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ABSTRACT: All-cis and all-trans isomers of poly[(arylenevinylene)-alt-(5-octyloxy-1,3-phenylenevinylene)]s
having three kinds of arylene groups (PmPVs: arylene = m-phenylene (1a), p-phenylene (1b), 4,4'-bipheny-
lene (1¢)) have been synthesized in almost perfect stereoregularity by two types of palladium-catalyzed
polycondensation reactions, respectively. Suzuki—Miyaura-type polycondensation of (Z,Z)-bis(2-bro-
moethenyl)arenes with 5-octyloxy-1,3-benzenediboronic acid pinacolate affords all-cis la—c, whereas
Hiyama-type polycondensation of (E,E)-bis(2-silylethenyl)arenes with 5-octyloxy-1,3-diiodobenzene forms
all-trans 1a—c. The resulting polymers with relatively short effective z7-conjugation lengths interrupted by m-
phenylene units undergo two-way photoisomerization to give PmPVs containing cis- and trans-vinylene
groups in nearly 1:1 ratios irrespective of the arylene groups of staring polymers.

Introduction

Poly(phenylenevinylene)s and their homologues are zz-conju-
gated polymers that have wide application in optoelectronic
devices.' It has been recognized that z-conjugated polymers are
advantageous over small organic molecules as well as inorganic
compounds in terms of accessibility of thin films, which enables
easy and low-cost fabrication of large-area devices. We recently
found that poly(p-phenylenevinylene)s (PpPVs) gain a unique
film-forming property when the v1nylene hnkages in the polymer
chain are entirely stereoregulated to cis geometry.> All-cis PpPVs
are readily soluble in common organic solvents and form highly
amorphous films by spin-coating. Interestingly, the resulting
films are insolubilized under UV light, along with cis-to-trans
isomerization of vinylene linkages to give all-trans PpPVs. This
phenomenon (i.e., photoinduced insolubilization) has been suc-
cessfully applied to direct microscale patterning of PpPVs on a
quartz substrate in an extremely simple procedure.**¢

The photoinduced insolubilization involves one-way photo-
isomerization from all-cis isomers to all-trans isomers of PpPVs.
The one-way photoisomerization has been documented in several
instances of alkene molecules.’> While stilbene undergoes two-way
photoisomerization between cis and trans isomers to give a cis-
rich mixture in the photostationary state, aromatic alkenes with
an extended s-conjugated system tend to be isomerized solely
from the cis isomer to the trans isomer. Recent studies on oligo(p-
phenylenevinylene)s (OpPVs) have revealed that OpPVs having
more than two phenylenevinylene units undergo one-way photo-
isomerization via either the singlet or the triplet excited state.*

This paper deals with the synthesis and photoisomerization of
all-cis and all-trans poly[(arylenevinylene)-al/t-(5-octyloxy-1,3-
phenylenevinylene)]s with three different arylene groups (PmPVs;
la—cin Chart 1). We have been interested in the effect of 7z-con-
jugation length on photoisomerization of polymeric alkenes, in
connection with the one-way photoisomerization of PpPVs. Alt-
hough photoisomerization has been extensively studied for small
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dlkenes related studies on polymeric compounds have been
limited.> In this study, we compared photoisomerization beha-
viors of la—c with those of the model compounds of their con-
stitution units (2—5 in Chart 1). Unlike PpPVs with extended
mr-conjugated systems, PmPVs possess a relatively short zz-conjuga-
tion length interrupted by m-phenylene units.® It has been found
that PmPVs undergo two-way photoisomerization both in solu-
tion and in thin films. The cis/trans ratios in the photostationary
state are clearly different from those of the constitution units, and
fall into nearly 1:1 irrespective of the s-conjugation lengths.

