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Abstract: A phthalocyanine–fluorescein conjugate was designed and prepared. Its photophysical properties (electronic

absorption and fluorescence) were determined and compared with those of an analogous derivative functionalized by a

simple triazole without chromophore. It is likely to be used as a theranostic agent in photodynamic therapy.

Key words: Phthalocyanine, fluorescein, electronic absorption, fluorescence, theranostic agent, third-generation photo-
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1. Introduction

Theranostics are treatment strategies that associate diagnostics and therapeutics, mainly against cancer.1

Imaging techniques, treatment monitoring, precise molecule delivery, and/or personalized adaptation of the

medication are combined and optimized. These expanding medical approaches take place in several cancer

treatment procedures: surgery2 and cell screening3,4 among others. While nanotheranostics integrating these

imaging and treatment features on nanoparticles of various types5−8 are being developed fast, molecular

theranostic agents are scarcely described.

Photodynamic therapy (PDT) is an alternative cancer treatment based on the oxidative destruction of

tumors via the local generation of singlet oxygen by a photosensitizer excited by appropriate wavelength.9 In

the last 4 decades, extensive chemical research on photosensitizers dramatically optimized their efficiency, with

the successive development of several generations of molecules.10 Recent research focuses on the development

of theranostic agents combining imaging and photosensitizing properties.

Phthalocyanines have an original electronic structure based on 18 π delocalization, resulting in near-

infrared absorption around 700 nm and possibly up to 1000 nm by increasing the electronic delocalization.11

Subsequent electronic, photophysical, and photochemical properties are desired for many applications.12 Ph-

thalocyanines are broadly employed as sensors,13 oxidation catalysts,14 and photocatalysis,15 as well as for

their nonlinear properties.16 Their use as photosensitizers of second and third generation for photodynamic

therapy17 remains a major one. Among the various types of phthalocyanines used in PDT, possibly water-

soluble,18 we focus on the development of glycerol-substituted derivatives19 with enhanced properties thanks

to various functionalizations: carbohydrates,20 tailored amphiphilicity,21 or different metalation.22

Fluorescein is used for fluorescence-based applications.23 As a fluorescence probe, it has been widely

functionalized to allow versatile coupling to molecules for their labeling: oligonucleotides,24 nanoparticles,25
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pH sensitive moieties,26 etc. Bioorthogonal approaches have been developed as well.27 Azaphthalocyanines

conjugated to various fluorophores—including fluorescein—behave as dark quenchers28 of DNA polymerization

monitoring. Keeping the glycerol substitution basis, we designed the fluorescein–phthalocyanine conjugate 1

(Scheme), likely to combine the photoproperties of both derivatives: the fluorescence imaging provided by the

fluorescein moiety at its own excitation wavelengths and the photodynamic activity of the phthalocyanine part,

resulting in enhanced flexibility for the imaging excitation wavelengths.
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Scheme. Preparation of phthalocyanine–fluorescein conjugate 1.

2. Results and discussion

2.1. Syntheses and characterizations

The powerful role of click chemistry in the preparation of functionalized tetrapyrrolic derivatives29 is a useful tool

for such purposes thank to its flexibility, enhancing the design and synthesis of alkynyl-functionalized fluorescein

derivatives. Phthalocyanine–fluorescein conjugate 1 was obtained by a click reaction between phthalocyanine

220a and fluorescein 330 (Scheme).

The alkynylfluorescein derivative (3) was prepared following a described procedure30 and crystallized

from chloroform–hexane. Available analytic data30 were completed by its crystallographic structure (Figure 1)

and 2-dimensional HSQC NMR (Figures 2a–d).

Single-crystal X-ray diffraction of 3 (Figure 1a) reveals that the crystal asymmetric unit consists of one

independent molecule. The 3 rings in the xanthene moiety have a high degree of planarity. The benzene moi-

ety was almost perpendicular to the xanthene moiety. The dihedral angle between the 2 extended aromatic

ring systems is 66.40(2)◦ and comparable to that observed for p -methoxycarbonylphenyl fluorone (64.9(2)◦).31
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Figure 1. a) Structure of fluorescein derivative 3. Displacement ellipsoids are drawn at the 50% probability level.

