Bioorganic & Medicinal Chemistry Letters, Vol. 6, No. 11, pp. 1199-1202, 1996
Pergamon Copyright © 1996 Elsevier Science Lid
Printed in Great Britain. All rights reserved

PIL: S0960-894X(96)00201-6 0960-894X/96 $15.00 + 0.00

SYNTHESIS AND INVESTIGATION OF A GALACTOPYRANOSYL-
CHOLESTERYLOXY SUBSTITUTED PORPHYRIN

Hermann K. Hombrecher. and Christian Schell

Institut fiir Chemie der Medizinischen Universitit zu Liibeck, Ratzeburger Allee 160, D-23538 Lilbeck, Germany.
Fax: ++49-451-5004241. E-mail: hermann@chemie.mu-luebeck.de

Joachim Thiem
Institut fiir Organische Chemie, Universit4it Hamburg, Martin-Luther-King-Platz 6, D-20146 Hamburg, Germany
Fax: ++49-40-41234325

Abstract: The synthesis of a new carbohydrate cholesterol substituted porphyrin is described. Due to its

amphiphilic character this compound is easily built into model membranes. Furthermore, the vesicle forming

properties of compound 4 were investigated by light scattering experiments and electron microscopy.
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One of the most interesting applications of porphyrins is photodynamic therapy (PDT) of tumours." This

treatment is based on the high selectivity of porphyrinic compounds to tumour tissue and on the production of singlet
oxygen by irradiation of the porphyrin photosensitizer with visible light. Thus, formation of singlet oxygen in tumour
cells causes cell death and tumour necrosis. Besides long wavelength absorption solubility in water is one of the
requirements that a photosensitizer must fulfill. Therefore a number of carbohydrate substituted porphyrins were
synthesized.” It was shown recently that some carbohydrate substituted porphyrins exhibit enhanced selectivity to
cancer cells.® Although the mechanism of sensitizer uptake is not yet clarified, there is evidence that hydrophobic and
amphiphilic porphyrins associate strongly to LDL and are introduced into the tumour cell by receptor mediated
endocytosis.* Amphiphilic porphyrins may be also incorporated into plasma membranes of tumour cells. Incorporation
ofa photose:mitizer into a plasma membrane leads to a high quantum yield of cell deactivation as shown recently by
Shulok et al.

We herein describe the synthesis and some preliminary investigations of a new amphiphilic porphyrin derivative
that exhibits very interesting chemical and physical properties. The synthesis was performed by coupling of a
carbohydrate substituted dipyrrylmethane (1) with a cholesteryloxy substituted dipyrryimethane (2) by an
aminomethylation procedure ® and oxidation with Ks[Fe(CNe)).” Porphyrin 3 was isolated in 5% yiekl after
chromatographic work up. Deprotection of the carbohydrate moiety was achieved by reaction with CF;COOH/ H;0
in nearly quantitative yicld (Scheme 1). Spectroscopic and analytical data were in accordance with the assumed
structure of compounds 3 and 4.°

1199



1200 H. K. HOMBRECHER et al.

CH;

- CHs

"
<
o
CHO\PO 1.CHeCl2/ MeOH 1:1
CHy 2. [CHe=NERCI
3. KalFe(CN)]

c}i a‘h

"

G"\I/ CFCOOH

Scheme 1

Due to its amphiphilic character compound 4 could be easily introduced into phosphatidyl ethanolamine
vesicles. Phosphatidyl ethanolamine vesicles have been often used as a model system for cell membranes. We were able
to incorporate up to 5% of porphyrin 4 into these vesicles without significant aggregation. The absorption spectrum of
a water solution of porphyrin containing vesicles exhibited a normal Soret absorption at 407 nm and four Q-bands in
the region of 505 to 630 nm. Thus, no significant aggregation of porphyrins in the membrane could be detected by
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absorption spectroscopy. Formation of vesicles was proved by light scattering experiments (vesicle diameter 250 nm)
and measurement of the K'-diffusion potential.

Injection of a DMSO solution of 4 into water (dilution 1:1000) led to the formation of vesicle-like structures
or aggregates. In the optical spectra of this solution the Soret band is split into a blue-shifted (375 nm) and a red-
shifted (480 nm) absorption. The red-shifted absorption is dominant (Eazs / Eago = 1:1.6). It is well known that a biue-
shifted absorption could be attributed to a face-to-face orientation and a red-shifted absorption is due to an edge-to-
edge orientation. The appearance of both a red-shifted absorption and a blue-shifted absorption leads to the conclusion
that no defined structure in the aggregates is formed. Nevertheless, face-to-face orientation seerus to be of minor
importance. Furthermore, we were able to obtain defined vesicles formed by compound 4 using a different method.
Dilution of 5 mg of 4 in 10 ml of a SDS (sodium dodecylsulfate) solution at 60°C and filtration (1 pm Microfilter) led
to a clear solution. Vesicles were formed after dialysis and ultrasound treatment (Branson Sonifier, 30% pulse, SOW)
of this solution. Light scattering experiments and electron microscopy (Jeol JSM-840 Scanning Microscope) revealed
that spherical vesicles of 500 nm diameter were formed (Figure 1). Interestingly, no splitting of the Soret absorption
(407 nm) was observed. The lack of Soret splitting might be due to incorporation of several SDS molecules acting as
spacer groups between the porphyrin chromophores. In marked contrast to this, the Soret absorption band is split into
a blue-shifted (386 nm) and a red-shifted (441 nm) absorption (Bsss / Eey = 1:1.9) if CHAPS (3[(3-
cholamidopropyl)dimethylammonio]- 1-propane-sulfonate) is used instead of SDS. Formation of vesicles under these
conditions was proved by measurement of the K*-diffusion potential. Nevertheless, more detailed investigations are
necessary to clarify the molecular structure of the obtained vesicles.
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Figure 1:  Electron micrograph of vesicles formed by 4. Magnification: 20000

In summary, we have synthesized a new type of amphiphilic porphyrin that exhibits very interesting properties.
These properties are of considerable interest for the design of new potential agents for photodynamic cancer treatment.
Work is underway in our laboratories to elucidate the structures of the vesicles and to obtain information upon the
interaction between the vesicles formed by 4 and different serum proteins.
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