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Synthesis of LL-aminohomohistidine (LL-Ahh)
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Abstract—A short synthesis of LL-aminohomohistidine (LL-Ahh) is described, which starts from readily available d-hydroxy-LL-lysine.
The embedding of the basic guanidino moiety in the aromatic imidazole lowers the basicity of the side chain to a pKa of 8.3. It is
proposed that LL-Ahh may be employed as an arginine-mimetic in medicinal chemistry.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The guanidinium group occurs in the side chain of the
proteinogenic amino acid LL-arginine (1, Scheme 1) and
is involved in many physiological and pathophysiolo-
gical processes. Peterlin-Ma�si�c and Kikelj have compiled
a comprehensive review on arginine-mimetics for which
there is a constant demand.1 Enzymes with a preference
for guanidinium groups include trypsin-like serine pro-
teases,2 for example, thrombin, factor Xa, trypsin, many
integrin receptors,3 and NO synthases.4 Interactions
with the guanidinium moiety are mediated by the car-
boxylate groups of the side chains of aspartic or glu-
tamic acid.
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Scheme 1. Structures of LL-arginine (1), LL-aminohomohistidine (2,

LL-Ahh), and oroidin (3) sharing an agmatin partial structure.
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At physiological pH guanidinium groups are proton-
ated. Their high pKa-value and polarity hamper their
therapeutic use due to poor bioavailability after peroral
application.1 Options to circumvent this problem in-
clude the use of aminopyrimidine, benzamidine,5 or
amidinohydrazone6 moieties, among others.

It may be worthwhile to analyze natural products in this
respect. The guanidino motif of the marine pyrrole–
imidazole alkaloid oroidin (3) is embedded in a 2-amino-
imidazole moiety, with the interesting consequence of
exhibiting a pKa-value lowered by about four magni-
tudes.7;8 The aromaticity of the imidazole ring over-
whelms the basicity of a free guanidino group.

2-Aminoimidazoles have only rarely been considered as
guanidinium mimetics.

The free amino acid LL-aminohomohistidine (2, LL-Ahh)
has, surprisingly, not been described, yet.9 In this paper
we report a short synthesis and the determination of the
pKa-values of LL-Ahh (2), which should prove useful as
an arginine-mimetic in medicinal chemistry. Formally,
one additional carbon atom (C-4, Scheme 1) is intro-
duced into the structure of arginine.
2. Results and discussion

Our synthesis has the advantage of making use of the
widely available, nonproteinogenic amino acid (5S)-
hydroxy-LL-lysine (4), which can be obtained from col-
lagene in large scale.10 Moreover, it follows one of the
proposals on the biogenesis of oroidin (3), which may
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involve homoarginine, which in turn is derived from
lysine.7b;11

In principle, differentiation between the a- and e-amino
groups had to be achieved. Initially, we made use of the
protecting copper complexation of the a-amino group,12

which was applied for the particular case of (5S)-
hydroxy-LL-lysine (4) by Kihlberg and co-workers.13 It
was indeed possible to subsequently achieve regioselec-
tive e-amidinylation to the guanidino compound 5.
However, it turned out to be difficult to then oxidize the
secondary alcohol moiety.

Interestingly, the regioselective amidinylation of the
e-amino group was possible as soon as the secondary
alcohol had been oxidized to the ketone. Our synthesis
of 2 starts with the reaction of 4 with thionylchloride in
dry methanol, followed by conversion of the resulting
ester into the twice Boc-protected derivative 6 with
Boc2O in aqueous solution (82% overall yield, Scheme
2). Oxidation of 6 under Swern conditions led to ketone
7 (72% yield).

Ketone 7 can be converted to LL-Ahh (2) by two different
means. Boc-deprotection of 7 with aqueous HCl in
EtOAc or CH2Cl2 followed by reaction with cyanamide
at pH4.5 in aqueous solution led to LL-Ahh (2) in 89%
overall yield.14 Alternatively, amidinylation of Boc-
deprotected ketone 7 with the pyrazole 815 at room tem-
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Scheme 2. Synthesis of LL-Ahh (2).
perature (4 d), followed by chromatography on silica gel
with n-BuOH/H2O/AcOH (3:1:1) afforded LL-Ahh (2) in
71% overall yield. In both cases, regioselective amid-
inylation of the e-amino group takes place making the
differential deprotection of the amino groups unneces-
sary. The synthesis of LL-Ahh (2)16 was accomplished in
five steps with an overall yield of 53%, respectively, 42%.

The pKa-values of LL-Ahh (2) will be of key importance
to its further use. Titration of a solution of 2 in 0.02N
HCl with 0.1N NaOH led to the identification of four
pKa-values, which can be assigned as shown in Scheme
3. The first pKa value of LL-Ahh (2) (pKa1 2.5, Scheme 3)
corresponds well to the first pKa-value of arginine
(pKa1 2.2)17 and is associated with the deprotonation of
the carboxylic acid moiety. The pKa2 value of 6.0 cor-
responds to the loss of the imidazolium N–H and is in
good accordance with the pKa of substituted imidazo-
lium cations as in histidine (pKa 6.0).17 The pKa4 of the
a-amino moiety in 2 is 9.6 compared to a pKa of 9.04 in
arginine.17 As the major difference to arginine, the
monoprotonated side chain of 2 possesses a pKa3 of 8.3
compared to a pKa of 12.48 of the guanidinium moiety
of arginine. Comparison with other aminoimidazoles
shows that pKa values of aminoimidazolium cations
usually range between 8 and 9, which is in good accor-
dance with our results.6 The isoelectric point of 2 was
determined to be at pH¼ 8.97, compared to the iso-
electric point of arginine at pH¼ 10.76.17

In summary, we have developed a convenient synthetic
access to the unknown amino acid 2-aminohomohist-
idine as an analog of arginine. The protocol can be run
with only two work-ups. Investigations concerning the
incorporation of LL-Ahh (2) as a bioisostere in arginine-
containing biologically active compounds are currently
under way.
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Scheme 3. Experimentally determined pKa-values of LL-Ahh (2).

Structural assignment was made according to literature values.8;17
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