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Synthesis and Characterization of Novel Water-Soluble Tetra-Substituted 

Zn(II) Phthalocyanine Containing Triazole and Galactose Moieties 

 

 

Yasemin BAYĞU*1  

 

 

Abstract 

 

In this study, new water-soluble non-peripheral tetra-substituted zinc complex of 

phthalocyanine which is contain galactose moieties was synthesized. ZnPc-I was prepared from 

the galactose substituted dicyano compound by the cyclotetramerization reaction. This dicyano 

compound was synthesized by Click reaction between 3-(pent-4-yn-1-yloxy)phthalonitrile and 

6-azido-6-deoxy1,2:3,4-di-O-isopropylidene-α-D-galactopyranose. ZnPc-II was obtained by 

hydrolysis of the protected isopropylidene groups in ZnPc-I in TFA and water mixture. The 

galactose linked Zn(II) phthalocyanine was achieved to dissolve in common polar solvents and 

water. All of the new compounds were characterized by elemental analysis, 1H NMR, 13C NMR, 

IR, UV–vis and MS spectral data. 

 

Keywords: Zinc(II) phthalocyanine, galactose, click reaction, water soluble phthalocyanine 

 

1. INTRODUCTION 

 

Phthalocyanine (Pc) compound having 18 π-

electron systems contains four nitrogen atoms 

in the central cavity and it is known as blue-

green-coloured [1]. Phthalocyanines and their 

metal complexes are widely used a wide 

range of areas for a long time beacuse of their 

matchless electronic properties of the 

phthalocyanine core, high degree of 

aromaticity and the ability to be added 

different substituents. Their applications such 

as non-linear optical devices [2], sensors [3], 

liquid crystals [4], dye-sensitized solar cells 

(DSSCs) [5], Langmuir-Blodgett films [6], 

and photodynamic therapy [7] can be showed 

as example. Phthalocyanines are generally 

soluble in commonly used organic solvents 
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due to substituents such as alkyl, alkoxy, 

crown ethers. 

 

Photodynamic therapy (PDT) is a clinical 

treatment method that depended on the use of 

light to treat a number of cancers such as early 

gastrointesti, oesophageal, lung and skin 

cancer [8]. A non-toxic, photosensitizing drug 

known as a photosensitizer (PS) is used in this 

treatment method. The photosensitizer causes 

the formation of reactive oxygen species, 

which is known as singlet oxygen, from 

molecular oxygen by using light of the 

appropriate wavelength. Phthalocyanines are 

used as second generation photosensitizers 

[9] because they have photophysical and 

photochemical properties such as no dark 

toxicity, strong absorption at long 

wavelengths, high singlet oxygen production 
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efficiency, chemical stability and penetration 

into deep tissues [10, 11]. Phthalocyanine 

compounds must be water-soluble for to be 

used as photodynamic therapy agents. For this 

reason, substituents such as carboxylate, 

sulfonate and quaternized amino groups can 

be added to their peripheral, non-peripheral or 

axial positions. However anionic sulfonated 

phthalocyanines tend to aggregate in water 

[12]. In conclucion their photosensitizing 

ability is lost for their use in PDT. Therefore 

galactosed or glucosed substitued 

phthalocyanines have prepared in literature 

[13, 14]. Morever, carbohydrate moieties 

such as galactose suggests the specific affinity 

for tumour tissues for application as 

photosensitizers in PDT, because the cancer 

cell gets its energy from carbohydrate. [15-

17]. 

 

Click Chemistry which was called by 

Sharpless is used to connect various 

functional groups together [18]. Click 

reactions that are selective, cheap and easy are 

obtained by using copper(I) catalyst between 

azide and alkyne compounds with high yield 

[19]. Thanks to these characteristics, Click 

reactions are commonly used in the synthesis 

of carbohydrate-containing porphyrins 

derivatives [20, 21]. 

 

In this study, the synthesis and 

characterization of zinc(II) phthalocyanines, 

whose galactose derivatives are protected by 

acetyl units and galactose derivatives contain 

hydroxyl groups, were reported. A new water-

soluble zinc(II) phthalocyanine containing 

alkyl-linked triazole units and tetra-

substituted galactose groups was synthesized. 

This new compound exhibited the partially-

aggregated behavior in aqueous media. The 

structures of all new compounds were 

confirmed by using elemental analysis, 1H 

and 13C NMR, FT-IR, UV-vis, and MS 

spectral techniques. 

