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This paper reports the synthesis and characterization of a new class of tetrabenzoporphyrins bearing glu-
cosyl or polyamine units on meso positions to improve the targeting of cancer cells. Photocytotoxic activ-
ity of these photosensitizers was tested on cell lines HaCaT and MCF-7 and compared to Photofrin I1®.
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1. Introduction

Photodynamic therapy (PDT) appears as an innovative technol-
ogy that was recently accepted to treat a number of cancers.! This
technique is based on the selective accumulation of photosensitiz-
ers, such as porphyrins, followed by irradiation of the affected area
with visible light. Upon irradiation, the excited state of the photo-
sensitizer generates singlet oxygen that induces cell damage and
ultimately leads to cell death.? Photofrin 1I®, a mixture of con-
densed porphyrins derived from haematoporphyrin, was the first
photosensitizer approved for clinical PDT.> Second-generation
photosensitizers are synthetic molecules with a well defined struc-
ture. For example, meta-tetrahydroxyphenylchlorin (m-THPC or
Foscan®) has been approved for the treatment of esophagus, lung
and larynx cancers.? Benzoporphyrin derivative monoacid ring A
(BPD-MA), better known as verteporfin (Visudyne®), is currently
used for the treatment of age-related macular degeneration
(AMD).> Nevertheless, most of these compounds are highly hydro-
phobic and suffer from several drawbacks such as a lack of selectiv-
ity toward tumor cells and their use frequently results in persistent
photosensitization of the skin. In order to enhance the solubility of
photosensitizers in aqueous solutions, as well as their affinity for
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cancer cells, several strategies have been developed. Accordingly,
macrocycles have been conjugated to amino-acids or peptides,®
nucleotides,” monoclonal antibodies,® nanoparticles,® or carbohy-
drates.'® Recently, and in connection with our research program
on photosensitizers and their use in PDT, we have developed the
synthesis of different photosensitizers (porphyrins and chlorins)
bearing polyamine or glucosyl (a-p- or B-b-glucopyranose form)
units.'! In this article, we have extended this strategy to the syn-
thesis of new tetrabenzoporphyrin conjugates in the main to inves-
tigate the effect of carbohydrate and polyamine moieties for PDT
application. Indeed, tetrabenzoporphyrins (TBP), comprising four
benzene rings fused to a porphyrin macrocycle and no phenyl rings
on meso positions, could appear as promising candidates since they
absorb light in the red region of the visible spectrum (at 2
>640 nm) and much more strongly than porphyrins (such as
Photofrin®).!? Furthermore, extended m-conjugated systems en-
dow tetrabenzoporphyrins with high chemical stability albeit de-
creased solubility compared with the porphyrin macrocycle. By
contrast, meso-substituted tetraaryltetrabenzoporphyrins Ar,TBP
(with four phenyl rings on meso positions) proved much more sol-
uble in organics solvents. The improved solubility of the latter is
probably due in part to their considerably nonplanar structure,
which is the consequence of the steric crowding induced by the
four meso-aryl substituents. Nevertheless, spare solubility of
unsubstituted tetraaryltetrabenzoporphyrins in aqueous media


http://dx.doi.org/10.1016/j.bmc.2009.09.048
mailto:vincent.sol@unilim.fr
http://www.sciencedirect.com/science/journal/09680896
http://www.elsevier.com/locate/bmc

7648 F. Ménard et al./Bioorg. Med. Chem. 17 (2009) 7647-7657

presents a major drawback in biological environments. With the
aim to increase the water solubility of Ar,TBP, introduction of sul-
fonic acid, carboxylic acid or nido-carborane functions have been
realized.® Taking into account these data, we have chosen to syn-
thesize tetrabenzoporphyrins bearing glucosyl or polyamine units.
Photosensitizers with sugar moieties are known be easily soluble
in water and, in addition, glycosyl substituents also increase plas-
matic life time;'* these conjugates could be specifically recognized
by lectins expressed by tumor cells.!> Recently, Hao et al. described
the attachment of galactose or lactose units to porphyrins by click-
chemistry.'® The rationale that supports polyamine derivatization
has been already discussed!” and relies upon the preferential up-
take of polyaminated compounds into rapidly growing cells.!®
Polyamines are also known to bind phosphate moieties of nucleic
acids by charge interaction and hydrogen bonding;'® as a conse-
quence, polyamine-conjugated photosensitizers were shown to
possess DNA photo-damaging ability.?°

In this paper, we describe the synthesis of four new Ar,TBP
bearing osidic 5, 12 (Schemes 1 and 2) or polyamine units 17, 18
(Scheme 3), along with full experimental data concerning their
characterization ('"H NMR, MALDI, absorption and fluorescence
spectroscopies) and their in vitro photocytotoxic properties com-
pared at once parent tetraryltetrabenzoporphyrin Ar,TBP without
substituents on aryl positions and Photofrin I1I®.

2. Chemistry
2.1. Synthesis

The first synthesis of tetrabenzoporphyrin was described by
Helberger?! and was further developed by Linstead and co-work-
ers’> The few tetraaryltetrabenzoporphyrin synthesis protocols
found in the literature, are based on the total synthesis of tetra-
benzoporphyrin from oxygen-sensitive isoindoles,?® self-conden-
sation of benzodipyrromethene to give a dibenzoporphyrin,*
synthesis of (poly)butanoporphyrins followed by DDQ oxidation,?®
Diels-Alder reaction on pyrrolo[3,4,b]porphyrins or sulfolenopor-
phyrins,?® intramolecular cyclization?” or Diels-Alder reactions
on vinylporphyrins.?® These structures can also be prepared via
the condensation of tetrahydroisoindole with aromatic aldehyde
followed by DDQ oxidation,?® a protocol which we have used in
the present study.

Syntheses of the new conjugated compounds 5, 12, 17 and 18
are summarized in Schemes 1-3. Tetrahydroisoindole 1 was ob-
tained from 1-nitrocyclohexene with ethyl isocyanoacetate by Bar-
ton-Zard reaction®® which was then followed by a procedure using
a simple one-pot deprotection-decarboxylation.?® Then, in a rou-
tine procedure, compound 1, without intermediate isolation and
purification, was directly subjected to the subsequent Lindsey syn-
thesis®! with aromatic aldehyde 2 (Scheme 1). Glucosylaldehyde 2
was synthesised from 2,3,4,6-tetra-O-acetyl-o-p-glucopyranosyl
bromide®? and 4-hydroxybenzaldehyde as described in previous
papers.2® The resulting product was isolated by chromatographic
column purification and porphyrin 3 appeared as a green powder
in 36% yield. Aromatization of tetracyclohexenoporphyrin 3 into
tetrabenzoporphyrin 4 required its conversion into metal complex
Zn-3.2° We chose zinc since its decomplexation required softer
conditions than for other metals (Cu, Ni, Pd). In fact osidic units
did not withstand the hard conditions of demetallation of the latter
metals. Thus metal complex of glucosylporphyrin Zn-3 was pre-
pared by reacting free base porphyrin 3 with zinc acetate in appro-
priate solvent (CHCI;/MeOH, 9:1). Reaction was considered
complete when the Soret band of the dication at 476 nm vanished.
Zinc porphyrin was recovered in 62% yield as a dark red solid. This
reaction was followed by oxidative aromatization of tetracy-

