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We report a convenient solid-phase synthesis and characteri-
sation of a new class of glycosylated porphyrins bearing the
RGD tripeptide, designed for photodynamic cancer therapy.
The photocytotoxicities of these compounds against the K562

leukemia cell line are also presented and compared to the
effect of Photofrin II°®.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Photodynamic therapy (PDT) is a type of cancer therapy
based on the selective retention of photosensitizers such as
porphyrins in tumour tissues. These compounds display
cytotoxic effects when activated by light. Upon irradiation,
these photosensitizers are promoted to their excited states
and generate singlet oxygen, inducing the formation of reac-
tive oxygen species, damaging cellular structures and ulti-
mately causing cell death.[!] Excellent results have been ob-
tained with hematoporphyrin derivatives such as Photofrin
IT®, provided that the treated tumours are small and well
demarcated; one limitation of this sensitizer is its lack of
selectivity toward tumour cells. At present, considerable ef-
forts are being devoted to the development of new photo-
sensitizers such as meta-tetrahydroxyphenylchlorin (-
THPC), trade-named Foscan®, which is efficient for treat-
ment of oesophageal, lung, laryngeal and skin cancers, or
the benzoporphyrin derivative (BPD-MA) trade-named Vi-
sudyne®, used for the treatment of age-related macular de-
generation.[>3 To this end, we have devised a synthetic
route to obtain porphyrin derivatives in order to target tu-
mours and more particularly the neovascularization that
nourishes cancer cells.

The extracellular matrix (ECM) is an intricate network
of macromolecules capable of strongly influencing cell func-
tions and the structure of tissues. Several biological pro-
cesses such as cell migration or differentiation are heavily
dependent on interactions between cells and the surround-
ing ECM. Among these interactions, cell-matrix adhesion
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through integrins is essential for angiogenesis (the out-
growth of new blood vessels). Integrins are transmembrane
glycoproteins consisting of - and - subunits, which associ-
ate noncovalently in defined combinations and are able to
bind components of the ECM through their extracellular
domains.™!

It has been shown that o, 5 integrin is implicated in mis-
regulated angiogenesis as well as tumour growth and meta-
static processes.’! This receptor is heavily expressed on
many tumour cells such as osteosarcomas, neuroblastomas
and lung carcinomas. In addition, the involved endothelial
cells express a,f3 integrin that sticks on the extracellular
matrix through the Arginine-Glycine-Aspartate (RGD) se-
quence of ECM proteins. Synthetic peptides containing the
RGD motif have been used extensively as inhibitors of inte-
grin-ligand interactions in studies of cell adhesion, mi-
gration, growth and differentiation.[®!

In connection with our research program on porphyrins
designed for cancer phototherapy, it occurred to us that
porphyrins bearing the RGD tripeptide appeared to be pro-
mising candidates for applications in PDT. Indeed, the
RGD sequence might amplify the therapeutic efficiency of
the photosensitizer. We therefore synthesised two series of
porphyrins bearing the RGD moiety: (i) two mono-RGD-
tritolylporphyrins (11a and 11b), each bearing a spacer arm
between the macrocycle and the peptide moieties, with the
aim of optimising the specific receptor targeting, and (ii)
two mono-RGD-triglucosylporphyrins (13a and 13b), in
which the presence of sugar units is known to increase the
water solubility of these macrocycles and so would be as-
sumed to increase their plasmatic lifetimes.!”-®!

This paper reports a convenient procedure for the syn-
thesis of RGD meso-porphyrins and a preliminary evalu-
ation of the phototoxicities of these compounds.

The general procedure for the synthesis of porphyrins 11a
and 11b and of 13a and 13b, shown in Schemes 1—2, con-
sists of two steps: (i) the formation of porphyrins 7a and 7b
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and 8a and 8b, each bearing a carboxylic function linked to
the macrocycle through a spacer arm, and (ii) the solid-
phase connection of these porphyrins to the RGD peptide
grafted on a Wang resin.

Glucosylaldehyde 2 was synthesised from 2,3,4,6-tetra-O-
acetyl-a-D-glucopyranosyl bromide!®! and 4-hydroxybenzal-
dehyde as described in previous papers.!'” The syntheses of
meso-monohydroxyphenylporphyrins 3a, 3b, 4a and 4b are
shown in Scheme 1. They were synthesised by Little’s stand-
ard method (Adler modified method),!'!! condensation of
pyrrole (4 equiv.) with para-tolylaldehyde (3 equiv.) and
either para-hydroxybenzaldehyde (1 equiv.) or salicylal-
dehyde (1 equiv.) in propionic acid (100 mL) giving tritolyl-
porphyrins 3a in 6% yield and 3b in 5% yield. In this case,
we chose this method rather than Lindsey’s strategy'? be-
cause the tritolylporphyrins crystallised in the reaction mix-
ture after cooling and so were very easily separated from
by-products stemming from pyrrole polymerisation, signifi-
cantly simplifying the purification. The use of glucosylal-
dehyde 2, by application of the same procedure, gave triglu-
cosylporphyrins 4a and 4b, after purification on silica gel
PLC, in 6% and 4% yields respectively. On the other hand,
use of Lindsey’s method applied to these porphyrins al-
lowed us to increase the yields (x 2), giving compounds 4a
and 4b in 12% and 8% yields.
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O~ O ‘
R? H cHO CHO
N .
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Scheme 1. Reaction conditions: (i) MgSO,/H,SO,/CH,Cl, tBuOH,
48 h, room temp.; (i)) CH3CH,CO,H, reflux, 1h, or a)
F3B'O(C2H5)2, CH2C12 b) p-Cthranil; (lll) with Rl = CH},
Br(CH,);CO,Et/K,COs/DMF, 18h, room temp.; with R! =
OGlcAc, compound 1/K,COs/DMF 18 h, room temp.; (iv) with
R! = CH;, KOH/EtOH/DMF 2 h, reflux; with R! = OGIcAc,
TFA/CH,Cl,, 4 h, room temp.

Porphyrins 3a and 3b were converted into the derivatives
5a and 5b by treatment with ethyl 4-bromobutyrate (10
equiv.) with K,CO;5 (20 equiv.) in dry DMF at room tem-
perature for 18 h. Purification of the resulting product on
PLC gave 90% and 85% yields of 5a and 5b, respectively.
The carboxy-functionalised porphyrins 7a and 7b were ob-
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tained in excellent yields by saponification of compounds
5a and 5b with KOH/EtOH (1 m in DMF) at reflux for 2 h.

To produce the triglucosylporphyrin derivatives 8a and
8b, we had to use a different procedure in order to obtain
porphyrins with carboxylic functions. Protection of glucosyl
units by acetyl groups is sensitive to saponification con-
ditions, so we chose to use zert-butyl 4-bromobutyrate, since
tert-butyl is an acid-labile protective group for carboxylic
functions (tert-butyl esters can be hydrolysed with TFA,
these conditions having no effect on sugar protection). tert-
Butyl 4-bromobutyrate (1) was prepared by a literature pro-
cedure!'3! from commercially available 4-bromobutyric acid
(1 equiv.) by treatment with anhydrous fert-butanol (5
equiv.) under argon in the presence of MgSO, (4 equiv.)
and H,SO, (1 equiv.) in dry CH,Cl, at room temperature
for 48 h. After conventional workup we obtained com-
pound 1 in 65% yield.

