
β-peptide-like immunoreactivity, suggesting that PEP
could be implicated in amyloidogenesis (5). Although the
activity of PEP is very low as the �cleaving enzyme� of
amyloid precursor protein, this finding has attracted great
interest in the plausible inhibitory activity of PEP inhibitors
in brain amyloidosis. Recently, protective activity of SP
against the neurodegenerative effect of β-amyloid was
demonstrated in the adult rat (6). Since SP is known to be
a substrate for PEP, it is expected that an inhibitor of this
enzyme might possess neuroprotective activity by inhibit-
ing SP degradation, thus elevating its cerebral content.

In 1987, Yoshimoto et al . reported that an in vitr oPEP
inhibitor had in viv oantiamnesic properties in the passive
avoidance learning test using scopolamine-induced
amnesia in the rat (7). Likewise, novel molecules likely to
interact with this enzyme are intensively awaited. 

The purpose of this paper is to review the synthetic
low-molecular weight PEP inhibitors. 

Prolyl endopeptidase inhibitors

Over the last two decades, the potential clinical utility
of PEP inhibitors has generated substantial research
efforts by numerous pharmaceutical companies and in
many academic groups, especially in Japan. Peptidic
derivatives as well as naturally occurring inhibitors have
been reviewed by Higuchi (8) and will not be discussed
herein.

It is known that PEP cleaves its natural substrates at
the C-terminal side of a proline residue (1, 9). This prop-
erty has been extensively exploited in the design of sub-
strate analog type inhibitors. Since the first report in 1977
by Yoshimoto at Nagasaki University, numerous low-
molecular weight inhibitors of PEP have been described
which contain a proline or a proline analog residue.
Z-Gly-Pro-CH2Cl was reported as an irreversible inhibitor
which alkylated the active site of the enzyme. In general,
irreversible inhibitors contain either a chloroacetyl or a
diazoacetyl moiety, which reacts covalently with the
enzyme (9). Reversible inhibitors have also been exten-
sively studied, and in the majority of them, the chemical
functionality used to react with serine-554 in the active
site of the enzyme is a formyl group (10).
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Introduction

The hope of maintaining an intact capacity for memo-
rization in the aging population is one of the most out-
standing challenges for modern neurosciences. Although
considerable progress has been made in the past few
years, especially in the knowledge of central process-
es of memory, there is still a great need for new memo-
ry-improving treatments. Mnemocognitive disorders asso-
ciated with normal or pathological cerebral aging are
being detected much more frequently. Increasing life
expectancy and occurrence of neurodegenerative
pathologies (Alzheimer�s, Parkinson�s and Huntington�s
diseases) justify increased efforts in the search for new
biological targets implicated in neurodegenerative
processes and memory loss. One of these targets is the
enzyme prolyl endopeptidase (PEP: EC 3.4.21.26), first
isolated in the human uterus and later purified from lamb
kidney. It was subsequently named post-proline cleaving
enzyme (PPCE) because of its specificity for cleaving a
peptide bond at the C-terminal side of a proline residue
(1). More recently, PEP was denominated POP for prolyl-
oligopeptidase (2). This enzyme is widely distributed in
various mammalian tissues such as the brain, liver and
kidney (3).

In the central nervous system, PEP degrades proline-
containing neuropeptides such as vasopressin, sub-
stance P (SP) and thyrotropin releasing hormone (TRH)
(4), involved in the processes of learning and memory.
Moreover, cognitive deficits in Alzheimer�s patients were
reported to show improvement with TRH, and one can
postulate that PEP inhibitors could prevent memory loss
and increase attention span in patients suffering from
senile dementia. More recently, PEP-like immunoreactiv-
ity was detected and associated with amyloid

Drugs of the Future 1998, 23(2): 167-179
Copyright PROUS SCIENCE

Enzyme Inhibitors

Prolyl endopeptidase inhibitors: a new class of
memory enhancing drugs

Guillaume De Nanteuil*, Bernard Portevin
and Jean Lepagnol 
Institut de Recherche Servie r, 11 rue des Moulineaux, 
92150 Suresnes, France. *Correspondence

Nante1.qxd  25/03/98 13:16  Página 167



Suntory was one of the first pharmaceutical compa-
nies to be involved in the discovery of a PEP inhibitor.
Several patents were filed, among them one describing
fatty acyl proline derivatives exemplified herein by SUAM-
14748 5 (16). In 1990, Saito from the Suntory Research
Center in Osaka reported the synthesis and PEP inhibito-
ry activity of a series of acyl-peptidyl-prolinal derivatives
as well as their nootropic properties (17). These com-
pounds were found to inhibit PEP (from bacterial or
bovine brain source) in the nM range, with the prolyl-pro-
linal derivatives being the most potent, among them
4-(4-benzylphenoxy)butyryl-Pro-Pro-H 6 (IC50 Flavobac-
terium = 0.2 nM) and 4-(4-benzylphenoxy)butyryl-Val-
Pro-H 7 (IC50 bovine brain = 2 nM). In the scopolamine-
induced passive avoidance response test, the retention
time was increased after treatment with the prolinal deriv-
atives (i.p. doses of 0.01-1 mg/kg). It is noteworthy that
the best compounds 8 and 9 presented a dose-depen-
dent, bell-shaped curve.

Z-Pyroglutamyl-prolinal 1 and Z-Pro-prolinal 2 (11)
were first described by the Nagasaki group as potent PEP
inhibitors with subnanomolar Kis on a bovine brain as well
as on a Flavobacterium enzymatic preparation.
Compound 2 was also found to be a potent inhibitor on a
rabbit brain PEP preparation with a Ki of 14 nM (12). 

