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Peptide bonds linked to prciine appeer to te relatively
resistant to the broad-specificity peptidases (Mentlein,
1988), suggesting that peptidases that hydrolyze peptide
bonds containing proline may be important in the metabolism
of proline-containing peptides (Atack, et al., Eur. J. of
Pharm., 205, 157-163 (1991). Prolyl endopeptidase appears
to play such a role in the metabolism of biologically
active proline containing peptides. The enzyme hydrolyzes
many biologically active peptides containing proline, such
as oxytocin, thyrotropin releasing hormone, luteinizing
hormone releasing hormone, angiotensin II, bradykinin,
substance P, neurotensin and vasopressin.

Prolyl endopeptidase acts to degrade active peptides as
a carboxy terminal proline cleaving enzyme. Specifically,
prolyl endopeptidase acts by hydrolyzing peptide bonds on
the carboxy side of proline residues. Prolyl endopeptidase
is thought mechanistically to act as a serine protease,
cleaving peptide bonds by a mechanism similar to other
serine proteases such as a-chymotrypsin, trypsin, and

subtilisins.

Although the enzyme universally acts at peptide bonds
containing proline derivatives, the enzyme form appears to
vary in different tissue sources, wherein the enzyme shows

differences in substrate specificity. Prolyl endopeptidase
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has been purified from a number of plant (carrots,
mushrooms), microbial (Flavobacterium menigosepticum) and animal
tissues. In animals, the enzyme is found ubigquitously
throughout the body, however, prolyl endopeptidase is
generally found in highest concentrations within the CNS
(Wilk, 1983). Common sources of the enzyme for testing
substrates against animal sources have been bovine, rat,

and mouse brain.

Low molecular weight inhibitcrs of prolyl endopeptidase

nave beern studied. Tnese innhibitors arce generally chemical

B

carivatives of proline or small peptides containing
terminal prolines. Benzyloxycarbonyl-prolyl-prolinal has
been shown to be a specific transition state inhibitor of
the enzyme (Wilk, S. and Orloeski, M., J. Neurochem., 41,
69 (1983), Friedman, et al., Neurochem., 42, 237 (1984)).
N-terminal substitutions of L-proline or L-prolyl-
pyrolidine (Atack, et al., Eur. J. of Pharm., 205, 157-163
(1991), JP 03 56,460, EP 384,341), as well as variations of
N-benzyloxycarbonyl (2) dipeptides containing prolinal at
the carboxy terminus have been synthesized as prolyl
endopeptidase inhibitors (Nishikata, et al., Chem. Pharm.
Bull. 34(7), 2931-2936 (1986), Baker, A. et al., Bioorganic
& Medicinal Chem. Letts., 1(11), 585-590 (1991)).
Thioproline, thiazolidine, and oxopyrrolidine substitutions
of the core structure have been reported to inhibit prolyl
endopeptidase (Tsuru, et al., J. Biochem., 94, 1179 (1988),
Tsuru, et al., J. Biochem., 104, 580-586 (1988), Saito et
al., J. Enz. Inhib. 5, 51-75 (1991), Uchida, I., et al. PCT
Int Appl. WO 90 12,005, JP 03 56,461, JP 03 56,462).
Similarly, various modifications of the carboxy terminal
proline have been made, including various fluorinated
ketone derivatives (Henning, EP 4,912,127). General
syntheses of fluorinated ketone derivatives has been
described (Angelastro, M.R., et al., Tetrahedron Letters
33(23), 3265-3268 (1992). Other compounds such as
chloromethyl ketone derivatives of acyl-proline or acyl-
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peptide-proline (Z-Gly-Pro-CH;Cl) have been demonstrated to
inhibit the enzyme by alkylating the enzyme's active site
(Yoshimoto, T., et al., Biochemistry 16, 2942 (1977).

SUMMARY OF THE INVENTION

The present invention claims peptide derivatives of

formula 1, including all of its stereoisomers:
/X1 /X2
O
Formula 1 \ ; \
_~OCO-N CO-N lc

wherein;
A is benzyl or a t-butyl group:;
Xy 1s -5- or -CH;-; and
X2 is -S~ or -CHjz~-;
B is -CF3 or -CF,CFjy.

It is understood that preferred derivatives of formula
I are contained within the markush groupings and therefore
further groupings may be elected to form subgroupings
containing those elected substitutents. Preferred
groupings of formula I may also be elected to further
include the embodiments of the demonstrated examples shown

herein.

