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Abstract: Geometrically pure, all-cis poly(phenylene vinylenes) (PPVs) are synthesized by Suzuki—Miyaura-
type polycondensation of 2,5-dioctyloxy-1,4-benzenediboronic acid with (Z,2)-bis(2-bromoethenyl)benzenes,
which are prepared by ruthenium-catalyzed (2)-selective double hydrosilylation of diethynylbenzenes,
followed by bromodesilylation of the resulting (Z,2)-bis(2-silylethenyl)benzenes with N-bromosuccinimide.
The all-cis PPVs thus obtained undergo one-way photoisomerization to the corresponding trans-PPVs both
in solution and in the solid. This phenomenon is applied to direct microscale patterning of PPVs onto a
guartz substrate.

Poly(phenylene vinylenes) (PPVs) belong to the group of all-cis PPVs using previous polymerization methods based on
m-conjugated polymers that have applications in light-emitting Gilch, Heck, and Wittig reactions.
diodes (LEDs),? lasers? and solar cell$.Considerable efforts We recently examined a stereocontrolled synthesisaofs
have been made to improve their emission color and efficiency and cissPPVs using Hiyama-type polycondensations of
in LEDs by introducing substituents to the polymer skeletons. 2,5-dioctyloxy-1,4-diiodobenzene wittEE)- and €,2)-1,4-
On the other hand, although stereoregularity of vinylene linkages bis(2-silylethenyl)benzenésAll-trans PPV was successfully
in the polymer backbone is also known to profoundly affect prepared by this method, but stereoregularitydisrfPPV was
the optical properties of PP\P%fficient ways of regulating the  limited to 66%. Herein, we report that all-cis PPVs are
geometries of vinylene linkages have remained almost unex- synthesized by SuzukiMiyaura coupling’ The resulting poly-
plored. It is particularly difficult to prepare geometrically pure mers exhibit a rather unique photochemical property that allows
the direct microscale patterning of PPVs onto a quartz substrate.

T Kyoto University.
*Konan University.
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1,3-diethynylbenzene4b) with HSiMe,An (An = 4-meth-
oxyphenyl) to give Z,2)-1,4- and Z,2)-1,3-bis(2-silylethenyl)-
benzenes3ab), respectively. While this reaction was previously
carried out with RUG(CO)(PP), (10 mol %) as a catalyst in
91-92% selectivitie$, it was found that a newly prepared
ruthenium complexl bearing an sphybridized phosphorus
ligand (DPCB-OMe) serves as a more efficient catalyst with
higher reactivity and selectivit? "2 Thus, the reaction o2a
with HSIMe&An (1.9 equiv) in toluene, in the presence of
0.5 mol % of1, was completen 1 h atroom temperature to
give (£,2)-3a in over 99% regio- and stereoselectivities.
Treatment of the product withN-bromosuccinimide (NBS) in
acetonitrile at ©C formed g,2)-4ain 65% yield (two steps}?
Them-isomer ¢,Z2)-4b was similarly prepared fror@b in 56%
yield. Complex1 was prepared in 49% vyield by treatment of
Ru(z-allyl)CI(CO)s'* with DPCB-OMe in toluene, followed by
treatment with dry HCI in ether (see Supporting Information).

Polycondensation o#(Z)-4awith 1 equiv of 2,5-dioctyloxy-
1,4-benzenediboronic acidb)(was performed in toluene at
80 °C for 24 h in the presence of Pd(P§h(1.5 mol %), Bu-
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Tanaka, R.; Ozawa, F.; Yoshifuji, MAngew. Chem., Int. EQ2001, 40,
4501.

(10) The ©)-selective hydrosilylation of terminal alkynes has been rationalized
by the modified Chalk-Harrod mechanism involving a silylruthenium(ll)
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strong r-accepting ability of DPCB-OMe ligantl leading to the high
catalytic reactivity and selectivity.
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Figure 1. H NMR spectra of all-ciséa (M, = 2700) (A), €2)-7
(B), and all-transa obtained by photoisomerization (C).

NBr (1 equiv), and aqueoussRO, (3 equiv). The reaction
solution was then poured into excess MeOH to precipitate an
orange solid of all-cis PP\¢a (M, = 4700, PDI= 1.92, 95%
yield).*> Similarly, all-cis 6b (M, = 5100, PDI= 2.13) was
obtained in 99% yield, starting fromZ{)-4b and 5. All
procedures must be performed in the dark to avoid cis-to-trans
isomerization of PPVs (vide infra). The use of KOH instead of
K3PQy as a base provided comparable results. On the other hand,
the molecular weight ofa lowered M, = 2700, PDI= 1.79)

in the absence of BWBr as a phase-transfer catalyst.

