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Arynes are highly strained and kinetically unstable molecules
that have been recognized as useful reactive intermediates in

organic synthesis.[1] Owing to their low-lying LUMO, arynes
exhibit salient electrophilicity, and even neutral nucleophiles,
which are inert towards alkynes, readily add to arynes. Hence,
considerable attention has been paid to nucleophilic coupling
reactions with arynes, and these reactions have been exploited
in the construction of complex organic molecules.[2] The
coupling reactions proceed through an initially formed
zwitterion and can be divided into three categories
(Scheme 1): a) formation of a monosubstituted arene by

proton abstraction, b) insertion into a nucleophilic–electro-
philic s bond (Nu–E) by intramolecular nucleophilic substi-
tution,[3] and c) three-component coupling by trapping the
zwitterion with an electrophile. Although the three-compo-
nent coupling would be the most attractive approach from a
synthetic standpoint for generating molecular complexity and
diversity, examples are limited, probably because of the
difficulty associated with regulating the reactivity of arynes.[4]

We recently reported novel coupling reactions of arynes
with neutral nucleophiles: the synthesis of N-alkyl N’-aryl
imidazolium salts through the addition of imidazoles to
arynes (reaction type a, Scheme 1)[5a] and the insertion of
arynes into N�CO s bonds of ureas (reaction type b).[5b,6]

Herein we disclose that arynes undergo an unprecedented
three-component coupling with isocyanides and aldehydes,
thus offering a straightforward method for the synthesis of
diverse benzoannulated iminofurans.[7–9]

First, we investigated the reaction of benzyne, generated
in situ from 2-(trimethylsilyl)phenyl triflate (1a)[10] in the
presence of KF and [18]crown-6, with 1,1,3,3-tetramethylbu-
tyl isocyanide (2a) and benzaldehyde (3a) in THF at 0 8C for
7 h, and observed that the three-component coupling product
N-(3-phenyl-1(3H)-isobenzofuranylidene)-1,1,3,3-tetrame-
thylbutylamine (4a) was formed in 65% yield (Table 1,
entry 1).[11] The aromatic aldehydes 3b, which contains an
electron-donating substituent, and 3c, with an electron-with-
drawing substituent, also underwent the reaction efficiently to
give the expected products in good yields (Table 1, entries 2
and 3). Furthermore, reactions of the meta-substituted
aromatic aldehyde 3d and the sterically congested aldehydes
3e and 3 f proceeded smoothly to provide the corresponding
iminofurans 4d–4 f in good yields (Table 1, entries 4–6). The
thienyl group in 3g was compatible with the reaction
conditions (Table 1, entry 7),[12] and the aliphatic aldehydes
3h and 3 i could also be used (Table 1, entries 8 and 9).
Besides 2a, tert-butyl (2b) and 1-adamantyl isocyanide (2c)

Scheme 1. The reaction of arynes with neutral nucleophiles.
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participated in the reaction to afford the desired product in
49% and 77% yield, respectively (Table 1, entries 10 and 11).
In contrast, the reaction of sterically less congested cyclohexyl
or n-octyl isocyanide resulted in the formation of a complex
mixture of products.
As well as unsubstituted benzyne, variously substituted

arynes could be used in the reaction. When 1-(trimethylsilyl)-
2-naphthyl triflate (1b), a 1,2-naphthalyne precursor, was
treated with 2a and 3b, 4 l was formed as the sole product
(Scheme 2). Exclusive formation of 4 l was also observed in

the reaction of 2-(trimethylsilyl)-1-naphthyl triflate (1c),
which confirms the intermediacy of an aryne in the three-
component coupling. The reactions of 3-substituted arynes
(from 1d or 1e) also took place with perfect regioselectivity,
whereby the imino moiety was introduced at the sterically less
hindered position of the aryne (Scheme 3). The reaction of
the aryne derived from 1 f, with a fluoro substituent at
position 4, occurred regioselectively to afford 4o exclusively,
whereas the reaction of 4-methylbenzyne (from 1g) furnished
almost equal amounts of the regioisomeric products 4p and
4p’. The 4,5-disubstituted arynes derived from 1h and 1 i, as

well as sterically congested 3,6-dimethoxybenzyne (from 1j),
also participated in the reaction to give the corresponding
iminofurans 4q, 4r, and 4s.[13]