Condensation of compound 1 (10 equiv.) and compounds
4a and 4b in the presence of K,COj3 (20 equiv.) in dry DMF
at room temperature for 18 h gave glucosylporphyrins 6a
and 6b, each in 85% yield, after purification on silica gel
PLC. The carboxy-functionalised porphyrins 8a and 8b
were then obtained in almost quantitative yields (95%) by
hydrolysis of compounds 6a and 6b at room temperature
(4 h) with CH,CIL,/TFA (8:2).

The synthesis of peptidyl porphyrins 11a, 11b, 13a and
13b was carried out by an efficient solid-phase strategy
(Scheme 2). Our approach is based on the use of a Wang

. = Wang resin
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Scheme 2. Reaction conditions: (v) DIC/HOBt, DMF, 24 h, room
temp.; (vi) TFA/CH,Cly/anisole, 4 h, room temp.; (vii) MeONa/
MeOH/CH,Cl,, 2 h, room temp.
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resin bearing a RGD residue (prepared by the Fmoc strat-
egy)!'4 in which the B-carboxyl function of aspartate is pro-
tected with a tert-butyl group and the guanidino function
of arginine is protected with a 2,2,4,6,7-pentamethyldi-
hydrobenzofuran-5-sulfonyl (Pbf) group. Thanks to its easy
cleavage by TFA,['S] Pbf appeared to be more workable
than the widely used 4-methoxy-2,3,6-trimethylbenzenesul-
fonyl (Mtr) or 2,2,5,7,8-pentamethylchroman-6-sulfonyl
(Pmc) groups. A general procedure for covalent binding of
carboxy-functionalised porphyrins 7a, 7b, 8a and 8b to the
a-NH, of arginine consists of the activation of the carboxyl
group by the diisopropylcarbodiimide (DIC)/1-hydroxy-
benzotriazole (HOBt) system. In a typical experiment, the
resin bearing the RGD tripeptide (nominal loading
0.58 mmol-g~!) was swelled in DMF/CH,Cl,, and the por-
phyrin 7a, 7b, 8a or 8b (3 equiv.) was then added, together
with DIC (3 equiv.) and HOBt (3 equiv.). After 24 h reac-
tion time, the resin was filtered, washed with DMF and
DCM and then dried in vacuo overnight.

Porphyrin derivatives 11a, 11b, 12a and 12b were ob-
tained by simultaneous detachment of the porphyrin-RGD
conjugates 9a, 9b, 10a and 10b, respectively, from the sup-
port and deprotection by treatment with TFA/CH,Cl,/
anisole (85:10:5, v/v) for 4 hours. After evaporation of
solvents, neutralisation with NaHCO; and purification on
silica gel PLC (eluent CHCI3/MeOH, 80:20 with 1% TFA),
the expected compounds 11a and 11b were obtained in 60%
yield. These compounds are insoluble in water, and porphy-
rin 11a is only partially soluble in DMSO. Removal of the
acetate protective groups of the unpurified glucosylporphy-
rins 12a and 12b with 0.5 M sodium methoxide in MeOH/
CH,Cl, (8:2) gave the water-soluble porphyrins 13a and 13b
each in 55% yield, after purification by preparative re-
versed-phase chromatography (RP-18 phase [10pum], H,O/
THE, 75:295).

Mass spectrometry on all porphyrin derivatives was per-
formed by use of the MALDI technique. The positive ion
mass spectra each exhibited a base peak corresponding to
the intact porphyrin with no fragment ion being detected:
for all compounds the spectra gave the expected quasi mo-
lecular peaks [M + H]" with minor contributions from the
radical cation M™*". These porphyrins show standard ab-
sorption spectra, each with a Soret band near 420 nm and
four less intense visible Q bands with etio outlines. The 'H
and 3C NMR spectra of porphyrins 3a/3b—8a/8b showed
the expected signals, but we were unable to make use of the
'H and '>C NMR spectra for the unprotected compounds
11a/11b—13a/13b, which display excessively broad signals.
This behaviour could be attributable to an intrinsic prop-
erty of this molecule to form aggregates.['6!7 The structures
of unprotected porphyrins 11a/11b—13a/13b were deter-
mined by MALDI.!8]

The aggregation of the two glycosylated derivatives 13a
and 13b was studied in the 1073 to 107> mol-L~! concen-
tration range. In this range we found experimental indi-
cations of aggregate formation in water.

Figure 1 (a,b) represents the absorbance of these com-
pounds, monitored at 417.6 nm for porphyrin 13a and at
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417 nm for porphyrin 13b, versus their concentration in
water. Beer—Lambert plots of the two porphyrins both
show marked deviations from linearity above 10~7 mol-L ™!
in the concentration range studied.
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Figure 1. Beer—Lambert plots of compounds 13a [A, (—)] and 13b
[e, (—-—+—)] in aqueous solution: (a) in the 0.1—3.0 10~7 mol-L~!
concentration range, (b) in the 107°to 1077 mol-L™! concentration
range; the linear regions of the Beer—Lambert plots gave molar
absorption coefficients

The decrease in absorptivity is accompanied by a broad-
ening and a blue shift of the Soret band for compound 13a
and a broadening and a red shift of the Soret band for
compound 13b (shown in Figure 2). According to the exci-
tonic interaction model,['”] the red shift could be attribu-
table to edge-to-edge interaction and the blue shift to face-
to-face packing of the chromophores. These observations
imply that aggregation occurs in aqueous solutions of com-
pounds 13a and 13b even at low concentrations, common
behaviour among porphyrin derivatives. Molar extinction
coefficients of these compounds were measured from the
linear regions of the Beer—Lambert plots.['®!

In order to determine the photosensitising properties of
porphyrins 11a, 11b, 13a and 13b, trapping reactions of 'O,
with ergosterol acetate® were carried out. Reference
experiments with eosin or hematoporphyrin (HP) as sensiti-
zers gave ergosterol acetate endoperoxide in nearly quanti-
tative yields. Under the same experimental conditions, por-
phyrins 11a, 11b, 13a and 13b had the same efficiency for
10, production as HP, which is known as a photosensitizer
that produces singlet oxygen.

