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Poly(3,4-ethylenedioxythiophene) (PEDOT) stands out for its optimized conductivity, stability, and high
degree of transparency which has led to its successful commercialization. These excellent properties of
PEDOT are mostly ascribed to the alkylenedioxy bridge across the 3- and 4-positions, and thus much
effort has been dedicated to synthesizing 3,4-ethylenedioxythiophene (EDOT) analogs. However, only
few homologous compounds were successfully synthesized, such as 3,4-propylenedioxythiophene
(PrDOT) or 3,4-(1,4-butylenedioxy)thiophene (BuDOT). In this Letter, we use Mitsunobu reaction to syn-
thesize a series of 3,4-alkylenedioxythiophenes (ADOTSs) derivatives with 8- to 16-membered rings. The
eight-membered compounds were obtained in high or excellent yield. We also found that the 9- to 16-
membered EDOT analogs were obtained in relatively low yield because of the competitive reaction to
make dimers. Our method provides an easy way to modify ethylenedioxythiophenes (EDOTs), and these
obtained ADOTs compounds are promising building blocks for the synthesis of functional nt-conjugated

systems used in material chemistry.

© 2011 Elsevier Ltd. All rights reserved.

Conjugated polymers that combine semiconducting properties
with light harvesting abilities are used widely as materials in
light-emitting diodes," solar cells,? electrochromic devices,’ field
effect transistors,” and chemo- or bio-sensors.> Of these,
poly(3,4-ethylenedioxythiophene) (PEDOT) has a unique combina-
tion of a moderate band gap and low oxidation potential, which
gives PEDOT exceptional stability to the oxidized charged state
resulting in high conductivity and good optical transparency in
the visible spectral region.® Many applications of PEDOT have been
rapidly developed based on these properties.” For example, PEDOT
is a promising candidate for electrochromic applications, such as
smart windows, variable reflectance mirrors, optical lenses, etc.®
The color of PEDOT is deep blue-violet in its neutral state, which
changes to pale blue upon doping owing to its small electronic
band gap (Eg = 1.6 eV, 775 nm), low redox potential, and rapid re-
sponse time, as well as facile fabrication in doped form.

The alkyl side chains not only enhance the ease of processing
but also modify the electronic properties of the conjugated poly-
mers. Appending a strong electron-donating alkylenedioxy bridge
across the 3- and 4-positions can add electron density to the aro-
matic ring, drastically reduce both the monomer and polymer oxi-
dation potentials, and alter the stability of the oxidized state and
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band gap. The potential of 3,4-ethylenedioxythiophene (EDOT) as
a versatile building block for the synthesis of functional
n-conjugated systems® has encouraged chemists to synthesize
EDOT analogs,'® such as 3,4-propylenedioxythiophene (PrDOT) or
3,4-(1,4-butylenedioxy)thiophene (BuDOT) (Fig. 1), and improve
the synthetic route.!” The most common and industrially applied
synthesis route of EDOTs is the double Williamson etherification
of 3,4-dihydroxy-2,5-thiophenedicarboxylic acid diethyl ester with
1,2-dihaloethanes under basic conditions as the key step.5*1° To
increase the yields and functional groups as well as the stereo-
chemistry tolerance, Reynolds and co-workers'? and Biuerle and
co-workers!? recently employed the Mitsunobu reaction!* as a
key step in the synthesis of a series of EDOT and PrDOT derivatives.
However, the synthesis of 3,4-alkylenedioxythiophenes (ADOTs)
with more than eight-membered rings is a challenge owing to their
associated torsional, transannular, and large-angle strain. This Let-
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Figure 1. Structures of EDOT, PrDOT, and BuDOT.
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Table 1
Mitsunobu reaction of 1 with 1,n-alkyl diols to large ring 3,4-alkylenedioxythioph-
enes (ADOTSs)

Entry R Product Yield® (%) Mp (°C)

1 m 2a; 3a; 4a 78; 82; 66  80; >250; ~°
[ogine]

2 Af—/ 2b; 3b; 4b  86;82; 73  146; >250; ~°

.