Results and Discussion

Synthesis and Characterization of PmPVs. All-cis and all-
trans PmPVs were synthesized by Suzukl—Mlyaura -type™’
and Hiyama-type polycondensations,® respectively (Scheme 1).
The choice of catalytic cross-coupling reactions dependent
on desirable stereochemlstry is based on our previous find-
ings on PpPVs synthesis.>® The inverse use of the reactions
often causes structural defects in resulting polymers. Suzuki—
Miyaura-type polycondensation of (E,E)-isomers of bis(2-
bromoethenyl)arenes tends to involve homocouphng
reactions providing butadiene and biaryl units,**!® and Hiyama-
type polycondensation of (Z,Z)-bis(2-silylethenyl)arenes com-
monly affords (E)-vinylene linkages in the polymer chain.”>*

Table 1 summarizes the results of synthetic reactions.
Treatment of (Z,Z)-bis(2-bromoethenyl)arenes (6a—c) with
5-octyloxy-1,3-benzenediboronic acid ester (7) in toluene at
80 °C in the presence of [Pd(PPh;)4] (1.0 mol %), aqueous
KOH (3 M, 3 equiv), and BuyNBr (1 equiv) for 24 h afforded
all-cis 1a—c in 84—97% yields (entries 1—3). On the other
hand, the reactions of (E, E)-bis(2-silylethenyl)arenes (8a—c)
with 5-octyloxy-1,3-diiodobenzene (9) in THF at room tem-
perature in the presence of [Pd(u-Cl)(57*-allyl)]> (5 mol %)
and BuyNF (2 equiv) for 100 h formed all-trans la—c in
quantitative yields (entries 4—6).

The polymers were isolated as gummy pastes (all-cis
PmPVs) or powdery solids (all-trans PmPVs), respectively.

© 2010 American Chemical Society
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Chart 1. List of PmPVs and Their Model Compounds Prepared in
This Study

\
Ar OCgH17 Aé\\—Ar OCgH17
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all-cis PmPV (1a—c)

all-trans PmPV (1a—c)

(£2-and (E,E)-3 (Z.2)- and (E,E)-4

(Z2- and (E.E)-5

Scheme 1. Synthesis of All-Cis and All-Trans 1 (SiR3 =
3.5-(CF3)2C6H3SiMe2)
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The geometry and stereoregularity of vinylene linkages were
unequivocally confirmed by NMR spectroscopy. Table 2
compares the NMR data of 1la—c with those of 2—5. The
vinylic carbons of cis and trans isomers have different
chemical shifts at around 6 130 and 129, respectively. The
OCH, proton signals of octyloxy groups are observed sepa-
rately. As seen from the '"H NMR spectra in Figure 1, the
signals of cis- and trans-la appear at 6 3.59 and 4.03,
respectively.'""'? The cis/trans ratios listed in Table 1 are
evaluated from the peak intensities of those signals.
Photoisomerization of PmPVs in Solution. All-cis and all-
trans PmPVs were dissolved in benzene (4.0 mg L™") and
irradiated with a Xe lamp (A0« = 365 nm, 0.87 mW cm ?)in
a quartz cell under a nitrogen atmosphere at room tempera-
ture. The sample solution was observed at intervals by
UV—vis spectroscopy. Figure 2 shows the change of absorp-
tion spectra of all-cis 1c (A) and all-trans 1¢ (B). Upon UV-
irradiation, the absorption of all-cis isomer (A, = 328 nm)

Macromolecules, Vol. 43, No. 17, 2010 6981

Table 1. Synthesis of All-Cis and All-Trans PmPVs (1a—c)

entry product yield (%)“ Mp My /M,"  cis/trans®
1 all-cis 1a 97 3800 3.43 >99/1
2 all-cis 1b 84 4300 4.23 >99/1
3 all-cis 1¢ 95 4700 5.27 >99/1
4 all-trans 1a >99 5200 1.75 <1/99
5 all-trans 1b >99 4200 1.47 <1/99
6 all-trans 1c >99 8300 2.35 <1/99

“Tsolated yield of MeOH-insoluble polymer.  Determined by GPC
calibration based on polystyrene standards. ¢ Determined by '"H NMR
analysis.

Table 2. Selected NMR Data for PmPVs (1a—c) and Model
Compounds (2—5)*

compound BC NMR (d¢c—=c) "H NMR (docn,)
all-cis 1a 130.1, 130.1 3.59
all-cis 1b 130.0, 130.0 3.62
all-cis 1c 130.4, 130.2 3.63
(2)-2 130.3,130.3 3.77
(Z2,72)-3 130.4, 130.0 3.59
(Z2,72)-4 130.2, 130.0 3.81
(Z2,2)-5 130.4,129.8 3.80
all-trans 1a 129.0, 128.8 4.03
all-trans 1b 128.7,128.5 4.05
all-trans 1c 128.6, 128.6 4.07
(E)-2 128.9, 128.7 4.00
(E,E)-3 129.2,128.5 4.05
(E.E)-4 128.6, 128.5 4.00
(E,E)-5 128.8, 128.4 4.01

“Measured in CDCl; at room temperature.

