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ABSTRACT
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2) evaporation
3)DMSO0, 90°C, 7 h

BF3Et,0 (1.0 equiv) R®
Cl;CMe, 30-35 °C = R?

The Pd(OAc),-catalyzed cyclization reaction of 2,3-allenoic acids in the presence of terminal o, #-unsaturated alkynones afforded an E/Z mixture
of 4-(3'-oxo-1"-alkenyl)-2(5 H)-furanones. A subsequent complete isomerization of the Z-isomer to E-isomer was observed in DMSO at 90 °C,
which led to a highly stereoselective synthesis of 4-(3'-oxo-1'(E)-alkenyl)-2(5H)-furanones. A possible mechanism is proposed.

Transition-metal-catalyzed reactions of allenes have received
much attention from many synthetic organic chemists.> We
and others have studied the cyclization of functionalized
alenes in the presence of organic halides,® alkenes,* alenes®
and alkynes.® In our previous studies with alkynes, we have
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observed that the Pd(OAc),-catalyzed cyclization of 2,3-
allenoic acids in the presence of methyl propiolate afforded
the 2(5H)-furanones with the incorporation of two molecules
of propynoate, which readily undergo double 1,7-hydrogen
shiftsto afford 3-(1'(E)-alkenyl)-4-(2',4'-bis(alkoxycarbonyl)-
1'(E)-alkenyl)-2(5H)-furanones as the final products.® Herein,
we wish to report the cyclization reaction of 2,3-allenoic
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acids in the presence of termina a,3-unsaturated alkynones
(Scheme 1).
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Initially, we used 2-methyl-4-phenyl-2,3-butadienoic acid
la and 1-phenyl-2-propyn-1-one 2a to try the reaction. To
our surprise, different from the reaction of 1la and methyl
propiolate,®® no 1:2 product 5a was afforded. Instead, a 1:1
adduct, i.e., an E/Z mixture of 4-(3'-oxo-1'-akenyl)-2(5H)-
furanone product 4a referring to the noncyclic C=C bond,
was formed together with the cycloisomerization product 3a
under the catalysis of 5 mol % Pd(OAc); in the presence of
BFzOEt,, and Sc(OTf); was not necessary. After screening
different reaction conditions, no better E/Z ratio for 4a was
observed, and in most cases the E/Z isomeric ratio changed
constantly, which indicated an E/Z isomerization. Some
typical resultsarelisted in Table 1, from which we concluded
that ClsCMe is better than other solvents, such as DMSO,
DMF, THF, dioxane, Et,O, in terms of the yields of 4a
(compare entries 1—5 with entry 6, Table 1) and the influence
of concentration of the substrates was negligible (compare
entry 9 with entry 6, Table 1). Increasing the amount of
alkynone 2a or BFzEt,0 aso failed to improve the yields
(compare entries 7 and 8 with entry 6, Table 1).

With the observation that the E/Z-isomer of 4a is
interconvertable, a protocol for complete conversion of
the Z-isomer to the thermodynamically more stable
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Table 1. Optimization of Reaction Conditions of the Reaction
of 2,3-Allenoic Acid 1a and Alkynone 2a*

o) 5 mol % Pd{OAc),
Ph . = BF3 Et,0 (1. 0 equw
— _< AT araron T P
H COOH ph ClsCMe, 30-35°C  Ph
1a 2a Overnight
ph{—j}i
o Ph /o) 0]
5a

entry  2a (equiv)  solvent  yield of 3a®  yield of 4a®¢
1 1.1 DMSO 33 0
2 1.1 DMF 6 30
3 1.1 THF 19 59
4 1.1 dioxane 17 59
5 1.1 Et20 25 55
6 1.1 ClsCMe 12 71
7 1.5 ClsCMe 12 71
8 1.1 Cl3CMe 11 70
9 1.1 ClsCMe 14 67°¢

& The reaction was carried out using 0.25 mmol of 1a, 1.1 equiv of 2a,
5 mol % of Pd(OAc),, and 1.0 equiv of BFsEt,O in 0.5 mL of solvent
with stirring overnight at 35 °C, unless other noticed. P Yields were
determined by 'H NMR analysis with CH,Br, or mesitylene as the internal
standard. © The E/Z isomeric ratio of 4a changed constantly. ¢ 1.5 equiv of
BFzEt;O was used. € The concentration of 1a was 0.125 M.

E-isomer was investigated. After some screening, we were
happy to observe that after evaporation the addition of
DM SO followed by heating at 90 °C for 7 h afforded E-4a
(BE/2=99/1) in 70% NMR yield (Scheme 2). The structure

Scheme 2

1) 5 mol % Pd{OAc), 0o
BF3*Et,0 (1.0 equiv) Ph
Cl;CMe, 30-35 °C —

Ph 9
il o+ =H _
H COOH Ph 2) evaporation Ph o
1a 2a 3) DMSO, 90 °C O
E-4a
70% Yield
EIZ = 99/1 (by NMR)

of E-4a was further confirmed by the X-ray diffraction
study (Figure 1).”
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Figure 1. ORTEP representation of E-4a.

