J Incl Phenom Macrocycl Chem (2010) 67:377-383
DOI 10.1007/s10847-009-9719-2

ORIGINAL ARTICLE

Synthesis and characterization of new metal-free and
metallophthalocyanines fused a-methylferrocenylmethoxy units

Ahmet Bilgin - Cigdem Yagci - Aysegiil Mendi -
Ufuk Yildiz

Received: 12 October 2009 / Accepted: 3 December 2009 / Published online: 18 December 2009

© Springer Science+Business Media B.V. 2009

Abstract Synthesis of metal-free and metallophthalocy-
anines bearing o-methylferrocenylmethoxy units was
described. Precursor 3 required for the preparation of
phthalocyanines 4-9, was synthsized by the nucleophilic
aromatic substitution reaction between «-methylferroce-
nylmethanol and 4-nitrophthalonitrile in dry DMF. The
metal-free phthalocyanine 4 was prepared from 4-(o-
methylferrocenylmethoxy)phthalonitrile 3 in 1-pentanol
with a catalytic amount of 1,8-diazabicyclo[5.4.0]Jundec-7-
ene (DBU). Metallophthalocyanines (M = Zn, Cu, Co, Ni
and Pb) were prepared by cyclotetramerization reaction of
phthalonitrile with appropriate materials. The phthalonit-
rile, metal-free and metallophthalocyanines were charac-
terized by '"H and C NMR, FT-IR UV-Vis and mass
spectral data, as well as elemental analyses, which were
consistent with the proposed structures.

Keywords Phthalonitrile - Ferrocene -
Metallophthalocyanine - Metal-free phthalocyanine

Introduction

Phthalocyanines (Pcs) and their metal complexes (MPcs) have
attracted considerable interest and have been found to be
highly promising candidates for a variety of uses such as
liquid crystals [1, 2], photosensitizers [3—5], semiconductors,
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electron transfer and in various chemical sensing applications
[6-9]. Pcs are compounds of special interest for their unique
redox [10] and photophysical properties.

Studies of electronic interactions in systems containing
multiple redox-active centers are of fundamental importance
in the development of molecular-based electronic devices
[11, 12]. Owing to the high stability, ease of functionaliza-
tion, and well-defined electrochemistry, ferrocene has been
widely used as the redox-active centers which are linked
together with a wide variety of structural units such as sat-
urated and unsaturated carbon bridges, delocalized fused
rings [13], and polymeric and dendritic backbones [14—17].
Although different extents of metal-metal interactions have
been revealed for some of these systems, examples showing
electronic coupling between the ferrocenyl units through a
two-dimensional 7 system are extremely rare [18, 19].
Several phthalocyanine derivatives incorporated with ferr-
ocenyl groups have been reported [20-26].

We lately outlined a concept for the synthesis of a new
type of monomeric and polymeric phthalocyanine with
various functional groups. These phthalocyanines have N-,
O- and S-containing functionalities such as diazadioxa,
cylindrical and spherical macrotricycles, crown ether fused
diloop, diazadithia macrocyclic with terz-butyl [27-31].

In the present paper we have synthesized and characterized
novel metal-free and metallophthalocyanines from a phthalo-
nitrile derivative containing o-methylferrocenylmethoxy unit.

Experimental
Materials and instrumentation

Phosphorus pentoxide (P,Os), 1,8-diazabicyclo[5.4.0]-undec-
7-ene (DBU), ethanol, 1-pentanol, dimethylformamide (DMF),
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tetrahydrofuran (THF), toluene, chloroform, dichlorometh-
ane, quinoline, hydrochloric acid, acetone, silica gel, neutral
alumina, ammonia, MgSO,, CoCl,-6H,0, NiCl,-6H,0,
Cu(Ac),-H,0, Zn(Ac),-2H,0, yellow PbO were received
from Merck and used as supplied. Potassium carbonate
(K>CO3) was received from Merck and used after drying in
oven at 250 °C for 36 h. All organic solvents were dried and
purified by usual methods. z-Methylferrocenemethanol [32]
and 4-nitrophthalonitrile [33] were prepared by published
procedures.

