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ABSTRACT
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2-Methylfurans were prepared by an effective cyclization of 1-alkyn-5-ones in the presence of mercuric triflate as the catalyst under very mild
reaction conditions with high catalytic turnover up to 100 times. Benzene, toluene, or dichloromethane was the solvent of choice.

We have developed mercury(ll) trifluoromethanesulfonate,
mercuric triflate [hereafter Hg(OTH), as a highly efficient
olefin cyclization ageitand applied it to the synthesis
of polycyclic terpenoidd.Recently, we found that the Hg-
(OTf), and Hg(OTf)-tetramethylurea (hereafter TMU) com-
plex showed highly efficient catalytic activity for the
hydration of terminal alkynes to give methyl ketorfes,
hydroxylative 1,6-enyne cyclization to give exomethylene
five-membered ring producfsand w-arylalkyne cycliza-
tion leading to dihydronaphthalene derivativeghe reac-
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tion should involve a protodemercuration step of the vi-
nylmercury intermediate induced by TfOH that is gen-
erated in sitlf. We describe herein the Hg(Ofgatalyzed
keto alkyne cyclization leading to 2-methyl furan in excellent
yields. Although many methods have been devised for
the synthesis of the furan rinfgcatalytic cyclization of
1-alkyne-5-one leading to 2-methylfuran has rarely been
reported. PdGlcatalyzed cyclization of 6-phenylhex-5-
yn-2-one has been achieved leading to 2-benzyl-5-methyl-
furan after 2 h at 100C2 A strong base or lPOs-induced
similar cyclization has also been recordédOn the other
hand, cyclization of alkyne with enolizabeketoesters is
well-known!! The present furan synthesis is advantageous
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Table 1. Hg(OTf),-Catalyzed Cyclization ol

Hg(OTf) yield (%)?2

entry (mol%) solvent time (h) 2 3
1 10 CHCl; 0.25 87 3
2 10 CH3sCN 0.25 15 67
3 10 CH3NO, 0.25 30 39
4 10 Et,O 1 86 4
5 10 hexane 40 82 7
6 10 CsHs 0.5 100 0
7 3 CsHs 2 95 5
8 2 CsHe 3 95 5
9 1 CsHe 4 94 6
10 1 CsHsCH3 5 91 9
11 1 CsHe 4 20¢ 29
12d 1 CsHs 4 0 0
13¢ 1 CsHe 4 9 0

aNMR vyield using dibromomethane as an internal standaRkaction
with Hg(OTf),—TMU. ¢ Starting material 48% was recoverédreaction
with Hg(OAc),. © Reaction with Hg(OTFAy.

in that the reaction is carried out under very mild conditions
with high catalytic turnover up to 100 times.
Hg(OT), 0 o Q

1 2 3

When the reaction of 1-phenylpent-4-yn-1-ori§ (vith
10 mol % Hg(OTf} in CH,CIl, was carried out at room
temperature for 15 min, clean cyclization took place to
give 2-methyl-5-phenylfuran2j in 87% yield along with
3% yield of diketone3 (entry 1 in Table 1). Reaction in a
polar solvent such as GBN and CHNO, afforded poor

results, and diketone formation predominated (entries 2
and 3). Although ether and hexane gave comparable re-

sults with CHCI,, benzene provided the best result, afford-
ing 2 in quantitative yield, and no trace @fwas detected
(entry 6)12 Since Hg(OTf) is not soluble in benzene, it is

Table 2. Hg(OTf),-Catalyzed Cyclization of Alkynylketones

substrate  Hg(OTf)2 (mol %)  product, yield (%) ¢

0 Q

o o)
CgHmﬁ CgHig CgHyg
N/

g (Imol®) Ujo U 11
in CgHg, 5h 80%  20%
nCHCl, [ h 85%  12%

O // o) ’
(5 mol%) \
12§ CgH,, 051 13 98%
o)
/ (5 mol%) S\Oj/l
14 in CGHG’ 4h 15 0%
O // 0.
G_/ (1 mol%) Oj
17 0 CgHg, 4h 17 98%
0 04
N SN
[ ~ | 1970
18 (4 motos) °0
in CgHg, 2h éi\)w
20 29% ©
O // o)
(1 mol%) L)
MeO,d 21 P Cefledn MeO:C 9 ogo.
O o)
Ph
Ph (1 mol%) U
EtO,C 23  inCgHg 6h EtO,C 24 99%
o] o) O
H // \ /) H (0]
(1 mol%)
in CgHg, 20 b
Ph o5 'M™6"6 Ph ., Pn 3
26 21% 27 34%

2NMR vyield using dibromomethane as an internal standard.

solvent, affording@ in 91% yield with 8% yield of3 by using

necessary to make a fine powder by sonication after exchangel mol % catalyst (entry 10). The occurrence of diket@ne

of the solvent from CKCN that is the requisite solvent for
the preparation of Hg(OT§) Using 3, 2, and 1 mol % of
the catalyst also afforded in acceptable yield along with
5—6% yield of diketone3 requiring some longer reaction
period (entries 79). Toluene was also acceptable as a

(11) (a) Marshall, J. A.; Robinson, E. D. Org. Chem199Q 55, 34506~
3451. (b) Marshall, J. A.; Zou, Dletrahedron Lett2000,41, 1347—1350.
(c) Wipf, P.; Soth, M. JOrg. Lett.2002,4, 1787—1790.