clohexenoporphyrin by DDQ Zn-3 leading to tetrabenzoporphyrin
Zn-4. A chromatographic purification afforded Zn-4 (37% yield)
which appeared as a green powder. Metallo-benzoporphyrin Zn-
4 was demetalled by HCI (10 M) in CH,Cl, and compound 4 was
collected and purified by thin-layer chromatography (TLC) (76%
yield) (Scheme 1). Removal of the acetate protective groups of
compound 4 with 0.5M sodium methoxide in MeOH/CH,Cl,
(8:2) gave tetraglucosyl-tetrabenzoporphyrin 5 in 86% yield
(Scheme 1). Synthesis of compound 12 started from tetra-
phenylcarboxytetrabenzoporhyrin 6 synthesized by the Vinogra-
dov method.?® In a second step, 2,2'-(ethylenedioxy)-bis-ethyl-
amine used as hydrophilic linker, was synthesised by Schneider
method.>* The synthesis of glucosyl-benzoporphyrin 8 was carried
out by reaction of compound 6, with tert-butyl-N-(2-[2-(2-amino-
ethoxy)ethoxy]ethyl)-carbamate 7, in the presence of dicyclohex-
ylcarbodiimide (DCC) and 1-hydroxybenzotriazole (HOBt) in
dimethylformamide (Scheme 2). Then, the protecting groups
(Boc) were removed by standard methods in high yields with
TFA in dichloromethane at room temperature. Finally, the expected
benzoporphyrin 9 was obtained in a nearly quantitative yield.
Reaction of benzoporphyrin 9 with triacetyl lactone 10,>> with an
excess of DMAP in CHCl; gave glucosylporphyrin 11, in 28% yield,
after purification on silica gel PLC. The last step, removal of the ace-
tate protective groups 11 by 0.5 M sodium methoxide in MeOH/
CH,(Cl; (8:2) gave tetrabenzoporphyrin 12 in 82% yield.

Synthesis of tetraarylbenzoporphyrin-polyamines 17, 18 re-
quire the selective protection of spermidine (Spd) and spermine
(Spm). Different approaches to the selective protection of poly-
amines have been reported.>® We chose Boc-protective group,
which can be selectively removed by trifluoroacetic acid (TFA).
Thus, spermine and spermidine analogues 13, 14 (Scheme 3) were
obtained in three steps, as described previously.>” Under the same
conditions as for benzoporphyrin 8, compound 6 reacted with N*-
(4-aminobutyl)-N' N&-bis-tert-butoxycarbonylspermidine or N*-
(4-aminobutyl)-N',N& N'2-tris-tert-butoxycarbonylspermine in
presence of DCC and HOBt in DMF (Scheme 3). After purification
by TLC, protected conjugated tetraaryltetrabenzoporphyrins 15
and 16 were obtained in 39% and 58% yields, respectively. The ex-
pected compounds 17 and 18 were obtained after cleavage of
protecting groups (Boc), in quantitative yields. Finally, tetra-
aryltetrabenzoporphyrin derivatives 17 and 18 were obtained in
a nearly quantitative yield. Compounds 17 and 18 are freely solu-
ble in MeOH/H,0, but not completely in water.

2.2. Mass characterization

Mass spectrometry of all porphyrin and Ar,TBP derivatives was
performed by using the matrix-assisted laser desorption ioniza-
tion-time-of-flight (MALDI-TOF) technique. Most of the com-
pounds studied gave one main peak (protonated molecule MH+,
no fragments). Nevertheless, compounds 15-16 bearing Boc-pro-
tected polyamine units gave additional signals. The MALDI-TOF
mass spectrum of compound 15 (Fig. 1) clearly indicated the pres-
ence of the protonated porphyrin derivative (M+H") along with
metastable fragment ions that correspond to a loss of one or sev-
eral protective groups.?’

2.3. TH NMR characterization

TH NMR spectra recorded at 400.13 MHz were used for charac-
terization of 3, 4, 8, 14, 15 and 16 in CDCl; or CDs0D for deprotec-
ted compounds 5, 9, 12, 17 and 18. The detailed resonance
assignments are based on integration and selective homonuclear
decoupling and 2D homonuclear COSY experiments. The spectra
of these compounds are governed by the symmetry properties of
the molecule and by orientation of meso substituents (polyamines
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with Boc-protected units in 8, 15 and 16, with free amino functions
in 17-18, the spacer arm in 9 and sugar moieties in 4, 5, 10 and
11). '"H NMR spectrum of benzoporphyrin derivative 11 (Fig. 2) is
composed of seven groups: the phenyl protons appearing as dou-
blet signals between 8.0 and 8.5 ppm, the aromatic ring protons
appearing as doublet signals between 7.1 and 7.3 ppm, the spacer
arm proton signal split into two sets near 3.4-3.9 ppm and 1.2-
3.8 ppm, the glucosyl protons observed at 3.5-5.5 ppm, the acetate
protective group protons near 2 ppm, and the NH protons appear-

CHO
HN = i
_ + B
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ing as a broadened singlet near —1.1 ppm. Integrations were in
agreement with the fixation of four targeting units on the photo-
sensitizers. Moreover, for glucosyl-benzoporphyrin 5, the reso-
nance of the four anomeric protons appeared as a doublet peak
at 4.7 ppm. The high value of the coupling constant (Jy_y=
8.3 Hz) observed for these protons confirms that the sugar is in
the B-p-glucopyranose conformation. The alpha configuration of
glucosyl-benzoporphyrin 12 is confirmed by the low coupling con-
stant (Jy_y = 3.5 Hz).
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Scheme 1. Reagents and conditions: (i) BF3-Et;0 (0.14 equiv), CH,Cl,, rt, 2 h, then DDQ (1.1 equiv), 1 h, 36%; (ii) Zn(OAc),, CHCl3/MeOH (9:1), 1 h, 62%; (iii) DDQ (16 equiv),
THEF, reflux, 1 h, 37%; (iv) HCI (10 M), CH,Cl,, 5 min, 76%; (v) MeONa (0.5 M, 3 equiv per acetate group), CH,Cl,/MeOH (8:2), 1 h, 86%.
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Scheme 2. Reagents and conditions: (i) H,N-CH,-(CH,-O-CH;),-CH,-NHBoc (7) (4.4 equiv), DCC (4.4 equiv), HOBt (4.4 equiv), DMF, rt, 85%; (ii) CF3CO,H/CH,Cl; (1:1), rt, 2 h,
quantitative yields; (iii) DMAP (16 equiv), CHCls, rt, 2 weeks, 28%; (iv) MeONa (0.5 M, 3 equiv per acetate group), CH,Cl,/MeOH (8:2), 30 min, 82%.

