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Abstract The oxidative cyclization of B-substituted B,y-unsaturated
carboxylic acids using a hypervalent iodine reagent to provide 4-substi-
tuted furan-2-one products, is reported. In this cyclization, the use of a
highly electrophilic PhI(OTf),, which is in situ prepared from PhI(OAc),
and Me;SiOTf, is crucial. Depending on the substitution pattern at the
o-position of the substrates, furan-2(5H)-ones or furan-2(3H)-ones are
produced. Thus, the present method offers a useful tool for accessing
various types of 4-substituted furan-2-ones that are important struc-
tural motifs in the field of organic chemistry and medicinal chemistry.
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Furan-2(5H)-one derivatives are an important class of
compounds that are frequently found in natural products
and biologically active molecules.! Therefore, the develop-
ment of simple and efficient methods for the synthesis of
furan-2(5H)-one derivatives from readily available starting
materials is an important research topic in the field of or-
ganic chemistry as well as medicinal chemistry.? An intra-
molecular cyclization is a fundamental transformation for
the construction of furan-2(5H)-one scaffolds, and, indeed,
several useful methods have been developed to date.> How-
ever, although the oxidative 5-endo cyclization of 3,y-unsat-
urated carboxylic acids is one of the most straightforward
methods for preparing the furan-2(5H)-one motif, only a
limited number of examples of the use of this approach
have been reported.* Wirth et al. recently reported that a
hypervalent iodine reagent was effective for this type of ox-
idative cyclization with the rearrangement of 4-arylbut-3-
enoic acids, affording 4-arylfuran-2(5H)-ones, albeit the
substrate scope was limited.> Meanwhile, our group report-
ed on the decarboxylative functionalization of B-substitut-
ed B,y-unsaturated carboxylic acids 1 via the use of hyper-
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valent iodine reagents (Scheme 1). During the course of
the study, we observed that oxidative cyclization proceeded
smoothly when Me;SiOTf was added to the reaction mix-
ture, providing 4-substituted furan-2(5H)-ones 2, which are
particularly important structural motifs in medicinal
chemistry (Scheme 1). This preliminary result prompted us
to further investigate this oxidative cyclization to expand
the synthetic utility of the method. We herein report the
oxidative cyclization of B-substituted B,y-unsaturated car-
boxylic acids using a hypervalent iodine reagent, enabling
easy access to a variety of 4-substituted furan-2-ones.
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Scheme 1 Okxidative functionalization of 3,y-unsaturated carboxylic
acids using hypervalent iodine reagents

Our initial experiments intended to optimize the reac-
tion conditions for the oxidative cyclization were per-
formed with 3-phenylbut-3-enoic acid (1a) as a model sub-
strate. When the reactions were carried out using PhI(OAc),
and PhI(OCOCF;), as oxidants in dichloromethane at room
temperature, no cyclized product was formed (Table 1, en-
tries 1 and 2). Meanwhile, the highly electrophilic Koser’s
reagent, PhI(OH)(OTs), was found to provide the furan-
2(5H)-one 2a in a moderate yield (entry 3). Encouraged by
this result, we next examined the activation of hypervalent
iodine reagents with Me;SiOTf, to generate the highly elec-
trophilic PhI(OTf),.” A brief screening of hypervalent iodine
reagents revealed that the use of PhI(OAc), with two equiv-
alents of Me;SiOTf provided 2a in the highest yield (88% iso-
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lated yield) (entries 4-6). Decreasing the amount of
Me;SiOTf to one equivalent reduced the yield of 2a slightly,
and further decrease of the reagent resulted in an even low-
er yield (entries 7 and 8). In addition, the oxidative cycliza-
tion also proceeded by the use of TfOH instead of Me;SiOTf,
but yields were somewhat lower than those obtained with
Me,SiOTf (entries 9 and 10).8 It should be noted that no cy-
clized products were formed when iodine oxidants that
function as an iodonium source, such as bis(pyridine)iodo-
nium tetrafluoroborate (IPy,BF,) and N-iodosuccinimide
(NIS), were used (entries 11 and 12). Solvent screening in-
dicated that a halogenated solvent was effective for the re-
action (entry 13). The use of MeCN resulted in low yield,
and reactions conducted in toluene and THF did not pro-
vide 2a at all (entries 14-16).

Table 1 Optimization of Reaction Conditions?

