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Two dendrimers, incorporating tetrasubstituted porphyrin
units as their cores and, in one case, four perbenzoylated
and, in the other case, twelve peracetylated PB-D-gluco-
pyranosyl residues at their peripheries, have been synthe-
sized in yields of 39 and 16%, respectively. The deprotection
of these dendrimers was achieved quantitatively under
Zemplén conditions. The protected and deprotected dendri-
mers were characterized by liquid secondary-ion or matrix-
assisted laser desorption ionization time-of-flight mass spec-

trometry and by a combination of one- and two-dimensional
H and 3C NMR spectroscopy. All the glycodendrimers were
also characterized by absorption and emission spectroscopy,
and lifetime measurements. The most relevant result is that
both protected and deprotected dendrimers show two fluor-
escence lifetime values that are different from the porphyrin
model compounds.

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

Introduction

Porphyrins play a fundamental role!!! in numerous biolo-
gical processes as a result of their ability to coordinate with
transition metals and because of their electrochemical,
photophysical, and photochemical properties. As an ex-
ample, proteins incorporating one or more porphyrin units
embedded into their peptidic frameworks are well-known. %]
In these systems, the polypeptidic shells modulate the re-
sponse of the porphyrin units to the external environment.
Unnatural counterparts of these biologically occurring sys-
tems can be generated by embedding one or more porphyr-
ins inside a dendritic framework. Indeed, several dendri-
merst>4 incorporating porphyrin cores have been designed
and synthesized already.P!
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Recently, we have synthesized a series of carbohydrate
dendrimers incorporating ferrocene cores.[! A detailed ana-
lysis of the resulting molecular assemblies revealed that the
B-pD-glucopyranose branches surrounding the electroactive
core have a profound influence on its redox response. In
particular, the oxidation potential, the rate constant of het-
erogeneous electron transfer, and the rate constant for the
energy-transfer reaction with luminescent species are all af-
fected significantly by the carbohydrate shield around the
ferrocene unit. In order to explore the potential influence of
similar B-D-glucopyranose branches on the photophysical
properties of photoactive cores, we have designed a syn-
thetic procedure to construct a carbohydrate shell around
a porphyrin chromophore. Our strategy is based on B-D-
glucopyranose building blocks developed previously for the
preparation of highly branched glycodendrimers.[7] Here,
we report the synthesis, characterization and photophysical
properties of two carbohydrate-containing dendrimers in-
corporating a porphyrin core in their protected and depro-
tected forms.

Results and Discussion

Synthesis and Characterization

Reaction of the tetrafunctionalized porphyrin 18 with
the B-bD-glucopyranose-based compounds 21 or 5P in the
presence of NEt; gave the dendrimers 3 and 6 in yields of
39 and 16%, respectively (Scheme 1 and 2). Removal of the
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protecting groups of 3 and 6 with NaOMe in a mixture of
MeOH and THF afforded respectively and quantitatively 4
and 7.
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Scheme 1. Synthesis of the porphyrin glycodendrimer 4

All new compounds were characterized by high resolu-
tion liquid secondary ion mass spectrometry (HRLSIMS)
or by high resolution matrix-assisted laser desorption ion-
ization time-of-flight mass spectrometry (HRMALDI-
TOFMS) which revealed peaks corresponding to [M]* ions
(Table 1). A combination of one- and two-dimensional
NMR techniques (dqf-COSY and HMQC) enabled the
complete assignment of the resonances in the '"H NMR and
13C NMR spectra of the protected and the deprotected den-
drimers. The resonances associated with the protons of the
B-D-glucopyranose units and those corresponding to the
protons of the porphyrin core have been assigned as sum-
marized in Table 2.

In order to visualize the structures of the protected and
the deprotected dendrimers in three-dimensions, their
global minima were searched for by molecular dynamics
calculations and are illustrated in Figure 1. Their approxim-
ate radii were determined as the distances between the
center of the porphyrin and the surface of the B-b-glucopyr-
anose units and range from 16 to 22 A, increasing by ca. 2
A on going from the smallest (4) to the largest (6) structure.

Photophysical Studies

All the photophysical experiments were performed at
room temperature in air-equilibrated solutions. It was not
possible to find a common solvent for all the dendrimers
and their reference compounds. The protected dendrimers
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Scheme 2. Synthesis of the porphyrin glycodendrimer 7

3 and 6, the free-base meso-tetraphenylporphyrin 8, the -
D-glucopyranose unit 9, and the methyl benzoate model
compound 10 were studied in MeCN/CH,Cl, (85:15, v/v),
while the deprotected dendrimers 4 and 7, together with the
free-base meso-tetra-4-carboxyphenylporphyrin 11 refer-
ence compound, were studied in H,O/THF (80:20, v/v).
The structural formulas of the compounds used as models
of the chromophoric units are collected in Figure 2. All the
relevant photophysical data are collected in Table 3.

