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HIGHLY STEREOSELECTIVE CONSTRUCTION OF CHIRAL QUATERNARY

CARBON: ASYMMETRIC SYNTHESIS OF β, β-DISUBSTITUTED γ-BUTYROLACTONES
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Asymmetric synthesis of β, β-disubstituted γ-butyrolactones was

carried out in highly stereoselective and predictable way, by means

of sequential dialkylation of (S)-γ-trityloxymethyl-γ-butyrolactone

followed by lactone carbonyl transposition. Application to the

synthesis of spirocyclic compound was also described.

In these ten years great progresses have been reported in the field of 

asymmetric synthesis.2 There are, however, only a few reliable methods for the 

construction of chiral quaternary carbon centers fully substituted with alkyl 

groups.3 As part of our research program directed toward the asymmetric total 

synthesis of natural products based on the novel application of easily available

(S)-γ-hydroxymethyl-γ-butyrolactone (1) as a chiral synthon, we have reported

the efficient asymmetric synthesis of α, β-disubstituted γ-butyrolactones.4,5,6

Evaluating the increasing usefulness of γ-butyrolactone systems as synthetic

intermediates,7 we have now extended our studies to the development of the

general and efficient asymmetric synthesis of β, β-disubstituted γ-butyrolactones

by means of stereoselective sequential dialkylation of (S)-γ-trityloxymethyl-γ-

butyrolactone (2) with two different electrophiles followed by the lactone 

carbonyl transposition procedure wherein the original chiral center was 

removed.4,8 Particularly significant feature of this approach is that both 

enantiomers with predictable absolute configuration can be produced simply by 

inverting the introduction order of electrophiles. 

Critical stage of the present synthesis is the sequential dialkylation of 

2_ with two different electrophiles leading to quaternary carbon compounds 3.

Results are extremely promising as summarized in Table Ⅰ. Typical procedure is

as follows(Run 5). The lactone enolate, prepared from 2 (8.1 mmole)with LDA

(1.2 eq) and HMPA (1.2 eq) in THE (20ml) at -78° under argon, was treated with

ethyl iodide (1.1 eq) for 4h. After addition of LDA (1.2 eq) and HMPA (1.2 eq)

to the above mixture (-78°, 0.5h), methyl iodide (1.4 eq) was added. The whole

was stirred at -78° for 5h. Usual work-up followed by the treatment of crude

product (3) in acidic methanol for 10h gave the detritylated alcohol, which was 

purified without fractionation by silica gel column chromatography (ether) to 
furnish cis-4 (R1=CH2CH3, R2=CH3, 65%)9 with the diastereomeric purity of over 

99%. 

Stereochemical course of the introduction of alkyl groups was found to be
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Table 1. Synthesis of 4 and 5

1 R=H

2 R=CPh

3 R=CPh

4 R=H

5

a) LDA-HMPA, R1X/THF, -78°, then LDA-HMPA, R2X, -78°: R1X and R2X=CH3I,

CH3CH2I, CH3(CH2)2I, CH2=CHCH2Br, PhCH2Br. b) c.HCl-MeOH, rt. c) LiAlH4/THF,

rt. d) NaIO4/H2O-AcOEt, rt. e) Jones oxidation, rt.

a) Overall yield from 2. b) Diastereomeric ratio (cis/trans) was determined by 

HPLC, 1H and 13C NMR analysis. c) Overall yield from 4. d) Obtained by 

catalytic hydrogenation of the corresponding allyl derivative. e) Reported

value for (S) -5 was [α]24D+15.7°(CHCl3). See reference 10.

Table Ⅱ. 1H and 13C NMR of 4
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highly controlled under the influence of the trityloxymethyl group. Introduction 

of ethyl and then methyl group produced, after lactone carbonyl transposition 

procedure (LiAlH4, NaIO4, then Jones oxidation)4, optically pure (+)-5 (R1=CH3CH2

R2=CH3) ( [α]24D+16.1°(CHCl3), reported10 [α]24D+15.7°(CHCl3)) having S-configuration

(Run 5). On the other hand, inversion of the introduction order gave (-)-5 (R1=

CH3, R2=CH3CH2) ([α]24D-15.8°(CHCl3)) having R-configuration (Run 1). As the

absolute configuration of optically active 5 is well established, these facts are 
clearly consistent with the expectation that alkylation would preferentially 

occur from the face of lactone enolate opposite to trityloxymethyl group. 

The stereochemical course of the introduction was also supported by NMR (1H,
13C) 

analysis of 4 as shown in Table Ⅱ. In the compounds synthesized by the

introduction of methyl group at first, vicinal coupling constants (J3
,4) between 

H-4 and H-3 appearing at the higher field are larger than those between H-4 and 

H-3 appearing at the lower field. In the case of 4 (R1=CH3, R2=CH2Ph) large 

anisotropic effect on H-4 (δ3.5ppm) was observed. These data clearly indicate

that these compounds have the same relative configuration, that is, trans-

configuration. In the cis-4 (R2=CH3), J3,4 are also characteristic, showing the

opposite trend to that of trans-4.11 13C-NMR spectra were also characteristic, 

in which 2-CH3 signals of cis-4 appeared at the slightly upfield than those of

trans-4, probably due to the existence of weak γ-type effect.12

Extention of the above selective alkylation to Michael reaction could open 

the efficient access to the spirocyclic compound. Michael reaction of 6, prepar-

ed from 2-in the usual way, with methyl vinyl ketone in the presence of catalytic

amount of base at room temperature gave 7 (mp 122-123°, [α]20D+9.48°(CHCl3)) as

the major product of the diastereomeric mixture (82:18) in 65% overall yield from

2. Similarly 8 was converted to 9([α]20D+33.6°(CHCl3)) as the major product of

the mixture (83:17) in 86% yield. The major stereochemical course of the Michael 

reaction was also shown to be the same as that of alkylation by converting 9 into 

11 (p-TsOH /benzene) in 58% yield. Then 9 was treated with K2CO3 (5 eq) in the

6 R=OCH2CH3

8 R=H

7 R=OCH2CH3

9 R=H

10 11

a) For 6: CH3COCH=CH2, NEt3/benzene, rt. For 8: CH3COCH=CH2, t-BuOK/

t-BuOH-toluene, rt. b) K2CO3, n-Bu4NBr/benzene, reflux.
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presence of catalytic amount of n-Bu4NBr in refluxing benzene for 4h to afford

the optically pure spirocyclic lactone (10) ([α]20D-11.1°(CHCl3)) in 65% yield.

The procedure described above give promise for construction of chiral 

quaternary carbon center having the appropriately functionalized alkyl 
substituents. Application to the asymmetric total synthesis of pharmacologically 

potent natural products is now in progress. 
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