COH
Phj‘l\/ z

oxidant (1 equiv)
additive (2 equiv)

CHxClp, rt.,1.5h

(o]
A=

Ph
1a (0.3 mmol) 2a

Entry Oxidant Additive Solvent Yield (%)°
1 PhI(OAc), none CH,Cl, 0
2 PhI(OCOCFS), none CH,Cl, 0
3 PhI(OH)(QOTs) none CH,Cl, 42

4 PhI(OAc), Me,SiOTf CH,Cl, 92 (88)°
5 PhI(OCOCF;), Me,SiOTF CH,Cl, 62
6 PhIO Me,SiOTf CH,Cl, 51
7d PhI(OAC), Me;SiOTf CH,Cl, 87
ge PhI(OAC), Me,SiOTf CH,Cl, 65
9 PhI(OAC), TfOH CH,Cl, 76
10f PhI(OAc), TfOH CH,Cl, 72
11 IPy,BF,4 none CH,Cl, 0
12 NIS none CH,Cl, 0
139 PhI(OAC), Me,SiOTf CICH,CH,CI 88
149 PhI(OAc), Me,SiOTf MeCN 40
159 PhI(OAc), Me;SiOTf toluene 0
169 PhI(OAC), Me,SiOTf THF 0

2 Standard reaction conditions: 1a (0.3 mmol), oxidant (0.3 mmol), addi-
tive (0.6 mmol), CH,Cl, (3 mL), r.t., 1.5 h.

b Determined by 'H NMR analysis of the crude product using 1,1,2,2-tetra-
chloroethane as an internal standard.

¢lsolated yield in parentheses.

4 Me;SiOTf (1 equiv) was used.

€ Me;SiOTf (0.5 equiv) was used.

fTfOH (1 equiv) was used.

9 Reaction was run for 1 h.

With the optimized reaction conditions identified (Ta-
ble 1, entry 4), the substrate scope for the oxidative cycliza-
tion was investigated next (Scheme 2). Various types of -
substituted B,y-unsaturated carboxylic acids were found to
be applicable and were efficiently converted into the corre-
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sponding 4-substituted furan-2(5H)-ones. Halogen substit-
uents, such as fluoro 2b, chloro 2¢, and bromo 2d groups,
on the aromatic ring at the B-position were well tolerated
and had only a minor effect on product yield. Because sub-
strates bearing a highly electron-withdrawing trifluoro-
methyl group were less reactive, these reactions were con-
ducted at 80 °C in 1,2-dichloroethane, furnishing furanone
products 2e and 2f in high yields. On the other hand, under
standard reaction conditions, carboxylic acids containing
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Scheme 2 Scope of B,y-unsaturated carboxylic acids. Unless otherwise
noted, the following reaction conditions were employed: 1 (0.3 mmol),
PhI(OAc), (0.3 mmol), Me;SiOTf (0.6 mmol), CH,Cl, (3 mL), r.t. Reac-
tion time is shown in parentheses. Yields are isolated yields. # The reac-
tion was conducted at 80 °C in CICH,CH,Cl. > 2,6-Di-tert-butylpyridine
(DTBP) (2 equiv) was added. ¢ Phl(OAc), (1.5 equiv), Me;SiOTf (3 equiv),
and DTBP (3 equiv) were used. 4 The reaction was conducted at 60 °C in
CICH,CH,Cl.
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an electron-donating methoxy group on the aromatic ring
gave a very low yield of 2g, along with the formation of un-
identified by-products probably because the substrate un-
derwent decomposition in the presence of the in situ gen-
erated TfOH.? To avoid this type of side reaction, we exam-
ined the use of a base to trap the TfOH. After screening a
number of bases, 2,6-di-tert-butylpyridine (DTBP) was
found to increase the yield of 2g, albeit the yield was rela-
tively low. Employing DTBP also improved the yield of 2h
and 2i containing p- and o-tolyl substituents, respectively.
Meanwhile, m-tolyl group at the B-position had a negligible
effect on reactivity, furnishing 2j in high yield under the
standard reaction conditions. Fused-ring systems 2k and 21
including 1- and 2-naphthyl groups were also well tolerat-
ed. In addition to substrates with aromatic substituents,
this oxidative cyclization could also be expanded to sub-
strates with B-aliphatic substituents, such as benzyl 2m
and n-butyl 2n groups. Notably, benzylic and allylic C-H
bonds were well tolerated under the oxidative reaction con-
ditions. Furthermore, the cyclization of a carboxylic acid
with an a-substituent proceeded successfully to afford the
3,4-disubstituted furan-2(5H)-one 2o.

