BIOORGANIC &
MEDICINAL CHEMISTRY
LETTERS

Bioorganic & Medicinal Chemistry Letters 8 (1998) 3543-3548

Pergamon

Synthesis and Phototoxic Property of Tetra- and
Octa-Glycoconjugated Tetraphenylchlorins

Yuji Mikata,2* Yoko Onchi,@ Minako Shibata, P Toyoji Kakuchi,b Hiroshi Ono,¢
Shun-ichiro Ogura,d Ichiro Okura,d and Shigenobu Yanoa*

ADepartment of Chemistry, Faculty of Science, Nara Women's University, Nara 630-8506, Japan
bGraduate School of Environmental Earth Science, Hokkaido University, Sapporo 060, Japan
CNational Food Research Institute, Ministry of Agriculture, Forestry and Fisheries, Tsukuba, Ibaraki 305-8642, Japan
dDepartment of Bicengineering, Tokyo Institute of Technology, Nagatsuta, Yokohama 226-8501, Japan

Received 14 September 1998; accepted 23 October 1998

Abstract

New tetraphenylchlorin derivatives having four or eight glucose molecules were synthesized.
Phototoxicity against the HeLa cell, singlet oxygen producing ability, and cell permeability were
examined to evaluate the activity on photodynamic therapy of the compounds. © 1998 Elsevier
Science Ltd. All rights reserved.
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Photodynamic therapy (PDT) is one of the most clean and effective treatments for
cancer.1,2  To obtain the water-solubility and penetration activity into cells, several porphyrin
derivatives linked to sugar moieties have been synthesized as a photosensitizer for PDT.3-6
Recently, we reported the necessity of screening of the sugar moiety and protective group of the
glycoconjugated tetraphenylporphyrins as sugar-linked photosensitizers.” Here we report the
synthesis of sugar-linked chlorins which have markedly large molar extinction coefficient on
long-wavelength region compared with corresponding porphyrins.® In addition to
spectroscopic character, their activity for singlet oxygen production, phototoxicity against the
HeLa cell, and cell permeability using microscopic analysis were studied.
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Compounds 1-3a were prepared by the diimide reduction?/10 of corresponding
porphyrins.47  Overreduction was occurred, however, chloranil oxidation was effective to
obtain the chlorin (57-73 %). Deprotection of these compounds by NaOMe in MeOH/CHCI3
gave 1-3b quantitatively.1l It was difficult to obtain the N-acetylglucosamine derivative from
corresponding porphyrin by similar procedure due to the problem of solubility of the product.

The electronic absorption spéctra of these chlorins were recorded in DMSQO. The Amax
and & of the compounds are summarized in Table 1. All compounds have larger molar
extinction coefficient on their QI band compared with corresponding porphyrin derivative 5

having four OH-protected glucoses (i. e. porphyrin analog of compound 1a).

Table 1. Spectral Data of Sugar-linked Chlorins in DMSO

Xmax /nm (€ /104 M‘lcm'l)

Compound Soret Band IV Band III Band II Band 1
1a 423 (20.1) 523 (1.48) 549 (1.19) 598 (0.63) 652 (3.34)
1b 423 (16.5) 523 (1.22) 550 (1.03) 598 (0.53) 652 (2.80)
2a 423 (12.6) 523 (1.02) 550 (0.80) 599 (0.44) 652 (2.15)
2 423 (12.9) 523 (0.90) 551 (0.77) 599 (0.38) 652 (2.01)
3a 420 (17.8) 517 (1.31) 543 (0.76) 599 (0.52) 652 (3.15)
3b 422 (13.3) 519 (0.91) 546 (0.54) 599 (0.33) 653 (2.32)
5a 421 (45.4) 517 (1.75) 554 (1.04) 593 (0.52) 648 (0.56)

a From ref. 7.

The photosensitizing ability of these compounds yielding singlet oxygen (102) was
evaluated by degradation of diphenylisobenzofuran (DPBF) in DMSO at long wavelength
region (A > 600 nm).” The observed rate constants (kobs) are listed in Table 2. Under the same
experimental conditions, these sugar-linked chlorins were more effective than
tetraphenylporphyrin tetrasulfonic acid (TPPS) which is known as photosensitizers that
produce singlet oxygen efficiently.12:13  Sugar-linked porphyrin derivative 5 was also proved
to have lesser activity. The tetragalactosylated compounds 2 exhibited rather small kobs

values, presumably due to their small molar extinction coefficients at Q bands.

Table 2. Observed Rate Constants of DPBF Degradation by Singlet Oxygen in DMSO Solution?

Compound la b 2a i 3a 3 TPPS 5

kobs /1021 12 094 068 062 11 1.1 024 034

a At27°C. Errors are within + 5 %. Initial concentrations: [sensitizer] = 6.5 x 1077 M, [DPBF] = 4.4 x 10°° M. Light
source: 250 W halogen lamp (A > 600 nm).
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The photocytotoxic properties of these glycosylated sensitizers were evidenced against the
HelLa cell line. The cell survival is plotted as a function of concentration of sensitizers in
Figure 1, in which the results of tetraphenylchlorin 4 and porphyrin derivative 5 are included.

Since almost no remarkable difference in the photodynamic efficiency for generating
singlet oxygen among all the chlorin compounds was observed, the in vitro photocytotoxic
results reflects the extent of the incorporation of the drug into the cell. In constrast to the
results from porphyrin derivatives,” the higher activity was observed in OH-free compounds
for tetraglycoconjugated chlorins 1 and 2. This is in good agreement to the tumor localizing
property of chlorin derivatives prepared from pheophorbide.14  The opposite effect of OH-
protection was observed in 3. Octa-glucosylated derivative 3b exhibited small phototoxicity
probably arising from its poor transmembrane activity owing to excessive hydrophilicity.
Compound 5, in spite of the lesser activity of singlet oxygen production in the present
experimental condition (A > 600 nm), was the most effective sensitizer indicating the superior
membrane permeability of this compound.15
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Figure 1. Photocytotoxicity of compounds 1-5 against the HelLa cell. Irradiation time was 8
min; the percentage of cell survival was determined by MTT assay after 24 h incubation based
on the value for no drug treatment. Light source: 500 W halogen lamp (A > 600 nm), fluence 50
mW /cm?.

The higher reactivity of compounds 1-3 than 4 demonstrates the benefit of sugar moiety
in glycoconjugated photosensitizers. For the sake of strong fluorescent ability of chlorins, the
effect of sugar moiety in drug incorporation into cells were investigated by fluorescent
mycroscopic analysis. ~After the exposure of HeLa cell to photosensitizers (1a, 3a and 4) for 2
hours, the cells were washed with buffer and fluorescence from cells were monitored. Figure 2
clearly shows the advantage of introduction of sugar moiety in membrane permeability of
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Figure 2. Fluorescent mycroscopic analysis of compounds 1a, 3a, and 4

incorporated into the HeLa cell. Left: under white light. Right: under
excitaion light (400-440 nm}).
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octaglycosilated porphyrin 3a. These observations are very important for the exploration of
new glycoconjugated photosensitizers.

This work was partly supported by Grant-in-Aid for Scientific Research from the Ministry
of Education, Science, Sports and Culture, and a grant from the San-Ei Gen Foundation.
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