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Abstrpet: Enantioselective induction by some cbiral lithium alkoxides in the addition of methyllithium to 
benzaldehyde has been examined. A detailed study of Zsubstituted lithium I-phenyl-2-(N,Ndimethyhunino)- 
ethoxides ia the addition of achiral alkyllithium reagents to aldehydes in THF and diethyl ether at -78 ‘C has been 
cat?ied out. The ee’s are generally higher in the former solvent. The configuration of the newly formed chiraI center 
is opposite to that of the l-carbon of the a&oxide and independent of that of its 2-carbon atom. ‘Ihe cc of the 
product is generally increased by increasing the size of 2-suI!&ituent. Enantiosekctivity is decreased by the addition 
of LiC1 and LiCIO, but is little affected by the presence of the predominant enantiomer of the lithium alkoxide 
produced in the reaction. 

Introduction 

The findings of McGarrity. Ogle, Brich, and Loosli’ that tetrameric butyllithium in THF forms a series of 

mixed tetramers with lithium butoxide and that these species react more rapidly with benzaldehyde than the 

homotetramer have important implications concerning the synthetic use of organolithium compounds. In 

particular, the formation of mixed aggregates provides a means of introducing chiraIity into formally achiral 

reagents. Some examples of this concept have been described in the literature. 

In 1978, Mukaiyama and his coworkers* reported that highly enantioselective additions of simple achiral 

aU@ithium reagents to aldehydes can be achieved by the adding lithium alkoxides 1 of the Zhydroxymethyl- 

pyrrolidinyipyrroIidine derivatives obtained from (S)-proline to the reaction mixtures at low temperatures. The 

enantioselectivity was found to depend on solvent as well as the structures of the reactants and the chiral 

lithium alkoxides. The highest optical purity reported (95%) was obtained for the addition of butyllithium to 
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benzaldehyde in the presence of the primary alkoxide 1 (R’ = RZ = I-I) in dimethoxyehane/dimemyl ether (1:l) 

at -123 “C. These workers speculated that the enantioselective addition might involve a species such as 2. 

1 2 3 

Alberts and WY&erg3 have shown that the &dition of ethyllithium to benzaldehyde in the presence of the 

optically pure lithium alkoxide of (+)-(R)-1-phenylpropanol-d, leads to an enantiomeric excess of unlabelIed 

(+)-(R)-l-phenylpropanol, a phenomenon they call ‘enantioselective autoinduction.’ They ascribed this result to 

the formation of a mixed aggregate of unknown structure. Earlier, Seebach had suggested that the 

enantioselectivities induced by the chiral lithamide 3 in aklol reactions and Michael additions of the lithium 

enolate of cyclohexanone are due to mixed aggregate formation and Alberts and Wynberg’ subsequently 

showed that the aklol reaction with a lithium enolate also exhibits enantioselective autoinduction. 

As part of broader study of the mechanistic role of aggregates and mixed aggregates in the chemistry of 

organic lithium compounds, we undertook a survey of a number of reactions of simple alkyllithium reagents 

with aldehydes in the presence of optically active lithium alkoxides. Our intent was to examine the generality of 

enantiomeric induction through mixed aggregate formation and to select systems suitable for further structural 

and mechanistic studies. 

Determination of Enantiomeric Excess 

The reactions in this survey all yielded low molecular weight secondary alcohols, the optical purities of 

which were readily determined by gas liquid chromatography using a prototype of a now commercially 

available p-Dex 120 capillary column supplied by Supelco Co. The column consists of a fused silica capillary 

column that is statically coated with 10% w/w of permethylated P-cyclodextrin’ in a (65/35 mole/mole) 

polymethyl/polyphenylsiloxane copolymer. The column, which is 30m in length, with an ID of 200pm and with 

a film thickness of 0.2um, was installed in a Hewlett Packard 5890 gas chromatograph. 

In the chromatograms of the racemic forms of all four secondary alcohols, RCH(OH)CH, (R = Ph. 

tert-Bu) and RCH(OH)CH,CH,CH,CH, (R = Ph, tert-Bu), produced in the reactions the peaks from the two 

enantiomers were baseline resolved. Assignments of the peaks for the enantiomers were made using partially 

optically active mixtures, the signs of rotation of which were determined polarimetrically. 
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A Survey of Some Readily Available Alkoxides. 

Table I summarizes the efficacy of the lithium r&oxides of some readily available optically active alcohols 

in promoting the enantioselective addition of methyllithium to benzaldehyde. The first point of interest is that 

all seven compounds examined do induce some degree of enantioselectivity. As noted by Mukaiyama in his 

studies of 1, enantioselective induction is strongly solvent dependent. We had expected that, of the two 

solvents employed in this study, diethyl ether would be more effective than THF as we had previously found 

with lithium phenolates that the former solvent more strongly supported mixed aggregate formation with 

lithium salts’. However, with the exception noted below, higher enantioselectivities are obtained in THF. 

No obvious trend is apparent in this limited survey. The secondary alkoxides in Table I do give better 

results than the primary ones but none achieves the levels of enantioselectivity reported for the primary 

alkoxides 1. Furthermore, the presence of one or two pendant tertiary amine functions in 5,6 and 7, which 

obviously contribute to the efficacy of Mukaiyama’s compound 1, does not appear to result in enhanced 

enantioselectivity. However, of the compounds examined, the secondary alkoxide 8 in THF gave the highest 

enantiomeric excess. The level of enantioselectivity induced by the binaphthyl derivative 10 is disappointing as 

this ligand is effective in enantioselective reductions of aldehydes and ketones by lithium aluminum hydride.* 

Lithium 24ubstituted 1-Phenyl-2-(N,N-Dimethylamino)ethoxides 

Because lithium N-methylpseudoephedrinate 8 gave the best result of the compounds in Table I, we have 

studied this and several structurally and stereochemically related compounds in more detail. 

