Macromolecule2006,

39, 72777285 7277

Effect of Transannularr—x Interaction on Emission Spectral Shift
and Fluorescence Quenching in Dithia[3.3]paracyclophditeorene

Copolymers

Wei-Ling Wang,*T Jianwei Xu,* Zhe Sun; Xinhai Zhang,* Yong Lu,T and Yee-Hing Lait

Department of Chemistry, National Umrsity of Singapore, 3 Science be 3, Singapore 117543, and

Institute of Materials Research and Engineering, 3

Research Link, Singapore 117602

Receied March 7, 2006; Resed Manuscript Receed August 1, 2006

ABSTRACT: A series of dithia[3.3]paracyclophanfuorene copolymerda—c and3—5 were synthesized by
a palladium-catalyzed reaction between 9,8+tliexylfluorene-2,7-bis(trimethylene boronate) and the corresponding
dithiacyclophane precursors. The transannutarr interaction in the dithiaparacyclophane modified the electronic

and optical properties of the copolymers significantly, resulting in emission red shifts relative to a reference
polymer?2. The observed shift ila and5 was accompanied by enhanced photoluminescence (PL) efficiency,
whereas that iib, 1c, 3, and4 experienced a significant to nearly complete fluorescence quenching. The quenching
effect is likely to involve an electron-transfer process and could be correlated qualitatively to the reduction potential
of the “external” aromatic moiety in the cyclophane unit.

Introduction

Organic conjugated polymers have been investigated for their
promising electronic and optical application®ne of the current

of such copolymers, we report a study of a series of oligomeric
model compound&5—18 and copolymer8—5. The condensed
benzenoid or the terphenyl unit would exhibit varied electronic

research interests on conjugated polymers focuses on tuning theiProPerties and thus alter the optical properties of the copolymers
spectral and electrical properties. Many approaches to tuningShO‘“d the transannular—s interaction and electron-transfer

the property of conjugated polymers have been achieved by
means of a variety of modifications of the polymer backbone,
such as attachment of side chains or substituents with varied
electronic propertiesjncorporation of p or n block of different
nature? and a change in pHAto name a few. These attempts
aimed at increasing luminescence efficiency and selection of
color? thus resulting in the desirable properties. As a kind of
noncovalent interaction, aromatic—s interaction has been
particularly emphasized in supramolecular assefrhig to the
implication of biological significancé but it is rarely used as
a tuning element to control the properties of conjugated
polymers. It was, however, employed as a “linker” to extend
conjugation in a number of organic conjugated polynfers.
Recently, we reported our preliminary results on the optical
properties of fluorene[3.3]paracyclophane conjugated poly-
mers? It was demonstrated that the transannmtatr interaction
in the paracyclophane could serve as a sensitive internal
regulator of the polymers’ emission properties. For example,
la emitted blue light but exhibited a significant red shift

accompanied by an enhanced fluorescence quantum yield as

compared to the reference polym2r On the contrary, the
substituted benzene ring in the paracyclophanébrand 1c

acts as an internal fluorescence quencher via a probable

intramolecular electron-transfer mechani¥hiExamples of the
effect of electron-transfer processes on the optical properties
of polymers via chromophores in the polymer backdére
chromophores introduced as a pendant gtbumvalently
bonded to the polymer backbone have been reported, bu
chromophores exhibiting quenching effect via through-space

process remain significant in the series.
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Results and Discussion

A series of model compounds4—18 was synthesized by

the synthetic approach to [3.3]paracyclophanes as illustrated in

Scheme 1. The Grignard reagéhin THF was coupled witt®
catalyzed by Pd(PRh to afford8a. Treatment oBawith HBr—

tCHC|3 gave the desired dibromid&b, which reacted with
thiourea, followed by base hydrolysis to gi8e as a common

interaction have not been established. To substantiate thePrecursor to the desired series of dithiacyclophanes. Cyclization

relationship between transannutarr interaction and electron-
transfer process i and their effect on the optical properties
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reactions betweeBc and9a—c under high dilution conditiorid
producedl4a—c, respectively. Interestingly, two sets of triplets
at 0 0.36 ando 0.50 corresponding to methyl protons were
observed in the respectiél NMR spectra ofl4a—c. This
indicates that the central cyclophane unit exerts a relatively large
steric effect that restricts free rotation about the fluorene
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Scheme 1. Synthetic Routes to Model Compounds 4.8
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aReagents and conditions: (i) PA(RRhTHF, reflux; (ii) HBr—CHCls, room temperature; (iii) NEC(S)NH,, ethanol, NaHC@ reflux; (iv)
biphenylboronic acid2 M K,COs, n-Bu:NBr, Pd(PPH)4, toluene, reflux; (v) KOH, ethanol/toluene, high dilution conditions. The yields are included
in parentheses.

benzene bonds in these molecules at room temperature. In fact,
there was no coalescence of the methyl signals up to 383 K in
several dynamidH NMR studies of these polyaryls, corre-
sponding to a conformational barrier ®80 kJ mot ! estimated

on the basis of the coalescence temperature méthod.

A Suzuki coupling reaction between biphenylboronic acid
and 6 in the presence of Pd(PRh yielded compoundlL3a .
which upon treatment with HBr gas afforded the dibromniige.
The dithiacyclophane$5—18 were then similarly prepared by
coupling reactions betweét and the corresponding dibromides
10, 11, 12, and13b, respectively. All new compounds prepared
in this work were characterized by spectroscopic methods and J
element analyses. As an example, Figure 1 givesthRMR U
spectrum ofl6. Compoundl6 appeared as two doublets @t
4.93, 4.72, 4.18, and 3.92, assigned to two groups of magneti-——
cally inequivalent bridge Chigroups. Likel4a—c, two methyl 8
groups of ethyl substituents at 9-position of fluorene showed (ppm)
two sets of triplets, indicating that two flurenyl groups are Figure 1. H NMR spectrum of compound6 in CDCl; at room
hindered sterically and hence will not freely rotate along the temperature. *Residual solvent.
central cyclophane part.