The photocytotoxicities of the RGD-porphyrin conju-
gates were evaluated against the K562 Human Chronic My-
elogenous Leukemia cell line and compared to that of Pho-
tofrin II®(Pf). K562 cells were grown at 37 °C in RPMI
1640 medium containing 10% calf foetal serum under a
water-saturated atmosphere containing 5% CO,. Ex-
ponential cultures were diluted to 5.10° cellsmL ™' before
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Figure 2. Spectral changes of compounds 13a and 13b in water
as a function of concentration: (a) in the 107 to 107 mol-L™!
concentration range (with a 10 mm cell), (b) in the 0.1—3.0 1077
mol-L~! concentration range (with a 50 mm cell)

phototreatment; 2 mm RGD-tritolylporphyrins 11a and 11b
(in DMSO) or RGD-triglucosylporphyrins 13a and 13b (in
H,0) were added at final concentrations of 2um. A positive
control consisted of cell suspensions to which 1.2 pg.ml™!
Photofrin 1I® had been added; this ponderal concentration
is equivalent to 2 um hematoporphyrin based on a molecu-
lar weight of 600. These cell suspensions were irradiated
with fluorescent light sources (fluence rate 10 mW-cm?)
for 30, 60, 90 and 120 min. Propidium iodide-permeable
cells were detected by flow cytometry and were counted as
nonviable.

Figure 3 displays dead cell counts as a function of ir-
radiation time. Dead cell counts were measured both im-
mediately after irradiation (open bars) and after a further
24 h incubation in the dark (hatched bars). The bar height
in each histogram represents the average of three indepen-
dent experiments (* standard deviation). Immediate cell
death was attributed to early necrosis, whilst additional cell
death may be the result of secondary necrosis following pro-
grammed cell death (apoptosis).

Porphyrin 11a displayed a very low activity, which could
be attributable to its virtual lack of solubility. The three
remaining compounds were shown to be active against the
K562 cell line. The photoactivity of porphyrin 11b is quali-
tatively similar to that of Pf and the compound is almost
as active: cell death in both cases proceeded both from im-
mediate and from delayed action (necrosis and apoptosis
respectively); moreover, after 120 min irradiation, and
further incubation in the dark the dead cell count reached
70—80%.

Irradiation for 120 min in the presence of triglucosylpor-
phyrins 13a and 13b gave similar dead cell counts. In an
essential difference from Pf and tritolylporphyrin 11b, how-
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Figure 3. Phototoxicity of RGD-porphyrins; percentage of PI
stained cells vs. irradiation time; open bars: dead cell count after
indicated irradiation time; hatched bars: dead cell count after a
further 24 h incubation in the dark

ever, they do not induce immediate cell death but further
incubation in the dark results in a large increase in the dead
cell counts. It is likely that these two compounds induce cell
damage that triggers apoptotic cell death. Further studies
are in progress in order to assess the properties of these two
compounds: apoptosis-inducing molecules seem promising
since they limit inflammation, unlike drugs that produce
tissue necrosis.?!-2?!

Experimental Section

General: All solvents and reagents were purchased from Aldrich,
Prolabo or Acros. The supported RGD peptide was purchased
from NEOSYSTEM. Pyrrole was distilled from over CaH, under
reduced pressure immediately before use. Dimethylformamide was
distilled from CaH, under reduced pressure and stored under ar-
gon. Methylene chloride was distilled from P,Os and then CaH,.
Analytical thin layer chromatography (TLC) was performed on
Merck 60F,s4 or RP-18 F,syg silica gel. Column chromatography
was carried out with silica gel (60 ACC; 15—40 pm, Merck) or
LiChroprep® RP-18 (5—20 pum, Merck). The solid support func-
tionalisation were carried out in a small glass reactor (20 mL) fitted
with a sintered glass filter, a stopcock and a cap. '"H and '*C NMR
spectroscopy was performed with a Bruker DPX 400 spectrometer.
Chemical shifts are reported as & (ppm), downfield from internal
TMS and are listed according to the standard numbering of meso-
arylporphyrins and glucopyranose. UV/visible spectra were re-
corded on a Perkin—Elmer Lambda 25 double-beam spectrophoto-
meter in 10- or 50-mm quartz cells. Infra-red spectra were recorded
on a Perkin—Elmer spectrum 1000 with KBr pellets.

Synthesis: 2,3.4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide and
glucosylaldehyde 2 were synthesised according to the literature as
described in previous paper.

Synthesis of zert-Butyl 4-Bromobutyrate (1): Concentrated sulfuric
acid (0.55 mL, 10 mmol, 1 equiv.) was added to a vigorously stirred
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suspension of anhydrous magnesium sulfate (4.81 g, 40 mmol, 4
equiv.) in dichloromethane (40 mL). The mixture was stirred for
15 min, after which bromobutyric acid (1.66 g, 10 mmol, 1 equiv.)
was added. tert-Butanol (4.78 mL, 50 mmol, 5 equiv.) was added
last. The mixture was stoppered tightly and stirred under argon at
25 °C for 48 h. The reaction mixture was then quenched with satu-
rated sodium bicarbonate solution (75 mL) and stirred until all
magnesium sulfate had dissolved. The organic layer was separated,
washed with water, dried (MgSO,) and then evaporated to afford,
after purification by column chromatography (CHCls), the tert-bu-
tyl 4-bromobutyrate (1) as a pale-yellow oil, 1.33 g, (60%), R; =
0.65 (CHCly). IR: v = 2973, 2927, 1727 (C=0), 1364, 1156, 842
cm ™. 'H NMR (400 MHz, CDCls, 25 °C): § = 1.45 (s, 9 H, CHs,,
2.13(q, Juu = 6.8 Hz, 2 H, Hy —CH,—), 2.40 (t, Juu = 7.2 Hz,
2 H, H, —CH,—C=0), 345 (t, Jyn = 6.8Hz, 2 H, H,
Br—CH,—) ppm.

General Procedure for the Synthesis of Monohydroxyphenylporphyr-
ins: These compounds were synthesised by Little’s method. 2- or 4-
Hydroxybenzaldehyde (1 equiv.) and 4-tolylaldehyde (3 equiv.; for
porphyrins 3a and 3b) or per-O-acetyl glucosylated benzaldehyde
2 (3 equiv.; in the case of porphyrins 4a and 4b) were dissolved in
propionic acid. The mixture was stirred under reflux for 30 min.
Pyrrole (4 equiv.) was then added dropwise over the course of 5 min
and the mixture was stirred under reflux for a further 1 h 30. After
cooling, the crude compounds 3a and 3b crystallised out and were
then filtered and purified by silica gel column chromatography. For
porphyrins 4a and 4b the solvent was evaporated to dryness and
the porphyrin mixture was purified by column chromatography
(chloroform/ethanol, 100:0 to 98:2) and thin layer chromatogra-

phy.

Compounds 4a and 4b were also obtained by Lindsey’s method: the
condensation reaction was carried out by treatment of a mixture of
glucosylaldehyde 2 (1.4 g, 3 equiv.), para- or ortho-hydroxybenzal-
dehyde (122 mg, 1 equiv.) and pyrrole (0.29 mL, 4 equiv.) under
argon in dry CH,Cl, (400 mL) with BF;—diethyl ether (1073 m)
as catalyst at room temperature. Oxidation of the porphyrinogen
intermediates with chloranil followed by flash chromatography and
purification on silica gel PLC gave porphyrins 4a and 4b in 12 and
8% yields, respectively.

