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ABSTRACT

— P % AuC i 2

1 2 mol % AuCl

A />*R2 N R14dR
d CH,Cly 0" “Nu

R'= aryl, alkyl, alkenyl; R?= alkoxy, alkyl, alkynyl

The gold-catalyzed cyclization reactions of 2-oxo-3-butynoic esters or disubstituted-1,2-diones with a variety of nucleophiles are described,
which offer an efficient and straightforward route to substituted 3( 2H)-furanones under mild reaction conditions. The Au(lll) catalysts are also
highly effective in the hydration of these activated alkynes.

The 3(2H)-furanones constitute an important class of het- in,’>¢ eremantholide& trachyspic acidf lychnophorolide
erocyclic compounds that are of pharmacological significance A,*9 ciliarin,!" 2-deoxysiphonarien furanofeand the re-
and represent useful building blocks for natural products cently reported metabolite longiandiepossess the 3(2H)-
synthese$ A large number of naturally occurring antibiotics, furanone ring as a central structural element. Substituted

antitumors, and antiinsectans such as jatropkdgeiparvar- 3(2H)-furanones have been prepared mainly by acid-induced
cyclization—dehydration of'-hydroxy-1,3-diketone3 cy-
T Shanghai Institute of Organic Chemistry. clization of dianion equivalents witlx-chloroacetic acid
* Hebel Normal University. chlorides? aldol reaction of 3-silyloxyfurans with aldehydes
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such as lack of satisfactory general preparative proceduresan interesting AuGtcatalyzed cyclization of 2-(1-alkynyl)-

for starting substratésAs a result of the increased interest

2-alken-1-ones leading to substituted fur&iis. our ongoing

in this important heterocycles, methods are needed to enhancefforts to develop new methodologies for the synthesis of
the efficiency of the synthesis of these compounds and heterocycles promoted by goltiwe envisioned that the

generate the 3(2H)-furanones with a wide variety of sub-

activated alkynes such as 2-oxo-3-butynoic esters or related

stituents. On the other hand, transition-metal-catalyzed compounds might also undergo metal-catalyzed cyclization
heteroannulation reactions have been developed with remarkio substituted ZH)-furanones (Scheme 1). Herein, we report

able improvements in terms of efficiency and wide scope of
application! however, there is no report for the construction
of 3(2H)-furanones using transition metal methods. It has
recently been shown that Au(lll) salts and Au(l) complex
display considerable catalytic activity under moderate condi-
tions8 The activation of alkynes or allenes with carbophilic,
Lewis-acidic gold salts is the most widespread application
of homogeneous gold catalysis, and it is also utilized for
the construction of carbocyclic or heterocyclic compouhds.
We are particularly interested in the transition-metal-
catalyzed cyclization of allenyl ketorl€sand 3-alkyn-1-
onest! It has been reported that gold catalysts are highly
efficient for this type of reaction as a result of the excellent
alkynophilicity of gold!? For example, Larock et al. reported
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Scheme 1. Strategy for Metal-Catalyzed Formation of
3(2H)-Furanones

M o 0
1 2
4 ~> O 'Nu
NuH

the utilization of gold as catalyst for cyclization of activated
alkynes, which offers a convenient and general approach to
2,2-disubstituted-2H)-furanones under extremely mild re-
action conditions. The gold-catalyzed hydration of these
alkynes in yields up to 88% with high stereoselectivity is
also presented.

The requisite 2-oxo-3-butynoates and dialkynyl-1,2-diones
were easily synthesized by copper-catalyzed cross-coupling
reaction of terminal alkynes and monooxalyl chloride or
oxalyl chloride in good to high yield®.1-Phenyl-1-pentyne-
3,4-dionele was prepared from 1-(benzotriazol-1-yl)prop-
argyl ethyl etherd® We began our investigation with 2-oxo-
4-phenylbut-3-ynoic acid isopropyl estea (R = Ph, R =
O'Pr) bearing a phenyl group (Table 1). To our delight, the
concept works nicely. Treatment bé& with 2 mol % AuCk
(used as a 0.05 M solution in GBN) and 1.5 equiv of
methanol in CHCI, afforded the corresponding 2,2-dialkoxy-
3(2H)furanone2a smoothly in 81% vyield after stirring at
room temperature for 3 h. No other additive was needed for
this reaction. In the absence of AyG@atalyst, no reaction
took place. This result indicates that Ay@ required for
the reaction to proceed. The cationic gold(l) complex @+h
AuCI/AgOTf also showed good catalytic activity in GEl,
to afford 75% of2a (84% in THF).

