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Novel chromophores from alternated pyridine-ethylenedioxythiophene
units oligomers. dramatic enhancement of photoluminescence properties
in elongated derivatives

Floris Chevallier, Marina Charlot, Claudine Katan, Florence Mongin* and Mireille Blanchar d-Desce*

switched to Negishi-like cross-coupling$t Compoundl was
converted to the corresponding thienylzinc chlority
ss deprotometalation with butyllithium at 0°C followedy
transmetalation with ZnGITMEDA. Subsequent reaction
with 2,6-dichloropyridine, catalytic amounts of RdCand
dppf in refluxing THF afforded the mono-halogenated
In the last decade, oligothiophehésve received considerable derivative 4, which was isolatedn 75% yield. The key

Novel chromophores based on the alternation of eectron-poor
(pyridyl) and eectron-rich (ethylenedioxythienyl) heterocycles
were synthesized for thefirst time and shown to exhibit attractive
optical properties in reation with their specific dectronic and
geometrical (coiled structure) features.

1

o

attention in relation with their optical and elemtic e building block4 was then used as the starting material for the
synthesis of heterotrimes using the modified Negishi cross-
coupling reaction after deprotonation/transmetatatiof 1
(73% overall yield). This strategy can be extendedthe
preparation of elongated EDOT-pyridine alternating

es oligomers. Using the same cross-coupling methodam
iterative synthetic approach and making use of crle
deprotonation of the EDOT moiety, heterotetrameAYD6
and heterohexamer (DAY were synthesizeth high yields by
coupling4 with thiophene-deprotonateth and6 respectively

70 (Scheme 1).

properties. 3,4-Ethylenedioxythiophene (EDOI), has been
used as a building block in several conjugatedesystdue to
its strong electron-donating ability which allowsettuning of
the electronic properties oftconjugated systenfs.More
generally oligomeric and polymeric conjugated datives
can present conductive and electronic propertiesmajor
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organic field-effect transistors (OFETS), organght-emitting

diodes (OLEDs) or photovoltaic devicé€ombining electron-

rich (D) and electron-poor (A) (hetero)aromatic teniin

interest for the elaboration of optoelectronicsides such as

alternated (DA) polymeric systems (i.e. charge transfer (CT)- /\ S\
25 type polymers) has recently emerged as a poputategfy in o p (ab] o P
the field of molecular-based electronics and phiz®h N\ T 7\ —
Whereas oligomeric (DA) derivatives made of alternated s \ / A s \
; i i i o 1 2a(R=H):87% N % =N N/
thiophene and pyridine heterocyclic units have besported,

oligomers built from alternated electron-rich EDO&nd
electron-poor pyridine moieties have not been dbedrup to
now although electrochemical (including electrochio)
properties of poly(EDOTpyridine) have been reporte@nly
generic compound DA has been synthesized, with sdrae
low yields (25-34%}

With this aim in mind, we have implemented an @éint
and stepwise route towards alternated ethylenetldoxyhene-
pyridine oligomers ofdefined and increasing lengthrirstly,
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we proceeded via deprotonation of the thiophene etyoi

followed by palladium-catalyzed cross-coupfingith pyridine
halides in a ‘one-pot’ procedure.
deprotonation of EDOT at the 2 position using 1ftiigalent
of lithium tributylmagnesate (BMgLi) in THF at room
temperaturé? Subsequent cross-coupling of the
tri(aryl)magnesate intermediate with 2-bromopyrlmfforded
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ligand (3 mol% each) as the catalyst. Repeating shme
deprotonation/cross-coupling sequence  starting
heterodimer2a readily afforded heterotrime3 in 73% yield.
The same procedure starting frorh and using 2,6-
dibromopyridine led to coupling produ@b with only low
yield. The synthetic strategy was accordingly misdif and
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lithium

the DA dimeric specie®a in 87% yield using a combination
of PdCL and 1,1'-bis(diphenylphosphino)ferrocene (dppf)

from

2b (R = Br): 6%

[c,d]l

6: 84%

7:89%

We carried oute th Scheme 1 Reagents and conditions: [a] $MgLi (1/3 eq), THF, rt, 2 h;

[b] 2-bromopyridine (R = H) or 2,6-dibromopyridif® = Br) (1 eq),

PdCL (3 mol%), dppf (3 mol%), reflux, 18 h; [c] BuLi (&q) then
75 ZnCL'TMEDA (1 eq), THF, 0°C, 1 h; [d] 2,6-dichloropyritg (1 eq),
PdCh (2 mol%), dppf (2 mol%), reflux, 48 h; [e] 3,4-gtbnedioxy-
thienylzinc chloride (1 eq), Pd£(2 mol%), dppf (2 mol%), reflux, 48 h;
[f] 4 (1 eq), PAGI(2 mol%), dppf (2 mol%), reflux, 48 h.

