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STEREOCONTROLLED ALpoL ReEacTioNs oF BUTYROLACTONE:
ERYTHRO- SELECTIVITY VIA HigH CooRDINATION ZiINc COMPLEXES

D.A. Widdowson*, G.H. Wiebecke and D.J. Williams
Department of Chemistry, Imperial College, London SW7.

SUMMARY: The stereoselection of the lithium catalysed aldol reaction of benzaldehyde and
y-butyrolactone is reversed by zinc ions. The intermediacy of octahedral or

square pyrcmidal zine complexes is invoked to explain these observations.

In connection with synthetic studies, we require 2-substituted butyrolactones. As a prelimin-
ary, we have examined the steric course of the aldol reaction of y-butyrolactone and benzalde-
hyde] (Scheme) under a variety of conditions and catalysts. This has revealed a facet of

stereocontrol,not previously reported, which promises to be of considerabie use in substituted

lactone synthesis.

In acyclic stereocontrolled aldol reactions, it is generally observed that E-enolates of
Tithium, magnesium, zinc and related metals give rise to predominantly threo products and
Z-enolates to erythro productsz. This situation can be reversed by other, usually bulky,
counterions3. In cyclic systems, the enolate is necessarily of E-configuration and in cyclo-
pentanones, the threo products predominate4. A chair-form cyclic transition state (as 1) has

been used to explain these observation52’4.

H ph
“{(—0
“..—‘ O\\M -

y-Butyrolactone in THF was Tithiated with LDA (1 equiv) at 20° during 2 h, cooled to -30°
and benzaldehyde added slowly. After 1 h the reaction was quenched with phosphate buffer (pH
7), ether extracted, washed with aqueous sodium bicarbonate and brine, dried (Na2504) and

concentrated to give the aldol product mixture, (2) and (3) Scheme.
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1, LDA/THF; 11, PhCHO; 1ii%, ZnCZZ, PhCHO.

One of the diastereomers crystallised from the product mixture and in order to obtain an
unambiguous assignment, an X-ray analysis was underﬁakens. The crystalline diasterecomer proved

to be the erythro product (Figure).
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Figure

The ratio of erythro (2) : threo (3) was determined by nmr spectroscopy. The benzylic pro-

tons resonated clear of all others at § 5.35 (d, J 3 Hz) and & 4.84 (d, J 8Hz) respectively.

The/results are given in the Table (Runs 1-3). At lower reaction temperatures, the product

4
ratio maximised at (2): (3) = 30:70, in parallel with the Dubois observations on cyclopentanone.
TABLE: Run No. Cation Ratio Temp. vield  Product Ratio

(metal:Tlactone) Oc (%) (erythro:threo)
1 Li* 1 -30° 74 41 . 59
2 Lit 1 -78° 44 3 : 70
3 Lit 1 -100° 21 30 : 70
4 Zn?* 0.5 0° 86 63 : 37
5 7n2t 0.5 -30° 83 70 : 30
6 n2* 0.5 -78° 73 56 : 44
7 Zn2* 1 -30° 85 70 : 30
8 Zn* 0.1 -30° 48 54 : 46

a

Combined yteld, estimated by nmr. Only the erythro product was crystalline when pure.
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In the presence of 0.5 equivalents of anhydrous zinc ch]orideG, enolate formation was
accelerated (complete in 0.5 h at -78° » 200) and the diastereoselection was reversed (Table,
Runs 4-8). Increased proportions of zinc (Run 7) had no effect, but 0.1 equivalents (Run 8)

gave reduced selectivity. The optimum reaction temperature proved to be -30°.

In a control experiment, a product mixture (erythro: threo = 30: 70) was treated with
7

LDA/ZnCI2 under the reaction conditions (THF, -300, 2h) and no equilibration was observed

The zinc catalysed stereoselection is therefore kinetic in origin.

It is evident from the acceleration of enolate formation that a zinc enolate ﬁs being form-
ed and that since 0.5 equivalents of zinc produce a maximum diastereoselection, control occurs
via intramolecular coordinations. Since cation size (L1'+ ionic radius 0.78, Zn2+ jonic radius
0.69)9 cannot be the source of selectivity, we propose that coordination geometry is the

determining factor.

In contrast to Tithium, zinc readily forms square pyramidal and octahedral complexes with
oxygen 1igands]0. In a boat conformation of the transition state, as required for erythro-
selection, the ring oxygen could act as a third ligand to square pyramidal or octahedral zinc,
but is geometrically inhibited from doing so to lithium. The resulting stablished boat con-

formation is depicted in (4).

The generality of this concept for other reactions with potential tri-coordination has yet

to be determined, but could clearly be applied to ester enolates.
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