Another series of prolinal-containing derivatives was
prepared by Nishikata (13), and the most potent inhibitor
on a F. meningosepticum preparation was found to be Z-
Val-prolinal 3. Conversion of the aldehyde function into a
primary alcohol or a carboxylic acid moiety was extreme-
ly deleterious for inhibitor potency.

Following these reports, the antiamnesic effect of the
prolinal family of compounds was reported in the passive
avoidance model in the rat, where inhibitors prevented
the induction of amnesia by scopolamine at an i.p. dose
of 1 µM (14). It was also shown that the aldehyde func-
tionality often favored oily-like unstable derivatives;
hence, the aldehyde function was suppressed, and the
resulting compounds were also found to be potent PEP
inhibitors. The enzyme is most probably interacting with
the amide group, the nitrogen atom being part of a 5-
membered ring, often a pyrrolidine or a thiazolidine sys-
tem. Derivatives from this second family were found to be
potent inhibitors of bovine brain PEP; for example, Z-thio-
Pro-thiazolidine 4 showed a Ki value of 0.36 nM (14, 15). 

Interaction of compound 4 with the active site of the
enzyme was studied, and it was postulated that the car-
bonyl group between P1 (thiazolidine) and P2 (thiopro-
line) subsites was essential for interacting with the
enzyme through hydrogen bonding, thus participating
strongly in inhibitor-enzyme fixation. Furthermore, it was
confirmed that the presence of a bulky lipophilic group in
P3 (benzyloxycarbonyl) favored the enzyme-inhibitor
interaction (15). 
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mg/kg, respectively. The authors concluded that PEP
may play a role in the regulation of learning and memory
consolidation in the brain, and as such, inhibitors of this
enzyme might be possible candidates for nootropic
agents. 

In 1984, another Japanese pharmaceutical company,
Yakult Honsha, patented the antiamnesic activity of two
irreversible inhibitors, Z-Gly-Pro-CH2Cl and Z-Gly-Pro-
CH2N2, on passive avoidance learning (19). They also
published a new use for Z-Pro-prolinal, initially described
by Yoshimoto (11), which produced substantial inhibition
of syncytia formation at 300 µM in HIV-infected cells (20).
In 1987, the same company filed a patent claiming deriv-
atives of 14, which are very similar to those mentioned
above, exemplified by compound 4 (21).

In order to improve the originality of their molecules,
researchers at Yakult Honsha developed a series of PEP
inhibitors where the aldehyde function interacting with the
enzyme was replaced by a dialkyl acetal moiety, very
probably acting as a prodrug. This new class of com-
pounds is exemplified herein by the diethylacetal deriva-
tive 15 (22, 23). Compound 15 inhibited bovine brain PEP
with a Ki of 2.2 µM. Interestingly, the corresponding
dimethylacetal was two orders of magnitude less potent,
with a Ki of 4300 µM. Antiamnesic activity of both com-
pounds was evaluated in vivo in the step-down passive
avoidance test in the rat, where 15 showed a significant
activity after oral dosing of 1-100 mg/kg. 

Since 1986, Ono Pharmaceuticals has filed several
patents (24-28). Their lead compound is the prolinal
derivative ONO-1603 16, which has been described as
acting in part by central vasopressin modulation. In rats,
the compound improved impairment of acquisition and
retention of scopolamine-, ischemia- and electroconvul-
sive shock-induced passive avoidance response (29).

One year later, the same group reported the prepara-
tion and activity of several acyl-peptidyl-pyrrolidine deriv-
atives (18). Again, the most effective inhibitors had a cen-
tral proline residue, from which was appended an
arylalkyl or aryloxyalkyl side chain interacting with the P3
subsite. 10 and 11 were the most potent inhibitors on
Flavobacterium (IC50 = 1.4 nM) and bovine brain (IC50 =
67 nM), respectively. 

The large number of compounds tested allowed the
same authors (17, 18) to propose a comparison of the
active sites of both the Flavobacterium and the bovine
brain enzymes. They postulated that the main difference
between the two sites was located in the S3 region, the
bovine enzyme requiring specifically a bulky ortho-substi-
tuted aryloxyalkyl moiety while the microorganism
enzyme favored a long hydrophobic fatty acid side chain.
Again, two inhibitors were evaluated in the passive avoid-
ance test: compounds 12 (SUAM-1221) and 13 prevent-
ed the induction of amnesia at i.p. doses of 5 and 1
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In 1993, Yoshitomi Seiyaku Pharmaceuticals dis-
closed the structure of diarylketones as PEP inhibitors
(39, 40). The lead compound, Y-29794 24 was described
as �a nonpeptide prolyl endopeptidase inhibitor that can
penetrate into the brain� (41). This compound was shown
to be a competitive, selective and reversible PEP inhibitor
with a Ki of 0.95 nM. Ex vivo dose-dependent and long-
lasting PEP inhibition was observed after oral administra-
tion to rats (Fig. 1). Moreover, 24 at the oral dose of 3
mg/kg was found to increase the TRH-induced acetyl-
choline release in rat hippocampus, suggesting that the
action of TRH was potentiated due to PEP inhibition by
Y-29794. In order to study the biodistribution of Y-29794,
the synthesis of 14C-labeled 24 was performed and
reported (42). Four other patents were filed in collabora-
tion with Japan Tobacco and will be reviewed below with
publications from the latter company. 