10,15,20-Tris(4-methylphenyl)-5-(4-hydroxyphenyl)porphyrin  (3a):
4-Hydroxybenzaldehyde (3.4 g, 0.028 mol, 1 equiv.), 4-tolylal-
dehyde (10.1 mL, 0.085mol, 3 equiv.) and pyrrole (8.0 mL, 0.114
mol, 4 equiv.) afforded pure product 3a (1.12 g, 6%) after purifi-
cation by column chromatography (CHCls/petroleum ether, 8:2 to
10:0). Ry = 0.33 (CH,Cl,). UV/visible (CH,Cly): & (g, X 1073) =
418 (363.0), 516 (13.5), 552 (7.4), 592 (4.0), 648 nm (4.3). '"H NMR
(400 MHz, CDCl;, 25 °C): 6 = —2.76 (br. s, 2 H, NH), 2.69 (s, 9
H, CH;), 7.15 (d, Jyu = 8.2Hz, 2 H, 3,5-H Ar), 7.53 (d, Jun =
7.7Hz, 6 H, 3,5-H tolyl), 8.03 (d, Jyu = 8.2Hz, 2 H 2,6-H Ar),
8.08 (d, Ju.u = 7.7 Hz, 6 H, 2,6-H tolyl), 8.84 (br. s, 6 H, Hg pyr),
8.93 (d, Jum = 1.2 Hz, 2 H, Hg pyr) ppm. SM (MALDI): m/z =
673.6 [M + H]* .

5-(2-Hydroxyphenyl)-10,15,20-tris(4-methylphenyl)porphyrin  (3b):
2-Hydroxybenzaldehyde (3 mL, 0.028 mol, 1 equiv.), 4-tolylal-
dehyde (10.1 mL, 0.085 mol, 3 equiv.) and pyrrole (8.0 mL, 0.114
mol, 4 equiv.) afforded pure product 3b (940 mg, 5%). Ry = 0.70
(CH,Cl,). UV/visible (CH,Cl): A (g, X 1073) = 418 (339.2), 516
(14.4), 552 (6.7), 592 (4.5), 648 (4.1) nm. '"H NMR (400 MHz,
CDCl;, 25 °C): 6 = —2.7 (s, 2 H, NH), 2.7 (s, 9 H, CH3), 7.2 (m,
2 H, 3,5-H Ar), 7.5 (d, Jun = 7.2 Hz, 6 H, 3,5-H tolyl), 7.7 (m, 1
H, 4-H Ar), 7.9 (m, 1 H, 6-H Ar), 8.1 (d, Jyuny = 7.2 Hz, 6 H, 2,6-
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H tolyl), 8.8 (s, 8 H, Hg pyr) ppm. SM (MALDI): m/z = 673.6 [M
+ H]".

10,15,20-Tris[4-(2',3',4",6'-tetra-O-acetyl-B-D-glucopyrano-
syloxy)phenyl]-5-(4-hydroxyphenyl)porphyrin (4a): 4-Hydroxyben-
zaldehyde (200 mg, 1.64 mmol, 1 equiv.), compound 2 (2.2 g,
4.92 mmol, 3 equiv.) and pyrrole (0.454 mL, 6.56 mmol, 4 equiv.)
afforded pure product 4a (163 mg, 6%). R; = 0.43 (CHCI;/EtOH,
95:5). UV/visible (CH,Cl,): A (g, X 1073) = 420 (422.0), 516 (14.2),
552 (8.2), 592 (4.0), 650 nm (4.4). '"H NMR (400 MHz, CDCls, 25
°C): 6 = —2.76 (s, 2 H, NH), 2.11 (s, 9 H, CH3), 2.12 (s, 18 H,
CHs), 2.22 (s, 9 H, CHj;), 4.06 (ddd, 3 H, Jyu = 9.6, 5.1, 2.3 Hz,
5'-H ose), 4.31 (br. d, Jyu = 12.0 Hz, 3 H, 6'b-H ose), 4.44 (dd,
3H, Junu = 12.0, 5.1 Hz, 6'a-H ose), 5.35 (m, 3 H, 4’-H ose), 5.48
(m, 9 H, 3".2",1'-H ose), 7.20 (d, Jun = 8.3 Hz, 2 H, 3,5-H Ar),
7.40 (d, Juu = 8.4 Hz, 6 H, 3,5-H Ar-ose), 8.5 (d, Jyuu = 8.3 Hz,
2 H, 2,6-H Ar), 8.15 (d, Juu = 8.4Hz, 6 H, 2,6-H Ar-ose), 8.83
(d, Juu = 4.5Hz, 2 H, Hg pyr), 8.86 (s, 4 H, Hg pyr) 8.89 (d,
Jun = 4.5Hz, 2 H, Hp pyr) ppm. '*C NMR (CDCl;, 25 °C): § =
20.7, 20.8, 62.3, 68.4, 71.4, 72.3, 72.9, 99.2, 113.7, 115.1, 119.1,
119.2, 120.2, 130.9, 134.4, 135.5, 135.7, 137.2, 146.5, 156.0, 156.6,
169.5, 170.3, 170.6 ppm. SM (MALDI): m/z = 1671.3 [M + H]".

10,15,20-Tris[4-(2',3',4",6'-tetra-O-acetyl-B-D-glucopyrano-
syloxy)phenyl]-5-(2-hydroxyphenyl)porphyrin (4b): 2-Hydroxyben-
zaldehyde (244 mg, 2 mmol, 1 equiv.), compound 2 (2.8 g, 6 mmol,
3 equiv.) and pyrrole (0.58 mL, 8 mmol, 4 equiv.) afforded pure
product 3b (133 mg, 4%). Ry = 0.49 (CHCI3/EtOH, 95:5). UV/vis-
ible (CH,CL): A (g, X 1073) = 420 (419.1), 516 (16.5), 550 (8.2),
592 (5.3), 648 nm (5.4). "TH NMR (400 MHz, CDCls, 25 °C): § =
—2.78 (s, 2 H, NH), 2.07 (s, 3 H, CH3), 2.08 (s, 6 H, CH3), 2.09 (s,
3 H, CH;), 2.10 (s, 6 H, CH3), 2.11 (s, 3 H, CH3), 2.12 (s, 6 H,
CHs), 2.20 (s, 3 H, CHj;), 2.21 (s, 6 H, CH;), 4.04 (ddd, Juyu =
9.6, 5.1,2.1 Hz, 3 H, 5'-H ose), 4.30 (d, Jyu = 12.4,2.1 Hz, 3 H,
6'b-H ose), 4.40 (dd, Jyu = 12.4, 54 Hz, 3 H, 6'a-H ose), 5.30
(br. t, Jyn = 9.6 Hz, 3 H, 4'-H ose), 5.45 (m, 9 H, 3',2',1'-H ose),
7.33 (br.d, Juu = 74 Hz, 1 H, 3-H Ar), 7.35 (br. t, Juy = 7.4 Hz,
1 H, 5-H Ar), 7.39 (br. d, Jyun = 8.5 Hz, 6 H, 3,5-H Ar-ose), 8.12
(br. d, Juu = 8.5Hz, 6 H, 2,6-H Ar-ose), 7.73 (td, Junu = 7.4,
1.5Hz, 1 H, 4-H Ar), 7.98 (dd, Juu = 7.4, 1.5Hz, 1 H, 6-H Ar),
8.86 (m, 6 H, Hy pyr), 8.89 (m, 2 H, Hy pyr) ppm. '*C NMR
(CDCls, 25 °C): & = 20.6, 20.7, 20.8, 20.9, 62.1, 68.4, 71.3, 72.3,
72.8, 99.1, 115.1, 115.5, 119.6, 119.7, 120.5, 130.5, 131.3, 135.0,
135.6, 136.9, 137.0, 146.5, 155.6, 156.7, 169.5, 170.3, 170.6 ppm.
SM (MALDI): m/z = 1671.4 [M + H]".

