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In this paper we report the synthesis of a series of all-trans-
substituted oligo(phenylene vinylene) (OPV) compounds. The
motivation of this work stems from our desire to synthesize a
well-defined conjugated block for use as a rigid element in a
diblock copolymer. Organic molecules which possess long
conjugated systems are of interest for their electro-optic proper-
ties! In particular, poly(phenylenevinylene) (PPV) has attracted
much attention as an emissive material for use in electrolumis-
cent devices. Incorporation of a conjugated block into a diblock
system will provide us with new forms of materials. These

diblock systems are expected to undergo microphase separation,

leading to new forms of self-assembled nanoscale materials
containing a conducting domain which will be interesting for
the study of the quantum confinement effect. OPV molecules

possessing well-defined conjugation lengths and structures may
also serve as model systems for understanding the relationships

between bulk material properties and molecular structures in
conducting polymers.

Scheme 1 shows our strategy in synthesizing these OPVs.

The open-ended OPV chain always has a handle for further
growth or other modification. The key to the overall strategy
is the synthesis of building block molecules, mononteend
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Scheme 1. Synthesis of OPV Molecules
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determined fromtH NMR (chemical shifts in parts per million).
The Heck reaction also generates a small amount of regioiso-
mers® The minor double bond isomer from the Horner
Wadsworth-Emmons reaction and the Heck reaction could be

2, both of which possess mutually complementary functional separated from the product by flash column chromatography
groups at their ends. Monomer 1 possesses an aldehyde at ongsing a mixture of hexane and ethyl acetate as the mobile phase.
end and a vinyl group at the other end. MonorBgrossesses Interestingly, in the next HorneiWadsworth-Emmons reaction

an iodo substituent at one end and a phosphonate ester grouf® produce compoung, no cis product was detected. Reduced

at the other end. The iodo terminus of monor@ean couple
with the vinyl terminus of monomet under the Heck reaction
conditions. Similarly, the aldehyde terminus of monorhean
couple with the phosphonate terminus of mononZewria
Horner—Wadsworth-Emmons chemistry. The strategic place-
ment of the functional groups on monomérand?2 allows for

solubility of the longer oligomers poses a problem in the
purification of these compounds, but analytically pure samples
could be obtained through careful flash column chromatography
using mixtures of chloroform and hexane as the mobile phase.
Yields for each of the steps are good to moderate with decreased
solubility of the longer oligomers limiting the yields somewhat.

sequential and alternating addition of these monomers to an OPVPresently, we have succeeded in the synthesis and purification

chain as shown in Scheme 1. In order to control the growth of
the OPV chain, it is necessary to effectively block one terminus
of the growing OPV chain which was successfully accomplished
with compound3. Growth of the OPV chain commences with
compound3, and thereafter monometsand?2 are added in a
repetitive stepwise fashion (Scheme 1). An alternative approach
to the rapid stepwise synthesis of OPV molecules is to react 2
equiv of monomef with 1 equiv of 1,4-dibromobenzene. The
product would have a conjugation length including five aryl
rings and four double bonds, and in addition it would possess
two aldehyde termini capable of reacting with 2 equiv of
monomer2. The process could be repeated to quickly build
up longer OPV molecules possessing functionalized termini.
Both monomers and compourlare conveniently prepared
from 4-iodo-2,5-dioctoxybenzaldehyde which is itself derived
from 1,4-dihydroxybenzene in three simple steps.

The Horner-Wadsworth-Emmons reaction did give a de-
tectable amount of the cis product (approximately 5%) as
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of compoundl10 which has 12 aryl rings, 11 double bonds in

its conjugation pathway, and a molecular weight of 2781.
Synthesis of longer oligomers is still in progress. All of the
spectroscopic studies and elemental analysis results are consis-
tent with the proposed molecular structufes.

The absorption and emission spectra for the series of OPVs
that possess an aldehyde end group are shown in Figure 1. All
of the oligomers show strong and broad absorption in the visible
region. Tripling the conjugation length from oligomdrto
oligomer8 results in a red shift of 32 nm. However, little or
no red shift is noticed after the conjugation length reaches eight
aryl rings and seven double bonds. The saturatiotiig has
been observed previously and arises because of the limitations
to electron delocalization in the longer oligomér&hus, the
effective conjugation length in this series of oligomers is reached
at compounds. The absorption wavelength maximum in the
oligomers converges to that of PPV over relatively short
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preparation. Also see: (b) Cabri, W.; Candiani, |; Bedeschi,A.; Santl, R.
Org. Chem1992 57, 3558. (c) Cabri, W.; Candiani, |; Bedeschi,A.; Santi,
R. Synlett1992 871.

(6) The yields for each coupling stef8, 77%; 8, 84%; 10, 59%; 7,
84%;9, 73%.

(7) (10) Anal. Calcd for GoHz6¢013 C, 82.89; H, 9.58. Found: C, 82.63;

H, 9.58. Q) Anal. Calcd for GsgH2240101: C, 78.93; H, 9.20; I, 5.25.
Found: C, 79.06; H, 9.20; I, 5.42.

