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Abstract: Using PACla(PhCN)2-SnCly, enol esters caused. aldol-type condensation with aldehydes at 50°C in
acetonitrile to produce (F)-a, B-unsaturated carbonyl compounds. Cyclic enol ester such as a-angelicalactone also
reacted with aldehydes under the same conditions to afford y-substituted p-acetyl-y-butyrolactones and/or 5-substituted 4-
acetyl-2(SH)-furanones.

Enol esters, which are easily prepared and are tractable as nucleophiles, can be applied to C-C bond
formation under acidic conditions! or neutral conditions.2 However, the aldol-type condensation of simple enol
esters such as available isopropeny! acetate (1) with aldehydes except for benzaldehyde has not yet been
developed. Here we report that PAClo(PhCN)2-SnCl; reagent can be utilized in the aldol-type condensation of 1
with aldehydes.

The addition reaction of 1 to 4-methoxycarbonylbenzaldehyde (2, R=4-MeOOCCgH4) with SnCl; was
investigated under various reaction conditions, as summarized in Table 1. The addition reaction occurred at 50 °C
in acetonitrile without PdClo(PhCN)2 to give 4-(4-methoxycarbonylphenyl)-3-buten-2-one (3, R=4-
MeOOCCgH,) (entry 1). Then, the addition of a catalytic amount of PACl2(PhCN)2 accelerated the reaction
(entry 3). In the absence of SnCly, PdCla(PhCN)2 exhibited no catalytic activity. In the presence of
PdCl2(PhCN)2, use of a catalytic amount (4 mol%) of SnCl2 did not cause the reaction and use of an amount of
SnClz equimolar to that of benzaldehyde lowered the yield of 3 (R=4-MeOOCCgHj4, 50 °C, 48 h, 33%). The
addition of phosphine or phosphite ligands inhibited the catalytic activity of palladium complex (entries 5-7).
Solvents such as DMF, DMI, and THF were not effective for the reaction under the same conditions as those in
DMSO shown in entry 8. A major product in 1,2-dichlorocthane was 4-acetoxy-4-(4-methoxycarbonylphenyl)-
butan-2-one (49%), and a mixture of 3 (R=4-MeOOCCgH4, 15%) and 4-chloro-4-(4-methoxycarbonylphenyl)-
butan-2-one (31%) was obtained in dichloromethane. The addition reaction in refluxing dichloromethane did not
proceed in the absence of either PACI2(PhCN)2 or SnCly. The addition reaction did not occur at 30 °C (entry 2),
and many undetermined by-products were produced at 80 °C (entry 4). This reaction might be promoted either by
the coordination of carbonyl oxygen of 2 (R=4-MeOOCCsH4) to Pd(SnCl3)2(PhCN)3 derived from
PdCI2(PhCN)2-SnCl23 or by the oxidative addition to palladium complex (or SnClp), accompanied by the
cleavage of an acyl-oxygen bond of 1,4 followed by the transmetalation of palladium enolate into tin enolate.5.6

Palladium-catalyzed nucleophilic addition of 1 to several carbonyl compounds with SnClj proceeded in
acetonitrile to produce (E)-3-buten-2-one derivatives 3 selectively, in contrast with the reaction of 1 and
benzaldehyde with Lewis acids.!&.7 The results are summarized in Table 1. Arenecarbaldehydes were converted
to 4-aryl-3-buten-2-ones in good yields (entry 3 and 9~18). However, alkanecarbaldehydes such as heptanal and
cyclohexanecarbaldehyde do not contribute so much to the addition reaction. Alkanecarbaldehydes bearing
functional groups such as C-C double bond and aryl can be employed (entries 20 and 21).
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Table 1. Palladium-Catalyzed Aldol-Type Condensation of 1 and 2 with SnCl2

J\M’“ o ACHO PdCly(PhCN), R A
¥ "OCOMs SNClp, CHsCN 0
1 2 3
entry R ligandb temp (°C) time ) 3, yield (%)°
1 4-MeOOCCgHy 50 72 454
2 4McOOOCeHs 30 48 trace
3 4MeOOOCeHs 50 33 88
4 4-MeOOCCgH, 80 48 56
5 4-MeOOCCgH4 PBu3 50 72 48
6 4-MeOOCCgH4 PPh3 50 72 28
7 4-MeOOCCgH4 P(OMe)3 50 72 35
8 4-MeOOCCgHy --- 50 48 28e
9 CeHs 50 48 58
10 3,4-(CH202)CgH3 - 50 40 78
11 2-MeOCgHy - 50 30 79
12 3-McOCgH4 - 50 48 63
13 4-MeOCgH4 - 50 33 68
14 2-O2NCgHy -- 50 42 61
15 4-0oNCgH4 - 50 40 82
16 4-NCCgHy - 50 35 92
17 4-CICgHy - 50 33 83
18 3-OHCCgHy - 50 40 53f
19 PhCH=CH - 50 35 28
20 PhCH2CH) - 50 32 18
21 CH2=CH(CH2)3 - 50 30 32

(a) The addition reaction of 1 (3 mmol) to 2 (1 mmol) with PdClo(PhCN)3 (0.02 mmol) and SnCly (3
mmol) was carried out in solvent (5 ml) under a nitrogen atmosphere. (b) Ligand (0.04 mmol) was
used. (c) Isolated yields based on 2. (d) No Pd cat. was added. (¢) DMSO as a solvent was used. (f)
1,3-Bis(3-oxo-1-butenyl)benzene was obtained.
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Scheme 1
- PACI,(PhCN), A
an'z
R A + PhCHO — Ph\)\rﬂz
OCOMe CHsCN, 48 h g
Rl=H, R2=t-Bu 60°C 63%
Rl=H, R%=i-Bu 60°C 58%
Rl=Me, R2=Et 80°C 28%
Scheme 2
o PACI(PhCN), Q Q
Sn0|2 0 O
(o) + RCHO - +
CH4CN, 50 °C, 32 h R q
o) o)
4 5 6
R=4-MeOOCCgH4 5a (56%) 6a (0%)
R=CgHs 5b (52%) 6b (0%)
R=t-Bu 5c (0%) 6¢ (58%)
R=n-CgHj3 5d (8%) 6d (20%)

As shown in Scheme 1, some enol esters also reacted with benzaldehyde under the similar conditions to
produce the corresponding (E)-o, B-unsaturated ketones. The reactivity of an internally olefinic ester such as 1-
ethyl-1-propeny] acetate is lower than that of terminally olefinic esters.

A cyclic enol ester, a-angelicalactone 4, which had been applied to the condensation with aldehydes in the
presence of Lewis acids,!b reacted with aldehydes under the same conditions as those of the reaction of 1 to
afford syn y-substituted p-acetyl-y-butyrolactones 58 and/or 5-substituted 4-acetyl-2(5H)-furanones 6° (Scheme
2). y-Butyrolactones 5a and 5b were only obtained in cases of arenecarbaldehydes, and furanones 6¢ and 6d
were produced in cases of alkanecarbaldehydes. Furanone 6 should be produced via the formation of 5 (aldol-
type reaction), followed by its dehydrogenation in the presence of PdCl2(PhCN)2-SnCl; and 4.10
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