General Procedure for the Synthesis of Monocarboxypropyloxyphen-
ylporphyrins:

Porphyrin 3a, 3b, 4a or 4b (1 equiv.) was dissolved in dry DMF
(10 mL) with a large excess of K,COj3 (20 equiv.). The mixture was
stirred for 15 min at room temperature. Ethyl 4-bromobutyrate (5
equiv.) or compound 1 (5 equiv.) was added and the solution was
then stirred at room temperature overnight in the dark. After com-
pletion of the reaction, DMF was evaporated under vacuum and
the crude product was dissolved in dichloromethane. The organic
layer was washed several times with water, dried (MgSO,) and then
evaporated to afford the pure porphyrins 5a, 5b, 6a or 6b after
purification by thin-layer chromatography.

Tritolyl derivative 5a or 5b was dissolved in DMF (8§ mL), and
KOH (2mL, 1 M in ethanol) was added. The mixture was stirred
under reflux for 2 h. After the mixture had cooled, solvent was
evaporated under vacuum and the residue was dissolved in di-
chloromethane. The solution was neutralised by addition of HCI
(1m) washed with water and dried over magnesium sulfate. Column
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chromatography performed with CHCl; and increasing amounts of
ethanol (0 to 10%) allowed purification of porphyrins 7a and 7b.

Triglucosyl porphyrin 6a or 6b was dissolved in dichloromethane
(8 mL), and trifluoroacetic acid (2 mL) was then added. The mix-
ture was stirred at room temperature for 2 h. At the end of the
reaction, dichloromethane (30 mL) was added, followed by satu-
rated aqueous NaHCOj; solution until pH = 7. The organic layer
was washed with water and dried over magnesium sulfate. Porphy-
rins 8a and 8b were obtained pure by column chromatography with
CHCl; and increasing amounts of ethanol (0 to 10%).

5-[4-(3-Ethoxycarbonylpropyloxy)phenyl]-10,15,20-tris(4-methyl-
phenyl)porphyrin (5a): Porphyrin 3a (150 mg, 0.22 mmol, 1 equiv.),
ethyl 4-bromobutyrate (159 mL, 1.1 mmol, 5 equiv.) and K,CO;
(615 mg, 4.4 mmol, 20 equiv.) afforded pure product 5a, 167 mg,
(90%). Ry = 0.56 (CHCl3). UV/visible (CH,ClL,): A (g, X 1073) =
420 (354.0), 516 (14.3), 552 (7.2), 592 (4.7), 648 nm (4.2). '"H NMR
(400 MHz, CDCl;, 25 °C): § = —2.71 (br. s, 2 H, NH pyr),1.36 (t,
Jun = 7.2Hz, 3 H, CHj; ethyl), 2.31 (m, 2 H, Hg —CH,—), 2.66
(m, 2 H, Hy —CH,—C=0), 425 (q, Juu = 7.1Hz, 2 H, CH,
ethyl), 4.30 (t, Juy = 6.0Hz, 2 H, H, —O—CH,—), 7.26 (d,
Jun = 8.6Hz, 2 H, 3,5-H Ar), 7.56 (d, Jug = 7.8 Hz, 6 H, 3,5-
H tolyl), 8.11 (d, Juu = 7.7Hz, 2 H, 2,6-H Ar), 8.12 (d, Jun =
7.7Hz, 6 H, 2,6-H tolyl), 8.88 (s, 8 H, Hg pyr) ppm. SM (MALDI):
mlz = 787.89 [M + H]*.

5-[4-(3-Carboxypropyloxy)phenyl]-10,15,20-tris(4-methylphenyl)-
porphyrin (7a): The saponification of 5a (carried out on 100 mg)
gave porphyrin 7a in 98% yield. Ry = 0.49 (CHCI;/EtOH, 95:5).
UV/visible (CH,Cly): A (g, X 1073) = 420 (355.7), 517 (13.4), 553
(7.2), 592 (4.0), 648 nm (3.8). '"H NMR (400 MHz, CDCls, 25 °C):
8 = —2.76 (br. s, 2 H, NH pyr), 2.35 (m, 2 H, Hy —CH,—), 2.68
(s, 9 H, CH; tolyl), 2.77 (t, Jyuu = 7.1 Hz, 2 H, H, —CH,—C=0),
431 (t, Jun = 6.1 Hz, 2 H, H, O—CH,—), 7.23 (m, 2 H, 3,5-H
Ar), 7.52 (br. d, 6 H, Jyu = 7.8 Hz, 3,5-H tolyl), 8.07 (d, Juu =
7.7Hz, 2 H, 2,6-H Ar), 8.09 (d, Jyu = 7.6 Hz, 6 H, 2,6-H tolyl),
8.83 (br. s, 8 H, Hg pyr) ppm. SM (MALDI): m/z = 759.96 [M
+ H]".

5-[2-(3-Ethoxycarbonylpropyloxy)phenyl]-10,15,20-tris(4-methyl-
phenyl)porphyrin (5b): Porphyrin 3b (150 mg, 0.22 mmol, 1 equiv.),
ethyl 4-bromobutyrate (159 mL, 1.1 mmol, 5 equiv.) and K,CO;
(615 mg, 4.4 mmol, 20 equiv.) afforded pure product 5b (158 mg,
85%). Ry = 0.66 (CHCls). UV/visible (CH,Cly): A (g, X 1073) =
420 (391.0), 516 (13.4), 552 (8.1), 592 (4.6), 648 nm (2.8). 'H NMR
(400 MHz, CDCl3, 25 °C): & = —2.72 (s, 2 H, NH pyr.), 0.73 (t,
Jun = 720Hz, 3 H, CH; ethyl), 1.30 (m, 4 H, Hg,
—CH,—CH,—C=0), 2.69 (s, 9 H, CH; tolyl), 3.59 (q, Jun =
7.20 Hz, 2 H, CH, ethyl), 391 (br. t, Jyy = 5.20Hz, 2 H,
—CH,—), 7.30 (br. d, Juu = 8.00Hz, 1 H, 4-H Ar), 7.34 (br. t,
Jun = 720 Hz, 1 H, 6-H Ar), 7.53 (d, Juu = 7.60 Hz, 6 H, 3,5-
H tolyl), 7.73 (dt, Jyy = 840 Hz — 1.60 Hz, 1 H, 5-H Ar), 8.02
(dd, Juu = 7.60 Hz — 1.60 Hz, 1 H, 3-H Ar), 8.10 (br. d, Juu =
8.00 Hz, 6 H, 2,6-H tolyl), 8.77 (d, Juu = 4.80 Hz, 2 H, Hy pyr),
8.83 (d, Juu = 4.76 Hz, 2 H, Hg pyr), 8.84 (s, 4 H, Hg pyr) ppm.
SM (MALDI): m/z = 787.94 [M + H]*.

