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Abstract: With the aim to replace the natural amino acid
proline by a proline mimetic structure, a cyclopent-2-enecar-
bonyl moiety was studied at the P2 position of prolyl oligopep-
tidase (POP) inhibitors. The cyclopent-2-enecarbonyl moiety
proved to be an excellent proline mimetic at the P2 position
of POP inhibitors. The replacement is particularly useful when
increased lipophilicity is needed.

Among the 20 common amino acids, proline has a
unique role because of its cyclic structure. It causes
constraints on a polypeptide backbone and can protect
a peptide from nonspecific hydrolysis by peptidases. It
may also serve as a regulatory structure in maturation
and degradation of peptides and in protein folding.
Thus, it is not surprising that proline is often highly
conserved in peptides and specific peptidases have
evolved to hydrolyze bonds before and after proline
residues.1-3

Several protease inhibitors are recently under inves-
tigation as potential drugs. Many of them have a
peptide-like structure, and they suffer from poor bio-
availability and susceptibility to nonspecific degrada-
tion. These problems have led to the development of
amino acid mimetics that could be used to replace the
natural amino acids. The unique structure of proline
makes it challenging to replace.4,5

Prolyl oligopeptidase (POP, EC 3.4.21.26) is a proline-
specific serine peptidase that preferentially hydrolyzes
peptides at the carboxyl side of proline. POP has been
related to cognitive disorders because several cognition-
enhancing neuropeptides are substrates of POP.6-8 The
inhibitors of POP have been shown to increase the levels
of these peptides in the brain9 and to prevent scopola-
mine-induced amnesia in rats.10 They have also been
shown to enhance cognition in a model of early Parkin-
sonism in monkeys.11 Furthermore, expression of the
POP gene is increased in the hypothalamus and the
cortex of old rats12 and decreased in an enriched

environment.13 It has also recently been reported that
the inhibiton of the POP of Trypanosoma cruzi could
be a therapeutic target.14-16

L-Proline is the preferred amino acid at the P2
position of POP inhibitors. Only a few successful re-
placements of this proline have been reported.17-20 The
L-prolyl residue has been replaced by groups that
contain a five-membered carbon ring, such as a cyclo-
pentanecarbonyl group and a cyclopent-1-enecarbonyl
group, but the resulting compounds had a decreased
inhibitory activity.21,22 In the present study, the pyrro-
lidine ring was successfully replaced by a cyclopent-2-
enecarbonyl group. The same replacement has previ-
ously been studied at the P2 position of thrombin
inhibitors with moderate results.23

The synthetic routes are presented in Scheme 1. (()-
2-Formyl-cyclopent-2-enecarboxylic acid (1) and (()-
cyclopent-2-ene-1,2-dicarboxylic acid 1-methyl ester (2)
were synthesized as described in the literature with
small modifications.23,24 DCC and HOBt were used to
couple benzylamine with 2, and the methyl ester of the
obtained product was hydrolyzed with LiOH to obtain
2-benzylcarbamoylcyclopent-2-enecarboxylic acid (3).
Reaction of 1 with (3-phenylpropyl)magnesium bromide
(prepared in situ) produced a secondary alcohol, which
was oxidized with oxalyl chloride/DMSO to obtain (()-
2-(4-phenylbutyryl)cyclopent-2-enecarboxylic acid (4).
Compounds 3 and 4 were activated with pivaloyl
chloride and reacted with pyrrolidine to yield end
products 9 and 8, respectively. The enantiomers of 9 and
8 were not separated. Compound 3 was activated with
pivaloyl chloride and reacted with 2(S)-(acetoxyacetyl)-
pyrrolidine. The acetyl group was hydrolyzed with
K2CO3 in water and methanol, yielding end product 5.
The diastereomers of 5 were separated on silica support.
The separated compounds were confirmed to be dia-
stereomers by NMR. Compound 4 was activated with
pivaloyl chloride and reacted with L-proline methyl
ester. The methyl ester group was hydrolyzed with
LiOH in water and methanol. Thus, the obtained free
carboxylic acid was activated with ethyl chloroformate
and treated with 25% aqueous NH3. The carboxylic acid
amide was then dehydrated with trifluoroacetic anhy-
dride to yield end product 7. The diastereomers of 7
were separated on silica support. The separated com-
pounds were confirmed to be diastereomers by NMR.
Compound 10 was prepared from cyclopent-1-ene-1,2-
dicarboxylic anhydride and benzylamine. Compound 10
was then activated with pivaloyl chloride and reacted
with pyrrolidine to yield reference compound 11. Refer-
ence compounds 6, SUAM-1221,25-27 and JTP-481928

were prepared as described in the literature.
The partition coefficients (P) were determined in a

1-octanol-phosphate buffer system with the traditional
shake-flask method. The log P values are shown in
Table 1.

The inhibitory activities of the novel and reference
compounds are shown in Table 1. The tight-binding
inhibitors are highly potent compounds with the IC50

values in the same range as the enzyme concentration
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in the in vitro assay. The Ki values were determined
for tight-binding inhibitors to obtain the accurate
inhibitory potencies.

