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ABSTRACT: The synthesis of several highly phenylated poly(p-phenylenevinylene) (PPV) derivatives
by a chlorine precursor route was investigated in order to understand its scope. Three 1,4-bis-
(chloromethyl)benzene monomers were prepared via a robust and versatile synthetic procedure involving
the Diels—Alder reaction. In the presence of 1.1 equiv of potassium tert-butoxide, the monomers underwent
1,6-dehydrochlorination to form the respective xylylenes which underwent 1,6-polymerization to give the
corresponding chlorine precursor polymers. The 1,6-polymerization mechanism of the highly phenylated
monomers is discussed. Only one monomer gave a soluble precursor polymer while the other two gave
insoluble precursor polymers. The soluble precursor polymer was deposited as thin films and then
converted to the corresponding PPV derivative, which showed green photoluminesence and electrolu-

minesence.

Introduction

There is a renewed interest in the polymerization
processes involving 1,6-polymerization of p-xylylenes to
form poly(p-phenylenevinylenes) (PPVs).l A general
scheme for such polymerization processes is shown in
Scheme 1. The solution polymerization of a bis-sulfo-
nium or a bis-halomethyl monomer in the presence of a
base was reported independently in the mid-60s.23 The
solution polymerization of sulfone- and xanthate-type
monomers was reported recently.*~6 A bis-halomethyl-
type monomer can also be polymerized via vapor phase
deposition polymerization to give PPV.! In the case of
solution polymerization, a monomer undergoes 1,6-
elimination of HL in the presence of a base to form the
corresponding p-xylylene which undergoes radical and/
or anionic 1,6-polymerization along with 1,2-elimination
of HL to give a PPV derivative. We have used this
direct approach with some modification to synthesize
gel-free highly soluble poly[2-methoxy-5-((2-ethylhexyl)-
oxy)-p-phenylenevinylene] (MEH-PPV) and poly(2,3-
diphenyl-5-n-hexyl-p-phenylenevinylene) (DP6-PPV).”
One can also carry out the 1,6-polymerization and the
1,2-elimination separately so that a precursor polymer
is first obtained which is then converted to the corre-
sponding PPV. This precursor approach has been used
extensively for the fabrication of insoluble PPV thin
films from a soluble polymer precursor material.8~11 For
example, we prepared poly(2,3-diphenyl-p-phenylenevi-
nylene) (DP-PPV) (Scheme 2) via a chlorine precursor
route (CPR).12717 We have found that CPR is a versatile
and simple route for the preparation of a wide range of
PPV derivatives.12717

T The Center for Photoinduced Charge-Transfer, University of
Rochester.

* Department of Physics and Astronomy, University of Roch-
ester.

§ Xerox Corporation.

'Hendrix College.

U Wright State University.

S0024-9297(97)01175-3 CCC: $15.00

Scheme 1. General Scheme for the
1,6-Polymerization of p-Xylylene Intermediate to PPV
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Scheme 2. Preparation of DP-PPV Polymer via a
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Here we report the synthesis of several new highly
phenylated PPVs via CPR. The objective of this work
is to explore the versatility and to define the scope of
CPR for the preparation of new highly phenylated PPV
derivatives.

Results and Discussion

As shown in Scheme 3, the phenylated bis(chloro-
methyl)benzene monomers were first prepared by
the Diels—Alder reaction of 2,5-bis(ethoxycarbonyl)-
3,4-diphenylcyclopentadienone (1) with a phenylated
acetylene: phenylacetylene, 4-fluorophenylacetylene,
and 4-biphenylylacetylene to give 2a, 2b, and 2c,
respectively. Reduction of 2a—c with LiAlH,4 gives the
corresponding dialcohols 3a—c. Finally, chlorination of
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Scheme 3. General Synthetic Route to HP-PPV
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Scheme 4. Synthetic Route to
bis(chloromethyl)tetraaryl Monomers of HP-PPV
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3a—c with SOCI; in methylene chloride gives the three
monomers 4a—c. Normally, the reduction of diesters
with LiAlH,4 can be accomplished with stirring at room
temperature for several hours as was found for the
reduction of 2,5-diphenylterphthalate.l®> However, the
sterically hindered diesters (2a—c) had to be refluxed
overnight to reduce both ester groups to the alcohol. In
fact, by carrying out the reduction step at room tem-
perature for these sterically hindered diesters, we can
selectively reduce the less sterically hindered ester
group to the alcohol.