The general synthetic route toward the desired polymers The palladium-catalyzed coupling reaction betwekhand
employing the common precurs® is outlined in Scheme 2. 20a—c afforded polymersla—c. Using similar experimenta&:DV

—T T T v
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Scheme 2. Synthetic Routes to Copolymers—15?
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\
so=C> Cois™ “Cofrs N} ” Jmax (THF) (nm) Amax (films) (nM)  DpL
23
. s compd abs em abs em solution
/ﬂ’ Br N\ 'S
> HC LK D5 8a 273,293,313 372 318 377 020
> o H n 5 (42%) l4a 322 378 327 372 0.17
S e 673§, Q 15 323 382 327 379 0.12
u D Q 16 318, 403,427 450, 465 322,407,433 471 0.07
17 322 404 325 396 0.30
a2 Reagents and conditions: (i) Pd(RRN5 mol %), toluene/2 M 18 316 402 319 399 0.25
K2CGs (1:1), (-Bu)::NBr, 105 °C, 3 d. The yields are included in 25 278,289,300 326, 338, 355 0.07
parentheses. 26 342, 359, 378, 408, 427, 453, 0.96

Table 1. Molecular Weights and Thermal Properties of Polymers

400 483

aThe PL efficiency ¢p) of the model compounds in THF solutions
was measured by using quinine sulfate (ca 10~° M solution in 0.1 M

polymer Muw Mn Mu/Mn Td H,SQy, assumingpp of 0.55) as a standard. Absorption maxima were taken
3 8400 4300 1.95 279 aslex for 14a 15, 17, and18. The Aex values for8a, 16, 25, and26 are
4 4900 3650 1.34 298 293, 403, 300, and 378 nm, respectively.
5 6460 4650 1.39 298

procedures, the reactions betweg® and 21-24 gave the
copolymer2—5, respectively, in isolated yields of 65%, 40%,
36%, and 42%. In general, thiél NMR spectra of the co-
polymers3—5 clearly showed signals in the range ®f3—5

Polymers3—5 were found to be readily soluble in common

if various palladium catalysts ((Pd(P§h Pd(dba)/P({-Bu)s),
etc.) and bases @0z, CCO;3, diisopropylamine, CsF, KF)
for Suzuki cross-coupling reactihat different reaction tem-

suggest that the optical properties in the solid state described
in a later discussion are unlikely to be derived from intermo-
lecular transannulat— interactions inl4—18 or such interac-
tions between polymer chains inand 3—5.

The UV—vis absorption and photoluminescence (PL) char-
corresponding to characteristic benzylic protons of dithiacyclo- acteristics ofl5—18 in THF and in film (ca. 1x 1075 M) are
phanes, indicating that the paracyclophane units remained intaclsymmarized in Table 2. A comparison of the electronic spectrum
during the polymerization in the formation of these polymers. of 15 with those of 1,4-dimethylnaphthaler2s and 8a as
references shows considerable absorption red shifts (Figure 3a)
organic solvents, such as THF, chloroform, toluene, and xylenes.similar to the optical behavior ofi4a® Qualitatively, the
They were structurally characterized by various spectroscopic absorption spectrum df5 is clearly not a summation of the
and elemental analyses. Their molecular weights against theindividual spectra oBa and 25, suggesting that the observed
polystyrene standards were determined by gel permeation chrored shift in 15 is a result of a significant transannular-
matography (GPC) and are summarized in Table 1. The molec-interaction. Progressive red shifts are also clearly visible going
ular weights of polymers were constantly relatively low even from 25to 8ato 15in their emission spectra (Figure 3b). The
dithiaanthracenopharib displayed an even larger red shift of
78 (93) nm in its PL spectrum relative to that&d (Figure 4).
Going from the dithiacyclophanBtato those with polyphenyl

peratures were attempted in the polymerization process. In theirunits in17 and18 also resulted in significant emission shifts of
structures determined by X-ray crystallography, the interplanar about 25 nm in their PL spectra, in both solution and thin film
distances of the two central aromatic rings in the model (Table 2). This indicates that the introduction of a dithiacyclo-
compoundsl4a and 22 were found to be 3.33 and 3.32 A, phane unit with either a higher benzenoid or a polyphenyl
respectively. These are slightly shorter than that of the normal moiety will have a significant transannular effect on the emission
packing distance of benzenoid rings in organic molecules (3.4 spectral properties of these oligomeric model compounds. It is

A),¢indicating that transannular— interaction is likely. The
crystal packing ofL4ais illustrated in Figure 2 (crystallographic
data in CIF format reported earlié®and it shows no significant
intermolecularr—s stacking among molecules dfla This may

noteworthy that similar results were observed going from the
terphenyl in17 to the quinquephenyl iri8. Thus, only the
polymer5 was prepared for a comparative study of the polymers
1-5 (refer to later discussion). All oligomeric model compour&jﬁv
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Figure 3. (a) UV—vis absorption and (b) PL spectra &, 15, and25 measured in solution (THF; ca. 1 1075 M) at room temperature.
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Figure 4. PL spectra oBa, 16, and26 measured in solution (THF;
ca. 1x 10°° M) at room temperature.

exceptl6 exhibited small absorption red shifts of3 nm and
emission blue shifts of 38 nm going from solution to solid
state. Such small shifts are in fact in accordance with little
intermolecular z—s interaction in the crystalline state as
mentioned earlier fol4a (Figure 2).

A comparison of the relative PL intensity of the emission
Amax Of 14—18 in solution is illustrated in Figure 5. In the
benzenoid series going frod¥a to 15 and 16, the quantum
yield of the emission signal decreased by 30% and 59%,
respectively (Table 2). On the contrary, in the polyphenyl series
going from14ato 17 and 18, an increase of 76% and 47% in
quantum efficiency, respectively, was observed. It is evident
that the transannular—s interaction in the cyclophane unit
not only affects emission spectral properties of these compound
but also acts as a fluorescence quencher in some examples su
as15and16. On the other hand, such through-space interaction
may also enhance the quantum efficiency akfimnd18relative
to the reference compouridia It would thus be interesting to

3). Using copolymer2 as a reference, all of the dithiacyclo-
phane-fluorene copolymerdaand3—5 showed significant red
shifts in their emissioimax (Figure 5; Table 3) in both solution
and thin film. Going fromla (®p. = 0.75) to3 (Pp. = 0.50)
and4 (®p_ = 0.05), the introduction of the higher benzenoids
in the latter again led to significant to nearly complete quenching
of the emission signal in solution. Similarly, the quantum yields
of polymersla (®p. = 0.42),3 (Pp. = 0.28), and (Pp. =
0.02) in film state showed the same trend as that in solution.
Replacing the higher benzenoids with a terphenyl unibin
(®p. = 0.78 in solution and 0.57 in film state) returned to an
enhanced quantum efficiency in its PL spectrum.
The electrochemical behaviors were examineBanl4a—

