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Poly-orthophenylenes: Synthesis By Suzuki Coupling and Solid
State Helical Structures
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Abstract: The preparation of ortho-polyphenylenc oligomers, having 3-9 rings, using a rational Suzuki
coupling strategy, has been achieved, and a helical structure determined for a number of these producis by
X-ray crystallography. © 1998 Elsevier Science Ltd. All rights reserved.

Although the helical motif is pre-eminent in double-stranded DNA, and also in a-helical polypeptides,
other helical molecules of diverse structural types have also attracted considerable attention, mainly due to
their potential in materials and polymer science.!-2 Examples include helicenes,? polymeric isocyanides,4
hydrogen bonded arrays,> and metal helicates.®

During our recent studies in the area of atropisomeric amide synthesis we had reason to examine the

transition metal camlysed coupling of aromatic fragments to generate rather hindered gystems, and became
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relatives have been widely investigated, especially with regard to thei
7

devices,’ oligomers derived by meta- or ortho-linking of aromatic rings have been much less well
examined. As part of a study of aromatic oligomers, Williams et al. described the X-ray structure of meta-
deciphenyl (isolated from a mixture of oligomers by HPLC) which showed a helical structure with five
aromatic rings to each turn of the helix.8

Molecular modelling of the ortho-polyphenylene structure 2, which we envisaged would be available
by a Suzuki coupling approach (e.g. using boronic acid 1) suggested that the structure should adopt a tight

helical conformation, which can be represented as 3, having only three aromatic rings to each turn.9:10
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In this paper we describe the preparation of small ortho-polvphenvlene oligomers, having 3-9 rings,
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using a rational Suzuki coupling strategy,!-12 and report on the helical structure observed for a number of

these products, as determined by X-ray crystal structures.

0040-4039/98/% - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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commercially available boronic acid 5, in which the methoxy group would act as a marker for ease of
compound characterisation, and effect homologation to higher polyphenylene boronic acids, which could
then be coupled to linking dihaloarenes. Suzuki coupling of 5 with 1-bromo-2-iodobenzene 12, using ca. 3%
of palladium catalyst [(PhsP)4Pd or (Ph3P),PdCl,] under typical conditions gave bromide 6,13 which could
then be converted into boronic acid 7 by metal-halogen exchange, followed by quenching with
triisopropylborate, Scheme 1.14
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Repetition of this sequence allowed the preparation of triphenylene boronic acid 9, and terphenylene
boronic acid 11 was available by a similar approach by using the readily available 2,2’-dibromobiphenyl 14
as coupling partner.!5 The boronic acids were then coupled with either 1,2-dibromobenzene 13 or 14, to give
the required polyphenylene products 15-20 as shown, Scheme 2.

MeQ OMe
(5) + (13) —————»  (15) n=1(66%)
5) + (14 ————»  (16) n=2(15%) + (8) (39%) = =
(D + (13) ———emm—=  (17) 0 =3 (44%) + (8) (50%) N\ 7 \ /4
N + (18) ———————>  (18) n =4 (32%) + (10) (35%) . 1
o+ 13 — (19) n=5(32%) l/. .\l (15) = (20)
A1)+ (13) —————>  (20) n="7(23%) [\\_//jn
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as before, whereas with the more siuggish reactions invoiving i4 we commonly empioyed the modified
conditions described by Wright et ai., which involve addition of CsF to the reaction mixture.i® None of the
reactions has been optimised and, as can be seen, the yiclds at present are modest, often due to incomplete
conversion of 13 or 14.17

Each of the products 15-20 are solid, and so far it has proved possible to obtain X-ray structures for
compounds 15-18. The results for 18, the longest oligomer determined by X-ray analysis to date, are

representative, and two views are shown in Figures 1 and 2.18
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As can be seen, the conformation of the product fulfils exactly our expectations of a tight helix, having a
pitch of around 3.7-3.9 A. Viewed from above (Figure 1) the first ring approximately overlays the fourth
one, this pattern being repeated to generate a roughly triangular array of three stacks. Such overlaying rings

show remarkably short contacts of about 3 2A, with even closer contacts in the case of some particular
interatomic distances, e.g. 3.13A for the C4A to C13 distance highlighted (Figure 2). We interpret this as a
function of the tight iwist adopied by (or imposed upon) the molecule rather than a result of 7-x stacking,

although clearly such distances would suggest that the iatier type of inieraction couid aiso be aciive.1?

Studies are underway to further develop the synthesis of these novel compounds and to probe their
conformations in solution. Applications in the arcas of novel materials, chiral polymers, immobilised
reagents and catalysts and functional scaffolds are also possibilitics we hope to explore.
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