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We have reported, the synthesis, characterization, aggregation, and
investigation of anti-microbial and anti-fungal activity properties
of new octasubstituted metallophthalocyanine compounds
containing dibutyl 4,4’-[(1,2-phenylene)bis(oxy)dibenzoate)]2,3-
dicarbonitrile units. CoPc and MnPc were synthesized by the
cyclotetramerization of dinitrile with anhydrous CoCl, or
Mn(OAc),. Eight bacteria and one fungus were used to test
antimicrobial activities of the newly synthesized CoPc and MnPc
compounds. MnPc has two times effective than the compound
CoPc for against bacteria and fungus. MnPc showed antifungal
activity against Candida albicans. It has been previously proved in
the literature that the isoindole ring in the structure of the
compounds play an important role in antimicrobial activity.
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INTRODUCTION

Since the discovery of phthalocyanines, big
developments have been achieved with their
widespread applications.'” Phthalocyanines are
extensively used in different fields such as solar
cells,*” photodynamic therapy (PDT),® liquid
crystals,9 chemical sensors,'’ laser dyes,11 gas
sensors,'> dyes and pigments,'’ catalysis."’

The practicability of Pc compounds in different
technological areas strongly depends on both their

* Corresponding authors: meltemkilicaslan@hotmail.com

solubility and electron transfer properties. On the
other hand, these properties are directly related to
-7 interaction between the Pc molecules, which
affects aggregation and solubility leanings in most
organic solvents. Strong intermolecular 7w—n
interactions between the MPc molecules lead to
their stacking as aggregation and thus, decrease in
solubility.'® Therefore, the solubility of Pcs can be
raised by the addition of appropriate functional
groups, such as: alkyl, alkoxyl, phenoxyl or other
bulky groups due to their substitutional positions,

** Supplementary information on http://web.icf.ro/rrch/ or http://revroum.lew.ro/
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as a result of the decrease in the intermolecular
interactions.'” " Aggregation can cause unwanted
effects arising from stacking of molecules, thus
diminishing the solubility in organic solvents and
water and decreasing other optical required
properties needed for photodynamic therapy or
other related applications. The extent of aggregation
depends on various factors, such as, type of solvent,
concentration of solution, nature of the substituents,
type of metal in the central cavity, and temperature.
Aggregation can be usually detected by the splitting
or broadening of the Q band absorption. Non-
aggregated  phthalocyanines  have  important
significance for researchers. Because aggregation can
cause unwanted effects arising from stacking of
molecules such as, for ghotodynamic therapy and
other related applications.*'**

Nowadays, the resistance of bacteria and fungi
to antimicrobial agents leads scientists to work on
the development of new agents.”> As it is known,
phthalocyanines is becoming increasin;ly common
in the treatment of infectious diseases.”* Therefore,
the production of novel phthalocyanine compounds
which are effective for the treatment of diseases is
also seen as a need. The new phthalocyanine
compounds synthesized in the present study have
been tested against various bacteria and candida
albicans.

EXPERIMENTAL

1. Materials

Butyl-4-hydroxybenzoate and  4,5-dichloro-1,2-dicyano-
benzene were brought from commercial providers. All solvents
were dried and purified as described in literature.” The elemental
analyses were performed on a Costech ECS 4010 Elemental
Analyzer. The absorption spectra of the solutions were recorded
using a UV mini-1240 UV- Spectrophotometer. 'H and *C-NMR
spectra were recorded on a Bruker AVANCE III 400 MHz NMR
Spectrometer in CDCl;, and chemical shifts were reported (8)
relative to Me,Si as an internal standard. The IR spectra were
recorded on a Perkin Elmer 1600 FT-IR Spectrophotometer. Mass
spectra were measured on a Micromass Quattro LC/ULTIMA
Spectrometer.

2. Synthesis

2.1. Synthesis of compound dibutyl4,4’-[(1,2-
Pphenylene)bis(oxy)dibenzoate)]2,3-dicarbonitrile (1)

Butyl-4-hydroxybenzoate (1.27 g, 6.54 mmol), 4,5-
dichloro-1,2-dicyanobenzene (0.64 g, 3.37 mmol) and 20 mL
dry DMF were stirred for 15 min. at 25 °C and dry K,CO;
(1.83 g, 13.1mmol) was added portion-wise for 2 h. The
reaction mixture was stirred under nitrogen atmosphere at 70
°C for 3 d. Then, it was emptied into ice-water and extracted
with chloroform. The brown oily product was obtained. Yield:
1.48 mg, 88 %. Anal. calcd. for C3oHpsO6Ny: C, 70.30; H,
5.51, N;5.47%. Found: C, 70.27; H, 5.55%, N; 5.52. IR,
Vimawem 3040 (Ar-CH), 2956-2871 (Aliph.-CH), 2229

(C=N), 1606 (C=0), 1162- 1073 (-OCH,), 769. 'H-NMR
(CDCLy), (8:ppm): 8.09 t (4H, ArH), 7.38 s (1H, ArH), 7.28 s
(2H, ArH), 7.05 d (3H, ArH), 434 s (4H, O-CH,), 1.76 d
(4H, Aliph-H), 1.49 d (4H, Aliph-H), 1.00 t (4H, -CH;). “C-
NMR (CDCly), (8: ppm): 165.51, 158.05, 132.18, 127.81,
124.34, 118.49, 114.49 (C=N), 65.15, 31.25, 19.25, 13.74. MS
(FAB) (m/z): 513 [M+H]".