¢, and15—18 in CH,CI, and on the polymeréa—c and2-5,

in THF vs Ag/AgCl, using [CH(CH,)3]4sNPFs as the supporting
electrolyte. The anodic peak potentials of the model compounds
and polymers were summarized in Table 4. As can be seen
clearly from Table 4, the transannular- interaction inl4a—c
significantly lowers the anodic peak potentialsd. The CV

of the planarBa exhibited a one-electron oxidation wave with
Epaof +1.71 V, corresponding to oxidations from neutral form
to the radical cation. However, thEy,;s of 14a and 14b
downshifted by 0.32 and 0.40 V, respectively, in comparison
with its counterparBa. This is comparable to the decrease in
the oxidation potential of [2.2]paracyclophanrel(57 V/SCE7)
when compared to xylenet@.30 V/SCES®). Therefore, the
decrease in thEys's in 14a—c could be attributed to the trans-
annularr—g interaction between two co-facial aromatic rings,
which enhances the delocalization of the cationic charge.
Compound14c exhibits the highestE,, among the model
scompounds14a—c because of the presence of electron-
awithdrawing cyano substituents that make it difficult to be
oxidized. Forl5—18, they show a similar trend in the decrease
of the Epa (+1.25-1.49 V) with respect t@a The relatively
lower Epa for 16 (+1.25 V) as compared to other model

investigate whether the above observation remains consistencompounds should be attributed to the presence of an electron-

in the corresponding copolymets-5.
Table 3 summarizes the optical properties of polynias
and2—5. The PL spectra of polymetka and2—5 in solution

rich anthracene unit in the opposite deck of cyclophane, which
easily undergoes an oxidation process.
Similar to the oligomeric model compounds, it was found

and solid state are shown in Figure 6. Transparent and uniformthat Epa's of the corresponding polymefsa—c (+1.14-1.34
films of polymers were prepared on quartz plates by spin-casting V) and 3—5 (+1.13-1.45 V) are lower than that of their

their solutions in chloroform at room temperature. Resembling
the corresponding model compounds, polymerd showed
only a small red shift of the 80 absorption bands in film as
compared to that in solutionA@max = 3—6 nm; Table 3),

planar reference counterp&t(Ep,, = +1.60 V) ranging from

0.47 t0 0.15 V. This is in fact in good agreement with the results
obtained from the oligomeric model compounds that stacked
paracyclophanes alter the electronic structure of the polymer

suggesting that there is little change in molecular conformation backbone, thus leading to the drop of oxidation potentials.

going from solution to solid state. This is also supported by the
fact that all of these polymers displayed only small emission
shifts going from solution to solid stat&fmax= 4—9 nm; Table

In general, the overall change in free energyt) for inter-
molecular electron transfer is estimated in terms of the equa-
tion:10 AG* = E(P/P") — AEy—o — E(Q/Q™*), whereE(P/P™), cDV
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Figure 5. PL spectra of compoundstaand15—18in (a) solution (THF) and (b) film on quartz plate at room temperature.
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Figure 6. PL spectra of (a) polymersa and2-5 in solution (THF) and (b) polymersa and3—5 in film on quartz plate at room temperature.

intramolecular electron-transfer process, thus an estimate of the
Dpy degree of fluorescence quenching in the series of copolymers
studied. The main polymer backbone could be considered as

Table 3. Optical Properties of Copolymers 152
Amax (THF) (nm)

Amax (films) (nm)

polymer abs em abs em solution film " i
an electron donor, whereas the parallel-stacked “external
%a ggé g%é, 428 gg 34;57 440 00525 0°é432 aromatic moiety of the cyclophane unit could serve as an
3 352 410,426 355 416,442 050 o028 electron acceptor. Thus, the electron-transf@* values for
4 314,362, 417,439, 312,387, 473 0.05 0.02 3—5 could be estimated. The values BfP/P™) and AEq—o
385,408 469 413 for a general benzendluorene polymer backbone are 1.19
5 321 396 327 402 0.78 0.57

(vs SCE) and 3.34 e¥A respectively. TheE(Q/Q ) values
aThe PL efficiency ¢r1) of the polymers in THF solutions was measured  for naphthalene, anthracene, apderphenyl were reported
by using quinine sulfate (ca.x1 105 M solution in 0.1 M BSQy, assuming to be —2.291° —1.9320 and —2.82° eV, respectively. The
¢pL Of 0.55) as a standard. The PL efficienayp() in film state was AG* values for3—5 are thus estimated to be0.14. —0.22
estimated by using 9,10-diphenylanthracenex(110-3 M dispersed in . T S e
PMMA films, which has a quantum efficiency of 83%) as a standard. and+0.67, respectively, indicating that the driving force for
Absorption maxima were taken as, for 1a, 2, 3, and5. Thelex value for electron transfer is the most favorable #bbut lowest for5s.
4 is 362 nm. This is in satisfactory agreement with the earlier observation
that 4 showed nearly complete quenchingdrm but the PL
efficiency of 5 was the highest (Table 3). The above results
and those reported earlier in our preliminary wdrn quench-

Table 4. Anodic Peak Potential Epq) of Model Compounds
and Polymers

compd Epa (V) polymer Epa (V) ing effect in copolymersl due to electronic effects of the
8a +1.71 2 +1.60 substituents collectively support an electron-transfer quenching
lda +1.39 la +1.17 mechanism accounting for the significant attenuationbef
iig Egé ﬂ:’ Egi values in copolymer$—>5. The quenching phenomenon should
15 +1.39 3 +1.45 involve a transannular—a interaction in the cyclophane units
16 +1.25 4 +1.42 in these polymers.
17 +1.49 5 +1.13 The fluorescence lifetime of selected fluorene-based copoly-
18 +1.45 merslab and model compoundstab and8awas determined

AEg-o, andE(Q/Q*) are defined as the oxidation potential of
the polymer, the lowest singlet-® excitation energy of the

by using time-correlated single photon counting on a picosecond
time scale. Figure 7a and b illustrates the dynamics decay of
model compound.4aand planar reference compou8d, and

polymer, and the reduction potential of the quencher, respec-polymerlab, respectively. The fluorescence decay profiles for
tively. This equation could in fact be employed in our work compoundsl4ab and8aand polymerslab are fitted using a
to give a qualitative evaluation of the extent of a probable monoexponential, and the resulting parameters are summac%?}j



7282 Wang et al. Macromolecules, Vol. 39, No. 21, 2006

100 100

Counts
Counts

10

0 " 500 1000 1500 2000 0 " s 1000 1500 2000
Time (ps) Time (ps)
Figure 7. Fluorescence lifetime measurements of (a) compo@adsnd 14a and (b) polymerda and1b.