2.4. UV-vis absorption and fluorescence spectroscopies

Spectra of the protected compounds (polyamino and polygluco-
syl) were recorded in CHCls, and the deprotected compounds in
MeOH and in water (Table 1). Tetraaryltetrabenzoporphyrin deriv-
atives show typical spectra with a Soret band near 470 nm, and
three less intense Q bands around 600, 645 and 700 nm, annotated
QIII, QII and QI, respectively. Spectra of the final products are sim-
ilar to spectra of related compounds and share a 645 nm band
more intense than the corresponding band of porphyrins. Differ-
ences were observed in absorption spectra of the various protected
or deprotected Ar,TBP derivatives. Spectra of deprotected com-
pounds 17 and 18 present a Soret band broader than protected
compounds 15 and 16. Furthermore, deprotected derivatized ben-
zoporphyrins showed a blue shift and a drop in molar extinction
coefficient compared to their protected counterparts. Compared
with the literature,® all these features strongly suggest association
of the deprotected benzoporphyrins in aqueous solvents. Thus, the
low solubility of Ar,TBP with polyamine moieties could be attrib-
uted to this association. Moreover, in the case of glucosylated

Ar,TBP with ethylenedioxy spacer arm between macrocycle and
sugar units 12, similar features were also observed.

All fluorescence spectra of dimers in MeOH were characterized
by one or two emission bands (655 < inax <665, for tetra-
aryltetrabenzoporphyrin derivatives 12, 17, 18 and 660 nm,
700 nm for 5). The fluorescence emission wavelengths of 5, 12,
17 and 18 in aqueous solutions were identical to those obtained
in MeOH (Table 2), but emission was strongly quenched. This de-
cay of fluorescence can be explained by the formation of aggre-
gates and is consistent with the features of the respective UV-vis
spectra.3® The low values of @ for porphyrins 5, 12, 17 and 18
can be attributed to a partial aggregation of the photosensitizers
in this medium.

3. Photophysical studies
3.1. Photostability of tetrabenzoporphyrin derivatives

In order to establish whether unprotected Ar,TBP derivatives 5,
12, 17 and 18 could undergo photobleaching, photostability stud-
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Scheme 3. Reagents and conditions: (i) polyamine 13 or 14 (4.4 equiv), DCC (4.4 equiv), HOBt (4.4 equiv), DMF, rt, 18 h, 39% (15), 58% (16); (ii) CF3CO,H/CH,Cl, (1:1), rt, 2 h,
quantitative yields for compounds 17 and 18.
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Figure 2. 'H NMR in CDCl; of compound 11.
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Table 1
Absorption spectra of tetraaryltetrabenzoporphyrin derivatives in various solvents®
[4nm (€ x 103 mol™' Lem™')]

Compound? Soret Visible bands (Q)

4(b) 466 (313.6) 591 (22.1), 642 (42.0), 697 (17.4)
5(a) 470 (299.6) 588 (23.3), 629 (35.2), 697 (14.7)
11(b) 469 (230.8) 596 (11.5), 648 (30.2), 701 (9.2)
12(a) 464 (99.7) 652 (12.2), 698 (1.7)

15(b) 467 (126.9) 603 (12.1), 648 (19.1), 699 (8.8)
16(b) 469 (173.8) 605 (10.8), 655 (21.6), 710 (9.2)
17(a) 462 (73.0) 594 (4.6), 639 (9.1), 696 (2.8)
18(a) 462 (55.5) 592 (5.7), 639 (8.1), 697 (4.5)

2 Solvents as follows: (a) MeOH, (b) CH,Cl,.

Table 2
Fluorescence emission maximum (in MeOH) wavelength (/max), fluorescence (®g)
quantum yields and partition coefficient (log P)

Photosensitizers Aen [ Log P
5 660/700 0.03 0.18

12 665 0.01 -0.75
17 655 0.01 -0.21
18 660 0.03 -0.47

ies were performed with white light (fluence rate 2.5 mW/cm?).
Results (Table 3) display the relative residual absorbance of sam-
ples in function of irradiation time.*® Under these conditions, all
compounds show a high photostability with a virtual absence of
photobleaching after 1 h of irradiation.

3.2. Singlet oxygen production

In order to determine the photosensitizing properties of Ars,TBP
derivatives 5, 12, 17 and 18, trapping reactions of '0, with ergos-
terol acetate were carried out.*! Reference experiments with eosin,
rose Bengal or haematoporphyrin (HP), known singlet oxygen pro-
ducers, gave ergosterol acetate epidioxide with nearly quantitative
yields. In the same experimental conditions, the benzoporphyrins
described in this article were found as efficient as HP.

3.3. Partition coefficients

Lipophilicity has proven an important molecular descriptor that
is often well-correlated with the bioactivity of drugs; log P, reflects
the equilibrium partitioning of a molecule between a nonpolar and
a polar phase, such as the 1-octanol/water system.*? In this work,
we have determined log P of tetraaryltetrabenzoporphyrin-tetra-
glucosylated derivatives 5, 12, and tetraaryltetrabenzoporphyrin
tetrapolyamines derivatives 17 and 18 as log(|ArsTBP] i octanol/
[ArgTBP]water) (Table 2).

Table 3
Photobleaching tests

Photosensitizers Irradiation time (min)

0 15 30 45 60
5 100 100 99 98 95
12 100 100 100 98 97
17 100 100 99 97 96
18 100 100 100 99 97

4. Biological assays

Glucosyl-tetraaryltetrabenzoporphyrin conjugates 5, 12 and
polyamine-tetraaryltetrabenzoporphyrin conjugates 17, 18 were
evaluated for their photocytotoxicity against human cell lines: Ha-
CaT (keratinocyte cell line) and MCF-7 (breast adenocarcinoma cell
line). Ar,TBP?®* without substituents under meso-aryl groups and
Photofrin II® at the same concentration (this ponderal concentra-
tion was based on haematoporphyrin molecular weight of
600 g mol ') were used as references. This study aimed at evaluat-
ing benzoporphyrin derivative ability to induce cell death. ICso of
these photosensitizers were determined and compared to Photo-
frin 11®. Results are presented in Table 4. All compounds were
found less active than Photofrin II®. In particular, compounds 12,
18 and Ar,TBP were found inefficient as photosensitizers against
HaCat and MCF-7 cell lines. Benzoporphyrins 5 and 17, were more
active against HaCat but displayed a very low activity against MCF-
7. This low activity could be attributed to the strong hydrophilic
character of each one of these compounds.*?

5. Discussion

In this study, we describe the syntheses and biological evalua-
tions of four new photosensitizers which differ by the nature of
targeting units. In a first time, we have chosen to target cancer cells
by the use of sugar units. So, two meso-tetraglycosylaryltetraben-
zoporphyrins have been synthesized by attaching the osidic units
directly on the macrocycle, or separated from the latter by a hydro-
philic spacer. These compounds were obtained by different meth-
ods: the first one consisted in amidation followed by glycosylation
of synthetic tetrabenzoporphyrin, and the second proceeded by
condensation of glucosylated aldehydic precursors with tetrahyd-
roisoindole. The latter approach opens up interesting prospects
since the development of new functionalised asymmetric benzo-
porphyrins could not be obtained using commonly used methods.
The second cellular recognition element employed in this study
was polyamine units and to this end, two natural polyamines, sper-
midine and spermine, were grafted through an aminobutyl arm on
tetracarboxyphenylbenzoporphyrin. Characterizations (MALDI,
UV-vis, fluorescence and 'H NMR) have confirmed the expected
structures for these new protected and unprotected molecules. In
addition, all these compounds showed a strong absorption band
around 700 nm and displayed ability to produce singlet oxygen.

