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Zn and Pd complexes of meso-tetraphenyltetranaphthaloporphyrins
(PhsTNP) exhibit strong infrared absorption bands and luminesce
in solutions at room temperature. S1 — SO fluorescence (Amax =
732 nm, ¢ = 5.3%) is the predominant emission in the case of
ZnPh,TNP (1). This emission is in part due to the delayed
fluorescence (¢ = 1.1%). Phosphorescence (T1 — S0) of 1 (Amax
=973 nm) is very weak (¢ = 0.04%) and occurs with lifetime of
about 440 us in deoxygenated DMF. In the case of PdPh,TNP
(2), almost no S1 — SO fluorescence could be observed, while
the main emission detected was T1 — SO phosphorescence (Amax
= 938 nm). The phosphorescence of 2 occurs with lifetime of
about 65 us and (¢p=6.5%) in deoxygenated DMF solution.
Metalloporphyrins 1 and 2 are promising near infrared dyes
biomedical applications.

Interest in porphyrins fused with external aromatic rings

has been steadily increasing in the past several years.
Symmetrically extended porphyrins, such as tetrabenzopor-

phyrins (TBPs), exhibit particularly red-shifted absorption

bands and strong infrared luminescence and possess interest-

ing nonlinear optical properties, suggesting applications in
biomediciné and various branches of optical technoldgy.
meseT etraarylated tetrabenzoporphyrins {RBPs) and tet-
ranaphthaloporphyrins (AFTNPs) have an advantage of
increased solubility and relative ease of derivatization.

Considerable progress has been achieved lately in the

synthesis of functionalized AFBPs? and some of their
applications have been descril7&d:2 Ar,TNPs, on the other
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hand, are studied only minimaltyalthough their synthesis
has also been recently improvedh this work, we report

on Zn and Pd tetraphenyltetra[2,3]naphthaloporphyrins
(PhTNPSs), which possess remarkably red-shifted absorption
Q-bands and exhibit considerable room temperature emission,
suggesting applications in PDT and biological oxygen
sensing by phosphorescence quenching.

The symmetrical tetraphenyltetra[2,3]naphthaloporphyrins
(MPh,TNPs; M= Zn (1), Pd @)) studied in this work are
shown in Scheme 1 together with the homologous tetraphen-
yltetrabenzoporphyrin (MRABP).

Synthesis of AITNPs was originally proposed by
Kopranenkov et al.lt was based on the template condensa-
tion of 2,3-naphthalenedicarboximide with phenylacetic acids
in the presence of Zn salts. A much improved higher yield
synthesis of AITNPs has been recently developed by Ono
et al.? allowing for the introduction of substituents in the
mesephenyl rings, but requiring rather elaborate synthesis
of the precursor compounds. In this work, we followed the
older method, which has an advantage of a simpler single-
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Table 1. Photophysical Properties dfand2 in DMF Solutions at
Room Temperature

absorption .
Amax NM emission
(logio €) type Amax (llex).b nm % T, US
1 720(4.82) S-S0  732,809(494) 5307
659 (3.90) SIS 732,809(494) 1.10.2 442
494 (4.98)
R2=2.3 T1— S0 973 (720) 0.04 0.01 438
2 704(5.01) S-S0 715 (440) <0.0Z
640 (4.12)
459 (4.98) T1—~SO0  938(704) 6.5-0.1 65
RA=1.2

2R = Iserell o = ratio of the integral intensitie$.4ex = wavelength used
for excitation, shown in parentheség = emission quantum yield,
determined relative to the fluorescence of Zn tetraphenylporphyrin (ZnTPP)
in deaerated benzeng= 3.3%2° 9 Quantum yield is shown for combined
fast and delayed fluorescence in deoxygenated solutioelayed fluores-
cence due to thermal repopulation of singlet state.
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Absorption spectra of porphyrink and 2 in DMF solutions.
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Figure 2. Side views of the calculated structures of ZgFBP and
ZnPhTNP (1). dsagvalues indicate the magnitudes of the saddle typg) (B
normal distortion modes, as calculated by NSD.