We chose to prepare the fluorinated monomer 4b
since the strongly electronegative fluorine atom may
decrease the polarizability of the & electrons on the
aromatic rings and therefore reduce the aromatic—
aromatic attractive force, thereby resulting in increased
solubility. This has been demonstrated for fluoro-
substituted poly(2,6-diphenylphenylene ether)s which
showed enhanced solubility relative to the non-fluori-
nated polymer.1® However, the precursor polymer from
4b was not soluble (see below).

We also attempted to synthesize fully phenylated
monomers 5a and 5b as shown in Scheme 4. The
Diels—Alder reaction of 1 with 1,2-diphenylacetylene
and 1-(phenyl)-2-(4'-biphenylyl)acetylene gives the di-
esters 5a and 5b, respectively. The reduction of 5a and
5b with LiAlH,4 by refluxing over 24 h gave a mixture
of starting material and partially or fully reduced
monomers that cannot be easily identified and sepa-
rated. It is interesting to note that 2a—c were readily
reduced to 3a—c, respectively, by overnight refluxing
in THF, whereas 5a and 5b were much more difficult
to reduce. We are puzzled by the fact that the more
sterically hindered ester groups on 2a—c can be reduced,
while the similar ester groups on 5 cannot. One possible
explanation for this is that the reduction of the less-

Macromolecules, Vol. 31, No. 3, 1998

Scheme 5. Polymerization of HP-PPV Monomers via
a Chlorine Precursor Route to HP-PPV
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hindered ester groups in 3 can facilitate the reduction
of the more-hindered ester groups at the para positions.
We did not pursue further the synthesis of 5a and 5b
because one can expect insoluble chlorine precursor
polymers from such monomers as was discovered for 4a
and 4b. However, we plan to revisit this area in the
future to understand the polymerizability of tetraphe-
nylated monomers via CPR.

The simple synthetic sequence we developed by using
the Diels—Alder reaction to prepare these new highly
phenylated 1,4-bis(chloromethyl)benzene monomers is
very powerful and is being further exploited. This
methodology is very versatile and offers the possibility
of introducing virtually any functional group or chro-
mophore into the 1,4-bis(chloromethyl)benzene mono-
mers routinely. This enables us to explore a wide range
of structurally interesting PPVs as exemplified by the
highly phenylated PPVs shown in Scheme 3. Depending
on the functional groups chosen, one can synthesize
soluble PPVs via the direct route as was reported for
poly(2,3-diphenyl-5-n-hexyl-p-phenylenevinylene) (DP6-
PPV)7 or one can synthesize insoluble PPVs indirectly
by CPR as shown for DP-PPV and related highly

phenylated PPVs.
i

n

DP6-PPV

Scheme 5 shows that monomers 4a—c undergo 1,6-
elimination of HCI upon treatment with 1.1 equiv of
potassium tert-butoxide (t-BuOK) to give the chlorine
precursor polymers 6a—c, respectively. The polymer-
ization of 4a and 4b gave insoluble chlorine precursor
polymers and 4c gave a soluble precursor polymer 6c¢
which was spin cast into thin films and thermally
converted for 2 h at several temperatures to 7c (DPbp-
PPV).

The precursor polymer 6¢ showed number and weight
average molecular weights of 295 709 and 998 557,
respectively. Elemental analysis showed 86.06% car-
bon, 5.21% hydrogen, and 7.65% chlorine, indicating 4%
conversion had occurred on the basis of the chlorine
content of the sample relative to the theoretical value.
The IR spectra of 6¢ and DPbp-PPV, 7c, are shown in
Figure 1. They are very similar except for an additional
peak at 970 cm~1 for DPbp-PPV, which is attributed to
the out-of-plane deformation of the trans C—H of the
alkene moiety. A small shoulder is still present at 735
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Figure 1. Infrared spectra of the polymer precursor 6c (top)
and DPbp-PPV, which was converted at 250 °C (bottom) for 2
h.