5-|2-(3-Carboxypropyloxy)phenyl]-10,15,20-tris(4-methylphenyl)-
porphyrin (7b): The saponification of Sb (carried out on 120 mg)
gave porphyrin 7b in a 97% yield. R; = 0.49 (CHCI;/EtOH, 95:5).
UV/visible (CH,CLy): A (g, X 1073) = 420 (388.6), 517 (15.7), 553
(9.8), 592 (4.9), 648 nm (4.2). SM (MALDI): m/z = 759.86 [M
+ H]*.

10,15,20-Tris[4-(2',3',4',6'-tetra- O-acetyl-B-D-glucopyranosyloxy)-
phenyl|-5-[4-(3-tert-butoxycarbonylpropyloxy)phenyl]porphyrin (6a):
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Porphyrin 4a (100 mg, 0.06 mmol, 1 equiv.), compound 1 (66 mg,
0.3 mmol, 5 equiv.) and K>COj3 (165 mg, 1.2 mmol, 20 equiv.) af-
forded pure product 6a (92 mg, 85%) R; = 0.43 (CHCI;/EtOH,
95:5). UV/visible (CH,Cl,): A (g, X 1073) = 420 (390.0), 518 (13.8),
553 (8.7), 592 (4.9), 650 nm (4.5). '"H NMR (400 MHz, CDCls, 25
°C): 8 = —2.79 (s, 2 H, NH), 1.53 (s, 9 H, CHj tert-butyl), 2.10 (s,
9 H, CH3), 2.11 (s, 9 H, CH3), 2.12 (s, 9 H, CHjy), 2.21 (s, 9 H,
CH;), 2.27 (q, Juu = 6.68 Hz, 2 H, Hy —CH,—), 2.61 (t, Jyy =
7.32Hz, 2 H, H, —CH,—C=0), 4.06 (ddd, Juu = 9.94, 5.38,
2.24 Hz, 3 H, 5'-H ose), 4.30 (m, 2 H, H, —O—CH,—), 4.30 (m,
3 H, 6'b-H ose), 4.42(dd, Jyu = 12.32, 5.44 Hz, 3 H, 6'a-H ose),
5.30 (m, 3 H, 4’-H ose), 5.46 (m, 9 H, 3',2",1’-H ose), 7.28 (d,
Jun = 8.56 Hz, 2 H, 2,6-H Ar), 7.38 (d, Juu = 8.4 Hz, 6 H, 3,5-
H Ar-ose), 8.10 (d, Jun = 8.6 Hz, 2 H, 3,5-H Ar), 8.13 (d, Jynu =
8.0 Hz, 6 H, 2,6-H Ar-ose), 8.83 (d, Jyu = 4.76 Hz, 2 H, Hg pyr),
8.84 (s, 4 H, Hy pyr) 8.87 (d, Juu = 4.76 Hz, 2 H, Hg pyr) ppm.
13C NMR (CDCl3, 25 °C): § = 20.65, 20.69, 20.78, 20.82, 25.0,
28.2,32.2,53.4,62.1,67.2,68.4,71.3,72.3, 72.8,99.2, 112.8, 115.1,
119.1, 119.2, 120.3, 131.0, 134.4, 135.5, 135.6, 137.2, 146.5, 156.6,
158.9, 169.4, 170.3, 170.6, 170.7 ppm. SM (MALDI): m/z =
1528.31 [M + H]".

10,15,20-Tris[4-(2',3',4',6'-tetra- O-acetyl-B-D-glucopyranosyloxy)-
phenyl]-5-[4-(3-carboxypropyloxy)phenyl]porphyrin (8a): Hydrolysis
of porphyrin ester 6a (carried out on 120 mg) gave porphyrins 8a
(110 mg, 95% yield). UV/visible (CH,Cly): & (g, X 1073) = 421
(432.0), 517 (13.1), 553 (11.0), 592 (5.2), 648 nm (3.8). 'H NMR
(400 MHz, CDCls, 25 °C): 6 = —2.79 (s, 2 H, NH), 2.08 (s, 9 H,
CHs), 2.09 (s, 9 H, CHy), 2.10 (s, 9 H, CH3), 2.19 (s, 9 H, CH,),
2.34(q, Jun =536 Hz, 2 H, Hy —CH,—), 2.78 (t, Jyu = 7.12 Hz,
2 H, H, —CH,—C=0), 4.02 (ddd, 3 H, Jiy z = 9.80, 5.62, 2.28 Hz,
5’-H ose), 4.30 (m, 2 H, H, —O—CH,—), 4.28 (m, 3 H, 6'b-H ose),
4.39(dd, Juyu = 12.32, 544 Hz, 3 H, 6'a-H ose), 5.30 (m, 3 H, 4'-
H ose), 545 (m, 9 H, 3',2",1’-H ose), 7.24 (d, Jyu = 8.50 Hz, 2
H, 2,6-H Ar), 7.35(d, Juu = 8.32 Hz, 6 H, 3,5-H Ar-ose), 8.07 (d,
Jun = 8.40 Hz, 2 H, 3,5-H Ar), 8.10 (d, Juu = 8.32 Hz, 6 H, 2,6-
H Ar-ose), 8.82 (d, Jyn = 4.68 Hz, 2 H, Hg pyr), 8.83 (s, 4 H, Hg
pyr) 8.86 (d, Jy 11 = 4.68 Hz, 2 H, Hy pyr) ppm. '*C NMR (CDCl;,
25 °C): 6 = 20.64, 20.67, 20.76, 20.81, 24.8, 30.9, 62.1, 66.9, 68.4,
71.36, 72.27, 72.86, 99.12, 112.7, 115.1, 119.1, 119.2, 120.2, 131.0,
134.5, 135.5, 135.6, 137.2, 146.5, 156.6, 158.7, 169.7, 170.3, 170.6,
178.0 ppm. SM (MALDI): m/z = 1472.22 [M + H]".