Biseibutsu Kagaku emerged in the field of PEP inhibi-
tion in 1988 when they patented actinonine derivatives
such as 25 (43). Soon afterwards, researchers of this
company disclosed α-ketoamide structures such as 26,

According to the Prous Science Trilogy database, this
compound is in phase II clinical trials as a memory
enhancer for the treatment of senile dementia.

One of the most prolific companies in terms of patent
filing in the field of PEP inhibition has been Zeria
Pharmaceuticals. Their first-generation inhibitors exem-
plified by 17 were close analogs of SUAM-1221 12 (30).
Modifications of the two 5-membered rings led to the dis-
covery of the potent inhibitors 18 and 19, shown in
Table I. Compound 17 was studied in the mouse on the
prevention of inhibition of long-term memory fixation by
cycloheximide, where amnesia reversal was evaluated
and found to be 74.8% at the i.p. dose of 3 mg/kg.
Improvement in the in vitro inhibitory potency was
achieved when the phenyl ring of the side chain was
replaced by a thiophene ring, e.g., compound 20 gave an
IC50 of 17 nM (31). Several other patents describe com-
pounds exemplified herein by 21-23, in which the side
chain is part of a bicyclic ring system (32-37). Nitrile deriv-
ative 23 gave an IC50 of 0.55 nM on a canine brain PEP
preparation (38). 
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Table I: PEP inhibition with Zeria�s dipeptidyl inhibitors.

Inhibition potency
(canine brain PEP)

Compound Structure IC50 (nM)

17 170

18 410

19 310

20

21

22

23

24

Fig. 1. Ex vivo hippocampal PEP inhibition after oral administra-
tion of Y-29794 to rats.
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able to inhibit the enzyme with an IC50 of <0.01 µg/ml (44).
In the early 1990s, in collaboration with the Microbial
Chemical Research Foundation in Tokyo, two new series
of α-ketoamide PEP inhibitors were claimed, exemplified
herein by 27 (IC50 = 0.022 µg/ml against pig kidney
enzyme) and 28. Compound 28 was found to decrease
the enzymatic activity by 94.3% in a mouse brain prepa-
ration (45, 46). 

The first patent by Meiji Seika in the area of PEP inhi-
bition was filed in collaboration with Biseibutsu Kagaku
and described compounds exemplified by 25 (43). More
recently, a collaborative effort between researchers in the
United States and Japan has led to new PEP inhibitors in
which the carbonyl function interacting with the enzyme

was activated by an heteroaromatic ring system (47).
Compound 29 was specifically claimed as a potent PEP
inhibitor showing an IC50 of 1.02 ng/ml compared to 14.5
ng/ml for SUAM-1221 12, both on porcine kidney
enzyme. A summary of this work was published in two
papers (48, 49), where the chemistry employed for the
preparation of this class of inhibitors was described in
detail and pharmacological results were illustrated by in
vitro enzymatic inhibition data.

α-Ketobenzoxazoles containing pseudopeptides have
recently been shown to act as site-directed elastase
inhibitors (50). PEP, like elastase, is a serine protease,
and the authors postulated that the heterocyclic ring
would stabilize the enzyme-inhibitor complex through for-
mation of a hydrogen bond with an histidyl residue.
Hydrophobicity obtained with this α-ketoheterocycle was
also required in order to penetrate the central nervous
system. An overview of the inhibitory activity of this class
of compounds is given in Table II.

Interestingly, PEP inhibitory potency is very sensitive
to the position of the two heteroatoms in the 5-membered
ring. If both heteroatoms are actually required for activity
(thiophene and pyrrole are inactive), aromaticity appears
to be of less importance, since the thiazoline-containing
inhibitor is still quite potent. Finally, introduction of the
fused phenyl ring and likewise the nature of the bivalent
heteroatom have virtually no effect on in vitro potency.
IC50 of the prolinal analog is 8.7 nM. 

In three of the four patents filed by Hoechst in 1987,
the carbonyl group interacting with the enzyme is activat-
ed by a trifluoro or a difluoromethyl group giving rise to
inhibitors 30-32 (51-53). The fourth patent describes com-
pound 33, a vinyl analog of known structure (54). No bio-
logical results were given in these publications. 
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Table II: PEP inhibition values for Meiji�s α-ketoheterocycle
inhibitors.

HET IC50 (nM) HET IC50 (nM)

5.0 1260

1090 21300

6.2 3.8

4.0 5.6
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the leader of which was JTP-3399 36 (57-60). The active
metabolite of this compound was found to be JTP-4819
37, which was intensively studied and is currently in
phase II clinical studies. 

Recently, the preclinical pharmacology of JTP-4819
was extensively reviewed (61). Briefly, JTP-4819 inhibited
PEP in a concentration-dependent manner in the cytoso-
lic fraction of rat brain with an IC50 value of 0.83 nM. Ex
vivo experiments in the rat showed that orally adminis-
tered JTP-4819 (3 mg/kg) significantly reduced PEP
activity in several brain regions after 1 and 3 hours.
JTP-4819 inhibited the degradation of proline-containing
neuropeptides (SP, AVP, TRH) secondary to PEP inhibi-
tion (62). Furthermore, neuropeptide levels were
increased in the cerebral cortex and hippocampus of
aged rats after oral treatment by JTP-4819 (63-65).
Interestingly, the JTP product inhibited degradation by
PEP of a mimic of the amyloid β-peptide (Aβ),
Suc-Ile-Ala-MCA, with an IC50 of 0.32 nM. This result
suggests that one of the enzymes generating Aβ from its
precursor, the β-amyloid precursor protein, could be
PEP, and that the formation of Aβ could be regulated by
a specific PEP inhibitor.