 

2. EXPERIMENTAL 

 

2.1. General 

 

All chemicals which were used for synthesis 

of  reactions were purchased from 

commercial suppliers and n-pentanol was 

dried according to the procedure [22]. FT-IR 

spectra were recorded on Perkin-Elmer 

UATR Two spectrometer. 1H and 13C NMR 

spectra were measured  by Agilent-vnmrs 

400/54 and Varian Mercury plus 300 MHz 

spectrometers. Mass spectra were determined 

on a Micromass Quattro Ultima LC–MS/MS 

and on a Bruker Daltonics Microflex LT 

MALDI-TOF spectrometers. The UV-vis 

absorption spectra were measured on a 

Shimadzu UV-1601 spectrophotometer by 

using double-beamed in 1 mL quartz cuvette. 

Elemental analyses were determined on a 

Costech ECS 4010 instrument. Melting points 

were measured on an electro thermal melting 

point apparatus in a sealed tube. 

 

2.2. Synthetic Procedures and Spectral 

Data 

 

2.2.1. Preparation of 3-(3-(1-

(((3aR,5R,5aS,8aS,8bR)-2,2,7,7-

tetramethyltetrahydro-5H-bis([1,3] 

dioxolo)[4,5-b:4',5'-d]pyran-5-yl)methyl)-

1H-1,2,3-triazol-4-

l)propoxy)phthalonitrile (3):  

 

A suspension of copper(II) acetate 

monohydrate (0.2 g, 0.98 mmol) and sodium-

L-ascorbate (0.4 g, 2.01 mmol) in water (35 

mL) was added to the mixture of compound 1 

(1.05 g, 5 mmol) and compound 2 (2.15 g, 7.5 

mmol) in tert-butanol (35 mL). Then, the 

mixture was stirred under argon atmosphere 

at room temperature for overnight. The end of 

this period,  the reaction mixture was poured 

into water (70 mL) and stirred and then 

extracted with dichloromethane (3x25 mL). 

The collected organic extracts was washed 

brine solution (50 mL) and dried over 

anhydrous MgSO4. The product was stirred 

with diethyl ether and filtered off. Then dried 

in vacuo to give cream coloured solid. Yield: 
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1.93 g (77.82%), m.p: 150-152 °C.   1H NMR 

(300 MHz, CDCl3), (δ: ppm): 7.63 (s, 1H, 

HC=C), 7.53-7.30 (s, 3H, C-H)arom, 5.45 (s, 

1H, -OCH), 4.62-4.30 (m, 4H, -OCH), 4.17 

(m, 2H, -OCH2), 4.15 (d, 2H, -NCH2), 2.93 

(m, 2H, -CCH2), 2.25 (m, 2H, -CH2CH2), 

1.46-1.24 (s, 12H, CH3). 
13C NMR (75 MHz, 

CDCl3), (δ: ppm):161.51, 134.90, 134.83, 

125.26, 125.20, 117.21, 115.6, 113.30, 

110.08, 109.20, 105.02, 96.40, 71.42, 71.35, 

70.89, 68.89, 67.48, 50.65, 28.40, 26.18, 

26.11, 25.10, 24.61, 21.81. FT-IR (ATR, cm-

1): 3151 (triazole), 3087 (C-H)arom., 2995-

2903 (C-H)aliph, 2234 (C≡N), 1299, 1070, 

1007. MS (m/z): 496.03 [M+H]+, 518.01 

[M+Na]+, 597.05 [M+2K+Na]+. Anal. cald. 

for C25H29N5O6: C, 60.60; H, 5.90; N, 14.13. 

Found: C, 60.76; H, 5.94; N, 14.20. 

   

2.2.2. Preparation of ZnPc-I:  

 

Non-peripheral substitue dinitrile compound 

(3) (0.25 g, 0.5 mmol), anhydrous zinc(II) 

acetate (33 mg, 0.18 mmol) and 5 drops of 

DBU in dry pentanol (3.5 mL) were heated 

and stirred at 155 oC under argon atmosphere 

for 24 h in a Schlenck system.. After cooling 

to room temperature, the reaction mixture was 

poured into hexane (20 mL) and then 

centrifuged. Purification of the crude product 

was carried out by column chromatography 

on silica gel using dichlorometane/ethanol 

(98:3) to give green solid. Yield: 66 mg 

(26.4%), m.p> 300 °C. 1H NMR (400 MHz, 

CDCl3), (δ: ppm): 9.20 (s, 4H, HC=C), 8.09-

7.51 (s, 12H, C-H)arom, 5.44 (s, 4H, -OCH), 

4.58-4.28 (m, 16H, -OCH), 4.21 (m, 8H, 

OCH2), 4.14 (m, 8H, -NCH2), 2.97 (s, 8H, -

CCH2), 2.57 (m, 8H, -CH2CH2), 1.45-1.16 (s, 

48H, CH3). 
13C NMR (100 MHz, CDCl3), (δ: 

