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For facile access to phenylene-ethynylenes, a new metho-
dology for construction of unsymmetrically substituted di(phe-
nylethynyl)benzenes has been established by taking advantage of
double elimination protocol of �-sulfonyl aldolates.

Phenylene-ethynylenes have received great attention as
organic materials like liquid crystal1 and photo-2 and electro-
luminecent compounds.3 Although it is well recognized that the
organic liquid crystal is composed of rigid and flexible parts, it is
greatly fascinating that the phenylene-ethynylene serves as a rigid
moiety in some cases4 and as a flexible one in the other.5 A
number of preparative methodologies for acetylenes have been
developed so far.6 Although the Sonogashira coupling between
aryl halides and acetylenes have been utilized routinely for access
to phenylene-ethynylenes,7 this methodology requires either
separate or in situ protection-deprotection operations for
construction of unsymmetrically substituted phenylene-
ethynylenes.8 On the other hand, we reported a double elimina-
tion protocol by use of sulfone and aldehyde as starting
compounds (Scheme 1).9

In this process, a series of reactions such as aldol type C–C
bond formation, protection of the resulting aldolate and double
elimination of the b-substituted sulfone are integrated in one-pot.
We postulated that discriminative stepwise reactions with
dialdehydes would enable access to unsymmetrically substituted

phenylene-ethynylenes 1 (Scheme ). In this process, key inter-
mediate 3 would be easily separated from the remaining starting
aldehyde and/or a possible co-product divinylsulfone, if any,
because of high polarity of the phenylsulfonyl group. This is
indeed the case, and the consecutive Peterson olefination and
double elimination give rise to the formation of the desired
unsymmetrically substituted phenylene-ethynylenes 1.

An anion of �-trimethylsilylbenzylsulfone (2a) prepared in
situ reacted with terephthalaldehyde (1.0 equiv.) at �78 �C to
furnish a formylvinylsulfone 3a (X=H) in 75% yield as a 39 : 61
mixture of geometrical isomers. Notably, discrimination procee-
ded quite efficiently to provide 3without protection-deprotection
technology.10 In sharp contrast, it has been described that
discriminative C–C bond formation by use of the Sonogashira
coupling is difficult even if an excess of dihaloarene is used.11

Consecutive addition of anion of p-methoxybenzylphenylsul-
fone, chlorophosphate and t-BuOK to 3a gave the desired
unsymmetrically substituted di(phenylethynyl)benzene 1a (X =
H, Y = MeO) in 91% yield (Table 1, entry 1). According to this
two-step procedure, several diynes were obtained successfully as
shown in Table 1.12 The unsymmetrically substituted diynes are
accessed irrespective of addition order of the sulfone (entries 1
and 2, 3 and 4, 5 and 6, 7 and 8), yet initial addition of sulfones
bearing a more electron-withdrawing group resulted in better
yields than those of the reversed order except the combination
shown in entries 7 and 8.

Subjection of 3 to the double elimination reaction withmeta-
substituted sulfones afforded the corresponding meta-substituted
derivatives (Scheme 3). When isophthalaldehyde was utilized as
a starting compound, this two-step protocol served quite well to
afford the desired meta-substituted phenylene-ethynylene deri-
vatives (Scheme 4).

In summary, we have succeeded in the convenient syntheses
of unsymmetrically substituted phenylene-ethynylenes. Further
application of this protocol is underway in our laboratory.

Scheme 1.

Table 1. Preparation of vinylsulfones 3 and di(phenylethynyl)-
benzenes 1 according to Scheme

Entry X Yield of 3/% Y Yield of 1/% Total yield/%a

1 H 75 MeO 91 68 (75� 91)
2 MeO 71 H 75 53 (71� 75)
3 F 82 H 89 73 (82� 89)
4 H 75 F 80 60 (75� 80)
5 Br 76 MeO 87 66 (76� 87)
6 MeO 71 Br 69 49 (71� 69)
7 CF3 67 MeO 67 45 (67� 67)
8 MeO 71 CF3 86 61 (71� 86)

aIsolated yield.
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1 S. Höger, V. Enkelmann, K. Bonrad, and C. Tschierske,

Angew. Chem., Int. Ed., 39, 2268 (2000).
2 a) A. Kokil, I. Shiyanovskaya, K. D. Singer, and C. Weder, J.

Am. Chem. Soc., 124, 9978 (2002). b) Y. Morisaki and Y.
Chujo, Chem. Lett., 2002, 194. c) O. Mongin, L. Porres, L.
Moreaux, J. Mertz, and M. Blanchard-Desce, Org. Lett., 4,
719 (2002).

3 a) A. Kraft, A. C. Grimsdale, and A. B. Holmes, Angew.
Chem., Int. Ed., 37, 403 (1998). b) R. Giesa, JMS–Rev.
Macromol. Chem. Phys., C36, 631 (1996). c) L. S. Swanson,
F. Lu, J. Shinar, Y.W. Ding, and T. J. Barton, Proc. SPIE-Int.
Soc. Opt. Eng., 1910, 101 (1993).

4 a) C.-H. Lee andT.Yamamoto,Bull. Chem. Soc. Jpn., 75, 615
(2002). b) C. Sekine, K. Iwakura, N. Konya, M.Minai, and K.
Fujisawa, Liq. Cryst., 28, 1375 (2001).

5 a) D. J. Pesak and J. S. Moore, Angew. Chem., Int. Ed. Engl.,
36, 1636 (1997).

6 a)K.Grela and J. Ignatowska,Org. Lett., 4, 3747 (2002). b)G.
Brizius and U. H. F. Bunz,Org. Lett., 4, 2829 (2002). c) U. H.
F. Bunz, Acc. Chem. Res., 34, 998 (2001). d) A. Fürstner and
C. Mathes, Org. Lett., 3, 221 (2001). e) S. Z. Zard, Chem.
Commun., 2002, 1555. f) A. R. Katritzky, J. Wang, N.
Karodia, and J. Li, J. Org. Chem., 62, 4142 (1997). g) D. G.
Brown, E. J. Velthuisen, J. R. Commerford, R. G. Brisbois,
and T. R. Hoye, J. Org. Chem., 61, 2540 (1996).

7 a) K.-y. Tomizaki, R. S. Loewe, C. Kirmaier, J. K. Schwartz,
J. L. Retsek, D. F. Bocian,D.Holten, and J. S. Lindsey, J.Org.
Chem., 67, 6519 (2002). b) R. E. Bauer, V. Enkelmann, U.M.

Wiesler, A. J. Berresheim, and K. Müllen, Chem.—Eur. J., 8,
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