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There is a wide variety of preparative methods of pyridines,1

among which the Reppe-type assembly of acetylenes and a nitrile
as formulated in eq 1 has recently attracted much attention, because

of its straightforward concept, easy availability of starting materials,
and synthetic flexibility.2 Although many reports along this line
have appeared,3 regioselective assembly of two different, unsym-
metrical acetylenes and a nitrile, leading to a single pyridine product,
still remains unsolved. Herein we report novel types of the selective
synthesis of pyridines, which, for the first time, realize this objective
and also directly produce metalated pyridines, often a more versatile
species than pyridines themselves,1c as shown in types I and II of
Scheme 1.

In both transformations, the experimental procedures are quite
simple and can be carried out in one pot.4 Dialkoxytitanacyclo-
pentadienes4 were first gathered from two different, unsymmetrical
acetylenes1 and2 (as the first and second acetylenes) and a divalent
titanium alkoxide reagent, Ti(O-i-Pr)4/2 i-PrMgCl (3),5 at -50 °C
in a highly regioselective manner (eq 2).6 Once sulfonylnitrile57

was added, the regioselective uptake of the nitrile into the
titanacyclopentadiene took place. Hydrolytic workup afforded single
pyridines9,8 and more importantly, deuteriolysis gave the single
deuterated counterparts9-d with high deuterium incorporation,
confirming the generation of pyridyltitanium compounds8 before
aqueous workup (type I in Scheme 1). An informative observation
associated with the reaction course of this process has been obtained.
Acetylenic ester10 afforded the expected pyridine11 as a single
isomer (eq 3) similarly to the above reaction, accompanied by a
small amount of sulfonylated pyridine12.9 The latter compound
may arise from aerial oxidation of dihydropyridines produced by
the hydrolysis of the intermediate titanium complexes such as6 or
7 in eq 2 before elimination of the sulfonyl group. Thus, the reaction

most likely proceeds as depicted in eq 2 and should resemble the
metalative Reppe reaction reported previously.10

Although this pyridine synthesis starting from 1-(trimethylsilyl)-
1-octyne as the first acetylene was unsuccessful, that from dialkyl-
acetylene13 proved to be viable as shown in eq 4, where the
neighboring benzyl ether in the side chain of the titanacycle14
apparently controls the direction of the incoming nitrile to give
pyridine 15 as a single regioisomer.11

The advantageous feature of the formation of titanated pyridines
8 over the conventional metal-catalyzed pyridine synthesis (eq 1)
was demonstrated by the subsequent transformations.1c,12 Thus,
treatment of8c with iodine, allyl bromide, or ethylidenemalonate
(the latter two were under Li2CuCNCl2 catalysis) furnished pyridyl
iodide16 or homologated aromatic compounds17 and18 (Figure
1).

Switching nitriles from sulfonyl derivative5 to alkanenitriles
20 as shown in eq 5 led to another kind of selective pyridine
synthesis from two different, unsymmetrical acetylenes (type II in
Scheme 1). The addition ofR-methoxyacetonitrile (20a) to titana-
cyclopentadiene19afollowed by aqueous workup produced, to our
surprise, pyridinecarbaldehyde23a as a single isomer (eq 5).8,13

Moreover, deuteriolysis of the same reaction mixture reveals that
its aldehyde hydrogen was substituted by deuterium. On the basis
of these observations, a plausible reaction course is also shown in
eq 5. The regioselective incorporation of the nitrile to the titanacycle
19produced the intermediate21, which aromatized most likely with
the concomitant formation ofη2-carbonyl-titanium complex22.14

This titanium complex was hydrolyzed (or deuterated) to give the
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Scheme 1. Formulation of New Syntheses of Metalated Pyridines
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(deuterated) aldehyde23. An intriguing utility of the metalated
portion of 22 was demonstrated by its reaction with a pro-
nucleophile. When allyl cyanide (24, 2 equiv) was used as the nitrile
(eq 6), the reaction proceeded beyond the metalated pyridine25
via the proton transfer from nitrile24, giving eventually pyridine
26 as a mixture of separable olefinic stereoisomers.

In conclusion, a combination of two acetylenes, various nitriles,
and the titanium alkoxide reagent produced titanated pyridines in
a novel way. Particularly, starting this reaction with alkynamide
or alkynoate allowed the perfectly regioselective three-component
coupling process. Further utility of these metalated heteroaromatic
compounds and the mechanistic rationale are under active inves-
tigation.
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(2) Bönnemann, H.; Brijoux, W. InTransition Metals for Organic Synthesis;
Beller, M., Bolm, C., Eds.; Wiley-VCH: Weinheim, 1998; Vol. 1, pp
114-135. Grotjahn, D. B. InComprehensiVe Organometallic Chemistry
II ; Hegedus, L. S., Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.;
Pergamon Press: Oxford, 1995; Vol. 12, pp 741-770. Chelucci, G.
Tetrahedron: Asymmetry1995, 6, 811-826. Schore, N. E. InCompre-
hensiVe Organic Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon
Press: Oxford, 1991; Vol. 5, pp 1129-1162. Bönnemann, H.Angew.
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Figure 1. Utility of pyridyltitanium reagent8c. Yields are overall from
starting acetylenes.
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