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ABSTRACT

The previously unreported r,r-disubstituted 1-aminoboronate esters have potential utility in peptidomimetic design, particularly against serine
protease targets. A concise synthesis of 1-aminocyclopropaneboronate pinanediol ester is reported, and a peptidyl derivative is shown to
have modest affinity (Ki ) 1.6 µM) for hepatitis C NS3 protease.

Hepatitis C virus chronically infects 1-2% of the world
population and causes serious progressive liver disease,
including cirrhosis and hepatocellular carcinoma, in a
substantial fraction of affected individuals.1 The best cur-
rently approved treatment, combination therapy withR-
interferon and ribavirin, results in sustained loss of viral RNA
in less than 50% of patients.2 The development of effective
hepatitis C therapeutics is therefore highly important.

Nonstructural protein 3 (NS3), an essential viral enzyme,
is a serine protease responsible for cleavage of four sites on
the hepatitis C viral polyprotein. In analogy with human
immunodefficiency virus, inhibitors of the viral protease
should prove to be potent antiviral therapeutics.3 NS3
protease has several unique features, including a shallow,
solvent exposed active site, a preference for cysteine as the
P1 amino acid in peptide substrates,4 and inhibition by the

C-terminal carboxylic acid cleavage product.5 We and others
have found that 1-aminocyclopropanecarboxylic acid is a
potent, non-sulfur-containing replacement for the P1 cysteine
in peptide carboxylate inhibitors.6 In addition, we have found
that peptide boronic acids7 are substantially more potent
inhibitors of NS3 protease than the peptide carboxylates.

We therefore sought to capitalize on the combination of
these observations by preparing 1-aminocyclopropane-
boronic acid (1), an R,R-disubstituted amino boronic acid.
Although R,R-disubstituted amino acids (2) are often im-
portant components of natural and synthetic enzyme inhibi-
tors, the correspondingR,R-disubstituted amino boronic acids
(3) were previously unknown. A concise synthesis of1 and
several relatedR,R-disubstituted amino boronic acids, to-
gether with their incorporation into peptides and determi-
nation of NS3 protease inhibitory activity, are reported below.

The established synthetic route toR-amino boronic acids
developed by Matteson involves nucleophilic displacement
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of an R-chloroboronic ester by a nitrogen nucleophile such
as bis(trimethylsilyl)amide or azide.8 Retrosynthetic analysis
of 1 suggests that this approach (Scheme 1, disconnection

A) may prove troublesome, since it requires a nucleophilic
displacement to occur at a tertiary cyclopropyl center. Initial
experiments using this approach proved unsuccessful.9 An
alternative approach (Scheme 1, disconnection B) involves
reaction of anR-aminocyclopropyl anion with a boron
electrophile.

Schollkopf has demonstrated that metalated isocyanides
are excellentR-amino anion equivalents.10 They react with
a variety of electrophiles in good yield, and the products
can be readily converted to amines by acidic hydrolysis. In
particular, amino acids have been prepared by carboxylation
of metalated isocyanides, followed by hydrolysis.11 The
metalation of cyclopropyl isocyanide,4, with n-butyllithium
at -70 °C has been reported.10b On the basis of these
precedents, the synthesis of1 was attempted by approach B
(Scheme 1).

The synthesis of the (+)-pinanediol ester of1 is shown in
Scheme 2. Cyclopropyl isocyanide,12 4, prepared by dehy-

dration of cyclopropyl formamide withp-toluenesulfonyl
chloride and tributylamine,13 was metalated withn-butyl-
lithium at -78 °C and treated with triisopropyl borate. After
neutralization and conversion to the pinanediol ester, the
desiredR-isocyanoboronic ester was obtained in 33% yield.

The pinanediol ester was chosen to protect the boronic acid
for its excellent stability. Although there is a single previous
report14 describing preparation of unsubstituted and mono-
substituted 1-isocyanoboronic esters by dehydration ofR-
formamidoboronic esters, this is the first example of the
preparation of anR,R-disubstituted 1-isocyanoboronic ester.
7 was converted in high yield to the amine hydrochloride
10by treatment with aqueous hydrochloric acid in methanol.
The related dimethyl and cyclohexyl derivatives were also
prepared by this route (using lithium 2,2,6,6-tetramethyl-
piperidide for the metalation step) from the commercially
available isocyanides. The low yields in the preparation of
7-9 suggest that the productR-isocyanoboronic esters are
not stable to the basic reaction conditions, since the isonitriles
4-6 are known to give high yields in reactions with other
electrophiles.10 Further attempts to optimize the reaction
conditions are in progress. We note that extension of this
chemistry to monosubstituted isocyanides would provide a
general approach to the synthesis ofR-amino boronic acids
using readily available amines as starting materials.

The R-amino boronic acids10-12were each coupled to
the pentapeptide Boc-Asp(O-t-Bu)-Glu(O-t-Bu)-Val-Val-Pro-
OH and subsequently deprotected as shown in Scheme 3.

The peptide sequence was chosen on the basis of previous
work elucidating the substrate specificity of HCV NS3
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Scheme 1. Retrosynthetic Analysis of1

Scheme 2. Synthesis ofR,R-Disubstituted Amino Boronic
Acidsa

a Conditions: (a)n-BuLi or LTMP, THF, -78 °C, 30 min; (b)
triisopropylborate,-78 °C to rt, 14 h; (c) NaHSO4; (d) (+)-
pinanediol, ether; (e) HCl, MeOH.

Scheme 3. Synthesis of Peptide Boronic Acidsa

a Conditions: (a)10, 11, or 12, PyAOP, DIEA, DMF, rt, 2 h;
(b) 90% TFA, 5% triisopropylsilane, CH2Cl2, rt, 3 h, or 4 N HCl/
dioxane, rt, 3 h.
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protease.15 In the case of peptide13, containing a 1-amino-
cyclopropane boronic ester residue, deprotection in tri-
fluoroacetic acid containing 5% triisopropylsilane afforded
a substantial, unidentified byproduct. However, use of 4 N
hydrogen chloride/dioxane was found to provide a homo-
geneous sample of the desired product16.

The peptide boronic acids16, 17, and18 were tested for
inhibition of HCV NS3 protease.16,17Compound16, contain-
ing 1-aminocyclopropaneboronic acid as the P1 residue, was
found to be a modestly potent, reversible inhibitor, with a
Ki of 1.6 µM, while 17 and18 each hadKi > 100 µM. For

comparison, the peptide carboxylate Ac-Asp-Glu-Val-Val-
Pro-Acc-OH18 has aKi of 4.0µM. Although16 is not highly
potent against NS3 protease, inhibitors based on 1-amino-
cyclopropaneboronic acid and otherR,R-disubstituted amino
boronic acids made accessible by this synthetic route may
be useful for inhibition of other therapeutically important
serine proteases.
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