To expand the utility of this method, the use of a,a-
disubstituted acids in the reaction was examined next
(Scheme 3). It is noteworthy that 3-aryl-2,2-dimethylbut-3-
enoic acids 1p and 1q underwent oxidative cyclization on
treatment with PhI(OTf), in dichloromethane at room tem-
perature, furnishing the corresponding furan-2(3H)-one
products, which are difficult to access by other methods.

o]
PhI(OAc), (1 equiv) I o
CO2H  MesSiOTH (2 equiv) N
—_—
CHoClp, r.t., 3h P
X X
1pX=H 3aX=H 68%
19 X =Br 3b X = Br 54%

Scheme 3 Oxidative cyclization of a,a-disubstituted substrates

A plausible reaction pathway is shown in Scheme 4. Ac-
cording to previous reports,” the highly electrophilic
PhI(OTf), is generated in situ by a ligand exchange between
PhI(OAc), and Me;SiOTf (Scheme 4, a). In addition, the oxi-
dative cyclization proceeded effectively with one equiva-
lent of Me;SiOTf (Table 1, entry 7), indicating that
PhI(OAc)(OTf) and [PhIOIPh](OTf), (the Zefirov's reagent)
would also function as active iodine reagents.!® The result-
ing PhI(OTf), then participates in the activation of the
alkene moiety of acid 1 via the formation of a cyclic iodoni-
um intermediate 4, which would subsequently undergo an
intramolecular cyclization rather than decarboxylation,
thus constructing a y-lactone framework (Scheme 4, b). Fi-
nally, the elimination of iodobenzene as well as TfOH from
intermediate 5 affords the furanone product. Substrates
containing a proton at the a-position provide furan-2(5H)-
ones 2, while, in the case of a,a-disubstituted substrates,
furan-2(3H)-ones 3 are formed.
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Scheme 4 Plausible reaction pathway

In conclusion, we have developed the oxidative cycliza-
tion of B-substituted fB,y-unsaturated carboxylic acids using
a highly electrophilic PhI(OTf),. The use of PhI(OTf), was
found to be crucial for achieving this oxidative cyclization
to occur in preference to decarboxylation.® The present
method provides valuable furan-2(5H)-one and furan-
2(3H)-one derivatives, some of which are difficult to syn-
thesize by other methods, thus offering a new, straightfor-
ward approach to the preparation of furanones.

New compounds were characterized by 'H, 13C, and '°F NMR, IR, MS,
and HRMS. 'H, 3C, and 'F NMR spectra were recorded on a Jeol
JMTC-400/54/SS spectrometer (‘H NMR, 400 MHz; *C NMR, 100
MHz; '°F NMR, 377 MHz). 'H NMR chemical shifts were determined
relative to Me,Si (0.0 ppm) as an internal standard. '3C NMR chemical
shifts were determined relative to CDCl; (77.0 ppm). '9F NMR chemi-
cal shifts were determined relative to CgFs (-164.9 ppm) as an exter-
nal standard. IR spectra were recorded on a Shimadzu IRAffinity-1 FT-
IR spectrophotometer. Mass spectra were obtained on a Shimadzu
GCMS-QP2010 and a Jeol JMS-DX303HF mass spectrometer. High-
resolution mass spectra were obtained on a Jeol J]MS-DX303HF mass
spectrometer. Melting points were determined on a Stanford Re-
search Systems MPA100 OptiMelt Automated Melting Point System.
All reactions were carried out under N,. Products were purified by
chromatography on silica gel BW-300 (Fuji Silysia Chemical Ltd.). An-
alytical TLC was performed on precoated silica gel glass plates (Merck
silica gel 60 F,5,). Compounds were visualized with UV lamp or treat-
ment with an ethanolic solution of phosphomolybdic acid followed
by heating. Anhyd CH,Cl, was used as obtained. B,y-Unsaturated car-
boxylic acids were prepared according to literature procedures.® All
other solvents and reagents were purchased and used as obtained.
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Furan-2(5H)-ones 2 and Furan-2(3H)-ones 3; General Procedure