In vivo, JTP-4819 improved performance in several
memory and learning-related tests, including Morris water
maze in aged rats, nucleus basalis lesioned rats, MCA
occlusion in rats (66), passive avoidance task in scopo-
lamine-treated rats (62), etc. Furthermore, JTP-4819 has
been shown to reverse central cholinergic dysfunction. At
daily oral doses of 1 and 3 mg/kg, it reversed the
age-related increase of choline acetyltransferase activity
in the cerebral cortex and the decrease of [3H]-choline
uptake in the hippocampus (67). The authors suggested

Merrell Dow also patented inhibitors which contain
polyfluoroalkyl activated ketones. They focused their
work on pentafluoroethyl and heptafluoropropyl ketones
appended on the classical diproline backbone. Typically,
compound 34 inhibited purified enzyme isolated from
bovine brain with an IC50 of 1 nM. No results were pro-
vided for in vivo evaluation of the compounds.
Furthermore, these inhibitors are reported to be preferred
for non-oral administration, which could be a severe limi-
tation with respect to the long-term administration expect-
ed in chronic degenerative diseases (55).

The first patent filed by Japan Tobacco described
compounds exemplified by 35 (56). Four subsequent
patents were filed in collaboration with Yoshitomi
Pharmaceuticals and disclosed a series of PEP inhibitors,
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by some nonnatural analogs and thus obtain potent PEP
inhibitors. Saito had already shown that replacement of
the central proline by a thioproline could be important in
gaining additional inhibitory potency (compare 45 to
SUAM-1221 12) (18). 

Previously, we had shown that it was possible to
retain inhibitory potency when a proline moiety was
replaced by the nonnatural analogs PHI ((2S,3aS,7aS)-
perhydroindole 2-carboxylic acid), ABO ((3S)-2-azabicy-
clo[2.2.2]octane-3-carboxylic acid) or ABH ((3S)-2-azabi-
cyclo[2.2.1]heptane-3-carboxylic acid) in this case in the
structures of serine or metalloproteinase inhibitors (76). In
a recent paper reporting our efforts in the discovery of
new PEP inhibitors (77), we have shown that in several
different chemical series, the use of these amino acids
was beneficial to improving the in vitro PEP inhibitory
activity. Examples are compounds 46-48, which gave IC50

that this compound could be of potential interest in the
treatment of Alzheimer�s disease (68). 

In the early 1990s, Pfizer filed a patent disclosing the
structures of aromatic pyrrolidine and thiazolidine amides
(69). This work is exemplified here by the three com-
pounds 38-40, which proved to be potent PEP inhibitors,
with Kis of 3, 3 and 2.4 nM, respectively (70, 71). 

In 1989, Kissei filed four patents in the field of PEP
inhibitors, one of which describes the amide analog 41 of
pyroglutamic acid 1 (72). The other three patents
describe inverso compounds, where the P�1 heterocycle
is a 5-substituted thiazolidine as in compounds 42 and 43
(73, 74), or a 2-substituted furan as in compound 44 (75). 

When we embarked on the project of PEP inhibition
here at the Servier Research Institute, we envisioned that
it would be possible to replace the central proline residue
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In order to obtain strong PEP inhibition in vitro as well
as ex vivo, stereochemistry of the cyclopropyl stereogenic
centers has to be (R,R). The preparation of the substitut-
ed aryl cyclopropyl carboxylic acids was performed using
Oppolzer�s chemistry as shown in Scheme 1 (78).

These carboxylic acids were easily coupled with the
central amino acid, already bearing the 5-membered het-
erocycle at the C-terminal position, to give the desired
inhibitors. As illustrated in Figure 2, ex vivo studies
showed that PEP inhibition was much more longer-lasting
with compounds exemplified here by 51 when compared
to reference compound 45. Higher inhibitory potency was
obtained mainly with the PHI-containing derivatives, cul-
minating with an ID50 of 1 mg/kg after oral administration
for compound 52. 

In vivo, S 17092-1 49 was found to inhibit scopo-
lamine-induced amnesia in the passive avoidance test in
the rat with an i.p. and p.o. ID50 of 0.3 and 1 mg/kg, 

values on a Flavobacterium preparation of 34, 50 and 27
nM, respectively, when compared to the thioproline deriv-
ative 45 (IC50 = 540 nM). 

A large number of variations have also been effected
to replace the pyrrolidine ring and to modulate the buty-
royl side chain. For example, introduction of a cyclopropyl
ring within this chain gave derivatives 49 (internal com-
pany code for this compound is S 17092-1) and 50, which
proved to be exceptionally potent inhibitors when tested
on a rat cortex preparation (IC50s = 1.3 and 0.9 nM,
respectively). 
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Fig. 2. Ex vivo evaluation of PEP inhibitory potency of compound
45 (30 mg/kg i.p.) and compound 49 (5 mg/kg i.p.).
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Table III: PEP inhibitors from other pharmaceutical institutions.

Company Compound Activity Ref.