cm~! for DPbp-PPV, which is assigned to the C—CI
absorption band, indicating that thermal conversion of
the precursor polymer 6¢ was not complete. This may
be attributed to the bulky phenyl substituents which
could have interfered with the dehydrochlorination
process during thermal conversion and might be a
possible reason why we were unable to achieve stable
electroluminescence from DPbp-PPV (vide infra). It is
very interesting to note that the highly phenylated
monomer 4c was able to be polymerized. We have also
been able to prepare HP-PPV by carrying out the
polymerization via chemical vapor deposition (CVD).%°
The 1,6-polymerization of xylylene may proceed via a
radical and/or anionic mechanism.?%21 We found that
the anionic mechanism is preferred in the presence of
a nonpolymerizable acidic additive such as 4-tert-
butylbenzyl chloride. This has prevented product gel-
lation and enabled us to prepare soluble side chain
polymers such as MEH-PPV and DP6-PPV with con-
trolled molecular weights.”

In the absence of an acidic additive, as in the present
case, radical polymerization may be preferred. As
shown in Scheme 6, 1,6-dehydrochlorination of the
monomer gives a p-xylylene, which is in equilibrium
with the more reactive diradical.?? The diradical and/
or the p-xylylene can form the more stable dimer—
diradicals which are believed to be the radical polym-
erization initiators. There are three possible dimer—
diradicals as illustrated in Scheme 6, tail—tail (TT, I),
head—tail (HT, I1), and head—head (HH,I11) isomers.
The molecular mechanics calculations have been per-
formed on these three dimer—diradicals and the results
indicate that the TT dimer has the least strain energy
and, consequently, the formation of the TT dimer may
be more favorable. The HH dimer showed the most
strain energy and hence is the least favorable. Once
the TT dimer—diradical is formed, then the chain
propagation step will proceed via sterically favored HT
coupling rather than HH coupling to give the precursor
polymer. This is further substantiated by the 'H NMR
spectrum of the DPbp-PPV precursor polymer shown in
Figure 2. The peaks at 3.4 and 4.5 ppm have a ratio of
2:1 and can readily be assigned to the protons in CH;
and CHCI, respectively, according to the similar data
reported by Greiner et al.2> The sterically hindered
monomer can be viewed more clearly in Figure 3 which
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Figure 2. *H NMR spectra of DPbp-PPV precursor polymer
showing head—tail coupling.

Scheme 6. Mechanistic Scheme of Polymerization for
HP-PPV Polymers
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shows a computer-generated and minimized quasi-
three-dimensional view of the DPbp-PPV monomer. We
are currently investigating in greater detail the mech-
anism of polymerization by the use of radical trappers
such as DPPH and TEMPO, which are known as very
strong inhibitors of free radical polymerization.2® This
work will be reported in due course.
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Figure 3. Computer-generated model of DPbp-PPV monomer.
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Figure 4. Absorption (top) and photoluminescence (bottom)
spectra of DPbp-PPV thin films thermally converted at the
indicated temperatures for 2 h.

Figure 4 shows the absorption (top) and emission
spectra (bottom) of DPbp-PPV thin film thermally
converted between 100 and 300 °C. The absorption Amax
is at 370 nm and the emission Amax is between 490 and
510 nm, corresponding to green emission. A new
shoulder appears in the absorption spectra of DPbp-PPV
at 350 nm for samples thermally converted above 200
°C. There is also a slight red shift (~10 nm) in the PL
spectra. The new absorption peak and the red shift in
the spectra of DPbp-PPV both indicate that the onset
of conversion is at 200 °C. The current vs voltage
characteristic of ITO/DPbp-PPV/AI and ITO/PPV/AI
devices is shown in Figure 5. A turn-on voltage of about
15 V is evident for DPbp-PPV (Figure 4, bottom) which
is higher than the turn-on voltage for ITO/PPV/Al which
is 5 V (Figure 4, top), and is significantly higher than
the turn-on voltages for PPV monolayer devices which
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Figure 5. Current vs voltage and brightness vs voltage
measurements of PPV and DPbp-PPV.

have been reported to be as low as 2 V.2425 The
brightness of DPbp-PPV reaches a maximum at 18 V,
which then begins to drop as higher voltage is applied
across the thin film, indicating degradation of the
device.2® This discouraged us from a more-detailed
investigation.

