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A useful synthetic equivalent of an acetone enolate

Veselin Maslak a, Zorana Tokic-Vujosevic b, Zorana Ferjancic a, Radomir N. Saicic a,*

a Faculty of Chemistry, University of Belgrade, Studentski trg 16, PO Box 51, 11158 Belgrade, Serbia
b Faculty of Pharmacy, University of Belgrade, Vojvode Stepe 450, 11000 Belgrade, Serbia

a r t i c l e i n f o
Article history:
Received 17 July 2009
Revised 8 September 2009
Accepted 18 September 2009
Available online 24 September 2009

Keywords:
Allylation
Aldehydes
Indium
Zinc
Aldol reaction
Water
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.09.113

* Corresponding author. Tel./fax: +381 11 32 82 53
E-mail address: rsaicic@chem.bg.ac.rs (R.N. Saicic)
a b s t r a c t

2-Methoxymethoxy-3-chloropropene derived organometallics act as synthetic equivalents of an acetone
enolate. Indium-promoted reaction of this reagent with aldehydes affords aldol adducts in moderate to
excellent yields. When the reaction was performed with zinc, aldol products were isolated in protected
form as the corresponding MOM-enol ethers.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. Allylmetal as a synthetic equivalent of the acetone enolate.
formation in synthetic organic chemistry. This reaction allows for
high levels of chemo-, regio-, diastereo- and enantioselectivity in
the coupling of structurally complex reaction partners.1 Ironically,
the use of small, structurally simple proenolates can cause prob-
lems. Thus, acetone enolate is very difficult to be preformed, due
to its high basicity and reactivity; therefore, aldol reactions of ace-
tone are almost always performed under thermodynamic condi-
tions. In most cases, the products of aldol condensation, that is,
enones, are obtained, although a few examples are known where
aldol adducts were isolated.2 Under conventional experimental
conditions, reactions with aromatic or conjugated aldehydes al-
ways produce Claisen–Schmidt-type products.3 A major break-
through was the introduction of organocatalysis, which enabled
the enantioselective aldol additions of acetone (and the related
proenolates) to both aliphatic and aromatic aldehydes.4 Recently,
aldolase antibodies have been shown to efficiently catalyze aldol
additions of acetone.5 However, mechanistically different comple-
mentary methods for effecting this transformation are still re-
quired.6 It would also be desirable to obtain the aldol adduct in
either free or latent (protected) form, by slight modification of
the reaction conditions.

With this in mind we considered the allylation of aldehydes as
an alternative approach for effecting the aldol reaction of acetone
(Scheme 1). Indium- or zinc-mediated allylation of carbonyl groups
ll rights reserved.
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is a well-known reaction, and the use of oxygenated allyl frag-
ments is not without precedent.7,8 However, the oxygen-contain-
ing substituents have always been bound to the terminal
positions of the allylic fragment.9 The use of 2-oxy-substituted
allylmetallics, which would give rise to aldol-type products, has
been far less investigated, maybe due to the anticipation of elimi-
nation of the oxy-substituent at the b-position with respect to the
metal. To the best of our knowledge, only two such reactions have
been reported: the first is the reaction of an 2-acetoxy-3-chloro-
propene-derived organostannane with aldehydes, which produces
a mixture of the expected aldol and the corresponding enol ace-
tate.10 The second example involves the reaction of a methoxy-
substituted allylindium reagent with aldehydes, a procedure which
was used as a synthetic equivalent of the Knoevenagel condensa-
tion.11 We set out to explore the possibility of using 2-methoxyme-
thoxy-3-chloropropene-derived organometallics as acetone
enolate synthons. Interestingly, the parent compound has already
been used as an electrophilic synthetic equivalent of acetone,
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Table 1
Indium-mediated reactions of 2-methoxymethoxy-3-chloropropene with aromatic
aldehydes

ArCHO
Cl

OMOM
In,

THF, H2O Ar

OOH

Entry Aldehyde Product Yield (%)

1
CHO OH O

70

2
CHO

OH

OH O

OH

66

3
CHO

OMe

OH O

OMe

93

4
CHO

Cl

OH O

Cl

69

5

CHO

O
O

OH O

O
O

73

6
S CHO S

OOH
99

7
O CHO O

OOH
97

Table 2
Indium-promoted reactions with aliphatic aldehydes

Entry Carbonyl compound Product Yielda

(%)