Ajinomoto IC50 = 100 nM 85

Antwerpen University IC50 = 120 nM human monocytes 86, 87

Chinoin IC50 = 0.36 nM rat brain 88, 89

Improves the impairment of performance 90, 91
in passive avoidance task in basal

forebrain-lesioned rats
Kyushu University, Fukuoka ZTAA-1

Augments the potentiation of 92
synaptic transmission in rat hippocampus

Z.321

Hans Knoell Institute and Ki = 1.8 nM Flavobacterium meningosepticum 93-97
Karolinska Institute

Magis Farm. Scopolamine-induced amnesia in the 98
passive avoidance test in rats

respectively. In the test of social memory in the rat, com-
pound 50 at the oral dose of 10 mg/kg prevented time-
dependent spontaneous forgetting with an effect similar
to that of vasopressin. Finally, chronic treatment with 49
(10 mg/kg/day for 2 weeks) antagonized age-associated
memory deficits in the test of spontaneous alternation in
the mouse (79). Moreover, potentiation of SP-induced
grooming behavior by compound 49 suggested that these
memory-enhancing effects could be due in part to an
increase of SP cognitive activity through modulation of
neuropeptide catabolism (80). 

Other pharmaceutical companies and academic insti-
tutions have also been involved in the search for PEP
inhibitors but to a lesser extent than those cited above.
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been shown to be potent inhibitors of PEP within the
nanomolar range. In vivo, they have been found to
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Acknowledgements

The authors are indebted to Drs. Pierre Lestage and
Cécile Lebrun from the Cerebral Pathology Division for

176 Prolyl endopeptidase inhibitors

Table III: Continued.

Company Compound Activity Ref.

Merck IC50 = 4.4 nM rat brain 99

Russian American Institute Scopolamine-induced amnesia in the 100
passive avoidance test in rats

Sigma-Tau Electroconvulsive shock-induced amnesia 101
in the passive avoidance test in mice

Nante1.qxd  25/03/98 13:16  Página 176



31. Arai, H., Nishioka, H., Niwa, S. et al. Synthesis of prolyl
endopeptidase inhibitors and evaluation of their structure-activi-
ty relationships: In vitro inhibition of prolyl endopeptidase from
canine brain. Chem Pharm Bull 1993, 41: 1583-8.

32. Ogura, K., Aotsuka, T., Torizuka, M., Soeda, M. Preparation
of phenylacylpyridine and thiazolidine derivatives and their phar-
maceutical compositions as brain function improvers. WO
8910918.

33. Aotsuka, T., Torizuka, M., Soeda, M. et al. Preparation of
indanylacylprolinamides and related compounds for treatment of
senile dementia. EP 372484.

34. Morita, H., Ogura, K., Arai, H., Tanaka, Y., Kato, H., Nakada,
N. Preparation of arylalkanoylpyrrolidine and -thiazolidine deriv-
atives as brain function improvers. JP 04009367.

35. Okubo, A., Nishioka, H., Arai, H., Toritsuka, M., Yoshinaga,
Y., Tanaka, Y. Preparation of succinamides as pharmaceuticals
for treatment of brain disorders. JP 04235162.

36. Okubo, A., Nishioka, H., Arai, H., Tanaka, Y. Preparation of
N-arylalkanoylproline or thioproline derivatives as prolyl
endopeptidase inhibitors. WO 9118877.

37. Tanaka, Y., Yoshinaga, K., Ichikawa, H., Miwa, M., Toyama,
S. Thiazolidine derivative and medicine containing the same.
WO 9501352.

38. Tanaka, Y., Niwa, S., Nishioka, H. et al. New potent prolyl
endopeptidase inhibitors: Synthesis andstructure-activity rela-
tionships of indan and tetralin derivatives and their analogues. J
Med Chem 1994, 37: 2071-8.

39. Oe, T., Ono, Y., Nakajima, T., Ono, T. Benzene compounds.
JP 91255080.

40. Ono, Y., Tomosane, H., Ishibuchi, M., Ohe, T., Nakajima, T.,
Kato, K. Diarylketone compounds and their application. JP
7126229.

41. Nakajima, T., Ono, Y., Kato, A., Maeda, J., Ohe, T. Y-29794
� A non-peptide prolyl endopeptidase inhibitor that can penetrate
into the brain. Neurosci Lett 1992, 141: 156-60.

42. Charalambous, A., Mangner, T.J., Kilbourn, M.R. Synthesis
of (N-[11C]methyl) Y-29794, a competitive inhibitor of prolyl
endopeptidase. J Label Compd Radiopharm 1994, 34: 499-503.

43. Shibahara, S., Takahashi, Y., Matsuhashi, Y. et al. Actinonin
derivatives, processes and intermediates for their preparation,
and their use in the treatment of amnesia. EP 296040.

44. Someno, T., Yamada, F., Sugimura, H. et al. Preparation of
pyrrolidinyloxoacetyl- and piperidinyloxoacetyl-containing pep-
tides as prolyl endopeptidase inhibitors. EP 468339.

45. Takeuchi, T., Aoyagi, T., Muraoka, Y., Tsuda, M. Preparation
of novel pyrrolidine derivative as prolyl endopeptidase inhibitor.
WO 9503277.

46. Muraoka, Y., Tsuda, M., Someno, T., Takeuchi, T., Aoyagi, T.
Pyrrolidine derivative or pharmaceutically acceptable salt there-
of. WO 9503278.

47. Christensen, B.G., Egawa, T., Ichimaru, Y. et al. Novel pyrro-
lidin-2-carbonyl heterocyclic compounds as prolyl endopeptidase
inhibitors for treatment of memory and cognitive disorders. US
5547978.

11. Yoshimoto, T., Kawahara, K., Matsubara, F., Kado, K., Tsuru,
D. Comparison of inhibitory effects of prolinal-containing peptide
derivatives on prolyl endopeptidases from bovine brain and
Flavobacterium. J Biochem 1985, 98: 975-9.

12. Wilk, S., Orlowski, M. Inhibition of rabbit brain prolyl
endopeptidase by N-benzyloxycarbonyl-prolyl-prolinal, a transi-
tion state aldehyde inhibitor. J Neurochem 1983,41: 69-75.