(12) Typical experimental procedure is as follows. A stock solution of
Hg(OTf), in CH3CN (0.01 M solution, 0.63 mL, 0.0063 mmol) was

cannot be helped considering the participation of moisture,
although we employed rather vigorous nonaqueous condi-
tions. The Hg(OTH—TMU complex (1 mol %) is not
effective enough for this cyclization, affordirdgn 20% yield
along with diketone3 (29%), with 48% recovery of the
starting material after 4 h (entry 11). Both Hg(OA@nd
Hg(OTFA), were ineffective for the furan synthesis (entries
12 and 13).

The reaction should be initiated lrcomplexation of an

transferred to two-necked flask under an argon atmosphere, and the solvena|kyny| group with Hg(OTf) as seen i, and participation

was replaced with benzene (3.3 mL) after removal o§CN under reduced
pressure. The suspension of Hg(QTif) CsHs was sonicated to form a

of a carbonyl group should lead to oxonium catién

fine powder; to this was added a solution of 1-alkyne-5-one (100 mg, 0.63 Deprotonation ob should provide vinyl mercury intermedi-

mmol) in GHe (3 mL), and the mixture was stirred at room temperature

until all of the starting material was consumed. The reaction was quenched

by the addition of an aqueous Na&MaHCG; solution. The organic layer
was extracted with CyCl,, dried over MgS@ and concentrated. The
resulting crude material was purified by column chromatography on silica
gel using hexane—EtOAc as an eluent.

3680

ate 6. Protonation by in situ-generated TfOH leads to
alternative oxonium catior, which following demercuration
is able to provide8 and Hg(OTf). Isomerization of8 to
2-methylfuran2 should be familiar.
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in 34 as the major product. Interaction of the methyl and
HgOTf groups of41lis not significant, and a 6-endo mode

cyclization resulted, leading t29.

It is also possible for the alkyl ketoreto give furanl10

in 80% vyield along with diketon&1 (20%) by using 1 mol

% Hg(OTf), in benzené? Although extremely anhydrous
conditions (substrate, solvent, and catalyst) were employed,
we could not reduce the formation of diketob&to below
20%, and the result suggests the existence of another reaction
mechanism such as decomposition of an unknown precursor
to diketone during the aqueous workup stage. Dichloro-
methane is also acceptable for the reaction to @iV 85%
yield after 1 h reaction period. Cyclohexanone derivatie
afforded fused 2-methylfurah3 in 98% vyield by using 5

mol % catalyst in benzene at room temperature. However,

the reaction of cyclopentanone derivatil4 with 5 mol %
Hg(OTf), provided a complicated mixture and the occurrence
of furan15was not detected. Cycloheptanone derivafige
was cleanly converted to methylfurdr in excellent yield

by using 1 mol % catalyst. Cyclization of3,y,0-unsaturated
ketone 18 is also possible, affording conjugated fura@

in 70% vyield along with diketon&0 (29%). Enolizable
pB-ketoester@1 and23 were also excellent substrates to give
furans22 and 24, respectively, in excellent yields by using
1 mol % catalyst as described by Marshall and Wipf using
Pd complex! Application of this method to alkyne aldehyde
25, however, resulted in a very poor yield of furaé(21%),
and diketone27 (34%) was the major product after 20 h of
reaction.

Next, we examined the cyclization of internal alkynyl
ketone28 and33. The reaction of 1-phenylhex-4-yn-1-one
(28) with 5 mol % Hg(OTf} in benzene at room temperature
afforded 2-ethylfurarR9 in only 12% yield, and the major
product was the unstable disubstitutéd-gyran30in 67%
yield along with 1,5-diketon81 (19%) and 1,4-diketon&2
(1%)23715 In contrast, 1,5-diphenylpent-4-yn-1-on83j
afforded 2-benzyl-5-phenylfuran (34) as the major product
in 52% vyield along with 1,4-diketon85 (23%) and 1,5-
diketone36 (20%). The severe steric repulsion between the
phenyl group and the HgOTf group of the cationic interme-
diate of 38 should bring about equilibrium to form cation
39 predominantly. Protodemercuration 4® should result
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(13) Separation of diketone from cyclization products was easily achieved
by short-pass chromatography on silica gel (pretreated wiN)Hising
hexane as an eluent to give a 5.6:1 mixture28fand 30. Attempted
separation 080 from 29 was unsuccessful due to the instability38f, that
decomposed t@1. Major peaks ofH and13C NMR are as follows!H
HMR (200 MHz in CDC}) ¢ 1.85 (dd,J = 2.6, 1.4 Hz, 2H), 2.86 (m, 3H),
4.58 (m, 1H), 5.31 (dt) = 4.0, 2.0 Hz, 1H), 7.20—7.40 (m), 7.52—7.66
(m); 13C NMR (50 MHz in CDC}) ¢ 19.28 q, 21.48 t, 95.32 d, 96.48 d,
123.32d,124.24d, 126.71d, 127.94 d, 128.14 d, 128.56 d, 134.82 s, 148.33
s, 149.12 s.

(14) Although 2-methyl-6-phenylpyrylium salts (SeClnd CIQ~) are
reported, 2-methyl-6-phenylpyran is not yet recorded. See: Dorofeenko,
G. N.; Pyshchev, A. IKhim. Geterotsikl. Soedirl974, 1031—1035.

(15) 2,5-Dimethylpyran was prepared by the NaBidduction of the
corresponding pyrylium salt. See: Safieddine, A.; Royer, J.; Dreigll.

Soc. Chim. Fr1972, 2510—2513.
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