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Introduction

The search for new, efficient fluorescent molecules has at-
tracted the attention of scientists in the last decade owing to

their potential application in medicinal diagnostic, biological
labeling, molecular detection, and optoelectronic materi-
als.[1] Most of the organic fluorescent systems are based on
singlet excited-state emission, some on triplet emission, and
a few on the luminescence properties of excited-state
proton-transfer species. The latter species exhibit interesting
features such as large Stokes shift compared with singlet
emitters, while retaining relatively high quantum yields. The
well known coumarin family members (including some com-
mercial Alexa dyes[2]) are a typical examples of this fluores-
cence mechanism in which the proton transfer takes place
between the solvent and the solute. Nevertheless, this photo-
chemically generated fluorescent solution leads to intrinsic
chemical instability. The use of molecular systems with intra-
molecular excited-state proton-transfer abilities could offer
higher stability. From the examples found in the literature,
such as salicylates,[3] O-hydroxyphenyl pyridine,[4] or O-hy-
droxyphenyl benzothiazole,[5] we focused our attention on
functionalized 2,2’-bipyridyl-3,3’-diols.[6] This choice was mo-

Abstract: Functionalized 6,6’-dimethyl-
3,3’-dihydroxy-2,2’-bipyridine dyes
(BP(OH)2) exhibit relatively intense
fluorescence from the relaxed excited
state formed by excited-state intramo-
lecular proton transfer (ESIPT).
Bromo functionalization of (BP(OH)2)
species followed by palladium(0)-cata-
lyzed reactions allows the connection
(via alkyne tethers) of functional
groups, such as the singlet-emitter dia-
zaboraindacene (bodipy) group or a
chelating module (terpyridine; terpy).
The X-ray structure of the terpy-based
compound confirms the planarity of
the 3,3’-dihydroxy-bipyridine unit. The
new dyes exhibit relatively intense
emission on the nanosecond timescale
when in fluid solution, in the solid state

at 298 K, and in rigid glasses at 77 K.
In some cases, the excitation wave-
length luminescence was observed and
attributed to 1) inefficiency of the
ESIPT process in particular compounds
when not enough vibrational energy is
introduced in the Franck–Condon
state, which is populated by direct light
excitation or 2) the presence of an ad-
ditional excited state that deactivates
to the ground state without undergoing
the ESIPT process. For some selected
species, the effect of the addition of
zinc salts on the absorption and lumi-

nescence spectra was investigated. In
particular, significant fluorescence
changes were observed as a conse-
quence of probable consecutive forma-
tion of a 1:1 and 1:2 molecular ratio of
ligand/zinc adducts owing to coordina-
tion of ZnII ions by the bipyridyldiol
moieties, except when an additional
terpyridine subunit is present. In fact,
this latter species preferentially coordi-
nates to the ZnII ion in a 1:1 molecular
ratio and further inhibits ZnII interac-
tion. In the hybrid Bodipy/BP(OH)2

species, complete energy transfer from
the BP(OH)2 to the bodipy fluoro-
phore occurs, leading to exclusive emis-
sion from the lowest-lying bodipy subu-
nit.
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tivated by the good luminescence properties and the possi-
ble chemical functionalization of the units,[7] which allows
connection of a chelating subunit for detection purposes[8]

or of a second dye to build an energetic cascade.[9]

Bipyridyldiol species (henceforth abbreviated as
BP(OH)2) are extensively studied for both theoretical and
applicative reasons.[10] BP(OH)2 compounds are ideal sys-
tems to investigate excited-state intramolecular proton
transfer (ESIPT) processes: indeed, upon excitation
(Figure 1; a), the O�H bond strength is reduced and the
protons, already hydrogen-bonded to the nitrogen atoms of
the pyridyl rings in the ground state, are totally transferred
to the pyridine nitrogen atoms. This process can take place
on the singlet excited-state adiabatic hypersurface (Figure 1;
b) and is ultrafast, typically in the picosecond timescale.[11]

The minimum on the excited-state potential-energy surface
corresponds therefore to the ground state proton-transfer
tautomer. The relaxed excited state deactivates by radiative

(and radiationless) transitions (Figure 1; c) followed by back
proton transfer onto the ground-state hypersurface, which
regenerates the initial species (Figure 1; d). The various pro-
cesses can be influenced by solvents and substituents on the
bipyridyl rings.[7a] From the viewpoint of potential applica-
tions, the title species is of interest for the luminescence
properties of their relaxed excited states, which make them
appealing as sensors and for the design of three-level laser
systems.[12]

Herein we report the synthesis, characterization, absorp-
tion spectra, and photophysical properties (both at room
temperature in acetonitrile solution and at 77 K in EtOH/
MeOH 4:1 v/v rigid matrix) of five new BP(OH)2 molecules,
2–6. The structural formulas of the new species are shown in
Scheme 1. Most of the new species contain substituents that
should allow them to connect to other photo- or redox-
active subunits and/or additional chromophores. Therefore,
2–6 can also be regarded as part of a library for the develop-
ment of multicomponent photoactive species.

Abstract in French: Des compos�s color�s � base de 6,6’-di-
methyl-3,3’-dihydroxy-2,2’-bipyridine (BP(OH)2) ont �t� syn-
th�tis�s et pr�sentent une fluorescence relativement intense
issue de la relaxation d’un �tat excit� provenant d’un transfert
de proton dans l’�tat excit� (ESIPT). La bromation de d�ri-
v�s (BP(OH)2) suivie d’un couplage crois� catalys� par du
Pd0 sous-ligand� permet de connecter (par l’interm�diaire de
pont alcyne) des groupes fonctionnels comme un groupe
�metteur singulet de type boradiazaindac0ne (Bodipy) ou un
module ch�latant universel (une terpyridine). Une structure
par diffraction aux rayons X a �t� obtenu avec le d�riv� ter-
pyridine, celle ci confirme la plan�it� de l’unit� 3,3’-dihydro-
xy-bipyridine. Les nouveaux fluorophores poss0dent une
�mission relativement intense avec une dur�e de vie de l’ordre
de la nanoseconde, en solution et � l’�tat solide � 298 K ainsi
que dans un verre � 77 K. Dans certain cas, la luminescence
d�pend de la longueur d’onde d’excitation, ce ph�nom0ne est
attribu� � (i) l’inefficacit� du processus ESIPT, quand trop
peu d’�nergie vibrationnelle est introduite dans l’�tat Franck-
Condon peupl� directement par la lumi0re d’excitation (ii) la
pr�sence d’un �tat excit� suppl�mentaire qui d�sactive l’�tat
fondamental sans passer par un processus ESIPT. Pour cer-
tains compos�s, l’effet de l’addition de sels de Zinc sur les
spectres d’absorption et d’�mission a �t� �tudi� : en particu-
lier, des changements significatifs de fluorescence ont �t� ob-
serv�s, probablement due � la formation cons�cutive de com-
plexes ligand/zinc de stœchiom�trie 1:1 et 1:2, provenant de la
coordination des cations ZnII par l’unit� bipyridyl-diol, sauf
quand une fonction terpyridine est pr�sente. En fait, dans
cette derni0re esp0ce le zinc est pr�f�rentiellement coordin�
par la terpyridine dans un ratio 1:1, et toute coordination sup-
pl�mentaire de Zinc semble inhib�e. Dans le compos� hybri-
de Bodipy/BP(OH)2, un transfert d’�nergie quantitatif est ob-
serv� du BP(OH)2 vers le fluorophore Bodipy, entra>nant
une �mission exclusive de la sous-unit� Bodipy.

