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The classic route to aromatic compounds with specific substitu-
tion patterns is the aromatic substitution which introduces or
exchanges substituents at an already existing dréndifferent
mechanism but the same synthetic principle is applied in the
different transition-metal-catalyzed (cross-) coupling reactions
or ortho-metalation and subsequent functionalization reactions.

Other approaches assemble the arene, e.g. use cycloaddition

reactions such as the Dieldlder reaction followed by a

subsequent oxidation of the unsaturated six-membered ring to an

arene! Some major achievements in this field of cycloadditions
or cycloisomerizations of the past years stem from transition metal
catalysis® For arene synthesis Vollhardt's{2+2] cycloadditior§
and variations therebfas well as the Diz reactiof are among
the most prominent.

We now want to report our results concerning the synthesis of
highly substituted arenes, more specifical phenols, by gold
catalysis. Gold-catalyzetbmogeneous organic reactioae quite

rare: the only examples that reached some importance are the

Ito-Hayashi aldol reactichand the addition of O- or N-
nucleophiles to unsaturated compounds first described by Utim-
oto'® and later improved by Teléd.Recently we reported new
C—0- and C-C-bond formations catalyzed by gold; further
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Figure 1. ORTEP plot of the solid-state structure 4.

Since both allenyl and propargyl ketones are known to
isomerize to furans with the gold cataly3tye assumed that first
3 is formed from1 and2 and then3 is transformed tet by the
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Further experiments prove that assumption. Auckcetoni-

investigation of these reactions led to the completely new results trile cleanly transformed3 to 4. The structure of4g was

described her&

When we subjected a mixtufeof the allenyl keton® and the
propargyl ketond in acetonitrile to AuCJ, besides the expected
furan 3, a second product, the hydroxyareheould be isolated.
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unequivocally proven by X-ray crystal structure analy$eéghe
reactions proceeded at room temperature, neither air nor water
needed to be excluded: even when 2.7 equiv of water was added,
no addition of water to the alkyne was observed, oflywas
formed. No paramagnetic species were formed and no gold
precipitates; the reactions could nicely be monitoredHbNMR.

The spectra show that during the reaction no detectable concentra-
tions of any intermediates build up.
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a) 6 mol% of AuCls

Analysis of the spectra shows that the catalyst suffers deactiva-
tion. In the reaction oflL and 2 with AuCl; the deactivation of
the catalyst seems to be even faster, therefore the further
conversion of3 to 4 is not complete when starting from these
substrates. On the other hand, only a small amount (2 mol %) of
catalyst is necessary for a complete reaction, which strongly
suggests that if the deactivation can be prevented by modification
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of the catalyst (at the moment a simple gold salt) an even smalleror external water may serve as nucleophiles, and possible

amount of catalyst might be sufficient.

Due to their good accessibility, the use of furésstead of
ketonesl and 2 is synthetically appealing. Even if the furan
possesses only one substituent a$,ithe catalysis works but
two productsp and7, were formed6 corresponds td, while 7
is an isomer without 1,2-transposition of the oxygen (vide infra).
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With a disubstituted alkyne lik8 instead of a terminal one,
no reaction was observéd.With tetrahydrothiophenegold(l)
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chloride or a mixture of triethylphosphanegold(l) chloride and
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silver tetrafluoroborate the reaction also proceeded but was much

slower. No reaction was observed with Agh®Ig(CIlOy),, Pd-
dba:-CHCI;, Pd(PPh)4, Rh(PPR)3Cl, Znly, AICI3, FeCk, InCls,
andp-TsOH (all in MeCN), heating up to 17TC in mesitylene

for several hours, and at 8 kbar in MeCN for 4 h. TfOH caused
an unspecific decomposition, with {ILCyL,RU=CHPh at room
temperature no reaction occurred, and at@@ complex mixture

of products was formed. Only with Pd{VeCN), were traces

of 4 visible after several days at room temperature. The latter
observation is in accordance with our earlier results on the
synthesis of substrates of tyBdoy Pd'-catalyzed isomerizations

of allenyl ketones without further conversion #!® First
experiments witt8h show that an anellation of a six-membered
ring with the benzene is also possible, but again ring closure

intermediates aré3 and 14. They finally lead to the produet.
Such an isomerization of oxanorbornadienes to phenols usually
requires very strong acid8lf the opening of the oxygen bridge
would occur in the other direction, the nucleophile could not attack
at the position where the OH group is attached in the product.
The local symmetry of the intermediaté8 or 14 for R = H
would explain the formation of a mixture @& and7 from 5.

This proposal cannot explain the highly regioselective formation
of 4 (no 9 or other isomers were observed), which could be
evidence for a completely different mechanism. The necessity of
a terminal alkyne might be evidence for an acetylide or even
vinylidene complex as intermediate, then the hydroxyl group
would end up at the position where the metal is attached in the
intermediates.
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Finally it must be mentioned that with related starting materials,
namelyl15, under strongly basic conditions at 85 via an allenic
intermediate a Kanematsu furan ring transfer reaélitm16 can
be achieved. In these reactions the oxygen atom always remains

competes with catalyst deactivation and thus the 3-fold amount attached to the same carbon atom.

of catalyst (6 mol %) was needed for a complete conversion to
4h,

For the mechanism of the reaction, we can only offer a simple
proposal that falls back on steps known from classical organic

E\>_<R KOBu A
:_/ 15 l'BUOH, 85°C HO 16

chemistry. One could assume that the gold coordinates and thus

increases the electrophilicity of the triple bond. This would be
quite similar to the activiation of €C multiple bonds for
nucleophilic addition mentioned abot&:! Now an intramolecular
Diels—Alder reaction could providelO. Usually furans are
notorious unreactive diene partners in Diefdder reactions that
even in intramolecular casésreact only if the dienophile is
activated by at least one electron withdrawing group or high
pressure is applied for strain-activated olefifis.

So our reaction not only represents a new access to arenes from
easily available furans but also nicely complements the synthetic
potential of substrates such4dn addition, the phenolic hydroxyl
group opens several possibilities for a further fuctionalization of
the substrate and it should easily be possible to incorporate
stereogenic centers from compounds of the chiral pool.
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