The compounds of formula 1 are important inhibitors of
the enzyme prolyl endopeptidase. The novel inhibitors are
diprolyl peptide derivatives containing carboxy terminal
rentafluoroethyl substituents. In the diprolyl peptide
cerivatives, the proline mcliety may optionally be
substituted with thioproline derivatives, as when X; or X»
are chosen to be sulfur. The peptide analogs of this
invention potentially possess significant inhibitory
activity of prolyl endopeptidase, and therefore, may allow
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for a scientifically interesting and therapeutically
significart adjunct to the treatment of amensia and memory
deficits as well as to enhance memory function. Moreover,
the presence of thiazolidine functionalities may provide
for enhanced potency and extended duration of action for

these compounds.

A further object of the present invention is the
inhibition of the proteolytic activity of prolyl
endopeptidase as a model for therapeutic intervention for
memory restoration or enhancement. Inhibition of the
proteolytic activity may serve to control undesirable high
levels of the enzyme. Inhibitors of prolyl endopeptidases
have been reported to have antiamnesic effects in rat and
mouse models by a number of groups (See Yoshimoto, et al.,
J. Pharmacobio-Dyn., 10, 730 (1983) and Saito et al., J.
Enz. Inhib. 3, 163 (1990), Uchida, I., et al. PCT Int Appl.
WO 90 12,005). While not wishing to be bound by theory, it
is believed that the correlation of enhanced memory with
prolyl endopetidase inhibition is due to the ability of the
enzyme to degrade vasopressin. Further, inhibitors of
prolyl endopeptidase have been shown to reverse the effects
of scopolamine-induced memory deficits in mice (Atack, et
al., Bur. J. of Pharm., 205, 157-163 (1991).

The synthetic preparation of the dipeptides of present

invention are shown in Scheme I and then are described on

the following pages.
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SYNTHESIS OF PROLYL
ENDOPEPTIDASE INHIBITORS

Scheme I, parts A through G, shows synthesis of

compounds of formula 1.

5
% K
¢ ( Z =
A (CH3);COCO-N 3 (CH3)3COCO-N CO-N lla,b
COpH AN
OCH
H I HCI HN ’ 11
\CH3
la-X3=5 lla-X; =S5
Ib-X; = CH, WSCDI/DMAP/NMM llb- X5 = CHj
15 ) 5
HCI/EtOAC OCH3
B HCI-HN i
Ila > CON
III OCH;
20
X2
25 //
C II — (CH3)3COCO-N ocr IVa,b
LiCF,CF3/Et,0 "CFaCFy
IV
IVa - X5 = S
10 IVb - X, = CH>

Essential intermediates for the synthesis of compounds
of formula 1 having carboxy terminal pentafluorcethyl
35 ketones (compounds IVa and IVb) or methoxymethvlamino amides
(compounds IIa and IIb) can be essentially prepared by the
methods described by Angelastro, M., (Tetrahedron Letters,
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33(23), 3265-3268 (1992) and Nahm, S. and Weinreb, S.M.,
35 Tetrahedron Letters, 22, 3815 (1981l).
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—> (CH3); CO-N 0-CF,CF

Scheme I, step A, shows the general preparation of
methoxymethylamino amides of formula IIa and IIb. Compounds
of formula IIa and IIb may be prepared from t-butoxycarbonyl
protected proline (2-pyrrolidinecarboxylic acid, 1,1-
dimethviethyl ester) and tnhioproline (thiazolidine-
3,4-dicarboxylic acid, 1,l1-dimethyletnyl ester) derivatives
by reaction with N,O0-dimethylhydroxylamine hydrochloride.
This reaction can be performed essentially as described by
Nahm, S. and Weinreb, S.M., Tetrahedron Letters, 22, 3815
(1981). Essentially the coupling of N,0-dimethylhydroxyl-
amine hydrochloride can be done by using a suitable coupling
reagent such as a water soluble carbodiimide, or the like,
and the product can be purified by standard means of

isolation known in the art.

Step B shows that the t-butoxycarbonyl protecting group
of the thioprolines of IIa can be removed by suitable acid
treatment, such as by hydrochloric acid treatment in ethyl
acetate, to produce the corresponding N-methoxy-N-methyl-4-
thiazolidinecarboxamide, monohydrochloride (compound III).
The final product can then be suitably purified using
conventional isolation techniques known to those in the art.

