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The importance of amino acids in medicinal and
biological chemistry has made these compounds a focal
point for asymmetric syntheses. Chiral pool-, chiral
auxiliary-, and chiral ligand-based methods have been
developed for syntheses of a variety of enantioenriched
R and â amino acids and their derivatives.1 We wish to
report chiral ligand methodology that can provide either
enantiomer of highly enantioenriched natural and un-
natural R-, â-, and γ-aryl amino acids and esters from
N-Boc-arylmethylamine derivatives by convenient lithia-
tion substitution sequences.
The methodology is based on an asymmetric deproto-

nation and electrophilic substitution sequence that em-
ploys n-BuLi/(-)-sparteine as a chiral base.2 The ap-
proach is illustrated for N-Boc-N-(p-methoxyphenyl)-
benzylamine (1). Treatment of 1 with 1.1 equiv of

n-BuLi/(-)-sparteine at -78 °C in toluene for 8 h, with
subsequent addition of CO2, gives the highly enantioen-

riched phenylglycine derivative (R)-2 with a 96:4 er
(enantiomeric ratio) in 95% yield. If trimethyltin chloride
is used as the electrophile and the product (S)-3 is
allowed to react with n-BuLi/(-)-sparteine followed by
CO2, (S)-2 is obtained with a 95:5 er in 77% overall yield.3
Lithiation of 1 with n-BuLi/(-)-sparteine followed by
methyl chloroformate as the electrophile gives the R-ami-
no acid derivative (S)-4with a 93:7 er in 83% yield. Thus,
either enantiomer of a highly enantioenriched R-aryl
amino acid derivative can be obtained by adding a
stannylation transmetalation sequence or by changing
the electrophile. Oxidative cleavage of the p-methox-
yphenyl group of (S)-4 with ceric ammonium nitrate
(CAN) provides (S)-5, a highly enantioenriched amino
acid ester. The preparation of (R)-5 from 1 is ac-
complished by treatment of (R)-2 with diazomethane and
ceric ammonium nitrate.
As shown in Table 1, analogous lithiation-substitution

reactions can be carried out with other N-Boc-N-(p-
methoxyphenyl)arylmethylamines 6-10. Treatment of
each substrate with 1.1 equiv of n-BuLi/(-)-sparteine and
carbon dioxide gives the (R)-R-amino acids 11 and 13-
16 with 96:4-95:5 ers in 85-93% yields. When N-Boc-
N-(p-methoxyphenyl)-2-naphthylmethylamine (6) is
treated with methyl chloroformate, the R-amino acid
derivative (S)-12 is obtained with a 94:6 er in 90% yield.
The absolute configurations of 11-16 are assigned by
analogy to the formation of (R)-2 and (S)-4 and consis-
tency in the CSP elution orders.
Highly enantioenriched â-aryl amino acid derivatives

can also be obtained from 1. Treatment of 1 with 1.1
equiv of n-BuLi/(-)-sparteine followed by 4-bromo-2-
methyl-2-butene gives the R-substituted product in 95%
yield. Subsequent oxidation with O3 and Jones reagent
provides the â-amino acid derivative (S)-17 in 80% yield
with a 93:7 er. If the initial lithiation of 1 is followed by
reaction with trimethyltin chloride prior to a transmeta-
lation with n-BuLi/(-)-sparteine, reaction with 4-bromo-
2-methyl-2-butene, and oxidation, the opposite enanti-
omer (R)-17 is obtained in 58% yield with a 89:11 er.
Treatment of 1 with n-BuLi/(-)-sparteine followed by
reaction with methyl bromoacetate gives the â-amino acid
derivative (R)-18 with a 92:8 er in 32% yield.4 When
carbomethoxymethyltrifluoromethane sulfonate is used
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Table 1. Enantioselective Reactions of 6-10 To Provide
11-16