A heat-gun-dried two-necked reaction flask containing a magnetic
stir bar was charged with PhI(OAc), (0.30 mmol), CH,Cl, (3 mL), and
Me,SiOTf (0.60 mmol), and the reaction mixture was stirred for 10
min. To the mixture, carboxylic acid 1 (0.30 mmol) was added. The
resulting solution was stirred at r.t. for the appropriate time. The re-
action was quenched with aq 1 M Na,S,03 (5 mL). The mixture was
extracted with CH,Cl, (3 x 10 mL), and the combined organic layers
were dried (Na,SO,). The solution was concentrated under reduced
pressure to give the crude product, which was analyzed by '"H NMR
spectroscopy using 1,1,2,2-tetrachloroethane as an internal standard.
Purification was performed by flash column chromatography on sili-
ca gel (hexane/EtOAc).

4-Phenylfuran-2(5H)-one (2a)

According to the general procedure, the reaction using PhI(OAc),
(96.9 mg, 0.30 mmol), Me;SiOTf (109 uL, 0.60 mmol), and 3-phenyl-
but-3-enoic acid (48.4 mg, 0.30 mmol) in CH,Cl, (3 mL) was conduct-
ed at r.t. for 1.5 h. Purification by flash column chromatography on
silica gel (hexane/EtOAc) gave the product as a white solid; yield: 42.0
mg (88%). The analytical and spectral data for this compound were in
excellent agreement with the reported data.!!

4-(4-Fluorophenyl)furan-2(5H)-one (2b)

According to the general procedure, the reaction using PhI(OAc),
(96.9 mg, 0.30 mmol), Me;SiOTf (109 pL, 0.60 mmol), and 3-(4-fluo-
rophenyl)but-3-enoic acid (53.7 mg, 0.30 mmol) in CH,Cl, (3 mL) was
conducted at r.t. for 1.5 h. Purification by flash column chromatogra-
phy on silica gel (hexane/EtOAc) gave the product as a white solid;
yield: 44.4 mg (82%); mp 155.3-155.7 °C.

IR (ATR): 1732, 1510, 1159, 835 cm™.

H NMR (400 MHz, CDCl,): § = 7.56-7.48 (m, 2 H), 7.22-7.10 (m, 2 H),
6.34(t,J = 1.6 Hz, 1 H), 5.21 (d, ] = 1.6 Hz, 2 H).

13C NMR (100 MHz, CDCL,): 6 = 173.7, 164.6 (d, Jc; = 252.8 Hz), 162.6,
128.6 (d, Jer = 9.0 Hz), 126.0 (d, Jos = 3.3 Hz), 116.6 (d, Jc; = 22.3 Hz),
112.8 (d, Jes = 1.6 Hz), 70.9.

19F NMR (377 MHz, CDCl,): 8 = -109.8

MS (EI): m/z (%) = 178 (M*, 66), 149 (100), 121 (76), 120 (100), 101
(49), 75 (22).

HRMS (EI): m/z [M]* calcd for C,,H,FO,: 178.0430; found: 178.0429.

4-(4-Chlorophenyl)furan-2(5H)-one (2c)

According to the general procedure, the reaction using PhI(OAc),
(96.4 mg, 0.30 mmol), Me,SiOTf (109 pL, 0.60 mmol), and 3-(4-chlo-
rophenyl)but-3-enoic acid (58.7 mg, 0.30 mmol) in CH,Cl, (3 mL) was
conducted at r.t. for 1.5 h. Purification by flash column chromatogra-
phy on silica gel (hexane/EtOAc) gave the product as a yellow solid;
yield: 52.5 mg (90%). The analytical and spectral data for this com-
pound were in excellent agreement with the reported data.3

4-(4-Bromophenyl)furan-2(5H)-one (2d)

According to the general procedure, the reaction using PhI(OAc),
(96.7 mg, 0.30 mmol), Me;SiOTf (109 uL, 0.60 mmol), and 3-(4-bro-
mophenyl)but-3-enoic acid (73.6 mg, 0.31 mmol) in CH,Cl, (3 mL)
was conducted at r.t. for 2.5 h. Purification by flash column chroma-
tography on silica gel (hexane/EtOAc) gave the product as a yellow
solid, yield: 50.9 mg (77%). The analytical and spectral data for this
compound were in excellent agreement with the reported data.!!