1 n-C11H23
CHO

n-C11H23

OH O
50
(60)

2 CHO OH O
59

3 n-C6H13
CHO

n-C6H13

OH O
85

4

CHO OH O
40

5 CHOBnO BnO
OH O

57

6
OHC CO2Et

NHBoc
CO2Et

NHBoc

O OH
35b

(45)

7

OAc

OHC

OAcOH

O

96

8
O

OAc
OAc

O
O

O DMSO CHO
OMs

O

OAc
OAc

O
O

O DMSO

OMs

O
HO

37b

(59)

9

O
CO2Et

O
CO2Et
OH

87

a Yield of isolated, pure compounds; yields in parentheses are calculated on the
basis of recovered starting compounds.

b Obtained as an equimolar mixture of diastereoisomers. DMS = dimethylsilyl;
Ms = mesyl.
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which effects acetonylation of both carbon- and heteroatom-cen-
tered anionic species.12

Our first experiment comprised indium-mediated reaction of 2-
methoxymethoxy-3-chloropropene with benzaldehyde, under Bar-
bier conditions.13 Pleasingly, the aldol product was obtained in a
good yield (Table 1, entry 1). It is of note that the product was ob-
tained as the free aldol: this indicates that the deprotection step is
assisted by the newly formed hydroxy group, as the organometallic
reagent is not hydrolyzed under the reaction conditions. Other
aromatic aldehydes behaved similarly, providing the expected
products in good to excellent yields. In the case of thiophenecarb-
aldehyde, or furfural, simple filtration of the crude product through
a short pad of silica afforded analytically pure products in essen-
tially quantitative yields.

Aliphatic aldehydes behaved similarly, although the reactions
were slower and the yields were somewhat lower (Table 2). With
both aromatic and aliphatic aldehydes, the reaction was some-
times preceded by quite a long induction period (from several
hours to even a day); activation of indium, by the addition of a cat-
alytic amount of 1,2-dibromoethane, resolved this problem and the
reactions started without a delay. The reaction works best with pri-
mary aldehydes, while with secondary aldehydes the conversions
were slower and incomplete (e.g., entries 4 and 6). The reactions
with aldehydes containing stereogenic centers were not stereose-
lective, as the products were obtained as equimolar mixtures of
diastereoisomers (entries 6 and 8). A highly enolizable b-ketoester
behaved as a nucleophile: apparently, an InCl3-catalyzed reaction
with the formaldehyde synthon (MOM-ether) is much faster than
the allylation (entry 9).

An attractive and synthetically useful variant of the reaction
would be the preparation of the aldol adducts in protected form.
When the reaction of 2-MOMO-allyl chloride with aldehydes was
performed with zinc, under anhydrous conditions, the correspond-
ing enol ethers were obtained (Table 3). The reaction works with
both aromatic and aliphatic aldehydes, although the yields are
somewhat lower, compared to the indium-promoted reactions. In
order to suppress the relatively long induction periods, the zinc
should be activated in situ by addition of a small amount of HgCl2

and iodine to the reaction mixture.14 In the case of crotonaldehyde,
pinacol coupling was a serious problem which reduced the yield
(entry 5); cinnamaldehyde also furnished the corresponding pina-
col as the dominant product, indicating that conjugated aldehydes,
which are capable of strong stabilization of the radical anion gen-
erated by a single electron reduction, are not suitable substrates for
this type of transformation.

In conclusion, we believe that the chemistry described offers a
potentially useful complement to the existing methods of aldoliza-
tion with acetone. Research directed towards the introduction of



Table 3
Zinc-promoted reactions

R-CHO
Cl

OMOM
Zn,

DMF R

OMOMOH

Entry Aldehyde Product Yielda (%)

1
CHO OH OMOM

72

2
CHO

OMe

OH OMOM

OMe

67

3
CHO

Cl

OH OMOM

Cl

40

4 n-C11H23
CHO

n-C11H23

OH OMOM
49 (63)

5 CHO
OH

OMOM
35

6 CHO OH OMOM
54

a Yield of isolated, pure compounds; yield in parentheses is calculated on the
basis of recovered starting compound.
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other protecting groups, as well as the application of this method
to different enolate synthons is underway.
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