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ABSTRACT

The first example of asymmetric Lewis acid mediated [1,2]-rearrangement of N-benzylic proline amides to form quaternary proline derivatives
is reported. The presented reaction is shown to proceed with remarkable high CfNfC chirality transfer. Various quaternary proline derivatives
have been prepared in good to excellent yields and high enantiomeric purity.

The physical and chemical properties of specific amino acid
side chains determine the three-dimensional structure of
peptides and will therefore also affect their biological
properties. Nevertheless, the application of native peptides
is sometimes limited by inadequate selectivity for a certain
receptor, enzymatic instability, or simply lack of bioavail-
ability.1 Incorporation of rigid amino acids into peptide
structures is one of the most commonly utilized methods for
developing peptidomimetics.2 Such modification often pro-
vides lowering of conformational freedom, thus protecting
peptides from proteolytic degradation and sometimes even
improving selectivity and potency.3 Proline analogues are

of current interest, as proline is a crucial element in
nucleating the secondary structures of peptides and thus
influences their overall biological activity. It has also been
shown that quaternary proline derivatives have potential as
modulators of proline conformational constraint.4 Moreover,
their use extends into the design of new organocatalysts and
auxiliaries for asymmetric synthesis.5 To further expand the
area, it is necessary to have ready access to various
enantiomerically pure R-substituted prolines.

Several methods for stereoselective synthesis of quaternary
prolines have been reported and typically rely on R-func-
tionalization of L-proline itself.6 Although synthetic strategies
based on sigmatropic rearrangements are known, they have† KTH Chemical Science and Engineering.
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not enjoyed yet much attention.7 Recently, West and Glaeske
reported a study on chirality transfer in [1,2]-Stevens
rearrangement8 of diastereomerically pure cyclic ammonium
salts,9 and the technique was further improved by Tayama
et al. by employing solid-liquid biphasic reaction conditions
(Scheme 1).10 In this approach a stereoselective quaterniza-

tion of the nitrogen nucleus is followed by chirality transfer
from nitrogen to the forming quaternary stereocenter, thus
accounting for the observed product. The main drawback
with this methodology is accessing the pure diastereomer of
the ammonium salt, requiring stereoselective quaternization
with methyl iodide followed by several recrystallizations and
ultimately yielding the pure diastereomer in low yields. It
has also been noted that the level of NfC chirality transfer
depends not only on the reaction conditions but also on the
N-benzyl moiety, thus limiting the scope of the process. In
addition, the products are in all cases N-methylated, making
further derivatization of this functionality difficult.

We recently described novel BBr3-mediated [1,2]-Stevens
rearrangement of glycine derivatives.11 As an extension of
this investigation, it was of interest to develop an asymmetric
Lewis acid mediated [1,2]-shift of proline derivatives, which
would involve successive CfNfC chirality transfers.12

Such a strategy makes use of chirality already present in the
substrate and should, in principle, not require chiral reagents
or auxiliaries. With this reaction design, enantioenriched N-H
proline derivatives having a quaternary R-stereocenter should
be available, and herein we disclose our results.

Initial efforts were directed toward identifying optimal
rearrangement conditions using compound 1a as the model

substrate (Table 1, entry 1).13 After some experimentation
it was found that complexation of 1a with BBr3 followed
by addition of Et3N and stirring at RT for 1 h gave the

corresponding product 2a in good yield and excellent er.14

The high level of CfNfC chirality transfer can be
explained by in situ formation of the rigid bicyclic complex
3 (Scheme 2). Treatment of amide 1a with BBr3 results in
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Scheme 1. Chirality Transfer in the [1,2]-Stevens
Rearrangement of Ammonium Salts

Table 1. Asymmetric [1,2]-Stevens Rearrangement of
Substituted Proline Amides 1a

a All reactions were performed using 1 (0.4-0.6 mmol), BBr3 (2 equiv),
and Et3N (5 equiv) in CH2Cl2 (0.2 M) in a nitrogen atmosphere. b Yield of
isolated product. c The er was determined by HPLC of 2 using a Chiracel
OD-H column. d 97% yield when determined by 1H NMR spectroscopy
using 1-methylnaphthalene as an internal standard.

Scheme 2. Proposed Mechanism for the [1,2]-Shift of 1a
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coordination of the Lewis acid cis to the amide moiety15

which is followed by formation of structure 3,16 resulting in
an efficient transfer of chirality from the R-carbon to the
nitrogen nucleus. Subsequent deprotonation of 3 with Et3N
provides ylide 4, which suffers a homolytic cleavage of the
C-N bond (see structure 5) and then a radical recombination
to form complex 6. Although the bicyclic structure in 5 is
achiral, efficient NfC chirality transfer is secured by
selective migration of the benzyl radical on the R-face.
Finally, hydrolysis of 6 gives 2a, the absolute stereochemistry
of which is identical to the starting material 1a.17 To define
the scope and limitation of the rearrangement, proline
derivatives 1b-h were prepared and subjected to the
optimized reaction conditions. Substrates 1b-d, having
different electronic properties, smoothly provided the enan-
tioenriched amides 2b-d in excellent yields (entries 2-4).
Increasing the steric hindrance in the ortho position, as in
derivative 1e, provided the corresponding product 2e in
excellent yield and selectivity (entry 5). When employing
1-naphthyl derivative 1f, prolonged reaction time was
necessary to achieve full conversion to 2f (entry 6). The more
sterically demanding 1g, having a 9-anthracenyl moiety,
provided the corresponding quaternary amino acid derivative
2g, although in a somewhat lower isolated yield (entry 7).
This, then, should provide an efficient entry to novel
fluorescent amino acid derivatives, compounds of current
interest.18 Interestingly, employing thiophene derivative 1h
provides the novel amino acid derivative 2h in good isolated
yield, illustrating the generality of the presented methodology
(entry 8).19

Finally, hydrolysis of amides 2 to the corresponding amino
acids was briefly investigated. Subjecting 2a to 6 M HCl
gave the corresponding hydrochloride salt, which was

subsequently treated with propylene oxide.20 After standard
purification (S)-R-benzylproline (7) was isolated in 67% yield
and >98:2 er (Scheme 3), which also confirmed the absolute
configuration of 2a.21

In conclusion, the first example of asymmetric Lewis acid
mediated [1,2]-Stevens rearrangement was developed. This
reaction serves as an efficient method for the preparation of
proline derivatives having a quaternary stereocenter. The
transformation is operationally simple and proceeds in good
to excellent yields and with retention of the stereochemical
purity of the starting material. In one case, it has been shown
that the rearrangement product can be easily hydrolyzed into
the corresponding amino acid.
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Scheme 3. Hydrolysis of 2a
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