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The malonic ester synthesis is one of the most funda-
mental methodologies in organic synthesis.1 The reaction
has been widely used for the preparation of mono- and
disubstituted acetic acids via mono- and dialkylation,
respectively, and subsequent hydrolysis and decarboxy-
lation. The presence of two acidic hydrogens in the
starting compound, however, sometimes causes difficulty
in applying this methodology in organic synthesis. Thus,
dialkylation becomes a significant side reaction in
monoalkylations of malonic ester with reactive alkyl
halides or R,ω-dihaloalkanes.1a,2 Another problematic
point is the fact that chemical transformations of func-
tional groups which can be introduced through monoalky-
lation are somewhat limited because of the presence of
an acidic hydrogen. It is, therefore, surprising that no
protective group for the acidic hydrogen of malonic ester
has been developed.3
Recently, we found that allyl compounds CH2dCHCH2X

such as halides (X ) Cl, Br, or I) or alcohol derivatives
(X ) OCOCH3, OCOOC2H5, OTs) react with the titanium-
(II) compound (η2-propene)Ti(O-i-Pr)2 (1), readily gener-
ated in situ by the reaction of Ti(O-i-Pr)4 with 2 equiv of
i-PrMgX (X ) Cl, Br), to afford the corresponding
allyltitanium compounds.4 The reaction can be rational-
ized by a mechanism which involves ligand exchange of
the coordinated propene in 1 with the olefinic moiety of
the substrate and subsequent â-elimination. With these
findings we anticipated that allyl compounds where X )
RC(COOEt)2 might also furnish allyltitaniums on treat-
ment with 1, since the RC(COOEt)2 anion is stable and
thus might be a sufficiently good leaving group.5 If the
reaction proceeds in excellent yield, as expected, the allyl
group can be regarded as a protective group for the acidic
hydrogen of malonic ester. We pursued this possibility.
First, we examined the expected elimination reaction.

After addition of 4 equiv of i-PrMgCl to a mixture of
diethyl allyl(benzyl)malonate and 2 equiv of Ti(O-i-Pr)4

at -45 °C, the reaction mixture was stirred for 1 h at
-45 °C and then treated with benzaldehyde (-45 to 0
°C for 1 h) to provide, after hydrolysis, diethyl benzyl-
malonate and 1-phenyl-3-buten-1-ol in 97 and 89% yield,
respectively. This finding strongly indicated that the
reaction proceeded according to eq 1 as expected.

With this result in hand, we examined the potential
applicability of the reaction in organic synthesis. The
results described below show that the allyl group can
indeed be conveniently used as a protective group for the
acidic hydrogen of malonic ester.
Treatment of readily preparable and also commercially

available diethyl allylmalonate (2) with NaH and then
1,5-diiodopentane in THF provided the monoiodide 3 in
good yield. The reaction of 3 with Bu2CuLi in ether gave
the expected cross-coupling product 4 which upon reac-
tion with 1 provided the deallylated poduct 5 quantita-
tively as shown in Scheme 1. In contrast, the reaction
of diethyl 5-iodopentylmalonate (obtained similarly from
sodium diethyl malonate and 1,5-diiodopentane in 57%
yield) with Bu2CuLi furnished 5 in only 10% yield but
afforded diethyl cyclohexane-1,1-dicarboxylate in 90%
yield presumably via deprotonation and cyclization of the
resulting ester enolate. Although sodium diethyl mal-
onate mainly underwent monoalkylation by treatment
with 1,5-diiodopentane, it did not provide the correspond-
ing monoalkylated product 6 by reaction with 1,4-
diiodobutane in more than 5% yield, but afforded diethyl
cyclopentane-1,1-dicarboxylate in 62% yield via intramo-
lecular dialkylation.6 Compound 6, however, was readily
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Scheme 1a

a Reagents and conditions: (a) NaH (1.05 equiv), THF, 20 °C,
1 h; (b) allyl bromide (1.2 equiv), 20 °C, overnight; (c) I(CH2)nI
(2.0 equiv), 20 °C, overnight; (d) Bu2CuLi (1.2 equiv), THF, 0 °C,
4 h; (e) Ti(O-i-Pr)4 (2.0 equiv), i-PrMgCl (4.0 equiv), Et2O, -45 to
-40 °C, 1 h; (f) 1 N HCl.
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obtained by the reaction of 2 with 1,4-diiodobutane
followed by deallylation of the resulting alkylated product
7 by treatment with 1.
A series of the reactions, shown in Scheme 2, also

indicates the usefulness as well as tolerance of the allyl
protective group. Thus, the reaction of the sodium
derivative of 2 with allyl 3-bromopropionate furnished

the corresponding alkylated product 8 quantitatively,
which on treatment with triethylammonium formate in
the presence of a Pd catalyst7 afforded 9 through deal-
lylation of the allyl ester moiety. The acid 9 was
converted into the acid chloride 10 and then to the ketone
11 by reaction with Me2CuLi. (The ketone 11 was also
synthesized in 88% yield by Michael addition of 2 to
methyl vinyl ketone). Wittig methylenation of 11 fur-
nished 12 which on treatment with 1 smoothly provided
the monosubstituted malonate 13. It should be noted
that the Pd-catalyzed deallylation of the allyl ester moiety
of diethyl [2-(carballyloxy)ethyl]malonate, obtained from
sodium diethyl malonate and allyl 3-bromopropionate,
did not proceed, presumably due to the presence of the
acidic hydrogen. Also Wittig methylenation of diethyl (3-
oxobutyl)malonate (prepared by Michael addition of
diethyl malonate to methyl vinyl ketone) under the
conditions applied to 11 provided the expected product
in only 20% yield.
In conclusion, we have shown that the allyl group can

be effectively used as a protective group for the acidic
hydrogen of malonic ester. We hope that the present
methodology might expand the applicability of the mal-
onic ester synthesis.

Supporting Information Available: Experimental and
spectral data for reaction products (7 pages).
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Scheme 2a

a Reagents and conditions: (a) NaH (1.05 equiv), THF, 20 °C,
1 h; (b) allyl 2-bromopropionate (1.2 equiv), 20 °C, overnight; (c)
HCO2H (3.5 equiv), NEt3 (3.0 equiv), Pd2(dba)3‚CHCl3 (2.5 mol %),
Bu3P (10.0 mol %), THF, 40 °C, 1 h; (d) (COCl)2 (2.5 equiv),
benzene, 70 °C, 1 h; (e) Me2CuLi (1.2 equiv), Et2O, 0 °C, 1 h; (f)
Ph3PdCH2 (1.4 equiv), THF, 0 °C, 1 h; (g) Ti(O-i-Pr)4 (2.0 equiv),
i-PrMgCl (4.0 equiv), Et2O, -45 to -40 °C, 1 h; (h) 1 N HCl.
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