The enantioselectivities induced in the addition of methyllithium to benzaldehyde by four compounds are 

given in Table II. A striking feature is that the configuration of the product is opposite to that of C( 1) and 

independent of the configuration at C(2). The effects of the nature and relative configuration of the 

2-substitnent on the magnitude of the enantioselectivity are dependent on the solvent. In diethyl ether, the 

alkoxide 11, which lacks a 2-substituent, is relatively ineffective. In this solvent, the diastereomeric Zmethyl 

alkoxides, 8 and 12, exhibit similar enantioselectivities and are more effective than the 2-phenyl derivative, 13. 

In THF, however, 8 and 12 promote very different levels of selectivity and both are less effective than 13. 

Lithium ephedrinate 12 is unique amongst the compounds in Tables I and II in that it affords higher 

enantioselectivity in diethyl ether than in THF. 

We have examined the effects of concentrations of methyllithium and lithium alkoxide on 

enantioselectivity for both 8 and 13. The pertinent data are contained in Table III. A lithium 

alkoxide-to-methyllithium ratio of 2: 1 is optimum for both alkoxides in THF. 
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Table I. Enantioselective Addition of Methyllithium to Benzaldehyde in Diethyl Ether and 
THF at -78 “C in the Fksence of Various Chiral Lithium Alkoxides. 

Lithium Alkoxide ee (961 
Diethyl Ether THF 

1 

CXi 
20 

(W+) 12 UC(+) 

W(+) 7 W-(+) 

6 (W-) 

(W-(+I 2 (W-1 

W(+) 37 W(+) 

UW+) 10 W-(+) 

W-(+1 5 (W-(+I 
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Table II. Enantioselective Addition of Methyllithium (0.18 M) to Benzaldehyde (0.08 M) 

Induced by Lithium l-Phenyl-2-(Nslr-Wmcthylamino)ethoxides (0.16 M) in Diethyl Ether and 

THF at -78 “C. 

Lithiumalkoxide Diethyl Ether THF 

II (lS), R = H 2 (R)-(i) (S)-(-) 

I.2 (IR), R = {2S)-CH, 17 (St-(-) 7 (Sk(-) 

8 (1R). R = (2R)-CH, 20 (Sk(-) 37 (S)-(-) 

13 (lR), R = (2S)-Ph 12 (W-) 5.5 (W-) 

Table XII. The Effect of Concentration of Lithium Alkoxides (8.13) on Enantioselectivity of the 

Addition of Methyllithium to Benzaldehyde (0.08 M) in THF at -78 ‘C. 

A&oxide Qvf) 

8 

0.04 

0.08 

0.16 

0.32 

13 

0.08 

0.16 

0.16 

0.32 

0.48 

MeLi (M) ee (95) 

0.18 13 

0.18 13 

0.18 38 

0.18 38 

0.08 52 

0.08 73 

0.16 56 

0.16 79 

0.16 74 

Lithium (lR~S)-2-(N,N~~yl~no~l,2-~phenyle~o~de 13 in THF is clearly the most effective of 

the &oxides we have tested for the induction of enantioselectivity in the addition of methyllithium to 

benzaldehyde, and we therefore have applied it to the reactions of several other pairs of reactants. Table IV 

contains the results. Both methyl - and butyllithium exhibit less facial selectivity in their additions to 

piv~~hyde than to benzaldehyde, in spite of the greater steric demand of a ferr-butyl group relative to a 

phenyl substituent. The result obtained for the addition of butyllithium to benzaldehyde indicates that 13 is 
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more effective than Mukaiyama’s compound 1, which affords an ee of only 48% under the same conditions. It 

is interesting that Oppolzer and Radinov’ have found that 13 is also highly effective for achieving 

enantioselective additions of alkenylzinc bromides to aldehydes. 

Table IV. Asymmetric Induction in the Addition of Alkyllithium Reagents (RLi) to Aldehydes 

WCHO) in the Presence of Lithium (lR,2S)-2-(N,N-dimethylamino)-l,2-diphenylethoxide 13 in 

THF at -78 ‘C. 

VI R Wil R [R’CHO] ee (%) config. 

0.33 Methyl 0.17 Phenyl 0.08 79 S-(-) 

0.28 Methyl 0.14 terr-Butyl 0.07 46 w-1 

0.29 Butyl 0.15 Phenyl 0.07 75 S-(-) 

0.29 Butyl 0.15 tert-Butyl 0.07 31 S-(-) 

We have examined the degree of enantioselectivity induced by both 8 and 13 as a function of the extent 

of reaction. This was achieved by adding aliquots of the aldehyde and determining the % ee of the product after 

each addition. The results are given in Table V. Within experimental error, the presence of the optically active 

product, lithium 1-phenylethoxide, does not contribute to the enantioselectivity. In other words, 

enantioselective autoinductiot? does not occur in the presence of 8 or 13. This result suggests that the 

lithium alkoxide product does not reduce the concentration of 8 (or 13)/methyllithium mixed aggregate to the 

extent that other mixed aggregates or the homoaggregates contribute significantly to the addition process. 

Table V. Enantioselectivity as a Function of % Reaction for the Addition of 

Methyllithium (0.18 M) to Benzaldehyde (0.08 M) in THF at -78 “C in the Presence of 

Optically Active Lithium Alkoxides 8 (0.16 M) and 13 (0.16 M). 

ee (%) 

% Reaction 8 13 

10 21 53 

20 19 49 

50 20 49 

70 21 52 

90 18 53 