®

e
.- i

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm

Figure 1. '"H NMR spectra of all-cis 1a (A) and all-trans 1a (B) in
CDCl; at room temperature.

increases whereas that of all-trans isomer (A, = 366 nm)
decreases to achieve the photostationary state within a few
minutes.!® The cis content in the equilibrium mixture is
estimated to be 53% according to the following equation:
cis (OA)) = (Atrans - Apss)/(Alrans - Acis) x 100, where Atrans
and A stand for the absorbance of all-trans and all-cis
isomers at 366 nm before UV-irradiation, respectively, and
Apgs for the absorbance at the same wavelength in the
photostationary state.

Table 3 summarizes the results of photoisomerization.
Unlike PpPVs that undergo one-way photoisomerization,
la—c undergo two-way photoisomerization to give PmPVs
containing cis- and trans-vinylene groups. It is seen that the
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Figure 2. Changes of UV—vis absorption spectra of all-cis 1¢ (A) and all-trans 1c¢ (B) under UV-irradiation in benzene (4.0 mg L™).

Table 3. Photoisomerization of 1a—c and 2—5 in Benzene”

Table 4. Fluorescence Data for All-Trans PmPVs and Model

Compounds
compound Amax (nm)* b
all-trans 1a 378, 397 0.21
all-trans 1b 406, 431 0.32
all-trans 1c 408, 433 0.47
(E)-2 363 0.27
(E.E)-4 397,418 0.76
(E,E)-5 401, 425 0.83

A’mux (nm)
compound all-cis all-trans pss” time (s)* cis/trans”
la 273¢ 311 307 90 54/46
1b 319 372 368 330 46/54
lc 328 366 350 150 53/47
2 280° 310 f 30 86/14
3 269¢ 313 f 30 31/69
4 318 362 362 150 4/96
5 328 356 356 150 <1/99

“ A benzene solution of the compound (4.0 mg L") was irradiated
with a Xe lamp (Apax = 365 nm, 0.87 mW cmfz) in a quartz cell under
nitrogen atmosphere at room temperature, and examined by UV—vis
spectroscopy. “pss = photostationary state. ¢ The time to achieve the
photostationary state starting from cis isomer. ¢ The cis/trans ratio in the
photostationary state. The value for la—c denotes the cis/trans ratio of
vinylene groups in the polymer chain. ¢ Measured in CH,Cl,.” The value
was unidentified due to the overlap with the absorption of solvent
benzene.

cis/trans ratios in the photostationary state ([cis/trans] ) are
quite different from those of 2—5. Meeting the general
expectations,® the trans contents of 2—5 in the photostation-
ary state increase with elongation of the effective s7-conjuga-
tion lengths in the order 2 < 3 < 4 < 5. In contrast, the cis/
trans ratios of la—c converge at nearly 1:1 irrespective of the
arylene groups. Since the A, values of la—c¢ are in good
agreement with those of 3—35, respectively, it is convincing
that each polymer has almost the same zz-conjugation length
as the corresponding constituent. Nevertheless, the vinylene
groups reach equilibrium in a nearly 1:1 ratio.

It is known that two-way photoisomerization of stilbene
proceeds via a singlet excited state with the 90°-twisted form
as the potential minimum, which affords a cis/trans mixture
of stilbene upon deactivation. However, the 90°-twisted form
is no longer the potential minimum for an alkene integrated
into an extended s-conjugated system, because the trans con-
former gains the stability due to ;7-conjugation to a great extent.
In this case, when the triplet state with a trans configuration
is the potential minimum, the alkene molecule changes its
geometry solely from the cis form to the trans form, along the
triplet state potential surface. This phenomenon is referred
to as one-way photoisomerization.> The variation in cis/
trans ratios observed for 2—5 clearly follows this tendency.
On the other hand, as for the polymeric alkenes 1a—c, there is
a possibility that the 90°-twisted form remains as the energy
minimum in the excited state to avoid steric congestion
within the molecule. In this case, the excited state should

“Emission peaks and quantum yields were obtained with the excita-
tion at 330 nm in benzene. ® Quantum yields were determined relative to
anthracene in EtOH (® = 0.27).

be deactivated from the twisted form to give PmPVs contain-
ing both cis- and trans-vinylene units. Thus, we carried out
emission experiments to gain more direct information on the
geometrical structure in the excited state. When the potential
minimum adopts a twisted structure, the excited molecule
undergoes two-way photoisomerization and thereby the
fluorescence quantum yield decreases. On the other hand,
when the trans configuration constitutes the potential mini-
mum, the alkene molecule very probably exhibits strong
emission.