13. Nishikata, M., Yokosawa, H., Ishii, S. Synthesis and structure
of prolinal-containing peptides, and their use as specific
inhibitors of prolyl endopeptidases. Chem Pharm Bull 1986, 34:
2931-6.

14. Tsuru, D., Yoshimoto, T., Koriyama, N., Furukawa, S.
Thiazolidine derivatives as potent inhibitors specific for prolyl
endopeptidase. J Biochem 1988, 104: 580-6.

15. Yoshimoto, T., Tsuru, D., Yamamoto, N., Ikezawa, R.,
Furukawa, S. Structure activity relationship of inhibitors specific
for prolyl endopeptidase. Agric Biol Chem 1991, 1: 37-43.

16. Saito, M., Tanaka,T., Higuchi, N., Hashimoto, M., Fukami, J.
Novel thiazolidine derivatives, and use thereof. JP 01301671.

17. Saito, M., Hashimoto, M., Kawaguchi, N., Fukami, H.,
Tanaka, T., Higuchi, N. Synthesis and inhibitory activity of
acyl-peptidyl-prolinal derivatives toward post-proline cleaving
enzyme as nootropic agents. J Enzyme Inhib 1990, 3: 163-78.

18. Saito, M., Hashimoto, M., Kawaguchi, N. et al. Synthesis and
inhibitory activity of acyl-peptidyl-pyrrolidine derivatives toward
post-proline cleaving enzyme: A study of subsite specificity. J
Enzyme Inhib 1991, 5: 51-75.

19. Yoshimoto, T., Tsuru, O. Agents for alleviating amnesia. JP
60172929.

20. Takatsuki, K., Hattori, T., Tsuru, D., Yoshimoto, T. Use of pro-
lyl endopeptidase inhibitors in the treatment of AIDS. EP 355409.

21. Kado, K., Shiga, T. New thiazolidone derivatives, process for
preparing same, and antiamnestic composition containing same.
EP 322765.

22. Sawada, S., Okajima, S. Benzyloxycarbonyl thioprolyl-thio-
prolinal derivatives are antiamnesics and proline endopeptidase
inhibitors. EP 414903.

23. Shiori, T., Hamada, Y., Irako, N., Kado, K. New proline deriv-
atives. EP 384341.

24. Toda, M., Ohuchida, S.S., Ohno, H. Novel prolinal deriva-
tives, procedure for their preparation, pharmaceutical composi-
tions containing them, and their use as prolylendopeptidase
inhibitors. EP 116613.

25. Toda, M., Ohuchida, S.S., Ohno, H. Novel prolinal deriva-
tives. EP 277588.

26. Toda, M., Ohuchida, S.S., Ohno, H. Novel thiazolidine deriv-
atives. EP 461677.

27. Toda, M., Ohuchida, S.S., Ohno, H. Heterocyclic com-
pounds. EP 537802.

28. Miyake, H., Okumoto, I., Wakatsuka, H. Production of proli-
nal derivative. JP 03041061.

29. Katsube, N., Tateishi, N., Matsushita et al. Anti-amnesic
effect of ONO-1603, a novel prolyl endopeptidase inhibitor. Jpn J
Pharmacol 1989, 49 (Suppl.): 1-98.

30. Tanaka, Y., Aotsuka, T., Kobayashi, N. et al. Amino acid imide
derivatives, usage thereof and medicinal composition containing
the same. EP 321956.

Drugs Fut 1998, 23(2) 177

Nante1.qxd  25/03/98 13:16  Página 177



immunoreactivity in the brains of aged rats. J Neurochem 1995,
65: S234-40.

66. Shinoda, M., Matsuo, A., Toide, K. Pharmacological studies
of a novel prolyl endopeptidase inhibitor, JTP-4819, in rats with
middle cerebral artery occlusion. Eur J Pharmacol 1996, 305:
31-8.

67. Toide, K., Shinoda, M., Fujiwara, T., Iwamoto, Y. Effect of a
novel prolyl endopeptidase inhibitor, JTP-4819, on spatial mem-
ory and central cholinergic neurons in aged rats. Pharmacol
Biochem Behav 1997, 56: 427-34.

68. Toide, K., Shinoda, M., Iwamoto, Y., Fujiwara, T., Uemura, A.
A novel prolyl endopeptidase inhibitor, JTP-4819, with potential
for treating Alzheimer�s disease. Behav Brain Res 1997, 83:
147-51.

69. Faraci, W.S., Nagel, A.A., Spencer, R.W., Vinick, F.J.
Aromatic pyrrolidine and thiazolidine amides. WO 9118891.

70. Bakker, A.V., Daffeh, J., Jung, S. et al. Novel in vitro and in
vivo inhibitors of prolyl endopeptidase. Bioorg Med Chem Lett
1991, 1: 585-90.

71. Kolosko, N., Bakker, A.V., Faraci, W.S., Nagel, A.A. Novel
inhibitors of prolyl endopeptidase: Effects of stereochemistry.
Drug Des Discov 1994, 11: 61-71.

72. Ajisawa, Y., Furukawa, J., Kinoshita, Y., Tsuru, D.,
Yoshimoto, T. New pyroglutamic acid derivatives, as prolyl
endopeptidase inhibitors for treatment of amnesia. JP 03056461.

