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Summary: 1,4-Keto esters and 1,4-diketones have been synthesized by the palladium-catalyzed
reaction of siloxycyclopropanes and acid chlorides.

Stoichiometric chemistry of metal homoenolates have been attracting considerable interests of
organic and organometallic chemists.! Through recent studies on the caralyric coupling of
siloxycyclopropanes with carbonyl compounds? and aryl triflates,> we have demonstrated that
catalytic homoenolate chemistry provides a useful new synthetic method for carbon-carbon bond
formation. We now report that palladium- and platinum-catalyzed coupling of siloxycyclopropanes
with acid chlorides provides an efficient synthetic route to 1,4-keto esters and 1,4-diketones (eq 1),

which involves a novel retrosynthetic dissection depicted in eq 2.4
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Preparation of 1,4-keto esters has been achieved in a very simple manner (Table I). For
instance, heating an equimolar mixture of 1-rert-butyldimethylsiloxy-1-isopropoxycyclopropane> and
benzoy! chloride in CHCI3 in the presence of 1-5 mol% of PdCla(PPh3); afforded the desired 1,4-
keto ester in 97% isolated yield (entry 1). Similarly, the reaction of a trimethylsiloxy counterpart
proceeded with equal facility (entry 2). The palladium-catalyzed reaction with aliphatic acid
chlorides, however, was found to be less satisfactory: The acylation with 3-phenylpropanoyl chloride
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gave the desired keto ester in only 45% yield (entry 5). It is yet noteworthy that the intermolecular
acylation is much faster than an intramolecular Friedel-Crafts acylation.which may yield indanone.5
The low yield could however be circumvented by switching the catalyst from palladium to platinum.
Thus, the reaction between nearly equimolar amounts of the reactants in the presence of 5-10 mole%
of PtCl2(PPh3)> afforded the desired aliphatic keto ester in high yield (entries 6 and 7). For instance,
a preparative-scale reaction of 1-ethoxy-1-trimethylsiloxycyclopropane, now commercially available
from Aldrich, with propiony! chloride afforded ethyl 4-oxohexanonate in 68% isolated yield.7 The
ring cleavage of a 2-methyl-substituted cyclopropane (R2 = Me in eq 1) took place exclusively at the
less substituted carbon-carbon bond and gave 2-methylesters in high yield (entries § and 9).8

Development of conditions suitable for the preparation of 1,4-diketones by this route met with
considerable difficulties. The reaction of siloxycyclopropanes listed in Table IT gave virtually no
trace of the desired products under the conditions used in Table 1. Moderate yields could only be
realized in the reaction performed in a polar solvent such as HMPA and N, N'-dimethylpropyleneurea.
Some indications of decarbonylation of an acylpalladium intermediate? prompted us to examine the
reaction under CO pressure. To our satisfaction, the reaction of the siloxycyclopropanes with
aromatic acid chlorides in HMPA proceeded under 10 atm of carbon monoxide (Table II). We
observed that the use of a mixture of [(nN3-C3Hs5)PACl]; and tripheny! phosphite generally gives
higher yield than a palladium catalyst having triphenylphosphine as a ligand. 10,11

Table L. 1,4-Keto Esters by Acylation of Ester Homoenolates@

entry  siloxycyclopropane acid chloride cata!ystb %yield®
R1 R2 SiR3
1 oPr H SilBuMes CgH5COC! A 97
2 ofPpr  H SiMeg CgH5COCI A 90
3 OEt H Si'BuMen p-CICgH4COCI A 83
4 OEt H SiMeg P-MeOCgH4COC! A 869
5 OEt H SiMes CgH5CHaCHRCOC! A 45d
6 oPr H SilBuMes CgH5CHpCHaCOC! € 83
7 OEt H SiMeg CHACH2COC! C 68
8 OEt  Me SiMeg CgH5COCH A 86
9 OFt  Me SiMeg p-CiCgH4COC! B8 938

AThe reaction was performed with one equiv each of the reactants (unless noted
otherwise) at 90-100 °C in the presence of 5 mol% of the catalyst indicated (cf. footnote
7). BCatalyst A = (PhCO)PACI(PPh3)2 (CHaClp), B = PACIa(PPha)2, C = PICI2(PPha)s.
Catalysts A and B gave essentially the same results. Cisolated yield. dSlight excess (1.2

equiv) of the cyclopropane was used. Two equivalents of the cyclopropane was used.
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Table 1l. 1,4-Diketones by Acylation of Ketone Homoenolates@

entry siloxycyclopropane acid chloride 1,4-diketone % yieldb

Me,SiO
i 1-C4gH7COCI

Me,Si0 e O
2 O Q 89
MeQ 0 ©

3 CgH5COC! O 75
o)
4 2 MeCgH4COCI O ¥

5 4-ClCgH4COCI O S 55

MeO

o}
Me, SiO
6 P 3-MeCgHacoC!  ,° l Me 52
% \ o)

Me,Sio o O
7 1-C1gH7COCI ‘ o O 46

aThe reaction was performed as described in footnote 10 [5 mol% Pd/i2 x P(Ph0)3] by s equiv of the

cyclopropane was used. CPdClp{PPh3)s was used as a catalyst.

In summary, we have demonstrated that the catalytic homoenolate chemistry provides a
straightforward approach to the synthesis of 1,4-dicarbonyl compounds.l? We are currently
investigating the mechanistic details of the present reaction that may involve catalytic activation of
the carbon-carbon bond of the cyclopropanes, 13
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