Table 4 lists the fluorescence data measured in benzene
under 330 nm irradiation. The fluorescence quantum yields
of all-trans PmPVs (® = 0.2—0.5) are comparable to that of
the stilbene derivative (E)-2 (® = 0.27), but significantly
smaller than those of (E,E)-4 and -5 with extended -
conjugated systems (® ~ 0.8). These data are consistent with
the twisted form of vinylene unit of PmPVs in the excited
state, which is converted to a cis/trans mixture without
notable fluorescence.

Photoisomerization of PmPVs in Thin Films. All-cis and
all-trans PmPVs underwent two-way photoisomerization in
thin films as well. Figure 3 shows the change of UV—vis
absorption spectra of 1a in thin films, which were prepared
from a CHCIl; solution (0.2 wt %) by spin-coating on a
quartz substrate, and irradiated with a Xe lamp (A . = 365
nm, 21.0 mW c¢m ™ ?) under vacuum at room temperature. It
was noted that the absorption maxima of all-cis and all-trans
1a are red-shifted by 2 and 11 nm, respectively, as compared
with those in solution. Although the photoisomerization
could not be evaluated quantitatively, because of variation
in the thickness of films depending on the experimental runs,
the spectroscopic change in this figure indicates a very similar
cis/trans ratio to the solution system. Interestingly, the
photoirradiated films remained on the substrate in high
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Figure 3. Changes of UV—vis absorption spectra of all-cis 1a (A) and all-trans 1a (B) under UV-irradiation in thin films.

percentages after rising twice with CHClj3, as seen from
relative intensities of green and black lines. Thus, it was
found that PmPVs undergo photoinduced insolubilization in
thin films. The insolubilization was completed within a few
minutes. This change was much faster than that of PpPVs,
which are gradually insolubilized over 1 h along with one-
way photoisomerization from all-trans isomers to all-cis
isomers.>

Conclusion

Suzuki—Miyaura-type and Hiyama-type polycondensation
reactions provide all-cis and all-trans PmPVs in perfect stereo-
regularity, respectively. The resulting polymers (1a—c) undergo
two-way photoisomerization of vinylene units in solution as well
as in thin films, giving PmPVs containing cis- and trans-vinylene
groups in nearly 1:1 ratios, irrespective of the effective z-con-
jugation lengths of constitution units. This behavior is clearly
different from that of model compounds 2—5, for which the trans
content in the photostationary state increases with elongation of
the effective m-conjugation length. The photoisomerization be-
havior observed for 1la—c is consistent with the 90°-twisted form
of the energy minimum in the excited sate, which is provided by
steric congestion within the polymeric alkenes. This assumption
has been supported by emission experiments showing moderate
fluorescence quantum yields of la—c.

Experimental Section

General Considerations. All manipulations using organome-
tallic compounds were carried out under a nitrogen or argon
atmosphere using conventional Schlenk techniques. Nitrogen
and argon gas were dried by passing through P,Os (Merck,
SICAPENT). NMR spectra were recorded on a Bruker Avance
400 spectrometer ("H NMR 400.13 MHz and '*C NMR 100.62
MHz). Chemical shifts are reported in 6 (ppm), referenced to the
"H (residual protons) and '°C signals of deuterated solvents.
Analytical GPC was carried out on a JASCO GPC assembly
consisting of a model PU-980 precision pump, a model RI-1530
refractive index detector, and three polystyrene gel columns
(Shodex KF-801, KF-803 L, KF-805 L). THF was used as the
mobile phase with a flow rate of 1.0 mL min~ ' at 40 °C. The
columns were calibrated against nine standard polystyrene
samples (Shodex; M, = 980—1920000). Spin-coating of PmPV
was performed with a Mikasa spin coater |H-DX2. Photoirra-
diation was carried out at room temperature using an Asahi
Spectra LAX-101 Xe lamp. The wavelength (A,.x = 365 nm)
that corresponds to the I-line of Hg lamp was selected for
covering the absorptions of all samples employed. UV—vis
absorption and fluorescence spectra were recorded on a JASCO

V-560 spectrometer and a FP-6600 fluorescence spectrometer,
respectively.

