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Abstract—Bis(oxazoline) 2c was used as a chiral ligand in the Pd(0) catalysed enantioselective coupling cyclisation of 2,3-allenoic
acids with aryl iodides affording butenolides in reasonable yields and with e.e.s of up to 53%. © 2001 Elsevier Science Ltd. All
rights reserved.

The synthesis of butenolides is of interest to synthetic
chemists because of their potential biological activities
as well as the wide ranging occurrence of butenolides in
natural products.1 Recently, we have developed some
efficient methodologies for the synthesis of butenolides
from 2,3-allenoic acids.2 In particular, polysubstituted
butenolides can be produced via the Pd(0)/Ag(I) co-
catalysed coupling cyclisation reaction of 2,3-allenoic
acids and organic halides (Eq. (1)).2a In this reaction,
the Pd atom at least partially takes part in the process
of the formation of the chiral centre in the butenolide,
which led us to investigate the catalytic enantioselective
synthesis of butenolides.3,4 Herein, we wish to report
our recent investigations into this asymmetric buteno-
lide synthesis.

(1)

Under our original coupling cyclisation conditions,2a

when Pd2(dba)3·CHCl3 and ligand 2c5 (Fig. 1) were
used instead of Pd(PPh3)4 as the catalyst at a tempera-
ture of 85°C, the reaction between 1a and iodobenzene
afforded the coupling cyclisation product 3a in 56%
yield with zero e.e. (Table 1, entry 1). However, when
this reaction was carried out at room temperature, 3a
was isolated in 24% yield and 37% e.e. together with the
formation of cycloisomerisation product 3a% in 60%
yield with an e.e. of 7% (Table 1, entry 2). Several

reaction conditions were screened, but the results were
disappointing (Table 1, entries 2–8). Thus, minimising
the cycloisomerisation reaction was necessary to opti-
mise the reaction yield.

The original reaction was heterogeneous as a result of
the poor solubility of Ag2CO3 and K2CO3 in CH3CN, it
is also known that Ag(I) catalyses the cycloisomerisa-
tion of 2,3-allenoic acids under certain conditions,6

thus, a new reaction was developed free of K2CO3 and
Ag2CO3. After screening numerous conditions (Table 1,
entries 1–8), we observed that when (i-Pr)2NEt was
used as the base in place of K2CO3 and Ag2CO3, the
reaction afforded the expected product 3a in moderate
yield but with only a trace amount of 3a%. When the
temperature was lowered to −15°C, butenolide 3a was
obtained in 52% yield and 52% e.e. as the sole product
(Table 1, entry 9). At this point, 31% of racemic 1a was
recovered,7 indicating that the low yield was caused by
incomplete conversion and the reaction is not a kinetic
resolution process of the starting 2,3-allenoic acids. It is
interesting to observe that when other different bis(oxa-
zoline) ligands 2a–2b and 2d–2e5 (Fig. 1) were used

Figure 1.* Corresponding author.
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Table 1. The coupling cyclisation of 1a and iodobenzene under different conditionsa

Entry 2 PhI (equiv.) Base (equiv.) Additive (mol%) Temp. (°C) Time (h) 3ac,d % (e.e. %) 3a%c,d % (e.e.)

4 K2CO3 (4)1b Ag2CO3 (5)2c 85 2 56 (0) 0
4 K2CO3 (4) Ag2CO3 (5) rt2c 112 24 (37) 60 (7)

2c3 2 K2CO3 (4) – rt 11 20 (35) 19 (1.7)
2 K2CO3 (4) TBAB (100) rt 12 47 (4) 04 2c
4 KHCO3 (1) Ag2CO3 (3.6) rt2c 10.55b 0 0
4 KNa(C4H4O6) (4)e Ag2CO3 (3.6) rt6b 10.52c 0 0
4 Cs2CO3 (4) Ag2CO3 (3.6) rt2c 167b 28 (5) 0

2c8 2 (i-Pr)2NEt (1.2) – rt 10 51 (12) 18.1 (1)
6 (i-Pr)2NEt (1.2) – −152c 489 52 (52) 0

2a10 3.5 (i-Pr)2NEt (1.2) – −15 96 71 (0) 0
6 (i-Pr)2NEt (1.2) – −15 55.511 52 (13)2b 14 (0)
6 (i-Pr)2NEt (1.2) – −202d 5512 42 (0) 0
3.5 (i-Pr)2NEt (1.2) – −1513 662e 37.5 (2.6) 0

a 6 Equiv. of PhI, 5 mol% Pd2(dba)3·CHCl3, and 20 mol% of 2 were used unless otherwise stated.
b 10 mol% of 2c was used.
c Isolated yield.
d E.e.% values were determined by HPLC using an OD chiral column (eluent: n-hexane:2-propanol=9:1).
e Sodium potassium tartarate was used as the base.

Table 2. The results of Pd(0) catalysed coupling cyclisation of 1 and aryl iodides

Entry 1 ArI (equiv.) Time (days) 3a (%) E.e.b (%)

Phenyl (6) 21 3a (52)1a 52
4-Methylphenyl (4) 22 3b (51)1a 43
4-Methoxycarbonylphenyl (2) 21a 3c (52)3 49
4-Methoxyphenyl (2) 2.54 3d (53)1a 47
Phenyl (6) 2.51b 3e (47)5 50

1b6 4-Methylphenyl (4) 2.5 3f (44) 53
1b7 4-Methoxycarbonylphenyl (2) 2.5 3g (53) 53

4-Methoxyphenyl (2) 2.51b 3h (51)8 46
Phenyl (6)9 2.51c 3i (36) 0
Phenyl (1.2) 2.51d 3j% (100)10 –

a Isolated yield.
b E.e.s were determined by HPLC.

instead of 2c as the ligand in this reaction, the results
were poor (Table 1, entries 10–13).

Using these reaction conditions, we examined the
behaviour of other substrates (Table 2). We found that

the coupling reaction went smoothly with aromatic
iodides bearing either electron withdrawing or donating
groups, and afforded the corresponding butenolides in
similar yields and e.e.s. The length of the carbon chain
in the 4-position of the 2,3-allenoic acid was found to



n-Hep

COOH
PhI

O
O

Ph

n-Hep+

Pd2(dba)3
.CHCl3 (2.5 mol%)

        2c (20 mol%)

(i-Pr)2NEt, CH3CN, -15 oC
(+)-3a

time (h)               yield (%)                     e.e. (%)
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Scheme 1.

have little effect on the yield and e.e. and additionally,
the e.e. can be affected greatly by steric hindrance from
the substituent group, such as c-hex (Table 2, entry 9).
When 2-methyl-4-phenyl-2,3-butenoic acid was used
only the cycloisomerisation product 3j% was formed
(Table 2, entry 10).

The e.e. of the product 3a did not change with length-
ened reaction time of 48 hours. However, after 8 days,
the reaction afforded (+)-3a in a higher yield (76%) but
with lower enantioselectivity (29% e.e.) (Scheme 1).

In conclusion, we have developed a silver(I) free reac-
tion for the coupling cyclisation reaction of aromatic
iodides and 2,3-allenoic acids.8,9 Based on this, the first
example of the catalytic enantioselective synthesis of
b-aryl butenolides was observed. According to the
results presented in this paper, the reaction is believed
to occur via carbopalladation of the allene to form a
p-allyl-palladium intermediate, followed by an enan-
tioselective intramolecular allylic substitution.2a Further
studies in this area are now being carried out in our
laboratory.
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