© 1997 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 119, No. 4, 1885

_ 2.5x10° — T } - 500
- ! I i
-8 ﬁo i
5 2.0¢10° S /A\\ 3
E . / /F\\i\ // \ 1\\ \a;
= L/ N s
g 15x10° e i ’f LI £
2 /o A e e 250 2
g aoxioP b S 1\’\”‘\ v '
S M N I e
g NN :
£ sod0t [ \ AN K
g - | \| k \\\ L
& 1 ; NN N
0.0x100 b =t ‘ 0
5 400 475 550 625 700
Wavelength (nm)

Figure 1. Absorption and emission spectra for compouds, and
10 taken in dilute solutions of chloroform.

Table 1. Thermal Transition Temperatures and Florescent
Quantum Yield of OPVs

6 7 ) 9 10 Figure 2. Photograph of liquid crystal texture of compou8daken
- between crossed polarizers (magnification 0@eproduced at 70%
T (°C) o7 67 90 113 105 of original size), temperature 13&).
T (°CR 87 158 176 185 .
Dy (%) 75 87 81 89 82 The phase texture shows strong patterns characteristic of a
Amax (NM) 431 441 457 460 463 nematic phase with a disclineation of 1.

- — - It should be pointed out that various syntheses of different
_ ®Clearing temperature from the liquid crystalline phase to the opys have been reported in the pHst® Schenket al. have
isotropic phase” Excited atimax investigated the charging capacity of OPV molecules and the
. . . . . charge distribution within the OPV chalh. Katz et al. have

conjugation lengths which suggests the validity of using OPV' g gied the fluorescence dynamics of OPVs both in solution
to better understand the electronic properties of electroactive 54 the solid state and observed little difference between Bem.
PPV mgtenals. . . - The work presented in this paper is distinct from others in that

Solutions of these oligomers give a brilliant green fluores- ;- annroach is open ended and very versatile, and it enables
cence (Figure 1). With the exception of oligonfgreach of \5't5 synthesize longer oligomers that more closely resemble
the oligomers exhibits three main features in their fluorescence organic polymeric conducting materials. Due to the fact that
spectrum in accord with theoPy.There. IS a major b?‘”d _W't_h & the Heck and HornerWadsworth-Emmons reactions tolerate
shoulder to the red of moderate intensity which is itself 5 \yije variety of functional groups, it should be possible to
overlapped with a barely discernible weak band to the red. The gy hihesize many different OPV molecules of various lengths
emission spectrum of compousids very broad and shows none g stryctures. This is useful for fine-tuning the band gap in
of the fine structure present in the other spectra. The two main gnissjve organic materials. Also noteworthy is the use of two
ﬁands, discernible in oth?r compourzigs, m%rge%ttc))geéher. 'r:' thereaction types to construct the same functionality: this eliminates
ulor_es?enhqehspe_ctrum_o (r:]ompﬁuﬁb t?j a broa h ap tht h the need of protecting groups. The use of a stilbene analog as
"T. atively higher intensity than t el an ﬁ |nh(_aacho It e other the building blocks allows for efficient and fast construction of
0 |gom€rs.. P(;[ present, it is n]?t”C earhw y this SI ou c(ij bﬁ the the OPV chain. After each step a functional group (either an
case, but it does appear to follow the general trend that In 5i4enyde or iodo group) is left for further chemical manipulation
oligomers possessing al?]ehyde_ end .gr01|Jps tEe intensity of thhewhich may include either continued elongation or reaction with
fslecond band grows as ! IS C%njugﬁt'%nhen?.t decreasesl.q Then end-functionalized polymer to form novel diblock copoly-
fluorescence quantum yields of each of the oligomers are Shownyers - controlled bidirectional growth is also possible, enabling
In .Table 1. No clear trend exists in the quantum y|el_ds, butit 5 very rapid construction of OPV compounds possessing
is interesting to note that the yields are substantially higher than ¢, ~tional groups at both ends.
the yields normally reported in PPV, suggesting that defect sites | gymmary, a general strategy for the stepwise synthesis of
and. impurities act to reduce fluorescence quantum yields in long conjugated molecules has been demonstrated. The strategy
conjugated polymers. No change in any of the emission SpeCtraempons the use of two reaction types to grow the conjugated
was observed when fluorescence measurements were made ovelj,4i stepwise, eliminating the need for protecting group
e}W|de range of concentrations, suggesting that excimer forma'chemistry. A similar strategy has recently been reported for
tlonhQOes not O(f:l:”' iaid rod lecul d the synthesis of dendritic molecul¥s.The molecules reported

This series ofall-transOPVs are rigid rod molecules, and e showed high fluorescence quantum yields and a liquid

thus it is not too surprising thaF each of the o[lgqmgrs, except crystalline phase. We intend to use these molecules in the
compounds, manifests a reversible thermotropic liquid crystal- production of novel diblock copolymers
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