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Summary. Low temperature oxidations of selected higher order cyanocuprates
composed of one or two heteroaromatic ligands can be oxidatively coupled in an inter-
or intramolecular fashion to afford unsymmetrical biaryls. Non-heteroaromatic
systems have also been studied in related intramolecular processes.

In a series of recent reports,] we disclosed the concept of effecting
unsymmetrical biaryl coupling reactions via kinetically prepared higher order (H.O.)
mixed diarylcyanocuprates (ArAr'Cu(CN)Liz, 1, Scheme 1) which appear to proceed
well only at very low temperatures. Products resulting from incorporation of various
phenyl and naphthyl moieties include biphenyls, binaphthyls, and (substituted)
phenylated naphthalenes. These can be arrived at by way of our standardized
procedure,! which calls for the generation of 1 by addition of an aryllithium (Ar’Li) to
a precooled solution of a lower order (L.O.) cyanocuprate, ArCu(CN)Li, followed by
treatment of 1 with molecular oxygen. To further delineate the scope of these
reactions, we have investigated the potential for one or both ligands (Ar, Ar’) on
copper in- 1 to be of a heteroaromatic nature. In this Letter, we now describe our
findings on these intermolecular cross-couplings, and demonstrate as well the first
examples of the intramolecular variation on this theme.
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Attention was initially focussed on couplings between substituted thiophenes,
since conjugated polythiophenes are of current interest as semiconductors,
copolymers, etc.2a It was encouraging to find that a thienyl group could be attached to
a naphthalene ring with the same levels of selectivity and yield normally observed in
couplings between non-heteroaromatic ligands (Eq. 1).1 In extending this scheme to
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dissimilarly substituted thiophenes2b (entries 1-3, Table 1), including a dithiophene
case (entry 4), results were found to be mixed. Thus, when the 'cuprate in a bottle’
(i.e., commercially available ThCu(CN)Li; 2, R = H)3 was treated with 2-lithio-5-
methylthiophene or the 5-benzyl analog, a good-to-excellent selectivity was realized
(entries 1,3). Unfortunately, seemingly minor changes in going to the S5S-ethyl case
(entry 2), as well as using a 2-lithiated dithiophene (entry 4) did not afford
synthetically useful levels of unsymmetrical biaryls 3. Employing a 2-lithio-5-
methylthiophene and the same 2-lithiated dithiophene, however, raised this otherwise
statistical ratio to the 1:6:1 level (entry 5).

Table 1. Biaryl couplings of (substituted) thiemyl H.O. cyanocuprates
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Entry R _R' _ Retid Yied (%)° Entry R R' _ Ratid Yield (%)°

1 H 5Me 3:16:1 97 4 H S5Th 1:2:1 920
2 H S5-Et 1:2:1 90 5§ S5MeSTh 1:6:1 87
3 H S5-Bn 1:48:1 92

--------------------------------------------------------------------------------------------

3Ratio corresponds to Th(R)-Th(R) : Th(R)-Th(R") : Th(R)-Th(R"). I’Isoltmad, overall yields.

Upon switching to a synthetically versatile benzthiazole ligand, together with the
lower order cyanocuprate 2 (R = H), 96% of the product mix corresponded to the cross-
coupled biaryl (Eq. 2). Replacing the thiophene residue with its oxygen analog (i.e., a
furan ligand) gave a similar ratio and a somewhat better isolated yield,

Couplings under these controlled conditions in the bipyridyl series were
unexpectedly random. In no case using, e.g., 2-lithiopyridine with a (substituted) 2-
lithiopyridine, was the desired unsymmetrical bipyridyl even the major product. Sur-
prisingly as well, lithiation at the 3-position, where opportunitics for chelation via
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Yield: 74% Yield: 82%
Ratio: 1:48:1 Ratio: 1:31:1

nitrogen in the cuprate are considerably reduced did not improve the outcome. Using
only one pyridyl ligand in the cuprate, rather than two, along with a simple ortho-
anisyl group, still led to a limited degree of selectivity. This latter observation points
to the overriding influence exerted by the pyridyl moiety in perturbing the normally
highly ordered mode of H.Q. kinetic cuprate behavior toward oxidation.!

The corresponding intramolecular variant was far more consistent and
rewarding. Treatment of either 2-bromopyridine below, each tethered to a 1-
bromonaphthalene derivative, with two equivalents of #-BuLi at low temperature
followed by iatroduction of CuCN leads to a homogeneous solution upon warming to
-40°. Oxidation of presumed intermediate cuprates 4 at -78° (or up to 0°) afforded the
desired biaryls, as shown in Scheme 2.
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Similar treatment of the thienyl analog § likewise led to a tetracyclic product
bearing the biaryl unit in good isolated yield (Eq. 3).
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Finally, it should be noted that the facility with which these intramolecular
couplings occur provides strong justification for applying these concepts to targets
containing biaryl systems that involve issues of atropisomerism (e.g., in natural
products of currenmt interest such as the ecllagitannins4®* and michellamines,4? and with
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regard to biaryl-based reagents which induce chirality such as binaphthyl derivatives
BINAP, BINAL-H, etc.4c). As test cases, two, three, and four-atom-tethered educts 6-8
could be converted to tetracycles 9-11 under our standard cuprate
formation/oxidation conditions in good yiclds (Scheme 3). These early data suggest
that this cuprate-mediated sequence is clearly superior to a traditional Ullmana
approach,5.6 and may be quite competitive with Heck/Stille type couplings based on
Pd(II) reagents.6 Further extension of this methodology to related systems using
appropriate nonracemic tethers will be reported in due course.

99
2 ® o e )

oy’ o< Oy

l (82%) i (76%) 1, (56%)

99 99

Acknowledgements. We warmly thank the NIH and the NSF for financial support
and the DFG for a postdoctoral fellowship to F.K.

References and Notes

1. Lipshutz, B.H., Siegmann, K., Garcia, E., Kayser, F., J. Am. Chem. Soc., 1993, 1135,
9276, and references therein.

2. (a)Roncali, J.,, Chem_. Rev., 1992, 92 711; (b) Kuroda, M., Nakayama, J., Hoshino, M.,
Tetrahedron, 1993, 49, 3735.

3. Lipshutz, B.H., Koerner, M., Parker, D. A., Tetrahedron Letters, 1987, 28, 945.

4. (a) See, e.g., Feldman, K.S., Ensel, SM., J. Am. Chem. Soc., 1993, 115, 1162, and
references therein; (b) Bringmann, G., Zagst, R., Schaffer, M., Hallock, Y.F., Cardellina,
JH., Boyd, MR., Angew. Chem. Int. Ed. Engl., 1993, 32, 1190; (c) Rosini, C., Franzini,
L., Raffaelli, A., Salvadori, P.. Synthesis, 1992, 503; Noyori, R., Chem. Soc. Rev.,
1989, 18, 187.

5. These tend to require both aryl iodides and activating groups; e.g., sce Takahashi,
M., Ogiku, T., Okamure, K., Da-te, T., Ohmiza, H., Kondo, K., Iwasaki, T., J. Chem. Soc.,
Perkin Trans. 1, 1993, 1473.

6. Knight, D.W., in Comprehensive Organic Synthesis, Trost, B.M., Ed., Pergamon Press,
O=xford, 1991, vol 3, 4481,

(Received in USA 5 November 1993; accepted 18 Novembar 1993).