Melting points of the compounds were determined with
an electrothermal melting point apparatus and were
uncorrected. 'H-NMR spectra were recorded on a Varian
Mercury 200 MHz spectrometer with CDCl; and DMSO-
de as solvents and tetramethylsilane as an internal standard.
3C-NMR spectra were recorded on a Varian Mercury
50 MHz spectrometer with CDClj as the solvent and tet-
ramethylsilane as an internal standard. Transmission IR
spectra of samples were recorded on a FT-IR spectropho-
tometer (Shimadzu FT-IR-8201 PC); solid substances were
ground with KBr and pressed to pellets. UV-Vis spectra
were recorded on a Shimadzu 1601 UV-Vis spectrometer
using a 1 cm quartz cell at room temperature. Mass spectra
were measured on Micromass Quatro LC/ULTIMA LC-
MS spectrometer. The elemental analysis of the com-
pounds was determined on a CHNS-932 LECO instrument.
The metal contents of the metallophthalocyanine were
determined with a Unicam 929 AA spectrophotometer.

Preparation of 4-(a-
methylferrocenylmethoxy)phthalonitrile (3)

A mixture of o-methylferrocenemethanol 1 (1.19 g,
5.0 mmol) and 4-nitrophthalonitrile 2 (0.437 g, 2.5 mmol)
in dry DMF (6 mL) was dissolved in a 100 mL three-
necked flask and stirred at room temperature under inert
nitrogen atmosphere and degassed three times. Then tem-
perature was increased up to 70 °C. Finely powdered dry
K,CO;5 (1.73 g, 12.5 mmol) was added to the solution in
eight equal portions at 45 min intervals with efficient
stirring and the reaction mixture was stirred at 70 °C for
3 days. The reaction was monitored by a thin layer chro-
matography [CHCl;—-MeOH (9:1)]. At the end of this
period, the mixture was cooled and poured into 5% ice-HCI
(100 mL) solution and mixed for 2 h. Precipitate was fil-
tered and solution part was taken and extracted with
chloroform (6 x 50 mL). After drying over MgSQy, sol-
vent was evaporated under reduced pressure to yield a
viscous brown residue. The viscous brown residue and the
solid part were combined and chromatographed using
(silica gel, 9:1 chloroform:methanol) to give compound 3.
The compound 3 was isolated as brown crystals after
recrystallized from ethanol and dried under vacuum over
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P,0s. Rg: 0.33 (silica gel, 9:1 chloroform:methanol) Yield:
0.7 g (78%), m.p.: 169—173 °C (dec.).

Anal. calc. for C,oH;,N,OFe (356.21): C, 67.44; H,
4.53; Fe, 15.68; N, 7.86%. Found C, 67.23; H, 4.72; Fe,
15.45; N, 7.64. FT-IR (KBr): 3103, 3078, 3042, 2980-2872
(-CHy-), 2234 (C=N), 1589, 1568, 1530, 1485, 1307,
1282, 1252 (CHO-Ar), 966, 851, 526, 495 cm™'. "H NMR
(CDCl3): 6 = 7.78 (d, 1H, Ar-H), 7.65 (d, 1H, Ar-H), 7.43
(dd, 1H, Ar—H), 4.82 (q, 1H, CHOAr), 4.26 (t, 2H, Cp),
4.16 (s, 5SH, Cp), 4.07 (t, 2H, Cp), 1.47 (d, 3H, CH3). "°C
NMR (CDCls): 6 = 161.4, 135.1, 124.6, 117.3, 116.4,
115.7, 113.4, 1069, 84.2, 71.1, 69.2, 69.0, 68.3, 27.9
(CH3). MS (ES™) m/z: 356.3 [M]™.

