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ABSTRACT: A series of substituted oligo(p-phenylenevinylene)s (OPVs) with five benzene rings was prepared via
PO-activated olefinations and Knoevenagel condensations. The central ring is substituted with two octyloxy groups to
ensure good solubility of the OPVs and the lateral styrene units carry further substituents, with either electron-
accepting or donating character and also combinations thereof. The spectral features of these OPVs are dominated by
the basic chromophore; further auxochrome groups on the lateral rings (metaandparapositions) shift the absorption
and emission spectra only slightly to longer wavelengths. Significant bathochromic shifts (absorption ca 20 nm,
emission ca 40 nm) are observed for OPVs with cyano groups on the terminal vinylene segments. The absorption
spectra are independent from the concentration and solvatochromism is very small. The OPVs are photochemically
stable to near-UV irradiation (366 nm) in neutral solution, whereas mid-UV irradiation (254 nm) causes
decomposition of the chromophore. The presence of traces of acids or amines leads to different photochemical
pathways. Copyright 2000 John Wiley & Sons, Ltd.
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Since the discovery of the electroluminescence of poly(p-
phenylenevinylene) (PPV) by Burrougheset al.1 a broad
variety of conjugated polymers have been prepared and
investigated for use in light-emitting diodes (LEDs). In
addition to PPV, polythiophenes and poly(p-phenylene)s
have been used extensively;2 solubility has been obtained
by substitution with flexible side-chains3 or sterically
demanding groups.4 Model compounds proved to be very
useful for the elucidation of the photochemical and
photophysical properties of the polymers,5,6 since they
can be prepared with monodisperse chain lengths, in high
purity, and are often much more soluble than the
polymers. Furthermore, oligomeric compounds can be
used as luminescent building blocks in alternating
copolymers7 and as electronic materials in their own
right.8 For the use of conjugated materials such as PPV in
LEDs, low-lying LUMO levels are favourable,9 since
then the injection of electrons from metals with higher
work functions such as aluminium to the organic
semiconductor requires low activation energies and the
performance of the diode is improved. Unfortunately,
most PPV-type materials are predominantly hole con-
ducting;10 a few polymers and oligomers with higher
electron affinity have been described bearing cyano

groups at the vinylene linkage or electron-deficient
heterocycles in the main chain.11–13 We have prepared
a series of oligo(phenylenevinylene)s (OPVs) with five
benzene rings and a variety of substituents of different
character on the lateral rings and studied the influences of
substitution on the absorption and emission spectra and
the photostability of these model compounds.

The fundamental chromophore of the title compounds
is a linear OPV with five benzene rings and two octyloxy
groups in the 2,5-positions of the central ring; further
auxochrome groups are symmetrically located on the
terminal styrene units. The synthetic strategy for these
compounds started with the central distyrylbenzene
segment carrying two carbaldehyde functionalities and
the two octyloxygroups which are essential for the
solubility of the intermediate and the final compounds.
Hydroquinone dioctyl ether was chloromethylated or
bromomethylated and a twofold Michaelis–Arbusov
reaction led to the bisphosphonate (31% via chloro-
methylation, 38% via bromomethylation) (Scheme 1).
The distyrylbenzenedicarbaldehyde was prepared in a
twofold Horner reaction with terephthaldialdehyde
monodiethylacetal followed by acidic cleavage of the
acetals. This synthon was used for the preparation of all
OPVs reported here. The aldehydes were converted to
styrene units via a second twofold Horner reaction with a
variety of substituted benzylphosphonates or toa-
cyanostyrenes with benzyl cyanides in a twofold
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Knoevenagelcondensation(Scheme2). Theyieldsin the
final step were in the range 57–96%(except OPV 5,
17%). Syntheticdetailswill be reportedelsewhere.All
OPVs were readily soluble with melting-pointsin the
range153–203°C; asmallmesophasewasobservedonly
for 1 (155–162°C).

Theabsorptionandemissionspectrawererecordedin
dichloromethaneunderambientconditions;the concen-
trations were about 10ÿ5 mol lÿ1 (absorption) and

10ÿ8 mol lÿ1 (fluorescence). For the photochemical
experimentsthe solvents were purified by additional
filtration throughbasicaluminaand the solutionswere
thoroughlydegassed.Theessentialspectroscopicdataare
collectedin Table1.

The intenselycolouredOPVscanbedivided into two
groups:the yellow compoundswith substituentson the
benzenerings(1–9, except5) andtheorangeto dark-red
OPVs with propenenitrilesegments.Upon UV irradia-

Scheme 1. Synthesis of starting materials

Scheme 2. Synthesis and substitution pattern of OPVs 1±12
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tion, thesolidsexhibit intensefluorescence,andagainthe
red,non-fluorescentnitro-substitutedOPV 5 is different.

This division into two groupsholdsalsofor theOPVs
in solution. Both types (ring substitution in 1–9 and
vinylenesubstitutionin 10–12) showedverysimilarUV–
visiblespectrawith two smallmaximaat305and360nm
and an intensemaximum at 424–434nm for the first
group(except5) andat445–451nmfor thesecondgroup.
Exemplaryspectra(OPVs1, 5, 9 and11) aredepictedin
Fig. 1. It wasfoundthatmetasubstitutionof theterminal
rings with electron acceptors(6–8) results in small
changesin theelectronicspectra,whereaspara-substitu-
tion (4 and 5 and, more pronounced,the vinylene
cyanides10–12) inducesstrongbathochromicshifts.