Special Topic

4-[4-(Trifluoromethyl)phenyl]furan-2(5H)-one (2e)

According to the general procedure, the reaction using PhI(OAc),
(96.7 mg, 0.30 mmol), Me;SiOTf (109 uL, 0.60 mmol), and 3-[4-(triflu-
oromethyl)phenyl|but-3-enoic acid (68.6 mg, 0.30 mmol) in 1,2-di-
chloroethane (3 mL) was conducted at 80 °C for 1 h. Purification by
flash column chromatography on silica gel (hexane/EtOAc) gave the
product as a white solid; yield: 59.7 mg (88%); mp 168.9-169.3 °C.

IR (ATR): 1757, 1323 cm™.

TH NMR (400 MHz, CDCly): & = 7.75 (d, J = 8.0 Hz, 2 H), 7.64 (d, ] = 8.0
Hz, 2 H), 6.50 (t, ] = 2.0 Hz, 1 H), 5.26 (d, ] = 2.0 Hz, 2 H).

13C NMR (100 MHz, CDCly): 6 = 173.1, 162.1, 133.1 (q, Jo5 = 32.9 Hz),
132.9, 1268, 1263 (q, Jox = 3.3 Hz), 123.4 (q, Jr = 270.8 Hz), 115.3,
70.8.

19F NMR (377 MHz, CDCl,): & = -66.3.

MS (EI): m/z (%) = 228 (M, 60), 199 (79), 171 (44), 170 (47), 151
(100), 120 (32), 115 (28), 102 (45), 75 (37), 69 (56), 63 (30), 62 (24),
51(34),50(30).

HRMS (EI): m/z [M]* calcd for Cy;H,F;0,: 228.0398; found: 228.0398.

4-[3,5-Bis(trifluoromethyl)phenyl]furan-2(5H)-one (2f)

According to the general procedure, the reaction using PhI(OAc),
(96.2 mg, 0.30 mmol), Me;SiOTf (110 pL, 0.60 mmol), and 3-[3,5-
bis(trifluoromethyl)phenyl]but-3-enoic acid (89.4 mg, 0.30 mmol) in
1,2-dichloroethane (3 mL) was conducted at 80 °C for 3 h. Purification
by flash column chromatography on silica gel (hexane/EtOAc) gave
the product as a white solid; yield: 62.2 mg (70%); mp 138.5-
139.1 °C.

IR (ATR): 1802, 1775, 1275, 1111, 1063 cm™".

TH NMR (400 MHz, CDCl,): 6 = 8.07-7.90 (m, 3 H), 6.60 (t, ] = 2.0 Hz, 1
H), 5.30 (d, J = 2.0 Hz, 2 H).

13C NMR (100 MHz, CDCy): 8 = 172.3, 160.2, 133.1 (q, Jcx = 33.0 Hz),
131.8, 1263, 125.0-124.8 (m), 122.7 (q, Jcx = 271.8 Hz), 116.8, 70.6.

19F NMR (377 MHz, CDCls): & = -66.2.

MS (EI): m/z (%) = 296 (M*, 22), 277 (21), 267 (100), 239 (36), 238
(29), 219 (41), 169 (24), 69 (35).

HRMS (EI): m/z [M]* calcd for C;,HgFs0,: 296.0272; found: 296.0275.

4-(4-Methoxyphenyl)furan-2(5H)-one (2g)

According to the general procedure, the reaction using PhI(OAc),
(96.5 mg, 0.30 mmol), Me;SiOTf (109 uL, 0.60 mmol), 2,6-di-tert-bu-
tylpyridine (113.4 mg, 0.59 mmol), and 3-(4-methoxyphenyl)but-3-
enoic acid (57.4 mg, 0.30 mmol) in CH,Cl, (3 mL) was conducted at r.t.
for 1 h. Purification by flash column chromatography on silica gel
(hexane/EtOAc) gave the product as a yellow solid; yield: 19.2 mg
(34%). The analytical and spectral data for this compound were in ex-
cellent agreement with the reported data.!?

