New bipyridyl ligands bearing azo- and imino-linked chromophores. Synthesis
and nonlinear optical studies of related dipolar zinc complexest
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The synthesis and optical properties of 4,4’-bis(dialk-
ylaminophenylazo)-2,2’-bipyridine and 4,4’-bis(dialkylami-
nophenylimino)-2,2’-bipyridine ligands are described; the
corresponding dipolar bipyridyl zinc dichloride complexes
have been prepared and their second order nonlinear optical
properties determined by electric field-induced second
harmonic generation (EFISH) at 1.34 pm.

Poled polymers containing second order nonlinear (NLO)
molecules are particularly promising for electrooptic device
applications. Usually, dipolar chromophores have to be aligned
by using electric field poling near the glass transition tem-
perature (Ty) of the polymer.® Besides this approach, which
requires high temperature treatment, new mild optical poling
techniques have been devel oped recently. The so-called ‘ photo-
assisted electrical’ poling? and the ‘all optical’ poling® can be
used at room temperature for the macroscopic noncentrosym-
metric organisation of dipolar and octupolar chromophores,
respectively. These methods require the presence of chromo-
phores featuring a photoisomerisable moiety and use the
‘flexibility’ of the molecule to break the centrosymmetry of the
meaterial.

We have previously reported that metalloorganic complexes
containing st-donor substituted 4,4’-alkenyl-2,2’-bipyridyl li-
gands* such as a and b (Scheme 1), show large dipolar or
octupolar microscopic nonlinearities.> As the C=C double bond
is known to be poorly photoisomerisable as compared, for
example, to the N=N double bond,® we sought to design new
potentially photoisomerisable bipyridines by introducing ni-
trogen atomsinto the transmitter. Herein we report the synthesis
and characterisation of new bipyridines bearing azo- as well as
imino-linked donor groups. We also describe the preparation of
the corresponding dipolar zinc(ir) complexes; the influence of
the nature of the rt-bridge on the linear and nonlinear properties
of these complexes is aso reported.

The synthesis of the azo-containing bipyridyl ligand ¢ was
readily accomplished in two steps from 4,4’-dinitro-2,2’-
bipyridine-1,1’-dioxide? [Scheme 1, egn. (1)]: 4,4’-diamino-
2,2’-bipyridine was first prepared in quantitative yield by using
hydrazine hydrate in the presence of Pd/C.8 This mild and
efficient method contrasts favourably with the well-known but
poorly vyielding (20%) procedure using Fe/AcOH as the
reducing agent.® Finally, the diazotation of 4,4’-diamino-2,2'-
bipyridine with sodium nitrite and subsequent coupling with
N,N-dibutylaniline afforded derivative ¢, which was isolated
(yield 25%) as dark red microcrystals after chromatographic
workup. Imino-containing bipyridine d was synthesised in
excellent yield (95%) by a Schiff base condensation reaction
between N,N-diethyl-1,4-phenylenediamine and 4,4’-diformyl-
2,2-bipyridine® [Scheme 1, egn. (2)]. Attempts to isolate the
‘reverse’ imino-bipyridine from the reaction of 4,4’-diamino-

T Electronic supplementary information (ESI) available: experimental
procedures and spectroscopic data. See http://www.rsc.org/suppdata/cc/
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2,2"-bipyridine and diethylaminobenzaldehyde failed, confirm-
ing the already observed deactivation of the amino and carbonyl
functions in the presence of acceptor and donor groups,
respectively.11 Ligands c and d were characterised by 1H NMR
and high resolution mass spectrometry. Their optical spectra
and those of the related aminostyryl derivatives a and b are
displayed in Fig. 1. Most importantly, a large bathochromic
shift of the ICT band is observed on exchanging the C=C bond
for an N=N (AAmax = 71 nm) or N=C (AAmax = 36 nm) bond.
This effect has been already described for other chromophores:
Ulman et al .12 reported a bathochromic shift of 40 nm between
4-dimethylamino-4’-dimethyl sulfonylazobenzene and the cor-
responding stilbene derivative, while Whitall et al. described a
20 nm shift between an imino-benzene and the corresponding
stilbene ruthenium complex.11a In the latter case the shift was
accompanied by a strong decrease of the molar extinction
coefficient €, an hypsochromic effect which is not observed in
our case.

Tetrahedral zinc complexes 1la—d (Scheme 2) were readily
prepared upon room temperature treatment of the ligands a—d
with ZnCl, in dichloromethane.52 In their UV-vis spectra (Fig.
1, Table 1), ared-shift of theintense ILCT (intraligand charge-
transfer) band is observed (AAdmax = 45-60 nm), as expected
from the inductive acceptor strength of the Lewis acid.13 Asin
the free ligand, Amnax iS sengitive to the nature of the X=Y
transmitter and follows the order N=N > N=C > C=C.
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Table 1 Linear and nonlinear data for the free ligands and their ZnCl, complexes

upp/10—48  ufe/10—48
Ligand Amaxdnm &/mol—1cm—1 Complex Amax@nm e&/mol—1cm—1 esuc esuc
a 397 57000 la 455 62000 1420 660
b 401 65000 1b 459 62000 1830 850
c 471 63000 1c 516 63000 2160 700
d 433 52000 1d 491 55000 1610 620

a Solution in CH,Cl,. P Solution in CHCl3; the precision of the measurement is about 10%. ¢ Correlation between esu and S| units: S(SI) = 4.172 x

10-10 § (esu).

The molecular hyperpolarisabilities uf8 of 1la—d were meas-
ured in chloroform using electric field-induced second har-
monic generation (EFISH) at 1340 nm, and the nonresonant 3y
values were calculated using the two-level model (Table 1).14
The results show that these complexes have good nonlinear
optical activities, which are sensitive to the nature of both the
transmitter and donor groups. For a given bridge, such asin la
and 1b, dibutylaminophenyl is more efficient than the diethyl-
aminophenyl group, a variation aready observed for octupolar
complexes.5d For a given donor, a sight increase in uf is aso
observed on replacing CH by N. However, comparison of the
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Fig. 1 UV-Vis spectra of the free bipyridine ligands (top) and related

complexes (bottom).
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zero-frequency ufo values reveals that the increase in non-
linearity seems to be mainly due to resonant enhancement.

In conclusion we have described the synthesis of new
bipyridyl ligands bearing imino and azo substituents. The NLO
activity of the chromophore 1c, which contains the most
suitable photoisomerisable azo ligand, can be favourably
compared with that of the prototypical azo dye DR1 (Anax =
480 nm, ufo = 450 x 10—48 esu).15 Researchisnow in progress
to study the photoassisted electrical poling of such dipolesin
polymer films. Finally, these ligands provide access to D3
octupolar complexeswhich will be promising candidatesfor the
‘al optical’ poling method.
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