H-atoms are shown as small spheres of arbitrary radii; b) Crystal packing of 3.

Figure 2. Full HSQC NMR spectrum of 3 (a), magnifications corresponding to the alkynyls (b), to the CH2 and CH3

protons (c), and to the aromatic area (d).
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Bond lengths and angles may be regarded as normal. Hydrogen bond distances and angles of this compound are

presented in Table 1. Crystal data and experimental crystallographic details are presented in Table 2. Crystal

packing is stabilized by intermolecular C-H · · ·O hydrogen bond and π · · · π stacking interactions (Figure 1b).

Table 1. Hydrogen bond distances [Å] and angles [◦ ] for fluorescein derivative 3.

D-H· · ·A D-H H· · ·A D· · ·A D-H· · ·A
C6-H6· · ·O2i 0.95 2.60 3.499(3) 158
C9-H9· · ·O4 ii 0.95 2.39 3.109(3) 132
C12-H12· · ·O1i 0.95 2.45 3.362(3) 160

C14-H14A· · ·O1ii 0.99 2.42 3.221(3) 137
C16-H16· · ·O1iii 0.95 2.21 3.141(3) 165
C12-H12· · ·O1iv 0.95 2.40 3.337(3) 171

Symmetry codes: (i) 1 – x, 2 – y, 1 – z; (ii) x, 2 – y, –1/2 + z; (iii) 1 – x, 1 + y, 1/2 – z; (iv) 1 – x, y, 1/2 – z

Table 2. Crystal data and experimental crystallographic details for 3.

Empirical formula C24H16O5

Formula weight 384.37
Temperature 120(2) K

Radiation, wavelength Mo-Kα, 0.71073 Å
Crystal system, space group Monoclinic, C2/c
Habit, color Needle, orange
Unit cell dimensions

a 28.3554(12) Å

b 13.7108(6) Å

c 10.4106(5) Å
α 90◦

β 110.608(3)◦

γ 90◦

Volume 3788.4(3) Å3

Crystal size 0.030 × 0.050 × 0.570 mm
Z 8
Calculated density 1.348 Mg/cm3

Absorption coefficient 0.095 mm−1

F (000) 1600
θ range for data collection 1.53 to 25.03◦

Limiting indices –33 ≤ h ≤ 33, –16 ≤ k ≤16, –12 ≤ l ≤ 12
Reflections collected 26,257
Absorption correction multiscan
Independent reflections 3357
Max. and min. transmission 0.9969 and 0.9482
Refinement method Full-matrix least-squares on F 2

Data/restraints/parameters 3357/0/264
Goodness-of-fit on F 2 1.073
Final R indices [I > 2σ(I)] R1 = 0.0456, wR2 = 0.1091
R indices (all data) R1 = 0.0737, wR2 = 0.1215

Largest diff. peak and hole 0.239 and –0.251 e Å−3
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The click reaction between 2 and 3 was conducted using copper(I) bromide and N ,N ,N ’,N ”,N ” pen-

tamethyldiethylenetriamine (PMDETA) in dichloromethane and led to the expected compound 1 in high yield

(83%). For comparative purposes, commercial ethynyltrimethylsilane was simply clicked to azidophthalocyanine

2, giving the conjugate 4 (Figure 3). This close analogue of 1 has no fluorescein moiety but includes the same

phthalocyanine and a triazole ring, in order to be able to attribute the observed behavior variations only to the

presence of the fluorescein part. Thanks to photoinerty of the TMS function, its cleavage is not required for

this study.

Conjugates 1 and 4 were characterized by mass spectrometry, ATR-IR, and 1H and 13C NMR, their

purity being ascertained by HPLC (Figures 4a and 4b).

Figure 3. Structure of analogous 4.

Figure 4. HPLC profile of (a) 1 and (b) 4.

