ORGANIC
LETTERS

Enhancement of Two-Photon Absorption ol 228
Cross-Section and Singlet-Oxygen 2719-2722
Generation in Porphyrins upon

P-Functionalization with

Donor —Acceptor Substituents

Marika Morone, T Luca Beverina, T Alessandro Abbotto, T Fabio Silvestri, '
Elisabetta Collini, * Camilla Ferrante, * Renato Bozio, * and Giorgio A. Pagani* '

Department of Materials Science and INSTM, University of Milano-Bicocca,
Via Cozzi 53, 1-20125, Milano, Italy, and Department of Chemical Sciences and
INSTM, University of Padova, Via Marzolo 1, 1-35131 Padova, ltaly

giorgio.pagani@ unimib.it

Received March 27, 2006

ABSTRACT

1aM=2H
1b M = Cu(ll)

The microwave-enhanced synthesis, comparative singlet oxygen sensitization efficiency, and nonlinear optical characterization of a new
P-functionalized porphyrin and its copper complex are described. We show that the introduction of a donor —acceptor push —pull conjugated
fragment in the /B position strongly perturbs the porphyrin electronic structure leading to a remarkable one- and two-photon NIR absorption
enhancement.

In the last two decades, porphyrins have gained a consider-specifically designed drug, the photosensitizer, showing high
able interest as high-performing active components in a efficiency in the light-promoted sensitization of singlet

number of rapidly growing research fields such as electroop- oxygen, an extremely reactive species, readily leading to cell
tics! photovoltaics, field-effect transistorg, two-photon death? Among the various classes of proposed PDT drugs,
absorptiorf,phosphorescent oxygen sensvasd lineat and
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porphyrin derivatives remain so far the only one approved
by the FDA for human treatment. Despite their strong ability
to sensitize singlet oxygen and their low dark toxicity,

was provided concerning the effect on singlet oxygen
sensitization or TPA in metal-free porphyrins.
In view of the known favorable TPA performances of

porphyrin-based PDT drugs present at least one importanthighly conjugated structures incorporating donor and acceptor

drawback. The vast majority of PDT clinical applications

groupst®we coupled thadPP core with the electron-donating

require irradiation at wavelengths belonging to the so-called pyrrole and the electron-deficient pyridine aiming also at

body therapeutic window (656000 nm), a region where
porphyrin extinction coefficient is very low. In addition, their

strong absorption at 400—430 nm, combined with a rather

mimicking the molecular structure of the very efficient and
noncytotoxic TPA dyePEPEP (Scheme 1}°

slow clearing from the body following the therapeutic _

treatment, is responsible for a severe patient sensitization to

environmental light. The synthesis of new sensitizers with

enhanced NIR absorption represents a major task in modern

PDT10

Porphyrin’s electronic structure can be modulated to
various extents through functionalization of the macrocycle
peripheral-mesor 5 positionst! as well as by variation of
the central metal ion. In this work, we followed/afunc-
tionalization protocol, originally proposed by Officer and co-

workers? and already applied to the synthesis of a number

of porphyrin derivatives of increasing complexi§\Within

this approach it has been shown that the presence of an

electron-poor or electron-rich styryl derivative in a number
of p-functionalized porphyrins is responsible for only a
modestperturbation on the linear absorption spectrum and

electrochemistry?dIt has also been shown that the presence
of a strong accepting group perturbs the electronic structures

of porphyrin nickel complexe%.No information, however,
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Scheme 1

1a M=2H
1b M = Cu(ll)
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The triphenyl[(porphyrin-2-yl)methyl]phosphonium chlo-
rides2aand its copper complexb were prepared according
to the literature procedur@ The Wittig condensation of the
metal complex2b with the aldehyd&'” under the condition
previously reported for the condensation of a humber of
aromatic aldheydés!c (Scheme 2, route A) gave the

Scheme 2
1b
2b M = Cu?* Route A:
! 3, DBU
CH,Cl, 2 h rt
10%
g
N
T
2aM=2H
3
1a
Route A: Route B: Route C:
DBU, CH,Cl, 40 % NaOH/CH,Cl, DBU,CHCI3,
2hrt, 0% 30 minrt, 2% microwave

10 min, 60 W, 40%

expected compoundb in good yield. However, the free
ligand2adid not yield the expected produta but a mixture
of the starting materials triphenylphosphinoxide @hoheth-
yl-TPP.

(14) Chen, C.-T.; Yeh, H.-C.; Zhang, X.; Yu,Org. Lett.1999 1, 1767.

