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Abstract—The first example of asymmetric cyclization—carbonylation of cyclic-2-methyl-2-propargyl-1,3-diols 1 catalyzed by
palladium(IT) with chiral bisoxazolines was investigated. The reaction of 1 in the presence of palladium(II)-chiral ligands/p-benzo-
quinone in methanol at 0 to —45°C under carbon monoxide atmosphere (balloon) afforded (F)-bicyclic-p-alkoxyacrylates 2 in
excellent yields with moderate enantioselectivities. © 2002 Elsevier Science Ltd. All rights reserved.

Palladium(II)-catalyzed reactions are fundamentally
important in organic transformations.! Compared with
the impressive evolution of asymmetric reactions with
palladium(0) catalyst, > palladium(II)-catalyzed asym-
metric oxidative reactions have received only scant
attention. To our best knowledge, previous work on
palladium-catalyzed asymmetric carbonylation® and
Wacker-type reactions* has been limited to the reactions
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of alkenes. Recently, we have reported oxidative cycliza-
tion—-methoxycarbonylation of cyclic- and acyclic-4-yn-1-
ols using a Pd(IT)/p-benzoquinone catalytic system under
mild conditions.> An asymmetric version of this type
reaction has not been reported yet. Now we wish to report
here the first example of asymmetric cyclization—carbonyl-
ation of cyclic-2-methyl-2-propargyl-1,3-diols 1 catalyzed
by palladium(II) with chiral bisoxazoline ligands.
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Scheme 1. All reactions were carried out by using Pd(CH;CN),Cl, (5mol%)/p-benzoquinone (1.1 equiv.) under CO (balloon)

atmosphere in MeOH.
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As a preliminary experiment, seven kinds of substrates
la—g were examined for the cyclization—-methoxycar-
bonylation reaction without a chiral ligand (Scheme 1).
The cyclization—methoxycarbonylation of meso-trans-
la in the presence of bis(acetonitrile)-dichloro-palla-
dium(II)/p-benzoquinone in methanol at 0°C under car-
bon monoxide atmosphere (balloon) afforded (FE)-
bicyclic-B-alkoxyacrylates 2a in 94% yield. In the case of
cyclopentane derivative meso-trans-le, the reaction did
not proceed and substrate le was recovered. The reac-
tion of meso-cis-1b,c and 1f proceeded at low tempera-
ture to afford the products 2b, 2¢ and 2f in 81, 93 and
80% yields, respectively. In the case of 1,3-diols (+)-1d
and (x)-1g possessing 1,3-trans relationship, a specific
hydroxyl group bearing cis-relationship against the
propargyl group was reacted selectively to provide the
products 2d and 2g in 98 and 97% yields, respectively.

As shown in Table 1 (entry 1), asymmetric cyclization—
methoxycarbonylation of meso-trans-1a in the presence
of Pd(CF;CO,),/ligand A®/p-benzoquinone in methanol
at —30°C under carbon monoxide atmosphere (balloon)
afforded 65% ee of (E)-cyclic-B-alkoxyacrylates 2a in
98% vyield.” When the same reaction of la as the
previous case was performed at 0°C, ee of 2a was
slightly decreased (entry 2). In the absence of a ligand,
the reaction proceeded at room temperature to afford
racemic-2a in 85% yield (entry 3). Although

Pd(CH,CN),(BF,), was also effective for this reaction,
the ee of the product was slightly lower than that (entry
1) obtained on using Pd(CF;CO,), (entry 4). Next we
examined the use of seven other kinds of chiral ligands
(entries 5-11). Among them, ligand E* reported by
Uoszumi et al. gave a moderate result (entry 8). In the
case of ligands B,® C,° F® and G,° the reaction smoothly
proceeded to afford 2a in good yield with low enan-
tioselectivity (entries 5, 6, 9 and 10). The use of ligands
D® and H® showed that the reaction scarcely proceeded
(entries 7 and 11). When we examined the use of
CH,CI,/MeOH=10/1 or i-PrOH as solvents, the
product 2a was obtained in good yield with moderate
enantioselectivity (entries 12 and 13). The reaction in
THF/MeOH =10/1 was very slow to give low yield of
2a with low enantioselectivity (entry 14). The result
using meso-cis-1b and 1f was in great contrast to that
of meso-trans-1a. The reaction of meso-cis-1b and 1f
afforded the products 2b and 2f as a racemic form,
respectively (entries 15 and 16). Although the absolute
configuration of 2¢ has not been determined yet, in the
case of meso-cis-1¢ possessing two hydroxyl groups in
axial position and two methyl groups in equatorial
position, the enantioselectivity of the product 2¢ was
almost the same as that of 2a (entry 17). These results
suggested that the presence of the equatorial sub-
stituents in the substrate 1a, 1b and 1c¢ play an impor-
tant role in the enantioselectivity of the reaction. We

Table 1. Asymmetric cyclization—-methoxycarbonylation of cyclic-2-propargyl-1,3-diols®

Entry Substrates Pd cat. Ligand Condition Yield Solvent % ee (Config.)®
(5 mol%) (10 mol%) (%)

1 la Pd(CF;CO,), A —30°C, 20 h 98 MeOH 65 (S)

2 la Pd(CF;CO,), A 0°C, 2.5 h 90 MeOH 57 (S)

3 la Pd(CF;CO,), None rt, 24 h 85 MeOH -

4 la (CH5CN),- A —30°C to —10°C, 48 h 94 MeOH 63 (S)
Pd(BF,),

5 la Pd(CF;CO,), B —15°C, 20 h 99 MeOH 0

6 la Pd(CF;CO,), C —30°C to —10°C, 60 h 81 MeOH 0

7 la Pd(CF;CO,), D rt, 72 h 15 MeOH 0

8 la Pd(CF;CO,), E —10°C, 40 h 67 MeOH 56 (S)

9 la Pd(CF;CO,), F rt, 24 h 88 MeOH 5(S)

10 la Pd(CF;CO,), G rt, 48 h 88 MeOH 33 (R)

11 la Pd(CF;CO,), H —10°C, 40 h 35 MeOH 0

12 la Pd(CF;CO,), A —10°C, 48 h 86 CH,CI,/MeOH=10/1 52 (S)

13 la Pd(CF;CO,), A —15°C, 20 h 90°¢ i-PrOH 60 (S)

14 la Pd(CF;CO,), A rt, 48 h 26 THF/MeOH =10/1 35 (S)

15 1b Pd(CF;CO,), A —45°C, 24 h 81 MeOH 0

16 1f Pd(CF;CO,), A —45°C, 24 h 80 MeOH 0

17 1c Pd(CF;CO,), A —45°C, 24 h 99 MeOH 63 (N.D.)

2 1.1 equiv. of p-benzoquinone was used for all reactions.
b Absolute configuration of quaternary carbon bearing a methyl group is only presented.
¢i-Pr ester was obtained.
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confirmed that racemization of the products 2a—c¢ was
not observed during the reaction.’ The products 2b and
2¢ were resolved by chiral HPLC, and single enan-
tiomers 2b and 2c¢ or enriched 2a were again exposed to
the reaction condition and recovered with no
racemization.

In summary, we have presented an asymmetric cycliza-
tion—carbonylation of cyclic-2-methyl-2-propargyl-1,3-
diols 1 catalyzed by palladium(Il) with chiral
bisoxazolines. This is the first example of an asymmet-
ric version of the present reaction.
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. Compounds 2a (65% ee), 2b (99% ee) and 2¢ (99% ee) were

used for racemization experiments.
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