Abstract in Italian: Composti basati sulla subunit� 6,6’-dime-
til-3,3’-dididrossi-2,2’-bipiridina (BP(OH)2), variamente fun-
zionalizzati, presentano fluorescenza relativamente intensa
da stati eccitati formati attraverso trasferimento protonico
nello stato eccitato (ESIPT). Bromo-funzionalizzazione dei
composti di tipo BP(OH)2, seguita da reazioni catalizzate da
Pd(0), permettono di connettere (con legame alchinico)
gruppi funzionali quali il diazaboroindacene (Bodipy) o un
modulo chelante (terpiridina) al frammento BP(OH)2. La
struttura ai raggi X del composto contenente la terpiridina
conferma la planarit� dell’unit� 3,3’-diidrossi-bipiridina. Le
nuove specie presentano intensa emissione nella scala dei na-
nosecondi, in soluzione fluida ed allo stato solido a 298 K ed
in matrice rigida a 77 K. In alcuni casi, la luminescenza di-
pende dalla lunghezza d’onda di eccitazione: questo fenome-
no 0 attribuito a (i) inefficienza del processo ESIPT, quando
non sufficiente energia vibrazionale 0 introdotta nello stato
Franck-Condon a seguito di eccitazione luminosa o (ii) alla
presenza di uno stato eccitato addizionale che si disattiva allo
stato fondamentale senza passare dallo stato eccitato prodotto
attraverso il meccanismo ESIPT. Per composti selezionati 0
stato anche studiato l’effetto della presenza di sali di zinco
sulle propriet� di assorbimento elettronico e di luminescenza:
significativi cambiamenti della fluorescenza sono stati osser-
vati, come conseguenza della consecutiva formazione di ad-
dotti 1:1 e 1:2 (rapporto molare BP(OH)2/zinco), dovuta alla
coordinazione di cationi di ZnII da parte del bipiridil-diolo,
che si verifica in tutti i casi studiati tranne in presenza di una
subunit� terpiridinica. In quest’ultimo caso, infatti, si forma
soltanto l’addotto 1:1, e ulteriore coordinazione di cationi di
ZnII appare inibita. Nella specie ibrida Bodipy/BP(OH)2 si
verifica un completo trasferimento di energia elettronica dal
BP(OH)2 al Bodipy, che porta ad emissione esclusivamente
dalla subunit� Bodipy, a pi@ bassa energia.
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Notably, there has been some debate as to whether in the
BP(OH)2 species two proton transfers occurred in a concert-
ed way or by consecutive processes[13] with formation of an
intermediate. Recent investigations definitely indicate that

both the mechanisms can operate simultaneously,[13, 14] with
the concerted one-step, two-proton-transfer mechanism
taking place within 50 fs and the consecutive two-step pro-
cess operating in the tens of fs regime for the first proton
transfer and in about 10 ps for the second proton trans-
fer.[13, 14] In any case, assistance of vibrational modes seems
to be required: in particular, stretching and bending modes
are considered to promote the one- and two-step double-
proton transfer reactions, respectively.

Here, the mechanistic details of the ESIPT process are
not investigated in detail as our investigation mainly deals
with the excited-state properties (namely luminescence) of
the relaxed excited-state species and as we report on the
photophysical properties in the nanosecond timescale, when
the ultrafast proton-transfer processes have already oc-
curred.

Results and Discussion

Synthesis : The strongly yellow luminescent starting com-
pound 1 was regioselectively monobrominated by using N-
bromosuccinimide (NBS) in a N,N-dimethylformamide
(DMF)/dichloromethane mixture, in good yields and at
room temperature. Similar bromination reactions were pre-
viously performed on 3-hydroxypyridines.[15] A Sonogashira
cross-coupling reaction of 2 with trimethylsilylacetylene al-
lowed us to obtain 3 in good yields (Scheme 2) despite the
presence of free hydroxy groups. The silyl protective group
was readily removed by the action of fluoride salt to give 4.
This active acetylenic group was then coupled via a cross-
coupling reaction in the presence of a catalytic amount of
Pd0 to a halogeno aromatic compound. As prototypical ex-
amples of bright molecular subunits that give a second func-

tion to the final molecule, we
choose to introduce a universal
chelating group: a terpyridyl
group (terpy); and a very effi-
cient singlet emitter fluoro-
phore: a boron-dipyrromethene
(bodipy) group. By connecting
these secondary functions to
the BP(OH)2 group, we could
induce perturbation of lumines-
cence in the presence of specific
analytes and create a dual dye
in which energy-transfer pro-
cesses could be studied.

Compound 4 was thus con-
nected in good yields to 4’-tri-
fluorosulfonato-2,2’:6’,2’’-terpyr-
idine or iodophenyl-bodipy[16]

by a Sonogashira-type reaction
to give 5 and 6, respectively.

All new compounds were
fully characterized by 1H NMR
and 13C NMR spectroscopy,Scheme 1. Structural formulas of the compounds studied.

Figure 1. Pictorial representation of the potential-energy hypersurfaces of
the ground (GS) and excited (ES) states of bipyridyldiol compounds and
of the related processes. Schematic structures corresponding to the
ground- and excited-state minima are also shown.

Chem. Eur. J. 2008, 14, 4381 – 4392 L 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 4383

FULL PAPERLuminescent ESIPT Dyes

www.chemeurj.org


mass spectrometry, and elemental analysis. In particular, the
1H NMR spectra display typical peaks due to the strong in-
tramolecular hydrogen bonds that are observed in the d=

14–16 ppm range. The unique singlet at d=14.7 ppm, which
is observed for 1, is replaced by two distinct singlets for the
dissymetric bipyridine structures 2–6.

X-ray crystallography : Single crystals were obtained for
compound 5 and used to elucidate the X-ray molecular
structure (Figure 2). The molecule crystallized in a mono-
clinic P1211 space group, with unit-cell dimensions of a=

7.774(2), b=32.603(4), c=10.219(2) P, b=105.36(0)8. Two
molecules are present in the unit cell with one CH2Cl2 mole-

cule. The whole molecule 5 is
almost planar owing to extend-
ed p conjugation from the ter-
pyridine group to the BP(OH)2

group through the dangling ace-
tylenic bridge. The terpyridine
is in transoid form as is usually
observed when it is not coordi-
nated. The BP(OH)2 core is
completely planar and in ac-
cordance with the crystal struc-
ture of 1.[17] The two molecules
in the unit cell present some
bond-length variation. As previ-
ously observed in the structure
of symmetrical 6,6’-dimethyl-
3,3’-dihydroxy-2,2’-bipyridine,[17]

the C�C and C�O bonds im-
plied in the BP(OH)2 tautomer-
ic equilibrium are about half-
way between the accepted
values for single and double
bond distances (Table 1)

The crystal packing of com-
pound 5 (Figure 3) can be re-
garded as dimers made of head-
to-tail molecule stacks that
form waving sheets parallel to

(�2 0 2). The distances between the two molecules of the
dimer is approximately 3.5–3.6 P, the shorter distance be-
tween the two acetylenic bonds is 3.52 P. When both acety-
lenic bonds are coplanar, the bipyridine ring perfectly cover
two rings of the terpyridine part. Successive layers of dimer
sheets are supported by joint insertion of dichloromethane.