4-(4-Tolyl)furan-2(5H)-one (2h)

According to the general procedure, the reaction using PhI(OAc),
(96.6 mg, 0.30 mmol), Me;SiOTf (109 pL, 0.60 mmol), 2,6-di-tert-bu-
tylpyridine (121.8 mg, 0.64 mmol), and 3-(4-tolyl)but-3-enoic acid
(52.6 mg, 0.30 mmol) in CH,Cl, (3 mL) was conducted at r.t. for 1 h.
Purification by flash column chromatography on silica gel (hex-
ane/EtOAc) gave the product as a white solid; yield: 43.7 mg (76%).
The analytical and spectral data for this compound were in excellent
agreement with the reported data.'?
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4-(2-Tolyl)furan-2(5H)-one (2i)

According to the general procedure, the reaction using PhI(OAc),
(145.1 mg, 0.45 mmol), Me;SiOTf (164 uL, 0.90 mmol), 2,6-di-tert-bu-
tylpyridine (170.2 mg, 0.89 mmol), and 3-(2-tolyl)but-3-enoic acid
(52.5 mg, 0.30 mmol) in CH,Cl, (3 mL) was conducted at r.t. for 3 h.
Purification by flash column chromatography on silica gel (hex-
ane/EtOAc) gave the product as a white solid; yield: 31.7 mg (61%).
The analytical and spectral data for this compound were in excellent
agreement with the reported data.'?

4-(3-Tolyl)furan-2(5H)-one (2j)

According to the general procedure, the reaction using PhI(OAc),
(96.6 mg, 0.30 mmol), Me;SiOTf (109 pL, 0.60 mmol), and 3-(3-
tolyl)but-3-enoic acid (51.8 mg, 0.29 mmol) in CH,Cl, (3 mL) was con-
ducted at r.t. for 1.5 h. Purification by flash column chromatography
on silica gel (hexane/EtOAc) gave the product as a yellow solid; yield:
44.2 mg (86%). The analytical and spectral data for this compound
were in excellent agreement with the reported data.'?

4-(1-Naphthyl)furan-2(5H)-one (2k)

According to the general procedure, the reaction using PhI(OAc),
(144.3 mg, 0.45 mmol), Me;SiOTf (165 uL, 0.90 mmol), 2,6-di-tert-bu-
tylpyridine (174.5 mg, 0.91 mmol), and 3-(1-naphthyl)but-3-enoic
acid (63.6 mg, 0.30 mmol) in CH,Cl, (3 mL) was conducted at r.t. for 3
h. Purification by flash column chromatography on silica gel (hex-
ane/EtOAc) gave the product as a yellow solid; yield: 49.1 mg (78%).
The analytical and spectral data for this compound were in excellent
agreement with the reported data.3¢

4-(2-Naphthyl)furan-2(5H)-one (21)

According to the general procedure, the reaction using PhI(OAc),
(96.6 mg, 0.30 mmol), Me,SiOTf (109 pL, 0.60 mmol), 2,6-di-tert-bu-
tylpyridine (112.8 mg, 0.59 mmol), and 3-(2-naphthyl)but-3-enoic
acid (63.7 mg, 0.30 mmol) in 1,2-dichloroethane (3 mL) was conduct-
ed at 60 °C for 3 h. Purification by flash column chromatography on
silica gel (hexane/EtOAc) gave the product as a yellow solid; yield:
38.1 mg (60%). The analytical and spectral data for this compound
were in excellent agreement with the reported data.d

4-Benzylfuran-2(5H)-one (2m)

According to the general procedure, the reaction using PhI(OAc),
(96.9 mg, 0.30 mmol), Me,SiOTf (109 pL, 0.60 mmol), and 3-benzyl-
but-3-enoic acid (52.9 mg, 0.30 mmol) in CH,Cl, (3 mL) was conduct-
ed at r.t. for 1.5 h. Purification by flash column chromatography on
silica gel (hexane/EtOAc) gave the product as a yellow viscous liquid;
yield: 23.3 mg (45%). The analytical and spectral data for this com-
pound were in excellent agreement with the reported data.’?

4-(n-Butyl)furan-2(5H)-one (2n)

According to the general procedure, the reaction using PhI(OAc),
(97.2 mg, 0.30 mmol), Me;SiOTf (109 pL, 0.60 mmol), and 3-meth-
ylideneheptanoic acid (40.1 mg, 0.28 mmol) in CH,Cl, (3 mL) was
conducted at r.t. for 1.5 h. Purification by flash column chromatogra-
phy on silica gel (hexane/EtOAc) gave the product as a yellow viscous
liquid; yield: 13.3 mg (34%). The analytical and spectral data for this
compound were in excellent agreement with the reported data.'#

Special Topic

3-Isopropyl-4-phenylfuran-2(5H)-one (20)

According to the general procedure, the reaction using PhI(OAc),
(94.4 mg, 0.29 mmol), Me;SiOTf (105 pL, 0.58 mmol), and 2-isopro-
pyl-3-phenylbut-3-enoic acid (59.5 mg, 0.29 mmol) in CH,Cl, (3 mL)
was conducted at r.t. for 3 h. Purification by flash column chromatog-
raphy on silica gel (hexane/EtOAc) gave the product as a yellow vis-
cous liquid; yield: 23.2 mg (40%).