Comparative analysis of the FT-IR spectra of 1 and 4 evidences the stronger intensity of peaks due to

aromatic bonds in 1, attributable to the presence of the fluorescein moiety. Sharp carbonyl peaks at 1722 and

1641 cm−1 in the spectrum of 1 are due as well to the fluorescein part. Peaks centered at 3070 cm−1 in the
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spectrum of both compounds are due to the aromatic stretchings of the triazole and phthalocyanine macrocycle

bonds.29b Phthalocyanine derivatives prepared in these works are isomeric mixtures. For this reason, their

NMR spectra present overlapping peaks of tedious interpretation. Characteristic peaks can be observed, such

as carbonyl peaks resonating at low fields in the 13C NMR spectrum of 1, whereas no peaks are present in the

same area of the spectrum of 4. A characteristic peak of the methyl carbons attached to the silicon atom in

the spectrum of 4 is observed at –0.98 ppm.

2.2. Photophysical measurements

Photophysical measurements were conducted in DMSO, a solvent suitable for fluorescein-containing molecules,32

as well as in ethanol and chloroform. Electronic absorption spectra of the derivatives 1, 3, and 4 in DMSO

are presented in Figure 5. Table 3 summarizes the values observed depending on the solvent for the Q

band of phthalocyanine derivatives 1 and 4. Maximum absorption wavelengths corresponding respectively

to the phthalocyanine and the fluorescein moiety are not modified by the coupling, but Q band intensity is

synergistically increased by its presence in all solvents tested (Table 3). Absorption due to fluorescein moiety

is clearly additive, as seen in the conjugate spectrum between 400 and 520 nm, with perfectly superimposed

curves in this area for 1 and 3.

Figure 5. UV-vis spectra of phthalocyanine-fluorescein conjugate 1 (pink), fluorescein 3 (green), and reference 4 (blue)

in DMSO (10 µM).

Table 3. Electronic absorption data of 1 and 4.

Compound Solvent Q band λmax (nm) log ε

1

DMSO 699 5.32
CHCl3 696 5.32
EtOH 695 5.20

4

DMSO 699 4.81
CHCl3 697 4.86
EtOH 690 4.92

Fluorescence measurements were recorded by exciting 1, 3, and 4 at 450 nm (Figure 6a), and 1 and 4

at 664 nm (Figure 6b). Fluorescence quantum yields, Stokes shifts for the Q band, and maximum emission

wavelengths are summarized in Table 4. A Förster resonance energy transfer is observable when exciting at 450

nm: the emission of 1 compared to 4 is much stronger (Figure 6). This FRET effect is due to the excitation
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of the phthalocyanine Q band by the fluorescence emission of the fluorescein moiety, and is not observed on

control conjugate 4. The presence of the fluorescein moiety on 1 allows generation of fluorescein by excitation

at various wavelengths, a desirable flexibility for imaging purposes.

Table 4. Fluorescence data of 1 and 4 (λexc 664 nm).

Compound Solvent
Emission Stokes shift

ΦFλem (nm) ∆Stokes (nm)

1

DMSO 710 11 0.11
CHCl3 709 13 0.03
EtOH 702 7 0.02

4

DMSO 705 6 0.14
CHCl3 709 12 0.14
EtOH 700 10 0.13

Figure 6. Normalized emission spectra of phthalocyanine–fluorescein conjugate 1 (pink), fluorescein 3 (green), and

reference 4 (blue) in DMSO. λexc 450 nm in a), λexc 664 nm in b).

3. Experimental part

3.1. Materials and methods

Optical spectra in the UV-visible region were recorded with a Shimadzu 2001 UV spectrophotometer using a

1-cm path length cuvette at room temperature. Mass spectra were recorded on a MALDI (matrix assisted

laser desorption ionization) BRUKER Microflex LT using 2,5-dihydroxybenzoic acid as matrix. 1H and 13C

NMR spectra were recorded in CDCl3 solutions on a Varian 500 MHz spectrometer. The HPLC system is an

Agilent 1100 series HPLC system (ChemStation software) equipped with a G1311A pump and G1315B diode

array detector monitoring the range 254–900 nm. A normal phase column Lichrosorb-SI-60 (250 × 4.6 mm)

from Alltech Associates, Inc. was used. The mobile phase was a 50/50 (v/v) mixture of chloroform/THF. The

column temperature was maintained at 28 ◦C. The flow-rate was set at 0.8 mL min−1 and the sample was

dissolved in chloroform at a concentration of 0.2 mg mL−1 .