In the solvents used, all the examined compounds were
stable for days in the dark, as shown by the invariance of
the absorption and emission spectra. Very small changes
were observed after several hours of irradiation with light
of wavelength greater than 400 nm, but the solutions were
photochemically stable in the conditions of the photophys-
ical experiments. The absorption spectra of compounds 3
and 6 are those expected on the basis of the component
chromophores. As an example, the absorption spectra of 8
and 6 are shown in Figure 3. Compound 6 shows the same
absorption bands as 8, because the glycopyranoside
branches do not absorb at wavelengths greater than 220 nm.
In compound 3, in addition to the Soret and Q absorption
bands characteristic of the 8 core unit, an absorption band
with A, = 230 nm is present, clearly attributable to the
presence of benzoate groups in the glycopyranoside
branch.['%1 For both glycodendrimers, a quantitative com-
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Table 1. High resolution mass spectrometric data for the compounds 3, 4, 6, and 7

Compound Molecular Formula Calculated m/z for M* Observed m/z for M* Technique

3 Ci9oH 54NgOyy 3275.0059 3275.0055 LSI

4 CgoHooNgOos 1611.5943 1611.6264 MALDITOF
6 C3oH,5:N50124 5164.6085 5164.7835 MALDITOF
7 Ci36H 56NgO7¢ 3148.1014 3148.0301 MALDITOF

Table 2. "H NMR spectroscopic data (8 values in ppm and J values in Hz) of compounds 3 and 4 in CDCl; and 6 and 7 in D,O/[Dg]THF

at 25 °Clal
B-D-Glucopyranosyl Protons Porphyrin Core Protons

H-1 H-2 H-3 H-4 H-5 H-6a H-6b Ho Hp Hy
J1,2) (J2,3) (J3.,4) (J4,5) (J5,6a) (J5,6b, J6a,6b)

3 5.02 5.64 5.99 5.75 424-428 455 4.73 8.07 7.85 8.79
[d, 4 H] [dd, 4 H] [pt, 4 H] [pt, 4 H] [m, 4 H] [dd, 4 H] [dd, 4 H] [d,8H] [d,8H] [br.s, 8 H]
(7.8) 9.7 9.7 9.7 (5.3) (2.7,12.2) (7.9) (7.9)

4 456 3.36 3.55 3.39 3.45-349 373 3.93 8.37 8.25 8.85
[d, 4 H] [dd, 4 H] [pt, 4 H] [pt, 4 H] [m, 4 H] [dd, 4 H] [dd, 4 H] [d,8H] [d,8H] [br.s, & H]
(7.9 9.2) 9.2) 9.2) (6.0) (3.4, 12.1) (7.9) (7.9)

6  4.66 5.12 5.65 5.16 3.80—3.84 4.12-421 4.37-443 8.32 8.17 8.83
[d,12H] [dd, 12H] [pt,12H] [pt,12H] [m,12H] [m, 12H] [m, 12 H] [d,8H] [d,8H] [br.s, 8 HJ
(7.9 9.8) 9.8) 9.8) (7.9) (7.9)

7 4.62 3.39 3.59 3.42 3.49-353 3.5 3.95 8.38 8.30 9.02
[d, 12H] [dd, 12H] [pt, 12H] [pt, 12H] [m,12H] [dd, 12H] [dd, 12 H] [d,8H] [d,8H] [br.s, 8 HJ
(7.9) 9.3) 9.3) 9.3) (5.9 (3.3,12.1) (7.9) (7.9)

[al The signals were assigned by two-dimensional homonuclear and heteronuclear correlation NMR spectroscopy.

Figure 1. Space-filling representations of the global minima found
for 3, 4, 6, and 7; in each structure, the porphyrin core is repres-
ented in dark shading and the four substituents in light shading
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Figure 2. Model compounds for the photophysical measurements

parison with 8 shows only a very small red shift (2—3 nm)
of the absorption maxima, accompanied by a decrease in
the molar absorption coefficients (see Table 3). This de-
crease cannot be attributed to the association processes that
are often observed in porphyrins and their derivatives;!'!]
indeed, for 8 and both compounds 3 and 6 no effect of
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Table 3. Photophysical data of the porphyrin glycodendrimers and reference compounds (room temperature, air equilibrated solutions)