IR (ATR): 1746, 1649 cm™'.

'H NMR (400 MHz, CDCl;): § = 7.55-7.40 (m, 3 H), 7.40-7.30 (m, 2 H),
4.94 (s, 2 H), 3.07 (sept, ] = 7.2 Hz, 1 H), 1.30 (d, J = 7.2 Hz, 6 H).

13C NMR (100 MHz, CDCl3): & = 173.4, 155.3, 132.4, 131.6, 129.8,
129.0,127.4,70.6, 25.1, 20.1.

MS (EI): m/z (%) = 202 (M, 91), 201 (81), 157 (63), 143 (69), 142 (38),
141 (49), 131 (28), 130 (22), 129 (69), 128 (100), 127 (28), 117 (20),
115(61), 105 (49), 91 (56), 77 (44), 51 (28).

HRMS (EI): m/z [M]* calcd for Cy3H,40,: 202.0994; found: 202.0992.

3,3-Dimethyl-4-phenylfuran-2(3H)-one (3a)

According to the general procedure, the reaction using PhI(OAc),
(96.8 mg, 0.30 mmol), Me;SiOTf (110 pL, 0.60 mmol), and 2,2-dimeth-
yl-3-phenylbut-3-enoic acid (55.8 mg, 0.29 mmol) in CH,Cl, (3 mL)
was conducted at r.t. for 3 h. Purification by flash column chromatog-
raphy on silica gel (hexane/EtOAc) gave the product as a yellow solid;
yield: 37.5 mg (68%); mp 68.7-69.6 °C.

IR (ATR): 1798, 1622 cm™.

H NMR (400 MHz, CDCl;): § = 7.40-7.30 (m, 5 H), 7.05 (s, 1 H), 1.51
(s,6 H).

13C NMR (100 MHz, CDCl3): & = 182.5, 136.2, 131.1, 129.5, 128.8,
128.0, 126.3, 45.0, 23.9.

MS (EI): m/z (%) = 188 (M*, 88), 160 (61), 145 (95), 142 (20), 132 (48),
131 (89), 130 (25), 129 (42), 128 (40), 127 (25), 118 (21), 117 (100),
116 (88), 115 (100), 91 (100), 89 (39), 78 (22), 77 (46), 65 (35), 63
(50),53(21),51 (46), 50 (21).

HRMS (EI): m/z [M]* calcd for C;,H;,0,: 188.0837; found: 188.0835.

4-(4-Bromophenyl)-3,3-dimethylfuran-2(3H)-one (3b)

According to the general procedure, the reaction using PhI(OAc),
(96.2 mg, 0.30 mmol), Me;SiOTf (109 uL, 0.60 mmol), and 3-(4-bro-
mophenyl)-2,2-dimethylbut-3-enoic acid (79.9 mg, 0.30 mmol) in
CH,Cl, (3 mL) was conducted at r.t. for 3 h. Purification by flash col-
umn chromatography on silica gel (hexane/EtOAc) gave the product
as a white solid; yield: 42.9 mg (54%); mp 89.8-90.6 °C.

IR (ATR): 1782, 1634 cm™".

H NMR (400 MHz, CDCl;): & = 7.50 (d, J = 8.4 Hz, 2 H), 7.22 (d, ] = 8.4
Hz, 2 H), 7.07 (s, 1 H), 1.49 (s, 6 H).

13C NMR (100 MHz, CDCl;): & = 182.2, 136.6, 132.0, 130.0, 128.5,
127.8,122.0, 44.9, 23.8.

MS (EI): m/z (%) = 266 (M*, 58), 268 (59), 240 (29), 238 (31), 159
(100), 144 (26), 131 (97), 130 (46), 129 (37), 128 (20), 116 (35), 115
(71),91 (26).

HRMS (EI): m/z [M]* calcd for C;,H;;BrO,: 265.9942; found: 265.9944.
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