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Abstract: A simple and highly efficient method for
the preparation of tetrasubstituted furans starting
from readily accessible propargylic alcohols and
commercially available 1,3-dicarbonyl compounds
has been developed. The process, which proceeds in
a one-pot manner, involves the initial propargylation
of the 1,3-dicarbonyl compound promoted by tri-
fluoroacetic acid, and subsequent cycloisomerization

of the resulting y-ketoalkyne catalyzed by the 16-
electron allyl-ruthenium(II) complex [Ru(n’-2-
C;H,Me)(CO)(dppf)][SbF].

Keywords: cycloisomerization; 1,3-dicarbonyl com-
pounds; furans; propargylic alcohols; propargylic
substitution reactions; ruthenium

Introduction

In the course of our current studies directed to the
application of ruthenium complexes as catalysts in or-
ganic synthesis,'"”) we have recently reported the
preparation, in excellent yields and with total E-ste-
reoselectivity,”! of conjugated dienones C and diene-
diones D via a tandem process involving the catalytic
isomerization of diaryl-substituted terminal propargyl-
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ic alcohols A into enals B (Meyer—Schuster-type rear-
rangement)” which further undergo aldol-type con-
densations with enolizable ketones or 1,3-dicarbonyl
compounds (see Scheme 1).0!

While extending these initial studies to the coupling
of secondary alkynols with 1,3-dicarbonyl compounds
we have now discovered that the corresponding dien-
ones D are not formed, the reactions giving instead
keto- or ester-functionalized furans E which are gen-
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Scheme 1. Catalytic transformations of diaryl-substituted propargylic alcohols promoted by complex 1.
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Scheme 2. Synthesis of furans from propargylic alcohols and 1,3-dicarbonyl compounds.

erated through an unexpected C—C coupling process
(Scheme 2).1%!

The furan ring represents a key structural subunit
in many natural and pharmaceutically important sub-
stances, being also found in the molecular skeleton of
several flavor and fragrance compounds.”” Further-
more, substituted furans are useful and versatile inter-
mediates in synthetic organic chemistry.”’ As a conse-
quence, much attention has been paid to the synthesis
of furan derivatives in the last decades, the most inno-
vative and efficient strategies involving transition
metal-catalyzed heteroannulation reactions of suitable
acyclic precursors such as (Z)-enynols, a-epoxyal-
kynes, p-ketoalkynes or a-ketoallenes, among
others.’! Nevertheless, by following these cycloisome-
rization-based methodologies, the construction of
furan rings with the desired substitution pattern is
sometimes a problematic task due to the difficult
access to the corresponding functionalized starting
materials.’! Thereby, the development of novel syn-
thetic routes allowing the facile assembly of polysub-
stituted furans from readily available and inexpensive
precursors still remains an important objective for
synthetic organic chemists. Herein, a novel and highly
efficient catalytic method for the preparation of fully
substituted furans, in which easily accessible secon-
dary propargylic alcohols and commercially available
1,3-dicarbonyl compounds are used as starting materi-
als, is reported. The process outlined in Scheme 2,
which proceeds in a one-pot manner, involves two dif-
ferent steps based on: (i) an initial CF;CO,H-promot-
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ed propargylic substitution of the secondary alkynol
by the 1,3-dicarbonyl compound, and (if) subsequent
ruthenium-catalyzed cyclosiomerization of the result-
ing y-ketoalkyne.

Results and Discussion

Access to Fully Substituted Furans from Secondary
Propargylic Alcohols and 1,3-Dicarbonyl
Compounds: Optimization of the Reaction
Conditions and Scope

Following the optimal experimental conditions to pro-
mote the catalytic C—C coupling of diaryl-substituted
propargylic alcohols A with 1,3-dicarbonyl com-
pounds (Scheme 1) using the 16e~ Ru(II) complex
[Ru(n’-2-C;H,Me)(CO)(dppf)][SBF,] (1) fie.,
[A]:[1,3-dicarbonyl]:[CF;CO,H]:[1] ratio=20:200:2:1;
75°C; sealed tube; without solvent},m we have found
that the secondary terminal propargylic alcohol 1-(1-
naphthyl)-2-propyn-1-ol (2a) reacts with 2,4-pentane-
dione to afford, after 8 h, a mixture containing the ex-
pected diene-dione 3a (ca. 10% yield; GC deter-
mined) and 2,5-dimethyl-3-acetyl-4-(1-naphthyl)furan
(4a; ca. 65% yield; GC determined) along with minor
amounts of other uncharacterized by-products (see
Scheme 3).1 The tetrasubtituted furan 4a formally re-
sults from an intermolecular condensation between
the propargylic alcohol 2a and the 1,3-diketone
through an unprecedented cycloaddition reaction.!'*!!]

Me

+ others
Me

(3a)
ca. 10% yield (GC)

(4a)
ca. 65% yield (GC)

Scheme 3. The reaction of alkynol 2a with 2,4-pentanedione catalyzed by 1/CF;CO,H.
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Table 1. Synthesis of furans 4-10a from alkynol 2a and 1,3-dicarbonyl compounds.[®!

CF3CO,H (50 mol %) Me._ O. _R'
HO 0 © 1.(5 mol %) \
D 3 o=
O (2a) H,0 O 0
(4 - 10a)
Entry 1,3-Dicarbonyl Product Time Yield™
Me_ O Me
o o \
1 PPN O Me da 4h 81%
e
Me_ O Et
o o \
2 PPN c Et Sa 3h 76%
Et Et O
Me (e}
0 O \
3 U ) 6a 3h 79%
Me_ O Me
0 0 \
4 O M 7a 3h 929
MeMOMe O OMe ’
Me_ O Me
0 0 \
5 O OFt 8a 4h 93 %
Me/U\)J\OEt O °
Me_ O Me
o 0 \
6 C B 9a 2h 91 %
MeMOBn O OBn °
Me. _O_ _Ph
o o \
7 C OFt 10a 2h 62%
Ph)J\/U\OEt O ()
o)

a1 Reactions performed under N, atmosphere at 75°C using 1 mmol of 2a and 10 mmol of the corresponding 1,3-dicarbonyl

compound. [2a]:[1,3-dicarbonyl]:[CF;CO,H]:[Ru] ratio=20:200:10:1.

=

Isolated yield.

By increasing the quantity of trifluoroacetic acid in
the reaction media, both the selectivity and the rate
of this cyclocondensation process could be easily im-
proved. Thus, when 50 mol % of CF;CO,H was used,
ie., [2a]]2,4-pentanedione]:[CF;CO,H]:[1] ratio=
20:200:10:1, furan 4a was formed in >92 % yield (GC
determined) after 4 h, the presence of 3a being in this
case not detected by GC. This result indicates that
the ability of complex 1 to perform the Meyer—Schus-
ter isomerization of alkynols is completely inhibited
under these reaction conditions.”! The identity of
furan 4a, isolated in pure form in 81 % yield after
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chromatographic work-up (entry 1 in Table 1), was
readily assigned by its MS, IR and NMR spectroscop-
ic data (see the Experimental Section).