Through Step C, the compounds of II can be converted
into the pentafluoroethyl ketones of IVa and IVb. Reaction
with pentafluorethyllithium generated in situ from
pentafluoroethyl iodide and methyllitniumelithium bromide
complex is a suitable means of conversion of the
hydroxamates of compound IIa or IIb to compounds of formulas
IVa or IVb, respectively. This reaction is performed
essentially as described by Angelastro, M. R., et al.

Tetrahedron Letters, 33, 3265 (1992). The final product can
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be suitably purified using conventional isolation techniques

known to those in the art.

Step D shows that the t-butoxycarbonyl protecting group
of IVa or IVb is acid liable and can be removed by suitable
acid treatment, such as by hydrochloric acid treatment in
ethyl acetate. Treatment with acid produces the
corresponding compounds of formulas Va or Vb (4-(2,2,3,3,3-
pentafluoro-l-oxopropyl)-thiazolidine, monohydrochloride or
2-(2,2,3,3,3-pentafluocro-l1-oxypropyl)pyrrolidine,
hydrochloride, respectively). The final product can be
suitably purified using conventional technigues known to

those in the art.

Step E generally shows the condensation of two suitably
protected amino acids to form either the 2-{[2-(2,2,3,3,3-
pentafluoro-l-oxopropyl)-l-pyrrolidinyl)carbonyl]-1-
pyrrolidinecarboxylic acid, phenylmethyl ester (VIIb) or 4-
[(2-(2,2,3,3,3-pentafluoro-l-oxopropyl)-l-pyrrolidinyl]
carbonyl]-3-thiazolidinecarboxylic acid, phenylmethyl ester
(VIIa) or the like. Condensation of the two protected amino
acids to form an amide linkage between the two pieces is
well-known in the art. Several methods of condensation are
known including, as shown, conversion of the carboxy
terminal acid of compound IV with oxalyl chloride in a
suitable solvent, such as dimethyformamide. The acid
chloride can then be condensed with the alpha-amino group of
Vb. The final product can then be purified using

conventional techniques known to those in the art.

Step F shows the preparation of the dithiazolidine
derivatives of compound VIII, like the 4-[{4-[ (methoxy-
methylamino)carbonyl]-3-thiazolidinyl]carbonyl]-3-
thiazolidinecarboxylic acid, 1,l-dimethylethyl ester.
Condensation of compounds such as Ia with III with a
coupling reagent to form an amide linkage between the two

protected amino acids is well known in the art. Several
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methods of condensation are known 1including, condensations
carried out with various carbodiimides, such as, water
soluble carbodiimide. Following condensation, the final
product can then be purified using conventional technigues

known to those in the art.

As in Step C, dipeptides having a terminal methoxy-
methylaminocarbonyl are subject to substitution as shown in
Step G. Compound VIII can undergo substitution with
perfluoroethyl lithium, generated insitu (See Step C), to
form the corresponcding 4-[[(4-(2,2,3,3,%-pentailuoro-1i-
oxopropyl)-3-thiazolidinyl]carbonyl]-3-thiazolidine-
carboxylic acid, 1l,1-dimetnylethyl ester. Following
substitution the final product can be purified using
conventional isolation techniques known to those in the art.

Naturally occurring proline derivatives contain a chiral
carbon atom. Specifically it is realized that the carbon
alpha to the nitrogen of the ring of both proline and
thioproline are chiral. Therefore, the proline and
thiazoproline derivatives may exist as one or more of the
possible stereoisomers. Unless otherwise specifically
indicated, the optically active amino acids, referred %o
herein, are of the L-configuration. However, chirality can
be specifically designated to be either of the D- or L-

configuration.

It is understood that the ketone functionality can exist
as the ketone or as the hydrated ketone or a mixture of the
two states. For instance, the pentafluoroethyl ketone group
may be named as 2,2,3,3,3-pentafluoro-1,1l-dihydroxypropyl)

or 2,2,3,3,3-pentafluocro~l-oxopropyl substituents.