Scheme 2. Synthetic sketch for the preparation of the dyes. TMS= trimethylsilyl.

Figure 2. ORTEP plot of the unit cell of molecule 5 (ellipses shown at
the 50% probability level). The strong intramolecular hydrogen bonding,
reflected by a very short N�O distance of approxiamately 2.57 P is con-
sistent with the NMR data.

Table 1. Selected bond lengths [P] of compound 5.

O1A�C22A 1.342(7) O1B�C22B 1.333(7)
O2A�C25A 1.343(8) O2B�C25B 1.344(8)
N4A�C21A 1.342(8) N4B�C21B 1.338(8)
N5A�C24A 1.351(8) N5B�C24B 1.359(8)
C21A�C22A 1.428(9) C21B�C22B 1.415(9)
C24A�C25A 1.401(9) C24B�C25B 1.388(9)
O1A�N5A 2.535(7) O1B�N5B 2.532(7)
O2A�N4A 2.581(7) O2B�N4B 2.594(7)

Figure 3. Crystal packing of molecule 5 along the a and c axis.
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The shorter distance between the pile is observed between
the non-covered pyridine ring of the terpyridine part, with a
3.7 P separation.

Absorption spectra and luminescence properties : The ab-
sorption spectra of 1–6 (Table 2, Figure 4) exhibit an intense
band between 300 and 450 nm (e in the range 10000–
25000m

�1 cm.1), which can be assigned to the spin-allowed
p–p transitions involving the hydroxybipyridyl rings. This
band is slightly redshifted for 3, 4, and particularly for 5 in
comparison with 1 and 2 because of the presence of the al-
kynyl substituents. In compound 5, a strong absorption band
with a maximum at 286 nm is also present and is attributed
to spin-allowed transitions involving the terpyridine subunit.
Compound 6 also exhibits a strong structured absorption in
the visible range owing to transitions involving the bodipy
dye. The absorption spectra of all the compounds are very
similar on passing from acetonitrile to dichloromethane sol-
utions (for example, the lowest-energy absorption maxima
of all the dyes are displaced at most by a couple of nanome-
ters), indicating that charge-transfer character is negligible.

All of the compounds exhibit a relatively intense emission
spectrum (Table 2, Figure 5) in both acetonitrile or dichloro-
methane solutions at room temperature, with lifetimes in
the nanosecond timescale (apart from 5, whose lifetime is
slightly shorter). The luminescence data were independent
of the excitation wavelength used, within the range 300–
400 nm for 1–5 and 320–520 nm for 6. The luminescence
data, which are reported in Table 2 and Figure 5, have been
obtained by exciting at the maximum of the lowest energy
absorption band or at higher energies. However, for 1–4,
when the excitation wavelength is set at the extreme red-

edge of the lowest energy-ab-
sorption band, somewhat differ-
ent luminescence data are ob-
tained. The discussion in this
section concerns the lumines-
cence data obtained for all the
compounds by exciting at the
absorption maxima or at higher
energies. The dependence of
the emission spectra on excita-
tion wavelength, in particular
for 4, taken as a representative
example, will be discussed later.

For all the compounds except
6, the emission spectrum is sig-
nificantly redshifted compared
with the absorption spectrum,
indicating a strong Stokes shift,
which suggests a large structur-
al change in the excited state
compared with the ground

Table 2. Absorption and luminescence data for 1–6.[a]

Absorption Luminescence (298 K) Luminescence, solid state (298 K) Luminescence (77 K)[b]

lmax [nm]
(e ACHTUNGTRENNUNG[m�1 cm�1])

lmax

[nm]
t

[ns]
F lmax

[nm]
t

[ns]
lmax

[nm]
t

[ns]

1 352 (19100) 506[d] 1.1 0.1 518 5.4 498 5.7
246 (10200) ACHTUNGTRENNUNG(502)[c]

2 356 (17900) 505[d] 1.8 0.33 521 4.3 500 4.8
250 sh ACHTUNGTRENNUNG(502)[c]

3 378 (22400) 537[e] 6.4 0.013 555 2.8 545 2.5
238 (28000) ACHTUNGTRENNUNG(532)[c]

4 370 (20200) 532[f] 6.3 0.009 543 1.7 535 2.8
274 (95700) ACHTUNGTRENNUNG(530)[c]

5 387 (15500) 571 0.4 0.005 585 1.1 572 1.0
284 (31900) ACHTUNGTRENNUNG(566)[c]

247 (29000)
6 525 (42100)

383 (19700) 547 4.3 0.31 552 0.3 537 7.3
286 (13150) ACHTUNGTRENNUNG(546)[c]

240 (20500)

[a] For the absorption, the maxima (or shoulders) of the main bands are given. The spectra were measured in
deuterated acetonitrile, unless otherwise stated. The emission data shown have been obtained by exciting the
samples at the maximum of their respective lowest-energy absorption band. [b] In EtOH/MeOH 4:1 v/v. [c] In
dichloromethane. [d] Upon exciting at 410 nm, an emission maxima at 478 nm is found. [e] On exciting at
410 nm, an emission maxima at 490 nm is found. [f] On exciting at 410 nm, an emission maxima at 490 nm is
found a with 1.6-ns lifetime (for details, see the text).

Figure 4. Absorption spectra in acetonitrile of 1 (top), 5 (middle), and 6
(bottom).

Figure 5. Emission spectra of 1, 5, and 6 in acetonitrile at room tempera-
ture (excitation wavelength: 360 nm, 370 nm, and 525 nm, respectively).
The spectra shown are uncorrected for photomutiplier response. For cor-
rected emission maxima, see Table 2.
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state. Such a structural change agrees with the ultrafast ex-
cited-state intramolecular-proton-transfer process from the
Franck–Condon state, which is typical of such species.[6,11,12]

As for the absorption maxima (see above), the emission
maxima of 3–5 are redshifted compared with those of 1 and
2 as a consequence of the presence of the alkynyl substitu-
ents. Such a red shift is more significant for compound 5,
which contains the terpyridine moiety. This suggests that
such a moiety plays the role of a strong electron-withdraw-
ing group, stabilizing the emitting state. This finding agrees
with the solid-state planar structure of 5 (see above), which
indicates facile delocalization throughout all of the mole-
cule.