10,15,20-Tris[4-(2',3',4',6'-tetra-O-acetyl-p-D-glucopyranosyloxy)-
phenyl]-5-|2-(3-tert-butoxycarbonylpropyloxy)phenyl|porphyrin (6b):
Porphyrin 4b (100 mg, 0.06 mmol, 1 equiv.), compound 1 (66 mg,
0.3 mmol, 5 equiv.) and K,CO; (165 mg, 1.2 mmol, 20 equiv.) af-
forded pure product 6b (88 mg, 82%) Ry = 0.49 (CHCI;/EtOH,
95:5). UV/visible (CH,Cl,): A (g, X 1073) = 420 (436.1), 516 (17.8),
552 (8.9), 591 (5.7), 648 nm (5.2). "H NMR (400 MHz, CDCl;, 25
°C): 8 = —2.78 (s, 2 H, NH), 1.01 (s, 9 H, CHj; tert-butyl), 1.27
(m, 2 H, Hg —CH,—), 1.31 (t, Jyu = 5.16 Hz, 2 H, H,—CH-C=
0), 2.10 (m, 27 H, CHy), 2.21 (s, 6 H, CH3), 2.21 (s, 3 H, CH,),
3.92 (t, Jyu = 5.68 Hz, 2 H, H,—CH—), 4.05 (ddd, 3 H, Jyu =
10.2, 7.1, 2.08 Hz, 5'-H ose), 4.30 (br. d, Jyy = 12.3Hz, 3 H, 6'b-
H ose), 4.42 (dd, Jyu = 12.38, 5.40 Hz, 3 H, 6’a-H ose), 5.30 (br.
t, Jun = 9.32Hz, 3 H, 4'-H ose), 545 (m, 9 H, 3',2',1'-H ose),
7.33 (m, 2 H, 4,6-H Ar), 7.37 (br. d, Juny = 8.4Hz, 6 H, 3,5-H
Ar-ose), 7.75 (d t, 1 H, Jyu = 8.06, 1.6 Hz, 5-H Ar), 8.00 (dd,
Jun = 7.36, 1.56 Hz, 1 H, 3-H Ar), 8.12 (m, 6 H, 2,6-H Ar-ose),
8.80 (m, 4 H, Hy pyr), 8.83 (br. s, 4 H, Hy pyr) ppm. *C NMR
(CDCl;, 25 °C): & = 20.65, 20.69, 20.78, 20.83, 24.16, 27.7, 31.0,
62.11, 674, 68.4, 71.3, 72.3, 72.8, 99.2, 112.1, 115.1, 115.5, 119.6,
119.7, 120.5, 130.5, 131.3, 135.0, 135.6, 136.9, 137.0, 146.5, 155.6,
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156.7, 169.5, 170.3, 170.6 ppm. SM (MALDI): m/z = 1528.42 [M
+ H]*.

10,15,20-Tris[4-(2',3',4',6'-tetra- O-acetyl-B-D-glucopyranosyloxy)-
phenyl]-5-]2-(3-carboxypropyloxy)phenyl]porphyrin (8b): Hydrolysis
of porphyrin ester 6b (carried out on 130 mg) gave porphyrins 8b
(119 mg, 95% yield). Ry = 0.49 (CHCIy/EtOH, 95:5). UV/visible
(CH,CLy): A (g, X 1073) = 420 (446.6), 517(16.0), 552 (8.2), 591
(5.3), 647 nm (4.1). '"H NMR (400 MHz, CDCl3, 25 °C): § = —2.75
(s, 2 H, NH), 1.27 (m, 4 H, Hg,, —CH,—), 2.09 (m, 27 H, CHj),
2.19 (s, 3 H, CH3), 2.19 (s, 3 H, CH3), 2.21 (s, 3 H, CH3), 3.93 (br.
s, 2 H, H, —O—CH,—), 4.03 (ddd, Juu = 7.28, 4.92, 248 Hz, 3
H, 5'-H ose), 4.30 (m, 3 H, 6'b-H ose), 4.40 (m, 3 H, 6'a-H ose),
5.30 (br. t, Jyu = 9.80 Hz, 3 H, 4’-H ose), 5.45 (m, 9 H, 3',2',1'-
H ose), 7.28 (br. d, Jyu = 8.32Hz, 1 H, 4-H Ar), 7.33 (m, 1 H,
6-H Ar), 7.36 (m, 6 H, 3,5-H Ar-ose), 7.73 (d t, Jyu = 7.74,
1.56 Hz, 1 H, 5-H Ar), 8.01 (dd, Jyu = 7.36, 1.56 Hz, 1 H, 3-H
Ar), 8.12 (m, 6 H, 2,6-H Ar-ose), 8.78 (m, 4 H, Hg pyr), 8.83 (br.
s, 4 H, H pyr) ppm. 3C NMR (CDCl;, 25 °C): § = 20.64, 20.68,
20.77, 20.80, 23.57, 28.9, 62.09, 66.86, 68.4, 71.35, 72.27, 72.86,
99.1, 111.9, 115.07, 119.1, 119.3, 119.7, 129.9, 131.0, 135.5, 135.7,
137.1, 137.2, 150.0, 156.3, 156.5, 156.6, 158.5, 169.5, 170.3, 170.6,
170.7, 170.8 ppm. SM (MALDI): m/z = 1472.47 [M + H]".

Functionalisation of RGD-supported Peptide with Carboxyporphyr-
ins 7a, 7b, 8a or 8b: RGD-supported peptide (100 mg) was washed
with DMF and then swelled in dry DMF/CH,Cl, (1:1, 1 mL). A
solution of carboxyporphyrins 7a (88 mg, 0.11 mmol, 2 equiv.), 7b
(88 mg, 0.11 mmol, 2 equiv.), 8a (200 mg, 0.11 mmol, 2 equiv.) or
8b (200 mg, 0.11 mmol, 2 equiv.) and N,N’-diisopropylcarbodiim-
ide (DIC, 18uL, 0.11 mmol, 2 equiv.) in dry DMF (1 mL) was ad-
ded. After addition of 1-hydroxybenzotriazole (HOBt, 8 mg,
0.058 mmol, 1 equiv.), the mixture was kept at room temperature
in the dark under argon for 24 h. After completion of the reaction,
the resulting support was filtered, and washed with DMF and then
CH,Cl,. The incorporation yield was estimated, after drying under
reduced pressure, by measurement of the increase in the mass of the
treated resin and was found to be around 0.49 mmol/g in all case.

Cleavage of RGD-Porphyrin Conjugates: Supports 9a, 9b, 10a or
10b (100 mg, 0.49 mmol/g) were washed with CH,Cl, and treated
with solutions of TFA (8.5 mL) and anisole (0.5 mL) in 1 mL of
CH,Cl, for 2 h. at room temperature in the dark. After completion
of the reaction, the resin was filtered and washed with 2 mL of
pure TFA and then CH,Cl,. The filtered solution and the TFA/
CH,Cl, washings were dried under reduced pressure. The crude
compounds 11a and 11b were then purified on silica gel plates,
eluting with CHCI;/EtOH/TFA (60:40:1, v/v) to afford pure 11a
and 11b. These compounds are insoluble in water and very little
soluble in organic solvent, and porphyrin 11a is only partially sol-
uble in DMSO. Porphyrins 12a and 12b were not purified and were
used as obtained for removal of acetate protective groups.