The a-amino protecting group employed with each amino
acid introduced into the polypeptide sequence may be any
such protecting group known to the art. Among the ciasses

of a-amino protecting groups contemplated are (1) acyl type
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protecting groups such as: formyl, trifluoroacetyl,

phthalyl, toluenesulfonyl (tosyl), benzenesulfonyl, nitro-
phenylsulfenyl, tritylsulfenyl, o-nitrophenoxyacetyl and
a-chlorobutyryl; (2) aromatic urethane type protecting groups
such as benzyloxycarbonyl and substituted benzyloxycarbonyl,
such as p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 1-(p-
biphenylyl)-l-methylethoxycarbonyl, a-dimethyl-3,5-
dimethoxybenzyloxycarbonyl and benzhydryloxycarbonyl; (3)
aliphatic urethane protecting groups such as tert-butyloxy-
carbonyl (Boc), diisopropylmethoxycarbonyl, isopropyl-
oxycarbonyl, ethoxycarbonyl and allyloxycarbonyl; (4)
cycloalkyl urethane type protecting groups such as
cyclopentyloxycarbonyl, adamantyloxycarbonyl and cyclo-
hexyloxycarbonyl; (5) thiourethane type protecting groups
such as phenylthiocarbonyl; (6) alkyl type protecting groups
such as triphenylmethyl (trityl) and benzyl; and (7)
trialkylsilane groups such as trimethylsilane. The
preferred a-amino protecting groups are tert-butyloxycarbonyl
(Boc) or benzyloxycarbonyl.

The uses of compounds of formula 1 as therapeutics and
their mode of administration are described on the following

pages.
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Therapeutic Use

Use of the compound of the invention as a memory
enhancing agent includes improved mental capacity, ability
to recall cognitive events, and learned motor activities.
As such the compounds of the present invention may be useful
in patents suffering from aphasia, apraxia, agnosia, or any
type of amnesias, including retrograde and post-traumatic
amnesia, benign forgetfulness, and Korsakoff's syndrome
(Merck Manual of Diagnosis and Therapy, 15th Addition
(1987). Because the compounds are potentially useful in the
treatment of memory enhancement and function they may
additionally be useful in preventing or slowing memory

deficits.

Therapeutic Administration

The appropriate dose of a peptide derivative of this
invention when used in the treatment of a patient in need
thereof is from 0.2 mg/kg to 250 mg/kg of patient body
weight per day depending on other factors involving the
particular patient and the peptide derivative selected. The
suitable dose for a particular patient can be readily
determined. Preferably from 1 to 4 daily doses would be
administered typically with from 5 mg to 100 mg of active
compound per dose. The amount of a peptide of this
invention required can be readily determined by those
skilled in the art.

The term "patient" used herein is taken to mean mammals
such as primates, including humans, sheep, horses, cattle,

pigs, dogs, cats, rats and mice.

Although some of the peptide derivatives may survive
pPassage through the gut following oral administration,
applicants prefer non-oral administration, Ffor example,

subcutaneous, intravenous, intramuscular or intraperitoneal;
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administration by depot injection; by implant preparation;
or by application to the mucous membranes, such as, that of
the nose, throat and bronchial tubes, for example, in an
aerosol can containing a peptide derivative of this

invention in a spray or dry powder form.

For parenteral administration the compounds may be
administered as injectable dosages of a solution or sus-
pension of the compound in a physiologically acceptable
C¢iluent with a pharmaceutical carrier which can be a sterile
liguicd such as water and oils with or without the addition
of a surfactant and other pharmaceutically acceptabile
adjuvants. Illustrative of oils which can be employed in
these preparations are those of petroleum, animal,
vegetable, or synthetic origin, for example, peanut oil,
soybean oil, and mineral oil. In general, water, saline,
aqueous dextrose and related sugar solutions, ethanol and
glycols such as propylene glycol or polyethylene glycol are
preferred liquid carriers, particularly for injectable

solutions.

As pharmacologically useful agents, compounds of formula
1 can be administered in various manners to the patient
being treated to achieve the desired effects, such that, the
compounds can be administered either alone or in combination

with a pharmaceutically acceptable carrier.

As used herein, the following abbreviations are used in
describing examples of compounds or uses of the present

invention.
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Boc-L-Pro-0OH

CBZ-L-Pro-0OH

CBZ-L-Pro-Cl

CBZ-L-ThioPro-0H

CBZ-Gly-Pro-p-
nitroanilide

cm

DMEP

DMSO

DTT

EDTA

HEPES

(1]