Compound Solvent Absorptionf# Emission
7"“]2\)( Smax 7\‘IT]‘EIX (I) T R[b]
(nm) (M~ em™1) (nm) (ns) (%)
3 MeCN/CH,Cl, 417 270000 650, 715l 0.10 3.7 38
(85:15, viv) 516 11200 10.0 62
6 MeCN/CH,Cl, 416 248000 650, 715l 0.14 4.6 47
(85:15, (viv) 514 12700 10.8 53
8 MeCN/CH,Cl, 414 350000 650, 715l 0.12 9.4
(85:15, viv) 512 14800
9 MeCN/CH,Cl, 227 1000 3008 0.02 1.7
(85:15, vlv)
10 MeCN/CH,Cl, 230 10000
(85:15, vlv)
4 H,O/THF 418 3000001 652, 716l 0.12 3.5 46
(80:20, v/v) 515 15400 13.0 54
7 H,O/THF 418 113000l 652, 716l 0.14 4.7 35
(80:20, v/v) 515 7700 13.0 65
11 H,O/THF 418 3280001 652, 716l 0.13 12.0
(80:20, v/v) 515 16000

[al The first value refers to the Soret band, the second to the highest energy Q band. [ Relative population of the two emissive excited
states, calculated from the preexponential factors, assuming the same nonradiative deactivation constant. [ Structured band. 9 Very
broad band. ¥l ¢ = 1074 to 107 % M. At ¢ = 1.0 X 10~* M the ¢ value decreases by 20%, indicating a small effect of aggregation. [ Molar
extinction coefficient value lower than expected; different solutions of 7 always give the same ¢ value. This could be attributed to the

presence in the sample of a nonabsorbing impurity.

dilution on the & value is observed and the emission
quantum yield is independent of the concentration, at least
in the concentration range explored (10~% to 1076 m).
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Figure 3. Absorption and emission spectra of the porphyrin glyco-
dendrimer 6 and of the reference compound 8 [MeCN/CH,Cl,
(85:15, v/v), room temperature]

The fluorescence spectra of glycodendrimers 3 and 6 and
of the reference compound 8 are identical (see, for example,
Figure 3); glycodendrimer 6 and the reference compound 8
show almost the same emission quantum yield value
(Table 3), independent of the excitation wavelength. This
means that the acetate substituents in the B-D-glucopyr-
anose branch do not show any electronic interaction with
the porphyrin core. For glycodendrimer 3 almost complete
quenching of the fluorescence emission of the porphyrin
core is observed when exciting at 230 nm, where more than
90% of the exciting light is absorbed by the benzoate groups
of the B-p-glucopyranose; this quenching is confirmed by
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the excitation spectrum of 3 (Figure 4), in which the band
attributable to the benzoate groups is completely absent.
These results can be interpreted by assuming that upon ex-
citing the peripheral benzoate units, an energy-transfer pro-
cess to the lowest excited states of the porphyrin core does
not occur, while a very fast radiationless deactivation pro-
cess of the excited benzoate moieties or an electron-transfer
process can be responsible for the lack of luminescence of
the porphyrin core (E;,, for reduction of 10 is —2.29 V in
DMF vs. SCE'21 E_, for 8 is —1.19 V vs. NHE in organic
solvents,['* and an E°° value greater than 4 eV can be es-
timated from the tail of the absorption band of 10).
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Figure 4. Comparison between the absorption and excitation spec-
trum of the porphyrin glycodendrimer 3 [MeCN/CH,Cl, (85:15,
v/v), room temperature]
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The absorption spectra in H,O/THF (80:20, v/v) of gly-
codendrimers 4 and 7 show the same Soret and Q bands
with the same maximum wavelengths as the reference com-
pound 11 (see Table 3). In contrast with the protected gly-
codendrimers 3 and 6 examined in MeCN/CH,Cl, (85:15,
v/v), the molar absorption coefficients at A, of the Soret
band of compounds 4 and 7 show an increase of about 20%
upon decreasing the concentration from 10™% to 107° M.
This result may be attributed to an aggregation effect in this
different solvent.l'!]

As far as the emission properties are concerned, the gly-
codendrimers 4 and 7 exhibit the same emission spectrum
shown by the reference compound 11, with the same
quantum yield (see Table 3). Quite surprising results have
been obtained from the lifetime measurements. While the
reference compounds 8 and 11 exhibit a monoexponential
decay (1t = 9.4 and 12 ns, respectively), all the studied glyco-
dendrimers are characterized by a double exponential decay
(see Table 3): one of the lifetime values is quite similar to
that of the corresponding reference compound, while the
other lifetime value is shorter; the two decays are character-
ized by comparable preexponential factors. Recently, sim-
ilar results were obtained in substituted zinc porphyrins
with dendritic architectures."¥ In that case, the authors at-
tribute the shorter lived component to aggregate species, as
indicated by the blue shift in the Soret band. This explana-
tion cannot be invoked in our case, since our lifetime meas-
urements were performed in very dilute solutions, where ag-
gregation phenomena (observed only in more concentrated
solutions in H>,O/THF, see above) were completely absent.
One possible explanation could be the presence in solution
of two different conformations on account of the bulky -
D-glucopyranoside substituents.

