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Slow evaporation of an acetone or chloroform solution of the
novel tetranuclear platinum(Il) complex [Pt(Lau,dim)Me],-
(TpyP)(CF3S03), [Laup,dim = didodecyldiimine; TpyP =

5,10,15,20-tetrakis(4-pyridyl)-21H,23H-porphyrin] on a glass
surface affords globular micrometric sized aggregates.

Introduction

The formation of organized supramolecular structures of
chromophores with well-defined shapes and sizes is a topic
of relevant interest.['l Their potential application in energy
storage and conversion, supramolecular catalysis, optics
and electronics can be easily recognized. In this respect,
porphyrins and their metal derivatives are important com-
pounds due to their favorable photophysical, electronic and
catalytic properties. These features are strictly related to
their aggregation state and strongly depend on the micros-
tructural environment.”l Specifically tailored porphyrins
can be easily dissolved in micelles or liposomesl®! obtaining
systems that assume the required stability, rigidity and ori-
entation to perform specific functions, for example to mimic
cytochrome P-450.1 Amphiphilic porphyrins have been ex-
ploited in the preparation of simple micelles,™! fibers!® and
vesicles,/”l while “octopus” porphyrins have shown their
tendency to self-assemble in vesicles!®! or fibers!®! able to
bind oxygen in an aqueous medium. The formation of por-
phyrin wheels or rings in the mesoscopic range has been
achieved by simple solvent evaporation.[']

Metal complexes can be conveniently exploited to syn-
thesize properly modified porphyrins!!!l or linked porphyrin
arrays using the self-assembly idea.l'?l We have recently re-
ported on the application of platinum(Il) organometallic
complexes to the synthesis of tetrasubstituted porphyrins
that are soluble in micellar phases.['*] We knew from a de-
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tailed kinetic investigation on cationic complexes of the
type [Pt(N-N)Me(Me,SO)]* (N-N = a series of diamines
or diimines)!'¥ that the coordinated Me,SO becomes very
labile when N-N is a diimine. Therefore, we used the com-
plex [Pt(Cy,dim)Me(Me,SO)]* (Cy,dim = dicyclohexyldii-
mine) as a monofunctional building block for introducing
the platinum molecular fragment and for accessing a specif-
ically tailored porphyrin.['3]

This paper describes the formation of globular mesos-
copic aggregates by simple evaporation of solutions con-
taining a novel 5,10,15,20-tetrakis(4-pyridyl)-21 H,23 H-por-
phyrin (TpyP) derivative functionalized with a platinum(II)
complex bearing long alkyl chains.

Results and Discussion

The synthetic route to the porphyrin platinum(II) com-
plex [Pt(Lau,dim)Me]4(TpyP)(CF3SO3), (1) (Lau,dim =
didodecyldiimine) can be summarized as follows
(Scheme 1): (i) the diimine ligand Lau,dim is readily pre-
pared, according to a literature method,!'>! by reacting do-
decylamine and glyoxal in methanol; (ii) in analogy with a
well-established procedure,'¥l the diimine ligand is reacted
with the complex trans-[Pt(Me,SO),MeCl] in methanol, in
the presence of a stoichiometric amount of AgCF;SOs; sep-
aration of solid AgCl and cautious evaporation of the ex-
cess solvent affords the sulfoxide complex [Pt(Lau,dim)Me-
(Me>SO)](CF3S03); (iii) this latter compound is reacted
with a stoichiometric amount of the TpyP porphyrin in
chloroform leading almost quantitatively to the tetranuclear
complex 1. The gradual platination of the porphyrin can be
monitored easily in situ by "H NMR spectroscopy, by ti-
trating a solution of TpyP with the sulfoxide complex. The
aromatic region of the spectrum shows a decrease of the
signals for TpyP and a matching increase of the peaks due
to intermediate mono-, di- and trisubstituted species, af-
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Scheme 1

fording eventually the required tetrasubstituted complex
with a metal to porphyrin ratio of 4:1.

The UV/Vis electronic spectrum of 1 in acetone exhibits
an intense Soret band at 422 nm (¢ = 2.76 X 10° M~ 'cm ™),
which is bathochromically shifted with respect to the free
TpyP porphyrin (AL = +9 nm, Figure 1). A series of four
Q-bands are present at longer wavelengths. The resonance
light-scattering!'7! spectrum of the acetone solution of 1 ex-
hibits a rather low intensity with respect to the neat solvent,
and is strongly modulated by the absorbance of the sample,
suggesting the monomeric nature of this complex in acet-
one. The platinated porphyrin is still emissive in acetone
solutions. The fluorescence spectra display the typical two-
band emission at 654 and 716 nm, very similar (even if par-
tially quenched by the heavy atom effect) to those of the
parent porphyrin and of other tetraaryl-substituted porphy-
rins (inset of Figure 1).I'8 The excitation spectra match the
absorption spectra.