The reaction was also found to be applicable to an
aldehyde with two reactive sites. As depicted in Scheme 4,
terephthalaldehyde (3 j) reacted with benzyne and 2a to
afford 4 t in 38% yield and with a diastereomeric ratio (d.r.) of
50:50. The equivalent reaction of isophthalaldehyde (3k)
gave the product 4u with d.r. 65:35.
We propose the nucleophilic attack of the carbon atom of

the isocyanide group to the aryne as the initiation step of the
three-component coupling (Scheme 5).[14] The resulting zwit-
terion is then trapped by the aldehyde, and a subsequent
intramolecular cyclization affords the product.[15] The
observed perfect regioselectivities in the reactions of 1,2-
naphthalyne and 3-substituted arynes can be explained
rationally as being due to a steric effect, which favors
nucleophilic attack at the meta position of the substi-
tuent.[2a,16] Owing to the strong electron-withdrawing effect
of a fluoro substituent, developing negative charge at themeta

Table 1: Three-component coupling of benzyne, an isocyanide, and an aldehyde.

Entry Isocyanide R’’ t
[h]

Yield[a]

[%]
Product

1 2a (R’=CMe2CH2CMe3) Ph 3a 7 65 4a
2 2a 4-(MeO)C6H4 3b 7 73 4b
3 2a 4-(CF3)C6H4 3c 7 69 4c
4 2a 3-(MeO)C6H4 3d 5 65 4d
5 2a 2,4-Me2C6H3 3e 5 61 4e
6 2a 1-naphthyl 3 f 5 73 4 f
7 2a 2-thienyl 3g 7 50 4g
8 2a Et 3h 5 50 4h
9 2a tBu 3 i 7 40 4 i
10 2b (R’= tBu) 1-naphthyl 3 f 5 49 4 j
11 2c (R’=1-Ad) 4-(MeO)C6H4 3b 24 77 4k

[a] Yield of isolated product based on the isocyanide. Tf= trifluoromethanesulfonyl,
TMS= trimethylsilyl.

Scheme 2. Three-component coupling of 1,2-naphthalyne, 1,1,3,3-tetra-
methylbutyl isocyanide, and p-anisaldehyde.

Scheme 3. Three-component coupling with variously substituted
arynes.
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position would be stabilized to a greater extent than at the
para position in the transition state for the addition of an
isocyanide to 4-fluorobenzyne, thus resulting in the regiose-
lective formation of 4o.[17] In contrast, steric and electronic
effects around the triple bond would be negligible in the
reaction of 4-methylbenzyne, and the isocyanide therefore
adds to both ends of the triple bond equally.
In conclusion, we have demonstrated that a variety of

arynes, despite their transient nature, can be utilized in a
selective three-component coupling reaction with a suitable
combination of nucleophile and electrophile. Based upon the
present three-component coupling with isocyanides and
aldehydes, diverse benzoannulated iminofurans, which are
difficult to obtain by conventional methods, can be prepared
readily. Further studies on the multicomponent coupling of
arynes in the presence of a different combination of reagents
are in progress.

Experimental Section
4a : Compound 1a (0.090 g, 0.30 mmol) was added to a solution in
THF (1.0 mL) of KF (0.035 g, 0.60 mmol), [18]crown-6 (0.16 g,
0.60 mmol), 2a (0.021 g, 0.15 mmol), and 3a (0.032 g, 0.30 mmol),
and the resulting mixture was stirred at 0 8C for 7 h. The reaction
mixture was then diluted with ethyl acetate, filtered through a plug of
celite, and concentrated. Column chromatography on alumina
(eluent: 25% ethyl acetate/hexane) followed by gel-permeation
chromatography (eluent: benzene) gave 4a as a white powder
(0.031 g, 65%). 1H NMR (400 MHz, CDCl3): d= 1.03 (s, 9H), 1.47
(s, 6H), 1.77 (s, 2H), 6.37 (s, 1H), 7.13–7.17 (m, 1H), 7.27–7.41 (m,
7H), 7.78–7.82 ppm (m, 1H); 13C NMR (100 MHz, [D8]THF): d=
30.9, 32.4, 32.7, 56.2, 57.9, 85.6, 122.9, 124.2, 127.4, 129.2, 129.5, 129.7,
131.8, 133.0, 140.7, 147.1, 152.5 ppm; HRMS calcd for C22H27NO
(M+): 321.2093; found: m/z 321.2100.
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