Conclusions

The covalent attachment of four B-D-glucopyranose-
based wedges to a tetrafurcated porphyrin core has been
realized by amide bond formation. The resulting two den-
drimers have molecular weights of 3277 and 5167 and ap-
proximate radii of 18 and 22 A, respectively. Removal of
the protecting groups attached to the carbohydrate units
located at the surface of these dendrimers afforded two
water-soluble porphyrin-containing dendrimers with mo-
lecular weights of 1612 and 3149 and approximate radii of
16 and 20 A, respectively. Liquid secondary ion mass spec-
trometry, and one- and two-dimensional 'H and '3C NMR
spectroscopy were employed to characterize these highly-
branched molecules. All the glycodendrimers were also
characterized by electronic absorption and emission spec-
troscopy, and lifetime measurements. The most relevant re-
sult is that each glycodendrimer shows two distinct fluores-
cence lifetime values, while the porphyrin model com-
pounds have only one. In the case of compound 3 no energy
transfer occurs from the benzoate groups of the glycopyr-
anoside branch to the porphyrin core.
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Experimental Section

General Methods: Chemicals were purchased from Aldrich and
used as received. Solvents were dried according to literature proced-
ures.'31 The compounds 1,18 2,1 51 and 9P1 were prepared ac-
cording to literature procedures. Thin layer chromatography (TLC)
was carried out on aluminum sheets coated with silica-gel 60
(Merck 5554). Column chromatography was performed on silica-
gel 60 (Merck, 40—63 nm). Gel permeation chromatography (GPC)
was carried out on a Phenogel semi-preparative column (500 A,
300 X 7.80 mm, Phenomenex, England) operated by a Gilson 714
high-performance liquid chromatographic system equipped with a
UV detector set at a wavelength of 260 nm using THF as the mo-
bile phase. High resolution liquid secondary ion mass spectra
(HRLSIMS) were recorded on a VG ZabSpec mass spectrometer,
equipped with a cesium ion source, with m-nitrobenzyl alcohol con-
taining a trace amount of NaOAc as matrix. High resolution mat-
rix-assisted laser desorption ionization time-of-flight mass spectro-
metry (HRMALDITOFMS) was performed on a Voyager-DE
STR with an a-cyano-4-hydroxycinnamic acid matrix. '"H NMR
Spectra were recorded on a Bruker ARX400 (400 MHz), or a
Bruker ARX500 (500 MHz) spectrometer. '3C NMR Spectra were
recorded on either a Bruker ARX400 (100 MHz), or a Bruker
ARXS500 (125 MHz) spectrometer. The chemical shift values are
expressed as 6 values in ppm and the coupling constant values (J)
are in Hertz.

meso-Tetrakis[{4-[2-0-(2,3,4,6-O-benzoyl-B-D-glucopyranosyl)-
ethyl]aminocarbonyl} phenyl]porphyrin (3): A solution of 2 (320 mg,
0.5 mmol) and NEt; (0.2 mL, 1.4 mmol) in dry CH,Cl, (2 mL) was
added to a stirred solution of 1 (95 mg, 0.1 mmol) in dry CH,Cl,
(10 mL) maintained under an atmosphere of N,. The mixture was
stirred for 12 h at ambient temperature and the solvent was then
distilled off under reduced pressure. Purification of the residue by
column chromatography (SiO,: CHCI3/MeOH 95:5) afforded 3
(140 mg, 39%) as a purple glass. HRLSIMS: m/z caled. for [M]*
(C192H154Ng044): 3275.0059; found 3275.0055. 'H NMR (CDCls):
8 = =277 (s, 2 H), 3.75-3.79 (m, 4 H), 3.92-3.96 (m, 4 H),
3.99-4.03 (m, 4 H), 4.18—4.22 (m, 4 H), 4.24—4.28 (m, 4 H), 4.55
(dd, J = 5.3, 12.2 Hz, 4 H), 4.73 (dd, J = 2.7, 12.2 Hz, 4 H), 5.02
(d, J = 7.8Hz, 4 H), 5.64 (dd, J = 7.8, 9.7 Hz, 4 H), 5.75 (pseudo
t, J = 9.7Hz, 4 H), 5.99 (pseudo t, J = 9.7 Hz, 4 H), 6.93 (br. s,
4 H), 7.24—8.04 (m, 88 H), 8.07 (d, J = 7.9 Hz, 8 H), 8.79 (s, 8 H)
ppm. *C NMR (CDCl,): § = 39.9, 62.9, 69.4, 72.0, 72.5, 72.6,
101.3, 119.0, 125.3, 128.3—129.7, 133.1, 133.4, 137.3, 165.1,
165.3, 165.7 ppm.