The generality of this transformation has been stud-
ied by using other 1,3-dicarbonyl compounds (see
Table 1). Thus, under the optimized reaction condi-
tions  {[2a]:[1,3-dicarbonyl]:[CF;CO,H]:[1] ratio=
20:200:10:1}, other 1,3-diketones, such as 3,5-heptane-
dione (entry2) or 1,3-cyclohexanedione (entry 3), as
well as a variety of [3-keto esters (entries 4-7) also re-
acted with alkynol 2a to afford the corresponding
furans 5-10a (62-93 % isolated yields) regardless the
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Scheme 4. Synthesis of the trisubstituted furan 13a.

presence of aliphatic (entries 1-5) or aromatic (en-
tries 6 and 7) substituents. Remarkably, when f-keto
esters are used as substrates (entries 4-7) the reac-
tions proceed in all cases in a regioselective manner
since only the keto group participates in the cycliza-
tion process, the ester function behaving as a simple
spectator. It should be also noted that, although the
starting propargylic alcohol 2a is completely con-
sumed, no furan formation was observed in the reac-
tion 2a with dimethyl malonate [CH,(CO,Me)], the
precipitation of a highly insoluble material being in
this case observed. This result suggests that the pres-
ence of at least one keto function is indispensable to
promote this coupling process. The characterization
of compounds 5-10a was achieved by means of stan-
dard spectroscopic techniques (MS, IR as well as 'H
and “C{'H} NMR) and, in the case of solid samples,
by elemental analyses, all data being fully consistent
with the proposed formulations (see the Experimental
Section).

The high-yield formation of furans 4-10a demon-
strates the wide scope of this cycloaddition process.
Nevertheless, it should be noted that a disappointing
result was encountered in the reaction of 2a with the
p-keto ester fert-butyl acetoacetate. Thus, under the
standard reaction conditions, the trisubstituted furan
13a, instead of the expected tetrasubstituted one 11a,
is obtained (79 % yield after 8 h; see Scheme 4). Ap-
parently, furan 11a is initially formed!'” but the hy-
drolysis of the tert-butyl ester (Boc) function (proba-
bly mediated by CF;CO,H)!" leads to carboxylic acid
12a which undergoes a ruthenium-catalyzed decarbox-
ylation to give 13a.'*'” Although in both individual
steps well-known reactions are involved, the overall
11a—13a transformation can be considered as rather
unusual.['®!

We have also found that this cyclization reaction
can be successfully applied to other aryl-monosubsti-

tuted alkynols, independent of the substitution pat-
tern and electronic properties of the aromatic ring.
Thus, as shown in Table 2, terminal propargylic alco-
hols 2b-g readily and cleanly react with 2,4-pentane-
dione or ethyl acetoacetate to afford in good yields
(66-94%), after only 2-5h, the tetrasubstituted
furans 4b—g (odd entries) and 8b—g (even entries), re-
spectively. In contrast, starting from alkyl-monosubsti-
tuted alkynols such as 1-octyn-3-ol or 3-butyn-2-ol,
mixtures containing the expected tetrasubstituted
furans, albeit in very low yields (15-28% yield; GC
determined), are obtained. The major formation of
several uncharacterized by-products prevented the
isolation of the furans.

Interestingly, internal aryl-monosubstituted alky-
nols can also participate in this cycloaddition process.
Nevertheless, the furan ring formation requires in
these cases longer reaction times. As an example,
treatment of 1-phenyl-3-butyn-1-ol (2h) with ethyl
acetoacetate in the presence of CF;CO,H/1 generates
the tetrasubstituted furan 15h in only a moderate
yield (43%) after 72 h at 75°C (see Scheme 5). Re-
markably, the GC/MS monitoring of this reaction
showed after 3 h the almost quantitative formation of
an intermediate species which could be isolated in
93% vyield after chromatographic work-up. Spectro-
scopic IR, MS and NMR ('H and “C{'H}) data al-
lowed the identification of this intermediate as the y-
ketoalkyne 14h (details are given in the Experimental
Section), resulting from a formal propargylic substitu-
tion process of the alkynol 2h by the B-keto ester.
Since this C—C coupling process involves the forma-
tion of two stereogenic centers, compound 14h is
formed as a ca. 1.2:1 mixture of two non-separable
diastereoisomers. Under the standard reaction condi-
tions, both isomers slowly and cleanly evolve into the
final furan 15h without detection of any other inter-
mediate species.
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Table 2. Synthesis of furans 4b—g and 8b—g from propargylic alcohols 2b—g and 1,3-dicarbonyl compounds.™

CF4CO,H (50 mol %) Me. _O_ Me
HO o O 1 (5 mol %
T & SR \ [
R’ Me R 3 R’
(2b - g) H,0 o
R? = Me (4b - @)
= OEt (8b - g)
Entry Alkynol Product Time Yield™
1 HO R?=Me 4b 4h 80 %
2 — H R2=0OEt 8b 3h 87 %
’
3 HO R2 Me 4c¢ 5h 83 %
4 Y — &_z( —OEt 8¢ 4h 86%
T 2¢
5 HO R?>=Me 4d 5h 66 %
6 — N R?*=O0OEFt 8d 4h 80 %
S SE
Cl
7 HO R?>=Me 4e 5h 86 %
8 — 4 =OEt 8e 4h 94 %
S
MeO
9 HO R*=Me 4f 5h 73%
10 —H =OEt 8f 5h 85%
2f
OMe
11 HO R*=Me 4g 3h 90 %
12 — MeO R*=OFEt 8g 2h 94 %
2g
OMe

[l Reactions performed under N, atmosphere at 75°C using 1 mmol of the corresponding propargylic alcohol 2 and
10 mmol of the appropriate 1,3-dicarbonyl compound. [2]:[1,3-dicarbonyl]:[CF;CO,H]:[Ru] ratio=20:200:10:1.
) Isolated yield.

HO
— Me
(0]
2h) CF;CO,H (50 mol %) O Me CFACOH (50 mol %) Et~ O~ _-Me
1 (5 mol %) o 1 (5 mol %) \ /
* : = Me . OEt
75°Ci3h ) 75 °C/3 days
)Oj\/lol\ H,O @ ©
Me OEt (14h) (15h)

two diastereoisomers (ca. 1.2:1 ratio)

Scheme 5. Coupling of the internal propargylic alcohol 2h with ethyl acetoacetate.
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Mechanistic Proposal for the Cycloaddition Reaction
of Propargylic Alcohols with 1,3-Dicarbonyl
Compounds

It is well-established that a series of transition-metal
complexes are able to catalyze substitution reactions
of alkynols."! In particular, allenylidene-rutheni-
um(II) species formed from terminal alkynol sub-
strates are prone to catalyze propargylic substitutions
using a wide variety of carbon- and heteroatom-cen-
tered nucleophiles.'’" The results shown in Scheme 5,
along with a recent report showing the catalytic activi-
ty of Brgnsted acids when internal propargylic alco-
hols are used,'® raises the question whether complex
1 is the actual catalytic species of the initial propargy-
lation process."” To this regard, the reactivity of alky-
nols 2a,b towards methyl acetoacetate using only
CF;CO,H (50 mol%) in the absence of complex 1
was studied (Scheme 6). The reaction affords the cor-
responding y-ketoalkynes 16a and 16b which are se-
lectively formed after 1.5 or 4 h, respectively.” Chro-
matographic work-up allowed the isolation (81-90% )
and spectroscopic characterization of these function-
alized alkynes (see the Experimental Section), which
are generated in both cases as a non-separable mix-
ture of two diastereoisomers in ca. 1:1 ratio. Remark-

S .

ably, in the absence of ruthenium, y-ketoalkynes 16a,
b are stable and do not evolve into the final furans
7a,b even when heated at 75°C for 24 h in the pres-
ence of CF;CO,H (50 mol %), the formation of 7a,b
being only observed when complex 1 was added to
the reaction media. This fact strongly suggests that
the generation of the furan ring is the result of a
ruthenium-catalyzed cycloisomerization of the inter-
mediate y-ketoalkyne. As far as we are aware, this is
the first ruthenium-catalyzed cycloisomerization of y-
ketoalkynes to afford furans reported to date.*'??