Table 5. Fluorescence Decay Analyses of Polymers and Model Experimental Section
Compounds at 298 K&

Instrumentation. H (300 MHz) and!3C (75.5 MHz) NMR

compd *(pS) 71(psT) x 107 e spectra were obtained as solutions in CDECMS was used as the
la 440 1.7 0.75 internal reference. Elemental analyses were obtained in the Chemi-
1b 750 0.48 0.36 cal and Molecular Analysis Center, Department of Chemistry,
l4a 570 0.30 0.17 National University of Singapore. Cyclic voltammetry was per-
égb ?28 8285 8%0 formed with a three-electrode cell in a solution of [§EH,)3]4

NPF; (0.10 M) in acetonitrile at a scan rate of 100 mV/s under N
aExcited at 378 nm. A platinum electrode was coated with a thin polymer film and was
used as the working electrode. A Pt wire was used as the counter

in Table 5. To study fluorescence dynamics, fluorescence decayg:gggggg’ g;gicavggé ﬁ%étri)%éﬂ%dp?e*v;%gg%dn 2; éhg ngrirence
rates were estimated by usipg= ®p./7, where the values for model 273A potentiostat/galvanostat system with a three-electrode

,(DPL and fluorescence lifetimer) are also given in Taple -1t cell'in a solution of [CH(CH,)3]sNPFs (0.10 M) in acetonitrile at

is found that the fluorescence decay raté4dis approximately a scan rate of 100 mV/s undep.M platinum electrode was coated
20-fold greater than that df4b. The ratio of the fluorescence  ith a thin polymer film and was used as the working electrode. A
decay rates ofaandl1bis approximately 4:1. The polyméib Pt wire was used as the counter electrode, and a Ag/AgCl electrode
has a lower radiative rate as comparedltdue to the fast was used as the reference electrode. The PL efficighigy 6f the
relaxation to singlet state, which leads to the slightly longer model compounds and polymers in THF solutions was measured
fluorescence lifetime. The characteristics of fluorescence decaysPy using quinine sulfate (ca. 2 10-> M solution in 0.1 M HSO,,
prof”es for po'ymers and model Compounds are Slmllar to aSSUmingz)PL of 055) as a standard. Quantum yleldS in film state

. i i -di 3 M
those of the reported pseugedistyryl[2.2]paracyclophane, ~ Were estimated by using 9,10-diphenylanthracenex (10°
which shows a monoexponential decay on a long time S&ale. dispersed in PMMA films, which has a quantum efficiency of 83%)

Iti ¢ thy that th | for fluori taini del as a standard. The fluorescence lifetime was determined on a
IS notewortny that the values for fluorine-containing mode frequency-tripled output femtosecond laser from a Ti:sapphire. The

compounds8a, 14ab, and polymerslab are close to the  gamples were excited by the excitation pulses centered at 378 nm

reported value of poly(dioctylfluorenéjThe compoundé4ab with a pulse duration of 200 fs and a repetition rate of 82 MHz.
showed a shorter lifetime than the planar counterpartt is The PL was dispersed by a 0.25 m monochromator and recorded
likely due to the presence of—x interaction and stacked through a streak camera with a time resolution of 15 ps.
nonplanar structural featuresidab and subsequently resulted 1,4-Bis(9,9-diethylfluorenyl)-2,5-bis(methoxymethyl)ben-
in a relative short fluorescence lifetime as compared to that of zene (8a) A solution of 2-bromo-9,9-diethylfluoref®(9.04 g, 30
compoundda. mmol) in THF (100 mL) was added slowly to a suspension of
magnesium turnings (1.80 g, 75 mmol) in THF under nitrogen, and
Conclusions the mixture was heated at reflux for 6 h. The Grignard reagent

was added dropwise into a stirred solutior6df(3.24 g, 10 mmol)
Transannularr—s interaction via dithiaparacyclophanes in-  and a catalytic amount of [Pd(PRJ in THF (50 mL) at room
corporated in selected conjugated polymers has been shown taemperature. The reaction mixture was heated at reflux for 20 h,
induce significant emission shifts in both solution and the solid cooled to room temperature, and poured into crushed ice containing
state. This is in some cases accompanied by an enhanced Plhydrochloric acid. The mixture was extracted with ether, and the
quantum yield, making it a positive parameter for tuning the combined organic extracts were evaporated to give a yellow solid.
color and intensity of the emitting light. The introduction of ~The residue was chromatographed on silica gel using hexane/

: : e : dichloromethane (2:1) to affor@la as a white solid (3.75 g, 62%);
substituents or higher benzenoids in the cyclophane units may,mIO 102-195°C. 14 NMR: 0 7.80-7.74 (m. 4H), 7.58 (5, 2H),

on the_other hand, Ie_ad to significant quorescenc_e quenching.7_46_7.30 (M, 10H), 4.40 (s, 4H), 3.38 (s, 6H), 2-49.03 (m,

A qualitative correlation between the quantum yield and the 8H), 0.38 (tJ = 7.3 Hz, 12H)13C NMR: ¢ 150.06, 149.68, 141.60,
reduction potentialB(Q/Q )] of the quencher segment of the 141 26, 140.58, 139.21, 134.84, 131.18, 127.98, 127.03, 126.84,
cyclophane could, however, be established. This will allow the 124.04, 122.89, 119.65, 119.24, 58.24, 56.12, 32.75, 8.53. Anal.
prediction of any undesirable quenching effect in future design Calcd for G4H0,: C, 87.09; H, 7.64. Found: C, 86.86; H, 7.89.

of cyclophane-based conjugated polymers. MS (El, m/2): 606 (M"). CDV
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1,4-Bis(9,9-diethylfluorenyl)-2,5-bis(bromomethyl)benzene (8b).
HBr gas was bubbled vigorously through a solutior8af(6.06 g,
10 mmol) in CHC} (100 mL) for 1 h. The reaction mixture was
stirred for an additional 10 h and neutralized with aqueous 2 M
N&CQO; solution. The product was extracted into ether, washed with