Kj

KOH
NMM
1H~NMR
19F-NMR
M

MH+

ml

min
mol
mmol

nm

pH

(S]
TLC
WSCDI

PCT/US94/12865
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N-tert-butoxycarbonyl-L-proline
N-carbobenzoxy-L-proline
N-carbobenzoxy-L-prolyl chloride
N-carbobenzoxy-L-thioproline
N-carbobenzoxy-glycinyl-L-proline-
p-nitroanilide

centimeter

4-Cimethylaminopyridine
dimetylsulfoxide

dithicthreitol
ethylenediaminetetraacetic acid
4-(2-hydroxyethyl)~l-piperazine-
ethanesulfonic acid

concentration of inhibitor

inhibition constant

potassium hydroxide
N-methylmorpholine

hydrogen-1 nuclear magnetic resonance
flourine-19 nuclear magnetic resonance
molar

protonated parent ion mass

milliliter

minute

mole

millimole

nanometers

negative log of the hydrogen ion
concentration

substrate concentration

thin-layer chromatograhy

water soluble carbodiimide,
specifically l1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride

initial kinetic rate
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EXAMPLES

The invention will be further clarified by a
consideration of the following examples, which are intended

5 to be purely exemplary of the use of the invention. Other
embodiments of the invention will be apparent to the
skilled in the art from a consideration of this
specification or practice of the invention disclosed
herein. This invention is illustrated bv the following,

10 nenlimiting examples given in the Table 1 below and as
further described herein.
Table 1
Exampie/ Emperical Schemel
Compounds MDL No. Formula Structure
2-[{2-(2,2,3,3,3-pentafluoro- 1- EXAMPLE | C20H21Fs5N204 VIIb
oxopropyl)-1-
pyrrolidinyl]carbonyl]-1- 100,527-01
pyrrolidinecarboxylic acid,
phenylmethyl ester
4-((2-(2,2,3,3,3-pentafluorfo-BEXAMPLE II C19H19F5N204S Vlila
oxopropyl)-1-
pyrrolidinyljcarbonyl]-3 102,916-01
thiazolidinecarboxylic a¢id,
phenylmethyl ester
4-[[4-(2,2,3,3,3-pentafluoro-1- EXAMPLE IV |Cy5H0F5N204S2 IX
oxopropyl)-3-
thiazolidinlepcarbonyl-3- 100,676-01

thiazolidinecarboxylic acid, 1,1-

dimethylethyl ester

30

35
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Example 1

Synthesis of 2—[[2—(2,2,3,3,3—pentafluoro—l—oxopropyl)—

l-pyrrolidinyl]carbonyl]-l-pyrrolidinecarboxylic acid,

phenylmethyl ester (Scheme I, compound VIIb)

IA. Synthesis of (R)-2-[ (methoxymethylamino)carbonyl]-

l-pyrrolidinecarboxylic acid, l,1-dimethylethyl ester

(Scheme I, compound IIb)

To a stirred solution of Boc-L-Pro-OH (4.31 g; 20.0
mmol) and DMAP (2.44 g; 20.0 mmol) in methylene chloride
(125 ml) under argon was added N,0-dimethylhydroxylamine
hydrocnloride (1.95 g; 20.0 mmol) and NMM (2.20 ml; 20.0

nmol). Water soluble carbodiimide (3.83 g; 20.0 mmmol) was

then added to the solution. The reaction was allowed to

proceed overnight before concentrating to about 20 ml. The

concentrated suspension was purified by flash
chromatography by loading the suspension onto a 8 x 14 cm
silica gel column and eluting with ethyl acetate/hexane
(60:40). Fractions containing the entitled product (Rf =
0.32) were combined and concentrated to give a colorless
oil (3.21 g). Mass spectrum analysis of the product gave
MH+ = 259.1655 [expected mass for Cj H,3N,04 = 259.1658}.

IB. Synthesis of 2-(2-(2,2,3,3,3-pentafluoro-1-
oxopropyl)—~l-pyrrolidinecarboxylic acid, 1,1-

dimethylethyl ester (Scheme I, compound IVb)

To a stirred solution of 2-{(methoxymethylamino)
carbonyl]-l-pyrrolidinecarboxvlic acid, l1,1-dimethylethyl
ester (compound from Example IA; 1.03 g; 4.00 mmol) in
ethyl ether (35 ml) under argon at -78°C was added
perfluoroethyl iodide (1.5 ml; 12.8 mmol) followed by
methyl lithiumelithium bromide (1.5 M in ethyl ether; 7.%
ml; 11.25 mmol). After thirty minutes at -78°C, the
solution was allowed to warm to 0°C in an ice-water bath.
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The reaction was guenched by the addition of KHSO4 (1.36 g;
10.0 mmol; in H20 (8 ml). After several minutes of vigorous
stirring both layers of the biphasic suspension became

clear and the mixture was transferred to a separatory

funnel containing Hz0 (50 ml). The layers were separated
and the organic phase was washed with a half saturated
agqueous solution of NaECO3 (50 ml) followed by brine (25
ml). The organic phase was dried over magnesium sulfate

and concentrated to give a pale yellow oil (1.3 g).

