
1106 LETTER

Synlett 1999, No. 07, 1106–1108 ISSN 0936-5214 © Thieme Stuttgart · New York

Synthesis of Both Enantiomers of Phenylglycine Using (-)-Sparteine
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Abstract: The enantioselective synthesis of both enantiomers of the
N-Moc phenylglycine derivatives is reported. The synthetic strategy
shows the influence of N-protecting groups in the enantioselective
deprotonation and carboxylation of N,N-protected benzylamine 1
using s-BuLi◊(-)-sparteine complex 4 as chirality source.
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In the development of enantioenriched unnatural amino-
acids synthesis,1 we explored the possibility of generating
both enantiomers of N-protected phenylglycine using (-)-
sparteine2 as sole chiral source. Herein we report that a ju-
dicious choice of appropriate N-silyl protecting groups al-
lows the selective preparation of both (R) and (S) N-Moc
protected phenylglycine.

As premise to this work, Schlosser3 described in 1995 an
inversion of configuration of chiral organolithium inter-
mediates in the synthesis of N-methyl phenylsarcosine
due to a solvent effect. The process was a rapid racemiza-
tion followed by restoration of the enantiomeric integrity.
Also, Hoppe and Beak suggested4 that the inversion of
configuration at benzylic center can occur depending on
the electrophile nature, as observed with CO2 and methyl-
chloroformate. On the other hand, Beak5 developed a con-
venient method to obtain the ent-enantiomer not available
directly with (-)-sparteine using a Sn/Li exchange process.

Our strategy though uses N-silylated N-Moc primary
amines that are easily prepared using a practical method
we have developed.6 Compounds 1a and 1b were pre-
pared in 80-90% yields using methylchloroformate in 4N
NaOH followed by a carbamate silylation with silyl tri-
flate reagents in dichloromethane in the presence of trieth-
ylamine (Scheme 1).

Scheme 1

They were submitted to deprotonation conditions
(Scheme 2) using 1.1 equivalent of (-)-sparteine 4◊s-BuLi
complex as chiral base.7 The reactions were performed ei-
ther by pre-forming the chiral complex and cannulating it
at -78oC into the reaction mixture, or by forming the com-

plex in situ. The influence of the solvent and N-protecting
groups were investigated. The results are summarized in
Table 1.

Scheme 2

Table 1 Yields and enantiomeric excesses obtained in the prepara-
tion of the (R) and (S)-Moc-protected phenylglycines 3 using (-)4◊s-
BuLi, pre-formed or formed in situ, as chiral base.

The results show that the R isomer is preferentially ob-
tained from 1a in roughly 30% yield and enantiomeric ex-
cesses varying from 37-62%. These results are very
similar to the ones obtained with N-TMS N-Boc benz-
ylamines.1 Therefore switching to the less bulkier N-Moc
has no direct influence on the yield and selectivity of the
reaction process. These results indicate that the carbamate
protecting group has mainly a stabilizing effect on the
benzyllithium intermediates. However, when we used a
bulkier silyl group such as TBDMS, we obtained about
the same yields and enantiomeric excesses but, surprising-
ly, with the (S) isomer of 3.

These results illustrate the direct influence of the silyl
group on the selectivity of the process. In all cases with
1b, the (S) isomer is formed preferentially over the (R)
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isomer. This dramatic change in the enantioselectivity can
occur at the deprotonation step or at the carboxylation
step.

To confirm which proton was abstracted during the depro-
tonation step, we examined the silyl rearrangement of the
compounds 1a and 1b (Scheme 3). Indeed, we have re-
ported recently the enantioselective migration of a silicon
group from nitrogen to carbon for N-silyl N-Boc benz-
ylamine.9 The experimental procedure involved the gen-
eration of the benzylic lithium intermediates at -78oC for
3h, and warming to 0oC for 2h, followed by the usual
work-up.

Scheme 3

With both 1a and 1b, we observed that the molecules re-
arrange with excellent yields (up to 80%). Most impor-
tantly, we also obtained the same [a]D sign for 5a and 5b.
These observations strongly suggest that the same abso-
lute configuration is generated in 5a and 5b and that the
same proton is abstracted by the chiral complex. There-
fore, the deprotonation step is not responsible for the in-
version of configuration observed in the process described
in Scheme 2. The inversion occurs most probably during
the carboxylation step. It is possible that the bulkier TB-
DMS protecting group forces CO2 to add by inversion in-
stead of retention as shown with related systems by
Schlosser.3 

To confirm that the deprotonation step was not responsi-
ble of this inversion of stereochemistry, we generated the
racemic deuterated 1c and proceeded to the deprotona-
tion/carbonylation sequence as shown in Scheme 4. In ac-
cord with Beak,5 a decrease in the yield and ee (Table 2)
was observed indicating that the reaction proceeds
through an enantioselective deprotonation. Therefore, the
carbonylation step is responsible for the inversion of con-
figuration observed with the TBDMS substrate 1b.

Scheme 4

Moreover, differents mode of reaction of CO2 with benz-
ylic organolithiums have also been observed.10 This lack
of selectivity of CO2 probably explains, at least in part, the

low enantiomeric excesses observed. We are currently in-
vestigating the stability of benzyllithium intermediates,
and optimizing the processes leading to both (R) and (S)
N-Moc protected phenylglycine. These results will be
published in due course.

In summary, we reported a new approach to generate both
enantiomers of the N-Moc phenylglycine. We observed
that inversion of configuration was not only a solvent ef-
fect but combined effects between stereoselective carbox-
ylation and steric hindrance. This methodology will be
helpful in the future to prepare chiral synthons for the syn-
thesis of peptidomimetics incorporating unnatural amino-
acids. 
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