Dithia[3.3]paracyclophaneFluorene Copolymers 7283

was stirred fo 2 d atroom temperature. The solvent was removed
under reduced pressure, and the residue was chromatographed on
silica gel using hexane/CGRlI, (5:1) as eluant to afford a white
solid. The product was further purified by recrystallization from
benzene/methanol to afford compount$-18, respectively, as

brine, and dried over magnesium sulfate. The crude product colorless crystals.

obtained after solvent removal was chromatographed on silica gel

with hexane as eluent to giveb as a white solid (6.69 g, 95%);
mp 186-190°C. H NMR: ¢ 7.87-7.75 (m, 4H), 7.56 (s, 2H),
7.55-7.35 (m, 10H), 4.51 (s, 2H), 2.322.09 (m, 8H), 0.40 (t,
J=7.1Hz, 12H).13C NMR: 6 150.15, 142.27, 141.17, 141.02,

5,8-Bis[2-(9,9-diethylfluorenyl)]-2,11-dithia[3.3]paracyclo-
phane (14a).Yield: 45%; mp 28%+283°C.H NMR: ¢ 7.87 (d,
J = 8.0 Hz, 2H), 7.7#7.82 (m, 2H), 7.48 (dJ = 7.7 Hz, 2H),
7.43-7.32 (m, 10H), 7.21 (dJ = 7.7 Hz, 2H), 6.91 (dJ = 8.0
Hz, 2H), 4.11 (dJ = 15.3 Hz, 2H), 3.88 (dJ = 15.3 Hz, 2H),

137.93, 135.70, 132.95, 127.71, 127.28, 126.92, 123.57, 122.97,3.76 (d,J = 14.5 Hz, 2H), 3.53 (dJ = 14.5 Hz, 2H), 2.142.08

119.81, 119.59, 56.27, 32.76, 31.73, 8.58. Anal. Calcd fggs-

Br,: C, 71.60; H, 5.72; Br, 22.68. Found: C, 71.34; H, 5.92; Br,

22.39. MS (El,m/2): 702 (M").
1,4-Bis(9,9-diethylfluorenyl)-2,5-bis(mercaptomethyl)ben-

zene (8c).A solution of 8b (7.04 g, 10 mmol) and thiourea (1.67

g, 22 mmol) in ethanol (100 mL) was heated at reflux for 4 h. The

solvent was removed in vacuo. The dithiouronium salt was

(m, 8H), 0.52 (t,J = 7.3 Hz, 6H), 0.38 (tJ = 7.1 Hz, 6H).1°C

NMR: 6 150.10, 149.99, 141.18, 140.53, 139.77, 139.36, 135.94,

133.20, 132.41, 129.21, 128.29, 128.03, 127.12, 126.93, 124.17,

122.93, 119.75, 119.66, 56.09, 38.55, 35.84, 32.99, 32.66, 8.75,

8.50. Anal. Calcd for ggH4sS,: C, 84.22; H, 6.78; S, 8.99. Found:

C, 84.51; H, 6.98; S, 8.84. MS (Emvz): 712 (M").
5,8-Bis[2-(9,9-diethylfluorenyl)]-14,17-dimethoxy-2,11-dithia-

suspended in aqueous 4% sodium bicarbonate and heated at refluf3d.3]paracyclophane (14b).Yield: 39%; mp 287290 °C. H

for 3 h. The mixture was extracted with ether and washed

NMR: 6 7.87-7.76 (m, 4H), 7.587.33 (m, 12H), 6.57 (s, 2H),

sequentially with water and brine. The combined organic extracts 4.13 (d,J = 15.4 Hz, 2H), 4.08 (dJ = 15.4 Hz, 2H), 3.91 (d) =

were dried over anhydrous BBO,. The product mixture was

14.8 Hz, 2H), 3.84 (s, 6H), 3.34 (d,= 14.8 Hz, 2H), 2.1+2.02

chromatographed on silica gel using hexane/methanol (10:1) as(m, 8H), 0.48 (tJ = 7.3 Hz, 6H), 0.33 (tJ = 7.3 Hz, 6H).13C

eluent to giveBc as a white solid (4.15 g, 68%); mp 15254 °C.
IHNMR: 6 7.87=7.75 (m, 4H), 7.48 (s, 2H), 7.467.32 (m, 10H),
3.78 (d,J = 7.3 Hz, 4H), 2.16-2.08 (m, 8H), 1.77 (tJ = 8.0 Hz,
2H), 0.41 (tJ = 7.3 Hz, 12H)*C NMR: ¢ 150.10, 141.39, 141.11,

NMR: ¢ 151.59, 150.08, 149.85, 141.33, 140.39, 139.82, 133.17,
132.04, 127.82, 126.98, 126.91, 126.85, 123.75, 122.85, 119.65,
116.46, 58.43, 56.12, 36.60, 33.07, 32.68, 32.16, 8.68, 8.47. Anal.
Calcd for GoHs0,S;: C, 80.79; H, 6.78; S, 8.30. Found: C, 80.54;

140.85, 138.96, 137.66, 131.38, 127.81, 127.21, 126.93, 123.79,H, 6.67; S, 8.38. MS (Elyw/z): 772 (M*).

122.95, 119.76, 119.57, 56.21, 32.79, 26.50, 8.60. Anal. Calcd for

CiHaoSy: C, 82.57; H, 6.93; S, 10.50. Found: C, 82.42; H, 6.68;

S, 10.33. MS (Ely/2): 610 (M").
2',5-Bis(bromomethyl)-[1,1;4',1"|terphenyl (12). A mixture

of 2,5 -dimethylp-terpheny?® (2.58 g, 10 mmol), NBS (3.92 g,

22 mmol), and a catalytic amount of benzoyl peroxide in 3680

5,8-Dicyano-14,17-bis[2-(9,9-diethylfluorenyl)]-2,11-dithia[3.3]-
paracyclophane (14c).Yield: 35%; mp 279-281°C. 'H NMR:
0 7.90-7.75 (m, 4H), 7.56 (s, 2H), 7.547.35 (m, 12H), 4.28 (d,
J = 15.4 Hz, 2H), 4.14 (dJ = 15.4 Hz, 2H), 3.98 (dJ = 15.4
Hz, 2H), 3.61 (dJ = 15.4 Hz, 2H), 2.27#1.57 (m, 8H), 0.47 (t,
J= 7.1 Hz, 6H), 0.40 (tJ = 7.1 Hz, 6H).13C NMR: ¢ 150.87,

mL) was heated at reflux under IR radiation for 6 h. The reaction 150.14, 141.25, 141.10, 141.06, 140.61, 138.64, 133.53, 133.08,
mixture was cooled to room temperature and extracted withh CH 132.31, 127.47, 127.31, 126.95, 123.07, 122.94, 120.07, 119.82,
Cl,. The organic phase was washed with water and brine and then116.86, 116.36, 56.47, 36.91, 35.97, 32.88, 32.77, 8.72, 8.55. Anal.

