70; N, 7.11. IR (KBr disc) nmax/cm�1: 3306
(NH), 3058 (CHAr), 2964e2911 (CH3), 1658 (C]O), 1600,
1578, 1512, 1477, 1433, 1401, 1334, 1298, 1198, 1157,
1113, 1985, 1066, 1035, 752. 1H NMR (DMSO-d6): d 9.71
(s, 8H, NH), 7.79e6.48 (m, 40H, ArH), 3.44 (s, 16H,
O]CCH2S), 3.31e2.80 (m, 64H, ArSCH2). UVevis
(DMF): l (nm): [(10�5 3 dm3 mol�1 cm�1)]: 272 (5.03), 371
(4.73), 644 (4.21), 681 (4.30), 713 (4.65). MS (LCeMS/MS)
m/z: 2981 [M]þ.

3. Results and discussion

The preparation of the target metal-free 5 and metallophtha-
locyanines 6, 7 is shown in Scheme 1. The structures of novel
compounds were characterized by a combination of elemental
analysis and 1H NMR, 13C NMR, IR, UVevis and MS spectral
data. 1,2-Bis(2-iodoethylmercapto)-4,5-dicyanobenzene 1 was
synthesized as described according to reported procedure
[27]. 1,2-Bis(2-iodoethylmercapto)-4,5-dicyanobenzene 1 was
converted to compound 2 in THF containing Na2CO3 as
a base at reflux temperature for 20 h under an argon atmo-
sphere, affording the 1,2-bis(2 0-aminophenylsulfanylethoxy)-
4,5-dicyanobenzene 2 in 93% yield. 1H and 13C NMR, IR,
and MS spectra verified the structure of 2. The IR spectrum
of 2 clearly indicates the presence of NH2, C^N groups by
the intense stretching bands at 3349e3354 (NH2), 2232
(C^N) cm�1, respectively. In the 1H NMR spectrum of 2 in
CDCl3, the aromatic protons belonging to 2-aminothiophenol
appear as doublet at d¼ 7.41, 6.87 and as triplet at d¼ 7.22,
6.71 ppm. The singlet at d¼ 7.16 ppm belongs to aromatic
protons of cyano-substituted benzene. Also the new signal for
NH2 protons was observed as singlet at d¼ 4.35 ppm. The mul-
tiplet at d¼ 3.14e2.92 ppm for SCH2 protons confirms the pro-
posed structure. 13C NMR spectrum of this compound exhibits
signals characteristic of aromatic carbons at 148.63, 143.15,
136.72, 131.07, 128.65, 118.94, 115.61, 114.98, 111.92 ppm
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Scheme 1. The synthesis of the metal-free phthalocyanine and metallophthalocyanines.
and the aliphatic carbon atoms also gave two signals at 31.92
and 31.84 ppm. The LCeMS mass spectrum of 2, which shows
a peak at m/z¼ 495 [Mþ 1]þ, and elemental analysis support
the proposed formula for this compound.

Compound 3 was synthesized by acylating 2 with acetyl
chloride. Thus, the precursor compound for synthesis of the
macrocycle has the amide portions which increase the reactiv-
ity of chloro-substituted carbon toward the nucleophilic
substitution [29]. In the IR spectrum of 3, the presence of in-
tense C^N stretching band at 2230 cm�1, the disappearance
of the strong NH2 stretching vibrations at 3449e3354 cm�1,
the appearance of NH stretching vibration at 3271 cm�1 and
the sharp C]O vibration at 1673 cm�1 confirm the formation
of this compound. The 1H NMR spectrum of 3 indicates the
presence of a new resonance for methylene protons of amide
portion at 4.26 ppm as a singlet. The resonance of NH proton
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shifts downfield by as much as 5.33 ppm on going from com-
pound 2 to compound 3 and it appears at 9.68 ppm as a singlet.
In the 13C NMR spectrum of 3, the peak at 115.00 ppm arises
from unsaturated carbon atoms of C^N groups. The appear-
ance of new peaks at d¼ 163.93 and 43.47 ppm, which were
assigned to C]O and eCH2Cl groups of amide portion, the
other chemical shifts at 143.15, 139.05, 135.84, 131.03,
129.52, 125.42, 121.43, 120.46, 112.50 concerning aromatic
carbons and at 34.41, 32.15 concerning aliphatic carbons
such as CeS are in agreement with the proposed structure.
The LCeMS mass spectra of 3, the presence of the molecular
ion peak at m/z¼ 648 [Mþ 1]þ, confirm the proposed
structure.