73. Ajisawa, Y., Furukawa, J., Kinoshita, Y., Tsuru, D.,
Yoshimoto, T. Pyroglutamic acid derivatives. JP 03056462.

74. Ajisawa, Y., Furukawa, J., Kinoshita, Y., Tsuru, D.,
Yoshimoto, T. New proline derivatives inhibit prolyl endopepti-
dase for treatment of amnesia. JP 03056460.

75. Ajisawa, Y., Furukawa, J., Kinoshita, Y., Tsuru, D.,
Yoshimoto, T. Thiazolidine derivatives. JP 03056486.

76. Vincent, M., Rémond, G., Portevin, B., Serkiz, B., Laubie, M.
Stereoselective synthesis of a new perhydroindole derivative of
chiral iminoacid, a potent inhibitor of angiotensinconverting
enzyme. Tetrahedron Lett 1982, 23: 1677-80.

77. Portevin, B., Benoist, A., Rémond, G. et al. New prolyl
endopeptidase inhibitors: In vitro and in vivo activities of azabi-
cyclo[2.2.2]octane, azabicyclo[2.2.1]heptane, and perhydroin-
dole derivatives. J Med Chem 1996, 39: 2379-91.

78. Vallgarda, J., Hacksell, U. Stereoselective palladium-catal-
ysed cyclopropanation of α,β-unsaturated carboxylic acids
derivatized with Oppolzer�s Sultam. Tetrahedron Lett 1991, 32:
5625-8.

79. Lepagnol, J., Lebrun, C., Morain, P., De Nanteuil, G., Heidet,
V. Cognition enhancing effects of S 17092, a potent and long act-
ing inhibitor of post proline cleaving enzyme (PPCE). Annu Meet
Soc Neurosci (Nov. 16-21, Washington) 1996.

80. Lestage, P., Lebrun, C., Lepagnol, J.M. S 17092-1, a new
post-proline cleaving enzyme inhibitor: Memory enhancing
effects and substance P neuromodulatory activity. Alzheimer�s
and Parkinson�s Diseases. Oholo 41th Conf (May 18-23, Eilat)
1997. 

81. Saito, Y., Ohura, S., Kawato, A., Suginami, K. Prolyl
endopeptidase inhibitors in sake and its byproducts. J Agric
Food Chem 1997, 45: 72064. 

48. Tsutsumi, S., Okonogi, T., Shibahara, S., Patchett, A.A.,
Christensen, B.G. -Ketothiazole inhibitors of prolyl endopepti-
dase. Bioorg Med Chem Lett 1994, 4: 8314.

49. Tsutsumi, S., Okonogi, T., Shibahara, S. et al. Synthesis and
structure-activity relationships of peptidyl α-ketoheterocycles as
novel inhibitors of prolyl endopeptidase. J Med Chem 1994, 37:
3492-502.

50. Edwards, P.D., Zottola, M.A., Davis, M., Williams, J., Tuthill,
P.A. Peptidyl α-ketoheterocyclic inhibitors of human neutrophil
elastase. In vitro and in vivo potency of aseries of peptidyl -keto-
benzoxazoles. J Med Chem 1995, 38: 3972-82.

51. Henning, R., Hock, F., Urbach, H. Pyrrolidine-2-(1,3-dicar-
bonyl) derivatives, process for their preparation, agents contain-
ing them as well as their use. DE 3712364.

52. Henning, R., Hock, F., Urbach, H. 2-Acylpyrrolidine deriva-
tives, process for their preparation, agents containing them as
well as their use. DE 3712365.

53. Henning, R., Hock, F., Urbach, H. Derivatives of cyclic
aminoacids, their preparation, compositions containing them and
their use. DE 3742431.

54. Henning, R., Hock, F. Novel pyrrolidine derivatives, process
for their preparation and their use. DE 3712363.

55. Peet, N., Burkhart, J., Mehdi, S. Prolyl endopeptidase
inhibitors. US 161106.

56. Anami, K., Hara, S., Iwata, K., Kobayashi, K., Nishii, K.,
Uchida, I. Amino acid derivatives having prolyl endopeptidase
inhibitor activity, useful for treating dementia and amnesia. JP
890413.

57. Kobayashi, K., Nishii, K., Iwata, K., Uchida, I. Proline deriva-
tives. JP 197835.

58. Kobayashi, K., Abe, H., Toide, K., Uchida, I. Proline deriva-
tives. JP 361355.

59. Kobayashi, K., Nishii, K., Iwata, K., Uchida, I. Novel proline
derivatives. JP 50136.

60. Kobayashi, K., Abe, H., Toide, K. et al. Compounds with pro-
lyl endopeptidase inhibitor activity and pharmaceutical use there-
of. JP 333899.

61. Toide, K., Shinoda, M., Iwamoto, Y., Fujiwara, T., Abe, H.,
Uchida, I. A novel prolyl endopeptidase inhibitor, JTP-4819, for
the treatment of Alzheimer�s disease: Review of preclinical phar-
macology. CNS Drug Rev 1996, 2: 343-62.

62. Toide, K., Iwamoto, Y., Fujiwara, T., Abe, H. JTP-4819: A
novel prolyl endopeptidase inhibitor with potential as a cognitive
enhancer. J Pharmacol Exp Ther 1995, 274: 1370-8.

63. Toide, K., Fujiwara, T., Iwamoto, Y., Shinoda, M., Okamiya,
K., Kato, T. Effect of a novel prolyl endopeptidase inhibitor,
JTP-4819, on neuropeptide metabolism in the rat brain.
Naunyn-Schmied Arch Pharmacol 1996, 353: 355-62.