dried over anhydrous N80O,. The residue obtained after solvent
removal was chromatographed on silica gel using hexangGH
as eluant to givel2 as a white solid (1.66 g, 40%); mp 18084
°C.1H NMR: ¢ 7.52-7.47 (m, 10H), 4.48 (s, 4H}3C NMR: 6

Calcd for GoH46S,No: C, 81.85; H, 6.08; S, 8.40; N, 3.67. Found:

C, 81.70; H, 6.38; S, 8.24; N, 3.69. MS (Ely2): 762 (M").
5,8-Bis[2-(9,9-diethylfluorenyl)]-2,11-dithia[3]paracyclo[3]-

(1,4)naphthalenophane (15)Yield: 43%; mp 299-302 °C. H

141.68, 139.30, 135.54, 132.99, 129.00, 128.47, 127.79, 31.41.NMR: ¢ 7.88 (d,J = 8.4 Hz, 1H), 7.84-7.30 (m, 16H), 7.06 (d,

Anal. Calcd for GoH16Bro: C, 57.72; H, 3.88; Br, 38.40. Found:
C, 57.88; H, 3.85; Br, 38.55. MS (Eivz): 414 (M").

2" 5'-Bis(methoxymethyl)-[1,4;1',1";4",1"";4"",1"""|quinquephe-
nyl (13a). A mixture of 6 (3.24 g, 10 mmol), biphenylboronic aéfd
(3.92 g, 30 mmol), Pd(PRh (0.577 g, 5% mmol), toluene (30
mL), and aqueosi2 M K,COs (40 mL) was heated at reflux for 24
h under nitrogen. It was cooled, diluted with water, and extracted
with ether. The organic phase was dried over®@, and the
residue was chromatographed on silica gel using hexan@IgH
(1:1) as eluant to afford3aas a white solid (3.53 g, 75%); mp
238-240°C.*™H NMR: 0 7.70-7.37 (m, 20H), 4.45 (s, 4H), 3.39
(s, 6H). 3C NMR: 6 140.74, 140.58, 140.01, 139.39, 134.86,

J = 7.0 Hz, 1H), 7.01 (s, 1H), 6.82 (d,= 7.0 Hz, 1H), 6.71 (s,
1H), 5.41 (dJ = 7.6 Hz, 1H), 4.42-3.75 (m, 8H), 2.36:1.91 (m,
8H), 0.56 (t,J = 7.1 Hz, 3H), 0.44-0.37 (m, 6H), 0.20 (t) = 7.3
Hz, 3H). 13C NMR: ¢ 150.23, 150.16, 150.01, 148.98, 141.43,
141.02, 140.82, 140.07, 139.28, 139.23, 139.07, 133.65, 132.74,
132.51, 132.44, 132.36, 132.11, 131.48, 131.06, 127.99, 127.67,
127.28, 127.00, 126.84, 126.77, 125.74, 125.51, 125.44, 125.31,
124.50, 123.01, 122.72, 122.56, 119.91, 119.81, 119.52, 119.34,
56.14, 55.88, 38.04, 37.50, 36.57, 35.99, 32.97, 32.87, 32.66, 32.55,
8.85, 8.62, 8.54, 8.36. Anal. Calcd fogfiseS,: C, 84.99; H, 6.60.
Found: C, 84.76; H, 6.43. MS (Eiwz): 762 (M").
5,8-Bis[2-(9,9-diethylfluorenyl)]-2,11-dithia[3]paracyclo[3]-

130.97,129.72, 128.79, 127.32, 127.06, 126.80, 72.32, 58.19. Anal.(9,10)anthracenophane (16)Yield: 32%; mp 27+275°C. H

Calcd for G4H300,: C, 86.77; H, 6.43. Found: C, 86.98; H, 6.61.
MS (El, m/2): 470 (M").

2" 5'-Bis(bromomethyl)-[1,4;1',1";4",1";4"" 1" |quinquephe-
nyl (13b). This was prepared by a procedure similar to that
described for8b. Compound13b was isolated as a white solid
(75%); mp 23+234°C. *H NMR: 6 7.74-7.39 (m, 20H), 4.53
(s, 4H). 3C NMR: 6 141.37, 140.71, 140.58, 138.25, 135.68,

NMR: 6 8.49 (d,J = 9.1 Hz, 2H), 8.12 (dJ = 9.1 Hz, 2H), 7.76-

7.31 (m, 14H), 6.97 (s, 2H), 6.78 (s, 2H), 6.33 (d= 7.7 Hz,

2H), 4.93 (d,J = 15.4 Hz, 2H), 4.74 (dJ = 15.4 Hz, 2H), 4.18
(d,J = 15.4 Hz, 2H), 3.92 (dJ = 15.4 Hz, 2H), 2.041.97 (m,

8H), 0.48 (t,J = 7.3 Hz, 6H), 0.27 (tJ = 7.1 Hz, 6H).13C NMR:

6 150.04, 149.02, 141.34, 140.26, 138.82, 138.20, 132.09, 131.15,
129.98, 129.60, 129.41, 128.27, 126.88, 126.81, 125.84, 125.14,

133.11, 129.45, 128.88, 127.53, 127.19, 127.14, 31.45, 29.70. Anal.124.85, 123.38, 122.82, 119.56, 118.89, 55.98, 36.35, 33.05, 32.38,

Calcd for GoHo4Br,: C, 67.63; H, 4.26; Br, 28.12. Found: C, 67.49;
H, 4.15; Br, 28.03. MS (Elm/2): 566 (M™).

General Procedure for the Preparation of Dithiacyclophanes
14-18. A solution of 8¢ (3.0 mmol) and9a, 9b,2” 9¢,28 10,2° 11,

29.75, 8.73, 8.49. Anal. Calcd forsgHs,S,: C, 85.67; H, 6.45.