ppm): 156.17, 153.60, 141.62, 136.25, 

134.55, 125.73, 122.46, 115.44, 109.76, 

109.69, 108.89, 96.06, 71.04, 70.62, 70.19, 

67.97, 67.11, 50.26, 29.12, 25.88-24.32, 

21.93. UV-vis (CHCl3): λmax (log ε): 705 

(5.26), 637 (4.51), 322 (4.65). FT-IR (ATR, 

cm-1): 3149 (triazole), 3048 (C-H)arom., 

2933-2856 (C-H)aliph, 1627 (C=N), 1451, 

1324, 1152. MS (m/z): 2045.68 [M]+. Anal. 

cald. for C100H116N20O24Zn: C, 58.66; H, 

5.71; N, 13.68; Zn, 3.19. Found: C, 58.78; H, 

5.85; N, 13.76; Zn, 3.32. 

 

2.2.3. Preparation of ZnPc-II:  

 

ZnPc-I (61.35 mg, 0.03 mmol) was stirred in 

trifluoro acetic acid water mixture [(9:1) (1.5 

mL)] at room temperature for 35 minute. 

Diethyl ether (6 mL) was added to the 

solution at the end of this period and the 

product precipitated. The green solid was 

filtered off, washed with diethyl ether and 

then dried under vacuo. Yield: 46.09 mg, 

(89.06%), m.p> 300 °C. 1H NMR (400 MHz, 

DMSO-d6), (δ: ppm): 8.59 (s, 4H, HC=C), 

8.07-7.57 (s, 12H, C-H)arom, 4.96-353 (m, 52 

Gal-H and -OH), 3.14 (s, 8H, -CCH2), 2.57 

(m, 8H, -CH2CH2). 
13C NMR (100 MHz, 

CDCl3), (δ: ppm): 156.17, 146.98, 146.31, 

140.03, 136.35, 123.24, 119.58, 115.19, 

102.25, 97.91, 76.42, 72.07, 70.01, 69.26, 

68.78, 51.31, 29.60, 21.92. UV-vis λmax (log 

ε): 708 (5.31), 638 (4.58), 327 (4.62) in 

DMSO, 682 (4.64), 319 (4.47) in H2O. FT-IR 

(ATR, cm-1): 3269 (OH), 3153 (triazole), 

2924-2882 (C-H)aliph, 1673 (C=N), 1268, 

1198, 1058. MS (m/z): 1725.95 [M]+. Anal. 

cald. for C76H84N20O24Zn: C, 52.86; H, 4.90; 

N, 16.22; Zn, 3.79. Found: C, 53.03; H, 5.02; 

N, 16.39; Zn, 3.93. 

 

3. RESULTS AND DISCUSSION 

 

The synthetic routes were described to 

prepare Zn(II) phthalocyanines in Scheme 1. 

The precursor compound 3 was synthesized 

via  Husgein 1,3-dipolar cycloaddition 

reaction between 3-(pent-4-yn-1-

yloxy)phthalonitrile [23] and 6-azido-6-

deoxy1,2:3,4-di-O-isopropylidene-α-D-

galactopyranose [24] in the presence of 

copper(II) acetate monohydrate and sodium-

L-ascorbate in water/tert-butanol mixture 

(1:1) at room temperature in high yield 

(77.82%). FT-IR spectrum of this compound 

was showed characteristic vibrations at 3151 

cm-1 for triazole and at 2234 cm-1 for C≡N 

moieties (Figure 1). In the ESI mass spectra 

of compound 3 at m/z = 496.03, 518.01, 

597.05 signals should be concerned [M+H]+, 
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[M+Na]+ and [M+2K+Na+H]+ ion peaks 

respectively  (Figure 2). These mass spectra 

were confirmed the structure. The 

characteristic triazole resonances at δ = 7.63 

ppm in 1H NMR spectra and δ = 134.9 and 

125.20 ppm in 13C NMR spectra were 

confirmed the formation of compound 3 

(Figure 3 and Figure 4). 

 
Scheme 1 The synthesis procedure of ZnPc-II 
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Figure 1 IR spectrum of compound 3 
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Figure 2 Mass spectrum of compound 3 

 

 

Figure 3 1H-NMR Spectrum of compund 3 
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Figure 4 13C-NMR Spectrum of compund 3 

 

Zn(II) phthalocyanine (ZnPc-I) was prepared 

from compund 3 by the template reaction with 

anhydrous Zn(II) acetate and a few drop of 

DBU in dry n-pentanol under reflux in inert 

atmosphere. Purification of the ZnPc-I by 

column chromatography on silica gel using 

dichlorometane/ethanol (98:3) gave a blue-

green solid in yield 26.4%. The 

phthalocyanine formations was supported by 

disappearance of characteristic C≡N 

stretching vibration at 2234 cm-1 in the 

precursor compound 3 in the FT-IR spectra. 