An all-cis arrangement of vinylene linkages was confirmed
by NMR spectroscopy. Figure 1 shows th¢ NMR spectrum
of 6a (M, = 2700), together with the spectrum df,Z)-2,5-
dioctyloxy-4-(2-bromoethenyl)stilben&’), which was prepared
as a minimum model of an all-cis PPV. As already shown by
Pang et al®¢ the signal aty 3.54 is due to OChliprotons of
octyloxy groups adjacent taZ)-vinylene units. On the other
hand, the corresponding signal for thansPPV structure
(6 4.08) was not detected. The small signals observed at
0 3.95 (a) and 3.65 (b) with the same intensities are assignable
to a 2,5-dioctyloxyphenyl group at a polymer end by comparison
with the spectrum of7.16 Furthermore, vinylic proton signals
at o 7.00 (c) and 6.38 (d) are ascribed to the presence of a
BrCH=CH group at the other end of the polymer.

All-cis PPVs thus prepared were isomerized to all-trans PPVs
under photoirradiation. Figure 2A shows a change of the
UV —vis spectrum obaduring the isomerization. When a dilute
solution of all-cis6a (M, = 4700) in benzene was irradiated

(15) GPC data based on polystyrene standards.
(16) 2,5-Dioctyloxyphenyl groups may be generated by hydrolytic deboronation.
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Figure 3. IR—RAS spectra of a film of all-ci$a before (solid line) and
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Figure 2. Changes of UV-vis absorption spectra of all-o&a (M,, = 4700)
under photoirradiation in benzene (A) and in a film (B).

with a high-pressure Xe lamp (2.1 mW cA at room
temperature, ther—x* transition at 382 nm decreased
rapidly, to be replaced with a strong absorption at 463 nm
(e = 38200 M1 cm™1), which was almost identical to that of
all-trans6a (M,, = 5000). The spectroscopic change occurred atmosphere. The color of the film gradually changed from pale
within a few minutes, maintaining isosbestic points at 334 and yellow to orange and became unchanged after 45 min (Figure
388 nm. The formation of all-tranGa was also confirmed by  2B). The UV—vis spectrum at this stage was consistent with
IH NMR spectroscopy (Figure 1€)Thus, the PPVb6a was the formation oftrans-PPV, and IR-RAS analysis of the film
found to undergo a clean “one-way” photoisomerizaigrom supported this conclusion (Figure 3). Interestingly, the PPV film
the all-cis isomer to the all-trans isomer, and this behavior is in thys prepared was much less soluble than that before irradiation.
contrast to the reversible isomerization of stilbene- and aZOben'Accordineg, a very simple method for direct patterningrahs
zene-containing polymers. PPV on a micrometer scale was developed. Thus, UV light was
The cis-to-trans isomerization of PPVs also took place in the i 5 diated for 45 min through a photomask onto a film of all-
sc;]l!dhstate. A thin f|In; of all-cis PP\,|6a_ (ca. 90 nm th'ck)’ cis6acoated on a quartz plate. The plate was rinsed with GHCI
\cl)vn |ca \évl?:rtgreglz:fj V\r/c;rsn ﬁrgdﬁg u\t/:/cilr;] bsirzﬁlgrl-?\?tlrl}ght to remove those parts of the PPV film that were not irradiated.
(35.5 mW cmT?) at room temperature under a nitrogen Figure 4A shows an optical |m§ge of the resulting plate, Whl(?h
was photographed under UV light. A well-resolved pattern is

100 ym
Figure 4. Fluorescent images of micropattern@a (A) and 6b (B).

(17) Arai, T.: Tokumaru, KChem. Re. 1993 93, 23. observed with yellowish green emission. In a similar procedure,
(18) (a) Momotake, A.; Arai, TJ. Photochem. Photobiol., @004 5, 1. i i _li issi
(b) Macromol. Symp. (Azobenzene-Containing Materjdlgitansohn, A., a ml_crOpatt_em with blue-light _emIS_SIO” was developed from
Ed.; Wiley-VCH: Weinheim, Germany, 1999; Vol. 139. all-cis 6b with m-phenylene units (Figure 4B).
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In conclusion, a highly stereocontrolled synthesis of all-cis
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