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A mild and general cycloaddition of arynes with iodonium ylides protocol has been developed for the synthesis of benzofurans. In the presence
of CsF, ortho-silyl aryltriflates were reacted with iodonium ylides smoothly at room temperature in moderate to good yields.

Benzofuran moieties are widely presented in many naturally are usually presenteethe requirement of harsh conditions

occurring and biologically active compounds, which display
various pharmacological activitiés:or this reason, consider-

and the cost of the catalytic systém.
Caubere and co-workers have reported a new rout to the

able efforts have been devoted to develop efficient methodspreparation of benzofurans by the reactions of dihalo-

for their preparatiod* The majority of methods for

genobenzenes with cyclic ketones involving a benzyne

selectively constructing benzofurans include the transition process, but harsh conditions including stronger bases

metal-catalyzed transformatiofiglthough these transforma-
tions are efficient and general, two significant drawbacks

(NaNH, combined witht-BuONa) were still required together
with low yields2 Recently, much attention has been attracted
to apply ortho-silyl aryltriflates as the benzyne precursors
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in organic synthesis becausetho-silyl aryltriflates could

be readily converted into benzynes in situ under mild reaction
conditions®>~7 This prompted us to study the feasibility of
synthesizing benzofuran skeletons usortho-silyl aryltri-
flates under mild conditionsAfter a series of trials, we were

delighted to find that benzofurans could be prepared smoothly

by treatment obrtho-silyl aryltriflates with iodonium ylides
under mild condition§Herein, we wish to report our primary
results of the cycloadditions between arynes and iodonium
ylides to synthesize benzofurans (eq 1).
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Initially, the reaction of 2-(trimethylsilyl)phenyl-trifluo-
romethanesulfonate (1a) with methyl 2-phenyliodonio-3-

(3) For papers on the synthesis of benzofurans from the reactions of
benzynes (from dihalogenobenzenes) with cyclic ketone enolates in the
presence of NaNpandt-BuONa, see: (a) Caubere, P.; Lalloz,d..0rg.
Chem.1975,40, 2853. (b) Caubere, P.; Lalloz, L. Org. Chem1975,40,
2859. (c) Bachelet, J.-P.; Caubere,.0Org. Chem.1982,47, 234. (d)
Inukay, Y.; Sonoda, T.; Kabayashi, Bull. Chem. Soc. Jpril979,52,
2657.

oxobutanoate (2a) was chosen as a model to screen the
optimal reaction conditions (Table 1). To our delight,

Table 1. Screening Optimal ConditioAs

° OMe
ms @ 0
N S
OTf IPh O
1a 2a 3
entry base t (°C) time (h) isolated yield (%)
1 CsF rt 2.5 90
2b CsF rt 36 <5
3¢ TBAF rt 24 0
4d KF-2H:0 rt 2.5 65
5 CsF 0 2.5 trace
6 CsF 50 3.5 85
7e CsF rt 4.5 88

aReaction conditions1a(0.12 mmol),2a (0.1 mmol), and base (3 equiv)
in MeCN (3 mL) under argon atmosphePelHF (3 mL) instead of MeCN.
¢ Messy results were observed, and no target product was determined by
GC-MS analysis? 18-Crown-6 (3 equiv) was addegila (1.2 mmol) and
2a (1 mmol).
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treatment ofortho-silyl aryltriflate 1a with iodonium ylide

2a and CsF in MeCN at room temperature afforded the
corresponding benzofurar8)(in a 90% vyield (entry 1).
However, a trace amount of the target prod&ctwas
observed using THF as the medium (entry 2). Two other
fluoride-containing bases, TBAF and KF, were subsequently
tested, and the results showed that they both were less
effective than CsF (entries 3 and 4). It was found that no
target producB was observed using TBAF (entry 3), and
the yield of 3 was reduced to 65% in the presence of KF
even with the aid of 18-crown-6 (entry 4). Finally, the
reaction temperatures were examined, and it turned out that
room temperature gave the best yield (entries 1, 5, and 6). It
is noteworthy that high yield is still isolated after 4.5 h when
1.2 mmol oflawas reacted with 1 mmol &faand 3 mmol

of CsF in MeCN at room temperature (entry 7).

With the standard reaction conditions in hand, a variety
of arynes and iodonium ylides were surveyed to investigate
scope of the cycloaddition reaction (Table®2).The results
demonstrated that the yield and selectivity were affected by
the structures of the two reaction partners to some extent.

(9) The structure of the isomers of the produdis10, and17 was
determined according to-HH COSY spectroscopy ¢f, and the authorita-
tive 5-H and/or 8-H shift data of benzofurans in ref 20. The structure of
the isomers of20 was assigned according to the authoritatt#e NMR
data, see: (a) Sidduri, A.; Rozema, M. J.; Knochel].FOrg. Chem1993,
58, 2694. (b) Chatterjea, J. N. Indian Chem. Sod 957,34, 347.