A possible question is whether a double proton transfer
occurs in the excited state in 1–5 or if the substitution on
the bipyridyl rings limits the process to a single-proton
transfer process. In fact, the presence of an electron-with-
drawing group at the 6-substituted position of the BP(OH)2

species has been found to limit the process to a single
proton transfer.[13g] For example, the emission of the single-
proton-transfer product of the parent species [2,2’-bipyrid-
yl]-3,3’-diol in cyclohexane, recorded by femtosecond fluo-
rescence up-conversion, peaks at 568 nm,[13c] which is signifi-
cantly redshifted compared with the emission of the double-
proton-transfer species (510 nm). However, these data
promptly suggest that for 1 and 2, emission comes from the
double transfer form (see Table 2). The same conclusion can
also be drawn for 3–5 : in fact, as the absorption spectra sug-
gest that in species 3–5, the lowest energy transition (and
the corresponding excited state(s)) involves a state with
some delocalization (see above), both the emissions from
mono- and di-proton-transfer tautomeric forms of 3–5
should be redshifted compared with the corresponding emis-
sion of the parent unsubstituted species [2,2’-bipyridyl]-3,3’-
diol. As a result, the emission spectra of 3–5 reported in
Table 2 are consistent only with a double-proton-transfer
product. The question “double versus single proton transfer”
cannot be discussed for 6 as the luminescence data refer to
a different subunit than that of the bipyridyldiol subunit
(see below).

The redshift of the emission band of 3 and 4 with respect
to 1 and 2 is coupled with prolonged lifetimes and decreased
quantum yields (see Table 2). This indicates that both radia-
tive and radiationless processes are slower for 3 and 4 com-
pared with 1 and 2. Slowed, radiationless processes can be
due to delocalization of the emitting state into the alkynyl
group; such a delocalization is expected to reduce structural
distortion of the excited-state geometry with respect to the
ground state, thereby decreasing Franck–Condon factors for
radiationless decay. The reduction of the radiative decay
rate constants is less immediate to justify. The luminescence
lifetime data at 77 K (see below) could help in this regard.
Usually, luminescence lifetimes are longer at 77 K than at
room temperature as a consequence of deactivation (or re-
duction) of some vibrational modes (including solvent-cou-
pled modes) that contribute to the radiationless decay. Com-
pounds 1, 2, 5, and 6 follow this rule (Table 2), but 3 and 4

are an exception. The situation is somewhat reminescent of
that reported for CuI polypyridine complexes.[18] Tentatively,
and analogously to CuI complexes, this could be explained
assuming that the excited states responsible for the emission
of 3 and 4 are not exactly the same at room temperature
and at 77 K. At room temperature, two closely lying excited
states could contribute to the emission process, and the ob-
served decay constants would be average values. Upon pass-
ing to 77 K, one of such two states could be preferentially
stabilized so that the emission properties in this condition
could not be directly compared with those at room tempera-
ture. The slight redshift of the emission spectra of 3 and 4
on passing from room temperature to 77 K (see Table 2),
contrary to what usually occurs, seems to support this hy-
pothesis. However, we currently have no clear-cut data to
support this hypothesis, so it should be considered with care.
Temperature-dependent luminescence experiments could
probably answer this question, but these experiments have
not been performed because of technical reasons.

For the terpy-containing species 5, both luminescence life-
times and quantum yields are reduced compared with 1 and
2 (Table 2). In this case, the energy-gap law is most likely re-
sponsible for such an effect.

Compound 6 contains another well-known luminophore,
the boron-dipyrromethene dye,[2,19,20] whose emission is typi-
cal of this latter subunit. Interestingly, the excitation spec-
trum of 6 closely matches the corresponding absorption
spectrum, indicating that complete energy transfer from the
dihydroxy-bipyridine moiety to the boron-dipyrromethene
luminophore takes place. This is in agreement with the fact
that the lowest-energy excited state of 6 involves the dibor-
on-pyrromethene subunit (compare emission data of 3, 4,
and 6, Table 2). As far as the mechanism of this energy-
transfer process is concerned, the quite good overlap be-
tween donor emission and acceptor absorption, as inferred
from the experimental data (see Table 2 and Figures 4 and
5), strongly suggests that a Coulombic energy-transfer pro-
cess could be dominant.

For all the species, luminescence properties in dichloro-
methane are quite close to those in acetonitrile (see Table 2
for emission maxima), confirming, as for the case of the ab-
sorption spectra, that charge-transfer contributions are
small. This point is less valid for 5, in which the presence of
the terpyridine moiety, which is a good electron-acceptor
group, confers apartial charge-transfer character to the emit-
ting state.

All the compounds also emit at 77 K in a rigid matrix in
which the emission spectra are very close to the correspond-
ing spectra at room temperature. This highlights that the ex-
cited-state intramolecular proton transfer also occurs in a
rigid matrix. In these experimental conditions, the same dif-
ferences as were already discussed for the room-tempera-
ture luminescence with respect to emission energy shifts
among 1–5 are found and the same line of discussion can be
made. Similarly, emission of 6 is different from the others
and can be assigned to a different excited state, the lowest-
energy singlet level of the boron-dipyrromethene subunit.
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Solid-state luminescence has also been performed (see
Table 2). For all of the species, the results are again similar
to those obtained in solution, with the noticeable difference
that the luminescence spectra are redshifted in the solid
state. In addition to indicating that the excited-state intra-
molecular proton transfer of the studied compound takes
place even in the solid state without requiring solvent assis-
tance, this result also suggests that the relaxed excited state
(that is the excited-state product of the intramolecular
proton transfer) is more stable in the solid state that in the
solution. This is most likely because of crystal-packing ef-
fects. The redshift is less effective for 6 as expected as the
luminophore of this species is different in origin (that is, it is
the bodipy dye).

Luminescence spectra as a function of excitation wave-
length : As mentioned above, the luminescence spectra of 1–
4 are excitation-wavelength dependent: for example, al-
though excitation in the maximum of the lowest-energy ab-
sorption band leads to emission spectra that can be attribut-
ed to the relaxed states produced by the ESIPT process (see
Table 2) by exciting 4 at 410 nm (i.e., at the red edge of the
lowest-energy absorption band), an additional emission with
a maximum at 490 nm is obtained with a lifetime of 1.6 ns
(see Figure 6). By making measurements of four solutions of
4 that are isoabsorbitive at four different wavelengths, it is
clear (Figure 6) that an increase in the high-energy emission
corresponds to a decrease in the low-energy emission, sug-
gesting that emission at 490 nm occurs with loss of the emis-
sion at 535 nm, that is, the two excited states are correlated
and population of one state leads to depopulation of the
other. The obvious parent of the low-energy emission (e.g.,
of the emission originating from the excited state produced
by the ESIPT process) is the Franck–Condon excited state
(the S1 state), which precedes the proton-transfer process.
Such a state could be fluorescent, although, it is normally
deactivated by ESIPT. Howev-
er, as recently reported,[14] the
ESIPT process can be coupled
to skeletal motions in some re-
lated species like 2-(2’-hydroxy-
phenyl)benzothiazole.[14b–d] As-
suming that the ESIPT process
can also be coupled to skeletal
motions in the present systems,
substitution of the 4-position of
the bipyridyl rings could affect
the skeletal motions so that
ESIPT can only occur (or prev-
alently occurs) when enough vi-
brational energy is injected into
the Franck–Condon state by
light excitation, making the
ESIPT process excitation-wave-
length dependent. Substitution
at the 4-position affects the ex-
cited-state properties of the bi-