Preparation of the metal-free phthalocyanine (4)

A mixture of 3 (0.178 g, 0.5 mmol), 1-pentanol (1.0 mL)
and 1,8- diazabicyclo[5,4,0] undec-7-ene (DBU) (0.03 ml,
0.2 mmol) was placed in a standard Schlenck tube under
nitrogen atmosphere and degassed three times. Then tem-
perature was increased up to 160 °C. The reaction system
was stirred at 160 °C for 12 h. After the reaction mixture
was cooled to room temperature, 10 mL ethyl alcohol was
added and mixed for half an hour. Precipitate was filtered
and washed with cold acetone. The crude residue was
purified by column chromatography (eluant: CHCI5/THF,
100:1) and gave 4 as a dark green solid and dried under
vacuum over P,0s. Yield: 0.12 g (67.3%), m.p.: >300 °C.
Anal. calc. for CgoHggNgO4Fe, (1426.84): C, 67.34; H,
4.66; N, 7.85; Fe, 15.66%. Found C, 67.59; H, 4.82; N,
7.56; Fe, 15.82. FT-IR (KBr): 3245 (N-H), 3104, 3060,
3040, 2926-2855 (-CH,-), 1628 (C=N), 1568, 1549, 1510,
1460, 1321, 1263, 1225 (CHO-Ar), 1099, 1055 (N-H),
976, 887, 826, 574, 489 cm~'. 'H NMR (CDCls):
0 = 8.01-6.97 (m, br, 12H, Ar—H), 5.01-4.90 (m, 4H,
CHOAr), 4.30-4.06 (m, 36H, Cp), 1.42 (d, 12H, CHy),
—3.90 (s, br, 2H, pyrrole). '>*C NMR (CDCl5): § = 154.1,
135.8, 125.2, 118.9, 117.2, 108.1, 85.1, 70.9, 69.4, 68.9,
68.5, 28.7 (CH3). UV-Vis (CHCl3): Anax (loge) = 691
(4.46), 659 (4.39), 630 (3.93), 605 (3.66), 418 (4.00), 355
(4.38), 318 (4.61) nm. MS (ES™") m/z: 1426.9 [M]*.

Preparation of Zn and Cu-containing phthalocyanines
5,6

A mixture of 3 (100 mg, 0.28 mmol) and Zn(OAc),-2H,0
(22 mg, 0.10 mmol) or Cu(OAc),-H,0 (22 mg, 0.10 mmol)
in 1-pentanol (3 mL) was heated to 90 °C under inert
nitrogen atmosphere and degassed three times, then DBU
(0.01 mL, 0.07 mmol) was added. The mixture was stirred
at 160 °C overnight and then poured into a mixture of
methanol:water (1:1, 50 mL). The obtained precipitate was
filtered off and washed with methanol, water and acetone,
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respectively. The crude product was chromatographed on a
neutral alumina column using CHCI5:THF (5:1) for § or
CHCI5:MeOH (100:1) for 6 as eluent to give 5 or 6 as green
powders. The final products (5 and 6) were dried under
vacuum over P,Os.

Compound (5):

Yield = 0.078 g (74.6%), m.p.: >300 °C.

Anal. calc. for CgoHesNgO4FesZn (1490.21): C, 64.48;
H, 4.33; N, 7.52; Fe, 14.99; Zn, 4.39%. Found C, 64.27; H,
4.12; N, 7.34; Fe, 15.23; Zn, 4.57. FT-IR (KBr): 3100,
3063, 3045, 2928-2857 (-CH»-), 1632 (C=N), 1584, 1558,
1510, 1489, 1373, 1261, 1229 (CHO-Ar), 1130, 957, 853,
781, 740, 636, 447 cm~'. 'H NMR (CDCl;): 6 = 8.24—
7.12 (m, br, 12H, Ar-H), 4.98-4.76 (m, 4H, CHOAIr),
4.32-4.01 (m, 36H, Cp), 1.54 (d, 12H, CH3). UV/Vis
(CHCL3): Apax (loge) = 677 (4.49), 634 (3.86), 607 (3.55),
420 (3.93), 364 (4.47), 311 (4.65) nm. MS (ES™), m/z:
14913 [M + 11T

Compound (6):

Yield: 0.087 g (83%), m.p.: >300 °C.