3.2. Synthesis of 1

Azidophthalocyanine 2 (20 mg, 16.9 µmol) and methyl 2-(3-oxo-6-(prop-2-ynyloxy)xanthen-9-yl)benzoate 3

(10 mg, 25.4 µmol, 1.5 equiv.) were dissolved in degassed CH2Cl2 (10 mL) under argon. N ,N ,N ’,N ”,N ”
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pentamethyldiethylenetriamine (5 mg, 25.4 µmol) was added and the solution was purged for 5 min with argon.

Then copper(I) bromide (4 mg, 25.4 µmol) was added and the mixture was purged with argon for 5 min more.

The reaction mixture was stirred at room temperature for 48 h, then diluted with CH2Cl2 , and washed with

water (10 mL). The organic phase was dried on Na2SO4 and concentrated. 1 was purified by silica gel column

chromatography. Elution with ethyl acetate removed most of the impurities; then the column was equilibrated

with CH2Cl2 and eluted by a gradient ending with CH2Cl2 /THF 5/1. 1 was obtained pure after a last

purification by preparative silica gel thin layer chromatography, elution CH2Cl2 /THF 3/1. Yield 83% (22 mg).

C82H77N11O18Zn, MW 1569.96. MALDI-TOF-MS m/z : 1568.70. FTIR (KBr): nmax (cm−1) 3068, 2984,

2932, 2874, 1722, 1641, 1592, 1505, 1486, 1452, 1379, 1335, 1269, 1238, 1207, 1104, 1081, 1049, 1027, 1006, 962,

934, 918, 877, 839, 800, 740 709, 664. 1H NMR (DMSO-d6 , δ , ppm): 9.3–6.3 (m, 23H, Ar, triazole), 5.5–4.2

(m, 15H, 3CH2CHCH2 , 2H, CCH2O), 4.1–3.4 (m, 19H, 4OCH2CH2O, OCH3), 1.65–1.39 (m, 18H, 6 CH3).

13C NMR (DMSO-d6 , δ , ppm): (overlapping signals) 182.89, 167.10, 164.77, 156.99, 156.41, 153.05, 141.97,

137.83, 137.06, 134.12, 133.44, 131.01, 126.56, 125.83, 125.25, 117.21, 115.75, 114.13, 114.13, 109.59, 109.33,

78.00, 75.11, 74.70, 72.21, 70.58, 70.36, 70.07, 69.11, 68.54, 66.55, 62.27, 52.60, 49.96, 39.80, 27.36, 27.15, 26.19,

25.85. HPLC tR : 4.96 min.

3.3. Synthesis of 4

Azidophthalocyanine 2 (20 mg, 16.9 µmol, 1 equiv.) and ethynyltrimethylsilane (2.54 mg, 25.4 µmol, 1.5 equiv)

were dissolved in degassed CH2Cl2 (10 mL) under argon. N ,N ,N ’,N ”,N ”pentamethyldiethylenetriamine (8.8

mg, 50.7 µmol, 3 equiv.) was added and the solution was purged for 5 min with argon. Then copper(I) bromide

(7.27 mg, 50.7 µmol, 3 equiv.) was added and the mixture was purged with argon for 5 min more. The reaction

mixture was stirred at room temperature for 48 h; only one new product was observed and no starting material

2 was detected by TLC. Then it was diluted with CH2Cl2 and washed with water (10 mL). The organic phase

was dried on Na2SO4 and concentrated. 5 was purified by chromatography on silica gel (CH2Cl2 /THF 3/1).

