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The ability to form carbon—carbon bonds rationally
around an alkene is the object of continuing vigorous
research.! Our contribution to this area involves the use
of gem-borazirconocene alkenes, 2, readily available from
l-alkynylboronates by hydrozirconation.? These com-
pounds are stabile and due to the considerably different
reactivities of the C—Zr and C—B bonds, enable selective
and sequential reactions with a variety of electrophiles.
As a demonstration of the scope of this emerging meth-
odology we selected to synthesize temarotene, 4a, several
of its structural isomers, and totally mixed triaryl al-
kenes.

Temarotene,® 4a, is a retinoid* and is of interest
because it shows no sign of hypervitaminosis A and it is
not teratogenic, presumably due to lack of a polar group.®
The published synthesis of temarotene-type compounds
is long and leads to mixtures of diastereomers from which
the desired product is isolated.®” The synthesis of
temarotene by our methodology is straightforward and
is outlined in Scheme 1.

Coupling of 2a? with 6-bromo-2,2,3,3,-tetrahydro-
1,1,4,4-tetramethylnaphthalene® in THF at 0 °C in the
presence of 5 mol % Pd(PPhs), cleanly gave 3a (68%). As
has been our experience to date, the C—~Zr bond reacts
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exclusively. Suzuki coupling® with Mel then gave tema-
rotene, 4a (69%), as the only detectable stereoisomer.
Using our methodology we also synthesized two ad-
ditional isomers of temarotene by changing the sequence
of electrophiles (Table 1, entries b and ¢). Noteworthy
here is the hitherto unreported alkylation of alkenylzir-
conocenes with Mel (Table 1, entry b).1® While we found
that the reaction with Mel occurs readily under pal-
ladium catalysis,!! EtI and higher analogs gave complex
reaction mixtures, with only low yields of the desired
coupling products.

Various biaryls are of importance in the synthesis of
natural products and pharmaceuticals as well as provid-
ing possible entries into ligands for asymmetric synthe-
8is.? As a further demonstration of our methodology we
therefore synthesized several mixed trisubstituted aryl
alkenes (Table 1, entries d—h). Instead of EtONa, we
used CsF (method B) in the Suzuki coupling of aryl
aldehydes (Table 1, footnote d). Under these conditions,
either aryl bromides or iodides may be used, and the
sequence is compatible with important functional groups
such as esters, trifluoromethyl, nitro, ethers, and alde-
hydes.

Assignment of structure is consistent with 'H NMR,
3C NMR, and MS. A single crystal X-ray analysis of one
compound, 4d, corroborated that the stereochemistry of
the gem-borazirconocenes was retained during the se-
quential alklyations.!3
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Table 1. Sequential Alkylation of gem-Borazirconocene Alkenes 2
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a |solated yields based on halides. PAlways accompanied by about 5 % formation of C-Zr
hydrolysis product. ¢ Conditions A : 3 (0.5 mmol), benzene (4 mL), R2X (0.5 mmol),
Pd(PPh3z)4 (5 mol%), ETONa in ETOH (0.75 mmol), reflux 3 h, according to: Miyaura, N;
Satoh, M.; Suzuki, A. Tetrahedron Lett. 1986, 27, 3745, d Conditions B: 3 (0.6 mmol), DME
(4 mL), R2X (0.51 mmol), CsF (1.12 mmol), Pd{PPhgs)4 (8 mol%), reflux 15 h, according to:
Wright, S.W.; Hageman, D.Z.; McLure, L.D. J. Org. Chem. 1994, 59, 6095.
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