Toluene was dried over sodium benzophenone ketyl, distilled,
and stored over activated molecular sieves (MS4A). THF
(Wako, dehydrated) was used as received. The following com-
pounds were synthesized according to the literature: [Pd(PPhs)4],'*
[Pd(u-Cl)(37*-allyl)]»," (Z,Z)-bis(2-bromoethenyl)arenes (6a—c),'®
and (E,F)-1,4-bis(2-silylethenyl)benzene (8b).® Synthetic proce-
dures for 2—5, 1,3-diboryl-5-octyloxybenzene (7), (E,E)-bis(2-
silylethenyl)arenes (8a,c), and 1,3-diiodo-5-octyloxybenzene (9)
are reported as Supporting Information. All other chemicals
were obtained from commercial suppliers and used without
further purification.

Synthesis of All-Cis PmPVs (1). A typical procedure is
reported for all-cis 1a. To a solution of 6a (28.8 mg, 0.100
mmol), 7 (45.8 mg, 0.100 mmol), and BuyNBr (32.2 mg, 0.100
mmol) in toluene (0.5 mL) were added [Pd(PPhj3),] (1.2 mg, 1.0
umol) and 3.0 M aqueous KOH (0.10 mL, 0.30 mmol). The
mixture was stirred at 80 °C for 24 h in the dark. After cooling to
room temperature, the mixture was diluted with CH,Cl, (1 mL),
washed with water (3 x 3 mL), and then poured into vigorously
stirred MeOH (50 mL). A pale yellow, sticky precipitate of
all-cis 1a was collected by decantation, washed with MeOH, and
dried under vacuum at room temperature overnight (32.3 mg,
97% vyield).

All-Cis 1a. Pale yellow gummy paste. '"H NMR (CDCl5): ¢
7.20—6.90 (m, C¢Hy), 6.73—6.67 (m, H? of C¢H;OR), 6.64—6.57
(m, H*® of C¢H;OR), 6.44—6.32 (m, CH=CH), 3.84—3.70 (m,
OCH,; of terminal C¢H40OR), 3.59 (t, J = 6.5 Hz, OCHzP, 1.80—
1.49 and 1.43—1.14 (m, CH,), 0.92—0.80 (m, CH3). *C{'H}
NMR (CDCls): 8 158.7 (s, C° of C¢H;0R), 138.3 (s, C'3 of
C¢H5OR), 137.1 (s, C'* of C¢Hy), 130.1, 130.1 (each s, CH=
CH), 129.7 (s, C® of CgHy), 127.8 (s, C* of C¢Hy), 127.6 (s, C*® of
CgH,), 122.2 (s, C? of C¢H30R), 113.8 (s, C*® of C4H;OR), 67.8
(s, OCH,), 31.9, 29.3, 29.3, 29.1, 26.1, 22.7 (each s, CH;), 14.1
(s, CH3).

All-Cis 1b. Yellow gummy paste. '"H NMR (CDCl5): § 7.06
(br, CeHy), 6.74 (br, H? of C¢H;0R), 6.62 (br, H*® of C¢H;0R),
6.43 (br, CH=CH), 3.62 (t, J/ = 6.3 Hz, OCH>»), 1.73—1.53 and
1.43—1.16 (m, CH,), 0.92—0.80 (m, CH;). "*C{'H} NMR
(CDCls): 0 158.8 (s, C° of C¢H30R), 138.5 (s, C!* of C¢H;0R),
1359, C'* of CgHa), 130.0, 130.0 (each s, CH=CH), 128.9 (s,
C2336 of CgHy), 121.8 (s, C* of C¢H50R), 113.7 (s, C*° of
C¢H;0R), 83.8 (s, C(CHj3), of terminal BOC(CH3),), 67.8 (s,
OCH,), 31.8, 29.3, 29.3, 29.1, 25.9 (each s, CH,), 24.8 (s,
C(CHj), of terminal BOC(CH3),), 22.7, 14.1 (s, CH3).