pyridyldiol subunit as can be seen by the red shift in the ab-
sorption and luminescence properties for the species con-
taining the electron-withdrawing alkynyl substituents (com-
pare data of 3 and 4 with those of 1 in Table 2). This line of
reasoning leads to assignment of the emission at 490 nm of 4
(and the analogous emission of 1–3 in which qualitatively
similar results are found) to an excited state that precedes
the complete ESIPT process, most likely the Franck–
Condon state. Within this hypothesis, the situation can be
pictured as is shown in Figure 7a. The excitation spectra of
4, recorded at different emission wavelengths, agree with
this hypothesis (Figure 8): when the excitation spectrum is
recorded at 560 nm, it yields a spectrum that is quite similar
to the absorption spectrum, but missing a contribution at
the red-edge limit. This is in agreement with activation of
the ESIPT process by vibrationally rich excited states; when
it is recorded at 480 nm, it yields a prominent contribution
in the region 400–450 nm, which corresponds to the red-
edge absorption of 4.[21] However, the experimental findings
would also be fitted by considering the presence of an addi-
tional excited state that could be directly populated (prefer-
entially or exclusively) by light excitation mostly between
400 and 450 nm, although with small molar absorption coef-

Figure 6. Luminescence spectra of 4 in acetonitrile at different excitation
wavelengths (380, 400, 405, 410 nm). The spectra refer to four different
solutions that are isoabsorbitive at the given wavelengths.

Figure 7. Proposed schematic representations of the excited-state decay processes in 4. a) Hypothesis based on
vibrational dependence of the ESIPT process. b) In this case, there is an additional excited state that decays in-
dependently from the state undergoing ESIPT. GS=ground state.
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ficients. Such a state would decay directly to the ground
state without undergoing the ESIPT process. The excitation
wavelength dependence of the luminescence behavior of 1–
4 would therefore be due to competitive absorption by two
different electronic states that undergo different and inde-
pendent decay routes. This situation is shown in Figure 7b.
To decide in favor of one of these two cases would probably
require detailed temperature-dependent studies or a theo-
retical approach, both of which are not within the scope of
this paper.

The luminescence properties of 5 and 6 do not show any
excitation wavelength dependence: this is somewhat obvious
for 6 as the emission comes from a lower-lying excited state
to that which the bipyridyldiol unit deactivates. In com-
pound 5, the attached terpyridyl unit causes a large pertur-
bation on the nature of the excited state (see absorption and
emission spectra of 5, which are strongly redshifted even
compared with those of 1–4, Table 2), so it is not surprising
that the excited state behavior of this species does not show
excitation wavelength dependence that is different from the
closely related 1–4 species.

Luminescence in the presence of zinc salts : Luminescent
compounds whose excited-state properties undergo noticea-
ble changes in the presence of suitable species are extensive-
ly investigated for sensing purposes.[1e] To exploit the poten-
tial of the title compounds in this regard, we studied the
photophysical properties of some representative compounds
of this series, namely 4 and 5, in the presence of zinc(II)
ions in acetonitrile. For these experiments, zinc triflate was
employed.

The presence of ZnII ions has slight effects on the absorp-
tion spectrum of 4 in acetonitrile (Figure 9): in particular,
the absorption band maximizing at 370 nm decreases and a
new absorption grows up in the 400–480 nm range until a
Zn/4 molecular ratio that slightly exceeds 1:1 is reached. A
further increase of zinc triflate leads to a reverse effect until
the 2:1 Zn/4 molecular ratio is reached, and then further
zinc addition does not have any sizeable effect. Plotting the
absorption changes as a function of the Zn/4 molecular ratio

(Figure 9, bottom) indicates that changes at 370 nm and at
420 nm refer to the same processes (i.e. , a change in the
370 nm absorbance corresponds to a spectroscopic change in
the 420 nm absorbance). The existence of two consecutive
processes indicates that two zinc cations consecutively inter-
act with 4. Any attempts to calculate association constants
for the formation of adducts by using Specfit (spectrum
Software Associates, Chapel Hill, NC, 1996) were unsuccess-
ful, so our interpretation of the results has to be considered
as tentative.

The emission spectra are also affected by the presence of
zinc triflate, both excited at 380 nm (which allows for an ef-
fective ESIPT process in 4 and therefore yields emission at
530 nm, see above) and at 420 nm (where emission at
490 nm dominates). Upon excitationing at 380 nm
(Figure 10, top) the presence of zinc(II) ions leads to the ap-
pearance of an emission peak at 490 nm, which increases
until the 1:1 4/Zn molecular ratio is reached. Further zinc
triflate addition leads to a decrease in the emission until a
1:2 molecular ratio of 4/Zn is obtained. Even upon further
zinc addition, the emission spectrum remains constant. No-
tably, the emission at about 530 nm remains roughly con-
stant during the titration process: this suggests that the pres-
ence of a ZnII cation improves the emitting properties of the
state that is responsible for the 490 nm emission without af-
fecting the 530 nm emission; therefore the ESIPT process is
not inhibited by the presence of zinc salts. Note that this
result is consistent with both hypotheses in Figure 7. The de-
crease in the 490 nm emission intensity upon addition of the
second zinc(II) ion can be rationalized simply by assuming
that the 490 nm emission state in the 4 adduct that contains
two zinc ions has worse emitting properties than in the 4
adduct containing one zinc(II) ion.

Figure 8. Excitation spectra of 4 recorded at 480 nm (c) and at 560 nm
(a) compared with the absorption spectrum (d). Solvent: acetoni-
trile. O.d.=optical density.

Figure 9. Top: absorption changes of 4 in acetonitrile upon zinc triflate
addition. Bottom: titration curves for the absorption and emission
changes.[4]=1.0U10�5

m. The gray vertical line is a guide to identify the
first step of the process. DI/I indicates absorption or emission values.
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Upon exciting 4 at 420 nm (Figure 10, bottom), the addi-
tion of zinc triflate leads to an increase in the original emis-
sion at 490 nm until it reaches the 1:1 molecular ratio; the
emission peak decreases when zinc(II) is increased to the
1:2 4/Zn ratio, which is in agreement with consecutive for-
mation of 1:1 and 1:2 4/ZnII adducts and the results obtained
by exiting at 380 nm. Luminescence titration curves (see
Figure 9, bottom) are in line with the absorption titration
curves.

