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ABSTRACT

A simple, efficient, and diastereoselective zinc-promoted allylation of aldehydes with enantiopure (SS)-3-chloro-2-(p-tolylsulfinyl)-1-propene
[(SS)-1] under aqueous Barbier conditions is described. The observed diastereoselectivity can be explained via an acyclic antiperiplanar transition
state model.

The allylation of carbonyl derivatives to afford homoallylic
alcohols is a useful synthetic transformation that has attracted
considerable attention over the past few years.1 Recently,
much effort has been devoted to the development of new
methods for enantioselective carbonyl allylation by means
of either enantiopure allylmetal derivatives2 or asymmetric
Lewis acid catalysis.3 However, reports on enantioselective

carbonyl allylations in aqueous medium are limited,4 despite
the increasing demand for clean and environmentally safe
chemical technologies and the availability of well-prece-
dented methodology enabling the combination of water with
different organometallic systems.5

Our interest in the development of new building blocks
based on the use of sulfoxides as chiral auxiliaries6 prompted
us to focus on enantiopure (S)-3-chloro-2-(p-tolylsulfinyl)-
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1-propene ((SS)-1)7 and to study its application to the
diastereoselective synthesis of 2-sulfinyl-2-propenylmetha-
nols3 using environmentally friendly protocols. The versatil-
ity of this strategy relies on both the diversity of commer-
cially available starting aldehydes and the synthetic potential
of the vinylsulfinyl moiety.8

Preliminary studies were carried out with benzaldehyde
and racemic 3-halo-2-(phenylsulfinyl)-1-propenes(()-4a9 or
(()-4b10 and under In- or Zn-promoted Barbier-type ally-
lations in different solvent systems (Table 1).11

Indium-promoted allylations with (()-4a took place in a
variety of H2O-THF mixtures in moderate yields and
diastereoselectivities (entries 1-3).12,13The use of Zn turned

out to be more efficient in terms of diastereoselectivity,
overall yields, and reaction rates.13 Allylation with (()-4a
and Zn in 6/1 saturated aqueous NH4Cl/THF afforded
homoallylic alcohol5a in high yield and moderate diastereo-
selectivity (entry 4). The use of iodide (()-4b increased the
diastereoselectivity, at the expense of the reaction yield (entry
5). This moderate yield can be attributed, in part, to the
unstability of the starting iodide under the reaction conditions.
Interestingly, both yield and diastereoselectivity could be
optimized using (()-4a in the presence of an excess of iodide
(entry 6). It is conceivable that iodide (()-4b, or a related
species, can be formed in situ under the above conditions.
Enantiomerically pure 2-sulfinylallyl chloride (SS)-1 behaved
similarly to (()-4a, giving3a (3:1 diastereomeric mixture)
in high yield (entry 7). It is noteworthy that the diastereo-
selectivity of this process could be further increased up to
6:1 by carrying out the reaction at 0°C in the presence of
excess iodide (entry 9). These conditions were further applied
to a range of aldehydes2a-g as shown in Table 2.14