With the optimized reaction conditionsin hand, the scope
of the reaction was explored with some typical structures as
summarized in Table 2. The substituent R* and R® can be

Table 2. Pd(OAc),-Catalyzed Cyclization of 2,3-Allencic Acids
and Termina a,3-Unsaturated Alkynones and the Subsequent
One-Way Z to E Isomerization®

1) 5 mol % Pd(OAc), 0
1 , o BF3°EL,0 (1.0 equiv)
R R . = /< Cl3CMe, 30-35 °C
H COOH R® 2) evaporation
1 2 3)DMSO, 80°C, 7 h
E-4

EIZ > 9911
entry R! R? R3 yield? of E-4
1 Ph Me Ph 70 (52) (4a)
2 Ph Me p-ClCsHy 54 (49) (4b)
3 Ph Me p-MeOCgHy 64 (48) (4¢)
4 Ph Et Ph 57 (42) (4d)
5 Ph Et p-MeOCgHy 61 (46) (4e)
6 Ph n-Pr Ph 56 (48) (4f)
7 Ph n-Pr p-MeOCgHy 66 (59) (4g)
8 p-FCeHy Me p-MeOCgHy 62 (47) (4h)
9 n-C4Hy Me p-MeOCgHy 49 (42) (41)
10 n-C¢His Me Ph 51 (51) (4))
11 n-C¢His Me p-MeOCgHy 53 (49) (4k)
12 n-C7His Me Ph 51 (51) (4D)
13 n-C7Hys Me p-MeOCgHy 57 (45) (4m)
14 Ph Me n-CgHis 42 (36) (4n)

2 The reaction was carried out using 0.25—0.5 mmol of 1, 1.1 equiv of
2, 5mol % of Pd(OAc)z, and 1.0 equiv of BFzEt;0in 0.5—1 mL of ClsCMe
with stirring overnight at 35 °C. After evaporation, 2—4 mL of DMSO
was added, and the resulting mixture was heated at 90 °C with stirring for
7 h. PYields were determined by 'H NMR analysis with CH,Br, or
mesitylene asthe internal standard; yields of the isolated products are given
in parentheses.

an aryl or akyl group; the substituent R? can be a normal
alkyl group. The isolated yield is generally good averaging
60—72% for each step. However, when nontermina o.,f3-
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unsaturated alkynone 2d was applied, only cycloisomeriza-
tion product 3c was afforded with 87% NMR yield, which
shows the steric effect of the alkynone on the reaction
(Scheme 3).

Scheme 3
on Catn o _5mol% Pd(OAc), H_Gbten
_ BF3+Et,0 (1.0 equiv) /Z:L
+ n-Bu—<_ - - s
- Ph~" N0
H COOH CliCMe, 30-35 °C
1c 2e 3c

ight
overmig 87% (oy NMR)

A rationale for this reaction is depicted in Scheme 4. The
cyclic anti-oxypalladation of Pd(OAc), with 2,3-allenoic acid

Scheme 4
*Pd. R?
1 2
R\/ R®  pd(0Ac), /d
H COOH R"™SNg7 0
1 M1
=—COR?
2
o) 0 i
R3 H R3 H PdO H
— R2 H N — R2 RZ
H = Pd = T Rs ==
R'"™Ng" 0 RSG50 R'""™Sg 0
E-4 M2 M3
H+
o)
3 H H
R H e _ R2 HO H e
o)
R0 g7 070 R0
E-4 z4 M4

1 would form the furanonyl paladium intermediate M 1.
Subsequent stereoselective insertion of M1 with the C=C
triple bond of alkynone 2 woud form the intermediate M 2.
Due to the presence of the ketonic carbonyl group, it may
be converted to the enolate intermediate M3, which may
explain the formation of E/Z isomeric mixture of 4 via
protonolysis. As compared to the ester group,® the ketonic
carbonyl group may make the intermediates M2 and M 3 to
be more prone to protonolysis due to its stronger electron-
withdrawing ability, and thus, no 5a-type 1:2 adduct was
formed.

In conclusion, we have developed a Pd(OAc),-catalyzed
cyclization reaction of 2,3-allenoic acids and terminal a,j3-
unsaturated alkynones in the presence of BFzEt,0, which
leads to one-pot synthesis of E/Z mixtures of 4-(3'-oxo-
1'-alkenyl)-2(5H)-furanones. This E/Z-isomoric mixture
may be highly stereoselectively converted to the thermo-
dynamically more stable E-isomer exclusively after evapo-
ration, adding DM SO, and heating the resulting reaction
mixture at 90 °C for 7 h. As aresult of the easy availability
of starting materials® and the usefulness of the products,®*°
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the reaction may have potential in organic synthesis. Further
studies in this area are being pursued in our laboratory.
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