The yield was decreased to 69% when using 0.1% of
AuCls. To rule out a possible involvement of Brgnsted acid
catalysis, the reaction mixture &b with MeOH was treated
with 10% of HCI in the absence of AuglOnly a trace

(11) (a) Fukuda, Y.; Shiragami, H.; Utimoto, K.; Nozaki, Bl. Org.
Chem.1991,56, 5816. (b) Arcadi, A.; Cacchi, S.; Larock, R. C.; Marinelli,
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Table 1. Gold-Catalyzed Cyclization of 2-Oxo0-3-butynodita

P talyst °
Ph—— g > + MeOH ———° Ph[f(o{
0 rt O OMe
(o}
1a 2a
time  yield of
entry catalyst solvent (h) 2a (%)*
1 2% Au013 CHzClz 3 81
2 2% (PPh3)AuCl/AgOTf  CH.Cly 3 75
3 2% (PPh3)AuCl/AgOTf THF 2 84
4 0.1% AuCls CH,Cl, 24 69
5 10% AgOTf ChyCly 12 nr.b
6 10% AgOTf (CH2CD)e 12 n.r.bec
7 10% HCl4 CH,Cly 12 trace

a|solated yield? n.r. = No reaction. Reaction was carried out at 50
°C. 9HCI was applied as a 1.8 M solution in ether.

amount of2a was observed during the reaction. This result

suggested that the gold-based catalysts was responsible for

the cyclization. A series of 2-oxo-3-butynoates and 1,2-
dicarbonyl compounds such as alkynyl-1,2-diones were
subjected to the optimized reaction conditions to react with
nucleophiles, and the results are summarized in Table 2.
The alkyne moiety bearing an aromatic ring as well as
alkyl substituents all reacted very well to provide the
cyclization products in good to high yields. We first
investigated the scope of nucleophiles. It was found that, in
addition to methanol, a variety of alcohols could be used as
effective nucleophiles for this reactidh.Treatment of2a
with ethanol resulted in the formation @b with an ethoxy
group in 74% yield (entry 2). When isopropyl alcohol was
employed, the corresponding furanore was formed
smoothly in 84% yield. The use of phenol or sterically more
hindered alcohdBuOH also proceeded to afford the cyclized
products2d and 2e in 66% and 55% yields, respectively.
The reaction oflawith allylic alcohol or propargylic alcohol
worked well to generat@f—2h in 68—82% yields (entries
6—8). The procedure is compatible with also alkyl substituted
alkynes such agb ("Bu) or 1c (‘Bu) (entries 9 and 10). It is
interesting to note thaBu-substituted alkynéc gave a yield
higher than that ofLb (80 vs 42%). The appearance of a
vinylic group in1d did not influence the efficiency of this
reaction, in which the corresponding produgtand2m were
formed in 76% and 85% yields, respectively (entries 12 and
13). When diketonele was used, the methylated 3(2H)-
furanone2n was obtained in 63% yield. The reaction has
been successfully applied to dialkynyl-1,2-diodésfurnish-
ing the product20 and 2p incorporated with an alkynyl
group in 88% and 73% vyields (entries 15 and 16), respec-
tively. The structure of 3(2Hfuranone was supported by
extensive NMR experiments (NOESY, COSY, HMQC, and
HMBC) of products2a and 2h and further confirmed by
single-crystal analysis &o. The results clearly showed five-
membered oxygen heterocycles.

(17) For Ir-catalyzed cyclization/hydroalkoxylation of bis-homopropar-
gylic alcohols to afford cyclic ketals, see: Genin, E.; Antoniotti, S.; Michelet,
V.; Genét, J.-PAngew. Chem., Int. EQ005,44, 4949.
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Table 2. Gold-Catalyzed Construction of 3(2H)-Furanones
from Activated Alkynes

