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Two-photon absorption (2PA) has recently attracted considerable
interest due to its potential applications in a number of areas,
including two-photon fluorescence imaging,1 3D optical data
storage,2 optical power limiting,3 and photodynamic therapy.4 A
broad variety of donor-π-conjugated bridge-acceptor compounds
of dipolar-,5 quadripolar-,6 and octupolar-7type has been studied.
In particular acceptor-terminated triphenylamines (TP) have been
shown to be excellent materials for 2PA7 because of strong
intramolecular charge-transfer (ICT), additional coherent coupling
between branches, in the case of multibranched systems, resulting
in a further increase of the 2PA cross-section.6-8 TP is an electron-
rich, propeller-shaped molecule with C3 symmetry displaying an
octupolar feature and which can be linked to different electron-
withdrawing end groups via π-conjugated units. Many studies have
explored this design, developing efficient fluorescent TP derivatives
with high 2PA cross-sections.7 In all these studies, the strength of
the acceptor end groups and the size of the bridges were varied to
increase the ICT. Comparatively, the reverse strategy, that is,
structural variation of the C3-symmetry core to enhance its electron-
donating property, has never been considered presumably because
of the lack of a synthetic pathway to other appropriate triarylamine
cores. Hence we speculated that extending triphenyl to the
trinaphthyl motif would strongly enrich the electron-donating
property of the three-branched core. Herein, we would like to report
on the simple synthesis and on the photophysical properties of three
tris(2-naphthyl)amine derivatives (TN) π-conjugated with different
acceptor groups. We show that switching from a classical TP core
to a more electron-rich TN (displaying a larger electronic π-cloud)
leads to a substantial increase in 2PA cross-section as compared to
their TP counterparts. Additionally, to our knowledge, examples
of trinaphthylamines are very scarce9 and in particular tris(2-
naphthyl)amines have never been reported.

The synthesis of the TN derivatives (Scheme 1) was straight-
forward (four steps) and efficient (30-37% overall yields). The
commercially available 6-bromo-2-naphthoı̈c acid (100%) and
6-amino-2-naphthoı̈c acid (92%) were transformed to their ester
derivatives and coupled via a Pd-catalyzed Buchwald-Hartwig to
give 1 (79%). The subsequent ester reduction carried out via the
classical two-step procedure (reduction to alcohol followed by
smooth oxidation to aldehyde) led to an intractable mixture of
under- and over-reduced products. Hence we developed an alterna-
tive one-step synthesis to the key trialdehyde intermediate 2, via
the concomitant triple reduction of the compound 1 with a modified
Red-Al reagent10 (74% yield). Then 4-pyridinyl, 2-benzothiazolyl,
and 2-benzoxazolyl moieties were introduced via vinylation because
these are efficient electron-withdrawing groups frequently incor-

porated into push-pull NLO materials.11 This was achieved by
Wittig-Horner reaction between the trialdehyde 2 and the corre-
sponding phosphonate affording the three TN derivatives TN-3BZo,
TN-3Bzt, and TN-3Py (60-73%).

The photophysical properties of TN derivatives were studied in
toluene and dichloromethane and the results are summarized in
Table 1. All the TN compounds show a broad and intense absorption
band (ε ) 90 000-115 000 L ·mol-1 · cm-1) with maximum absorp-
tion wavelength between 400 and 440 nm slightly red-shifted
compared to that of their TP counterparts11 (Table 1). Importantly
a strong increase of the one-photon absorption efficiency was
observed (ca. 20-30%) in correlation with the increased π-con-
jugated surface. All compounds display high fluorescence quantum
yields in dichloromethane (0.5 < Φ < 0.65) and large Stokes shifts
(95-125 nm, Table 1). These large Stokes shifts, that are important
to avoid reabsorption, are close to those of the corresponding TP
with a slight increase due to a red shift of the fluorescence. The
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Scheme 1. Synthesis of the New Trinaphthylamine Derivatives

Figure 1. Two-photon excitation spectra of compounds in CH2Cl2: Bzt
series (9), Bzo series (À), Py series (]); TN (plain lines), TP (dashed
lines). Values are average of three independent experiments.
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quantum yields are also enhanced by 20%, likely due to higher
π-delocalization and additional rigidity. All the derivatives show a
large bathochromism shift in their fluorescence emission along with
the increase of the solvent polarity but no red shift of the absorption
band. This solvatochromism behavior is characteristic of an internal
charge transfer upon excitation12 between the triarylamine core and
peripheral acceptor groups. Moreover, this solvatochromism is more
pronounced in the TN series than in the TP series, reflecting an
increase of ICT (Table S1).