In accordance with these particular features, a
mechanistic proposal accounting for the catalytic cy-
cloisomerization of y-ketoalkynes A into furans E is
shown in Scheme 7. We assume that the initial step in-
volves the activation of the C=C triple bond of the
alkyne, via coordination to the metal, to give the -
alkyne ruthenium intermediate B. Subsequent intra-
molecular nucleophilic attack of the enolic form of
the keto group at the C, position of the coordinated
alkyne (endo addition) generates the alkenyl-rutheni-
um derivative C, which after protonolysis liberates
the heterocycle D regenerating the catalytically active
ruthenium species. Final acid-promoted aromatization
of the five-membered ring of D leads to the tetrasub-
stituted furan E. We note that, although it is well-

R o)
N Me CF3COH (50mol %) e O _Me
R = 1-naphthyl (2a) CF3CO,H (50 mol %) }\gj 1 (5 mol %) \ /
R = 2-naphthyl (2b) S MeO — e
+ ) R R OMe
o o H,0 R = 1-naphthyl (16a) 0
R= 2—naphthy| (16b) R = 1-naphthy| (7a)
Me OMe two diastereoisomers (ca. 1:1 ratio) R = 2-naphthyl (7b)
Scheme 6. Formation and cycloisomerization of y-ketoalkynes 16a,b.
R? R?
(o] o) = ® (0] R3
R* = R? [Ru] \ / R®

R R!

(A) o}

o E)
[Ru] .
acid-catalyzed
isomerization
@
R® H o R3

Q /—FH =

;oo R4
e T 0
R1 @ 1 \
[Ru] H@ [Ru]® R R2
[Ru] H
®) © (D)

Scheme 7. Reaction pathway for the Ru-catalyzed cycloisomerization reaction.
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known that terminal m-alkyne ruthenium complexes
[L,Ru(n*>HC=CR)] show a great tendency to tauto-
merize into  n'-vinylidene species [L,Ru{=C=
C(H)R}],®! such an isomerization reaction seems to
be completely inhibited when terminal alkynols 2a—g
are used as substrates since cyclization of the corre-
sponding intermediates should give rise to the forma-
tion of six-membered pyranic rings (exo addition).!"”!

Conclusions

In this work a novel and highly efficient catalytic ap-
proach of tetrasubstituted furans has been developed
using as starting materials readily accessible secon-
dary aryl-substituted propargylic alcohols and an
excess (10 equivalents) of commercially available 1,3-
dicarbonyl compounds. The process, which takes
place in a one-pot manner and under solvent-free con-
ditions (the 1,3-dicarbonyl compound itself acts as sol-
vent), is shown to proceed through two different steps
involving: (i) an initial CF;CO,H-promoted propar-
gylic substitution of the secondary alkynol by the 1,3-
dicarbonyl compound, leading to an intermediate Y-
ketoalkyne, and (ii) a subsequent ruthenium-catalyzed
cycloisomerization reaction to give the final tetrasub-
stituted furans.”” This unprecedented cyclization re-
action is quite general being applicable both to termi-
nal and internal monosubstituted alkynols, as well as
to a variety of -dicarbonyl compounds.

At present, the most innovative and efficient syn-
thetic approaches of substituted furans involve transi-
tion metal-catalyzed heteroannulation reactions of
acyclic precursors such as (Z)-enynols, a-epoxyal-
kynes, p-ketoalkynes or a-ketoallenes, among
others.’] Nevertheless, a major drawback of these
methodologies is the difficult access of suitable pre-
cursors containing preloaded functional groups at the
desired positions. The methodology herein described,
which allows the introduction of carbonyl functionali-
ties in the furanic skeleton, represents a very competi-
tive and more desirable synthetic approach since it
stems from readily available and inexpensive precur-
SOTS.

In summary, selectivity, time/cost saving and experi-
mental simplicity, concepts to be assembled by
modern academic and industrial synthetic chemists to
reach the maximum of efficiency, are clearly repre-
sented in this one-pot catalytic transformation making
it appealing for a wide range of synthetic organic
chemists.

Experimental Section

All reagents were obtained from commercial suppliers and
used without further purification with the exception of com-
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plex [Ru(n’-2-C;H,Me)(CO)(dppf)][SbF,] (1),* the termi-
nal propargylic alcohols 2a, b, d-g®! and the internal one
2h®! which were prepared by following the methods report-
ed in the literature. Infrared spectra were recorded on a
Perkin—-Elmer 1720-XFT spectrometer. Elemental C and H
analyses were carried out with a Perkin—Elmer 2400 micro-
analyzer. NMR spectra were recorded on a Bruker DPX-
300 instrument at 300 MHz (‘H), or 75.4 MHz (“C) or a
Bruker AC-400 instrument at 400.1 MHz (‘H), or
100.6 MHz (**C). Chemical shifts are referred to the residual
peak of the deuterated solvent used (CDCl;). DEPT experi-
ments have been carried out for all the compounds report-
ed. Gas chromatographic (GC) measurements were made
on a Hewlett-Packard HP6890 equipment using a HP-IN-
NOWAX cross-linked polyethyleneglycol (30 m, 250 um) or
a Supelco Beta-Dex™ 120 (30 m, 250 pm) column. GC/MS
measurements were performed on a Agilent 6890N equip-
ment coupled to a 5973 mass detector (70eV electron
impact ionization) using a HP-1MS column. High-resolution
mass spectra were recorded on a Finnigan-Mat 95 spectrom-
eter.

General Procedure for the Synthesis of Furans 4-13

Complex [Ru(n-2-C;H,Me)(CO)(dppf)][SbF] (1) (0.049 g,
0.05 mmol), the corresponding propargylic alcohol 2a-g
(1 mmol), the appropriate 1,3-dicarbonyl compound
(10 mmol) and CF;CO,H (37 uL, 0.5 mmol) were introduced
into a sealed tube under nitrogen atmosphere. The reaction
mixture was then heated at 75°C for the indicated time (see
Table 1, Table 2 and Scheme 4; the course of the reaction
was monitored by regular sampling and analysis by GC or
GC/MS). After removal of volatiles under vacuum, the resi-
due was purified by column chromatography (silica gel)
using a mixture EtOAc/hexane (1:50) as eluent.