3 g 2c; 3c; 4¢c 97, 69; 44 148; >250; 116

4 2d; 3d; 4d  92;85;75 169; >250; 201

5 D 2e 61 78-79

6 (_ﬂ 2f 55 72-73

7 m 2g 37 68-69

8 h 2h; 3h; 2hy  43; 74; 23 44-45; >250; 133-134

9 (CHy)e 2i; 2iy4 25; 31 54-55; 137-138

10 (CHy), 2j 28 62-63

11 (CHa)s 2k; 2kyq 28; 29 65-66; 134-135

12 (CH3)9 21; 214 27; 36 87-88; 139-140

13 (CH2)10 2m; 2my 24; 34 64-65; 115-116

14 (CH2)12 2n; 2ng4 26; 34 74-75; 122-123

15 C,H40C,Hy 20°¢ 74

16 (CoH40CoHy),  2p© 78

17 (CH40CHy)s  2q° 79

18 (CH40CoHy),  21¢ 67

2 Isolated yields.
b pale yellow oil.
¢ Reported in another paper.!”
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ter reports the first large ring ADOTs with 8- to 16-membered rings
synthesized by the Mitsunobu reaction.

The Mitsunobu reaction allows the conversion of primary and
secondary alcohols with nucleophiles into a range of functional
groups, such as esters, using a redox combination of trialkyl or tri-
arylphosphine and a dialkyl azodicarboxylate.!*!> In Reynolds'?
and Biuerle’s!? studies, the key step was the Mitsunobu reaction
between diols and 3,4-dihydroxy-2,5-thiophenedicarboxylic acid
diethyl ester 1 using DEAD/TPP'? and DIAD/TBP,'® respectively.
However, the utilization scope of Mitsunobu reaction is limited
by the steric congestion of alcohols and the acidity of nucleophiles
(pK, <13). To overcome these drawbacks, Tsunoda et al developed
a versatile Mitsunobu reagent system of N,N,N',N'-tetramethylazo-
dicarboxamide (TMAD) and tributylphosphine (TBP) applicable to
nucleophiles with a pK, up to 13.5 and different steric environ-
ments.'® In the present study, the TMAD/TBP system was intro-
duced to the syntheses of ADOTs (Scheme 1) and a series of large
ring derivatives were prepared, which are summarized in Table 1.

The eight-membered compounds 2a-f were obtained in high or
excellent yield. These were then saponified in NaOH/H,0 followed
by decarboxylation with copper chromite in quinoline to yield the
final monomers 4a-d. When the rigidity of the rings and molecular
weight were increased, the melting points increased and crystal-
line solids could be obtained. Figure 2 shows the crystal structures
of compounds 4c¢ and 4d. The reaction can still be performed with
long chain linear diols (1,n-alkyl diols, n=5-12). However, the
resulting 9- to 16-membered EDOT analogs 2h-n were obtained
in low yield because of the competitive reaction to make dimers
2(h-n)q (Scheme 2). Monomers 2h-n and dimers 2(h-n)q have
similar "H NMR and '*C NMR spectra but they can be differentiated
by their melting points or MS (see Supplementary data). The dimer
compounds have higher melting points than the monomer com-
pounds (Table 1, entries 8-14). Interestingly, the reaction of ethyl-
ene glycol derivatives with compound 1 only produces monomer
products 20-r without dimers. This might be due to the reaction
of intermediate phosphonium'® with the ethylene bridged oxygen
of diols, which insures monomer ring closure. The detailed exper-
imental procedures and characterization data are available in the
Supplementary data.

In summary, a new series of large ring 3,4-alkylenedioxythioph-
ene (ADOT) derivatives were synthesized successfully via the Mits-
unobu reaction, which provides an easy process and high yield to
modify ethylenedioxythiophenes (EDOTSs).
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Scheme 1. Synthesis of 3,4-alkylenedioxythiophenes (ADOTSs).
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Scheme 2. Monomer and dimer synthesis of 3,4-alkylenedioxythiophenes (ADOTSs).
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