meso-Tetrakis[{4-][2-O-(p-D-glucopyranosyl)ethyl]amino-
carbonyl}phenyl]porphyrin (4): A solution of NaOMe (0.5 M) in
MeOH (2.15 mL), was added to a stirred solution of 3 (235 mg,
0.1 mmol) in anhydrous MeOH (30 mL) and THF (10 mL) main-
tained under an atmosphere of N,. After 16 h, the mixture was
brought to neutrality with 0.1 M HCI. The solvent was then distilled
off under reduced pressure and the residue was washed with
CH,Cl, (3 X 30 mL), cold H>O (2 X 30 mL), and dried to afford
4 (116 mg, 100%) as a purple glass. HRMALDITOFMS: m/z caled.
for [M]* (CgoHogNgOsg): 1611.5943; found 1611.6264. '"H NMR
(D,O/[Dg]THF): 6 = 3.36 (dd, J = 7.9, 9.2 Hz, 4 H), 3.39 (pseudo
t,4 H, J = 9.2 Hz), 3.45-3.49 (m, 4 H), 3.55 (pseudo t, 4 H, J =
9.2 Hz), 3.73 (dd, J = 6.0, 12.1 Hz, 4 H), 3.79—-3.83 (m, 4 H),
3.86—3.90 (m, 4 H), 3.93 (dd, J = 3.4, 12.1 Hz, 4 H), 3.97-4.01
(m, 4 H), 4.20—4.24 (m, 4 H), 4.56 (d, J = 7.9 Hz, 4 H), 8.25 (d,
J=179Hz 8 H), 837 (d, J = 7.9 Hz, 8 H), 8.85 (br. s, 8 H) ppm.
13C NMR (D,O/[Dg]THF): & = 40.0, 61.0, 68.5, 69.9, 73.3, 76.1,
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76.3, 102.8, 107.54,
167.5 ppm.

118.7, 1259, 128.7, 133.8, 134.2, 144.3,

meso-Tetrakis{4-|tris-{ O-[2,3,4,6-tetra-(O-acetyl)-p-D-glucopyrano-
sylmethyl}methylaminocarbonyl]phenyl}porphyrin (6): A solution of
5 (424 mg, 0.4 mmol) and NEt; (0.8 mL, 5.8 mmol) in dry CH,Cl,
(10 mL) was added to a stirred solution of 1 (76 mg, 0.1 mmol) in
dry CH,Cl, (10 mL) maintained under an atmosphere of N,. The
reaction was stirred for three days and the solvent was then distilled
off under reduced pressure. Purification of the residue by column
chromatography (SiO,: CHCl;/MeOH 99:1-95:5) followed by
GPC afforded 6 (76 mg, 16%) as a purple glass. HRMALDI-
TOFMS: m/z caled. for [M]* (Cs3,H155NgO04): 5164.6085; found
5164.7835. 'TH NMR (CDCls): 3 = —2.92 (s, 2 H), 2.09 (m, 144
H), 3.80—3.84 (m, 12 H), 4.12—4.21 (m, 24 H), 4.37—4.43 (m, 24
H), 4.66 (d, J = 7.9 Hz, 12 H), 5.12 (dd, J = 7.9, 9.8 Hz, 12 H),
5.16 (pseudo t, J = 9.8 Hz, 12 H), 5.65 (pseudo t, J = 9.8 Hz, 12
H), 6.82 (br. s, 4 H), 8.17 (d, J = 7.9 Hz, 8§ H), 8.32 (d, / = 7.9 Hz,
8 H), 8.83 (s, 8 H) ppm. *C NMR (CDCl;): § = 20.6, 59.5, 62.7,
68.2, 68.5, 71.3,71.9, 72.5, 101.1, 119.1, 125.4, 128.3, 129.9, 132.1,
134.5, 145. 5, 167.4, 169.2, 169.3, 170.0, 170.5 ppm.