o 0
R1%§ 2 mol % AuCly 1<dR2
2 + NuH R
4 R CHCl, 0" "Nu
1 i, 2-12 h 2
entry substrate nucleophile products yield(%)?
1 o °
R'—— (o]
4&0 R%0H R {
0" "OR®
o
1 R'=Ph, (1a) MeOH 2a 81
2 (1a) EtOH 2b 74
3 (1a) ‘ProH 2¢ 84
4 (1a) 'BuOH 2d 66
5 (1a) PhOH 2e 55
6 (1a) N\ 2f 81
OH
1a = 68
(1a) ~ oH 29
8 (1a) Ph———+ 2h 82
OH
R'=Bu, (1b - i b
9 u, (1b) KOH 2i 42
10 R'=Bu (1) ~\on 4 8
11 (1c) MeOH 2k 64
12 O\(w) MeOH 21 76
1d -
13 (1d) KOH 2mO 85
o}
14 Ph;{/‘i " ﬁ—OH o /O Me 63
d o~
(1e) 2n
o 0/ Ph
Ph—= 4 = ¢
15 — pp MeOH Ph 88
— O OMe
s}
(19 20
0/ Ph
— =
16 1 PhW 73°
(1f) ‘\;OH 0 Ol
2p —

aUnless noted, all reactions were carried out using 2 mol % of AuCl
and 1.5 equiv of nucleophile in GBI, at room temperature for-212 h.
b The reaction was carried out for 2493 equiv of nucleophile was used.

On the basis of the above observations, a possible reaction
mechanism is proposed in Scheme 2, which may involve
the following steps: (i) The alkyne coordinates to Au@$
a two-electron ligand to give complek which enhances
the electrophilicity of the alkyne. (ii) The subsequent domino
nucleophilic attack/anti-endo-digyclization affords organ-
ogold intermediatéer. (iii) Protonation of 7 yields 3(2H)-
furanone2 and regenerate the catalyst AgGllternatively,
the reaction may involve an oxonium iof!® which is
formed by the nucleophilic attack of carbonyl oxygen to the
gold-coordinated alkynes. The oxonium iBrindergoes the
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Scheme 2. Proposed Reaction Mechanism for Scheme 3. Gold-Catalyzed Hydration of Alkynes
Au(lll)-Catalyzed Cyclization

H
0 oo
1 AuCly R >7 2 mol % AuCl, 1)1\/\‘[‘(0
1 —_— 1 3
RﬂRz g o 5 equiv HpO, CHCl, N | I Y
1 3

1, 3-24 h
o) 4 O \
R14</:
R coordination 3a, R'=Ph (88%)
Lo , Bilo CLhAu. O 3b, R'=p-MeOCgH, (80%)
R %& or l—ﬁ 3¢ R'=B o
2 i 2 C, u, (83%)
AuCls & & ‘)R R b) R
5 NuH 6 NuH
tonolysi . .
pre o:fys's alkene product 2-hydroxy-4-oxo-4-substituted-but-2-enoic
° ) ester3 as a single isomer in 8688% yields. The structural
RL@R ChAu O ) Hol assignment was supported by detailed analysis of the COSY,
2 n R1<Z—§<R HMQC, and HMBC data foBa. Strong HMBC correlations
O 'Nu

between phenyl protons and ketone carbonyl C1 verified the
location of the carbonyl group. However, due to a lack of
relevant correlations in NOESY spectra, the stereochemistry
of double bond could not be defined. The prodBcivas
suggested to be aZ]-configuration since it might be
stabilized by a two-center O---H—0O hydrogen bonding.

7

subsequent reaction with alcohols followed by protonation
to regenerate the Au(lll) catalyst and produce theH3}¢2
furanone. i ) )

On the other hand, hydration of alkynes is one of the most N conclusion, we have succeeded in developing a gold-
straightforward and environmentally benign routes to form catalyzed cyclization of 2-oxo-3-butynoates or disubstituted-
a C—O bond. Several recent papers describe the use ofl,2-diones with various nucleophiles under mild reaction
Au(lll) (NaAuCl,)™® and Au(I¥° catalysts for the addition conditions, which provided an efficient and general route to
of water to unactivated alkynes. To probe that Au@iuld 3(2H_)-furanones with a W|de_ range of substituents. ThIS is
be an effective catalysts for addition of water to these highly the first report for construction of 3t9-furanones using
activated alkynes, we proceeded to examine the a|kynetran3|t|on metal methods. Further studies to elucidate the
hydration reactions. Thus, under the conditions depicted in Mechanism of this reaction and to extend the scope of
Scheme 3, alkynes reacted with water selectively to form ~ Synthetic utility are in progress in our laboratory.
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