2.2. The procedure of metallophthalocyanines (MPcs)

Dibutyl 4,4’-[(4,5-dicyano-1,2-phenylene)bis(oxy)]diben-
zoate (1) (0.24 g, 0.48 mmol), anhydrous CoCl, or Mn(OAc),
(0.32 mmol), n-pentanol (3 mL) and 0.05 mL 1,8-diaza
bicyclo[5.4.0] undec-7-ene (DBU) were stirred under inert
atmosphere at 140 °C for 12 h.

2.2.1. 2,3,9,16,17,23,24-Octa[dibutyl4,4’-[1,2-phenylene)bis
(oxy)]dibenzoate[phthalociyaninato cobalt(Il), (2):

Compound 2 was purified with column chromatography
by alumina, using chloroform/ethyl acetate (2:1) solvent
system. Yield: 76 mg, 30%, m.p:>300 °C. Anal. calcd. for
Ci20H1120,4NgCo: C, 68.34; H, 5.31, N; 5.31 %. Found: C,
68.29; H, 5.33, N; 5.28 %. FTIR, Vipawem : 3067(Ar-CH),
2956-2857(Aliph., -CH), 1714(C=0), 1270 (Ar-O-Ar), 1097
(-OCH,), 769. UV-vis (chloroform): Apamm: 668(4.13), 606
(3.57), 329 (4.0). MS (MALDI-TOF) (m/z): 2107 [M]".

222,  2,3,9,16,17,23,24-Octa[dibutyl4,4’~[1,2-phenylene)bis
(oxy)]dibenzoate[phthalociyaninato manganese (1), (3):

Compound 3 was purified with column chromatography
by alumina, using chloroform/petroleum benzine (20:7)
solvent system. Yield: 71 mg, 28%, m.p:>300°C. Anal. calcd.
for C50H;120,4NgMn: C, 68.47; H, 5.32, N; 5.32 %. Found: C,
68.40; H, 5.28, N; 5.27 %. FTIR, Vimayenm : 3068(Ar-CH), 2955-
2850 (Aliph., -CH), 1714(C=0), 1265 (Ar-O-Ar), 1081(-OCH,),
765. UV-vis (chloroform): Apavum: 725(4.13), 654 (3.46), 383
(3.78). MS (MALDI-TOF) (m/z): 2139 [M+2H,0]".

3. Anti-microbial and Anti-fungal Activity

Minimal inhibitory concentration assay (MIC, pg/mL) was
conducted to scan the susceptibility of some bacterial strains
to the newly synthesized compounds.?*?” The MIC assays for
bacteria were done in LB medium at pH 7.2. Dimethyl
sulfoxide (DMSO) was used to dissolve the compounds to
prepare stock solutions. The dilution series of the chemical
compounds to be tested were prepared from 7800 to 3.8 ug/mL
concentrations in 100 pL medium. The incubation of the broth
cultures was performed at 37.0 + 1 °C for 1824 h. DMSO
was used as, solvent control while LB medium with or without
antibiotic, ampicillin, were used as positive and negative
controls, respectively. MIC was accepted as the last well in the
96 cell well plate in which no growth was determined based
on turbidity.

Three of Gram-positive bacterial strains, namely Bacillus
subtilis ATCC 6633, Staphylococcus aureus ATCC 25923,
and Streptococcus pyogenes ATCC 19615, five of Gram-
negative bacterial strains which were Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Salmonella
typhymirium ATCC 14028, Yersinia pseudotuberculosis
ATCC 911, and Proteus vulgaris ATCC 13315, and also a
fungus, Candida albicans ATCC 10231 were used to
determine the MIC.”® Bacteria were grown in Luria broth
medium (containing 1% tryptone, 0.5% yeast extract, 0.5%
sodium chloride, pH 7.2) at 37°C for 18-24 h. C. albicans was
cultured in brain heart infusion (BHI, Difco Laboratories,
Detroit, MI, USA) broth at 37°C for 24 h aerobically with
shaking. Positive control in the case of C. albicans was
Amphotericin B dissolved in 50% DMSO. The optical density
of the bacteria from a mid-log phase of growth was measured
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at 600 nm and diluted in the fresh medium to get a 5 x 10
CFU/mL.