The activities of diastereomers 5a and 5b differed
considerably from each other. The IC50 value of 5a was
0.3 nM, while the IC50 value of 5b was 52 nM. At the
P2 position L-amino acids have repeatedly caused better
activities than D-amino acids.25,29,30 Consequently, the
configurations of 5a and 5b were assigned assuming
that the more active diastereomer 5a has the L-proline
mimetic at the P2 position. The configurations were not
verified. Diastereomer 5a was almost equipotent with
reference compound JTP-4819.

Compound 7a was equipotent with reference com-
pound 6. It had a Ki value of 0.03 nM and was also
assumed to have the L-proline mimetic at the P2
position. The absolute configuration was not verified.
The other diastereomer 7b was less active with an IC50
of 5 nM.

The 2(S)-hydroxyacetyl derivative 5a and 2(S)-cyano
derivative 7a are tight-binding inhibitors of prolyl

oligopeptidase. Normally, these electrophilic groups
increase the inhibitory activity over 10-fold compared
to an unsubstituted pyrrolidine. Compound 8 has the
unsubstituted pyrrolidine at the P1 position. It was
tested as a mixture of enantiomers, and despite that,
the IC50 value was as low as 1.30 nM. On the basis of
the activity differences between 5a and 5b and between
7a and 7b, it can be assumed that the more active
enantiomer is even more potent than the reference
compound SUAM-1221.

POP inhibitors, which contain a cyclopent-1-enecar-
bonyl group at the P2 position, have been published in
the literature.22 One such inhibitor (11) and the corre-
sponding cyclopent-2-enecarbonyl analogue (9) were
synthesized. As expected, 11 was less active, with an
IC50 of 230 nM, than 9 with an IC50 of 9 nM. The
structure of the cyclopent-1-enecarbonyl group is not a
good proline mimetic and is therefore moderately active.
The cyclopent-2-enecarbonyl group mimics a proline
residue rather well, as observed by the inhibitory
activity.

Scheme 1a

a Reagents and conditions: (i) CH(OCH3)3, p-TsOH; (ii) resorcinol, NaH2PO4‚H2O, NaClO2/t-BuOH, H2O; (iii) benzylamine, HOBt, Et3N,
DCC/CH3CN, 0-20 °C; (iv) LiOH/MeOH, H2O; (v) (1) Et3N, (CH3)3CCOCl/DCM, 0 °C, (2) Et3N, an amine or a salt of an amine;
(vi) K2CO3/MeOH, H2O, 0-20 °C; (vii) (1) Mg, I2, 1-bromo-3-phenylpropane/Et2O, (2) compound 1; (viii) (1) oxalyl chloride, DMSO/DCM,
-78 °C, (2) Et3N; (ix) (1) Et3N, C2H5OCOCl/THF, -10 °C, (2) 25% aqueous NH3/THF, room temperature; (x) Et3N, trifluoroacetic anhydride/
THF, 0-20 °C; (xi) benzylamine/THF, 0-20 °C.

Table 1. Structures, Inhibitory Activities (95% Confidence Intervals), and log P Values of the Reference and Novel Compounds

a The IC50 values were determined against POP of porcine brain homogenate. b The Ki values were determined against purified porcine
POP for those tight-binding inhibitors that had the IC50 value in the subnanomolar range. c The chiral center marked with the asterisk
was assumed to have R configuration. The absolute configuration was not verified. d The chiral center marked with the asterisk was
assumed to have S configuration. The absolute configuration was not verified.
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To study the effect of the cyclopent-2-enecarbonyl
moiety on the lipophilicity, the log P values were
determined for a selection of compounds (Table 1). The
replacement of the prolyl moiety by the cyclopent-2-
enecarbonyl moiety changed the urea group of JTP-4819
to the amide group of 5a. This change increased the
log P value by 0.4 units. The change of the amide group
of 6 to the ketone group of 7a increased the log P value
by 0.8 units. On the basis of these results, it seems that
the replacement of a proline with a cyclopent-2-enecar-
bonyl group increases the log P value but the magnitude
depends on the substituents.

The replacement of the L-prolyl residue by the cyclo-
pent-2-enecarbonyl group introduced an R,â-unsatur-
ated ketone or amide to the novel compounds. The R,â-
unsaturated ketones gave valuable information about
the structure-activity relationships, but their stability
needs further evaluation because of the activated double
bond. However, the R,â-unsaturated amides are not as
reactive because of the electron-donating effect of the
nitrogen atom.

The L-prolyl moiety was replaced by the cyclopent-2-
enecarbonyl structure at the P2 position of prolyl
oligopeptidase inhibitors. In all cases, the cyclopent-2-
enecarbonyl analogue proved to be equipotent to the
reference compound. Furthermore, this replacement
increased the lipophilicity of the compounds. This study
shows that a cyclopent-2-enecarbonyl structure can be
used to replace a prolyl residue at the P2 position of
POP inhibitors.
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