Before investigating compound 5 in which two subunits
are potentially capable of interacting with cations, we per-
formed a similar experiment on 4’-ethynyl-2,2’:6’,2’’-terpyri-
dine (T), which is used as a model for the properties of the
terpyridine-type chelating subunit of 5. The absorption spec-
trum of T is strongly modified by the presence of ZnII

(Figure 11, top): in particular, the low-energy absorption is
significantly redshifted and increased, which is a common
consequence of ZnII chelation by terpyridine subunits.[22] Lu-
minescence is also strongly changed (Figure 11, center): it is
redshifted and increased according to the stabilization of the
terpyridine-based p–p* state. Furthermore, deactivation of
some modes promotes radiationless transition in free T.
Noteably, both absorption and luminescence changes re-
quire one equivalent of zinc triflate to arrive at the end of
the process, indicating formation of a 1:1 T/Zn adduct (see
Figure 11, bottom).

For compound 5, the addition of ZnII until it reaches a 1:1
5/Zn molecular ratio has strong effect on both the absorp-
tion spectrum (Figure 12, top) and the luminescence spec-
trum (Figure 12, center); in particular, the emission at
570 nm is totally quenched. Further addition of zinc salts
does not modify the absorption and emission spectra any-
more (Figure 12, top), which suggests the formation of a 1:1

5/Zn adduct. As 5 contains several sites that are in principle
available for zinc(II) coordination, one could ask which site
is effective. It was impossible to determine reliable associa-
tion constants for the various adducts of ZnII with 4, 5, and
T. However, comparison between the absorption titration
curves relative to the formation of the 1:1 T/Zn, 4/Zn, and
5/Zn adducts (Figure 13) can be instructive in this regard: it
is clear that the titration curve of the formation of the 1:1 5/
Zn species is quite close to that of formation of the 1:1 T/
Zn, suggesting that in the 5/Zn adduct, the zinc(II) ion is co-
ordinated to the terpyridine site. This hypothesis also agrees
with the large effects on the absorption spectrum of 5 upon
zinc addition. These effects are similar to that of the T/Zn
adduct and different to what happens with the 4/Zn adduct.
The quenching of the emission in the 5/Zn adduct, which
disagrees with the emission-intensity enhancement found for
both T/Zn and 4/Zn adducts, can be due to the presence of
a new (low-energy and nonemissive) charge-transfer state
that could be stabilized in the 5/Zn adduct. In this case, the
donor orbital would be centered on the bipyridyldiol subunit
and the acceptor orbital on the ZnII-complexed terpyridine
unit.

Figure 11. Absorption (top) and emission (center) changes of T in aceto-
nitrile upon the addition of zinc triflate. Bottom: titration curves for the
absorption and emission changes. [T]=3.2U10�5

m.

Figure 10. Luminescence spectra of 4 in acetonitrile in the presence of
zinc triflate. The excitation wavelength is 380 nm (top) and 420 nm
(bottom). [4]=1.0U10�5

m.
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Complexation of ZnII by the terpyridine unit of 5 still
leaves the bipyridyldiol site(s) uncomplexed, however, no
further ZnII interaction seems to occur: it is most likely that
upon terpy-centered ZnII complexation, the coordination
ability of the bipyridyldiol subunit is decreased so that ZnII

coordination by the bipyridyldiol becomes inefficient.

Conclusion

We have succeed in the chemical monofunctionalization at
the 4-position of the [2,2’-bipyridine]-3,3’-diol (BP(OH)2)
platform without the need for protection steps. The exten-
sion of the delocalization that is promoted by the ethyne
connection induces a bathochromic shift and allow the intro-
duction of useful modules, such as energy acceptor or che-
lating groups. All of the species are emitting, both at room
temperature in fluid solution and in the solid state and at
77 K in rigid matrix, from an excited state that is produced
following ESIPT. In some cases, excitation-wavelength lumi-
nescence is found and is attributed to 1) inefficiency of the
ESIPT process in selected compounds in which not enough
vibrational energy is introduced in the Franck–Condon state
populated by light excitation or 2) the presence of an addi-
tional excited state, which mainly absorbs within the 400–
450 nm range and decays directly to the ground state. For
some species, the effect of the addition of zinc salts was in-
vestigated and it has been shown that the addition of zinc
salts induces significant fluorescence changes. These changes
are a consequence of the consecutive formation of a 1:1 and
a 1:2 molecular ratio of ligand/zinc adducts that are formed
by the coordination of ZnII ions by the bipyridyldiol moiet-
ies. The exception is the presence of an additional terpyri-
dine subunit, which coordinates the ZnII ion preferentially
in a 1:1 molecular ratio and thereby inhibits further ZnII in-
teraction with the bipyridyldiol site. In the mixed bodipy/
BP(OH)2 fluorophore (compound 6), fast and quantitative
energy transfer occurs, resulting in the unique bodipy emis-
sion. Additional chemical modifications at the 6,6’-, 5,5’-,
and 4,4’-positions of the BP(OH)2 core is now envisaged to
tune the coordination abilities and luminescence properties
of these ligands. The use of this family of dyes as photoac-
tive components in sophisticated multichromophoric archi-
tectures is currently in progress.

Experimental Section

General methods and equipment : All chemicals were used as received
from commercial sources without further purification unless otherwise
stated. NEt3 was allowed to stand on KOH pellets prior to use. 1H NMR
(200.1 or 300.1 MHz) and 13C NMR (75.5 MHz) spectra were recorded at
room temperature on a Bruker AC200 or Advance 300 MHz spectrome-
ter by using perdeuteriated solvants as the internal standards. FTIR spec-
tra were recorded as KBr pellets. UV/Vis absorption spectra were re-
corded on a Perkin-Elmer Lamda Uvikon 933 spectrophotometer or with
a Jasco 560 spectrophotometer. Fast atom bombardement (FAB, positive
mode) mass spectra were recorded with ZAB-HF-VB analytical appara-
tus with m-nitrobenzyl alcohol (m-NBA) as the matrix. Chromatographic
purifications were performed by using 40–63 mm silica gel. TLC was per-
formed on silica gel plates coated with fluorescent indicator. For the cal-
culation of the association constants, the software used was Specfit (spec-
trum Software Associates, Chapel Hill, NC, 1996). Steady-state lumines-
cence spectra were recorded with a Horiba Jobin-Yvon Fluoromax P
spectrofluorimeter equipped with a Hamamatsu R3896 photomultiplier
and were corrected for photomultiplier response by using a program pur-
chased with the fluorimeter. Emission lifetimes were measured with an
Edinburgh OB-900 single-photon-counting spectrometer equipped with a

Figure 12. Absorption (top) and emission (center) changes of 5 in aceto-
nitrile upon zinc triflate addition. Bottom: titration curves for the absorp-
tion and emission changes. [5]=7.8U10�6

m.