In addition to that, the novel signal at 1627 

cm-1 concerning C=N moieties also supported 

the phthalocyanine formation (Figure 5). The 

molecular ion peak at m/z = 2045.68 [M]+ 

confirmed the proposed structure in the 

MALDI-TOF mass spectrum of ZnPc-I, 

(Figure 6). A proton belonging to triazole 

groups was observed at δ = 9.20 and the other 

aromatic ring protons were observed at δ = 

8.09-7.51 ppm in the 1H NMR spectrum of 

ZnPc-I (Figure 7). In the 13C NMR spectrum 

of ZnPc-I, the disappearance of characteristic 

C≡N signal belonging to the precursor 

compound 3 at δ = 113.30 ppm and the 

appearance of the novel signals at δ = 141.62 

ppm concerning C=N moieties was indicated 

the phthalocyanine formation (Figure 8).  
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Figure 5 IR spectrum of ZnPc-I 
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Figure 6 Mass spectrum of ZnPc-I 

  

 
Figure 7 1H NMR spectrum of ZnPc-I 
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Figure 8 13C NMR spectrum of ZnPc-I

ZnPc-I was stirred in a mixture of trifluoro 

acetic acid and water (9:1) at room 

temperature for 35 minute. As a result of this 

process, the isopropylidene groups of ZnPc-I 

were deprotected and ZnPc-II was obtained 

in very high yield (89.07%). This compund 

dissolved in water due to galactose units. The 

presence of O―H stretching vibrations at 

3269 cm−1 in FT-IR spectrum of this 

compound supported the removal of the 

protecting groups (Figure 9). The molecular 

ion peak being at m/z =1725.95 [M]+ was 

confirmed the structure in the MALDI-TOF 

mass spectrum of ZnPc-II (Figure 10). The 

chemical shifts at δ = 1.45–1.16 ppm should 

be indicated the disappearance of 

isopropylidene group of ZnPc-II (Figure 11). 

The observed novel moieties at δ = 25.88–

24.32 ppm in the 13C NMR spectrum of 

ZnPc-II also showed the formation of ZnPc-

II (Figure 12). 
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Figure 9 IR spectrum of ZnPc-II 
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Figure 10 Mass spectrum of ZnPc-II

 

Figure 11 1H NMR spectrum of ZnPc-II 
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Figure 12 13C NMR spectrum of ZnPc-II

The synthesized novel zinc(II) 

phthalocyanines ZnPc-I and ZnPc-II 

exhibited in the ground state typical electronic 

absorption having with the characteristic π→ 

π* transitions of the phthalocyanine core in Q 

band region. These absorbtions were 

observed at λ = 705 nm in chloroform for 

ZnPc-I and 708 nm in DMSO, 682 nm in 

water for ZnPc-II respectively. These single 

and narrow transitions in Q band region of 

UV-vis spectra where are shown in Figure 13 

and Figure 14 indicated the monomeric and 

non-aggregated behaviors of ZnPc-I in 

chloroform and ZnPc-II in DMSO. The UV-

vis spectra of ZnPc-II showed that the 

intensity of Q band is much lower in water 

than in DMSO. This situation can be 

comment as showing aggregated behaviors of 

ZnPc-II. However this aggregation is much 

lower than according to in a similar study 

[25]. Alkyl groups linked by triazole rings in 

ZnPc-I and ZnPc-II compunds may have 

prevented aggregation. 

 

 
Figure 13 UV-vis Spectrum of ZnPc-I (10-5 M in 

chloroform) 
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Figure 14 UV-vis Spectrum of ZnPc-II (10-5 M 

in water and DMSO) 

 

4. CONCLUSION 

 

In summary, compund 3 was synthesized 

using Husgein 1,3-dipolar cycloaddition 

reaction between 3-(pent-4-yn-1-

yloxy)phthalonitrile (1) and azido of 

galactose compound (2). ZnPc-I was obtained 

from tetramerization of compound 3. ZnPc-II 

was prepared with hydrolysis of ZnPc-I. All 

of novel compounds was characterized by 

various spectral data. Thus water soluble and 

partially aggregated phthalocyanine 

containing four D-galactose units was 

obtained. This new water soluble compound 

due to carbohydrate moieties can be used for 

the potential application as photosensitizers in 

PDT. 
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