meso-Tetrakis{4-[tris-(O-p-D-glucopyranosylmethyl)methyl-
aminocarbonyl]phenyl}porphyrin (7): A solution of NaOMe (0.5 m)
in MeOH (560 pL) was added to a stirred solution of 6 (25 mg,
0.004 mmol) in anhydrous MeOH (15 mL) and THF (5 mL) main-
tained under an atmosphere of N,. After 16 h, the mixture was
brought to neutrality with 0.1 M HCI. The solvent was distilled off
under reduced pressure and the residue was washed with CH,Cl,
(3 X 30 mL) and cold H,O (2 X 20 mL) to afford 7 (15 mg, 100%)
as a purple solid. HRMALDITOFMS: m/z caled. for [M]*
(Ci36H136NgO7): 3148.1014; found 3148.0301. 'H NMR (D,O/
[Dg]THF): 6 = 3.39 (dd, J = 7.9, 93 Hz, 12 H), 342 (d, J =
9.3 Hz, 12 H), 3.49—-3.53 (m, 12 H), 3.59 (d, J = 9.3 Hz, 12 H),
3.75(dd, J = 5.9, 12.1 Hz, 12 H), 3.95 (dd, J = 3.3, 12.1 Hz, 12
H), 4.24 (d, J = 10.2 Hz, 12 H), 4.62 (d, J = 7.9 Hz, 12 H), 4.68
(d, J = 10.2 Hz, 12 H), 8.30 (d, / = 7.9 Hz, 8 H), 8.38 (d, J =
7.9 Hz, 8 H), 9.02 (br. s, 8 H) ppm. '3C NMR (D,O/[Dg]THF):
5 = 60.8, 68.1, 69.9, 73.8, 76.2, 76.3, 102.8, 107.5, 117.7, 126.0,
128.6, 133.2, 134.0, 144.9, 168.3 ppm.

Molecular Modeling: The compounds 3, 4, 6, and 7 were con-
structed within the input mode of Macromodel 5.0.['% The geomet-
ries were optimized by employing the Polak—Ribiere conjugate
gradient (PRCG) algorithm!'”l in conjunction with the AMBER*
force field!'8! and the generalized-Born surface area (GB/SA) solva-
tion model"! for CHCl; (3 and 4) or for H,O (6 and 7) as imple-
mented in Macromodel 5.0. The minimized geometries were sub-
jected to an equilibration molecular dynamics run of 20 ps (simu-
lated temperature = 500 K, time-step = 1.5 fs), followed by a mo-
lecular dynamics run of 200 ps (simulated temperature = 500 K,
time-step = 1.5 fs) using the AMBER* force field and the GB/SA
solvation model for CHCl; (3 and 4) or for H,O (6 and 7). In all
cases, 200 randomly selected geometries were minimized using the
PRCG algorithm, the AMBER* force field, and the GB/SA solva-
tion model for CHCI; (3 and 4) or for H,O (6 and 7).

Photophysical Measurements: The solvents used were Merck Uva-
sol, used without purification. All the experiments were performed
at room temperature on air equilibrated solutions. The concentra-
tion range was 107* to 107¢ M. The absorption spectra were re-
corded with a Perkin—Elmer Lambda 40 spectrophotometer. Un-
corrected emission spectra were recorded with a Perkin—Elmer LS
50 spectrofluorimeter. Emission quantum yields were calculated us-
ing as standards para-dimethoxybenzene (® = 0.11 in MeCN)i2¥l
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for compound 9 and the free base meso-tetraphenylporphyrin 8
(¢ = 0.13 in methylcycloexane)?!! for all the studied porphyrins
derivatives. The estimated experimental error on quantum yield
values is +20%. An Edinburgh 199 single-photon counting appar-
atus was used for lifetime measurements. In some cases control
experiments were performed with a Jobin—Yvon Fluorolog Tau-3
apparatus. In all cases the experimental error of the lifetime values
is estimated to be £10%. Irradiation experiments were performed
using a Helios—Italquartz Polymer 125 medium pressure mercury
lamp.

Acknowledgments

We thank Ms. Belén Ferrer Ribera (Istituto de Tecnologia Quimica
(UPV-CSIC) Universidad Politécnica de Valencia, Spain) for per-
forming some of the photophysical measurements. Financial sup-
port from the University of Bologna (Funds for Selected Research
Topics) and MIUR (Supramolecular Devices Project) in Italy are
gratefully acknowledged.

U1 A. L. Lenninger, D. L. Nelson, M. M. Cox, Principles of Bio-
chemistry, Worth Publishers, New York, 1994.