(10) Typical experimental procedure for the cycloaddition reactions of
ortho-silyl aryltriflates (1) and iodonium ylides2). A mixture of ortho-
silyl aryltriflate 1 (0.12 mmol), iodonium ylide2 (0.1 mmol), and CsF (3
equiv) in MeCN (3 mL) was stirred at room temperature for the indicated
time until complete consumption of starting material as monitored by TLC
and GC analysis. Then, the mixture was washed with brine and extracted
with diethyl ether. The combined organic layers were dried over anhydrous
NaSQO, and evaporated under reduced pressure. The residue was then
purified by flash column chromatography to afford the pure product (hexane/
ethyl acetate).
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Table 2. Cycloadditions of 2-Trimethylsilyltriflates (1) with lodonium Ylides (2) in the Presence offCsF

TMS 5 R?
R CsF
]
C[oﬁ *R J\VI/ MeCN 1t ®R1
AZ 0
@E””S U “ @
OTf OTf

entry 1  iodonium ylide time product (%)’ entry 1  iodonium ylide time product (%)’
(h) (h)
o o O O
M, oded™
IPh
1 1b IPh (2a) 6 11 1a (2h) 2.5 14
81(1:1.3) (4) 55 (14)
Q 0 0
(yhon
ase w g
2 Ic (2a) 4 o 75(5) 12 (2.')Ph 4
i
78 (15
22 Q OMe %)
t
Bu A\ o o
(o] la @jt
3 1d 2a Bu 91 (6 IPh (2
581 o
OEt
IPh 2b b
4 1la (2b) 4 o 71 (7)
o o o 14 1b 2j) 15
0{ 70(1.1.2)(17)
OCH(CH3),
IPh
5 1a (2¢) 4 o 85(8) Q
¢ 3 =
43 (18)

MOB“ § 15 1c 2j 3
6 1la 8 @ s 0 84 (9)
?\; ?\; o 16 1d 2j) 4 \(ﬁ
Bu 45 (19)
7 1b (2d)

68(1 1.4) (10) o o

O\—0ome MPh
OMe IPh :—
IPh \ Et 17 la (Zk) 15
5.5 o 86 (11)

%:

8 1a (2e) 53(1.1)(20)
29 Q OMe (0] O,
\HS‘/U\ Me (Iif—< itilph @D
IPh A\

9 1la (1) 4 ° 80 (12) 18 1a o () 20 Jd s

o
0 CN
R o
10 1a P o O S O 19 1a ph)lj(CN 20 ©f\$—Ph
(2g) I 32 (13) IPh (2m) o 29 (22)

aReaction conditionsi (0.12 mmol),2 (0.1 mmol), and CsF (3 equiv) at room temperature in MeCN (3 mL) under argon atmosplselated yield.
The ratio was given in the parenthesis.
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As listed in Table 2, the reactions between the other three

ortho-silyl aryltriflates, 1b—d, and ylide2a, respectively,

Scheme 1. Working Mechanism

were also conducted smoothly under the standard conditions

(entries 13). 4-Methyl-2-(trimethylsilyl)phenyltrifluo-
romethanesulfonate (1b) treated with yliga, for example,
afforded two regioselective products, methyl 2,6-dimethyl-
benzofuran-3-carboxylate and methyl 2,5-dimethylbenzofu-
ran-3-carboxylate, in a 1:1.3 ratio and an 81% total yield
(entry 1)? Substrateld, a bulkyortho-silyl aryltriflate, also
successfully underwent the cycloaddition reaction with ylide
2a providing high yield (entry 3). Subsequently, a number
of 2-phenyliodonio-3-oxobutanoated)—i, were evaluated,

and they all were found to be suitable substrates for the

reaction with ortho-silyl aryltriflates under the standard
conditions (entries 412). Substrate2c bearing a bulky
isopropoxy group, for instance, was treated vdttho-silyl
aryltriflate 1a and CsF smoothly at room temperature in an
85% vyield (entry 5). Substratgg or 2h containing a halo

group was also tolerated well under the same conditions

(entries 10 and 11). We were happy to observe that
3-phenyliodonio-2,4-diones?j—k, could also react with
ortho-silyl aryltriflates efficiently in moderate yields (entries
13—-18). 3-phenyliodonio-pentane-2,4-dione (2h), for ex-
ample, was treated with yliddsa—d, respectively, to afford
the corresponding produci®—19in 43—70% yields (entries
13—16)? Although the yield was low in the reaction of
substratela with ylide 2j, an interesting tricycles product
21 was constructed (entry 18). Interestingly, the reaction of
lawith 2-phenyliodonio-3-oxo-3-phenylpropanenitrilzkj

was conducted smoothly in a 29% yield under the standard

conditions (entry 19).
A working mechanism as outlined in Scheme 1 was

proposed for the present reaction on the basis of the

previously reported mechanisim® ortho-Silyl aryltriflate 1
can be readily conversed into benzyBién situ with the aid

of CsF#~7 Subsequently, nucleophilic addition of intermedi-
ate A with benzyneB to yield intermediateC, followed by
intramolecular cycloaddition of intermediaté to afford
intermediateD? or intermediateE.® Finally, intermediatéD

or intermediatée undergoes reductive elimination to generate
the desired benzofurans and Phl.

A pathway was also provided to elucidate the reason of
the observed high regioselectivities of the products using
ortho-silyl aryltriflates2c and2d. Generally, an aniof is
generated from the cleavage of the 8i bond, and a cation
G from the cleavage of the-€0 bond, which results in the
high regioselectivity in the reactions of ylides wiftt or
2d. Compared the selectivity using substr2lte the proper-
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ties of2cand2d, such as the steric effect and electron effect,
are affected the regioselectivity to some extent. Study of the
accurate mechanism is in progress.

In summary, we have developed a mild and general
cycloaddition of benzynes with iodonium ylides protocol for
the synthesis of benzofurans. In the presence of GdRo-
silyl aryltriflates successfully underwent the cycloaddition
reaction with iodonium ylides at room temperature to afford
the corresponding benzofurans in moderate to good yields.
Work to probe the detailed mechanism and apply the reaction
in organic synthesis is currently underway.
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