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Cyclotrimerization of acetylenes as illustrated in the upper
equation of Scheme 1, which was first developed by Reppe et al.
in 19481 has recently attracted much attention as a method for
the preparation of aromatic compourfddowever, in practice,
when this method is to be applied to the preparation of substituted
aromatic compounds from three different, unsymmetrical acetyl-
enes, 38 homo- and cross-coupling products possibly may be
produced. Thus, the assembly of such acetylenes to strictly one
single aromatic compound is a formidable challefge.

Considering the importance of organometallic compounds in
organic synthesis together with the aforementioned Reppe-type
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Scheme 1.Conventional and New Styles of the Reppe
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reactions, we show herein a new and perfect style of acetylene@ffords arylmetal compounds, it should be called the metalative
cyclotrimerization. Thushree different, unsymmetrical acetylenes Reppe reaction as shown in the lower equation of Scheme 1.
and one molecule of a certain metallic species, which is a titanium ~ Experimental operation of the metalative Reppe reaction, which
in the present case, are combined together in a highly controlled can be carried out in one pot, is very simple as illustrated in
manner to gie directly aromatic organometallic compounds as Scheme 2 and entries-B of Table 1? Dialkoxytitanacyclopen-

a single isomerAs this new cyclotrimerization of acetylenes tadiene4® was first prepared from two different, unsymmetrical
acetylenesl and 2 (as the first and second acetylenes) and a

divalent titanium alkoxide reagenty¥propene)Ti(O-Pr), (3),

at —50 °C. Ethynyl tolyl sulfone )" was then added as the
third acetylene and the reaction temperature was raised to room
temperature to give a single aryltitanium compouéd the
presence of which was confirmed by the subsequent reactions
with electrophiles to give single adduc®-9. Thus, simple
hydrolysis afforded the aromatic produtithe structure of which

was unambiguously assigned by standard analyses and comparison
with an authentic sample prepared independently by a different
route. More importantly, deuteriolysis gave the single deuterated
aromatic compound-d. Moreover, the treatment of the arylti-
tanium compound with iodine or an aldehyde furnished an
aromatic iodide8 or a homologated aromatic compour®d
demonstrating the advantageous feature of the metalative Reppe
reaction over the conventional version. It should be emphasized
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Table 1. Preparation of Various Aromatic Compounds by the
Metalative Reppe Reaction

Acetylenes Aryltitanium compound Isolated

Entry  1st 2nd 3rd generated in situ® Electrophile Product yield (%)
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a2 Based on the results of deuteriolysis in the right column. For entries
8 and 9, the structures are tentatively shown. X refers eP@-Cl,
and/or SQ@Tol. ® Lower incorporation of deuterium as compared to other
entries should be attributable to the use of a larger amount of the
sulfonylacetylene, as its acidic acetylenic proton may protonate the
aryltitanium compound during the reacticrOnly protonation is shown,
becauséH NMR analysis hardly determined the position and/or the
degree of the deuteration.

Path a or b in Scheme 3 most likely accounts for the
incorporation of the third acetylefeThus, in path a, the [42]
cycloaddition of the titanacyclopentadiedeand the sulfonyl-
acetylenes took place to furnish the bicyclic titanacycl®, at
least in an equilibrium concentration. The regioselection as well
as the high regioselectivity of this cycloaddition is the key to the
later formation of the aryttitanium bond of6 at the defined
position. Then, the carbertitanium bond of the titanacycl&0
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Scheme 3.Proposed Reaction Course for the Final Step of
the Metalative Reppe Reaction
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rearranges to a suitable position such IJdswhere the 1,2-
elimination of the sulfonyl group is feasible. Finally, the sulfonyl
group was eliminated to shift the equilibrium to the formation of
the aryltitanium compound. Alternatively, path b involves
regioselective insertion of the third acetyleéh®o the titanacycle

4 followed by the elimination of the sulfonyl group at the?sp
carbon with inversion of configuration to give However, in

any event, as we could not so far identify any of the important
intermediates in Scheme 3, a conclusion on the exact reaction
path should await further study.

The above preparation of aromatic compounds appears reason-
ably general in that the alkyl and ester groups in the first acetylene,
the alkyl group in the second acetylene, and the electrophiles are
arbitrarily selected depending upon the synthetic purpose. Another
example to substantiate this point is shown in entry 4 in Table 1.
Needless to say, two of the three acetylenes may be of the same
kind as the reactions which are listed in entries’/5Even though
two molecules of the sulfonyl acetylene were employed as the
second and third acetylenes in entries 5 and 6, they behaved as
quite different acetylenes, because one molecule was incorporated
as such to form a sulfonyl substituent, while the other molecule
was transformed to the titanated=C unit in a regioselective
manner. The issue, namely, which sulfonyl group of the two in
the intermediate (such 49in Scheme 3) is preferably eliminated
in entry 6, may be highly dependent on the structure of titanacycle,
but the single aromatic product was obtained in this case. The
metalative Reppe reaction could also be applied to the generation
of various bicyclic aromatic titanium compounds from tethered
diynes as shown in entries-80. In general, it should also be
noted that functional groups such as an ester, amide, sulfonyl, or
alkoxide groups in the starting acetylenes survive the reaction
conditions to permit the preparation of functionalized aryltitanium
compounds. In summary, we have reported herein the first
metalative Reppe reaction, which realized the direct preparation
of aryltitanium compound8 from three acetylenes in a highly
organized manner.

Acknowledgment. We are grateful to the Japan Society for the
Promotion of Science for financial support. D.S. thanks the same
organization for a Research Fellowship of the Japan Society for the
Promotion of Science for Young Scientists.

Supporting Information Available: Experimental procedures and
physical properties of products (PDF). This material is available free of
charge via the Internet at http://pubs.acs.org.

JA0161913

(9) The mechanism of metal-catalyzed cyclotrimerization of acetylenes has
been explained in terms of §£] cycloaddition or insertion of the third
acetylene to the metallacyclopentadiene, followed by the reductive elimination

(10) For synthetic application of organotitanium compounds, see: Reetz,
M. T. Organotitanium Reagents in Organic SynthgSisringer-Verlag: Berlin,
1986. Ferreri, C.; Palumbo, G.; Caputo, R. @omprehensie Organic

of the metal (refs 2, 3c, 3f, 3I). However, the present case apparently consistsSynthesisTrost, B. M., Fleming, |., Eds.; Pergamon Press: Oxford, 1991;

of the elimination of the sulfonyl group rather than the reductive elimination
of the metal at the final step.

Vol. 1, pp 139-172. Reetz, M. T. IrDrganometallics in SynthesiSchlosser,
M., Ed.; Wiley: Chichester, 1994; pp 19282.