1 G. R. Moore, G. W. Pettigrew, Cytochrome C: Evolution and
Physicochemical Aspects, Springer, New York, 1990.

(31 3al G, R. Newkome, C. N. Moorefield, F. Vogtle, Dendritic
Macromolecules VCH, Weinheim, 1996. %1 F. Vogtle (Ed.:),
Top. Curr. Chem. 1998, 197, 1—228. B G. R. Newkome, C.
N. Moorefield, F. Vogtle, Dendrimers and Dendrons: Concepts,
Syntheses, Applications, VCH, Weinheim, 2001.

4] For recent accounts and reviews on dendrimers, see: [*4 D. As-
truc, Acc. Chem. Res. 2000, 33, 287—298. [4b] C. M. Cardona,
S. Mendoza, A. E. Kaifer, Chem. Soc. Rev. 2000, 29, 37—42.
4l C. B. Gorman, J. C. Smith, Acc. Chem. Res. 2001, 34,
60—71. ¥4 A Adronov, J. M. J. Fréchet, Chem. Commun. 2000,
1701—1710. ¥l R. M. Crooks, M. Q. Zhao, L. Sun, V. Chechik,
L. K. L. Yeung, Acc. Chem. Res. 2001, 34, 181—190. 1 H.
Lang, B. Luhmann, Adv. Mater. 2001, 13, 1523—1540. 4] S,
Hecht, J. M. J. Frechet, Angew. Chem. Int. Ed. 2001, 40, 74—91.
[#hl G. E. Oosterom, J. N. H. Reek, P. C. J. Kamer, P. W. N. M.
van Leeuwen, Angew. Chem. Int. Ed. 2001, 40, 1828—1849. 41
D. C. Tully, J. M. I Fréchet, Chem. Commun. 2001,
1229—1239. 4l D, Astruc, F. Chardac, Chem. Rev. 2001, 101,
2991-3023. kI S. K. Grayson, J. M. J. Fréchet, Chem. Rev.
2001, 701, 3819—3867. 41 S, Serroni, S. Campagna, F. Puntori-
ero, C. Di Pietro, N. D. McClenaghan, F. Loiseau, Chem. Soc.
Rev. 2001, 30, 367—375. 4™ V. Balzani, P. Ceroni, A. Juris, M.
Venturi, S. Campagna, F. Puntoriero, S. Serroni, Coord. Chem.
Rev. 2001, 219, 545—572. 41 S_ E. Stiriba, H. Frey, R. Haag,
Angew. Chem. Int. Ed. 2002, 41, 1329—1334. 41 L_ J. Twyman,
A. S. H. King, I. K. Martin, Chem. Soc. Rev. 2002, 31, 69—82.
[l F. Diederich, B. Felber, Proc. Natl. Acad. Sci. USA 2002,
99, 4778—4781.

For recent examples of dendrimers incorporating porphyrin co-
res, see: 2 M. S. Choi, T. Aida, T. Yamazaki, I. Yamazaki,
Angew. Chem. Int. Ed. 2001, 40, 3194—3198. [3* S, Hecht, N.
Vladimirov, J. M. J. Frechet, J Am. Chem. Soc. 2001, 123,
18—25. Bl M. Kimura, T. Shiba, M. Yamazaki, K. Hanabusa,
H. Shirai, N. Kobayashi, J Am. Chem. Soc. 2001, 123,
5636—5642. 541 S, Kimata, T. Aida, Tetrahedron Lett. 2001, 42,
4187—4190. B¢l A Zingg, B. Felber, V. Gramlich, L. Fu, J. P.
Collman, F. Diederich, Helv. Chim. Acta 2002, 85, 333—351.
1 P. Weyermann, F. Diederich, J. P. Gisselbrecht, C. Boudon,
M. Gross, Helv. Chim. Acta 2002, 85, 571—598. 581 P. Weyer-
mann, F. Diederich, Helv. Chim. Acta 2002, 85, 599—617. [
E. M. Harth, S. Hecht, B. Helms, E. E. Malmstrom, J. M. J.
Frechet, C. J. Hawker, J Am. Chem. Soc. 2002, 124,
3926—3938. 151 M. Kimura, Y. Saito, K. Ohta, K. Hanabusa,

O

293



FULL PAPER

6

3

5=

294

J. F. Stoddart et al.

H. Shirai, N. Kobayashi, J Am. Chem. Soc. 2002, 124,
5274—-5275.

P. R. Ashton, V. Balzani, L. Clemente-Leon, B. Colonna, A.
Credi, N. Jayaraman, F. M. Raymo, J. F. Stoddart, M. Venturi,
Chem. Eur. J. 2002, 8, 673—684.