Figure 13. Titration curves for the absorption changes upon zinc triflate
addition for 4 (~, lAbs =370 nm), T (& (c), lAbs =343 nm), and 5 (^
(a), lAbs =345 nm). The lines act as a visual guide.
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Hamamatsu PLP-2 laser diode (pulse width at 408 nm, 59 ps) and with a
PicoQuant PDL 800-D pulsed laser diode (pulse width at 308 nm, 50 ps).
The emission decay traces (emission lifetimes measured at approximately
the emission maximum wavelengths) were analyzed by Marquadt algo-
rithm. For each measurement, at least five determinations were carried
out. The values reported are averaged lifetimes of these determinations.
Each single determination value does not differ from the averaged values
by more than 10%. Luminescence quantum yields have been calculated
by using the optically dilute method;[23a] as the reference, [Ru ACHTUNGTRENNUNG(bpy)3]

2+

(bpy=2,2’-bipyridine) in aerated water was used (F=0.028[23b]). Each
one of the reported values is averaged over three independent quantum-
yield measurements by using different excitation wavelengths. Each mea-
surement differs from the averaged value by less than 15%. Emission
spectra and lifetimes for 5 and 6 are independent of excitation wave-
length within the experimental ranges used (300–420 nm for 5, 300–
520 nm for 6). The luminescence spectra in the presence of different con-
centrations of zinc salts have been recorded by exciting the samples at
the corresponding isosbestic points. The solid-state samples for lumines-
cence experiments have been prepared by evaporating an acetonitrile so-
lution of the corresponding compound on a quartz platform, which was
then located in the fluorimeter cuvette holder.

Experimental uncertainty for absorption-spectra maxima is 2 nm, for
molar absorption is 10%, for luminescence emission maxima is 4 nm, for
lifetime is 10%, and for quantum yields is 20%.

Crystal data for compound 5 : [2(C29H21N5O2), CH2Cl2]; Mr =1027.94,
monoclinic, space group P21, a=7.774(2), b=32.603(4), c=10.219(2) P,
b=105.362(4)8, V=2497.5(9) P3, Z=2, Z’=2, 1calcd =1.367 gcm3, (MoK =

0.191 mm; F ACHTUNGTRENNUNG(000)=1068), T=293 K.

The X-ray diffraction data were recorded from an elongated orange plate
of dimensions 0.36U0.18U0.12 mm3 at ambient temperature on an Enraf
Nonius Kapp.[24] Absorption correction on structure factors was per-
formed following the multiscan method as implemented with SCALE-
PACK.[25] The structure was solved by direct methods by using SIR97[26]

software and all non-hydrogen atoms were refined with anisotropic dis-
placement parameters by using SHELX-L97d by full-matrix least squares
on F2 values. Hydrogen atoms were located from Fourier difference syn-
theses and then treated as riding atoms, with Uiso set to 1.2 times that of
the attached C atom (1.5 when methyl group was present). Convergence
for 677 variable parameters by least-squares refinement on F2 with w=1/
[(2 ACHTUNGTRENNUNG(Fo

2)+ (0.0806P)2+ 1.1875P], where P= (Fo
2 +2Fc

2)/3 for 3620 reflec-
tions with I>2s(I) was reached at R=0.0585 and wR=0.1398 with a
goodness-of-fit of 1.043. The final difference Fourier map has maximum
positive and negative peaks (associated with the dichloromethane mole-
cule) of 0.281 and �0.240 e, respectively.

CCDC-619425 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Reagents : All reagents were used directly as obtained commercially
unless otherwise noted. NBS, trimethylsilyl acetylene, and KF were pur-
chased from Aldrich Chemical Co., Inc.

Materials : 3,3’-Dihydroxy-6,6’-dimethyl-2,2’-bipyridine,[27] [Pd ACHTUNGTRENNUNG(PPh3)4],
[28]

4’-trifluorosulfonato-2,2’:6’,2’’-terpyridine,[29] and 4,4-difluororo-8-(p-iodo-
phenyl)-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene[16]

were synthesized according to previously reported literature procedures.

4-Bromo-3,3’-dihydroxy-6,6’-dimethyl-2,2’-bipyridine (2): NBS (0.82 g,
4.6 mmol) was added portionwise to a solution of 1 (1 g, 1.6 mmol) in a
CH2Cl2/DMF (1:2, 30 mL) mixture at 0 8C. The slurry was stirred at 0 8C
over 1 h, then left to warm to room temperature over 2 h. Water (50 mL)
was then added and the mixture extracted with dichloromethane. The or-
ganic layer was washed with water, dried over MgSO4, and then the sol-
vent was removed. Purification with chromatography (SiO2, CH2Cl2) af-
forded the desired compound as shiny yellow powder (1.01 g, 75%).
1H NMR (200 MHz, CDCl3): (d=16.23 (s, 1H), 14.30 (s, 1H), 7.40 (s,
1H), 7.26 (ABsys, 2H, JAB =2.9 Hz , n0d =33.3 Hz), 2.52 (s, 3H), 2.51 ppm
(s, 3H); 13C {1H} NMR (75 MHz, CDCl3): 155.9, 151.6, 144.7, 144.5, 138.4,
137.4, 127.7, 126.8, 125.2, 122.3, 22.5, 22.4 ppm; IR ACHTUNGTRENNUNG(KBr): ñ =3071, 2923,
2488 (br), 1930, 1766, 1603, 1571, 1486, 1380, 1294, 1229, 1131 cm�1; UV/

Vis (CH3CN) lmax (e): 356 (17900), 250 nm; HRMS-FAB+ m/z (nature of
peak, relative intensity): 297.1 ([M+H]+ , 99), 295.1 ([M+H]+ , 278.1
([M�OH]+ , 20); elemental analysis calcd (%) for C12H11BrN2O2: C
48.84, H 3.76, N 9.49; found: C 48.68, H 3.56, N 9.21.

4-Trimethylsilyethynyl-3,3’-dihydroxy-6,6’-dimethyl-2,2’-bipyridine (3): A
solution of 2 (0.18 g, 0.6 mmol) in a triethylamine/THF (1:1, 6 mL) mix-
ture was thoroughly degassed with argon for 30 min. [Pd ACHTUNGTRENNUNG(PPh3)4] and tri-
methylsilylacetylene were then added, and the slurry was stirred at 60 8C,
under Ar, for one day. Water was then added (10 mL) and the mixture
extracted with dichloromethane. The organic layer was dried over
MgSO4 and then the solvent was removed. Purification with chromatog-
raphy (SiO2, CH2Cl2/cyclohexane, 8:2 to 10:0) gave the titled compound
as a yellow solid (0.16 g, 52%).
1H NMR (200 MHz, CDCl3): (d=15.77 (s, 1H), 14.44 (s, 1H), 7.20
(ABsys, 2H, JAB =8.5 Hz , n0d =38.1 Hz), 7.18 (s, 1H), 2.49 (s, 3H), 2.46
(s, 3H), 0.29 ppm (s, 9H); 13C {1H} NMR (75 MHz, CDCl3): 154.8, 154.1,
144.7, 143.8, 138.7, 137.1, 127.0, 126.6, 125.0, 121.0, 103.9, 98.6, 22.5, 22.4,
�0.1 ppm; IR ACHTUNGTRENNUNG(KBr): ñ=2960, 2923, 2503, 2153, 1729, 1591, 1482, 1383,
1298, 1235 cm�1; UV/Vis (CH3CN) lmax, nm (e)=378 (22400), 238
(28000); HRMS-FAB+ m/z (nature of peak, relative intensity): 313.1
([M+H]+ , 100), 239.2 ([M�TMS]+ , 25); elemental analysis calcd (%)
for C17H20N2O2Si: C 65.35, H 6.45, N 8.97; found: C 65.15, H 6.18, N 8.59.