General Procedure for Removal of Acetate Protective Groups: The
crude porphyrins 12a and 12b were dissolved in CH,Cl,/MeOH
(80:20, v/v, 5 mL), and sodium methoxide (0.5 m in MeOH, 3 equiv.
per acetate group) was then added. The mixture was stirred for 1 h
in the dark. After completion of the reaction, the resulting porphy-
rins 13a and 13b were completely precipitated by addition of diethyl
ether (30 mL) and then filtered through a fritted disk (porosity 4),
washed with MeOH and CH,Cl,. The resulting fine, purple powder
was collected by addition of water, purified by MPLC on a LiChro-
prep® RP-18 column. (eluent: H,O/THF, 90:10, v/v) and freeze-
dried.

Porphyrins 11a: Support 9a (100 mg, 0.49 mmol/g) gave pure com-
pound 11a (37 mg) in a 60% yield. UV/visible (DMSO): A (g, X
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1073) = 421 (191.2), 515 (8.6), 553 (5.5), 593 (2.3), 648 nm (1.2).
SM (MALDI) Cg3Hg N (Og; calculated m/z = 1086.24; found
mlz = 1087.43 [M + H™]

Porphyrins 11b: Support 9b (100 mg, 0.49 mmol/g) gave pure com-
pound 11b (35 mg) in a 57% yield. UV/visible (DMSO): A (g, X
1073) = 420 (320.0), 516 (19.8), 550 (12.8), 596 (5.9) 646 nm (5.8).
SM (MALDI) Cg3Hg N (Og, calculated m/z = 1086.24; found
mlz = 1087.46 [M + H*]*.

Porphyrins 13a: Support 10a (100 mg, 0.49 mmol/g) and removal
of the acetate protective groups of porphyrin 12a gave pure com-
pound 11b (50 mg) in a 56% yield.

UV/visible (H,0): & (g, X 1073) = 417 (282.7), 520 (6.3), 557 (5.8),
593 (4.0), 646 nm (3.2). SM (MALDI) C;3HgsN (O, calculated
mlz = 1578.57: found m/z = 1579.71[M + H™].

Porphyrins 13b: Support 10b (100 mg, 0.49 mmol/g) and removal
of the acetate protective groups of porphyrin 12b gave pure com-
pound 11b (48 mg) in a 54% yield.

UV/visible (H,0): & (e, X 1073) = 417 (216.3), 524 (5.9), 561 (5.9),
594 (3.2), 650 nm (2.5). SM (MALDI) C75HgsN,oOs, calculated
miz = 1578.57; found m/z = 1579.63 [M + H™].

U1 1. J. Macdonald, T. J. Dougherty, J. Porphyrins Phthalocyanines

2001, 5, 105—129.

R. Bonnett, B. D. Djelal, A. Nguyen, J. Porphyrins Phthalocy-

anines 2001, 5, 652—661.

Bl M. A Dantas, J. S. Slakter, S. Negrao, R. A. Fonseca, T. Kaga,
L. A. Yannuzzi, Ophthalmology 2002, 109, 296—301.

¥ F. G. Giancotti, E. Ruoslahti, Science 1999, 285, 1028—1032.

BI' P C. Brooks, R. A. F. Clark, D. A. Cheresh, Science 1994,
264, 569—571.

] R. Haubner, H. Wester, U. Reuning, R. Senekowitsch-

Schmidtke, B. Diefenbach, H. Kessler, G. Stocklin, M.

Schwaiger, J Nucl. Med. 1999, 40, 1061—1071.

A. L. Klibanov, K. Maruyama, V. P. Torchilin, L. Huang,

FEBS Lett. 1990, 268, 235—237.

C. Kaldapa, J. C. Blais, V. Carre, R. Granet, V. Sol, M. Guillo-

ton, M. Spiro, P. Krausz, Tetrahedron Letters 2000, 41,

331—-335.

1 B. Schuster, M. Winter, K. Hermann, Z. Naturforsch. 1986,
41, 511-520.

101V, Sol, J. C. Blais, V. Carré, R. Granet, M. Guilloton, M. Spiro,
P. Krausz, J Org. Chem. 1999, 64, 4431—4444.

0 ial R - G. Little, J. A. Anton, P. A. Loach, J. A. Ibers, J Heter-
ocycl. Chem. 1975, 12, 345—349. ''®] A D. Adler, F. R. Longo,
J. D. Finarelli, J. Goldmacher, J. Assour, L. Korsakoff, J Org
Chem. 1967, 32, 476—476.

(121 . S. Lindsey, H. C. Hsu, I. C. Schreiman, Tetrahedron Letters
1986, 27, 4969—4970.

[131'S. W. Wright, D. L. Hageman, A. S. Wright, L. D. McClure,
Tetrahedron Letters 1997, 38, 7345—7348.

(14 The supported RGD peptide was prepared by NEOSYSTEM;
7 rue de Boulogne, 67100 Strasbourg (France).

151 L. A. Carpino, H. Shroff, S. A. Triolo, E. Mansour, H. Wen-
schuh, F. Albericio, Tetrahedron Letters 1993, 34, 7828 —7832.

161 D, M. Chen, Y. H. Zhang, T. J. He, F. C. Liu, Spectrochimica
Acta Part A 2002, 58, 2291—-2297.

(171 L. De Napoli, S. De Luca, G. Di Fabio, A. Messere, D. Monte-
sarchio, G. Morelli, G. Piccialli, D. Tesauro, Eur. J. Org. Chem.
2000, 6, 1013—1018.

81 MS (MALDI): compound 11a (CgHgN;joOg, calculated
m/z = 1086.24), found m/z =1087.43 [M + H™']; compound
11b (Cg3Hg N1gOg, calculated m/z = 1086.24): found m/z =
1087.46 [M + H+], compound 13a (C78H85N100265 calculated

2

7

8

Eur. J. Org. Chem. 2003, 1486—1493



RGD-Porphyrin Conjugates FULL PAPER

mlz = 1578.57): found m/z = 1579.71[M + H™']; compound 191 M. Kasha, H. R. Rawls, M. Ashraf El-Bayoumi, Pure Appl.
13b: (CoHgsNoOs, calculated m/z = 1578.57): found mlz = Chem. 1965, 11, 371—392.

1579.63 [M + HT]. UV/visible spectrum: A, (g, P G. Ohloff, Pure Appl. Chem. 1975, 43, 481—502.

Lmol "ecm™' X 1073): compound 1la: (in DMSO) PP G. Kroemer, B. Dallaporta, M. Resche-Rigon, Annu. Rev. Phy-

421(191.2), 515 (8.6), 553 (5.5), 593 (2.3), 648 (1.2). Compound siol. 1998, 60, 619—642.

11b: (in DMSO) 420 (320.0), 516 (19.8), 550 (12.8), 596 (5.9),  [22IN. L. Oleinick, Photodynamics News 1998, 1, 6—9.

646 (5.8). Compound 13a (in H,O) 417 (282.7), 520 (6.3), 557 Received December 4, 2002
(5.8), 593 (4.0), 646 (3.2). Compound 13b (in H,0) 417 (216.3), [002683]

524 (5.9), 561 (5.9), 594 (3.2), 650 (2.5).

Eur. J. Org. Chem. 2003, 1486—1493 1493