reactant Ar′ E+ product yield (%) era

6 2-naphthyl CO2 11 93 96:4 (R)
6 2-naphthyl ClCO2Me 12 90 6:94 (S)
7 p-CH3Ph CO2 13 89 96:4 (R)
8 m-CH3OPh CO2 14 90 95:5 (R)
9 p-FPh CO2 15 85 95:5 (R)
10 3-thienyl CO2 16 87 95:5 (R)
a The enantiomeric ratios of the acids were assigned by conver-

sion to the methyl esters and analyses by CSP-HPLC.
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as an electrophile, (S)-18 is obtained in 25% yield with
93:7 er. Thus, either enantiomer of highly enantioen-
riched â-amino acid derivatives can be obtained by this
methodology.

This methodology also can provide highly enantioen-
riched γ-aryl amino acids by lithiation of 1 with n-BuLi/
(-)-sparteine followed by reaction with acrolein and a
subsequent oxidation. When 1 is treated with n-BuLi/
(-)-sparteine followed by reaction with acrolein, (S)-19
is obtained in 72% yield. Oxidation with Jones reagent
affords (S)-20 in 77% yield with an er of 97:3.5 When
the lithiation-stannylation-transmetalation protocol is
used (vide supra), (R)-19 is obtained, and oxidation
provides (R)-20 in 46% overall yield with a 96:4 er.

A number of mechanistically interesting issues are
embedded in these synthetically useful reactions. The
n-BuLi/(-)-sparteine complex acts as a chiral base to
effect an asymmetric deprotonation of 1, which we
suggest gives (R)-21. The assignment of the absolute
configuration to (R)-21 is based on the absolute config-
uration reported for (S)-3 (vide supra) and the assump-
tion of retentive transmetalation with n-BuLi/(-)-
sparteine.3,6 This absolute configuration is consistent
with our original presumptive assignment, which we did
provisionally change in a subsequent review.2,7 The
enantioenriched dipole-stabilized carbanion (R)-21main-
tains its configuration in the presence of (-)-sparteine
before undergoing highly stereoselective reactions with
electrophiles. Reactions of (R)-21 with methyl chloro-

formate and methyl bromoacetate are considered to
proceed with retention of configuration to give 22. Reac-
tions of (R)-21 with CO2, 4-bromo-2-methyl-2-butene,
carbomethoxymethyl trifluoromethanesulfonate, trim-
ethyltin chloride, and acrolein are considered to proceed
with inversion of configuration to provide 23. Our
hypothesis is that the reactions of highly reactive or non-
lithium coordinating electrophiles proceed with inversion,
while less reactive and lithium coordinating electrophiles
give retention.8 To the best of our knowledge, the
reactions of (R)- and (S)-21 with acrolein provide the first
case of a highly stereoselective Michael addition by an
enantioenriched configurationally stable organolithium
intermediate.
In addition to providing diastereoselectivity in the

transition state for asymmetric deprotonation, (-)-
sparteine influences the configurational stability of 21
and the regioselectivity of its reactions. If 21 is generated
by tin-lithium exchange of enantioenriched tin deriva-
tive 23 of 95:5 er in the presence of TMEDA, subsequent
reaction with methyl triflate provides the R-methyl-
substituted product with an er of 70:30 as opposed to the
er of 95:5 obtained in the presence of sparteine. Thus,
TMEDA is less effective in maintaining the configuration
of a chiral organolithium than is (-)-sparteine.9 If the
lithiation is carried out with TMEDA to give racemic 21,
subsequent reaction with acrolein gives the product of
1,2-addition in 83% yield with only a trace of the 1,4-
adduct.

In summary, the lithiation-substitution of 1 under the
influence of (-)-sparteine provides prototypical method-
ology for syntheses of highly enantioenriched R-, â-, and
γ-aryl amino acids. Synthetic developments, assign-
ments of absolute configurations of organolithium inter-
mediates, and investigation of the reaction pathways are
of future interest.
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