The product was purified by flash chromatography on a 5
x 15 cm silica gel column eluting with 1.3 liters of ethyl
acetate/hexane (15:85) followed by ethyl acetate/hexane
(60:40). Fractions of the préduct were combined and
concentrated to give a colorless liquid (0.94 g). Mass
spectral analysis of the product gave MH+ = 318.1135
{expected mass for Ci3H)7FsNO3 (MH+) = 318.1129].

IC. Synthesis of 2-(2,2,3,3,3-pentafluoro-1-
oxopropyl)pyrrolidine hydrochloride (Scheme I, compound

vb)

Into a stirred solution of 2-(2-(2,2,3,3,3-pentafluoro-
l-oxopropyl)-l-pyrrolidinecarboxylic acid, 1,1-
dimethylethyl ester (compound from Example IB; 121 mg, 0.38
mmol) in ethyl acetate (15 ml), cooled to 0O°C in an ice-
water bath, was bubbled HCl gas for 5 minutes. The
bubbling of HCl was ceased and the reaction was capped and
stirred for an additional 2 hours. The reaction was then
concentrated to a colorless oil and dried under high vacuum
over KOH pellets for 3 hours producing a solidified product

(103 mg).

Mass spectral analysis of the product gave MH+ =
218.0601 ([expected mass for CyHgFsNO(MH+) = 218.0604].
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ID. Synthesis of 2-[[2-(2,2,3,3,3-pentafluoro-1-

oxopropyl)-1l-pyrrolidinyl]carbonyl]-l1-pyrrolidine-

carboxylic acid, phenylmethyl ester (Scheme I, compound

VIIb)

To a stirred solution of CBZ-L-Pro-0OH (0.62g, 2.49
mmol) and a drop of DMF in methylene chloride (10 ml) under
argon was added oxalyl chloride (0.26 ml; 2.99 mmol) which
resulted in a vigorous evolution of gas. After the
evolution of gas ceased, the reaction was stirred for an
additional 30 minutes. The reaction was then concentrated
to give, as a light yellow o0il, N-carbobenzoxy-L-prolyl
chloride (CBZ-L-Pro-Cl).

Methylene chloride (10 ml) was added to CBZ-L-Pro-Cl
which was then reacted under argon with a suspension of 2-
(2,2,3,3,3-pentafluoro-l-oxopropyl)pyrrolidine
hydrochloride (compound from Example IC; 2.49 mmol) and N-
methylmorpholine (0.54 ml; 4.98 mmol) dissolved in
methylene chloride (7 ml). After 2.5 hours the reaction
was concentrated and brought up in methylene chloride (1
ml) and the product purified by flash chromatography on
silica gel column eluting with ethyl acetate/hexane
(50:50). Product fractions were collected and concentrated

to give the desired product (0.52 g) as a colorless oil.

Mass spectral analysis of the product gave MH+ =
449.1508 [expected mass for CygH23F5Np04 (MH+) = 449.1500].

IT. 4-[[2-(2,2,3,3,3-pentafluoro-l-oxopropyl)-1-

pyrrolidinyl Jcarbonyl]-3-thiazolidinecarboxylic acid,

phenylmethyl ester (Scheme I, compound VIIa)

IIA. Thiazolidine-3,4-dicarboxylic acid, 3-phenyl-

methyl ester (Scheme I, compound VIa)
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To a vigorously stirred solution of L-thiazolidine-4-
carboxylic acid (13.32 g, 0.10 mole) cooled in an ice-water
bath was added benzyl chloroformate (15.70 ml, 0.11 mmol)
and 2 N sodium hydroxide (55 ml), alternating additions in
5 ml portions over 20 minutes. Ten minutes after the
additions, the reaction was brought to room temperature and
stirred for an additional 30 minutes. The reaction was
then extracted with ethyl ether (3 x 75 ml) and the aqueous
layer acidified with 6 N HCl (approx. 20 ml). The
separated organics were collected and dissolved in ethyl
ether (100 ml) and washed with brine (50 ml). The organic
phase was dried over sodium sulfate and then concentrated

to a viscous colorless oil (20.4 g).

