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ABSTRACT

The stereoselective synthesis of a novel proline-containing dipeptide isostere is described. Starting from L-valine, three new contiguous
stereocenters are generated by asymmetric induction and epoxide chemistry, while the pyrrolidine ring of proline is introduced in the final
step via intramolecular ring opening of the amino acid derived epoxyamine. Proline-containing peptidomimetics are potentially attractive as
selective inhibitors of proline-specific enzymes, such as PPIases and retroviral proteases, and as analogues of bioactive peptides.

Replacement of a dipeptide by a dipeptide isostere is a useful
tool in medicinal chemistry. This approach is used to improve
the stability of peptides toward proteolysis, which is often a
severe limitation to their in vivo applications, and in the
design of peptidomimetic inhibitors for enzymes that act on
the peptide bond.1

Proline is unique among natural amino acids for the
presence of a secondary amino group that imparts peculiar
structural and functional characteristics to proline-containing
peptides and proteins. Proline is present in several bioactive
peptides including antimicrobial peptides2 and inhibitors of
angiotensin-converting enzyme (ACE)3a and thrombin,3b

which control blood pressure and coagulation, respectively.
Among enzymes specific for proline-containing peptides are

the peptidyl-prolyl cis/trans isomerases (PPIases), which
assist the process of protein folding by catalyzing the
isomerization of Xaa-Pro peptide bonds and are receptors
for immunosuppressive drugs,4 and a number of retroviral
proteases involved in the development and propagation of
viral infections.5 The important biological role of these
species has stimulated intense research efforts into the
synthesis of proline analogues and peptidomimetics based
on Xaa-Pro isosteres.6 In the case of the human immuno-
deficiency virus protease (HIV-PR), in particular, several
efficient inhibitors based on Phe-Pro isosteres have been
developed; two of them (Saquinavir and Nelfinavir) have
rapidly reached the market and are currently used in the
therapy of AIDS.7

Peptidomimetics based on hydroxyethylene (1) and di-
hydroxyethylene dipeptide isosteres (2) are effective HIV-
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PR inhibitors,8,9 and several synthetic approaches have been
developed for these structures.9,10These, however, have been
generally limited to the synthesis of isosteres with benzylic
or alkyl side chains R, R′. Recently, we have developed a
general strategy for the synthesis of isosteres1 and2 starting
from amino acids.11 We now report on the extension of this
approach to the synthesis of proline-containing dihydroxy-
ethylene isosteres3.

The synthesis is based on the analysis shown in Scheme
1. It was anticipated that formation of a five-membered ring

by exoring opening of the oxirane would be preferred over
the competing 6-endocyclization, leading thus to the required
pyrrolidine.12 The general approach is illustrated by the
synthesis of the Val-Pro dipeptide isostere13. The synthesis
starts from the known phosphonate4,13 readily obtained from
N-Boc valine methyl ester. Our initial attempts to directly

introduce anω-amino alkene chain via Horner-Emmons
olefination14 of 4 with Boc-protected amino aldehyde5a
(Scheme 2) were frustrated by the propensity of the latter to

cyclize givingN-Boc-2-hydroxypyrrolidine, which did not
react with4 under a variety of Horner-Emmons conditions.
Aldehyde5b15 also failed to give the expected product6b,
as elimination of azide took place under the basic conditions
required for the olefination. We thus resorted to introducing
the amino group at a later stage via the Curtius reaction of
the corresponding acid; to this end phosphonate4 was
subjected to the Horner-Emmons olefination with aldehyde
5c,16 which proceeded smoothly giving theE-enone6 as a
single isomer characterized by a 15.6 Hz coupling constant
between the vinyl protons.

Stereoselective reduction of the carbonyl group of6 with
NaBH4 in methanol (Scheme 2) follows the Cram-chelate
rule,17 resulting in a 8:1 mixture ofS,R (7) and S,S
diastereoisomers.10a,18 The major isomer7 could be easily
isolated in pure form by column chromatography and was
converted into the corresponding oxazolidinone8 in order
to confirm the stereochemical assignment (Scheme 2). The
value of 7.7 Hz for the coupling constant between the vicinal
ring protons of8 and 10% NOE measured for the same
protons are both consistent with acis disposition of the
substituents and therefore with theS,Rconfiguration of7.19

The second amino group was introduced at this stage of
the synthesis (Scheme 3); to this end the alcohol7 was
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temporarily protected astert-butyl dimethylsilyl ether9.
Conversion of the ester group of9 into amine was performed
in two steps: 9 was hydrolyzed to the free acid, and the
latter was reacted with diphenylphosphoryl azide and benzyl
alcohol, under Curtius rearrangement conditions, giving the
orthogonally protected diamine10 in 64% yield for the two
steps. The free hydroxy group was now restored in order to
control the stereoselectivity of the next step. Accordingly,
peracid epoxidation of the allylic alcohol11 gave thesyn-
2,3-epoxyalcohol12 as a single diastereoisomer.10,20

Finally, removal of the Cbz protecting group by catalytic
hydrogenation gave the corresponding free amine, which
spontaneously cyclized onto the epoxide by a 5-exoprocess,
as predicted, affording the mono-Boc-protected Val-Pro
isostere13 as a single diastereoisomer, in 10% overall yield
from the phosphonate4. The X-ray crystal structure of13
is shown in Figure 1 and confirms the stereochemical
assignments.21

The conformation adopted by the isostere13 in the solid
state (Figure 1) mimics that of atrans peptide bond, with
the pyrrolidyl andR-aminoisobutyl residues antiperiplanar
with respect to the central C10-C11 bond. A water molecule
is bridged between the carbonyl of the Boc group and one
of the hydroxy groups with hydrogen bonds to O2 (O2-
O1W, 2.871(4)) and O4 (O4-O1W, 2.781(4)). A genetic
algorithm driven conformational search carried out with the
Cornell version of the AMBER force field22 locates two
minima for the isolated molecule13, separated by less than

1 kcal/mol, corresponding togauche(as in Figure 1) and
anti conformations of the diol’s hydroxy groups (O3 and
O4). When the same analysis is carried out including a water
molecule, a single minimum is found, corresponding to the
gaucheconformation observed in the solid state. The water
molecule present in the crystal appears thus essential for
stabilizing this conformer.

In summary, we have developed a synthetic approach to
a novel type of proline-based dihydroxyethylene isostere
exemplified by the synthesis of the Val-Pro surrogate13.
For their (pseudo) symmetric structure, with two amino
terminals, diaminodiols such as13are isosteric replacements
for both the Xaa-Pro and Pro-Xaa dipeptides and introduce
a point of inversion in the direction of the chain, when
inserted between two peptide residues, thus expanding the
repertoire of structural motifs available for the design of new
peptidomimetics.
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Scheme 3

Figure 1. Solid-state structure of Val-Pro isostere13 with
crystallographic numbering scheme. A crystallization water mol-
ecule hydrogen-bonded to O2 and O4 is also shown.

Org. Lett., Vol. 6, No. 6, 2004 1019