Yield: 19 mg, (87.7%). C63H71N11O13SiZn, MW 1283.80. MALDI-TOF-MS m/z : 1282.52. FTIR (KBr):

nmax (cm−1) 3072, 2983, 2933, 2877, 1769, 1726, 1650, 1606, 1542, 1487, 1453, 1371, 1336, 1278, 1242, 1219,

1157, 1083, 1051, 1035, 992, 974, 930, 839, 801, 800, 772, 744, 675. 1H NMR (DMSO-d6 , δ , ppm): 9.2–7.0

(m, 13H, Ar, triazole), 5.35–4.05 (m, 15H, 3 CH2CHCH2), 4.0–3.45 (m, 16H, 4 OCH2CH2O), 1.65–1.35 (m,

18H, 6 CH3), 0.30 (m, 9H, Si(CH3)3).
13C NMR (DMSO-d6 , δ , ppm): (overlapping signals) 177.84, 168.82,

168.77, 167.42, 163.53, 155.44, 144.51, 136.44, 135.22, 134.73, 130.72, 124.74, 124.50, 120.41, 119.69, 117.82,

115.13, 114.85, 109.12, 108.96, 108.90, 108.25, 74.65, 74.30, 73.61, 73.32, 70.19, 69.92, 69.75, 69.65, 69.56, 69.33,

68.79, 68.74, 68.67, 68.27, 66.16, 65.40, 57.98, 48.74, 27.41, 26.92, 26.73, 26.43, 25.74, 25.55, 25.42, 24.90, 21.74,

–0.98. HPLC tR : 5.66 min.

3.4. X-ray data collection and structure refinement for 3

Molecular geometry calculations were performed with PLATON v 1.16,33 and molecular graphics were prepared

using CCDC-Mercury.34 Crystal of methyl 2-(3-oxo-6-(prop-2-ynyloxy)xanthen-9-yl)benzoate was grown from

chloroform–hexane. A clear orange needle-like specimen of C24H16O5 , approximate dimensions 0.030 mm ×
0.050 mm × 0.570 mm, was used for the X-ray crystallographic analysis. Unit cell measurements and intensity

data collection was performed at 120(2) K on a Bruker Smart APEXII difractometer using monochromatized Mo

Kα X-radiation (λ = 0.71073 Å). The data reduction included correction for Lorentz and polarization effects,
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with applied multiscan absorption correction (SADABS).35 The structure was solved using the direct methods

procedure in SHELXS-97 and then refined by full-matrix least-squares refinements on F 2 using SHELXL-97.36

All nonhydrogen atoms were refined anisotropically using all reflections with I > 2σ(I) and the hydrogen

atoms were included riding on the respective parent atom with isotropic thermal displacement factors fixed at

1.2 times the U(eq) of the parent atoms (1.5 times for methyl groups).

3.5. Fluorescence quantum yield

Fluorescence quantum yields (ΦF ) were determined by the comparative method using Eq. 1 [1]:

ΦF = ΦF (Std)
F ·AStd

FStd·A
, (1)

where F and FStd are the areas under the fluorescence emission curves of the studied molecules and the standard,

respectively. A and AStd are the respective absorbances (which was ∼0.05) of the sample and standard at the

excitation wavelengths. Unsubstituted ZnPc (ΦF = 0.20) [2] was employed as the standard.

4. Conclusion

The photophysical properties of phthalocyanine–fluorescein conjugate 1 compared to 4 reveal its potential as a

theranostic agent. The effect of the presence of the fluorescein on the singlet oxygen generation as well as on

biological photodynamic activity is currently under investigation. Furthermore, water-soluble derivatives are

being prepared. Other fluorophores will be grafted as well.

Supplementary data

CCDC-840034 contains the supplementary crystallographic data for this paper. These data can be obtained free

of charge at www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre

(CCDC), 12 Union Road, Cambridge CB2 1EZ, UK; fax: + 44(0)1223-336033; email: deposit@ccdc.cam.ac.uk).
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