The following furans obtained in this paper are known
compounds: 2,5-dimethyl-3-acetyl-4-phenylfuran (4¢),””! 2,5-
dimethyl-3-acetyl-4-(4-methoxyphenyl)furan (4e),”® 2.5-di-
methyl-3-acetyl-4-(2-methoxyphenyl)furan (4g)®! and 2,5-di-
methyl-4-phenylfuran-3-carboxylic acid ethyl ester (8c).”*’)

Analytical and spectroscopic data for the new compounds
are as follows:

2,5-Dimethyl-3-acetyl-4-(1-naphthyl)furan (4a): Colourless
oil; yield: 0.214 g (81%); IR (Nujol): v=1564 (s, C=C),
1668 cm™' (s, C=0); 'HNMR (CDCL): 6=1.65 (s, 3H,
COCHs;), 2.09 and 2.68 (s, 3H each, CH;), 7.41-7.58 (m, 4H,
CyoH,), 7.72 (m, 1H, C,H;), 7.90-7.94 (m, 2H, C,,H,);
BC{'H} NMR (CDCl,): 6=11.6 and 14.5 (s, CH;), 29.8 (s,
COCHs;), 118.4 and 123.5 (s, =C), 125.4, 125.5, 126.0, 126.5,
128.2, 128.3 and 128.4 (s, CH of C,H;), 131.4, 133.0 and
133.6 (s, C of C\yH;), 147.7 and 157.0 (s, =C-O), 195.8 (s, C=
0O); MS (EI 70eV): m/z=264 (100%) [M*], 249 (92%)
[M*—Me], 221 (12%) [M*-COMe], 178 (22%)
[CH,CCCO], 152 (10%) [C,(H,CC]; HR-MS: m/z=
264.11418, calcd. for CgH;cO,: 264.11448.