All-cis 1c. Yellow solid. '"H NMR (CDCls): 6 7.52—7.15 (m,
H>%2¢ and H»>¥¥ of C,Hy), 6.83 (br, H® of C4H;OR), 6.68
(br, H** of C¢gH50R), 6.53—6.42 (m, CH=CH), 3.63 (br, 2H,
OCH,), 1.74—1.47 (br, 2H, CH,), 1.45—1.07 (br, 10H, CH,),
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1.31 (s, C(CHs), of terminal BOC(CHjs),), 0.92—0.74 (br, 3H,
CH;). *C{'H} NMR (CDCls): 6 158.9 (s, C* of C¢Hj), 139.1,
138.6, 136.1 (each s, C""" and C** of C;,Hg and C'° of C¢Hy),
130.4,130.2 (each s, CH=CH), 129.4, 126.4 (cach s, C***** and
C3335 of CgH ), 121.7 (s, C° of CgH3), 113.8 (s, C** of C¢H3),
83.8 (s, C(CHj3), of terminal BOC(CH3),), 67.8 (s, OCH,), 31.8,
29.3,29.2, 29.1, 25.9, 22.7 (each s, CH,), 24.8 (s, C(CH;), of
terminal BOC(CH3),), 14.1 (s, CHj;).

Synthesis of All-Trans PmPVs (1). A typical procedure is
reported for of all-trans 1a. To a solution of 8a (67.7 mg, 0.100
mmol) and 9 (45.4 mg, 0.100 mmol) in THF (1.0 mL) were added
[Pd(u-Cl)(5*-allyl)]> (1.8 mg, 5.0 umol) and a 1.0 M solution of
BuyNF:3H,0 in THF (0.20 mL, 0.20 mmol). The mixture was
stirred at room temperature for 100 h. The resulting suspension
was poured into vigorously stirred MeOH (50 mL). A white
precipitate of all-trans 1a was collected by a membrane filter
(0.5 um), washed with MeOH, and dried under vacuum at room
temperature overnight (36.0 mg, >99% yield).

All-Trans 1a. White solid. "H NMR (CDCls): ¢ 8.03 (br s, H*®
of C¢H3-3,5-(CF3), of terminal CH=CHSi(CH3),Ar), 7.87 (brs,
H* of C¢H3-3,5-(CF3), of terminal CH=CHSi(CH;),Ar),
7.71-7.57 (m, H> of C¢Hy), 7.50—7.25 (m, H*® and H’® of
C¢Hy), 7.25—7.04 (m, H? of C¢H;OR and CH=CH), 7.04—
6.86 (m, H*® of C¢qH;0R), 4.11—3.88 (m, OCH,), 1.90—1.73
and 1.57—1.20 (m, CH>), 0.93—0.83 (m, CH3), 0.52 (s, CH; of
terminal CH=CHSi(CH;),Ar). *C{'H} NMR (CDCl5): 6
159.8 (s, C° of C¢H30R), 138.8 (s, C'** of CcH;0R), 137.6 (s,
C!3 of CgHy), 129.0, 128.8 (each s, CH=CH), 128.8 (s, C* of
CgHy), 125.9 (s, C*° of CgHy), 124.8 (s, C° of CgHy), 118.0 (s, C?
of C¢H;OR), 111.8 (s, C*% of C¢H;0R), 68.1 (s, OCH.), 31.9,
29.4,29.3,26.1,22.7 (each s, CH,), 14.1 (s, CH3), —2.8 (s, CH; of
terminal CH=CHSIi(CH3),Ar).

All-Trans 1b. Yellow solid. "H NMR (CDCls): 6 7.97 (br s,
H>® of C¢H;-3,5-(CF;), of terminal CH=CHSi(CH;),Ar), 7.87
(brs, H* of C¢H3-3,5-(CF3), of terminal CH=CHSi(CH;),Ar),
7.54 (s, CgHy), 7.20~7.03 (m, H? of C¢H5 and CH=CH), 6.99
(s, H*® of C¢H3), 4.05 (t, J = 6.4 Hz, OCH,), 3.95 (t, J = 6.4
Hz, OCH; of therminal CcH310CgH 7), 1.90—1.73 (m, CH»),
1.57-122 (m, CH,). 0.93-0.83 (m, CH3), 0.52 (s, CHj of
terminal CH=CHSi(CH;),Ar). >C{'H} NMR (CDCl;): 6
159.8 (s, C° of CgHj), 138.9 (s, C'* of C¢H3), 136.7 (C1+* of
C¢Hy), 128.7, 128.5 (each s, CH=CH), 127.0 (s, C**3° of
C¢Hy), 118.0 (s, C? of CgH3), 111.7 (s, C*® of C¢Hs3), 94.7 (s, C!
of C¢Hj of terminal C¢gH5IOCgH 7). 68.1 (s, OCH.,), 31.8, 29.4,
29.3,29.3,26.1,22.7 (each s, CH,), 14.1 (s, CH3), —2.7 (s, CH; of
terminal CH=CHSi(CH3),Ar).