Chloroform or acetone solutions of complex 1 have been
evaporated on glass cover slides. The resulting films exhibit
an intense and sharp Soret band at 431 nm and the typical
two-band emission fluorescence at 662 and 720 nm. Both
the Soret and the emission features are bathochromically
shifted with respect to the organic solution phase. These
observations suggest a well-defined geometrical arrange-
ment of porphyrins in the solid state, which could be ac-
counted for by the occurrence of porphyrin—porphyrin in-
teractions, in spite of the presence of the bulky alkyl side
chains. These latter could be responsible for a further stabil-
ization of the structure through hydrophobic interactions,
which help to orientate the chromophore planes (Figure 2).
Optical microscopy on these samples revealed a distribution
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Figure 1. UV/Vis spectra of 5 um solutions of TpyP (dashed line)
and complex 1 (solid line) in acetone [the inset shows the fluores-
cence emission spectra of TpyP (dashed line) and complex 1 (solid
line) in acetone (Ao = 420 nm; emissions are corrected for absorp-
tion)]

of apparently globular objects, which are stable at 298 K
for at least a week. After this period, the aggregates collapse
in continuum unstructured layers. Scanning Electron Mi-
croscopy (SEM) has been exploited to investigate the mor-
phology of this system. The SEM images (Figure 3) show a
population of almost spherical aggregates with sizes span-
ning from 1000 up to 2000 nm. The presence of platinum
in the aggregates is confirmed by Energy Dispersion Spec-
trometry (EDS), which shows the typical pattern of this ele-
ment. The clear-cut evidence that compound 1 retains its
identity in the globular aggregates has been proved by strip-
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ping the compound from the glass with acetone and com-
paring the UV/Vis absorption and fluorescence emission of
these solutions with those of 1 in the same solvent prior to
deposition. Analogous experiments performed using solu-
tions of [Pt(Lau,dim)Me(Me,SO)](CF;SO;) or of the plati-
nated porphyrin compound [Pt(Cy,dim)Me]4(T-
pyP)(CF5S05), 13 resulted only in the formation of un-
structured films, resembling a waxy layer.

Figure 2. Schematic model for the arrangement of porphyrins in
the aggregates

EHT=-20 .08 kY

1 | |

Figure 3. SEM image acquired on a sample of 1 deposited on glass
from an acetone solution; the slide has been coated with graphite
for EDS analysis

The growth of porphyrin wheels!'%! and of other well-
defined patterns!'®! of chromophores on different solid sub-
strates has been explained on the basis of surface forces
acting at the interface between the solid, the liquid and the
gas phase. A similar mechanism could well apply to the
growth of objects of spherical shape, even if a complete un-
derstanding deserves further investigations. The nature of
the solvent does not allow a complete wettability of the
glass substrate, leading to an increase of the contact angle.
The droplets are pinned at the glass surface by the rough-
ness of the surface or by defects present in the film. On
evaporation the hydrophobic porphyrin concentrates in the
droplet which tends to assume a spherical shape. The re-
sulting structure should be stabilized by included solvent
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molecules. Further studies are in progress to test the cata-
lytic ability of aggregated manganese(III) porphyrin deriv-
atives in oxidative processes.

Experimental Section

General Procedures and Chemicals: All solvents were dried accord-
ing to standard procedures by distillation under an oxygen-free ni-
trogen atmosphere from appropriate drying agents (i.e. dichlorome-
thane from barium oxide and diethyl ether from sodium benzo-
phenone ketyl). CDCl; was purchased from Cambridge Isotopes
Laboratories (D, 99.8%). 5,10,15,20-tetrakis(4-pyridyl)-21H,23H-
porphyrin (TpyP) was purchased from Aldrich. K,PtCl, (Strem
Chemical Co.) was purified from metallic Pt and K,PtClg by dissol-
ving it in water and filtering. Tetramethyltin was received from Ald-
rich and its purity was checked by '"H NMR spectroscopy. All the
other reagents were of the highest commercial grade available and
were used as received or were purified by distillation or recrystal-
lization where necessary.

Instrumentation: 'H and '*C{'H} NMR spectra were recorded at
298 K on a Bruker AMX R-300 spectrometer operating with a
broad-band probe at 300.13 and 75.7 MHz for 'H and '3C nuclei,
respectively. Chemical shifts (3, ppm) are referred to SiMe,. UV/
Vis spectra were measured on a Hewlett Packard mod. HP 8453
diode array spectrophotometer. Fluorescence and resonance light
scattering experiments were performed on a Jasco mod. FP-750
spectrofluorimeter equipped with a Hamamatsu R928 PMT using,
in this latter case, a synchronous scan protocol with a right-angle
geometry.'’l Microanalysis was performed by Redox Analytical
Laboratories, Milan, Italy. SEM was performed on a LEO S420
Cambridge instrument operating with an accelerating potential of
20 kV. The samples were prepared by graphite coating for the
EDS analysis.