IIB. Synthesis of 4-[[2-(2,2,3,3,3-pentafluoro-1-
oxopropyl)-l-pyrrolidinyl] carbonyl]-3-thiazolidine-

carboxylic acid, phenylmethyl ester (Scheme I, compound

VIiIa)

To a stirred solution of CBZ-L-ThioPro-OH (compound
from Example Ila; 267 mg; 1.00 mmol) and NMM (0.12 ml; 1.05
mmol) in methylene chloride (15 ml) under argon and cooled
to -17°C was added isobutyl chloroformate (0.13 ml; 1.00
mmol). After 20 minutes, additional NMM (0.12 ml; 1.05
mmol) was added followed by a light suspension of 2-
(2,2,3,3,3-pentafluoro-l-oxopropyl)pyrrolidine
hydrochloride (compound IC; 253 mg; 1.00 mmol) in
acetonitrile (10 ml) over a period of several minutes.
After 17 hours at -20°C the reaction was allowed to warm to
room temperature and stirred for an an hour. The reaction
was then concentrated and methylene chloride (3 ml) was
added to the the residue which was loaded onto a 4 x 15 cm
silica gel column. The column was eluted with 400 ml of
ethyl acetate/hexane (30:70) followed by ethyl
acetate/hexane (35:65). Fractions containing the product
were combined and concentrated to give a colorless viscous

oil (63 mg). 1IMass spectral analysis of the product gave
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MH+ = 467.1053 [expected mass for CjgH29F5N204S (MH+)=
467.10641].

III. Synthesis of 4-[[4-[(methoxymethylamino)carbonyl]-3-

thiazolidinyl]carbonyl]-3-thiazolidinecarboxylic acid,
l,1-dimethylethyl ester (Scheme I, compound VIII)

IIIA. Synthesis of thiazolidine-3,4-dicarboyxlic

acid, 3-(1,1-dimethylethyl)ester, (Scheme I, Compound
Ia)

To a vigorously stirred suspension of L-thiazolidine-4-
carboxylic acid (10.0 g; 75.09 mmol) in THF/H20 (l:1; 100
ml) was added sodium carbonate (11.94 g; 0.11 mole)
followed by di-tert-butyl dicarbonate (16.39 ¢; 75.09
mmol). The resultant suspension was stirred overnight at
room temperature. The reaction was then filtered, the
filtrate transferred to a separatory funnel containing
diethyl ether (100 ml) and the layers separated. The
aqueous layer was covered with fresh diethyl ether (200 ml)
and acidified with 1 N aqueous hydrochloric acid. The
organic layer was then washed with 0.5N aqueous
hydrochloric acid followed by brine (50 ml), dried over
magnesium sulfate and concentrated to give a white solid
(14.56 g). IlH-NMR spectra was consistent with the expected
structure: 10.56(s - 1lH, COH), 4.78 (m - 1H, CH), 4.59 and
4.39 (pr d, 2H, J = 8Hz; NCH2S), 3.22-3.36 (m, 2H, CH,S),
1.43 [s, 9H, OC(CH3)3].

ITIB. Synthesis of 4-[(methoxymethylamino)carbonyl]-

3-thiazolidinecarboxylic acid, 1l,l1-dimethylethyl ester

(Scheme I, compound IIa)

To a stirred solution of thiazclidine-3,4-dicarboxylic
acid, 3-(l,l-dimethylethyl) ester (2.33 g; 9.99 mmol) and
DMAP (1.22 g; 9.99 mmol) in methylene chloride (40 ml)

under argon was added a suspension of N,O-dimethylhvdroxv-



WO 95/15310 . PCT/US94/12865

10

15

20

25

30

35

-20-

amine hydrochloride (0.98 g; 9.99 mmol) and NMM (1.10 ml;
9.99 mmol, in methylene chloride (15 ml). Water soluble
carbodiimide (1.92 g, 9.99 mmmol) was then added to the
solution and the reaction was allowed to proceed overnight.
The reaction was then concentrated to about 15 ml and
purified by flash chromatography by loading the suspension
onto a 6 x 10 cm silica gel column and eluting with ethyl
acetate/hexane (50:50). Fractions containing the product
(Rf = 0.39) were combined and concentrated to give a
colorless oil (1.95 g). Mass spectral analysis of the
product gave MH+ = 277.1216 [expected mass for C;1E;1N2048
(MHE+)= 277.1222].