2,5-Dimethyl-3-acetyl-4-(2-naphthyl)furan (4b): Yellow
solid; yield: 0.211 g (80%); IR (Nujol): v=1564 and 1597
(m, C=C), 1681 cm™* (s, C=0); 'HNMR (CDCl): 6=1.96
(s, 3H, COCH,), 2.22 and 2.60 (s, 3H each, CH;), 7.37 (d,
J=85Hz, 1H, CH,), 7.51 (m, 2H, C,H,), 7.74 (br, 1H,
CoH;), 7.84-7.90 (m, 3H, C,0H,); BC{'H} NMR (CDCl,):
0=11.6 and 14.3 (s, CHj;), 30.8 (s, COCHj;), 120.8 and 123.1
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(s, =C), 126.1, 126.3, 127.7, 127.8, 128.0, (2 C) and 1284 (s,
CH of C,H;), 131.2, 132.5 and 133.3 (s, C of C,(H;), 147.3
and 156.3 (s, =C-0O), 196.1 (s, C=0); MS (EI 70 eV): m/z =
264 (100%) [M*], 249 (87%) [M*—Me], 221 (17%)
[M*—COMe], 193 (7%) [M*—2Me—COMe], 178 (30%)
[C,\H,CCCO], 152 (10%) [C,,H,CC]; anal. caled. for
CisH0,: C 81.79, H 6.10 %; found: C 82.13, H 6.25 %.
2,5-Dimethyl-3-acetyl-4- (4-chlorophenyl)furan (4d):
Yellow oil; yield: 0.164 g (66 %); IR (Nujol): v=1568 (s, C=
C), 1674 cm™' (s, C=0); 'HNMR (CDCl,): 6=2.00 (s, 3H,
COCHs;), 2.17 and 2.55 (s, 3H each, CHj;), 7.20 and 7.40 (m,
2H each, C;H,Cl); *C{'"H} NMR (CDCL;): §=11.5 and 14.3
(s, CH3), 30.7 (s, COCHj;), 119.7 and 122.8 (s, =C), 128.6 and
131.1 (s, CH of C¢H,Cl), 132.2 and 133.3 (s, C of C;H,CI),
147.1 and 156.3 (s, =C-0), 195.4 (s, C=0); MS (EI 70 eV):
m/z=248 (85%) [M*], 233 (100%) [M*—Me], 213 (1%)
[M*-Cl], 205 (20%) [M*—COMe], 191 (2%)
[M*—Me—COMe], 177 (5%) [M*—2Me—COMe], 162
8%) [CH,CICCCO], 141 (5%) [MT—2Me—COMe—Cl];
HR-MS: m/z =248.05943, calcd. for C,,H,5;0,Cl: 248.05985.
2,5-Dimethyl-3-acetyl-4- (3-methoxyphenyl)furan (4f):
Colourless oil; yield: 0.178 g (73%); IR (Nujol): v=1575
and 1598 (m, C=C), 1674 cm™* (s, C=0); 'H NMR (CDCl,):
0=1.95 (s, 3H, COCHj;), 2.16 and 2.51 (s, 3H each, CH,),
3.81 (s, 3H, OCH,), 6.77-6.89 (m, 3H, C;H,OMe), 7.31 (m,
1H, C¢H,OMe); *C{'H} NMR (CDCl;): 6=11.6 and 14.2 (s,
CHj;), 30.6 (s, COCHj;), 55.2 (s, OCHj;), 112.7, 115.6, 122.4
and 129.5 (s, CH of C,H,OMe), 120.7 and 123.0 (s, =C),
135.1 (s, C of C;H,OMe), 147.0, 156.1 and 159.5 (s, =C-O
and C of C;H,OMe), 196.2 (s, C=0); MS (EI 70 eV): m/z=
244 (95%) [M'], 229 (100%) [M*'—Me], 201 (20%)
[M*—COMe], 187 (7%) [M*—Me—COMe], 171 (10%)
[MT—2Me—COMe], 159 (12%) [CH,OMeCCCO]; HR-
MS: m/z =244.10911, calcd. for C,;sH;405: 244.10939.
2-Ethyl-3-ethylcarbonyl-5-methyl-4-(1-naphthyl)furan
(5a): Colourless oil; yield: 0.222 g (76%); IR (Nujol): v=
1557 (s, C=C), 1673 cm* (s, C=0); '"HNMR (CDCl;): 6=
0.72 (t, J=7.3 Hz, 3H, COCH,CHs;), 1.38 (t, /J=7.6 Hz, 3H,
CH,CHs;), 1.79 and 2.01 (m, 1H each, CH,CHj3), 2.09 (s, 3H,
CH;), 3.09 (m, 2H, COCH,CH,;), 7.41-7.58 (m, 4H, C(H,),
7.72 (m, 1H, C,H,), 7.90-7.95 (m, 2H, C,H,); “C{'H}
NMR (CDCL,): 6=7.7, 11.7 and 12.3 (s, CH,), 21.8 (s, CH,),
34.8 (s, COCH,), 118.0 and 122.5 (s, =C), 125.4, 125.6, 126.0,
126.5, 128.1, 128.2 and 128.3 (s, CH of C,(H;), 131.6, 132.9
and 133.6 (s, C of C,,H;), 147.7 and 161.5 (s, =C-O), 199.0 (s,
C=0); MS (EI 70eV): m/z=292 (60%) [M*], 277 (2%)
[M*—Me], 263 (100% ) [M*—Et], 248 (22%) [MT—Me—Et],
233 (2%) [M*-2Et], 219 (7%) [M*—Me—COEt], 205
(10%) [MT—Et—COEt], 190 (9%) [M*—Me—Et—COEt],
179 (5%) [C,(H,CCCO], 152 (2%) [C,,H,CC]; HR-MS:
m/z=292.14574, calcd. for C,yH,,O,: 292.14578.
2-Methyl-3-(1-naphthyl)-6,7-dihydro-5H-benzofuran-4-one
(6a): Colourless oil; yield: 0.218 g (79%); IR (Nujol): v=
1577 (s, C=C), 1681 cm™ (s, C=0); 'HNMR (CDClL): 6=
2.20 (s, 3H, CHj;), 2.25, 2.53 and 2.99 (m, 2H each, CH,),
7.43-7.58 (m, 4H, C,\H,), 7.71 (d, /=79 Hz, 1H, C,H,),
7.91-7.95 (m, 2H, C,0H;); “C{'H} NMR (CDCL): 6=11.8
(s, CHj), 22.5, 23.6 and 38.1 (s, CH,), 116.7 and 121.3 (s, =
O), 125.2, 125.6, 125.8, 125.9, 128.0, 128.1 and 128.3 (s, CH
of C,(H;), 129.6, 132.4 and 133.6 (s, C of C,,H;), 150.0 and
166.4 (s, =C-0O), 194.8 (s, C=0); MS (EI 70 eV): m/z =276
(100%) [M*], 261 (5%) [MT—Me], 248 (36 %) [MT—2CH,],
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233 (7%) [M*—Me—2CH,], 205 (30%)
[M*—CH,CH,CH,CO], 152 (7%) [C,,H,CC]; HR-MS:
m/z=276.11445, calcd. for C,(H;0,: 276.11448.
2,5-Dimethyl-4-(1-naphthyl)furan-3-carboxylic acid
methyl ester (7a): White solid; yield: 0.258 g (92%); IR
(Nujol): v=1593 (s, C=C), 1720 cm™! (s, C=0); 'H NMR
(CDCl3): 6=2.13 and 2.71 (s, 3H each, CHj;), 3.42 (s, 3H,
OCH,), 7.37-7.56 (m, 4H, C,,H,), 7.71 (d, J=82Hz, 1H,
C,H,), 7.87-7.93 (m, 2H, CyH,); C{'H} NMR (CDCL):
0=11.7 and 14.1 (s, CH3), 50.8 (s, OCHj3), 114.6 and 119.1 (s,
=C), 125.1, 125.5, 125.7, 125.8, 127.7 (2C) and 128.1 (s, CH
of C,(H;), 131.2, 132.9 and 1334 (s, C of C,,H;), 148.0 and
157.7 (s, =C-0), 164.6 (s, C=0); MS (EI 70 eV): m/z =280
(100%) [M*], 265 (1%) [M*—Me], 248 (46 %) [MT—OMe],
233 (9%) [MT—Me—OMe], 220 (25%) [MT—CO,Me], 205
(29%) [M*—Me—CO,Me], 191 (7%) [M*—2Me—CO,Me],
178 (22%) [C,(H,CCCO], 152 (7%) [C,(H,CC]; anal. calcd.
for C;gH,40;: C 77.12, H 5.75%; found: C 76.99, H 5.83%.
2,5-Dimethyl-4-(2-naphthyl)furan-3-carboxylic acid
methyl ester (7b): Reaction time: 4 h; yellow oil; yield:
0.246 g (88%); IR (Nujol): v=1584 and 1597 (m, C=C),
1717 em™ (s, C=0); 'H NMR (CDCl;): §=2.29 and 2.65 (s,
3H each, CH;), 3.67 (s, 3H, OCH;), 7.42-7.53 (m, 3H,
C,H,), 7.73 (br, 1H, C,H;), 7.86-791 (m, 3H, C,;H,);
BC{'H) NMR (CDCl,): 6=11.8 and 14.1 (s, CH;), 50.9 (s,
OCH,), 113.3 and 121.3 (s, =C), 125.7, 125.8, 126.9, 127.6,
127.8, 128.2 and 128.6 (s, CH of C,H;), 130.8, 132.3 and
133.1 (s, C of Cy(H;), 147.5 and 157.7 (s, =C-O), 164.7 (s, C=
O); MS (EI 70eV): m/z=280 (100%) [M*], 265 (2%)
[M*—Me], 248 (51%) [M*-OMe], 233 (5%)
[MT—Me—OMe], 220 (22%) [Mt—CO,Me], 205 (20%)
[M*—Me—CO,Me], 191 (5%) [M*—2Me—CO,Me], 178
(26%) [C,H,CCCO], 152 (10%) [C,H,CC]; HR-MS:
m/z=280.10956, calcd. for C,sH;cO5: 280.10939.
2,5-Dimethyl-4-(1-naphthyl)furan-3-carboxylic acid ethyl
ester (8a): Yellow oil; yield: 0.274 g (93%); IR (Nujol): v=
1595 (s, C=C), 1708 cm* (s, C=0); '"HNMR (CDCl;): 6=
0.57 (t, J=7.1 Hz, 3H, CH,CH,), 2.17 and 2.73 (s, 3H each,
CH;), 3.85 (m, 2H, CH,CHy;), 7.37-7.56 (m, 4H, C,(H;), 7.73
(m, 1H, CH,), 7.87-7.93 (m, 2H, C,,H,); “C{'H} NMR
(CDCL,y): 6=11.7, 13.1 and 13.9 (s, CH,), 59.3 (s, CH,), 114.9
and 119.1 (s, =C), 125.1, 125.5, 125.6, 126.0, 127.6 (2C) and
128.0 (s, CH of C,H;), 131.6, 133.2 and 133.4 (s, C of
C,oH;), 147.8 and 157.7 (s, =C-0), 164.2 (s, C=0); MS (EI
70eV): m/z=294 (100%) [M*], 279 (1%) [MT—Me], 265
(17%) [M*-Et], 248 (47%) [M*-OEt], 233 (7%)
[M*—Me—OEt], 220 (20%) [M*-CO,Et], 205 (20%)
[M*—Me—CO,Et], 191 (7%) [M*-2Me—CO,Et], 178
(22%) [C,(H,CCCO], 152 (10%) [C,;H,CC]; HR-MS:
m/z=294.12509, calcd. for C,yH;3O5: 294.12504.
2,5-Dimethyl-4-(2-naphthyl)furan-3-carboxylic acid ethyl
ester (8b): Yellow oil; yield: 0.256 g (87 %); IR (Nujol): v=
1582 and 1601 (m, C=C), 1710 em™" (s, C=0); 'H NMR
(CDCly): 6=1.09 (t, J=7.1 Hz, 3H, CH,CH3), 2.29 and 2.66
(s, 3H each, CH;), 4.15 (q, /=7.1 Hz, 2H, CH,CH,), 7.44—
7.55 (m, 3H, C(H;), 7.74 (br, 1H, C,(H;), 7.86-7.91 (m, 3H,
C,oH;); *C{'H} NMR (CDCL): 6=11.8, 13.9 and 14.1 (s,
CH;), 59.8 (s, CH,), 113.6 and 121.3 (s, =C), 125.7, 125.8,
126.8, 127.6, 127.8, 128.3 and 128.8 (s, CH of C,;H;), 130.9,
132.3 and 133.1 (s, C of C(H;), 147.4 and 157.6 (s, =C-0O),
164.3 (s, C=0); MS (EI 70 eV): m/z =294 (100%) [M™*], 279
2%) [MT—Me], 265 (25%) [M*-Et], 248 (58%)
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[MT—OEt], 233
[MT—CO,Et], 205 (15%) [M*—Me—CO,Et], 191 (5%)
[MT—2Me—CO,Et], 178 (25%) [C,,;H,CCCO], 152 (10%)
[CioH,CC]; HR-MS: m/z=294.12498, calcd. for C,;H;3O;:
294.12504.
2,5-Dimethyl-4-(4-chlorophenyl)furan-3-carboxylic  acid
ethyl ester (8d): Yellow oil; yield: 0223g (80%); IR
(Nujol): v=1584 and 1599 (m, C=C), 1712 cm™ (s, C=0);
'HNMR (CDCl,): 6=1.16 (t, /=7.3 Hz, 3H, CH,CH,), 2.20
and 2.60 (s, 3H each, CHj), 4.16 (q, /J=73Hz, 2H,
CH,CH;), 721 and 7.36 (m, 2H each, CH,Cl); “C{'H}
NMR (CDClL): 6=11.6, 13.9 and 14.0 (s, CHj), 59.8 (s,
CH,), 113.2 and 120.3 (s, =C), 127.8 and 131.3 (s, CH of
CsH,Cl), 131.7 and 132.7 (s, C of C;H,Cl), 147.2 and 157.6
(s, =C-0), 1641 (s, C=0); MS (EI 70eV): m/z=278
(100%) [M*], 263 (1%) [M*—Me], 249 (95%) [M*—Et],
233 (37%) [MT—OEt], 214 2%) [M*—Et—Cl], 204 (7%)
[M*—CO,Et], 189 (5%) [M*—Me—CO,Et], 162 (8%)
[CH,CICCCO], 141 (5%) [M+t-2Me-CO,Et—Cl]; HR-
MS: m/z=278.07052, caled. for C;sH;50;Cl: 278.07042.
2,5-Dimethyl-4-(4-methoxyphenyl)furan-3-carboxylic acid
ethyl ester (8e): Yellow solid; yield: 0.258 g (94%); IR
(Nujol): v=1584 and 1606 (m, C=C), 1709 cm™ (s, C=0);
"H NMR (CDCly): 6=1.17 (t, J=7.1 Hz, 3H, CH,CH,), 2.21
and 2.60 (s, 3H each, CHs;), 3.85 (s, 3H, OCH,), 4.17 (q, /=
7.1Hz, 2H, CH,CH;), 694 and 721 (m, 2H each,
C,H,OMe); BC{'H} NMR (CDCl,): 6=11.6, 14.0 and 14.1
(s, CH3), 55.1 (s, OCH,), 59.6 (s, CH,), 113.0 and 131.1 (s,
CH of CqH,OMe), 113.5 and 120.9 (s, =C), 125.4 (s, C of
C¢H,OMe), 146.9, 1572 and 158.5 (s, =C-O and C of
CsH,OMe), 164.3 (s, C=0); MS (EI 70eV): m/z=274
(100%) [M*], 259 (1%) [M*—Me], 245 (34%) [M*—Et],
227 (41%) [M*—Me—OMe], 213 (2%) [M*—Et—OMe],
200 (12%) [M*—CO,Et], 185 (7%) [M*—Me—CO,Et], 172
(B%) [Mt—2Me—CO,Et], 159 (10%) [CH,OMeCCCO];
anal. calcd. for C;;H;50,: C 70.06, H 6.61 %; found: C 69.88,
H 6.69%.
2,5-Dimethyl-4-(3-methoxyphenyl)furan-3-carboxylic acid
ethyl ester (8f): Yellow oil; yield: 0233g (85%); IR
(Nujol): v=1589 and 1602 (m, C=C), 1711 cm™' (s, C=0);
'H NMR (CDCL): 6=1.11 (t, J=7.0 Hz, 3H, CH,CH), 2.20
and 2.57 (s, 3H each, CHj;), 3.81 (s, 3H, OCH,;), 4.12 (q, /=
7.0 Hz, 2H, CH,CH;), 6.79-6.86 (m, 3H, C,H,OMe), 7.26
(m, 1H, C,H,OMe); “C{'H} NMR (CDCL): 6=11.8, 13.9
and 14.0 (s, CH3), 55.2 (s, OCH3), 59.8 (s, CH,), 112.2, 115.8,
122.6 and 128.5 (s, CH of CqH,OMe), 113.5 and 121.2 (s, =
C), 134.6 (s, C of C(H,OMe), 147.1, 157.4 and 158.9 (s, =C-
O and C of CgH,OMe), 164.3 (s, C=0); MS (EI 70 eV): m/
z=274 (718%) [MT*], 245 (25%) [M*-Et], 228 (100%)
[M*—Me—OMe], 213 (5%) [M*—Et—OMe], 200 (32%)
[M*—CO,Et], 185 (24%) [M*—Me—CO,Et]; HR-MS:
m/z=274.11982, calcd. for C;sH;30,: 274.11996.
2,5-Dimethyl-4-(2-methoxyphenyl)furan-3-carboxylic acid
ethyl ester (8g): Yellow oil; yield: 0258 ¢g (94%); IR
(Nujol): v=1579 and 1602 (m, C=C), cm™' 1712 (s, C=0);
'"H NMR (CDCl;): 6=1.04 (t, J=7.0 Hz, 3H, CH,CH5), 2.18
and 2.56 (s, 3H each, CHj;), 3.76 (s, 3H, OCHs;), 4.07 (q, /=
7.0 Hz, 2H, CH,CHj;), 6.89-6.99 (m, 2H, C;H,0OMe), 7.15
(m, 1H, C4H,0OMe), 7.30 (m, 1H, C;H,OMe); *C{'H} NMR
(CDCl,): 6=11.8, 13.8 and 13.9 (s, CH,;), 55.3 (s, OCHy;),
59.5 (s, CH,), 110.3, 120.1, 128.5 and 131.1 (s, CH of
CsH,OMe), 1145, 1173 and 1225 (s, =C and C of