The configuration of the new stereogenic center in the
major diastereomer of homoallylic alcohols3a,b was as-
signed asR from ozonolysis15 to the corresponding enan-
tiopureâ-hydroxyacid and comparison with reported litera-
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A.; Moretó, J. M.; Molins, E.; Miravitlles, C.Tetrahedron1996, 52, 10525-
10546. (c) Henrich, M. L.; Delgado, A.; Molins, E.; Roig, A.; Llebaria, A.
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evaporated to dryness, and the oily residue is taken up in ether and washed
with brine. Drying of the organic phase (anhydrous Na2SO4) and evaporation
afforded a crude that was flash-chromatographed (hexanes-EtOAc 85:15)
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D +128 (c, 0.68 MeOH);
1H NMR (CDCl3) 2.38 (3H), 3.79 (1H,J ) 14.5; J′) 1.2;J′′ ) 0.9), 4.10
(1H, J ) 14.5; J′) 1.6; J′′ ) 1.0), 5.99 (1H), 6.22 (1H), 7.29 (2H), 7.49
(2H); 13C NMR (CDCl3) 150.7, 142.4, 138.3, 130.2, 125.1, 120.5, 39.0,
21.4.
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1986,309, 1-23. (d) Auvray, P.; Knochel, P.; Normant, J. F.Tetrahedron
Lett. 1986, 5095-5098. (e) Auvray, P.; Knochel, P.; Normant, J. F.
Tetrahedron1988,44, 6095-6106. (f) Auvray, P.; Knochel, P.; Normant,
J. F.Tetrahedron1988,44, 4509-4519.
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halides undernonaqueousconditions, see: (a) Auvray, P.; Knochel, P.;
Normant, J. F.Tetrahedron Lett.1985, 26, 2329-2332. (b) Auvray, P.;
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Table 1. Allylation of Benzaldehyde with
2-Arylsulfinyl-3-halo-1-propenes

entry halide metal systema condb drc yieldd,e

1 (()-4a In A 72; rt 3:1 59d

2 (()-4a In B 24; rt 4:1 74d

3 (()-4a In C 15; rt 5:1 60e

4 (()-4a Zn D 4; rt 4:1 89d

5 (()-4b Zn D 1; rt 6:1 40d

6 (()-4a Zn E 18; rt 5:1 82d

7 (Ss)-1 Zn D 16; rt 3:1 85e

8 (Ss)-1 Zn D 24; 0 4:1 83d

9 (Ss)-1 Zn E 24; 0 6:1 80d

a Solvent system: A, THF; B, THF-H2O (1:1); C, H2O; D, saturaed
aqueous NH4Cl/THF (6:1); E, NaI (3 equiv.), 1.6 N aqueous NH4I/THF
(6:1). b Conditions: reaction time (h); temperature (°C).c Diastereomeric
ratio calculated by1H NMR. d Isolated.e Calculated by1H NMR in the
presence of dimethyl terephthalate as an external standard.

Table 2. Allylation of Aldehydes with (SS)-1

entry R drb yieldc

1 a Ph 6:1 80d

2 b cyclohexyl 5:1 60
3 c n-Bu 3:1 67
4 d t-Bu 5:1 60
5 e p-(OCH)3Ph 5:1 70
6 f 2-furyl 4:1 60
7 g BnOCH2- 2:1 75

a Zn (2 equiv)/NaI (3 equiv)/1.6 N aqueous NH4I/THF (6:1); 0 °C. For
a detailed experimental procedure, see ref 14.b Calculated by1H NMR.
c Calculated by1H NMR in the presence of dimethyl terephthalate as an
external standard.d Isolated yield.
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ture data.16 Thus,â-hydroxy acids of opposite optical rotation
to that described in the literature for the correspondingS
enantiomers were obtained (Scheme 1).17

From a mechanistic standpoint, a highly energetic 1,3-
diaxial interaction between R and the sulfoxide moiety would
be required if the currently accepted six-membered cyclic

transition state for the metal-mediated coupling of allylic
halides with aldehydes in aqueous media were operative.5c,d

For this reason, the observed diastereoselectivity can be better
explained by an open antiperiplanar transition state model,18

in which the above interactions are avoided (Scheme 2).19

In conclusion, we have developed a simple, efficient, and
environmentally friendly protocol for the diastereoselective
allylation of aldehydes with enantiopure 2-sulfinylallyl
chloride (SS)-1. Further studies addressing the use of the
synthetic potential of the resulting 2-sulfinyl-2-propenyl-
methanols3 are currently underway and will be reported in
due course.
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The mixture is cooled to 0°C (ice bath), and Zn dust (130 mg, 2 mmol) is
added portionwise. The reaction mixture is stirred at 0°C until consumption
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nonaqueous medium (Mortlock, S. V.; Thomas, E. J.Tetrahedron1998,
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