Anal. calc. for CgoHgsNgO4Fe,Cu (1488.37): C, 64.56;
H, 4.33; N, 7.53; Fe, 15.01; Cu, 4.27%. Found C, 64.75; H,
4.09; N, 7.30; Fe, 14.87; Cu, 4.49. FT-IR (KBr): 3122,
3063, 3036, 2930-2861 (—-CH,-), 1638 (C=N), 1597, 1572,
1446, 1363, 1269, 1227 (CHO-Ar), 1113, 981, 837, 725,
690, 619, 505 cm™'. UV/Vis (CHCl3): Amax (loge) = 673
(4.50), 627 (3.75), 610 (3.42), 414 (4.10), 375 (4.51), 332
(4.64) nm. MS (ES™), m/z: 1488.6 [M]*.

Preparation of Co and Ni containing phthalocyanines
(7,8

A mixture of phthalonitrile compound 3 (0.10 g,
0.28 mmol), dry quinoline (1 mL) and CoCl,-6H,0
(0.034 g, 0.14 mmol) or NiCl,-6H,0 (0.034 g, 0.14 mmol)
was kept in a flask and degassed three times with nitrogen.
The reaction mixture was refluxed at 210-220 °C for 18 h
under nitrogen inert atmosphere. After refluxing, the
reaction mixture was cooled and then 10 mL of ethanol
was added to the system and stirred at room temperature
for 0.5 h. The crude product was filtered and washed with
distilled water and methanol:diethyl ether solution (1:1,
25 mL). The final products (7 and 8) as dark green solids
were purified by passing through neutral alumina column
with CH,CIl,:MeOH (85:15) elution and dried under vac-
uum over P,Os.

Compound (7):

Yield: 0.060 g (57.6%), m.p.: >300 °C.

Anal. calc. for CgoHgsNgO4Fe,Co (1483.76): C, 64.76;
H, 4.35; N, 7.55; Fe, 15.06; Co, 3.97%. Found C, 64.51; H,
4.54; N, 7.30; Fe, 15.39; Co, 4.26. FT-IR (KBr): 3107,
3056, 3035, 2925-2864 (—-CH,-), 1628 (C=N), 1585, 1550,
1508, 1464, 1377, 1311, 1273, 1225 (CHO-Ar), 1130,

1065, 991, 958, 851, 781, 741, 636, 488 cm™'. UV/Vis
(CHCl3): Amax (loge) = 685 (4.66), 641 (3.70), 613 (3.40),
413 (3.96), 368 (4.40), 338 (4.65) nm. MS (ES™), m/z:
1483.9 [M]T.

Compound (8):

Yield: 0.072 g (69.2%), m.p.: >300.

Anal. calc. for CggHgsNgO4Fe Ni (1483.52): C, 64.77,
H, 4.35; N, 7.55; Fe, 15.06; Ni, 3.96%. Found C, 64.94; H,
4.14; N, 7.72; Fe, 14.76; Ni, 3.68. FT-IR (KBr): 3110,
3059, 3042, 2935-2867 (-CH,-), 1636 (C=N), 1599, 1580,
1501, 1464, 1375, 1315, 1271, 1231 (CHO-Ar), 1120,
1094, 1063, 975, 808, 752, 692, 617, 473 cm™'. '"H NMR
(CDCl3): 6 = 8.27-7.03 (m, br, 12H, Ar-H), 5.00-4.87
(m, 4H, CHOAr), 4.23-4.05 (m, 36H, Cp), 1.41 (d, 12H,
CH3). UV/Vis (CHCl3): Apax (loge) = 681 (4.51), 636
(3.81), 606 (3.54), 410 (3.91), 366 (4.44), 327 (4.66) nm.
MS (ES™), m/z: 1484.6 [M + 117,

Preparation of Pb containing phthalocyanine (9)

A mixture of compound 3 (0.10 g, 0.28 mmol), ethylene
glycol (3 mL) and yellow PbO (0.048 g, 0.21 mmol) was
charged in a standard Schlenck tube and degassed three
times with nitrogen. The reaction mixture was treated at
220 °C under reflux and nitrogen inert atmosphere. After
18 h of stirring, the reaction mixture was cooled and then
10 mL of ethyl alcohol added and then filtered off. The
crude product was dissolved in 10 mL of CH,Cl,, filtered
and purified by passing through a silica column with tol-
uene elution. The final product was dried under vacuum
over P,Os to yield a green solid. Yield: 0.062 g, 54.2%
m.p.: >300.