[7al p. R. Ashton, S. E. Boyd, C. L. Brown, N. Jayaraman, S.
A. Nepogodiev, J. F. Stoddart, Chem. Eur. J. 1996, 2,
1115—1128. ’"1 P. R. Ashton, S. E. Boyd, C. L. Brown, N.
Jayaraman, J. F. Stoddart, Angew. Chem. Int. Ed. Engl. 1997,
36, 732—735. "I P R. Ashton, S. E. Boyd, C. L. Brown, S. A.
Nepogodiev, E. W. Meijer, H. W. 1. Peerlings, J. F. Stoddart,
Chem. Eur. J. 1997, 3, 974—984. U9 N, Jayaraman, S. A. Nepo-
godiev, J. F. Stoddart, Chem. Eur. J. 1997, 3, 1193—1199. [7¢
H. W. L. Peerlings, S. A. Nepogodiev, J. F. Stoddart, E. W. Me-
ijer, Eur. J. Org. Chem. 1998, 1879—1886. "1 B. Colonna, V. D.
Harding, S. A. Nepogodiev, F. M. Raymo, N. Spencer, J. F.
Stoddart, Chem. Eur. J 1998, 4, 1244—1254. el P. R. Ashton,
E. F. Hounsell, N. Jayaraman, T. M. Nilsen, N. Spencer, J. F.
Stoddart, M. Young, J Org Chem. 1998, 63, 3429—3437. [
F. Cardullo, F. Diederich, L. Echegoyen, T. Habicher, N. Jayar-
aman, R. M. Leblanc, J. F. Stoddart, S. P. Wang, Langmuir
1998, 74, 1955—1959. 71 G. M. Pavlov, E. V. Korneeva, K.
Jumel, S. E. Harding, E. W. Meijer, H. W. 1. Peerlings, J. F.
Stoddart, S. A. Nepogodiev, Carbohydr. Polym. 1999, 38,
195—202. 7' W, B. Turnbull, A. R. Pease, J. F. Stoddart, Chem-
biochem 2000, 1, 70—74. 71 W. B. Turnbull, S. A. Kalovidouris,
J. E. Stoddart, Chem. Eur. J. 2002, 8, 2988—3000.

H.-J. Schneider, M. Wang, J. Org. Chem. 1994, 59, 7473—7478.
P. R. Ashton, S. E. Boyd, C. L. Brown, N. Jayaraman, S. A.
Nepogodiev, J. F. Stoddart, Chem. Eur. J. 1996, 2, 1115—1128.

01 H. Suzuki, in Electronic Absorption Spectra and Geometry of
Organic Molecules, Academic Press, New York, 1967, p. 472.

(11 P. Hambright, in Porphyrins and Metalloporphyrins (Ed.: K. M.
Smith), Elsevier, Amsterdam, 1975, chap. 6.

(121 J. H. Wagenknecht, L. Eberson, J. H. P. Utley, in Organic Elec-
trochemistry (Eds.: H. Lunds and O. Hammerich), Marcel
Dekker, New York, 2001, p. 458.

131 The Porphyrins (Eds.: R. H. Felton and D. Dolphin), Academic
Press, New York, 1978, vol. 5, chap. 3.

141 R. Sadamoto, N. Tomioka, T. Aida, J Am. Chem. Soc. 1996,
118, 3978 —3979.

151 D. D. Perrin, W. L. F. Armarego, Purification of Laboratory
Chemicals, Third Edition, Pergamon Press, Oxford, 1988.

161 . Mohamadi, N. G. J. Richards, W. C. Guida, R. Liskamp,
M. Lipton, C. Caufield, G. Chang, T. Hendrickson, W. C. Still,
J. Comput. Chem. 1990, 11, 440—467.

71 E. Polak, G. Ribiere, Revue Francaise Inf. Rech. Oper. 1969,
16-R1, 35—43.

181 S, J. Weiner, P. A. Kollman, D. A. Case, V. C. Singh, C. Ghio,
G. Alagona, S. Profeta, Jr., P. Weiner, J Am. Chem. Soc. 1984,
106, 765—784.

91w, C. Still, A. Tempczyk, R. C. Hawley, T. Hendrickson, J
Am. Chem. Soc. 1990, 112, 6127—6129.

(201 . R. Ashton, R. Ballardini, V. Balzani, M. Belohrasky, M. T.
Gandolfi, D. Philp, L. Prodi, F. M. Raymo, M. V. Reddington,
N. Spencer, J. F. Stoddart, M. Venturi, D. J. Williams, J. Am.
Chem. Soc. 1996, 118, 4931—4951.

21 A. Harriman, J. Chem. Soc., Faraday Trans. 1 1980, 76,
1978—1985.

Received July 12, 2002
[002383]

Eur. J. Org. Chem. 2003, 288—294