Influence of glucosyl units or polyamine units on the cellular
viability has been evaluated. Preliminary tests to assess photocyto-
toxic activity of these molecules have shown that their activities
were weaker than Photofrin II® used as a reference. Tetrakis benzo-
porphyrins 12, 18 and Ar,TBP (reference compound) were found
inefficient as photosensitizers against HaCat and MCF-7 cell lines.

Table 4

ICso (ngmL~") of tetraarylbenzoporphyrin derivatives 5, 12, 17, 18, tetra-
arylbenzoporphyrin Ar,TBP and Photofrin® tested against HaCaT and MCF-7 human
cell lines

Compounds HACAT MCF7

Mean +ET Mean +ET
Photofrin® 78.7 39 1224.0 124
5 971.5 194 8414.6 2976
17 3417.8 161 7277.2 3915
12° — — — —
18° - - - -
Ar,TBP*? = = = =

Tetraaryltetrabenzoporphyrin solutions were irradiated (white light, fluence
2.5 mW/cm?). Absorbance was measured at the maximum of the Soret band.
Results represent residual absorbance (%) in function of irradiation time.

2 No significant result.
b This compound without sugar or polyamines units under phenyl ring was been
synthesised by Vinogradov method?** and was been used as reference.
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The other benzoporphyrin derivatives 5 and 17 were shown to be
more active against HaCat but displayed a very low activity against
MCF-7. In agreement with these preliminary results, we tried to
correlate these different structures with PDT activities. The results
obtained with compounds 12 and 18 could be attributable to the
very strong hydrophilicity of these benzoporphyrins derivatives.
Indeed, observations of UV-vis and fluorescence spectra have
shown strong aggregation propensities. Furthermore, comparison
of partition coefficients of tetraglucosylated benzoporphyrins
derivatives 5 and 12 showed that tetraethylene glycol spacer arm
increased hydrophilicity of compound 12 and thus decreased its
PDT efficiency.** Moreover, inefficiency of Ar,TBP, used as refer-
ence, showed that presence of four sugar units directly grafted
on meso phenyl rings of tetraphenyltetrabenzoporphyrin
derivative 5 was important for increase amphiphilic character of
macrocycle and allowed evaluation of their photocytotoxicities
against human cell lines (HaCat and MCF-7). Indeed, as described
in the literature,'>!'® solubility in aqueous medium of tetra-
phenyltetrabenzoporphyrins without hydrophilic substituents (as
sulfonic acid, nido-carborane or sugar units) was very lower and
so, they were not used for biomedical application (PDT). Concern-
ing the nature of polyamine group on the macrocycle, our results
show that compound 18, substituted by four spermine units, is less
efficient than spermidine-substituted compound 17, suggesting
that the higher number of amine groups increases hydrophilicity
of compound 18 and thus decreases PDT efficiency. New benzopor-
phyrin derivatives with modified hydrophilic/lipophilic balance
are currently being designed with the aim to increase their amphi-
philic character and thus their PDT efficiencies. For tetrag-
lycosylbenzoporphyrin 5 which have shown some cytotoxic
activity, studies are in progress to understand the mechanism of
PDT-induced cell death and to track its cellular uptake and subcel-
lular localization.

6. Conclusion

A series of new conjugated tetraglucosyl-tetrabenzoporphy-
rins 5, 12 and tetrapolyamine-tetrabenzoporphyrins 17, 18 have
been designed, synthesized and characterized. In particular, the
presence of glucosyl units directly grafted on meso phenyl
ring (5), increased solubility in aqueous medium of tetra-
phenyltetrabenzoporphyrin derivatives. Thus, it was possible to
realize preliminary viability tests, in vitro on two human cancer
lines (MCF-7 and HaCaT) in presence of a polychromatic light
and this photocytotoxicity activity is more important than for
the parent compound Ar,TBP without sugar units. Nevertheless
first results showed that these compounds were less efficient
than Photofrin®.

7. Experimental
7.1. General

All solvents and reagents were purchased from Aldrich, Pro-
labo or Acros. Triacetyl lactone 10 was supplied by Yves Queneau
(Laboratoire de chimie organique—INSA Lyon). Analytical thin
layer chromatography (TLC) was performed on Merck 60F254
or RP-18 F254S silica gel. Column chromatography was carried
out with Merck silica gel (60 ACC; 15-40 um). 'H and >C NMR
spectroscopies were performed with a Briiker DPX 400 spectrom-
eter. Chemical shifts are reported as ¢ (ppm), downfield from
internal TMS and are listed according to the standard numbering
of tetraphenyltetrabenzoporphyrins and glucopyranose. UV-vis
spectra were recorded on a Perkin-Elmer Lambda 25 double-
beam spectrophotometer using 10- or 50-mm quartz cells. Fluo-

rescence spectra were recorded on a PTI quanta master spectro-
fluorimeter equipped with a xenon short arc lamp (Ushio) and a
photomultiplier tube (Hamamatsu R1527P). Fluorescence quan-
tum yields have been determined using Rhodamine 101 as a
standard. Corrections have been made to take into account the
respective spectral response of the detection system. Infra-red
spectra were recorded on a Perkin Elmer Spectrum 1000 FTIR
spectrometer with KBr pellets. Elemental analyses were carried
out by the ‘Service Régional de Microanalyse de I'Université
Pierre et Marie Curie, Paris’. MALDI-TOF mass spectra were re-
corded with a Voyager Elite (Framingham MA, USA) time-of-
flight mass spectrometer equipped with a 337 nm nitrogen laser
(VSL 337ND) (Université Pierre et Marie Curie, Paris). It was
operated in the reflection-delayed extraction mode at an acceler-
ation voltage of 20 kV. Internal standards (peptides) were used to
calibrate the mass scale with the two-point calibration Software
version 3.07.1 from PerSeptive Biosystems. One microliter of an
acetone solution of matrix (o-cyano-4-hydroxycinnamic acid)
and compounds at concentrations of 0.1 M and 0.01 mM, respec-
tively, were deposited onto the stainless steel sample slide and
dried in air.