Anal. calc. for CggHgsNgO4Fe Pb (1632.03): C, 58.88;
H, 3.95; N, 6.87; Fe, 13.69; Pb, 12.70%. Found C, 58.63;
H, 4.21; N, 6.89; Fe, 13.97; Pb, 12.53. FT-IR (KBr): 3102,
3064, 3045, 2922-2835 (-CH,-), 1630 (C=N), 1600, 1585,
1512, 1460, 1388, 1316, 1262, 1229 (CHO-Ar), 1122,
1070, 980, 829, 752, 690, 626, 424 cm™'. '"H NMR
(CDCl3): 6 = 8.16-6.97 (m, br, 12H, Ar-H), 4.96-4.83
(m, 4H, CHOAr), 4.20-4.02 (m, 36H, Cp), 1.48 (d, 12H,
CH3). UV/Vis (CHCl3): Apax (loge) = 683 (4.60), 640
(3.91), 618 (3.65), 410 (3.99), 375 (4.57), 336 (4.69) nm.
MS (ES™), m/z: 1632.2 [M]™.

Results and discussion

The synthetic procedures, as outlined in Schemes 1 and 2,
started with the synthesis of a precursor compound 3
with the reaction of «-methylferrocenylmethanol and
4-nitrophthalonitrile in dry DMF under alkaline condition.
The self-condensation of the dicyano compound 3 in a
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Scheme 1 Synthesis of
phthalonitrile 3 and metal-free

phthalocyanine 4
- OH
Fe 05N
1

CHN
CH5
CN  DryK,C0
= ¥ Lo
Dry DMF ; 0 N
= cn Mg Fe
2 3
NA®) /) ooy om
DBU

high-boiling solvent in the presence of a few drops of 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU) as a strong base at
reflux temperature under a dry nitrogen atmosphere affor-
ded the metal-free phthalocyanine 4 in 67% yield as a
green solid after purification by column chromatography
on silica gel using CHCl5;:THF (100:1) as eluent. Conver-
sion of 3 into metallophthalocyanine derivatives (5-9) was
accomplished through the usual cyclotetramerization
reactions in the presence of metal salts [Zn(OAc),-2H,0,
Cu(OAc),-H,0. CoCl,-6H,0, NiCl,-6H,0, PbO] and a
suitable solvent, 1-pentanol, quinoline or ethylene glycol.
The metallophthalocyanines were purified by column
chromatography on silica gel or neutral alumina using
appropriate eluents as the mobile phase in 54-83% yields
as green or dark green solids.

The phthalonitrile, metal-free and metallophthalo-
cyanines were chracterized by 'H and '*C NMR, FT-IR
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UV-Vis, mass spectral data and elemental analyses which
were consistent with the proposed structures.

The IR spectrum of the starting compound 3 clearly
indicates the presence C=N and Ar-O-C stretching
vibrations at 2,234 and 1,282 cm ™' and the disappearance
of O-H stretching band of «-methylferrocenylmethanol 1
at 3,209 cm ™.

Cyclotetramerization of the phthalonitrile derivative was
confirmed by the disappearance of the sharp C=N vibra-
tion at 2,234 cm ™. The IR spectra of phthalocyanines 4-9
are very similar, with the exception of the metal-free 4
showing N—H stretching and pyrrole ring vibration bands at
3,245 and 1,055 cm™" due to the inner core [34].

In 'H NMR (CDCls) spectrum of 3, OH group of 1
disappeared as expected. '"H NMR spectrum of 3 showed
new signals at 6 = 7.78 (d, 1H, Ar-H), 7.65 (d, 1H, Ar-H),
743 (dd, 1H, Ar-H) and also the proton-decoupled
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Scheme 2 Synthesis of
metallophthalocyanine (5-9)

CHjy
@% ° o

Fe

o

Zn(Ac),-2H,0 or CoCl,-6H,0 or
Cu(Ac),-H,O NiCl,-6H,0 or PbO
DBU Dry quinoline or
1-CsH;;OH ethylene glycol
Nz (g) Nz (g)
CH, (for 5 and 6) (for 7,8 and 9) CH,