(5%) [M*—Me—OEf], 220 (15%)
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C¢H,OMe), 1472, 156.6 and 1574 (s, =C-O and C of
C¢H,OMe), 164.6 (s, C=0); MS (EI 70eV): m/z=274
(80%) [M*], 259 (1%) [M*—Me], 245 (5%) [M*—Et], 228
(17%) [M*—Me—OMe], 213 (100%) [M*—Et—OMe], 201
(15%) [M*—CO,Et], 185 (34%) [M*—Me—CO,Et], 172
(10%) [M*—2Me—CO,Et]; HR-MS: m/z =274.11969, calcd.
for C;sH3O,: 274.11996.
2,5-Dimethyl-4-(1-naphthyl)furan-3-carboxylic acid benzyl
ester (9a): Yellow solid; yield: 0.324 g (91%); IR (Nujol):
v=1586 (s, C=C), 1713 cm™! (s, C=0); 'HNMR (CDCL,):
0=2.15 and 2.75 (s, 3H each, CHj;), 4.90 (m, 2H, CH,), 6.59
(d, J=7.6 Hz, 2H, Ph), 7.09-7.22 (m, 3H, Ph), 7.36-7.52 (m,
4H, CH,), 7.73 (d, J=82Hz, 1H, C,H;), 7.86-7.93 (m,
2H, CyH,); “C{'H} NMR (CDCL): 6=11.7 and 14.1 (s,
CH;), 65.5 (s, CH,), 114.7 and 1189 (s, =C), 125.2, 125.6,
125.8 (2C), 127.3, 127.4, 127.6, 127.7, 128.0 and 128.1 (s, CH
of C,(H; and Ph), 131.4, 133.1, 133.5 and 135.5 (s, C of C,,H;
and Ph), 148.0 and 158.3 (s, =C-O), 164.1 (s, C=0); MS (EI
70 eV): m/z=356 (100%) [M*], 265 (83%) [M*—Bn], 249
(51%) [M*—OBn], 234 (8%) [M*—Me—OBn], 219 (17%)
[M*—CO,Bn], 178 (18%) [C,;H,CCCO], 152 (5%)
[CoH,CC]; anal. caled. for C,;H,,0O5: C 80.88, H 5.66%;
found: C 80.71, H 5.45%.
5-Methyl-4-(1-naphthyl)-2-phenylfuran-3-carboxylic acid
ethyl ester (10a): Yellow solid; yield: 0.221 g (62%); IR
(Nuyjol): v=1582 and 1592 (m, C=C), 1716 cm™" (s, C=0);
'H NMR (CDClLy): 6=0.47 (t, J=7.1 Hz, 3H, CH,CH,), 2.28
(s, 3H, CH,), 3.80 (q, J=7.1 Hz, 2H, CH,CH;), 7.44-7.59
(m, 7H, C,(H; and Ph), 7.81-8.04 (m, SH, C,(H; and Ph);
BC{'H} NMR (CDCly): 6=12.0 and 12.8 (s, CH,), 60.0 (s,
CH,), 116.0 and 121.0 (s, =C), 125.2, 125.6, 125.8, 125.9,
127.6, 127.7, 127.9, 1282 (2C) and 128.9 (s, CH of Ph and
CoH7), 130.0, 131.2, 133.0 and 133.4 (s, C of Ph and C,(H,),
149.2 and 155.0 (s, =C-0O), 164.1 (s, C=0); MS (EI 70eV):
m/z=356 (100%) [MT*], 328 (5%) [MT—Et], 309 (20%)
[MT—OEt], 295 (2%) [M*—Me—OEt], 282 (10%)
[M*—CO,Et], 268 (4%) [M*—Me—CO,Et], 252 (7%)
[M*—Ph—Et], 239 (20%) [C,,H,CCCPh], 205 (3%)
[M*—Ph—CO,Et], 176 (3%) [C,(H,CCCC]; anal. caled. for
C,,H,,05: C 80.88, H 5.66 %; found: C 80.59, H 5.72 %.
2,5-Dimethyl-4-(1-naphthyl)furan (13a): Colourless oil;
yield: 0.176 g (79%); IR (Nujol): v=1592 cm™ (s, C=C);
"H NMR (CDCly): 6=2.25 and 2.40 (s, 3H each, CHj;), 6.15
(s, 1H, =CH), 7.38-7.55 (m, 4H, C,(H,), 7.83-8.01 (m, 3H,
CyH;); "C{'H} NMR (CDCl;): 6=12.3 and 13.5 (s, CH,),
109.3 (s, =CH), 120.0 (s, =C), 125.4, 125.6, 125.7, 126.1, 127.2
(2C) and 128.2 (s, CH of C,,H;), 132.2, 132.4 and 133.7 (s, C
of CyyHy), 147.0 and 149.4 (s, =C-O); MS (E1 70 eV): m/z=