7.2. Synthesis

7.2.1. 5,10,15,20-Tetrakis-[4-(2',3',4',6'-tetra-0-acetyl-p-p-
glucopyranosyloxy)-phenyl]-tetracyclohexenoporphyrin 3

Compound 1 was synthesised by the Vinogradov method.?®
Isoindole 1 (0.15 g, 0.78 mmol, 1 equiv) was diluted with CH,Cl,
to about 100 mL. The vial was protected from light and flushed
with Ar, and aromatic aldehyde 2 (0.36 g, 0.79 mmol, 1 equiv)
was added in one portion. The solution was stirred for 10 min,
then BF3-Et;O (13.5 pL, 0.11 mmol, 0.14 equiv) was added, and
the mixture was stirred at rt for 2 h. DDQ (0.20 g, 0.85 mmol,
1.1 equiv) was added, and the mixture was left 1 h under contin-
uous stirring. The resulting green solution was washed with 10%
aq Na,S0s3, with 10% aq Na,COs, with 5% aq HCI, and finally with
brine. The organic layer was dried over MgSO,4 and the solvent
was evaporated in a vacuum. The chromatographic purification
of the resulting solution on a silica gel column (eluent CH,Cl,/
EtOH, 95:05 to 90:10) afforded 3 (0.16 g, 0.07 mmol) in 36% yield.
Porphyrin 3 appeared as a green powder. Ry=0.52 (CH,Cl,/EtOH,
95:05); UV-vis (CHCl3): Amax, Nm (&, Lcm 'mol '1073) 476
(134.9), 578 (8.6), 632 (10.3), 691 (19.1); 'H NMR (400.13 MHz,
CDCl3, 25°C) ¢ 8.02 (d, Ju-n=8.3Hz, 8H, Hs.sphenyi) 7.32
(d, Ju-u=8.4Hz, 8H, Hy6_phenyt), 5.25-5.50 (m, 16H, Hy5r347),
4.49 (dd, ]H7H=4-5 and ]H7H= 12.4 Hz, 4H, HGH), 4.34 (dd, ]H*H =
1.6 and Jy_y =12.2, 4H, Hg-), 4.28 (ddd, Jy_p =2.4, Ju-n=5.4 and
H-H= 10.7, 4H, H5H); 2.20 (m, 16H, H1—4-aryl)' 2.11 (S, 48H, HAc)v
1.25-1.7 (m, 161‘[, H27373ryl); MS (MALDI) m/Z for C116H126N4040,
caled 2214.79, found 2215.51 [M+H]".

7.2.2. Zinc-5,10,15,20-tetrakis-[4-(2',3',4,6'-tetra-0-acetyl-p-p-
glucopyranosyloxy)-phenyl]-tetracyclohexenoporphyrin Zn-3

An excess of Zn(OAc),-H,0 was added to a solution of porphy-
rin 3 (0.16 g, 70 umol, 1 equiv) in 10 mL of CHCl;/MeOH (9:1).
The mixture was stirred until metal insertion was complete
(after about 1 h), as evidenced by UV-vis spectroscopy. Reaction
was considered complete when the Soret band of the dication at
476 nm vanished. The mixture was washed with 10% aq AcOH,
with NaHCOs;, and with water and dried over MgSO,4. Solvent
was evaporated in a vacuum and the remaining solid was puri-
fied on a silica gel column with use of a CH,Cl,/EtsN (99:01)
mixture as an eluent. Zn porphyrin (98 mg, 43 pmol) was recov-
ered in 62% yield as dark red solid. Zn-3 was identified by its
UV-vis spectrum.
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7.2.3. Zinc-5,10,15,20-tetrakis-[4-(2,3',4',6'-tetra-0-acetyl-f-p-
glucopyranosyloxy)-phenyl]-tetrabenzoporphyrin Zn-4

Metalloporphyrin Zn-3 (98 mg, 43 umol, 1equiv) was dis-
solved in 150 mL of dry THF. A twofold excess of DDQ (0.16 g,
690 pmol, 16 equiv) was added, and the mixture was refluxed for
1 h. During refluxing, color changed from red-brown to deep green.
The mixture was allowed to cool, diluted with CH,Cl, (20 mL),
washed with a 10% aq solution of K,CO3, with water and dried over
MgS0,. Solvent was removed in a vacuum, and the remaining solid
was purified on a silica gel column with CH,Cl,/EtsN (99:01) to
CH,Cl,/EtOH/EtsN (70:30:1). Chromatographic purification affor-
ded Zn-4 (36 mg, 16 pmol) in 37% yield. Benzoporphyrin Zn-4 ap-
peared as a green powder and was identified by its UV-vis
spectrum.

7.2.4. 5,10,15,20-Tetrakis-[4-(2',3',4',6'-tetra-0-acetyl-g-p-
glucopyranosyloxy)-phenyl]-tetrabenzoporphyrin 4

HCI (10 m, 10 mL) was added to a stirred solution of metallopor-
phyrin Zn-4 (36 mg, 16 pmol, 1 equiv) in 50 mL of CH,Cl,, which
resulted in an immediate change of color from green to red-brown.
The mixture was allowed to react for 5 min. The solution was trans-
ferred into a separatory funnel and washed with water, with a 10%
aq solution of K,CO3 and with water again and dried over MgSO,.
The chromatographic purification of the resulting solution by
thin-layer chromatography (CH,Cl,/MeOH, 92:08) afforded
compound 4 (26.7 mg, 12 pmol) in 76% yield. R¢=0.50 (CH,Cl,/
EtOH, 97:03); UV-vis (CHCl3): Amax, Nm (&, Lcm™ ! mol~1.1073)
466 (313.6), 591 (22.1), 642 (42.0), 697 (17.4); 'H NMR
(400.13 MHz, CDCl3, 25 °C) 6 8.28 (d, Jy-n = 8.4 Hz, 8H, H3_5_pheny1):
7.50 (d, Ju-u=8.4Hz, 8H, Haie phenyt). 7.30 (m, 16H, Hpenzo):
5.50 (m, 12H, H]rr_zrr_3rr), 5.32 (t, _’H—H =9.6 HZ, 4H, H4rr), 4.46
(dd, Jy-n=5.2 and Jy_u = 12.3 Hz, 4H, He), 4.29 (dd, Jy_n = 2.0 and
.]H—H= 12.3 Hz, 4H, HQH), 4.06 (ddd, ]H—H=2'2v .]H—H=5'2 and
Ju-n=9.7Hz, 4H, Hs), 2.17 (s, 48H, Ha), —1.18 (se, 2H, Hnp); MS
(MALD[) m/Z for C116H110N4040, calcd 2199.7, found 2199.67
[M+H]". Microanal. Calcd for C;16H110N4040: C, 63.32; H, 5.04; N,
2.54. Found: C, 62.57; H, 4.22; N, 3.81.

7.2.5. 5,10,15,20-Tetrakis-[4-(p-p-glucopyranosyloxyphenyl)]-
tetrabenzoporphyrin 5

Benzoporphyrin 4 (26.7 mg, 12 pumol, 1 equiv) was dissolved in
CH,Cl,/MeOH (80:20, 5mL), and sodium methoxide (0.5M in
MeOH, 3 equiv per acetate group) was then added. The mixture
was stirred until benzoporphyrin 5 was totally precipitated (after
about 1 h), and then filtered through a fritted disk, washed with
MeOH and CH,Cl,. The resulting fine, green powder collected and
purified by thin-layer chromatography (CHCls/EtOH, 9:1) afforded
compound 5 (17.8 mg, 117 pumol) in 86% yield. Rr=0.51 (MeOH/
Et3N, 99:01); UV-vis (MeOH): Amax, nm (&, Lcm™ ! mol'.1073)
470 (299.6), 588 (23.3), 629 (35.2), 697 (14.7); 'H NMR
(400.13 MHz, CDs0D, 25°C) ¢ 8.33 (m, 8H, Hs5_pheny1), 7.95 (m,
8H, Ha6 pheny)s 7-1-7.3 (m, 16H, Hpenzo), 4.69 (d, Juu=8,3 Hz,
4H, H]/r), 4.4-4.6 (m, ZOH, sz,3rr,4/r,6r/,5w), 432 (m, 4H, HSH): MS
(MALDI) m/z for Cg4H7gN4054, calcd 1526.5, found 1527.0 [M+H]".
Microanal. Calcd for Cg4H75N40.4-2H,0: C, 64.52; H, 5.28; N,
3.58. Found: C, 63.37; H, 4.82; N, 4.51.