4-Ethynyl-3,3’-dihydroxy-6,6’-dimethyl-2,2’-bipyridine (4): KF (0.3 g,
5 mmol) in methanol (5 mL) was added to a solution of 3 (0.16 g,
0.5 mmol) in CH2Cl2 (5 mL). The mixture was stirred at RT until com-
plete deprotection was observed by TLC. Purification with chromatogra-
phy (SiO2, CH2Cl2) gave the pure desired compound (0.7 g, 57%).
1H NMR (200 MHz, CDCl3): (d=15.96 (s, 1H), 14.32 (s, 1H), 7.22
(ABsys, 2H, JAB =8.2 Hz , n0d =38.5 Hz), 7.20 (s, 1H), 3.55 (s, 1H), 2.50
(s, 3H), 2.46 ppm (s, 3H); 13C {1H} NMR (75 MHz, CDCl3): 155.3, 153.5,
144.7, 144.0, 138.8, 138.0, 127.0, 126.8, 125.1, 121.9, 85.6, 22.7, 22.6 ppm;
IR ACHTUNGTRENNUNG(KBr): ñ=3306, 2957, 2924, 2855, 2503 (br), 2110, 1931, 1728, 1479,
1297, 1234 cm�1; UV/Vis (CH3CN) lmax, nm (e)=370 (20200), 274
(95000); HRMS-FAB+ m/z (nature of peak, relative intensity): 240.1
([M+H]+ , 100); elemental analysis calcd (%) for C14H12N2O2: C 69.99,
H 5.03, N 11.66; found: C 69.70, H 4.71, N 11.30.

4-(2,2’:6’,2’’-Terpyridine-4’-ethynyl)-3,3’-dihydroxy-6,6’-dimethyl-2,2’-bi-
pyridine (5): A solution of 5 (0.04 g, 0.17 mmol) and 4’-trifluorosulfonato-
2,2’:6’,2’’-terpyridine (0.075 g, 0.2 mmol) in a THF/triethylamine (1:1,
5 mL) mixture was thoroughly degassed with argon for 20 min. [Pd-
ACHTUNGTRENNUNG(PPh3)4] (8 mg, 6% mol) was then added and the mixture heated at 60 8C
under argon, overnight. Purification with chromatography (SiO2, CH2Cl2)
gave the pure desired compound (0.05 g, 62%).
1H NMR (300 MHz, CDCl3): (d=15.84 (s, 1H), 14.43 (s, 1H), 8.73–8.71
(m, 2H), 8.67 (s, 2H), 8.62 (d, 2H, 3J=7.9 Hz), 7.87 (td, 2H, 3J=7.7 Hz,
4J=1.8 Hz), 7.37–7.33 (m, 2H), 7.29 (s, 1H), 7.24 (ABsys, 2H, JAB =8.3 Hz
, n0d=59.5 Hz), 2.55 (s, 3H), 2.54 ppm (s, 3H); 13C {1H} NMR (75 MHz
+ DEPT, CDCl3): 155.7, 155.6, 154.9, 154.1, 149.2 (CH), 144.7, 143.9,
138.9, 138.1, 136.8 (CH), 132.6, 126.7 (CH), 126.5 (CH), 125.0 (CH),
124.0 (CH), 123.1 (CH), 121.2 (CH), 120.3, 95.3 (C�C), 87.5 (C�C), 22.7
(CH3), 22.6 (CH3) ppm ; IR ACHTUNGTRENNUNG(KBr): ñ =3054, 2922, 2538 (br), 1792, 1582,
1563, 1466, 1387, 1296, 1228 cm�1; UV/Vis (CH3CN) lmax, nm (e)=387
(15500), 284 (31900), 247 (29000); HRMS-FAB+ m/z (nature of peak,
relative intensity): 472.1 ([M+H]+ , 50), 239.1 ([M�tpy]+ , 35); elemental
analysis calcd (%) for C29H21N5O2: C 73.87, H 4.49, N 14.85; found: C
73.42, H 3.99, N 14.49.

4-(Ethynylphenyl-4’-[4’’,4’’-difluororo-8’’-(1’’,3’’,5’’,7’’-tetramethyl-2’’,6’’-di-
ethyl-4’’-bora-3’’a,4’’a-diaza-s-indacene)-3,3’-dihydroxy-6,6’-dimethyl-2,2’-
bipyridine (6): A solution of 5 (0.035 g, 0.145 mmol) and 4-iodophenyl-
(4,4-difluororo-8-(1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-in-
dacene) (0.08 g, 0.16 mmol) in a THF/triethylamine (1:1, 5 mL) mixture
was thoroughly degassed for 20 min. [Pd ACHTUNGTRENNUNG(PPh3)4] (5 mg, 6% mol) was
then added and the mixture was heated oven night at 60 8C under argon.
Purification with chromatography (SiO2, CH2Cl2) gave the pure desired
compound (0.045 g, 50%).
1H NMR (300 MHz, CDCl3): (d=15.96 (s, 1H), 14.43 (s, 1H), 7.74 (d,
2H, 3J=8.5 Hz), 7.36–7.29 (m, 4H), 7.14 (d, 1H, 3J=8.5 Hz), 2.53 (br s,
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12H), 2.31 (q, 4H, 3J=7.5 Hz), 1.33 (s, 6H), 0.98 ppm (t, 6H, 3J=

7.5 Hz); 13C {1H} NMR (75 MHz + DEPT, CDCl3): 154.7, 154.2, 154.0,
144.6, 144.0, 139.1, 138.7, 138.2, 138.1, 136.6, 133.0, 132.6 (CH), 130.8,
130.5, 129.2, 128.8, 128.6 (CH), 126.7 (CH), 126.3 (CH), 125.0 (CH),
123.2, 120.8, 97.0 (C�C), 84.5 (C�C), 22.7 (CH3), 22.6 (CH3), 17.0 (CH2),
14.6 (CH3), 12.5 (CH3), 11.9 ppm (CH3); IRACHTUNGTRENNUNG(KBr): ñ =3052, 2921, 2217,
1583, 1564, 1466, 1296, 1238, 1228, 1030, 1004 cm�1; UV/Vis (CH3CN)
lmax (e)=525 (42200), 383 (19700), 286 (13200), 240 nm (20500); HRMS-
FAB+ m/z (nature of peak, relative intensity): 619.2 ([M+H]+ , 100); ele-
mental analysis calcd (%) for C37H37BF2N4O2: C 71.85, H 6.03, N 9.06;
found: C 71.57, H 7.74, N 8.69.
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