Summary

We have developed a simple and versatile synthetic
route to PPV. The bis(chloromethyl)benzene monomers
are prepared by a robust and simple procedure involving
the Diels—Alder reaction. The three bis(chloromethyl)-
benzene monomers are then polymerized via the chlo-
rine precursor route by treatment with 1 equiv of
t-BUOK. Only 6c¢ gave a soluble precursor polymer.
Compound 6c was deposited as thin films and converted
via 1,2-elimination of HCI to DPbp-PPV. The photolu-
minescence spectra shows that DPbp-PPV is a green
emission polymer.

Our results indicate that the CPR approach to HP-
PPV is limited and that insoluble precursor polymers
may result with highly phenylated substituents. The
insolubility of the precursor polymer can be overcome
by choosing a phenyl substituent that will result in a
soluble precursor polymer. We are continuing to explore
the scope of the 1,6-polymerization by the direct route,
or indirectly via CPR, with new monomers prepared
from the Diels—Alder reaction sequence and will report
new results in due course.

Experimental Section

General Methods. All chemical reagents used were pur-
chased from Aldrich. All organic solvents were used without
any further purification. *H NMR spectra were measured with
a Bruker 360 MHz spectrometer. Elemental analyses were
performed by Galbraith Laboratories Inc. Melting points were
measured using a Haake Buchler melting point apparatus and
are uncorrected. Molecular weights were determined by GPC
in chloroform solvent with a polystyrene standard using a
Waters Modular system with a photodiode array and 410
refractive index. Infrared measurements were made on KBr
pressed pellets on a Perkin-Elmer 1750 FTIR. The optical
absorption and photoluminescence spectra of DPbp-PPV are
presented with their background removed, but they are not
corrected for reflectivity or self-absorption.

Thin polymer films for optical absorption and photolumi-
nescence were prepared by spin casting a 1 wt % toluene
solution of the precursor polymer onto a glass substrate,
yielding a polymer film approximately 400 A thick. DPbp-
PPV thin films were then heated between 100 and 300 °C
under a flow of dry nitrogen for 2 h. UV—visible spectra were
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obtained on a Perkin-Elmer Lambda 9 spectrophotometer.
Steady-state PL measurements were done on a Spex Fluo-
rolog-2 fluorometer equipped with a DM3000F spectroscopy
computer where the samples were positioned such that the
emission was detected at 22.5° from the incident beam. The
emission spectra were obtained at 380 nm with an excitation
power of 1 mW/cm?2.

Thin polymer films for current vs voltage (I-V) measure-
ments were prepared by casting a 1 wt % toluene solution of
the precursor polymer onto a indium tin oxide coated glass.
Aluminum is then evaporated onto the polymeric thin film at
arate of 1 A/s to about 700—1000 A. 1-V measurements were
performed immediately on the device using a Keithley 179A
multimeter with a HP-6217A voltage source. The brightness
was detected using a home-built photodiode. Spectra shown
are presented without correction due to losses caused by the
electrodes. Molecular mechanics calculations were performed
with Wavefunction’s PC Spartan 1.0 using a Sybyl force field.

Diethyl 2,3,5-Triphenylterephthalate (2a). A solution
of 2,5-bis(ethoxycarbonyl)-3,4-diphenylcyclopentadienone (1)
(38.0 g, 0.10 mol), phenylylacetylene (11.0 g), and benzene (200
mL) was refluxed for 24 h and then cooled. The resulting
solution was concentrated in vacuo to give a dark oil which
was triturated in methanol (50 mL) to induce solidification.
The solid was broken up into a powder by magnetic stirring,
then filtered by suction filtration, and washed with methanol
to give an off-white powder (36.0 g, 80%): mp 108 —110 °C
(lit. 110—111 °C).%

Diethyl 2,3-Diphenyl-5-(4'-fluorophenyl)terephthalate
(2b). A mixture of 1 (14.30 g, 0.038 mol) and 4-fluoropheny-
lacetylene?® (5.14 g, 0.043 mol) in toluene (75 mL) was stirred
and refluxed for 18 h. Removal of the solvent in vacuo left a
black liquid which was purified by flash chromatography on
silica gel using 3:1 petroleum ether:ether as the eluent to give
1b (3.62 g, 39.6%) as a white solid: mp 114 °C; IR (KBr) 3059.2
(w), 2983.1 (w), 1737.8 (s), 1509.4 (m), 699.1 (m) cm~%; *H NMR
(CDCls) 7.78 (s, 1H), 7.72—7.49 (m, 2H), 7.26—7.07 (m, 8H),
7.07—7.02 (m, 2H), 7.01-6.98 (m, 2H), 3.76, 4.00 (two g, 2H
each, J = 7.2 Hz), 0.76, 0.89 (two t, 3H each, J = 7.2 Hz).