4. Aggregation studies

Aggregation of phthalocyanines is a fact of phthalocyanine
chemistry. Aggregation relies on some behaviors of metal
phthalocyanines for ex.; different concentrations, solvent kind,
properties of substituents, metal ion and temperature.”*’
Aggregation appears when the intermolecular gravitation force
between phthalocyanine molecules is powerful than Pc-
solvent union, and if molecules aggregate, new absorption
bands appear.’!

The aggregation behaviors of 2 and 3 were searched by
their UV-vis spectra recorded at different concentrations (was
changed from 12x10%-2x10° M) and at different solvents;
such as; DMF, DMSO, ethyl acetate, chloroform, THF,
toluene by UV-Vis Spectrophotometer. The Q band position
changed with the solvent and the redshift of the Q band
increased with the refractive index of the solvent.

C CN
+
CI CN

4,5- dichlorophthalonitrile

OH

butyl-4-hydroxybenzoate

DMF
e

60°C
i

RESULTS AND DISCUSSION

Dibutyl4,4’-[(1,2-phenylene)bis(oxy)
dibenzoate)]2,3-dicarbonitrile (1) was successfully
synthesized described in the literature.”

The phthalocyanines CoPc (2) and MnPc (3)
accomplished by nucleophilic aromatic substutition
reaction of dinitrile compound (1) with anhydrous
CoCl, and anhydrous Mn(acac), were mixed under
N, atmosphere in n-penthanol and DBU at 140°C
for 18 h. These new synthesized phthalocyanines
2 and 3 are showed enhanced solubility in organic
solvents, for exp; acetone, chloroform, DMF, THF,
ethyl acetate.

The synthetic pathways for the preparation of 1,
CoPc (2) and MnPc (3) are shown in Scheme 1.

: : CN
CN

1 (0]

dibutyl 4,4'-[(4,5-dicyano-1,2-phenylene)bis(oxy)]dibenzoate

n—pentan)(y
140 °C

M: a)Co(2) b)Mn(3) ////
(e}

CH3

Scheme 1 — The synthesis of compounds 1-3.
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Fig. 1 — Dibutyl 4,4°-[(4,5-dicyano-1,2-phenylene)bis(oxy)]dibenzoate (1) 'H-NMR Spectrum.
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Fig. 2 — UV/Vis spectra of phthalocyanines 2, 3 in chloroform (1x10*M).

The stretching vibrations of C=N groups at
2229 cm™'were observed in the IR spectrum of 1.
In addition, the '"H-NMR spectrum of 1 indicated
aromatic protons at 8.09, 7.38, 7.28, 7.05 ppm and
aliphatic protons at 4.34, 1.76, 1.49, 1.00 ppm
(Fig. 1). The formation of nitrile carbon atoms
(C=N) in 1 was defined by the signal at 118.49
ppm in its "C-NMR spectrum.

The phthalocyanines 2 and 3 accomplished by
nucleophilic aromatic substitution reaction of dinitrile
compound 1 with anhydrous CoCl, and anhydrous
Mn(acac), were mixed under N, atmosphere in n-
penthanol and DBU at 140°C for 18 h. These newly
synthesized phthalocyanines 2 and 3 are shown
enhanced solubility in organic solvents, for exp;
acetone, chloroform, DMF, THF, ethyl acetate.
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Fig. 3 — The Mass spectrums; A) CoPc, B) MnPc.

In the IR spectrum of MPcs, cyclotetramerization
of dinitrile 1 to phthalocyanines 2 and 3 were
confirmed by the disappearance of the sharp -C=EN
vibration at 2229 cm™. "H-NMR spectrum of 2 and 3

could not be obtained due to paramagnetic nature of

the Co and Mn.*

MPcs 2 and 3 displayed typical UV-visible
spectra with two significant absorptions, the Q bands
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in the visible region at about 668 and 725 nm with
the shoulders around 606 and 654 nm, and the B
bands at 329 and 383 nm in the UV region,
respectively (Fig. 2). The single Q bands in metal Pcs
2 and 3 are characteristic for their D, symmetry. ***

The mass spectrum of compounds 1-3, at
m/z=513 [M+H]", 2107 [M]", 2139 [M+2H,0]"
showed molecular ion peaks, respectively
providing support for the structure (Fig. 3). The
structures; dibutyl4,4’-[(1,2-phenylene)bis(oxy)
dibenzoate)]2,3-dicarbonitrile (1), CoPc (2) and
MnPc (3) were also supported by their elemental
analysis data.