7.2.6. 5,10,15,20-Tetrakis-(4-[tert-butyl-N-(2-[2-(2-
aminoethoxy)ethoxy]ethyl)-carbamate]-amidophenyl)-
tetrabenzoporphyrin 8

tert-Butyl-N-(2-[2-(2-aminoethoxy )ethoxy]ethyl)-carbamate 7
(33 mg, 133 pumol, 4.4 equiv), synthesised by the Schneider meth-
od,>* was dissolved in DMF. Carboxy-benzoporphyrin 6 (30 mg,
32 pmol, 1 equiv), synthesised by the Vinogradov method?® was
then added, followed by N,N’-dicyclohexylcarbodiimide (DCC)
(27 mg, 131 pmol, 4.4 equiv) in dry DMF (1 mL). After addition of

1-hydroxybenzotriazole (HOBt) (18 mg, 133 pumol, 4.4 equiv), the
mixture was kept at room temperature in the dark, under argon,
for 18 h. DMF was evaporated under vacuum and the crude prod-
uct was dissolved in dichloromethane. The organic layer was
washed with water (2 x 50 mL), dried over MgSQO,, and then evap-
orated to afford, after purification by thin-layer chromatography,
the pure product. Compound 8 (46 mg, 24 pumol) was obtained in
85% yield. Ry=0.32 (CHCI3/EtOH/Et;N, 70:30:01). UV-vis (CHCl3):
Jmaxe DM (&, Lem™ ' mol~1-1073) 469 (151.1), 596 (10.0), 646
(22.4), 703 (8.8); 'H NMR (400.13 MHz, CDCl3, 25 °C) 6 8.47 (d, J
H-n = 7.0 Hz, 8H, HB—S—phenyl)v 8.33 (d, ]= 6,96 Hz, 8H, H2—6—phenyl)v
7.20 (S, 8H, H1747benzo)- 7.13 (S, 8H, H2737benzo)- 6.54 (S- 4H, HNH)v
5.04 (S, 4H, HNH): 3.88 (m, 16H, HO—(CHZ)Z—O)v 3.76 (m, ]GH, HCHZ—O—
(cH2)2-0-cH2)» 3.62 (m, 8H, Heo-nn-cr2), 3.36 (m, 8H, Hepoonmz), 1.39
(s, 36H, Hcps), —1.09 (Se, 2H, Hnmpyr); MS (MALDI) m/z for
C108H126N12020, calcd 1912.22, found 1912.30 [M+H]+. Microanal.
Calcd for C]08H126N12020-Hzo: C, 6719, H, 668, N, 8.70. Found:
C, 66.97; H, 6.43; N, 8.81.

7.2.7. 5,10,15,20-Tetrakis-(4-[N-(2-[2-(2-aminoethoxy)ethoxy]
ethyl)-carbamate]-amidophenyl)-tetrabenzoporphyrin 9

The protecting groups (Boc) were removed by standard method
in high yields with TFA in CH,Cl, at room temperature (2 h). Ben-
zoporphyrin 8 (46.2 mg, 24 pumol) reacted with TFA to afford pure
product 9 (33.3mg, 22pumol). R¢=0.69 (CH3CN/H,O/TFA
70:30:01). UV-vis (MeOH): /max, nmM (&, Lcm™' mol~1.1073) 469
(131.9), 595 (5.3), 645 (16.0), 700 (3.8); 'H NMR (400.13 MHz,
CDs0D, 25 °C) 6 8.46 (d, Ju_u = 7.9 Hz, 8H, H3.5_pheny1)» 8.33 (d, Ju-nu =
7.9 Hz, 8H, Hz 6 pheny1). 7.25 (m, 20H, Hpenzo and Hyp), 3.82-3.90 (m,
16H, Ho-(cH2)2-0), 3.65-3.82 (m, 24H, Hcx2)2-0-(cH2)2-0-cH2), 3.55-3.65
(m, 8H, HCHZ—NHZ, 291 (br s, 8H, HNHZ)- -1.09 (br s, 2H, HNprr); MS
(MALDI) m/z for CggHg4N1,015, calcd 1511.8, found 1510.86 [M+H]".
Microanal. Calcd for CggHg4N1,012-2H,0: C, 69.08; H, 6.45; N, 10.98.
Found: C, 68.81; H, 6.23; N, 6.81.

7.2.8. 5,10,15,20-Tetrakis-[4-(3,4,6-tri-O-acetyl-a-p-glucopyr
anosyloxymethylcarbonyl-[ N-(2-[2-(2-aminoethoxy)ethoxy]
ethyl)])-carboxyphenyl]-tetrabenzoporphyrin 11

Benzoporphyrin 9 (33.3 mg, 22 pumol, 1 equiv) and triacetyl lac-
tone 10 (40.4 mg, 116 wmol, 5.3 equiv), synthesised by Y. Que-
neau,> were diluted with CHCl; to about 30 mL, and DMAP
(42 mg, 344 pumol, 16 equiv) was added in one portion. The mix-
ture was stirred at rt for two weeks. The resulting green solution
was evaporated in a vacuum and the chromatographic purification
of the resulting solution on a silica gel column (eluent CHCl3/EtOH,
85:15) afforded 11 (22 mg, 7.6 pumol) in 28% yield. R= 0.51 (CHCl5/
EtOH, 90:10); UV-vis (CHCl3): Amax, Nm (&, Lcm~! mol~1.10-3) 469
(230.8), 596 (11.5), 648 (30.2), 701 (9.2); 'H NMR (400.13 MHz,
CDCl3, 25°C) ¢ 8.47 (d, Ju-n=7.9Hz, 8H, Hssphenyi) 8.34
(d, ]H—H=8-0 Hz, SH, HZ-G—phenyl)v 8.00 (m, 4H, HNH)s7-47 (m, 4H,
Hyn), 7.19 (m, 8H, Hi_gpenzo), 7.11 (m, 8H, Hz3penzo) 5.39
(t, jH_H=9,6 Hz, 4H, H3~), 5.03 (t, ]H—H=9-8 Hz, 4H, H4~), 491
(d, ]H7H=3-5 HZ, 4H, H]/r), 4.17-4.28 (m, SH, HGr and HCHZ*O*OSe)v
3.99-4.05 (m, SH, H_r,”_sff), 3.55-3.90 (m, 56, H2”, HCH2—O—Ose and
H(CHZ)2-0-(CH2)2—O—(CH2)2)v 2.10 (S, 12H, HAC), 2.03 (S, 12H. HAC)v 1.99
(s, 12H, Hac), —1.07 (br s, 2H, Hnmpyr); MS (MALDI) m/z for
Ci44H166N12055, calcd 2896.9, found 2896.55 [M+H]". Microanal.
Calcd for C144H]66N12052~H20: C, 59.33; H, 5.80; N, 5.76. Found:
C, 59.01; H, 5.63; N, 5.81.