2PA spectra of the dyes were obtained after two-photon-induced
fluorescence (TPIF) measurements, using a femtosecond Ti:sapphire
laser source. The TPIF intensities of the samples were measured
and compared with a reference solution of fluorescein, the ratio of
the fluorescent signals enabling determination of the 2PA cross-
section (Figure 1).13

Importantly, the three TN show high 2PA cross-sections that
were strongly enhanced (up to 810 GM) as compared to that of the
TP counterparts. Additionally, as a consequence of both enhance-
ment of 2PA cross section and quantum yield, the TN derivatives
exhibit a two to 3-fold increase of the action cross-section defined
by the product of the 2PA cross-section and emission quantum yield
(σΦ). This enhancement effect is modulated by the strength of the
acceptor since it is particularly emphasized in the case of the weaker
acceptor Py (σΦ increasing from 65 to 185), whereas slightly
attenuated for the Bzt and Bzo series (from 255-280 GM to
415-510 GM, respectively). This result is however difficult to
rationalize given the dispersion inherent to measurements of 2PA
cross sections.14 Nonetheless the ranking order of the σΦ values
observed in the TN series is still reflecting the strength of the
terminal acceptor (Py < Bzt ∼ Bzo). Altogether, these results fully
validate our hypothesis that increasing the donor character of the
triarylamine core leads to a stronger ICT.

Another way to increase 2PA cross section is to extend the
π-bridge linking donor and acceptor groups, but this inevitably
results in large-sized systems that may limit applications such as
bioimaging. Interestingly, the high 2PA performances of the TN
compounds are accompanied by only a slight increase in molecular
weight (4 carbons/branch). To compare the 2PA performances of
different series, the two-photon absorption/molecular weight ratio
(σ/MW) is shown to be a relevant figure of merit.7d In this regard,
our compounds fall in the range of the best large-sized 2PA
chromophores reported to date15 with a σ/MW ratio up to 0.98
GM ·g-1 ·mol for TN-3Bzo (Table 1).

In conclusion, we described an original new family of trinaph-
thylamine derivatives which are very efficient fluorophores for 2PA
absorption. Their high 2PA cross-sections represent an interesting
improvement as compared to the widely explored triphenylamine

derivatives. Given the straightforward synthesis of the derivatizable
trisformyl TN key intermediate 2 proposed herein, this work opens
broad perspectives for new molecular design of fluorescent 2PA-
organic materials based on the trinaphthylamine core.
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Table 1. 1PA and 2PA Photophysical Properties of TN and TP Derivatives

λabs (nm) λem (nm)

compound toluene CH2Cl2 εa (L.mol-1.cm-1) toluene CH2Cl2 Φa,b 2PA σa
max

[λmax] (GM) [nm] σΦ (GM) σ/MW (GM · g-1 · mol)

TN Series
TN-3Py 415 414 79400 465 528 0.58 320[740] 185 0.45
TN-3Bzt 440 434 114900 485 559 0.65 640[740] 415 0.73
TN-3Bzo 434 431 111100 478 542 0.63 810[740] 510 0.98

TP Series
TP-3Py 402 406 59500 462 511 0.51 130[720] 65 0.23
TP-3Bzt 435 432 97300 479 534 0.50 510[740] 255 0.70
TP-3Bzo 431 424 89000 469 518 0.52 540[720] 280 0.80

a Measurements were performed in CH2Cl2
b Fluorescence emission quantum yield, measured using quinine bisulphate in 1 N H2SO4 as a reference.
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