222 (100%) [M'], 207 (9%) [M'—Me], 192 (5%)
[M*—2Me], 179 (64%) [C,H,CCCO], 165 (12%)
[C,H,CCC], 152 (15%) [C,oH,CC]; HR-MS: m/z=

222.10392, caled. for C,H,,0: 222.10391.

Synthesis of 2-Acetyl-3-phenylhex-4-ynoic Acid Ethyl
Ester (14h)

Complex [Ru(n’-2-C;H,Me)(CO)(dppf)][SbF,] (1) (0.049 g,
0.05 mmol), 1-phenyl-2-butyn-1-ol (2h) (0.146 g, 1 mmol),
ethyl acetoacetate (1.32mL, 10mmol) and CF;CO,H
(37 pL, 0.5 mmol) were introduced into a sealed tube under
a nitrogen atmosphere. The reaction mixture was then
heated at 75°C for 3 h. After removal of volatiles under
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vacuum, the residue was purified by column chromatogra-
phy (silica gel) using a mixture EtOAc/hexane (1:10) as
eluent. The resulting y-ketoalkyne 14h was isolated as a
mixture of two diastereoisomers in ca. 1.2:1 ratio; yellow
oil; yield: 0.240 g (93%); IR (Nujol): v=1723 and 1749 (s,
C=0), 2237 cm ™ (w, C=C); MS (EI 70 eV): m/z=258 (1%)
[M*], 229 (3%) [M*-Et], 215 (50%) [M*—COMe], 185
(100%) [M*—CO,Et], 170 (50%) [M*—Me—CO,Et], 142
(20%) [M*—COMe—CO,Et], 129 (80%) [PhCHCCMe]l;
HR-MS: m/z=258.12555, calcd. for C;sH;30;: 258.12504.

NMR data for the major diastereoisomer: 'H NMR
(CDCLy): 6=1.01 (t, J=7.1Hz, 3H, CH,CH;), 1.79 (d, /=
2.5Hz, 3H, C=CCH,;), 2.38 (s, 3H, COCHs;), 3.87 (d, J=
10.7Hz, 1H, CHCHC=CCH,;), 394 (q, /J=7.1Hz, 2H,
CH,), 435 (m, 1H, CHC=CCH;), 7.20-7.35 (m, 5H, Ph);
BC{'H} NMR (CDCL): 6=3.5 (s, C=CCH,), 13.7 (s,
CH,CH;), 29.5 (s, COCH,), 37.4 (s, CHC=CCH,), 614 (s,
CH,), 66.9 (s, CHCHC=CCHj;), 77.7 and 80.3 (s, C=C),
127.4, 128.0 and 128.4 (s, CH of Ph), 138.8 (s, C of Ph),
166.9 [s, C(=0)OEt], 201.1 [s, C(=0)Me].