Diethyl 2,3-Diphenyl-5-(4'-biphenylyl)terephthalate
(2c). A mixture of 1 (13.5 g, 0.04 mol), 4-biphenylacetylene?®
(6.4 g, 0.036 mol), and benzene (100 mL) was refluxed for 24
h and then cooled. The resulting solution was concentrated
in vacuo to give a dark oil which was triturated in methanol
(50 mL) to induce solidification. The solid was broken up into
a powder by magnetic stirring, followed by suction filtration,
and washed with methanol to give an off-white powder (16.3
g, 86%): mp 136—137 °C; *H NMR (CDCI;) 7.86 (s, 1H), 7.66—
7.63 (m, 4H), 7.55 (d, 2H), 7.45 (t, 2H), 7.36 (t, 1H), 7.12—7.00
(m, 10H), 4.00 (q, 2H), 3.77 (g, 2H), 0.91 (t, 3H), 0.76 (t, 3H).

2,3,5-Triphenyl-1,4-bis(hydroxymethyl)benzene (3a).
Into a three-neck, round bottom flask equipped with a me-
chanical stirrer, addition funnel, and a nitrogen inlet were
added 2a (21.0 g, 0.047 mol) and dried THF (120 mL). 1.0 M
LiAIH, in THF (180 mL) was transferred into the addition
funnel and then added quickly. The resulting mixture was
refluxed for 24 h to give a solution. This was cooled with an
ice water bath and quenched by dropwise addition of water
(20 mL) followed by 16% by weight of NaOH solution (20 mL).
The precipitate was removed by suction filtration and washed
with chloroform (300 mL). The filtrate was extracted with
water (2 x 200 mL). The organic phase was dried with Na,-
SO, and the product concentrated in vacuo to give a solid. This
was air-dried to give an off-white powder (14.0 g, 82%): mp
205-207 °C; 'H NMR (CDCl3) 7.58—7.56 (m, 3H), 7.53—7.39
(m, 3H), 7.18—7.01 (m, 8H), 4.46 (d, 2H), 4.32 (d, 2H).