0.8

0.6

Absorbance

0.0 T T T T T T T T 1
200 300 400 500 600 700 800 90

A (nm)

Fig. 1 UV-Vis spectra of 4 (solid line), 5 (dashed line) and 6 (dotted
line) in chloroform (C = 1.8 x 107> M)

M: Zn, Cu, Co, Ni, Pb
56 7 89

3C NMR spectrum of 3 indicates the presence of corre-
sponding carbon atoms at 6 = 115.7 and 113.4 (CN). In
the 'H NMR spectra of 4, the typical shielding of inner core
protons were seen as broad signals at 6 = —3.90 ppm,
which could be attributed to the NH resonances as con-
firmed by deuterium exchange [35-37]. In the!>*C NMR
spectrum of this compound, all signals are identical for the
precursor dicyano derivative 3 except for the CN carbons.
The appearance of CN signals at 154.1 ppm for 4 con-
cerning the inner core instead of CN absorptions in 3 is
supported by the formation of phthalocyanine.

The "H NMR spectra of the metallophthalocyanines 5,
8 and 9 were almost identical with those of the metal-
free phthalocyanine 4, with the absence of the N-H
protons belonging to the cavity of the porphyrazine core.
Also, it should be mentioned that the peaks of the 'H
NMR spectra are broad as encountered in some other
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Fig. 2 UV-Vis spectra of 7 (solid line), 8 (dotted line) and 9 (dashed
line) in chloroform (C = 1.8 x 1073 M)

soluble phthalocyanines [27, 31]. On the other hand 'H
NMR spectra of metallophthalocyanines 6, 7 could not be
taken due to the paramagnetic cobalt(Il) and copper(Il)
centers.

In the mass spectra of compounds 3-9, the presence of
the characteristic molecular ion peaks at m/z = 356.3 i
3, 14269 [M]* 4, 1491.3 [M + 1] 5, 1488.6 [M]* 6,
1483.9 [M]" 7, 1484.6 [M + 1]" 8 and 16322 [M]* 9
confirmed the proposed structures. Elemental analysis of
3-9 were also consistent with the calculated values.

Phthalocyanines 4-9 reveal typical electronic spectra
with two strong absorption regions, one of them in the UV
region at about 300—420 nm (B band and ferrocene units)
arising from the deeper n-levels = LUMO transition and
the other in the visible region of the spectrum around 600-
700 nm (Q band) attributed to the © = 7* transition from
the highest occupied molecular orbital (HOMO) to the
lowest unoccupied molecular orbital (LUMO) of the pcs >
ring (Figs. 1, 2) [38—40]. The characteristic Q band tran-
sition of metallophthalocyanines with Dy, symmetry is
observed as a single band of high intensity in visible
region. The D,;, symmetry of metal-free phthalocyanine 4
is verified by two absorptions in the visible region (691 and
659 nm) with shoulders at 630 and 605 nm. Compared
with metal-free phthalocyanine, the A.,, of metallopht-
halocyanines moved to shorter wavelengths.

Conclusion

We have presented the synthesis and characterization of a new
phthalonitrile derivative 3, metal-free 4 and metallophthalo-
cyanines 5-9 with o-methylferrocenylmethoxy units. Precur-
sor 3 was synthesized by the nucleophilic aromatic
substitution reaction between o-methylferrocenylmethanol
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and 4-nitrophthalonitrile in dry DMF. The metal-free phtha-
locyanine 4 was prepared from 4-(a-methylferrocenylmeth-
oxy)phthalonitrile 3 in 1-pentanol with a catalytic amount of
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). Metallophthalo-
cyanines (M = Zn, Cu, Co, Ni and Pb) were prepared by
cyclotetramerization reaction of phthalonitrile with appropri-
ate materials. Four o-methylferrocenylmethoxy bearing
phthalocyanines show more solubility in organic solvents such
as chloroform, dichloromethane, toluene, DMF, DMSO and
pyridine than octa-substituted phthalocyanines. The reason for
the enhancement of solubility in the tetra-substitution is
probably based on it being a mixture of positional isomers
rather than a single product.
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