All-Trans 1c. Yellowish green solid. "H NMR (CDCl5): 6 7.98
(brs, H*% of C¢H3-3,5-(CF5), of terminal CH=CHSi(CH;),Ar),
7.88 (br s, H* of C¢Hs-3,5-(CF5), of terminal CH=CHSi-
(CH;)»Ar), 7.70—7.50 (m, 8H, H>*?"% and H>>¥"¥ of C,,Hy),
7.23—7.00 (m, 5H, H>* and H® of C¢H; and 2 x CH=CH), 6.57
(d, J = 18.8 Hz, CH=CH of terminal CH=CHSIi(CH3),Ar),
4.07 (t, J = 6.4 Hz, OCH,), 3.97 (t, J = 6.4 Hz, OCH, of
terminal CgH5IOCgH 7), 1.89—1.75 (br, 2H, CH>), 1.56—1.25
(br, 10H, CH,), 0.94—0.87 (br, 3H, CHs3), 0.53 (s, CH; of
terminal CH=CHSi(CH3),Ar). "*C{'H} NMR (CDCl5): o
159.9, 159.8 (each s, C° of C¢H3 and C* of C¢H; of terminal
C¢H3IOCgH;5), 139.7, 138.9, 136.3 (each s, C"!"" and C*¥ of
C,Hg and C'° of C¢Hy), 128.6 (br s, CH=CH), 127.0 (br s,
C2029 and €355 of CgHya), 118.1 (s, C of CeH3), 111.7 (s,
C*® of C¢H3), 94.7 (s, C! of C¢H; of terminal CgH;IOCsH ),
68.1 (s, OCH,), 31.9, 29.4,29.3,26.2, 22.7 (each s, CH>), 14.2 (s,
CH3), —2.7 (s, CHj; of terminal CH=CHSi(CHj3),Ar).

Photoisomerization in Solution. A sample solution in benzene
(4mg L") was prepared in a quartz cell. Nitrogen gas was bubbled
through the solution at room temperature for 5 min. The sample
was irradiated with a Xe lamp (A0 = 365 nm, 0.87 mW cm_z),
and examined at intervals by UV —vis absorption spectroscopy.

Fluorescence and Quantum Yield Measurement. All emission
studies were performed at room temperature in optically dilute
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benzene solutions with absorption maxima less than 0.1 to avoid
the inner filter effect. The quantum yields were measured re-
lative to anthracene in EtOH assuming a quantum yield of 0.27.
A correction for refractive indices was applied.

Photoisomerization of PmPVs in Thin Films. A solution of
PmPV in CHCIl; (0.2 wt %) was passed through a syringe filter
(DISMIC-13 JP, PTFE 0.50 um, Hydrophobic; ADVANTEC).
A thin film of PmPV was prepared by spin-coating on a quartz
plate (1 cm?); the filtrate (50 L) was added dropwise on a plate,
and the plate was accelerated to 1200 rpm for 2 s, kept at this rate
for 10s, and then rotated at 2000 rpm for 60 s. The film was dried
under vacuum at room temperature for 30 min and analyzed by
UV —vis absorption spectroscopy under a nitrogen atmosphere.
The film was placed in a stainless-steel holder with a quartz
window, and the system was evacuated by pumping. The sample
was irradiated with a Xe lamp (Amax = 365 nm, 21.0 mW cm ™),
and examined at intervals by UV —vis absorption spectroscopy.
Finally, the film was rinsed twice in CHCl; (each 3 mL) with
light shaking, dried under vacuum, and examined again by
UV —vis absorption spectroscopy.
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