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Synthesis of Ca methylated carboxylic acids: isosteres
of arginine and lysine for use as N-terminal

capping residues in polypeptides
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Abstract—Replacement of the N-terminal a-amine with the isosteric methyl functionality in bioactive peptides can influence various
pharmacokinetic parameters, including hydrophobicity and stability. Ca methylated amino acid analogues are thus of great interest
to expand the repertoire of nonnatural synthons available as N-terminal �capping� residues for peptide-based drug design. Several
novel arginine and lysine analogues stereoselectively modified in the Ca position with a methyl group in place of the a-amine were
prepared.
� 2005 Elsevier Ltd. All rights reserved.
Lack of stability in biological matrices is a key obstacle
in developing peptides as therapeutic entities. One ap-
proach used to address this issue is derivatization of
peptide N-termini, for example by Na-acetylation or
Na-methylation.1,2 Such modification provides resis-
tance to cleavage by aminopeptidases, the predominant
route of degradation for peptides containing an unpro-
tected N-terminal amine.3–5 Previous work in this labo-
ratory has produced a library of side-chain alkylated
analogues of the cationic amino acids LL-arginine (Arg)
and LL-lysine (Lys).6–9 Recently, a subset of these ana-
logues featuring an a-methyl group substituted for the
a-amine has been synthesized10 and incorporated at
the N-terminus of peptides.11 The Ca methyl group is
virtually isosteric to the Na ammonium ion, and its sub-
stitution removes the positive charge, thereby increasing
the overall hydrophobicity of the peptide in which the
replacement is made. The resulting compounds shared
dramatically increased biological stability and, in certain
cases, increased central nervous system activity follow-
ing oral administration.11,12 Demonstration of the
substantial biological effects resulting from stereochem-
ically defined Ca methyl incorporation makes produc-
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tion of enantiomerically pure a-methyl acids of great
interest. Accordingly, synthesis of the Arg analogue
(2S)-5-guanidino-2-methylvaleric acid (1) and the orni-
thine (Orn), Lys, and homolysine (HLys) analogues
(2S)-5-amino-2-methylvaleric acid (12a), (2S)-6-amino-
2-methylhexanoic acid (12b), and (2S)-7-amino-2-hepta-
noic acid (12c), respectively, are reported herein.

The initial attempt at the synthesis of 1 followed the
method of Hadden et al.10 This procedure utilizes the
Evans chiral auxiliary, (S)-(�)-4-benzyl-2-oxazolidinone
(XP), to effect stereoselective introduction (>95% enan-
tiomeric purity)10 of the methyl group at the a-position
on the appropriate x-bromo acid (Scheme 1). However,
in contrast to previous reports,10,13 removal of the chiral
auxiliary from 2a following generation of the stereocen-
ter resulted in unacceptably low yields (10–20%). Upon
further investigation, the cyclic lactone side product (4)
was identified following saponification along with 3a
and the free chiral auxiliary.

It appears that base-induced cyclization to produce 4 is
highly favorable and competes with formation of the
protonated form of the acid following carboximide
hydrolysis, thus the unprotected carboxylate of 3a may
have limited utility as a substrate in this reaction. While
x-bromo acids work well with respect to the preparation
of a-azido acids,13 the a-methyl group employed here
seems to destabilize the carboxylate during the ensuing
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Scheme 1.
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removal of the chiral auxiliary. Further, similar prob-
lems were observed in the subsequent derivatization of
isolated 3a where a clean product in acceptable yield
was not obtained under a variety of conditions.

Replacing the x-bromo moiety from Scheme 1 with a
Boc-protected amine was also ineffective (Scheme 2). In-
stead of the desired enolate formation, the amide proton
of 5 is abstracted under the conditions of the methyl-
ation reaction, allowing displacement of the chiral auxil-
iary with concomitant formation of the six-membered
lactam, 6. Methylation then occurs on the free auxiliary
upon methyl iodide addition to generate 7 as the major
product.

The synthesis strategy was revised further by substitut-
ing the bromo moiety of the x-bromo acids 2a–c with
the azide ion as the initial step in the synthesis (Scheme
3). Many procedures for the introduction of azides onto
various backbone structures require complex workups,
extensive reaction times, elevated temperatures, and
result in low yields.14–16 However, the straightforward
method of Alvarez and Alvarez17 was extended to pro-
duce the primary azido acids 8a–c, usually in quantita-
tive yield, at ambient temperature. This approach
effectively masks the amine during construction of the
stereocenter and subsequent removal of the chiral auxil-
Scheme 2.

Scheme 3.
iary. Substitution of the bromine can be accomplished at
any step prior to removal of the chiral auxiliary without
loss of efficiency, having been performed on the 5-bromo
counterparts of 9a and 10a with equal effectiveness (96%
and 95% yields, respectively). The use of this azide
substitution strategy circumvents the problems of
cyclization noted here and observed with similar
compounds.8,10 With the azide in the x-position, trans-
formation from 10a–c to 11a–c proceeded as expected.
Azide reduction then afforded the Orn, Lys, and HLys
analogues (12a–c) in excellent yields from 11a–c, allow-
ing guanylation with S-methylthiourea to give 1 from
12a in 65% overall yield (Scheme 3).

Peptides featuring N-terminal (S)-Ca-azido homolysine
and (S)-Ca-methyl homolysine residues have been pre-
pared.12,11 However, in these cases either (2S)-2-azido-
7-bromoheptanoic acid or (2S)-7-bromo-2-methylhepta-
noic acid was coupled to the peptidyl-resin directly and
the bromine was substituted by ammonia in approxi-
mately 70% yield following cleavage from the solid
phase. It is demonstrated herein that substitution of
the bromine with the azide group is both more efficient
and widely useful than the previous approach. The pres-
ent work constitutes the first report of (S)-Ca methyl
amino acid analogues of Arg, Orn, Lys, and HLys as
monomers for solid-phase peptide synthesis. The HCl
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salt of 1 and Boc-protected 12a–c have been coupled to
peptidyl-resin by standard methods without difficulty
and the resulting peptides and their corresponding prop-
erties will be reported elsewhere. Scheme 3 also provides
an efficient route to the production of 2(S)-methyl ver-
sions of a number of other side-chain alkylated Arg ana-
logues via reaction of 12a with the requisite isothiourea
salts.

The novel enantiomerically pure (S)-Ca methylated ana-
logues of Arg and Lys reported here lack the a-amine
and therefore will resist aminopeptidase degradation
when incorporated at the N-terminus of peptides.3,18

These compounds are useful as N-terminal capping res-
idues that simultaneously increase peptide stability and
hydrophobicity resulting from the loss of the charged
amine. Such a strategy improves peptide biostability
without drastically altering the structure of the mole-
cule, leaving the backbone and amino acid side-chain
functional groups free to mediate the interactions re-
quired for full biological activity of the peptide. This
Ca-methyl substitution should find widespread use in
peptide drug design since it is essentially isosteric with
the Na-ammonium ion and thus without the adverse
steric effects possible with Na-acetylation and Na-
methylation.
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