In the emissionspectraof 1–4 and6–9 the maximum
of thefluorescenceintensitywasfoundin therange483–
504nm, followed by a characteristicshoulder(D�� 30
nm) on the red side. This shoulder was lost in the
emissionspectraof thea-cyano-substitutedOPVs10–12
and the maximawere shifted to the red (524–533nm).
Compared with the other investigated OPVs, the

fluorescenceintensity of the dinitro compound5 was
about0.01%.Two effectsareresponsiblefor thereduced
intensity: the quenchingof the fluorescenceby the nitro
groups and the bathochromicshift of the absorption
spectrum(�max= 450nm) leadingto strongreabsorption
of theemittedlight.

The introductionof electron-withdrawingsubstituents
into the meta positions of the lateral rings offers the
possibility of tuning the electron affinity of the
chromophorewith only slight changesin the electronic
spectra(OPVs 6–9 comparedwith 1). Birckner et al.
investigatedthe electronic spectraof substituted1,4-
distyrylbenzenes14 and observedstrong bathochromic
shifts of the absorption (D�� 40 nm) and emission
(D�� 70 nm) uponintroductionof cyanogroupsto the
vinylene linkages.Additional electrondonorsincreased
the red shift of the absorptionmaximum, wherasthe
fluorescence maximum was preserved. Notable is
compound9: the bathochromicshift of the fluorescence
(D� = 17nm comparedwith 1) due to the terminal
auxochromealkoxy groupscan be levelled out by the
introduction of electron-withdrawing sulfones. The
emissionspectrumis shifted about 13nm to the blue,
close to OPV 1. Combinationsof this type, vicinal
auxochrome and anti-auxochromegroups, offer the
opportunityto fine-tunethe emissionpropertiesandthe
electronaffinity of thechromophore.Sulfonesand1,3,4-
oxadiazolesare powerful electron acceptorswith an
additional binding site, useful for the introduction of
solubilizing side-chains.

Changingthe solvent from cyclohexaneto dichlor-
omethane,acetonitrileand ethanolcausedshifts of the
absorptionmaximaof lessthan3 nm,but theextinctions
were changedsignificantly: the extinction coefficients
increasedin the sequenceethanol,cyclohexane,aceto-
nitrile for compoundswith electron-withdrawing sub-
stituents(7, 9, 11), whereasthis orderwasreversedfor
OPV 1.

Table 1. Substituents and spectral data

Compound R1 R2 R3 �max (nm) �0.1 (nm)
�� 10ÿ4

(l molÿ1 cmÿ1) �f
max (nm)

1 H H CH3 424 478 8.3 483
2 H H OC6H13 426 478 9.1 500
3 H H Br 425 477 9.1 501
4 H H CN 434 491 8.6 504
5 H H NO2 450 514 7.4 499
6 H CF3 H 425 478 8.5 502
7 H CN H 425 480 6.7 490
8 H H 427 480 9.3 489

9 H SO2C10H21 OC3H7 426 478 9.8 487
10 CN H H 445 508 8.3 524
11 CN CF3 H 451 519 7.1 531
12 CN H Cl 450 528 9.3 533

Figure 1. UV±visible and ¯uorescence spectra of selected
OPVs
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For usein electroopticaldevices,a high photostability
of the chromophoreis required.OPV 11, bearingtwo
electron-withdrawing groups,wasirradiatedin different
media with near-UV(NUV) (366 nm) and mid-UV-
(MUV) radiation(254nm). In cyclohexane,11 wasinert
towardsNUV, whereasMUV causeda uniform photo-
reactionwith adecreasein theabsorptionmaximum(451
nm), an isosbesticpoint at 352nm andthe build-upof a
maximum at 320nm (Fig. 2), indicating a trans–cis
isomerizationof oneof thefour vinylenelinkages.Traces
of acidsareknown to destroyoligo(2,5-dialkoxypheny-
lenevinylene)sin a slow dark reactionand very much
acceleratedby irradiation with NUV and even more
pronounced,with MUV.15 A solution of 11 in CH2Cl2
containing 0.5% trifluoroacetic acid was stable in the
darkfor prolongedtimes;irradiationwith NUV causeda
slow decompositionof the chromophore,accompanied
by a small increasein the absorptionat 301nm. With
MUV, the rate of the decreasein the absorption
maximum was comparable to the rate observed in
cyclohexanein theabsenceof acid,but theacid induced
a different photochemical pathway, presumably by
protonationof the excitedchomophoreand subsequent
additionreactions.

Oligomeric aryl aminesand polyvinylcarbazoleare
typical hole conducting compoundsin electrooptical
devicesandaminesareusedasauxochromegroupsfor
the colour tuning of conjugatedcompounds.8,14 The
photostabilityof 11 towardsdaylight andNUV wasnot
influenced by the presenceof triethylamine (5% in
cyclohexane).Upon irradiation with MUV (254 nm), a
slow photochemicalreactionwasobserved.The rate of

the decreasein the absorptionmaximum of 11 in the
absenceof triethylaminewasabout10 timeshigherthan
in thepresenceof the base.The amineled to a different
photochemistry,substantiatedby increasingabsorptions
at 365-nmand much more pronouncedat 311nm. The
initial step in this reaction might be a photochemical
electrontransferprocess,as hasbeenproposedfor the
additionof aminesto stilbene.16

OPVswith five benzeneringsandavarietyof different
substituentswere preparedfrom a distyrylbenzenewith
two terminal carbaldehydegroupsandbenzylphospho-
nates and benzyl cyanides. Whereas vinyl cyanides
causedstrongred shifts of the absorptionand emission
andareknownto reducethefluorescencequantumyields
strongly,only smallchangesin thespectralfeatureswere
observedwhen electron-withdrawingsubstituentswere
linked to the aromaticrings.An increasein the electron
affinity of thechromophoreby substitutionwith electron
acceptorsis probableand will be quantifiedby cyclic
voltammetry.
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Figure 2. Irradiation of OPV 11 in cyclohexane
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