The X-ray diffraction analysis of single crystalsf
so compounds3 (ADA), 5 (DAD) and 6 ((DA),) reveals that
alternated (EDOT-pyridine) oligomers tend to adaptoiled
structure in the solid state.t Interestingly HF/B=3optimized
geometry calculationst indicate that this strudtura
conformation is also favoured in the case isblated
ss molecules (Table 1). This particular structuraltéea can be



related to the repulsion between N and O atomsuotesssive  charge redistribution from the core to the perighé3) or
rings in linear conformation while coiled confornmats favour  from the periphery to the cores)( with only small dipole
intramolecular hydrogen bonds. moment changes upon excitation. The charge redigtan in
All oligomeric compounds are readily soluble inaroform sstetramer6 and hexamef7 is somewhat of a combination of
s and dichloromethane, and soluble in medium to hpgharity both processes and results in lower electronic itlels the
solvents such as ethyl acetate, THF, acetone, DMSO. peripheral EDOT moiety as compared to the inner EDO
Although the coiled structure demonstrated in tbédsstate  moieties (Table 1). In both cases, excitation leadsan
and supported by isolated molecules calculationsneabe increase of the dipole moment (from 5 to 9 D @pand 2 to 6
directly transposed to molecules in solution, themmon 2D for 7). These calculations are supported by the
10 Observation for boundary conditions provides argjrbint that  solvatochromic behaviour of compoungs, 3, 5, 6 and7 in
the molecules adopt similar conformations in salnti This  solution: whereas the lowest energy absorption baifd
should be the case as long as strong interactismsh(as H- chromophores2a , 6 and 7 shows a slight red-shift with
bonds, Trinteractions...) with solvent molecules can beedul increasing polarity, chromophor@sand5 absorption spectra
out via suitable choice of solvents. The photopbgki ss are almost insensitive to solvent polarity.t
15 properties of the series of derivativ@a (DA), 3 (ADA), 5 All chromophores show photoluminescence (PL) props
(DAD), 6 ((DA),) and 7 ((DA)3) in CHCL are collected in  whose characteristics strongly depend on their tlenghe
Table 2. All chromophores present an intense aliisorgpand  emission band progressively shifts from near UVvisible
in the near UV region as well as additional absorpbands at blue region with increasing length (Fig. 1). Dinteri
higher energy which gain relative intensity in caripon to so chromophore2a shows an unstructured emission band with a
20 the lower energy absorption band whose intensitelke off significant Stokes shift (4800 c¢hhindicative of a CT excited
with  increasing length.t¥ This low energy band state. Chromophore2a, 6 and 7 show a slight positive
bathochromically shifts towards the visible withcieasing solvatochromic behaviour,t in agreement with arréase of
length indicating that electronic conjugation exterbeyond dipole moment upon excitation as expected from NTO
the DA pair. Indeed, natural transition orbitals T((I&I)12 ss calculations. In contrast, the emission of trim&r&nd5 is
25 calculations indicate that significant electronidistribution  almost insensitive to solvent polarity, consistesith a mainly
involving the whole structure takes place upon &tmn quadrupolar charge redistribution.t
(Table 1). Dimeric chromophore DA24) clearly shows a Interestingly, increasing length induces a marikedease
directional intramolecular CT from the EDOT unit the
pyridine moiety with an increase in dipole momenion
30 excitation (from 4.5 to 7 D based on TD-B3LYP cd#tions).
In contrast, trimer8 (ADA) and5 (DAD) show aquadrupolar

Table1 ORTEP diagrams of ADA, DAD 5 heterotrimers and (DA heterotetramer (thermal ellipsoids at 50% prolités), and HF/6-31G optimized
geometries for DRa and (DA} 7, and TD-B3LYP/6-31G//HF/6-31G natural transition itas'? for all derivatives.