2,3-Diphenyl-5-(4'-fluorophenyl)-1,4-bis(hydroxymeth-
ylbenzene (3b). LiAIH, (1.12 g, 29.5 mmol) was added
cautiously in portions to a stirred solution of the bis-ester, 2b,
(3.62 g, 7.72 mmol) in dry THF (50 mL). The mixture was
gently refluxed under argon for 24 h, at which point the flask
was cooled in an ice bath, and excess LiAIH, was destroyed
by careful, dropwise, sequential addition of 1 mL of water, 1
mL of 15% (w/v) aqueous solution of sodium hydroxide, and
finally by 3 mL of water. The white precipitate was removed
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by filtration over Celite. Evaporation of the solvent left an
off-white solid, which was purified by flash chromatography
on silica gel using 3:1 petroleum ether:ether as the eluent to
give a white solid (1.72 g, 58.1%): mp 218 °C; IR (KBr) 3335.4
(s), 1510.3 (s), 1220.8 (m), 698.9 (s); *H NMR (CDClg) 7.59—
7.00 (m, 15H), 4.31 and 4.48 (br s, 2H each, two CH,), 1.58
(br, 2H).
2,3-Diphenyl-5-(4'-biphenylyl)-1,4-bis(hydroxymethyl)-
benzene (3c). The experimental setup and procedure were
the same as those for the synthesis of 3a. A solution of 2c
(16.0 g, 0.03 mol), 1.0 M LiAlH,4 (120 mL), and dry THF (100
mL) was refluxed for 12 h and cooled. Water (5 g) and 15%
NaOH (13 g) were added to quench the reaction. The
precipitate was removed by suction filtration and washed with
THF (100 mL). The filtrate was concentrated to give a white
solid which was collected by suction filtration, washed with
methanol, and air-dried to give a white powder (11.0 g, 82%):
mp 231-233 °C; *H NMR (CDCl3) 7.71—7.66 (m, 6H), 7.56 (s,
1H), 7.47 (t, 2H), 7.37 (d, 1H), 7.17—7.02 (m, 10H), 4.49 (s,
2H), 4.36 (s, 2H).
2,3,5-Triphenyl-1,4-bis(chloromethyl)benzene (4a). A
mixture of 3a (7.3 g, 0.02 mol), methylene chloride (100 mL),
thionyl chloride (6.0 g, 0.05 mol), and pyridine (3 drops) was
refluxed overnight and then concentrated in vacuo to give a
white solid which was recrystallized from benzene/ethanol to
give a white powder (6.0 g, 75%): mp 200—201 °C; IR (KBr)
3050 (w), 1598 (w), 1440 (m), 1265 (mw), 748 (m), 701 (s) cm™;
IH NMR (CDCl3) 7.57—7.55 (m, 2H), 7.50—7.43 (m, 4H), 7.16—
7.05 (m, 10H), 4.35 (s, 2H), 4.27 (s, 2H). Anal. Calcd for
Ca6H20Clo: C, 77.42; H, 4.96; Cl, 17.61. Found: C, 77.36; H,
4.80; Cl, 17.47.
2,3-Diphenyl-5-(4'-fluorophenyl)-1,4-bis(chloromethyl-
)benzene (4b). A mixture of 3b (1.00 g, 2.60 mmol) and
thionyl chloride (0.77 g, 6.50 mmol) in 13 mL of methylene
chloride containing 1 drop of pyridine was stirred and refluxed
for 18 h under an anhydrous CaSO, drying tube and then
concentrated on a rotary evaporator to give an off-white solid.
This was purified by flash chromatography on silica gel using
3:1 petroleum ether:ether as the eluent to give a white solid
(0.59 g, 53.4%): mp 182—-185 °C; IR (KBr) 1515.3 (s), 703.6
(s) cm™; *H NMR (CDClg) 7.57—7.05 (m, 15H), 4.24 and 4.37
(s, 2H each, two CHy). Anal. Calcd for CsH19CioF: C, 74.12;
H, 4.55; Cl, 16.83; F, 4.51. Found: C, 74.23; H, 4.48; Cl, 16.74,
F, 4.39.
2,3-Diphenyl-5-(4'-biphenylyl)-1,4-bis(chloromethyl)-
benzene (4c). A mixture of 3c (6.7 g, 0.015 mol), methylene
chloride (100 mL), thionyl chloride (4.5 g), and pyridine (3
drops) was refluxed overnight and then concentrated in vacuo.
A small amount of benzene was added to induce solidification,
followed by addition of ethanol (150 mL). The mixture was
stirred to give a powder which was collected by suction
filtration. The solid was recrystallized by first dissolving it
in boiling benzene (20 mL) followed by gradual addition of
ethanol (120 mL) so that boiling was maintained. The crystals
formed upon cooling were collected and air-dried (5.0 g, 69%):
mp 185-186 °C; IR (KBr) 3025 (w), 1599 (w), 1486 (m), 1439
(m), 1264 (m), 856 (M), 759 (m), 737 (M), 699 (s) cm~1; 'H NMR
(CDCl3) 7.72—7.64 (m, 6H), 7.56 (s, 1H), 7.46 (t, 2H), 7.37 (t,
1H), 7.17—7.05 (m, 10H), 4.38 (s, 2H), 4.32 (s, 2H). Anal. Calcd
for C32H24Clo: C, 80.16; H, 5.01; CI, 14.82. Found: 80.13; H,
4.89; Cl, 14.70.
1,2-Diphenylacetylene. A mixture of 4-acetylbiphenyl
(30.0 g, 0.15 mol), hydrazine hydrate (15.0 g, 0.3 mol),
triethylamine (75 mL), and ethanol (200 mL) was refluxed for
4 h and then cooled. The white precipitate was collected,
washed with ethanol, and air-dried to give a white crystaline
powder (29.0 g). The white powder (29.0 g), THF (300 mL),
and triethylamine (150 mL) was added into a 1-L three-neck
flask equipped with an addition funnel and a magnetic stirrer.
A solution of 1, (80.0 g) in THF (200 mL) was prepared and
added into the addition funnel, and then the solution was
added to the reaction mixture at a moderate rate. The
resulting mixture was stirred for 1 h and then filtered to
remove the precipitate. The filtrate was concentrated to give
a brown solid which was collected and washed with methanol
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and air-dried to give a tan solid (26.0 g). This was added to a
solution of KOH (47.0 g) in ethanol (500 mL). The resulting
mixture was refluxed for 4 h, cooled, and then concentrated
to give a solid. The solid was washed with water (300 mL),
then collected, and air-dried to give a light tan solid (15.8 g,
56%): mp 84—85 °C (lit. 86—87 °C).%°

