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Recently it has been very attractive topic for scientists to

use conjugated polymers (CPs) towards sensory materials

because of their transport properties such as electrical

conductivity or fluorenscence. Conjugated polymers (CPs)

may offer a great deal of opportunities to couple analyte-

receptor interactions, as well as nonspecific interactions, into

observable or transducible responses. Conjugated polymer-

based sensors may enjoy several advantages over small

molecule-driven sensors owing to their better stability and

much amplified sensitivity.1 With great potential of conju-

gated polymers having sensing functionality to be used as

advanced materials, it is important to build up a variety of

conjugated polymers that have various functions. It may be

no doubt that one of the most intensively investigated

polymer as chemical sensors are crown ether-based conju-

gated polymers. However, it is not always easy to synthesize

crown-ether tethered monomers or polymers because crown-

ether ring closing reactions suffer from mostly low yield,

high dilute reaction conditions, and introduction of template-

assisted methods. Traditionally, crown ethers have been

synthesized by reaction of a diol with a dihalo or disulfonyl

group terminated counterpart under Williamson condition

but this route usually suffers from the low yield due to a

variety of by-product formations.2 Another route that has

been developed more recently is template-assisted method

where a cation is used for complex formation with a poly-

ethylene glycol to help ring-closing reaction more effec-

tively but this route may be not appropriate for multi-gram

scale synthesis due to high dilution reaction conditions and

uses of templates.3 Here we report an efficient and simple

synthetic route that is generally applicable for synthesis of

thiophene or pyrrole-fused crown ethers from moderate to

good yield. 

Our previous study revealed that 3,4-ethylenedioxy-

thiophene (EDOT), 3,4-propylenedioxythiophene (ProDOT),

and their derivatives were efficiently synthesized through

Mitsunobu chemistry as a key step with moderate to good

yield.4 This method usually enjoys several advantages over

Williamson condition such as no use of halo-compound,

very mild reaction condition (25-60 oC), and short reaction

time (mostly less than 2 h). In connected with those results,

we envisioned that thiophene or pyrrole-fused crown ethers

that are considered as important monomers for CPs might

also be synthesized under similar protocol employed by our

previous studies. 

Results and Discussions

It was already disclosed in our previous study that the

reaction of the 3,4-dihydroxythiophene derivative 1 and

ethylene glycol under Mitsunobu condition gave the cycliz-

ed product 8 in high yield (90%). A series of ethylene glycol

derivatives with short chains through long chains were

employed in the reaction whether this protocol can be

extended to synthesize thiophene-fused crown ethers.

Initially, the reaction of diethylene glycol and 1 under

standard Mitsunobu condition (dead, PPh3, ether at room

temperature, 2 h) was investigated and the crown ether 9 was

obtained in 55% isolated yield. Then, phosphine reagents

(tributylphosphine and triphenylphosphine), solvents (ether,

THF, dichloromethane), and reaction temperature were

varied in the reaction in order to find better reaction

condition and the reaction for 9 was improved to 75% yield

under the condition only replaced by THF (dead, PPh3, and

dead at room temperature for 2 h). THF turned out a choice

of solvent and increasing reaction temperature tended to

decrease product yield. Varying phosphine reagent from

triphenylphosphine to tributylphosphine did not affect much

on the reaction although the use of tributylphosphine was a

bit favored over triphenylphosphine in some cases. How-

ever, use of triphenylphosphine is much easy to handle and

was chosen in this reaction.

Then the reactions proceeded by employing other chains

of ethylene glycol derivatives, 4 and 5 that are only different

in chain length. The reaction gave compounds, 10 and 11, in

65% and 54% respectively. These yields seem to be about

moderate in common organic synthesis but must be highly

promising in macrocyclization reactions if much simpler

reaction condition over traditional ones was considered.

Increasing ethylene glycol chains to pentaethylene glycol

and hexaethylene glycol tended to give lower yield to 45%

and 35% respectively and all compounds synthesized here

are listed in Scheme 1. From a series of reactions, it is

generally agreed that increasing chain length proportionally
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brings decrease in isolated yields. Especially the isolation of

13 was more demanding than that of other compounds due

to its higher polarity that may be somewhat attributed to its

low yield. 

In order to demonstrate the scopes and limitations of this

methodology, we applied this protocol to another diol 14 that

has been served as an important starting material to synthe-

size a pyrrole analogue (EDOP; 3,4-ethylenedioxypyrrole)

of EDOT. The EDOP has been known to have very low

oxidation potential to undergo much easier oxidative poly-

merization to provide highly stable conducting polymer5 and

be more bio-compatible than its thiophene analogue.6 So,

3,4-dioxypyrroles fused with crown ether can also be served

as highly valuable monomers for similar purposes. The

reactions of 14 with a series of ethylene glycol derivatives,

3, 4, and 5 under similar condition underwent smoothly to

afford the cyclized products 15-17 in 60%, 55%, and 50%

yield respectively (Scheme 2). 

In order to demonstrate the usefulness of the intermedi-

ates, 11 was selected and further manipulated to a thiophene-

fused monomer according to the known procedures. Simply,

hydrolysis and then decarboxylation of 11 afforded a

Scheme 1

Scheme 2
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thiophene-fused crown ether 15 in good yield (Scheme 3).

Further studies of polymerization of 19 and other monomers

and their uses as electroactive ion-sensing polymers will be

reported in another paper.

Experimental Section

General Procedure for Preparation of 8-13 and 15-17: To

the reaction mixture of 1 (1.00 g, 4.38 mmol), PPh3 (2.40 g,

8.77 mmol), and tri(ethylene)glycol (1.33 g, 8.77 mmol) in

distilled THF was slowly added diethyl azodicarboxylate

(dead, 40% in toluene, 4.58 g, 10.54 mmol) with stirring at

room temperature. The reaction mixture was stirred for 2 h

and concentrated by rotary evaporator. The residue was

diluted with 10 mL of ether and placed in refrigerator.

Precipitated triphenylphosphine oxide was filtered off and

the residue was further concentrated and purified by column

chromatography on silica gel. Spectroscopic data of selected

compounds; 9; 1H NMR (400 MHz, CDCl3): δ 1.36 (t, J =

7.0 Hz, 6H), 3.93 (m, 4H), 4.33 (q, J = 7.0, 4H), 4.45 (m,

4H); 13C NMR (100 MHz, CDCl3): δ 14.28, 61.21, 73.35,

74.36, 117.78, 153.57, 160.55; HRMS (EI) (M+) calcd for

C14H18O7S 330.0773, found 330.0777. 12; 1H NMR (400

MHz, CDCl3): δ 1.36 (t, J = 7.0 Hz, 6H), 3.55-3.80 (m,

12H), 3.85-3.93 (m, 4H), 4.50-4.90 (m, 8H); 13C NMR (100

MHz, CDCl3): δ 14.21, 61.33, 70.13, 70.62, 70.64, 70.85,

74.01, 119.68, 153.09, 160.44; HRMS (EI) (M+) calcd for

C20H30O10S 462.1559, found 462.1559. 19; 1H NMR (400

MHz, CDCl3): δ 3.74 (s, 8H), 3.88 (m, 4H), 4.13 (m, 4H),

6.25 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 70.08, 70.29,

70.66, 74.64, 105, 45, 119.44; HRMS (EI) (M+) calcd for

C12H18O5S 274.0875, found 274.0862.
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