Lau,dim: Didodecyldiimine (Lau,dim) was prepared following a
literature method used for other dialkyl diimines.['> The solid com-
pound was crystallized from methanol. Yield 75%. C,sHs,N,
(392.7): caled. C 79.51, H 13.36, N 7.14; found C 79.3, H 13.5, N
7.10. '"H NMR (CDCls): 8 = 7.9 (s, 2 H), 3.55 (t, 3Jyy_u = 6.9 Hz,
4 H), 1.65 (m, 4 H), 1.24 (m, 36 H), 0.85 (t, 3Jy_y = 6.6 Hz, 6 H).
13C NMR (CDCls): § = 162 (CH), 61 (C;-N), 32 (C,-N), 30 (Cs-
N), 29 (2C), 27 (3C), 22 (3C), 15 (CH;3). MS-EL: m/z = 391 [M —
H*]. M.p. 63 °C.

[Pt(Lau,dim)Me(Me,SO)|(CF5S03): The precursor [Pt(Lau,dim)-
Me(Me,SO)](CF3S03) was prepared using a slightly modified liter-
ature method.'"Y A weighed amount of trans-[Pt(Me,SO),MeCl]!']
(40.2 mg, 0.1 mmol) was reacted in methanol (70 mL) with an equi-
molar amount of AgCF3SO5 and the ligand Lau,dim. After stir-
ring for 30 min, AgCl was removed by centrifugation. The solvents
were then evaporated under reduced pressure, and the resulting yel-
low-orange solid was dissolved in dichloromethane and filtered
through a cellulose column to remove residual AgCl. The com-
pound was precipitated by adding diethyl ether and cooling to —30
°C. 58mg of the complex were recovered. Yield 70%.
C3oHg1F3N>O4PtS; (830.0): caled. C 43.41, H 7.41, N 3.37; found
C 432, H 7.2, N 3.5. 'H NMR (CDCl;): & = 8.87 (s, 3Jpi—py =
46 Hz, 1 H), 8.84 (s, 3Jp_y = 83 Hz, 1 H), 3.99 (t, 2 H), 3.77 (m,
2 H), 3.36 (s, *Jp._y = 32 Hz, 6 H), 1.67 (m, 4 H), 1.24 (m, 36 H),
0.87 (t, 3Jy—u = 6 Hz, 6 H), 0.79 (s, 2Jp_y = 70.2 Hz, 3 H). 13C
NMR (CDCly): § = 173 (CH), 166 (CH'), 120.4 (3Jg_¢ = 320 Hz,
CF3), 62.3, 59.3 (C, + Cy), 45.5 ((Jpi—c = 84 Hz, Me,S0), 41,
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40.5 (C3 + Cy), 32—26.22 (18 C), 14 (Cp> + Cy2), =9.6 (Wp_c =
700 Hz, CH;). MS-FAB: m/z = 680 [M* — CF,S0;].

[Pt(Lau,dim)Me]y(TpyP)(CF3S05), (1): [Pt(Lau,dim)Me(Me,.
SO)](CF3S053) (54 mg, 0.064 mmol) was added to a stirred solution
of TpyP (10 mg, 0.016 mmol) in 25 mL of freshly distilled chloro-
form. The solution was allowed to react for 2 hours, and the solvent
was then removed under reduced pressure. The resulting deep
purple compound was dissolved in acetone and precipitated by
adding diethyl ether and cooling to —30 °C (46 mg). Yield 80%.
Ci5:Ho46F 15N 1601,Pt,S, (3626.3): caled. C 50.35, H 6.84, N 6.18;
found C 50.01, H 6.50, N5.98. '"H NMR (CDCl5): 6 = 9.14 (m,
3Ju_u = 5.5Hz, 8 H), 8.97 (s, 8 H), 8.85 (s, 4 H), 8.71 (s, 4 H),
8.45 (m, 3Jy_y = 5.5Hz, 8 H), 3.99 (m, 8 H), 3.85 (m, 8 H),
1.85—1.05 (m, 160 H), 0.86 (m, 3Jy_y = 6 Hz, 24 H), 0.60 (s, 12
H), —3.00 (s, 2 H). MS (MALDI-TOF): m/z = 1972 [M — 2Pt —
CF3S05"], 1220.8 [M — 3Pt — CF3SO;*]. UV/Vis (acetone): Apax
(e) = 422 (276000), 514, 550, 592, 648 nm. UV/Vis (on glass):
Amax = 431, 521, 555, 598, 650 nm. Fluorescence emission (acet-
one): Aee = 420 nm; Ay, = 654, 716 nm. Fluorescence emission
(on glass): Aexe = 420 nm; Ay, = 662, 720 nm.

Deposition on Glass: Microscope slides, cleaned prior to use by im-
mersion in a 1:1 mixture of concentrated NH; solution and 30+%
H,0,, then rinsed with Milli-Q water and dried under a steam of
N,, were used as film substrates. A droplet of a 107°—10~* m solu-
tion of 1 in acetone or chloroform (Aldrich, Spectral grade) was
placed on the substrate and evaporation was achieved by gentle
spinning at 298 K.

Supporting Information Available (see footnote on the first page of
this article): "H NMR titration of TpyP with the precursor plat-
inum(Il) complex (Figure S1), UV/Vis and fluorescence emission
of 1 in acetone solution and on glass surface (Figure S2 and S3),
optical images (1000X magnification) of different porphyrin com-
plexes (Figure S4) and Energy Dispersion Spectrometry (EDS) pro-
file on samples of 1 deposited on glass (Figure S5).
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