Found: C, 85.42; H, 6.39. MS (ESiyz): 812 (MM).
5,8-Bis[2-(9,9-diethylfluorenyl)]-14,17-diphenyl-2,11-dithia-

[3.3]paracyclophane (17).Yield: 40%; mp 276-278 °C. H

12, or 13b (3.0 mmol), respectively, in degassed toluene was added NMR: 6 7.74-7.22 (m, 28H), 4.26 (d) = 14.9 Hz, 2H), 4.24 (d,

dropwise with stirring to a solution of KOH (0.336 g, 6.0 mmol)
in ethanol (1 L). After the addition was completed, the reaction

J = 14.9 Hz, 2H), 3.99 (dJ = 14.9 Hz, 2H), 3.72 (dJ = 14.9

Hz, 2H), 2.02-1.73 (m, 8H), 0.40 (1) = 7.2 Hz, 12H)*C NMR: ./
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0 150.22, 150.09, 141.31, 140.76, 140.34, 140.25, 139.64, 139.56,(dd, J = 27.2, 8.7 Hz, 4H), 7.627.47 (m, 4H), 7.14 (dJ = 7.1
133.60, 133.40, 132.17, 132.12, 129.92, 128.38, 128.15, 127.11,Hz, 2H), 7.02 (dJ = 7.1 Hz, 2H), 6.84 (s, 2H), 5.25 (d,= 15.4
126.95, 126.79, 123.84, 122.86, 119.68, 119.30, 56.13, 35.88, 35.00Hz, 2H), 4.65 (d,J = 15.4 Hz, 2H), 4.12 (dJ = 15.4 Hz, 2H),

32.74, 32.51, 8.64, 8.49. Anal. Calcd fogHseS,: C, 86.06; H,
6.52. Found: C, 86.21; H, 6.64. MS (Et/2): 864 (M").
5,8-Bis(4-biphenyl)-14,17-bis[2-(9,9-diethylfluorenyl)]-2,11-
dithia[3.3]paracyclophane (18).Yield: 35%; mp 304-305 °C.
IH NMR: ¢ 7.72-7.23 (m, 36H), 4.30 (dJ = 15.0 Hz, 2H), 4.29
(d,J=15.0 Hz, 2H), 4.04 (dJ = 15.0 Hz, 2H), 3.74 (dJ = 15.0
Hz, 2H), 1.96-1.73 (m, 8H), 0.34 (tJ = 7.1 Hz, 12H).13C NMR:

3.50 (d,J = 15.4 Hz, 2H).13C NMR: ¢ 135.54, 133.60, 130.19,

129.64, 127.85, 126.05, 125.13, 124.93, 124.90, 122.45, 35.72,

29.38. Anal. Calcd for &H1gBr»S,: C, 54.35; H, 3.42; Br, 30.13.

Found: C, 54.07; H, 3.19; Br, 30.13. MS (Ely2): 528 (M").
5,8-Dibromo-14,17-diphenyl-2,11-dithia[3.3]paracyclo-

phane (24).Yield: 42%; mp 225-228 °C. 'H NMR: ¢ 7.65—

7.39 (m, 12H), 7.16 (s, 2H), 4.12 (d,= 15.3 Hz, 2H), 4.03 (d,

0 150.23, 149.99, 141.30, 140.60, 140.34, 139.90, 139.68, 139.22,J = 15.3 Hz, 2H), 3.84 (dJ = 15.3 Hz, 2H), 3.49 (d) = 15.3
133.83, 133.37, 132.22, 132.08, 130.41, 128.85, 128.11, 127.40,Hz, 2H). 13C NMR: ¢ 140.64, 139.95, 137.18, 133.88, 133.02,
127.02, 126.93, 126.77, 123.69, 122.84, 119.66, 119.29, 56.14,131.57, 129.05, 128.50, 127.09, 122.96, 37.74, 36.24. Anal. Calcd

35.96, 34.99, 32.66, 32.54, 8.62, 8.49. Anal. Calcd faHeS,:
C, 87.36; H, 6.34. Found: C, 87.21; H, 6.29. MS (&l7): 1016
(M7).

General Procedure for the Preparation of Dithiacyclophanes
20a—c. A solution of 1,4-dibromo-2,5-bis(bromomethyl)benz&ne

for CogH20BIRLS,: C, 57.74; H, 3.81; Br, 27.44. Found: C, 57.57;
H, 3.74; Br, 27.66. MS (Elmm/2): 580 (M").

General Procedure for the Preparation of Copolymers 5.
A mixture of 19%2 (251 mg, 0.5 mmol), Pd(PRBh (28 mg), (-
C4Ho)4NBr (16 mg), and20a 20b, 20c 21, 22, 23, or 24 (0.5

(3.0 mmol) and 1,4-bis(mercaptomethyl)benzene, 1,4-bis(mercap-mmol), respectively, in degassed toluene (3 mL) was added to a 2

tomethyl)-2,5-dimethoxybenzeskor 1,4-dicyano-2,5-bis(mercap-
tomethyl)benzene (prepared frade)2° (3.0 mmol), respectively,

M aqueous KCOs solution (3 mL). The mixture was vigorously
stirred at 105°C for 3 d under nitrogen. The mixture was then

in degassed toluene was added dropwise with stirring to a solution cooled to room temperature and poured into a stirred mixture of
of KOH (0.336 g, 6.0 mmol) in ethanol (1 L). After the addition hydrazine and deionized water (1:1). The mixture was extracted
was completed, the reaction mixture was stirred for 20 h at room with CHCls, and the combined organic extracts were slowly poured
temperature. The solvent was removed under reduced pressure, anmto cold methanol. The precipitated white solid was filtered and

the residue was chromatographed on silica gel usingGGHas
eluent. The product was further purified by recrystallization from
toluene.

5,8-Dibromo-2,11-dithia[3.3]paracyclophane (20a)Yield 60%;
mp 239-241°C.H NMR: 6 7.18 (s, 2H), 7.17 (dJ = 9.4 Hz,
2H), 7.02 (d,J = 9.4 Hz, 2H), 4.15 (dJ = 15.1 Hz, 2H), 3.89 (d,
J = 15.1 Hz, 2H), 3.80 (dJ = 15.1 Hz, 2H), 3.62 (dJ = 15.1
Hz, 2H). 13C NMR: ¢ 136.85, 135.24, 135.15, 129.37, 128.08,
123.31, 37.76, 36.57. Anal. Calcd fordEl14Br,S,: C, 44.67; H,
3.28; Br, 37.15; S, 14.91. Found: C, 44.69; H, 3.17; Br, 36.94; S,
15.13. MS (El,m/z): 428 (M").