respectively, while the Q-band peak ®fs at 704 nm. The
red-shifted absorption of FRBPs versus TPPs is due to the
m-extensiof? and nonplanar distortid® of the PRTBP
macrocycle. In the case of PINP versus PATBP, however,

it is only the extram-extension that causes the absorption
red-shift, which reaches 75 nm for Pd complexes and 63
nm for Zn complexesiomax ZNPhTBP = 657 nm)? The
magnitudes of the predominant saddle type distortidpgs)

are practically the same thand in ZnPRTBP, as seen from
the calculated structures, depicted in Figure 2, and evidenced
by the results of NSD (normal-coordinate structural decom-

step synthetic procedure. Our goal was to examine basicposition) analyse¥

photophysical properties of PFNPs, for which the materials
were required only in minimal amounts. The synthesis is
shown in Scheme 2.

A similar synthesis of P/TBPS has been reported to give
mixtures of products, consisting of porphyrins with two to
four mesephenyl rings? Although not directly demonstrated,
synthesis of PATNPs is likely to suffer from the same

Presently, no structural data are available foFTANPS,
and only a few X-ray analyses are reported foBPs*
Therefore, making structural comparisons was possible only
by using computed structures. The geometries of the corre-
sponding Zn-complexes were optimized at the DFT B3LYP/
6-31G level. It has to be mentioned that the degree of the
saddle type distortion in the calculated ZgPBP is higher

problem. As a consequence, a very tedious purification wasthan that found in the report&d experimental structure

required to obtain pure ZnERNP (1), which could be
isolated only in a very low yield €1%). A much higher
yield (25%) has been reported originallyalong with the
blue-shifted Q-band af (Agmax= 710 nm). For comparison,
Aomax Of 1in CH,Cly, reported by Ono et af.ijs 723 nm. It
is likely that the material obtained in ref. 7 contained
porphyrins with fewemesephenyl substituents, ZnFriNP
(n = 2—4), whose presence resulted in the overall Q-band
blue-shift.

The photophysical properties of ZnAMWNP (1) and
PdPhTNP (2) are summarized in Table 1. The absorption
spectra ofl and2 are shown in Figure 1.

The absorption Q-bands of both complexes are signifi-

cantly red-shifted, compared to those of tetraphenylporphy-

rins (TPPs) and RABPs. For example, the principal Q-band
peaks of PATPP and PdPRTBP? are at 522 and 628 nm,
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ZnPh,TNP (1) PdPh,TNP (2) nificant increases (up to 1660 cA) in the gaps between
cps @8 At=50ps cps 838 . .
o] TR 1 H w715 fluorescence and absorption maxithi&1— SO fluorescence
guantum vyield ofl (¢ = 5.3%), is comparable to that of
NN x 40 ZnTPP (3.3%})?° and higher than that of ZnDPP (1%) and
20’ o 10} ZnOETPP (0.3%]3¢ Interestingly, a large portion of fluo-
809 ’{5/\ rescence<{20%) is delayed. Phosphorescence of Zn complex
o o 1is very weak ¢ = 0.04%). The inset in Figure 3 shows
w0 w0 90 1000 700 800 . 800 1000 the delayed emission spectrum®b©in deoxygenated DMF,