7.2.9. 5,10,15,20-Tetrakis-[4-(a-p-glucopyranosyloxymethyl
carbonyl-[N-(2-[2-(2-aminoethoxy)ethoxy]ethyl)])-carboxy-
phenyl]-tetrabenzoporphyrin 12

Benzoporphyrin 11 (22 mg, 7.6 pumol, 1 equiv) was dissolved in
CH,Cl,/MeOH (80:20, 2 mL), and sodium methoxide (0.5M in
MeOH, 3 equiv per acetate group) was then added. The mixture
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was stirred until benzoporphyrin 12 was completely precipitated
(after about 30 min), and then filtered through a fritted disk,
washed with MeOH and CH,Cl,. The resulting fine, green powder
was collected and purified by thin-layer chromatography (CHCls/
EtOH, 9:1) and afforded compound 12 (18 mg, 6.2 pmol) in 82%
yield. R¢ (reverse-TLC) = 0.75 (MeOH); UV-vis (MeOH): Zmpax, DM
(e, Lcm™ ' mol~1.1073) 464 (99.7), 652 (12.2), 698 (1.7); 'H NMR
(400.13 MHz, CD50D, 25 °C) 6 8.30 (br s, 16H, Hpheny1), 6.80-7.30
(m, 24H, Hpenzo and Hyy), 4.84 (m, 4H, Hy»), 4.13 (m, 4H, Hs"), 3.9
(m, 4H, HG//), 3.45-3.90 (m, 72H, Hyi.3v.41¢1, HcHz-0-0se and
H(ctayz-0-(cH2)2-0-(cr2)2); MS (MALDI) m/z for Ci20H142N12040,
caled 2392.4, found 2392.67 [M+H]|". Microanal. Calcd for
C120H142N12040-3H,0: C, 58.91; H, 6.10; N, 6.87. Found: C, 58.65;
H, 5.97; N, 7.01.

7.2.10. General procedure for the synthesis of benzoporphyrins
bearing spermine or spermidine units

N “-(4-Aminobutyl)-N',N8-bis-tert-butoxycarbonylspermidine
13%” (1.1equiv per carboxy group), or N*-(4-aminobutyl)-
N'.N8 N'2-tris-tert-butoxycarbonylspermine 143’ (1.1 equiv per
carboxy group) were dissolved in DMF. A solution of carboxy-ben-
zoporphyrin 6 (1 equiv), was synthesised by the Vinogradov meth-
od, and N,N'-dicyclohexylcarbodiimide (DCC) (4.4 equiv) in dry
DMF (3 mL) was added. After addition of 1-hydroxybenzotriazole
(HOBt) (4.4 equiv), the mixture was kept at room temperature in
the dark, under argon, for 18 h. DMF was evaporated under vac-
uum and the crude product was dissolved in CH,Cl,. The organic
layer was washed with water (2 x 50 mL), dried over MgS0,, and
then evaporated to afford, after purification by thin-layer chroma-
tography, the pure product.

7.2.11. 5,10,15,20-Tetrakis-(N',N%-bis-tert-butoxycarbonyl
spermidine-(N*-(4-aminobutyl)-4-amidophenyl))-tetrabenzo-
porphyrin 15

Benzoporphyrin 6 (11 mg, 14.4 pumol, 1 equiv) and compound
13 (35 mg, 87 pumol, 6 equiv) reacted with DCC (10.3 mg, 50 pmol,
4.4 equiv) and 1-hydroxybenzotriazole (HOBt) (6.8 mg, 50 pmol,
4.4 equiv) to afford pure product 15 (15.0 mg, 5.6 pmol) in 39%
yield. R¢=0.35 (CHCl3/EtOH/Et3N, 70:30:01). UV-vis (CHCl3): /max,
nm (&, Lcm™~! mol~1.1073) 467 (126.9), 603 (12.1), 648 (19.1), 699
(8.8); "H NMR (400.13 MHz, CDCls, 25 °C) & 8.41 (m, 16H, Hpheny1),
7.26 (s, 16H, Hpenzo), 7.04 (br s, 4H, Hco.ng), 5.32 (br s, 4H, Hypgoc),
4.85 (br s, 4H, HNHBOC)- 3.75 (m, 8H, HCO—NH—CHZ)- 3.70 (m, 8H,
Hn(cH2)3-cH2-NHBoc), 3.62 (m, 8H, Hn.(cH2)2-cH2-NHBoc), 3.15-3.23 (m,
24H, Hco-nH-(ch2)3-cH2, HN-cH2-(cH2)2-NHBoe and Hn_ch2-(cH2)3-NHBoc)»
1.75-1.95 (m, 40H, Hco-nH-cH2-(cH2)2,  HN-cH2-(CH2)-CH2-NHBoc and
HN_cH2-(cH2)2-cH2-NHBoc)» 1.42 (M, 72, Heps), —1.1 (br s, 2H, Hyppyr);
MS (MALDI) m/Z for C148H206N20020, calcd 258534, found
2585.22 [M+H]+ Microanal. Calcd for C148H206N20020-H20: C,
68.27; H, 7.98; N, 10.75. Found: C, 67.97; H, 7.89; N, 10.81.

7.2.12. 5,10,15,20-Tetrakis-(N",N%,N'2-tris-tert-butoxycarbonyl
spermine-(N*-(4-aminobutyl)-4-amidophenyl))-tetra-benzo-
porphyrin 16

Benzoporphyrin 6 (11 mg, 14.4 pmol, 1 equiv) and compound
14 (49 mg, 87 wmol, 6 equiv) reacted with DCC (10.3 mg, 50 pmol,
4.4 equiv) and 1-hydroxybenzotriazole (HOBt) (6.8 mg, 50 pmol,
4.4 equiv) to afford pure product 16 (27.0 mg, 8.4 umol) in 58%
yield. R¢ = 0.34 (CHCIl5/EtOH/Et3N, 70:30:01). UV-vis (CHCl3): Amax,
nm (¢, Lem™! mol~1.1073) 469 (173.8), 605 (10.8), 655 (21.6), 710
(9.2); "H NMR (400.13 MHz, CDCls, 25 °C) & 8.44 (m, 16H, Hpheny1),
7.26 (s, 16H, Hpenso) 7.19 (br s, 4H, Hcowp), 5.29 (s, 12H,
Hnhgoc),  3.60-3.80 (m, 40H, Hconu-chz, HN-(cH2)2-CH2-NHBoc
and HN-(cH2)3-CH2-NBoc-CH2-CH2-CH2-NHBoc)»  3-18-3.25 (m, 24H,
Heonto(cH23-cH2, Hn-chz2-(ch2)2-NHBoc  and  Hn_cha-(cH2)3-NHBoc),
1.60-1.70 (m, 48H, Hco-NH-cH2-(cH2)2» HN-cH2-(CH2)-cH2-NHBoc and Hy.

