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Conjugated organic polymers have emerged as an important classScheme 1. Synthesis of Boron-Modified Polythiophenes
of new materials with numerous applications, for example, in Hex - Hex Ar
electrolumlne_scept devices, _organic f_leld-effect tran3|sFo_rs, OF  MeySn f NS SnMe, 2 f\_S é
electrochromic window$.The incorporation of electron-deficient s / CH.Cly SR '}‘n
boryl groups into conjugated polymeric structures is intriguing since Hex rt.24h Hex
it is known to result in unusual photoluminescent and electron- iPr F PTh-BAr
conducting propertie%.> This behavior can be traced back to A - @ F F Q
overlap between the empty p orbital on boron with the organic F:@EF é
m-system, which in the case of small molecules has been cor- '
roborated through theoretical calculations and extensively exploited PTh-BPL PTh-BPE PTh-BFc
in device and sensor applicatiohs.Conjugated organoboron
polymers are particularly promising in this regard since recognition
sites along the polymer backbone may act in a cooperative fashion, Hex ‘I\f
R . . e . . . M-BFc  Ar = Ferrocenyl
thus giving rise to sensor signal amplification. The latter is highly @\ f\_ _Ss_B_S ! o
desirable for the design of efficient sensor systéms. s B/Q_g \@ M-BPh  Ar= 4-(Pr)CeHs
The hydroboration polymerization method developed by Chujo ,l\, Hex M-BPf  Ar=CeFs
is currently the most commonly used method for the synthesis of

Table 1. B NMR Data of Polymers and Model Compounds

A N N - Organoboron Polymer PTh-BPh PTh-BPf PTh-BFc
main-chain organoboron polyme¥$his elegant approach provides -

. . . . free acidd [ppm] 49 46 49
facile access to vinylerearylene-vinylene bridged organoboron Py complexd [ppm] 1 _3 1
polymers. An in situ Grignard method has also been employed by
Chujo for the preparation of main-chain triphenylborane polyrfers. Bithiophene Model M-BPh M-BPf M-BFc
Intriguingly, these polymers have recently been successfully applied  free acidd [ppm] 53 49 52
in fluoride anion sensing.Their general use as chemosensors, Py complexd [ppm] 12 -18 5.0

however, has not been investigated in detail.

We have previously shown that-SB exchange provides facile
and selective access to polystyrene-based side-chain-functionalize
polymeric Lewis acid$® Herein we report a new approach for the
synthesis of polythiophenes with strongly Lewis acidic boryl groups
embedded in the main chain, for which we take advantage of the
high selectivity of tinr-boron exchange. We also describe the use
of these new boron-containing polythiophenes in the sensing of
nucleophiles through changes in the photophysical characteristics.

Distannylated bithiophene, substituted with solubilizing hexyl
substituents, serves as a versatile polymer precursor. Condensatio

polymerization was achieved under mild conditions by treatment g ity but rather by a small amount of destannylated bithiophene,
with various bifunctional arylboron halides (ArBBAr = 4-iPrph, which may form in the presence of trace amounts of protic acids.
CeFs, Fc) in CHCI, at ambient temperature (Scheme 1). The 1he |atter was further confirmed B NMR end-group analysis,
byproduct, MgSnBr, was removed under high vacuum, and the \hich clearly shows the presence of two small doublets expected
polymers were purified by precipitation into cold hexanes. Polymers 4, adjacent protons in a terminal thiophene ring, and thus
PTh—BAr are highly soluble in common organic solvents; they corroborates the formation of linear organoboron polymers in the
are thermally stable to ca. 20@, but show some sensitivity t0  molecular weight range of ca. 5009000.
oxygen and were thus handled under nitrogen atmosphere. PolymersPTh—BAr exhibit an intriguing variety of different
The NMR spectra of polymerBTh—BAr are consistent with  photophysical properties. While the polymers containing phenyl
the proposed polymeric structures. For instance, displacement ofand GFs groups on boron are yellow-colored materials, attachment
the stannyl groups of the precursor is evident from disappearanceof pendant ferrocenyl substituents leads to an intense dark red color,
of the SnMg signal in the'H, 1°C, and!1Sn NMR spectra and the  characteristic of é-d transitions in ferrocenylboranes (Table 2).
appearance of broad signals in tHB NMR spectra in a region Comparison with model compound4—BAr reveals a red shift
typical of triarylboranes (Table 1). Comparison with model of the solution absorption bands for polym&Eh—BPh andPTh—
compoundsM —BAr further confirms the assignments. A slight BPf, indicative of a considerable degree of extendedrronjuga-
upfield shift of the!'B NMR signals of the polymers may possibly  tion within the polymer main chain. A similar bathochromic shift

e the result of enhanced-bonding between boron and the
ithiophene moieties due to extended delocalizatidn.