Figure 3. Corrected emission spectra of ZWPNP (1) and PAPKTNP wherT: bolth the phos_IQEore_scence flmddthe fluorescence peﬁks
(2) in DMF. (1) Black line indicates fluorescence in aerated solutipg ( ~ @re clearly present. The time-resolved measurements at the
= 460 nm); green line indicates phosphorescence in deoxygenated solutionemission maxima (732 and 973 nm) resulted in practically
(Aex= 720 nm). Inset: Red line indicates emission in deoxygenated solution At i it
(uncorrected); spectrum delayed by &8 (lex = 494 nm). @) Black line the Sam? Ilfetlmefs’ 442da.nd ﬁ{BS, suggesting thalt er?lt:]lng |
indicates fluorescencéd, = 440 nm); green line indicates phosphorescence S1 Species are formed in this case as a result of therma
(Aex = 704 nm). equilibrium between T1 and S1 states. Delayed fluorescence
has been previously observed for metalloporphyrins by
The Soret transitions are less affected by the macrocycle Gouterman and co-workets.
extension/distortion than the Q-bands. For example, the red-  Because of the greatly enhanced intersystem crossing, S1
shift of the Soret band df versus that of ZnTPP is only 71 . g0 fluorescence & (Amax= 715 nm) is extremely weak
NM (Asoret ZNTPP = 423 nm), while for the corresponding (4 < 0.02%). Instead, T4~ SO phosphorescence constitutes
Q-bands this difference is more than 120 9o ZNTPP the major emission from this porphyrin, similar to what has
=596 nm)° Porphyrinsl and2 are, therefore, far surpassed peen previously observed for PdT®Bnd PAPETBP 2> The
in terms of Soret red-shifts by, for instance, tetraaryltet- qyantum yield of this emissiom, = 6.5%, is somewhat lower
raacenaphthoporphyrins, whose Soret bands reach as far agan that reported for PdRFBP phosphorescence (=
550 nm and abov&. However, the locations of extremely  g_1204)20 The phosphorescence lifetimein the absence
strong and narrow Q-bands makeand 2 almost ideally  of oxygen is 65«s, and in aerated solutions, the emission is
suited for biological in vivo applications, such as PDT, where gimost fully quenched. Considering the extremely strong
absorption between 630 and 800 nm, in the so-called “nearpsorption Q-band of (704 nm, logy € ~ 5.0), these
infrared window of tissue”, is highly desirable. Another in-  characteristics suggest thatan be very effective as a near
teresting and useful feature ffand2 is that, compared 0 jnfrared phosphor for biological oxygen measurements.
the corresponding TPPs and /FBPs, they exhibit large Finally, we would like to point out that, upon excitation
increases in the oscillator strengthg ©f the Q-bands ver- at the Soret bands, both compouridand 2 exhibit broad
sus Soret bands. In the case of Pd complexes, for exampleand weak emissiongp(= 0.1-0.3%) in the 526-570 nm

the ratio lsaello (see Table 1) changes from PS’TF,’P to region, i.e., blue-shifted compared to the corresponding S1
PdPRTBP to2as 13.8— 2.6~ 1.2. In fact, the extinction . 'gq pands. The excitation spectra showed that these peaks
at the Q-band peak dis higher than that at the Soret peak, \yere due to impurity (or impurities) with absorption bands
offering a possibility for very effective near infrared excita- at 510-515 nm.

tion. In summary, Zn and Pdhesetetraphenyl[2,3]tetranaph-

re'&fjsnr:;ggzczggeg;l:?;tggogg:ﬂg;ganmdi;ijlr%r;ﬂgﬁrt%sin thaloporphyrins exhibit strong near infrared absorption bands
y y Yand luminesce in solutions at room temperature. These

specialized infrared enhanced detection systems, such a . . -
Hamamatsu R2685 PMT. The results of the measurements%ompounds present an interest as chromophores for biomedi

are summarized in Table 1, and the emission spectra areCal applications, such as in vivo oxygen imaging and PDT.
shown in Figure 3. In all cases, the origins of the emission  Acknowledgment. Support from Grant NS-31465 from
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Fluorescence of (Amax = 732 nm) has a Stokes shift of  1C034257K
12 nm and presents almost an ideal mirror image of the
absorption Q-band. Such a small Stokes shift (227%1is (5) é‘?gg’ T. D; Chandrasekar, £.Am. Chem. Sod996 118 8767~
rather surprising in a view of the highly distorted molecular (1) Gentemann, S.; Nelson, N. Y.; Jaquinod, L.; Nurco, D. J.; Leung, S.
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