1. Aggregation studies

The aggregation behaviours CoPc (2) and
MnPc (3) were searched by their UV-Vis spectra
recorded at different concentrations (Fig. 4A for
compound 2 in THF, Fig. 4B for compound 3 in
DMSO). The broad split band and also the
presence of a remarkably broad shoulders in
600-660 nm region at all concentrations within
the range of 12x107-2.0x10°M pointed out the
presence of 2 and 3. Although the amount of 2

and 3 relatively decreases with dilution, these
species are still present in the solution, even at
2.0 x 10 M concentration (Fig. 4). Finally, the
compounds 2 and 3 didn’t show aggregation
behaviour in different concentrations (Fig. 4).
This is well confirmed by linear variation of the
absorption with the concentration, as shown by
the spectra in Fig. 4.

The aggregation behavior of 2 and 3 were
also examined in different solvents such as
DMF, DMSO, ethyl acetate, chloroform, THF,
and toluene (Fig. SA for compound 2, Fig. 5B
for compound 3). The formation of aggregated
species at these different solvents was also
reflected by the appearance of considerably
broad shoulders within the range of 600-660 nm
at a concentration of 1.0 x 10° M, as shown in
Fig. 5. However, the Q band position slightly
changes due to solvent polarity effect, as shown
for 2 and 3 in Fig. 5. In general, the red shift of
the Q band increases with refractive index of the
solvent. Compound 2 show aggregation in in
DMSO and ethyl acetate but the other compound
3 does not form agregated species in all different
solvents, as shown by the spectra in Fig. 5.
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Fig. 4 — The aggregation behaviors of phthalocyanines; A) CoPc in THF, B) MnPc in DMSO at different concentrations.
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Fig. 5 — The aggregation behavior of phthalocyanine; A) CoPc, B) MnPc in different solvents (1x10°M).

Table 1
In vitro Antibacterial and Antifungal Activity Data of Newly Synthesized Compounds
Microorganisms and Minimal Inhibition Concentration
Compounds
Gram Positive Bacteria Gram Negative Bacteria Fungus
No. Name B Sa Sp E Pa P St Y C
1 CoPc (2) 7800 7800 7800 7800 7800 7800 7800 7800 3900
2 MnPc (3) 1950 3900 1950 1950 1950 1950 1950 1950 975
DMSO N N N N N N N N N
Amp. 100 100 100 100 100 100 100 100 -
Amphotericine B - - - - - - - - 10

B: B. subtilis ATCC 6633, Sa: S. aureus ATCC 25923, Sp: S. pyogenes ATCC 19615, E: E. coli ATCC 25922, Pa:
P. aeruginosa ATCC 27853, St: S. typhymirium ATCC 14028, Y: Y. pseudotuberculosis ATCC 911, P: P. vulgaris
ATCC 13315, C: C. albicans ATCC 10231, Amp: ampicilline, AB: Amphotericine B, N: not effected

2. Anti-microbial and Anti-fungal Activity

Eight bacteria and one fungus were used to test
antimicrobial activities of the newly synthesized 2
and 3 compounds.”** Ampicillin and amphotericine
B were utilized as standard drugs for comparison
of the results (Table 1). The compound 3 was
determined more effective than the other

compound. The MIC value of compound 3 was
1950 pg/mL  against all bacteria tested
exceptionally S. aureus. It was 3900 upg/mL.
Compound 3 affected against C. albicans with
MIC value of 975 pg/mL. This was the lowest
(effective) value of all MIC data in testing.
Compound 2 has the MIC value of 7800 pg/mL
against all bacteria tested and has the MIC value of
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3900 ug/mL against the fungus. Compound 3 had a
broad spectrum of antibacterial activity as it
showed significant inhibitory effects on the species
of bacteria tested (Table 1). Besides, compound 3
showed antifungal activity against Candida
albicans. It has been previously proved in the
literature that the isoindole ring in the structure of
the compounds play an important role in
antimicrobial activity. Tertiary nitrogen of the
isoindole ring interacting with the normal cell
metabolic processes may role in the formation of a
hydrogen bond with the active centers of the cell
components, therefore, the mode of action of the
compounds might occur.”**® These results may be
important for biological applications.

CONCLUSIONS

In this study, we have synthesized octa-
substituted 2 and 3, bearing dibutyl4,4’-[(1,2-
phenylene)bis(oxy)dibenzoate)]2,3-dicarbonitrile
moieties at the peripheral position. The structures of
new compounds were  characterized and
characterization results confirmed their proposed
structures. The new complexes have good solubility
in various organic solvents. Aggregation behaviors
of the phthalocyanine were investigated, and only
2 showed aggregation in DMSO and ethyl acetate.

The antibacterial and antifungal activity of 3
derivatives varied for the bacterial strains and one
fungus tested. Especially, 3 showed the best
antibacterial  activity against all  bacteria
(exceptionally S. aureus) used in this study with
the lowest MIC value. The compound 3 is also the
most effective to fungus with the lowest MIC value
and two times effective than the compound 2 for
against bacteria and fungus when comparing the
phthalocyanine compounds.
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