NMR data for the minor diastereoisomer: "H NMR
(CDCly): 6=1.30 (t, J=7.1 Hz, 3H, CH,CH;), 1.80 (d, /=
2.6 Hz, 3H, C=CCH,), 1.95 (s, 3H, COCHy;), 3.95 (d, J=
10.0 Hz, 1H, CHCHC=CCH,;), 425 (q, /J=7.1Hz, 2H,
CH,), 435 (m, 1H, CHC=CCHj;), 7.20-7.35 (m, 5H, Ph);
BC{'H} NMR (CDCL): 6=3.5 (s, C=CCH,), 14.0 (s,
CH,CHj;), 30.5 (s, COCH,), 37.3 (s, CHC=CCH,), 61.6 (s,
CH,), 66.5 (s, CHCHC=CCHj;), 78.0 and 79.6 (s, C=C),
127.4, 128.1 and 128.6 (s, CH of Ph), 138.8 (s, C of Ph),
167.2 [s, C(=0)OEt], 200.6 [s, C(=0)Me].

Synthesis of 5-Ethyl-2-methyl-4-phenylfuran-3-
carboxylic Acid Ethyl Ester (15h)"*"!

Complex [Ru(n?-2-C;H,Me)(CO)(dppf)][SbF,] (1) (0.049 g,
0.05 mmol), 1-phenyl-2-butyn-1-ol (2h) (0.146 g, 1 mmol),
ethyl acetoacetate (1.32mL, 10mmol) and CF;CO,H
(37 uL, 0.5 mmol) were introduced into a sealed tube under
a nitrogen atmosphere. The reaction mixture was then
heated at 75°C for 72 h (the reaction was monitored by reg-
ular sampling and analysis by GC or GC/MS). After remov-
al of volatiles under vacuum, the residue was purified by
column chromatography (silica gel) using a mixture EtOAc/
hexane (1:50) as eluent. The resulting furan 15h was isolated
as a yellow oil; yield: 0.111 g (43%).

General Procedure for the Synthesis of y-Ketoalkynes
16

The corresponding propargylic alcohol 2a-b (0.182¢g,
1 mmol), methyl acetoacetate (1.08 mL, 10 mmol) and
CF;CO,H (37 uL, 0.5 mmol) were introduced into a sealed
tube under nitrogen atmosphere. The reaction mixture was
then heated at 75°C for 1.5 h (16a) or 4 h (16b) (the course
of the reaction was monitored by regular sampling and anal-
ysis by GC or GC/MS). After removal of volatiles under
vacuum, the residue was purified by column chromatogra-
phy (silica gel) using a mixture EtOAc/hexane (1:10) as
eluent.

2-Acetyl-3-(1-naphthyl)pent-4-ynoic acid methyl ester
(16a): Yellow oil; yield: 0.252 g (90%); IR (Nujol): v=1719
and 1750 (s, C=0), 2117 (w, C=C), 3290 cm™' (m, =C-H);
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"H NMR (CDCl3): §=2.00 and 2.45 (s, 3H each, CH3), 2.36
and 2.37 (d, J=2.6 Hz, 1H each, C=CH), 3.42 and 3.83 (s,
3H each, OCH;), 4.40 (d, /=9.7Hz, 2H, CHCHC=CH),
525 (m, 2H, CHC=CH), 7.43-7.65 (m, 8H, C,H,), 7.80—
791 (m, 4H, C,H,), 827-830 (m, 2H, C,H,); “C{'H}
NMR (CDCl;): 6=30.1 and 30.4 (s, CH3), 33.2 and 33.4 (s,
CHC=CH), 52.5 and 52.7 (s, OCHj;), 64.2 and 64.3 (s,
CHCHC=CH), 72.4 and 72.8 (s, C=CH), 82.8 (2C) (s, (=
CH), 123.2, 123.3, 125.3 (2C), 125.8, 125.9, 126.1, 126.4,
126.6 (2C), 128.6, 128.7, 129.0 and 129.1 (s, CH of CyH,),
130.4, 130.6, 133.1, 133.2 and 134.1 (2C) (s, C of CyH,),
167.2 and 167.8 [s, C(=0)OMe], 200.1 and 200.6 [s, C(=
O)Me]; MS (EI 70eV): m/z=280 (5%) [M*], 262 (5%)
[M¥*—Me—2H], 248 (2%) [M*—OMe], 237 (9%)
[MT—COMe], 221 (41%) [M*—CO,Me], 205 (30%)
[Mf—Me—-CO,Me], 178 (17%) [Mt—COMe—CO,Me], 165
(100%) [C,\H,CHCCH], 152 (9%) [C,,H,CHC]; HR-MS:
m/z=280.10932, calcd. for C;gH;;05: 280.10939.

2-Acetyl-3-(2-naphthyl)pent-4-ynoic acid methyl ester
(16b): Yellow oil; yield: 0.227 g (81 %); IR (Nujol): v=1720
and 1749 (s, C=0), 2118 (w, C=C), 3286 cm™' (m, =C-H);
"H NMR (CDCl,): 6=1.97 and 2.42 (s, 3H each, CH,), 2.36
(d, J=2.7 Hz, 1H, C=CH), 2.37 (d, J=2.5 Hz, | H, C=CH),
3.48 and 3.81 (s, 3H each, OCHj,), 4.09 (d, /=10.8 Hz, 1H,
CHCHC=CH), 4.15 (d, /=10.4 Hz, 1H, CHCHC=CH), 4.63
(m, 2H, CHC=CH), 7.47-7.53 (m, 6 H, C,(H;), 7.81-7.84 (m,
8H, CyH;); “C{'"H} NMR (CDCL): 6=29.7 and 304 (s,
CHs), 36.7 (2C) (s, CHC=CH), 52.2 and 52.5 (s, OCHjy), 65.5
and 65.9 (s, CHCHC=CH), 72.0 and 72.7 (s, C=CH), 82.4
and 82.7 (s, C=CH), 125.4 (2C), 125.8, 125.9, 126.0, 126.1,
126.9, 127.1, 127.3 (2C), 127.5, 127.6, 128.2 and 128.3 (s, CH
of CHy), 132.4, 132.5, 132.9, 133.0, 134.5 and 134.6 (s, C of
CioH;), 166.7 and 167.1 [s, C(=0)OMe], 199.7 and 200.0 [s,
C(=0)Me]; MS (EI 70eV): m/z=280 (5%) [M*], 262
(26%) [Mt—Me—2H], 248 2%) [MT—OMe], 237 (68%)
[MF—COMe], 221 (90%) [M*—CO,Me], 205 (46%)
[MT—Me—CO,Me], 178 (29%) [M*—COMe—CO,Me], 165
(100%) [C,(H,CHCCH], 152 (10%) [C,,H,CHC]; HR-MS:
m/z =280.10950, calcd. for C;sH;405: 280.10939.

Supporting Information Available

Copies of the *C{'H} NMR spectra of all compounds syn-
thesized in this work.
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also found to be operative in this furan-ring formation
reaction. Nevertheless, their efficiency is by far lower
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