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Abstract

The reaction of Fischer carbene complexes with conjugated dienylacetylene derivatives followed by
treatment with iodine leads to benzofuran derivatives in good-to-excellent yields. Equivalent products can
be obtained from coupling of conjugated enediynes with Fischer carbene complexes in the presence of
hydrogen atom donors. © 2000 Published by Elsevier Science Ltd.

In several recent publications, annulation processes employing the coupling of Fischer carbene
complexes with highly conjugated acetylene derivatives have been demonstrated. Specific classes
of conjugated acetylenes include arylvinylacetylenes,1 cyclopropylvinylacetylenes,1 enediynes,2

enyne aldehydes,3 and o-alkynylbenzoyl derivatives.4 The coupling of Fischer carbene complex
1 (Scheme 1) with arylvinylacetylenes (e.g. 2A) results in benzannulation, ultimately affording
naphthofuran derivatives 5A or 6A, depending upon the reaction conditions. This process is
mechanistically related to the Dötz benzannulation reaction5 in that a chromium carbene-gener-
ated arylvinylketene complex (e.g. 3A) cyclizes to a phenol derivative (4A), which ultimately
converts to the observed products 5A or 6A, depending upon the workup procedure.

Scheme 1. Compounds 2–6: (A) Dashed atoms included (phenyl series). (B) Dashed atoms omitted (vinyl series)
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In this manuscript the focus is on coupling of Fischer carbene complexes with dienylacetylenes
(e.g. 2B), which should in theory provide simple benzofuran derivatives (6B). The benzofuran
ring system is a very important pharmacophore and is present in numerous biologically-active
natural and synthetic compounds.6 Most syntheses of benzofurans emphasize annulation of a
furan ring onto a preexisting benzene ring,7 however, the synthetic approach in Scheme 1
involves a simultaneous single-pot construction of both the furan and benzene rings which
occurs in conjunction with the formation of three carbon�carbon bonds and one carbon�oxygen
bond.

Dienylacetylenes 10A–E (substituent letters for 10, 12 correlate with Table 1 Entry letters)
were prepared according to the synthetic routes in Scheme 2 using readily-available bromo-
aldehyde derivative 7.9 Two general routes were employed, involving either direct palladium-
catalyzed coupling of 7 with an alkyne, followed by Wittig reaction on enyne-aldehyde 11 or
two-step conversion of 7 to bromoenyne 9, followed by Suzuki coupling. The conversion of 8 to
9 was surprisingly efficient (91% yield) even in the presence of the extra bromine atom.

Table 1
Synthesis of benzofurans (12) via the coupling of dienylacetylenes (10) with carbene complex 1

Entry R1 R2 Cis/trans Yield 12 (%)

A BuH Trans 71
B8 HBu – 84

61TransCOOMeC Bu
D PhBu Trans 81

PhBuE 63 (12E=12D)Cis

Scheme 2. (i) CBr4/PPh3/Zn (83%). (ii) n-BuLi −78°C, then TBSCl (91%). (iii) (HO)2B�CH�CHBu/2% (PPh3)2PdCl2,
then Bu4NF (95%). (iv) BuCCH or TMSCCH, 1–5% PdCl2, PPh3/CuI/EtN(i-Pr)2/DMF. (v) For 10B: Ph3P�CH2

(55%). (vi) For 10C: Ph3P�CHCOOMe (81%). (vii) For 10D,E: Ph3P�CHPh (85%), then Bu4NF, then separate
stereoisomers; 10D–53%, 10E–34%
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The reaction of dienynes 10A–E with Fischer carbene complex 1 afforded benzofuran
derivatives (12A–E) in good-to-excellent yields (Table 1) in a very clean reaction. The highest
yields of product were observed after treatment of the crude reaction mixtures with iodine. The
proton NMR spectrum of the crude product prior to iodine treatment showed a complex
reaction mixture consistent with the presence of arene–chromium complexes. Apparently the
complex reaction mixture was converted to a single uncomplexed benzofuran derivative upon
treatment with iodine.

The examples in Table 1 vary in the substitution pattern on the alkyne and the terminating
alkene. The reaction process is tolerant of a variety of substitution patterns within the
terminating alkene. Simple (Entries A and B), as well as further-conjugated systems (Entries
C–E) are tolerated by the reaction. As noted in Entries D and E, the trans isomer provides a
higher yield of benzofuran than the cis isomer. A possible problem with the cis isomer is failure
to obtain the desired conformation (s-cis) for the electrocyclic ring closure.

In an earlier publication, an alternate but low-yielding synthesis of compound 12A using
enediyne 13 and carbene complex 1 was described (Scheme 3).2 This product arises through
Moore cyclization of intermediate vinylketene complex 14,10 followed by reduction of the
resulting diradical 15 by hydrogen abstraction from dioxane, eventually affording 12A. The
major product of this reaction was however the unsaturated analog 18, which arises through a
series of intramolecular hydrogen atom transfers.11 In order to compare the merits of the two
methods for the synthesis of 12A, the coupling of carbene complex 1 with enediyne 13 was
attempted in the presence of the more efficient hydrogen atom donors 1,3-cyclohexadiene or
terpinene.12 Under the optimal conditions using 0.2 M cyclohexadiene in dioxane, compound
12A was obtained in 67% yield accompanied by only trace amounts of unsaturated compound
18; preparation of 12A from 10A (Scheme 3 inset and Table 1, Entry 1) proceeded in
comparable (71%) yield. The less expensive hydrogen atom donor terpinene was also tested,
however this compound was very difficult to separate from the product.

Scheme 3.
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In summary, synthesis of benzofurans through the coupling of conjugated dienynes with
Fischer carbene complexes has been demonstrated for a variety of dienynes. In all cases
examined, formation of the benzofuran was the exclusive reaction pathway. The reaction
process is synthetically equivalent to the coupling of Fischer carbene complexes with enediynes
in the presence of hydrogen atom donors, which proceeds through diradical intermediates.
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