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PREPARATION OF CHIRAL SULFONES BY
ASYMMETRIC ADDITION OF ARENESULFONYL CARBANIONS TO ACETONE

Takahiko AKIYAMA,* Makoto SHIMIZU, and Teruaki MUKAIYAMA
Department of Chemistry, Faculty of Science,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

In the presence of a chiral diamine, the magnesium salt of
tolyl sulfone reacts with acetone at the o-carbon to afford the
corresponding B-hydroxy adduct in good optical purity.

Recent advances in asymmetric synthesis have brought about several interesting
transformations previously mediated mostly by enzymatic process. However, there
still remain several important problems, e.g., development of highly chiral induc-
tion method by the interaction of the chiral auxiliary groups bounded in a non-
covalent way. In other words, it appears to be very difficult to achieve asymmet-
ric carbon-carbon bond forming reactions controlled by the coordination of chiral
ligand to substrates.l) Our continuing efforts on devising highly enantioselective
reaction based on non-covalent bonded chiral ligands led us to consider the
possible chirality creation at the a-carbon of allyl sulfone. Although sulfonyl
group stabilized allylic carbanions have been studied extensively on organic
synthesis and employed successfully on a variety of carbon-carbon bond forming
reactions,z) their application to asymmetric synthesis has not been reported.

We have now found that the magnesium salt of allyl tolyl sulfone undergoes
asymmetric addition to acetone under the influence of chiral ligand derived from
L-proline and wish to describe herein a first example of ligand controlled chiral

induction to the a-carbon of allyl sulfone by the electrophiles.
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As described in the above equation, allyl tolyl sulfone was converted to the
lithium salt by addition of n-BulLi in the presence of (2S, 2'S)-2-hydroxymethyl-1-
[(1-methylpyrrolidin—Z-yl)methyl]pyrrolidinela) 2 in THF at -78 °C followed by
addition of acetone to give 2—methyL—3-toluenesu1%ony1-4-penten-2-013) in 91%
yield but in poor optical purity (entry 1 of Table 1).
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Table 1. Preparation of Chiral Sulfones by Asymmetric Addition of
Allyl p-Tolyl Sulfone Carbanion to Acetone a)

Entry Base Solvent Temperature/°C Yield/$% e.e./%
1 BulLi THF - 78 91 15
2 EtMgBr THF - 78 58 50
3 EtMgBr THF -100 47 60

b)
4 EtMgBr  THF + L -100 66 80
5 EtMgBr  THF + L g \_ -100 74 77
6 1-PrMgBr THF + JCO:L -100 89 74
7 i-prMgcl THF + _L g \_ 100 72 56

a) The reaction was carried out with allyl sulfone, diamine, and

base (1:

1.5: 2.2). Reaction period was 20 min.

b) Reaction period was 10 min.

In this reaction the nature of the center metals and the kind of the reaction

solvents seem to influence greatly on optical purity of the product.

For example,

by changing the center metal from lithium to magnesium, enantioselectivity was

improved up to 50%

mixture of THF and 2,5-dimethyltetrahydrofuran was crucial.

was obtained when

It was also found that the use of a 1:1
Thus, the best result

e.e. (see, entry 2).

ethylmagnesium bromide was used as base and the reaction was

carried out in THF-2,5-dimethyltetrahydrofuran (1: 1/v:v) at -100 °C (entry 4).

Next, a varie
summarized in Tabl

ty of sulfonyl moieties was examined and the results are
e 2.

Table 2. Effect of Arene Group a)
Entry 1 2 3 4 5
= Me
Ar- Me—@' l-Bu‘@" Cl-@- 8 Me@-Me
Yield/$% 66 quant. 98 38 72
e.e./% 80 76 72 50 33
[a]D/° -74.9 -53.0 -54.5 35.4 -33.1

a) Absolute configuration was R in the case of entry 1.
Though absolute configurations were not determined in
other cases, the stereochemical course of this reaction
is thought to be the same in all entries.

A bulky p-substituent on the aromatic ring appears to have little effect on

increasing optical purity of the product, whereas an electron withdrawing group
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decreased enantioselectivity presumably because of the decreased reactivity of
the anion toward carbonyl addition.

Reactions of other allyl sulfones were also carried out under the optimum
reaction conditions shown in the case of allyl tolyl sulfone, and the results are

summarized in Table 3.

Table 3. Effect of Allyl Moieties

Entry 1 2 3 4

Sulfone  TolS0, N Tolsoz/\)\ TolS05 Ph  Phs0,CH,Ph

Yield/% 66 90 62 47
e.e./% 80 76 16 33
[a]D/° -74.9 -42.2 29.0 46.5

The substituents at y-position to the sulfonyl group decreased enantio-
selectivity (entries 2 and 3), especially in the case of phenyl substituent.

Interestingly, when the chiral diamine 4 was substituted for 2, prepared from
L-proline, the other enantiomer was obtained in a good optical purity (69% e.e.).
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The following example represents a typical experimental procedure: To a THF
solution (1.5 mL) of allyl tolyl sulfone } (71.8 mg, 0.36 mmol) and E (53.8mg, 0.27
mmol) at 0 °C was added ethylmagnesium bromide (0.40 mL, 0.66 M solution in ether).
After stirring at 0 °C for 30 min, 2,5-dimethyltetrahydrofuran (1.5 mL) was added
and the mixture cooled to -100 °C. Then acetone (38 mg, 0.66 mmol) in THF-2,5-
dimethyltetrahydrofuran (1.0 mL, 1:1/v: v) was added dropwise, and the stirring
was continued at that temperature for 20 min. The reaction mixture was quenched
by adding 2°M HC1l in THF and then extracted with ether. The combined organic
layers were washed with brine, dried over anhydrous MgSO,, and concentrated to give
an 0il. Purification on silica-gel TLC (Hexane - AcOEt/4 : 3) gave 2-methyl-3-(p-
tolylsulfonyl)-4-penten-2-0l (41.5 mg, 66%). The optical purity was determined
by the NMR spectrometry to be 80% by examining the relative intensity of the two
methyl groups separated by the chiral shift reagent, Eu(hfc)s.

It is noted that according to the present study, each enantiomer of the allyl
tolyl sulfone-acetone adduct could be prepared in good optical purity by choosing
L-proline based ligand 2 or 4. Since allyl sulfones are important building blocks
and can be transformed into a variety of compounds via alkylation mediated by m-
allyl complex,4) desulfonylations) and so on, the allyl tolyl sulfone-acetone
adduct obtained by the present procedure is a possible intermediate for a variety
of useful chiral compounds.
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