1-(Phenyl)-2-(4'-biphenylyl)acetylene. A mixture of io-
dobenzene (11.0 g, 0.054 mol), PdCI, (0.1 g), Cul (0.05 g),
triphenylphosphine (0.5 g), diethylamine (100 mL), and bi-
phenylylacetylene (9.0 g, 0.05 mol) was refluxed at 60 °C for
12 h and cooled. The precipitate was collected by filtration,
washed with methanol, and then air-dried to give a white solid
(10.4 g, 82%): mp 162—164 °C (lit. 163—164 °C).%!

Diethyl 2,3,5,6-Tetraphenylterephthalate (5a). A mix-
ture of 1 (19.0 g, 0.05 mol) and diphenylacetylene (10.0 g, 0.056
mol) was heated in a sand bath at 170—180 °C for 2 h and
then cooled. Methanol (30 mL) was added at about 80 °C, and
the resulting mixture was stirred to break up the solid mass
into a powder. This was collected by suction filtration, washed
with methanol, and air-dried to give an off-white powder (17.0
g, 65%): mp 238—240 °C; *H NMR (CDCl3) 7.11 (s, 20H), 3.63
(9, 4H), 0.68 (t, 6H).

Diethyl 2,3,5-Triphenyl-1-(4'-biphenylyl)terephthalate
(5b). A mixture of 1 (8.0 g, 0.021 mol) and 4-biphenylylphe-
nylacetylene (3.8 g, 0.021 mol) was heated at 170—180 °C for
2 h and then cooled. While still warm, methanol (50 mL) was
added. The resulting mixture was stirred until formation of
a solid occurred. This was collected by filtration and air-dried
to give a tan solid: *H NMR (CDCl;) 7.61—7.10 (m, 24H), 3.71—
3.61 (m, 4H), 0.71—0.67 (m, 6H).

Chlorine Precursor Polymer (6a). To a solution of 4a
(0.8 g, 2.0 mmol) in THF (25 mL) was added 1.0 M t-BuOK in
THF (2.0 mL). The resulting mixture was stirred for 12 h and
then poured into methanol (200 mL). The white precipitate
was collected and air-dried to give a white powder (0.46 g,
63%). This material is not soluble and showed the following
analytical data: C, 84.44; H, 5.18; ClI, 9.12. This is close to
that expected for a 7% converted material: C, 85.74; H, 5.18;
Cl, 9.07.

Chlorine Precursor Polymer (6b). To a solution of 4b
(0.23 g, 0.55 mmol) in THF (15 mL) was added 1.0 M t-BuOK
in THF (0.54 mL). The resulting mixture was stirred over-
night and poured into methanol (50 mL). The precipitate was
collected and air-dried to give a white powder (0.1 g, 50%).
This material showed the following analytical data: C, 80.42;
H, 4.65; F, 4.60; Cl, 8.64. This is close to that expected for a
5% converted material: C, 81.52; H, 4.70; F, 4.96; Cl, 8.81.

Chlorine Precursor Polymer (6c). Into a 250-mL three-
neck, round bottom flask equipped with a magnetic stirrer,
an addition funnel, and a nitrogen inlet were added 4c (0.88
g, 1.85 mmol) and THF (25 mL). Into the addition funnel were
added THF (5 mL) and 1.0 M t-BuOK in THF (2.0 mL, 2.0
mmol). This mixture was added rapidly into the solution. The
resulting solution was stirred at room temperature for 12 h
and then poured into methanol (200 mL). The white precipi-
tate was collected and air-dried to give a white powder (0.66
g, 81%). Anal. Calcd: C, 87.0; H, 5.21; Cl, 7.73. Found: C,
86.06; H, 5.21; Cl, 7.65. This is close to that for a 4% converted
material based on the chlorine content: The GPC M,,, M,, and
Mw/Mn were 998 557, 295 709, and 3.38, respectively.
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