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Cyclopropanation of Ketene Silyl Acetals with Allylic Acetates
Using 7°-Allylpalladium-Pyridinylimidazole Catalysts
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Highly selective cyclopropanation of ketene silyl acetals with
allylic acetates was carried out in the presence of novel 17-
allylpalladium-pyridinylimidazole complexes and sodium acetate
in DMSO at room temperature. When cinnamyl acetate was used
as an allylic acetate, phenylcyclopropane derivative was obtained
stereoselectively in 83% yield.

Cyclopropanes are useful compounds in organic synthesis
because they can be easily transformed into various other organic
molecules.! Because of its ring strain, cyclopropane ring is
cleaved with heat, nucleophiles, and transition metals. Extensive
work regarding cyclopropane formation has been reported, and it
can generally be classified into [2 + 1] addition of carbens with
olefins (eq.1 in Scheme 1), intramolecular nucleophilic
substitution (eq.2 in Scheme 1), and their modifications. On the
other hand, intramolecular cycloaddition accompanied with
introduction of substituent groups (eq.3 in Scheme 1) is rare.” In
our previous paper’ we reported that this type of reaction shown
in Scheme 2 proceeded using the 77-allylpalladium
pyridinylpyrazole catalysts 5 (Scheme 3). However, the reaction
often accompanied considerable amount of allylated compound 4

with cyclopropane 3.
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In the reaction the neutral complex 6 produced from the
cationic complex 5 was an active species. The conversion of the
cationic complex 5 into the neutral complex 6 occurred by the
abstraction of the hydrogen atom on the nitrogen on the pyrazole

ring. Similarly, other hetero aromatics, such as imidazole, triazole,
indazole, and benzimidazole, are considered to have a property
such as the pyrazole ligand. In particular, our interest has been
attracted to imidazole ligands, as generally they have greater pK s
than those of pyrazoles.* The difference of pK, may give the
palladium metal great influence when the imidazole ligands form
the 17°-allylpalladium complexes. In this paper we report highly
selective cyclopropanation of ketene silyl acetals with allylic
acetates using 17°-allylpalladium-pyridinylimidazole complexes 8.
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The cationic palladium-pyridinylimidazole complexes 8a and
8b were synthesized from pyridinylimidazole 7a° and 7b,°
respectively, and 7-allylpalladium chloride dimer by the similar
procedure reported in the previous paper.’ The cationic complex
8a’ was converted into a neutral form 9a® by treatment of sodium
methoxide in the mixture of CD,Cl, and CD,0OD. Chemical shifts
of N4 in ®N NMR® drastically moved into 221.8 ppm from
139.9 ppm by conversion into 9a from 8a. Similarly, conversion
of 8b into 9b was observed by NMR spectroscopic studies.

Reactions of ketene silyl acetals with allylic acetates were
carried out in the presence of palladium-pyridinylimidazole
complexes 8a and 8b, and sodium acetate in DMSO. Results are
shown in Table 1. In the reaction conditions, cationic complexes
8a and 8b were converted into the neutral complexes 9a and 9b,
respectively, in situ. It is clear that 8a and 8b are excellent
catalysts for cyclopropanation by comparison with the results in
the case of the pyridinylpyrazol complex Sa. In the presence of
8a or 8b, selectivity of cyclopropanes 3a and 3b drastically
heightened. Use of the catalyst 8b, especially, heightened both
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Table 1. Palladium-catalyzed reaction of allylic acetates with
ketene silyl acetals
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Pdcat.  Yields (3a: da)
8a 95%* (23:1)
~OAc 8b 88%"° (44:1)
la 5a 94%° az2:1)
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Pd cat. Yields (3b : 4b)
8a 75%° @41:1
8h 69%* 28:1)
5a 76%° 10: 1)
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Pdcat.  Yields (3c:4c)
8a 21%° 9.3:1)
Ph A~ OAc 8b 87%" (22:1)
1b 5a 51%° (28:1)

Reaction conditions; allylic acetate 1 (1 mmol), ketene silyl acetal 2 (2 mmol),
Pd catalyst (0.05 mmol), NaOAc (0.2 mmol), in DMSO (4 mL), rt. *Yield was
determined by GLC and 'H NMR (300 MHz) with internal standard (n-decane).
blsolated yield. °Ref. 3.

yield and selectivity of 3¢ in the reaction of cinnamyl acetate 1b.
Unfortunately, reaction of allyl acetate with ketene silyl acetals of
ethyl propionate and t-butyl acetate did not give cyclopropane.
The reaction mechanism is considered to be similar to that in the
case of pyridinylpyrazole complex. Thus, at the first stage
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cationic complex 8a is converted into neutral complex 9a under
basic conditions,!! and nucleophilic attack ‘occurs on the central
carbon of the 17-allyl moiety to produce palladacyclobutane. The
palladacyclobutane gives cyclopropane 3 and an active Pd (0)
species, which react with allyl acetate to generate 9a and sodium
acetate again. Although the differences between pyrazole ligands
and imidazole ligands are not clear at the present time, electronic
effect seems to have large influence on the selectivity. We are
investigating the effects of substituent groups including electron
withdrawing and electron donating groups on the heteroaromatic
ligands. '
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