The macrocyclization was performed by adding simulta-
neously a solution of 2,2 0-dithioethanthiol in DMF and a solution
of 3 in DMF through dropping funnels to stirring DMF containing
anhydrous Na2CO3 as the base at room temperature for 8 h under
an argon atmosphere, affording the macrocycle 27,28-dicyano-
9,10,12,13,23,24,31,32-octahydro-5H,15H-tribenzo[b,h,w][1,4,
7,13,16,19,25,10,22]heptathia diazacycloheptacosine-6,16(7H,
17H )-dione 4 in 71% yield. The relatively high yield for macro-
cyclization reaction may be attributable to the hydrogen bonding
between the amide oxygen atoms of the bis(a-chloroamide) and
the amine hydrogen atoms of the bis-secondary amines which
would keep the chloride units in the positions needed for the cy-
clization reaction [29]. The IR spectrum of 4 is very similar to
that of 3 with small shifts in wavenumbers. The intense NH
stretching vibration in 4 was observed at 3289 cm�1. The 1H
NMR spectrum of 4 was collected in DMSO-d6. There is
a new signal at d¼ 2.79 ppm as multiplet, which supports the for-
mation of macrocycle, due to SCH2 protons of 2,2 0-dithioethan-
thiol. The 13C NMR spectrum of 4 also supports this situation
with two new signals belonging to SCH2 carbons and is consis-
tent with the proposed formulation. The LCeMS mass spectra
of 4, the presence of the molecular ion peak at m/z¼ 729
[Mþ 1]þ, confirm the proposed structure.

The cyclotetramerization of phthalonitrile derivative 4 to
the metal-free phthalocyanine 5 was accomplished in dry 2-
(dimethylamino)ethanol at reflux temperature for 28 h under
an argon atmosphere. In the 1H NMR spectrum of 5, the typ-
ical shielding of inner core protons could not be observed due
to the probable strong aggregation of the molecules [30]. The
signals related to aromatic protons and aliphatic protons in the
macrocyclic moieties and phthalocyanine skeleton gave signif-
icant absorbance characteristic of the proposed structure. The
disappearance of the C^N stretching vibration on the IR
spectra of 4 suggested the formation of compound 5. In addi-
tion to the results of elemental analysis, the mass spectrum
was determined. The mass spectrum of metal-free phthalocy-
anine 5 was obtained by the LCeMS/MS technique and the
molecular ion peak at m/z¼ 2918 [M]þ was observed.

The metallophthalocyanines 6 and 7 were synthesized in
good yield. The metallophthalocyanines 6 and 7 were obtained
from dicyano derivative 4 and corresponding anhydrous metal
salts [NiCl2 and Zn(CH3CO2)2] in a Schlenk system in quino-
line at 190 �C for 7 and 8 h, respectively. The IR spectra of
metallophthalocyanines 6 and 7 indicate the presence of NH
group in the macrocyclic ring by the intense vibration at
3301 and 3306 cm�1, respectively. The disappearance of
strong C^N stretching vibration of 4 is an evidence for the
formation of metallophthalocyanines 6 and 7. The rest of the
IR spectra of metallophthalocyanines are very similar to those
of the metal-free phthalocyanine 5. The 1H NMR spectra of
these compounds are almost identical to those of metal-free
phthalocyanine 5. Also, it should be mentioned that the other
differences in the 1H NMR spectra of metal-free phthalocya-
nine and metallophthalocyanines were the broad signals en-
countered in the case of compounds 6 and 7, owing to the
aggregation of planar phthalocyanine molecules at the consid-
erably high concentration used for NMR measurements. They
are in agreement with the structural information. In the mass
spectrum of 6 and 7, the presence of molecular ion peaks at
m/z¼ 2977 [Mþ 2]þ and 2981 [M]þ, respectively, confirmed
the proposed structures.

In general, phthalocyanines show typical electronic spectra
with two strong absorption regions, one in the UV region at
about 300e500 nm related to the B band and the other in
the visible region at 600e700 nm related to the Q band [31].
The split Q bands in 5, which are characteristic for metal-
free phthalocyanines, were observed at lmax¼ 707 and
656 nm. These Q band absorptions show the monomeric spe-
cies with D2h symmetry and due to the phthalocyanine ring re-
lated to the fully conjugated 18p electron system [32e34].
The presence of strong absorption bands in 5 in the near UV
region at lmax¼ 449,368, 326 and 296 nm also shows Soret re-
gion B bands which have been ascribed to the deeper pep*
levels of LUMO transitions.

The UVevis absorption spectra of metallophthalocyanines
6 and 7 in DMF show intense Q absorption at lmax¼ 701 and
713 nm, with a weaker absorptions at 656 and 681, 644 nm,
respectively (Fig. 1). The single Q bands in metallo derivatives
6 and 7 are characteristic. This result is typical of metal com-
plexes of substituted and unsubstituted metallophthalocya-
nines with D4h symmetry [35]. B band absorptions of
nickel(II) phthalocyanine 6 and zinc(II) phthalocyanine 7
were observed at lmax¼ 482, 410, 311, 275 and 371,
272 nm as expected, respectively.
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[31] Yılmaz _I, Bekaroğlu Ö. Chem Ber 1996;129:967.

[32] Sielcken OE, Van Tilborg MM, Hendricks R, Drenth W, Nolte RJM.

J Am Chem Soc 1987;109:4261.

[33] Cuellar EA, Marks T. Inorg Chem 1981;20:3766.

[34] Gök Y, Kantekin H, Bilgin A, Mendil D, Değirmencioğlu _I. J Chem Soc
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