Compound  2a(DA) 3 (ADA) 5 (DAD) 6 (DA), 7 (DA)s
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Table 2. Photophysical data of alternated oligomeric EDQTigpine derivatives in chloroform.
absa 4 b absa 4 b absa 4 b emc d e f f 9
Compound )\max3 10 fma)ﬁ&i )\max2 10 fmaxﬁ )\maxl 10 -i:max_:i )\max (] T kr B knr 4 EOO
(nm) (em*M?YH  (hm)  (cm*M?) (nm) (cm* M (nm) % (ns) (10°sY) (10°shH)  (ev)
2a (DA) - - 286 (sh) 1.22 315.5 1.71 372 1.3 0.36 0.04 274 3.64
i ) ) ) 339 (sh), 35€ 391 (sh), 411,
3 (ADA) 373 (sh) 3.26 437 (sh) 44 018 024 531 3.25
5 (DAD) - - 287 3.65 348 2.07 399 19 1.39 0.14 058 3.33
408, 429 (sh),
6 ((DA)?) 299 2.49 297 223 373,389 (sh) 3.12 459 (sh) 15 051 029 167 3.11
7(DA)) 310 3.47 353 3.62 390 3.11 42?1‘8‘515(%1()Sh)’ 41 195 021 030 297

3 Experimental absorption maximurhMolar extinction coefficient® Experimental emission maximurfiFluorescence quantum yield determined in
chloroform relative to quinine in 0.5 M,BQ;. ¢ Experimental fluorescence lifetimeRadiative k) and non-radiativekf,) decay rates Electronic gap
(0-0 transition energy) estimated from the intetisecof normalized absorption and emission spectra.
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in the fluorescence quantum yield of (QApligomers
although the electronic gap concomitandgcreaseqTable
2). Whereas the shorter compou@d shows only weak
fluorescence,§ the longest derivative is a sound blue
emitter. This striking length effect can be
predominantly to a marked decrease of the non-tadia

decay rate (Table 2Buch unusual behaviour can be related

to a reduction of the torsional degrees of freedionthe
excited state of chromophoré&sand 7 in relation with the
shortening of the intercycles connecting bondshim éxcited
state (as suggested by excited-state optimized g&gm
calculations)t and steric constriction in the coiktructures.
The well-defined emission spectra of chromoph@emd7
are indeed consistent with rigid structures in #ecited
state
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Fig. 1 Normalized emission spectra of chromoph@=®s3, 5, 6 and7 in
chloroform.

The odd-numbered derivatives (i.e. compoudand 5)
show distinct behavior. The DAD derivativé)(shows a
higher energy gap and much higher fluorescence tquan
yield as well as longer experimental lifetime thidssy ADA
counterpart §) or its longer even-numbered analodueThis
results from the combination of reduced radiatiwverélation
with lower transition dipole) and non-radiative dgcrates
This suggests that odd-numbered elongated deres¥ the

(DA).D type might be complementary emitters as comparesh

to even-numbered (DA)erivatives. Such derivatives would
however require excitation at shorter wavelengthsttaking
advantage of the intense higher energy band (Tapbiehich
is not present in the ADA analogue.

In conclusion, we have implemented an efficientthgtic
route towards alternated (DApligomers built from EDOT
and pyridine moieties that showoiled structures. These
novel chromophores exhibit intense and broad aligorpn
the UV region. Increasing their length results ecckasing
electronic gap and broader (multibands) absorpgi®mvell as
bathochromic shift of the lowest energy absorptiamd. A
dramatic enhancement of their PL properties is als@ined
as a consequence of the increased rigidity in goited state
which reduces non-radiative processEse present work has
thus opened a new route towards coiled DA oligonveith

related

4 playing on the length or symmetry.

The authors thank T. Roisnel for the X-ray struetu
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Informatique National de I'Enseignement Supérid@NES).

Notes and r efer ences

50 Chimie et Photonique Moléculaires, UMR 6510 CNRBiversité de
Rennes 1, Batiment 10A, Case 1003, Campus Scjestifie Beaulieu,
35042 Rennes Cedex, France. Fax: +33(0)2 2323 696B;+33(0)2
2323 6931/6277; E-mail: florence.mongin@univ-rerinfgmireille.
blanchard-desce@univ-rennesl.fr

s5 T Electronic Supplementary Information (ESI) aualda General
methods, procedures and characterization of pregdti¢tand**C NMR
spectra, crystal data, solvent effect on absorptiod emission spectra,
computational methods, optimized geometries, Cliésfof 3, 5 and 6
(CCDC 699627, 699628 and 707007). See DOI: 10.b082000x/

60 T With the exception of heterotrim8r(ADA) which shows only a weak
higher energy absorption band.

§ Chromophorea (DA) shows a much lower radiative decay rate than

elongated oligomers (DARlthough its extinction coefficient is roughly

twice smaller. This suggests that emission origindtom a different

65 excited state with lower transition dipole than Heetical excited state.
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Novel chromophores based on the alternation of trelegoor (pyridyl) and electron-rich
(ethylenedioxythienyl) heterocycles and adoptingpded conformation were synthesized and shown
1s to exhibit attractive optical properties.