The molecular weight and dispersity of polymé&$h—BAr
were determined by GPC, MALDI-TOF, and NMR end-group
analysis. GPC relative to PS standards gllyef ca. 5000-9000
and PDlIs in the range of ca. 1-21.5. MALDI-TOF-TOF with
benzop]pyrene/pyridine as the matrix showed peak patterns that
correspond predominantly to linear polymers with the expected
—Th,B(Ar)— repeating unit and bithiophene end groups (Figure
'1).11 This indicates that the polymerization is not limited by
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Figure 1. MALDI-TOF-TOF spectrum oPTh—BFc (reflectron+ mode).
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Table 2. Photophysical Properties of Polymeric Lewis Acids and
Bithiophene Model Compounds in CH,Cl, Solution

Organoboron Polymer PTh-BPh PTh-BPf PTh-BFc
Aabs,ma{nm] 391 413 379, 497
Aem,ma{nm]? 491 529 d
quantum yieldp® 0.21 0.15 d

Bithiophene Model M-BPh M-BPf M-BFc
Aabs,ma{nM] 313, 361 304, 376 350, 493
Aem,max[NM]2 458, 482 478, 508 d
quantum yieldpb 0.19 0.18 d

aExcited at the absorption maximdAnthracene was used as a standard.
¢ Shoulder.d Emission quenched by ferrocene.

Polymer Absormption PTh-BPh Polymer Emission PTh-BPh

Pyridine
Addition

Pyridine
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Figure 2. UV —vis absorption and fluorescence specitad= 390 nm)
for the titration of a CHCI, solution of PTh—BPh with pyridine.
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is also observed for the solution luminescence spectra of polymers

PTh—BPh and PTh—BPf. Intriguingly, the emission wavelength
of these polymers is determined by the electronic effect of the
pendant aryl group on boron. Thus, with phenyl groups on boron
blue (thin film) to blue-green (solution) luminescence is observed,
while the attachment of electron-withdrawingFg substituents
leads to bright green emission.

To investigate the potential of these organoboron polymers as
sensor materials, we studied the binding of pyridine. Complexation
of the boryl groups upon addition of excess pyridine is evident
from a strong upfield shift of th&'B NMR signal from ca. 56-60
to ca. 0 ppm, which is indicative of tetracoordinate boron (Table
1). The binding process is reversible, and in dilute solution, partial
dissociation is evident. Moreover, the coordinated pyridine can
effectively be removed with the stronger Lewis acid Bf6)s.

The pyridine binding was further examined through titration
studies using UV+vis absorption and fluorescence spectroscopy
as illustrated foPTh—BPh in Figure 2. A gradual decrease in the
visible absorption band d?Th—BPh at 390 nm is reflected in a
color change from yellow to colorless. A single isosbestic point is
not observed, which is likely due to conjugation between adjacent
Lewis acid sites leading to negative cooperativity effé€E&ffective

fluorescence quenching is evident from the emission spectra, which

were acquired simultaneously (Figure 2). Comparison of the Stern
Volmer plots of PTh—BPh and the molecular speciéd —BPh
revealed a ca. 12-fold sensitivity enhancement for the polymer at
low concentrations of pyridin& The latter is tentatively attributed

to extended conjugation through the polymer chain, leading to
strong signal amplification at low analyte concentratiéns.

A comparative binding study with different nucleophiles revealed
that subtle steric and electronic efféétsritically influence the
binding to polymersPTh—BAr as well as the quenching of the
luminescence. For instance, polymBTh—BPh shows good
selectivity for pyridine and 4-picoline, whereas the more strongly
Lewis acidic polymerPTh—BPf also responds to the sterically
hindered 2-picoline.

In summary, we have developed an efficient new method for
the introduction of strongly Lewis acidic boron groups into the
backbone of polythiophenes. The resulting linear organoboron
polymers are highly soluble, form thin films from solution, and
are strongly colored (A= Fc) or highly emissive (A= Ph, Pf).
Their use as chemosensors is based on changes in the absorption
and emission characteristics upon binding of nucleophiles to the
highly Lewis acidic boron sites.
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