5,8-Dibromo-14,17-dimethoxy-2,11-dithia[3.3]paracyclo-
phane (20b).Yield: 50%; mp 246-242°C.H NMR: 6 7.32 (s,
2H), 6.74 (s, 2H), 4.05 (d] = 15.0 Hz, 2H), 3.91 (dJ = 15.0 Hz,
2H), 3.90 (s, 6H), 3.65 (d] = 15.0 Hz, 2H), 3.48 (dJ) = 15.0 Hz,
2H).13C NMR: ¢ 150.39, 136.84, 134.13, 124.19, 123.25, 112.66,
55.78, 37.01, 31.82. Anal. Calcd forgEl1g0-Br,S;,: C, 44.10; H,
3.70; S, 13.08; Br, 32.59. Found: C, 43.94; H, 3.60; S, 12.79; Br,
32.60. MS (El,m/2): 488 (M").

5,8-Dibromo-14,17-dicyano-2,11-dithia[3.3]paracyclophane
(20c). Yield: 65%; mp 313-318°C. IH NMR: 0 7.75 (s, 2H),
7.42 (s, 2H), 4.09 (d) = 15.2 Hz, 2H), 3.99 (d) = 15.2 Hz, 2H),
3.86 (d,J = 15.2 Hz, 2H), 3.76 (dJ = 15.2 Hz, 2H).13C NMR:

washed sequentially and thoroughly with methanol, acetone, and
THF in a Soxhlet apparatus. The THF solution was slowly poured
into cold methanol to reprecipitate the copolymer. The polymer
was then filtered and dried under vacuum at room temperature.
Copolymers la-c. The spectroscopic and elemental data of
these copolymers were reported in an earlier communic&ion.
Poly[2,7-(9,9-din-hexylfluorene)co-alt-2,5-(dimethylben-
zene)] (2).Yield: 65%.H NMR (main signals): 0 7.82-7.79
(br, d), 7.40 (br, s), 7.31 (br, s), 2.83 (br, s), 22010 (br, m),
0.89-0.77 (br, m). Anal. Calcd for (&Hsg)n: C, 90.77; H, 9.23.
Found: C, 90.01; H, 9.08.
Poly{2,7-(9,9-din-hexylfluorene)co-alt-5,8-(2,11-dithia[3]-
paracyclo[3](1,4)naphthalenophané) (3). Yield: 40%.H NMR:
0 7.76-6.79 (br, m), 4.82-3.69 (br, d), 2.1#2.08 (br, m), 1.25
0.71 (br, m). FT-IR (KBr): 3064, 3034, 2926, 2857, 2360, 1890,
1595, 1514, 1458, 1411, 1373, 1250, 1220, 1047, 886, 817, 756
cmL. Anal. Calcd for (GsHsSy)n: C, 82.77; H, 7.41. Found: C,
82.01; H, 7.05.
Poly{2,7-(9,9-dihexylfluorene)eo-alt-5,8-(2,11-dithia[3]-
paracyclo[3](9,10)anthracenophang) (4). Yield: 36%.H NMR:
0 8.45-6.83 (br, m), 5.25-3.45 (br, d), 1.92:0.71 (br, m). FT-IR
(KBr): 3052, 2926, 2852, 2400, 1850, 1673, 1610, 1458, 1371,
1218, 1051, 895, 819, 759, 615 cAnal. Calcd for (GsHasS)n:

0 140.29, 136.55, 135.12, 133.55, 123.72, 116.85, 115.63, 37.08,C, 82.77; H, 7.41. Found: C, 82.06; H, 7.01.

35.00. Anal. Calcd for gH1,N-BrS,: C, 45.02; H, 2.52; N, 5.83;
Br, 33.28; S, 13.35. Found: C, 45.30; H, 2.51; N, 5.68; Br, 33.15;
S, 13.38. MS (ElW2): 478 (M").

General Procedure for the Preparation of Dithiayclophanes

Poly{ 2,7-(9,9-dihexylfluorene)eo-alt5,8-(14,17-diphenyl-2,11-
dithia[3.3]paracyclophane} (5). Yield: 42%.'H NMR: 6 7.28-
7.14 (br, m), 4.33-3.47 (br, d), 1.870.65 (br, m). FT-IR (KBr):
3055, 3024, 2924, 2852, 2337, 1949, 1896, 1599, 1460, 1415, 1373,

22—24. These were prepared by a procedure similar to that 1219, 1049, 1022, 893, 827, 741, 702, 530 énAnal. Calcd for

described foR0a—c between a reaction of 1,4-bis(mercaptomethyl)-

2,5-dibromobenzene (prepared from 1,4-dibromo-2,5-bis(bromo-

methyl)benzenéj (3.0 mmol) and10, 11, or 12 (3.0 mmol),
respectively.
5,8-Dibromo-2,11-dithia[3]paracyclo[3](1,4)naphthaleno-
phane (22).Yield: 44%; mp 257259°C.H NMR: 6 8.16 (d,
J = 8.2 Hz, 1H), 8.01 (dJ = 8.2 Hz, 1H), 7.59-7.48 (m, 2H),
7.29 (s, 1H), 7.14 (d) = 7.1 Hz, 2H), 7.02 (dJ = 7.1 Hz, 2H),
6.74 (s, 1H), 4.64 (d) = 15.7 Hz, 2H), 4.42 (d) = 14.3 Hz, 2H),
4.25 (d,J = 16.4 Hz, 2H), 4.16-3.99 (m, 3H), 3.71 (dJ = 14.3
Hz, 2H), 3.57 (dJ = 16.0 Hz, 2H).13C NMR: 6 136.97, 136.21,

134.60, 134.52, 134.35, 131.91, 131.69, 131.12, 127.05, 125.71,
125.44,125.23, 125.14, 124.06, 123.58, 122.81, 37.39, 37.08, 36.52,

34.71. Anal. Calcd for gH1¢Br>S,: C, 50.02; H, 3.36; Br, 33.27.

Found: C, 49.91; H, 3.13; Br, 32.78. MS (ElV2): 478 (M").
5,8-Dibromo-2,11-dithia[3]paracyclo[3](9,10)anthraceno-

phane (23).Yield: 40%; mp 306-305°C.H NMR: ¢ 8.47-8.35

(CsaHsaSp)n: C, 84.30; H, 7.21. Found: C, 83.65; H, 7.03.
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