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Abstract

An efficient approach to thienylmethylphosphonates has been established through the combination of thienyl-
coppers with the commercially available diethyl iodomethylphosphonates in a one-pot process. © 2000 Elsevier
Science Ltd. All rights reserved.

The growing interest in organic polymeric materials for electro-optic (E-O) device applications has led
to the development of highly active�-conjugated chromophore molecules which have large molecular
second-order nonlinearity (��).1–4 Structure–property relationships that have been established indicate
that thiophenes could often be used as�-conjugated units to optimize the conjugation pathway.5 Thio-
phene units are generally introduced into the molecular backbone by Horner–Emmons condensation of
thienylmethylphosphonates with aldehyde precursors. A general approach to thienylmethylphosphonate
compounds involves a number of steps as indicated in Scheme 1 (four steps were required, and the
overall yield was less than 50%). Inevitably, multistep procedures lead to low to moderate overall yields
and tedious separations.

We have here found it expedient to convert thiophenes directly to thienylmethylphosphonates by
combining thienylcoppers with the commercially available diethyl iodomethylphosphonates in a general
one-pot process (Scheme 2).

The effectiveness of the reaction was tested in a model system using diethyl iodomethylphosphonate
and 3,30-dihexyl-2,20-bithiophene (1a) under a variety of experimental conditions (Table 1). A higher
yield of thienylmethylphosphonate was obtained with the molar ratio of halomethylphosphonate,n-
butyllithium and cuprous iodide 1.0:1.0:1.0. The use of one equivalent of thiophenes and one equi-
valent ofn-butyllithium minimizes bis-metallation of bifunctional thiophenes and warrants an optimal
exploitation of starting materials. As shown in Table 1, the amount of CuI significantly affected the
outcome of the reaction. If CuI was not employed, no appreciable phosphonate was detected; but an
increase in the amount of CuI resulted in a lower yield. In addition, the substitution oft-butyllithium for

� Corresponding author. Tel: 1 213 740 8768; fax: 1 213 740 2701; e-mail: ldalton@methyl.usc.edu (L. R. Dalton)

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PI I: S0040-4039(99)02168-1

tetl 16096



618

Scheme 1.

Scheme 2.

n-butyllithium was found to lower the yield and iodomethylphosphonate proved to be more effective than
chloromethylphosphonate.

Table 1
The optimization of reaction conditions in Scheme 2

From a series of experiments, we also found that the temperature at which thienyllithium is transme-
tallated with CuI is critical for completion of the reaction. If the temperature is much lower than�20°C,
large amounts of starting material is recovered, presumably because the conversion to thienylcopper is
incomplete and iodomethylphosphonate protonates thienyllithium. The carbon–carbon coupling reaction
takes place slowly at a much lower temperature, so higher termperature (such as room temperature) is
necessary to attain desirable rate.

The novel approach has been extended to synthesize a variety of thienylmethylphosphonates in order
to explore the nonlinear optical properties of variable length thiophene-containing chromophores, and
the results are summarized in Table 2. As anticipated, in each case the target compound was obtained
with a good yield.

In summary, presented here is an efficient approach to making thienylmethylphosphonates by com-
bining thiophenes withn-butyllithium and then cuprous iodide and diethyl iodomethylphosphonate in
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Table 2
A test of the effectiveness and the applicability of the approach

a one-pot process. This approach provides not only a new category for the expedient synthesis of
phosphonates but also a practical solution to alkenes when phosphonates are condensed with carbonyl
compounds.

General experimental procedure:
The synthesis of phosphonate (1b) is representative. A solution of 2.0g (6 mmol) 3,30-dihexyl-2,20-

bithiophene (1a) in 20 ml of anhydrous THF was added over 15 min under argon at�78°C to a stirred
solution of 6 mmoln-butyllithium (2.4 ml, 2.5 M, in hexanes) in 25 ml of THF. The solution was stirred
for 45 min at�78°C, and then transferred, via cannula, into a flask cooled to�20°C in a dry ice/CCl4
bath, containing 1.14 g CuI (6 mmol). After 2 h, 1.67 g diethyl iodomethylphosphonate (6 mmol) was
added in one portion, and the solution was reacted at room temperature overnight. The dark reaction
mixture was poured into 100 ml of ether and 100 ml of water, and the organic layer washed successively
with 3�100 ml water, 1�100 ml 5% aqueous NaHCO3, 2�100 ml water, and 2�100 ml saturated brine
solution. The organic layer was dried (MgSO4), and evaporated. The resulting residue was purified by
column chromatography packed with silica gel (1:1 hexanes:ethyl acetate), affording1b as a clear yellow
viscous oil (1.81 g, 62%).
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