CH2-(CH2)2-CH2-NBoc-CH2-CH2-CH2-NHBoc)» 1.43 (m, 108H, Hcyz), —1.1 (br
S, HNprr): MS (MALD]) m/Z for C130H256N24028, calcd 3214.18,
found 3217.86 [M+H]*. Microanal. Calcd for C;goH266N24025-H,0:
C, 66.88; H, 8.36; N, 10.40. Found: C, 66.57; H, 8.19; N, 10.61.

7.2.13. General procedure for removal of Boc-protective groups
Protecting groups (Boc) were removed with standard method in
high yields with TFA in CH,Cl, at room temperature (2 h).

7.2.14. 5,10,15,20-Tetrakis-(spermidine-(N*-(4-aminobutyl)-4-
amidophenyl))-tetrabenzoporphyrin 17

Benzoporphyrin 15 (15 mg, 5.6 umol) reacted with TFA to af-
ford pure product 17 (8.8 mg, 4.9 umol). R¢=0.46 (CH5CN/H,0/
TFA 70:30:0.5). UV-vis (MeOH): /max nm (g, Lecm™! mol~1.1073)
462 (73.0), 594 (4.6), 639 (9.1), 696 (2.8); 'H NMR(400.13 MHz,
CD;0D, 25 °C) 6 8.46 (m, 8H, H3_s_pheny1), 8.40 (m, 8H, Hy_4-pheny1):
7.22 (s, 8H, Hy_4-benzo), 7.12 (s, 8H, H 3 penzo), 3.50-3.0 (m, 24H,
Hco-nH-ctz, Hno(cH2)2-cH2-nH2 and Hno(cH2)3-chz-nH2), 2.50-3.10 (m,
24H, Hco-NH-(cH2)3-cH2, HN-cH2-(cH2)2-NHBoc and HN_ch2-(cH2)3-NHBoc),
1.18-1.47 (m, 40H, Hco-nu-cH2-(cH2)2, HN-cH2-(CH2)-cH2-NHBoc and
HN-cH2-(cH2)2-cH2-NHBoc); MS (MALDI) m/z for CiogH142N2004, calcd
1784.40, found 1784,72 [M+H]. Microanal. Calcd for
C108H142N2004-2H,0: C, 71.96; H, 7.94; N, 15.54. Found: C, 71.52;
H, 7.79; N, 15.78.

7.2.15. 5,10,15,20-Tetrakis-(spermine-(N*-(4-aminobutyl)-4-
amidophenyl))-tetrabenzoporphyrin 18

Benzoporphyrin 16 (27 mg, 8.4 umol) reacted with TFA to af-
ford pure product 18 (15.7 mg, 7.8 pmol). R¢=0.69 (CH5CN/H,0/
TFA 70:30:0.5). UV-vis (MeOH): Zmax, Nm (¢, Lcm ™" mol~1-1073)
462 (55.5), 592 (5.7), 639 (8.1), 697 (4.5); 'H NMR (400.13 MHz,
CD30D, 25 °C) 6 8.40-8.48 (m, 16H, Hpneny1), 7.40 (Se, 8H, H1_4-benzo),
7.19 (bl‘ s, 8H,H ,3.50-3.70 (m, 40H, Hco-NH-cH2, HN—(CHZ)Z—CHZ—NHZ
and HN»(CH2)3—CH2»NH»CH2—CH2»CH2»NH2)v 2.50-3.10 (m, 24H,
Heo-nt-(cH2)3-cH2,  HN-cH2-(cH2)2-nH2  @nd  Hnecma-(chz)s-nm2),  1.50-
190 (m, 48H, Hconu-cHz(cH2)22 Hn-cH2-(CH2)-cH2-nH2 — and
HN-CH2-(CH2)2-CH2-NH-CH2-CH2-CH2-NHBoc);  MS  (MALDI) m/z for
C120H170N2404, calcd 2012.79, found 2012,13 [M+H]+. Microanal.
Calcd for C120H170N2404-2H20: C, 70.96; H, 8.43; N, 16.55. Found:
C, 70.57; H, 8.22; N, 16.81.

273—henzo)

7.3. Singlet oxygen production

Photosensitizers (107> M) and ergosterol acetate were dissolved
in DMF. Mixtures were illuminated during 30 min with two white
bulbs (30 W each, output 400-800 nm) giving a fluence of 10 mW/
cm?, under oxygen atmosphere and at room temperature. Then,
the appearance of ergosterol acetate epidioxide (EEP) was moni-
tored by TLC (R¢= 0.3 eluent CHCl3).

7.4. Partition coefficient measurements

1-Octanol/water partition coefficients were determined at 25 °C
using equal volumes of water (3 mL) and 1-octanol (3 mL). Typi-
cally a 300 puM solution of each dye (5,12, 17 and 18) was vortexed
and centrifuged, 100 pL aliquots of aqueous and organic phases
were separately diluted, each one into 2 mL MeOH and the final
dye concentrations were determined by absorption spectroscopy.

7.5. Cell culture

Cell cultures were kept under a fully humidified atmosphere
composed of 95% air and 5% CO, at 37 °C. The tests were conducted
on two cell lines HaCaT and MCF-7. HaCaT cell line was grown in
‘Keratinocyte Serum-Free Medium’ (KSFM, Invitrogen cell culture)
supplemented with bovine pituitary extract (BPE) and recombi-
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nant epidermal growth factor (rEGF). MCF-7 cell line was grown in
‘Eagle’s Minimum Essential Medium’ supplemented with Earls
salts (MEM) and 2 mM t-glutamine, 0.1 mM of nonessential amino
acids (NeAA), 10% fetal calf serum (FCS) and 10 mM sodium pyru-
vate. Cultures, grown in presence of 1% antibiotics (penicillin,
streptomycin) were subcultured twice a week and maintained in
exponential growth.

7.6. Cell irradiation and analysis

Photocytotoxicity of 5, 12, 17 and 18 was determined on HaCat
and MCF-7 cells and compared to that of Ar,TBP and Photofrin II®.
Cells were resuspended in the culture medium and adjusted to
5 x 10° cells/mL. After 48 h and medium removal by aspiration,
100 pL/well of either benzoporphyrin derivatives or Photofrin 1I1®
(final concentrations: 9 x 107°-10"2 mg/mL) were added to
adherent cells in culture plate. The ponderal concentration of
Photofrin I ® was based on haematoporphyrin molecular weight
(600 Da). After 24 h of culture in the presence of photosensitizers,
the culture medium was replaced by sterile PBS (100 pL/well).
Cells were illuminated for 2 h with white bulbs giving a fluence
rate of 5.5 x 1072 mW/cm?. PBS was then replaced by culture med-
ium (100 pL/well) and the cultures incubated for an additional
24 h. Cells illuminated without photosensitizer and cells kept in
the dark in presence of benzoporphyrins were used as controls in
each experiment. Then, each well received 15 uL MTT reagent
and cultures were incubated for 3 h at 37 °C in presence of 5%
CO,. Reaction was stopped by the addition of 100 pL ‘stop’ solution
(DMSO). Absorbance was read at 595 nm and ICsq (50% Inhibitory
Concentration) was determined for each molecule. IC 50 values
were calculated as previously described by Banfi et al.*®
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