Org. Lett, Vol. 8, No. 13, 2006



Porphyrinlawas first prepared, although in a very modest ~ We carried out a qualitative singlet oxygen sensitization
2% yield, using a mixture of 40% aqueous sodium hydroxide enhancement comparative study by monitoring the reaction
and dichloromethane under stirring at room temperature of 1,3-diphenylisobenzofuraidPBF) with photosensitizer-
(Scheme 2, route B). Recently, microwave-assisted synthesigoromoted singlet oxyge#.Upon cycloaddition with singlet
has been applied successfully in many fields of synthetic oxygen,DPBF is known to form an intermediate endoper-
organic chemistry® We thus irradiated in a focused micro- oxide the final product of which no longer absorbs at 415
wave oven a chloroform solution @aand3in the presence nm. We thus exposed a solution BPBF (50 uM) and
of excess DBU at a constant power of 60 W for 10 min to porphyrins (5uM) in CH,CI, to a filtered light source of
give the porphyrirfain an impressively enhanced 40% yield wavelengthi, > 550 nm over a period of 10 mi#.The use
(Scheme 2, route C). Even more interestingly, we observedof filtered light enabled us to prevemPBF from self-
completetrans stereoselectivity, an unprecedented result for bleaching and to selectively study only the porphyrin Q-band
the DBU promoted condensation ¢&fa with aromatic absorption enhancement effect.
aldehydeg? Figure 2 plots the logarithm of the decrease of EieBF

The first insight into the electronic structures Id and
1b is given by their UV—vis absorption spectra (Figure 1).
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Figure 2. Comparative singlet oxygen generation¢fP, CuTPP,

and new derivativeda,b. The DPBF solution was also irradiated
Figure 1. Linear absorption of moleculela,b, TPP, and CuTPP  in the absence of sensitizers (no sens).
in acetone solutions. The inset shows an expansion of the NIR

region.

absorption at 415 nm as a function of the irradiation time

The ch .y 't fth hvri for 1a and 1b, compared to that of unsubstitut&®P. We
e characteristic spectral features of the porphyrin core are, g, investigated, as a control experiment, the properties of

strongly perturbed. The usually s_harp and intense B banq inCu-TPP, the singlet oxygen generation quantum yield of
fact shows a remarkable bm_ade”"_‘g that_cannot be explamethiCh is known to be significantly smaller than that of the
only on the basis of a superimposition with the spectrum of free ligand?? As a general trend, we correctly observed a

i 9
the side fragmenPEP ' The spectrum ollaalso shows & 4 pificantly fasteDPBF decomposition for the free ligands
long absorption tail spreading all over the Q-band region laand TPP. CompoundLa s slightly more efficient than

V;’]h'Ch \I/vas obhserved nef;ther_ fOTIPP nor for PEF;] by TPP, meaning that the absorption enhancement in the
themselves. The same effect is also apparent in the COpperexposure range is effectively translated into an enhanced

complex1b. Such a broad low energy absorption band could ;g6 gxygen generation. This result is evidence of the
be a favorable feature for NIR singlet oxygen sensitization delocalized nature ofa low energy transitions

and, along with the B band broadening, evidence for the

. ; The TPA cross-sections of the new derivativiesb and
push—pull chromophore/porphyrin electron coupling.

of TPP, CuTPP, andPEP have been measured by open-
aperture Z-scan experiments performed with a femtosecond
(fs) laser source (pulse duration 13050 fs) at 810 nm,
where no linear absorption was observed for each compound.
The use of ultrashort fs laser pulses ensures that the excited
state absorption contributes negligibly to the observed TPA
signal.
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Figure 3 shows the Z-scan plots fba, TPP, andPEP in TPA cross-sectionorpa, The value of AF-2502 often
considered as a benchmark for TPA activity at 800 nm, is
I "cluded for comparison.
Although a single wavelength measurement does not
' ' . necessarily allow for the formulation of general trends, it is
nonetheless evident that the significant TPA enhancement
on going fromTPP to la cannot be simply explained on
the basis of a sum of th€PP and PEP contributions. A
preresonant enhancement promoted by the Q-band is also
A unlikely, since the Q-band spectral position and integrated
area are almost identical f@PP andla (Figure 1, inset).
One must therefore conclude that the presence of the
conjugated substituent in theposition effectively leads to
3 an extension and enhancement of the conjugation to the
I,=1,7*10" Wiom’ whole molecule.
20 0 20 Finally, it should be noted that the measureda values
Z (mm) of laand its copper complekb, although single wavelength
derived, are highly ranked among those ever reported for
Figure 3. Z-scan plots ofla (full circles, 4.1x 103 M), TPP simple chromophore—porphyrin dyads.
(open circles, 1.0< 1072 M), andPEP (crosses, 9.% 1072 M) in In conclusion, we have demonstrated that the introduction
chloroform at 810 nm. of a push—pull conjugated fragment in tAeosition of the
TPP skeleton leads to an efficient electronic coupling
between the two units, as assessed both by-US/NIR
absorption and singlet oxygen sensitization. Moreover, the
perturbed electronic structure arrangement is responsible for
the significant enhancement in TPA performances. The new
porphyrin derivativesla and 1b represent good model
compounds for the design of efficient one- and two-photon-
promoted sensitizers in PDT.

1,004

0,954

0,90

Normalized Transmittance

chloroform solution, recorded under the same experimental
conditions. The plot oflta and TPP shows a well-defined
dip typical of nonlinear absorption, whereas thaP&P is
almost a flat line with a dip barely distinguishable from the
noise. Table 1 summarizes the TPA data, in terms of the
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upporting Information Available: Experimental pro-
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CuTPP 101 + 32 is available free of charge via the Internet at http:/pubs.acs.org.
PEP =<5 0L060742
AF-25023 30
@ Measurements were performed in C@t 810 nm. (23) Swiatkiewicz, J.; Prasad, P. N.; Reinhardt, B.@pt. Commun.

1998,157, 135.
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