64. Shinoda, M., Okamiya, K., Toide, K. Effect of a novel prolyl
endopeptidase inhibitor, JTP-4819, on thyrotropin-releasing hor-
mone-like immunoreactivity in the cerebral cortex and hip-
pocampus of aged rats. Jpn J Pharmacol 1995, 69: 273-6.

65. Toide, K., Okamiya, K., Iwamoto, Y., Kato, T. Effect of a novel
prolyl endopeptidase inhibitor, JTP-4819, on prolyl endopepti-
dase activity and substance P- and arginine-vasopressin-like

178 Prolyl endopeptidase inhibitors

Nante1.qxd  25/03/98 13:16  Página 178



92. Miura, N., Shibata, S., Watanabe, S. Z321, a prolyl endopep-
tidase inhibitor, augments the potentiation of synaptic transmis-
sion in rat hippocampus. Behav Brain Res 1997, 83: 213-6.

93. Steinmetzer, T., Silberring, J., Mrestani-Klaus, C., Fittkau, S.,
Barth, A., Demuth, H.-U. Peptidyl ammonium methyl ketones as
substrate analog inhibitors of proline-specific peptidase. J
Enzyme Inhib 1993, 7: 77-85.

94. Schmidt, J., Wermann, M., Rosche, F., Vogel, D., Demuth,
H.-U. Synthesis and kinetic characterization of peptidylpyridini-
um methyl ketone derivatives as potential inhibitors of prolyl
endopeptidase. Perspect Protein Eng 1996, 22.

95. Demuth, H.-U., Vogel, D., Schlenzig, D., Krueger, C.,
Diefenthal, T., Keller, U. The regulation of proline-specific pepti-
dases. Perspect Protein Eng 1996, 9.

96. Ludwig, H.-H., Vogel, D., Demuth, H.-U. Synthesis and kinet-
ic properties of various side chain modified peptide derivatives
as effectors of prolyl endopeptidase. Perspect Protein Eng 1996,
10.

97. Schlenzig, D., Demuth, H.-U. Allosteric kinetic behavior in
prolyl endopeptidase-catalysed substrate hydrolysis. Perspect
Protein Eng 1996, 21.

98. Moroni, E. Amidic derivatives of (R)-glycerophosphoryl-(S)-
serine or its diacyl derivative, process for their preparation and
relative pharmaceutical compositions for the improvement of the
learning processes. EP 557936.

99. Atack, J.R., Suman-Chanhan, N., Dawson, G., Kugalowski,
J.J. In vitro and in vivo inhibition of prolyl endopeptidase. Eur J
Pharmacol 1991, 205: 157-63.

100. Seredenin, S.B., Voronina, T.A., Gudasheva, T.A. et al.
Biologically active N-acylprolyldipeptides having antiamnestic,
antihypoxic and anorexigenic effects. WO 9321216.

101. Giannessi, F., Ghirardi, O., Misiti, D., Tinti, M.O., Cozzolino,
R. Prolinamide derivatives as enhancers of learning processes
and memory and pharmaceutical compositions containing same.
EP 541497.

82. Langer, T., Wermuth, C.G. Inhibitoren der prolyl endopepti-
dase: Charakterisierung des pharmakophors durch molecular
modelling. Sci Pharm 1992, 60: 3. 

83. Langer, T., Wermuth, C.G. Inhibitors of prolyl endopeptidase:
Characterization of the pharmacophoric pattern using conforma-
tional analysis and 3D-QSAR. J Comput Aided Mol Des 1993, 7:
253-62. 

84. Kahyaoglu, A., Haghjoo, K., Kraicsovits, F., Jordan, F.,
Polgar, L. Benzyloxycarbonylprolylprolinal, a transition-state
analog for prolyloligopeptidase, forms a tetrahedral adduct with
catalytic serine, not a reactive cysteine. Biochem J 1997, 322:
839-43. 

85. Asano, M., Ariyoshi, Y., Nio, N. Prolyl endopeptidase inhibito-
ry peptides. JP 4208299. 

86. Augustyms, K., Borloo, M., De Meester, I. et al. New dipep-
tides containing prolines or derivatives, have a modulating activ-
ity on serine proteases, particularly dipeptidyl peptidase IV and
prolyl endopeptidase. WO 9534538. 

87. Augustyus, K., Borloo, M., Belyaev, A. et al. Synthesis of
peptidyl acetals as inhibitors of prolyl endopeptidase. Bioorg
Med Chem Lett 1995, 5: 1265-70.

88. Kanai, K., Erdo, S., Szappanos, A. et al. New prolyl endopep-
tidase inhibitors useful for treating Alzheimer�s disease, e.g.
N-(4-phtalimido-butanoyl)-L-prolyl-pyrrolidine. WO 9707116.

89. Kanai, K., Erdo, S., Susan, E. et al. Prolyl endopeptidase
inhibitors: N-acyl derivatives of L-thioproline-pyrrolidine. Bioorg
Med Chem Lett 1997, 7: 1701-4.

90. Taniguchi, A., Yamamoto, T., Watanabe, S. Ameliorative
effects of a post-proline cleaving enzyme inhibitor, ZTAA-1, on
memory impairments induced by basal forebrain lesions in rats.
Jpn J Pharmacol 1994, 64 (Suppl. 1): 352P.

91. Shishido, Y., Furushiro, M., Tanabe, S. et al. ZTTA, a post
proline cleaving enzyme inhibitor, improves cerebral
ischemia-induced deficits in a three-panel runway task in rats.
Pharmacol Biochem Behav 1996, 55: 333-8.

Drugs Fut 1998, 23(2) 179

Nante1.qxd  25/03/98 13:16  Página 179