IIIC. Synthesis of N-methoxy-N-methyl-4-thiazolidine-—

carboxamide, monohydrochloride, (Scheme I, compound

IIT)

Into a stirred solution of 4-[(methoxymethylamino)=-
carbonyl]-3-thiazolidinecarboxylic acid, 1,1-dimethylethyl
ester (compound from Example IIIB; 1.05 g, 3.80 mmol) in
ethyl acetate cooled in an ice-H;0 bath was bubbled HCl gas
for 10 minutes. After addition of the gas, the reaction
was capped and stirred for an additional 2 hours. The
reaction was then concentrated to a colorless oil and dried
under high vacuum over KOH pellets for 3 hours producing a
solidified white solid (0.76 g).

IIID. Synthesis of 4-[[4-[(methoxymethylamino)-

carbonyl]-3-thiazolidinyl ]carbonyl]-3-thiazolidine

carboxylic acid, 1,l1-dimethylethyl ester (Scheme I,

compound VIII)

To a stirred solution of 3,4-thiazolidinedicarboxylic
acid, 3-(1l,l1-dimethylethyl) ester (compound from Example
IIIA; 0.81 g, 3.49 mmol) and DMAP (0.43 g, 3.49 mmol) in
methylene chloride (20 ml) under argon was added NMM (0.38
ml, 3.49 mmol) followed by N-methoxy-N-methyl-4-
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thiazolidinecarboxamide, monohydrochloride (compound from
Example IIIC; 0.76 g, 3.49 mmol) in methylene chloride (10
ml) and water soluble carbodiimide (0.67 g; 3.49 mmol).
After the reaction was complete the reaction was
concentrated to about 10 ml and loaded onto a 5 x 13 cm
silica gel column and subjected to flash chromatography,
eluting with acetone/ethyl acetate (8:92). Product
containing fractions were combined (Rf =0.66) and
concentrated to give a white foam (0.35 g). Mass spectral
analysis of the product gave MH+ = 392.1324 [expected mass
for C1sHggN305S; (MH+)= 392.1314].

IVv. Synthesis of 4-[[4-(2,2,3,3,3-pentafluoro-l-oxopropyl)-

3-thiazolidinyl]carbonyl]-3~-thiazolidinecarboxylic

acid, 1,i-dimethylethyl ester (Scheme I, compound IX)

IVA.Synthesis of 4-[[{4-(2,2,3,3,3-pentafluoro-1-
oxopropyl)-3-thiazolidinyl]carbonyl]-3-

thiazolidinecarboxylic acid, 1,1-dimethylethyl

ester (Scheme I, compound IX)

To a stirred solution of 4-{(4-[(methoxymethylamino)-
carbonyl]-3-thiazolidinyl]carbonyl]-3-thiazolidine
carboxylic acid, 1,l1-dimethylethyl ester (compound from
Example IIID; 0.33 g, 0.84 mmol) in ethyl ether (30 ml)
under argon at -78°C was added perfluorocethyl iodide (0.32
ml, 2.70 mmol) followed by methyl lithiumelithium bromide
(1.57 ml, 2.36 mmol, 1.5 M in ethyl ether). TLC indicated
the reaction was complete. The reaction was poured into
100 ml ethyl ether containing 25 g silica gel. Residual
amounts of product in the flask were dissolved in ethyl
ether and added to the silica/ether solution.
Subsequently, the organic phase was removed and the silica
gel was washed with ethyl ether (2 x 100 ml). The combined
organics were dried over magnesium and sodium sulfate and
then filtered and evaporated to give an oily white foam

(0.34 g). The material was then flash chromatographed on a
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4 x 10 cm silica gel column eluting with 0.4 licer of ethyl
acetate/hexane (30:70) followed by 0.5 liter of ethyl
acetate/hexane (75:25). Product containing fractions were

combined and concentrated to an oil (49 mg).

Mass spectral analysis of the product gave (MH+) =
451.0799 (expected mass for CisHyoFsN204S; (MH+)= 451.0785).

Synthetic Assays

Synthetic reactions were generally followed by TLC on
Analtech silica gel plates developed in ethyl
acetate:hexane solvents. Compounds were identified by
treating the plate with alkaline potassium permanganate

followed by heating.

V. Enzyme Inhibition Assays

Prolyl endopeptidase was partially purified from bovine
brain essentially as described by Yoshimoto et al.
(Biochem., 94, 1179 (1983)) except that 50 mM HEPES, pH
7.4, was used instead of Tris buffer. This enzyme
preparation is suitable for routine inhibition
measurements; however, the enzyme may be further purified
as described below. The state of purity of the enzyme is
not expected to effect the measured K;. The pellet from the
50%-80% ammonium sulfate cut is redissolved in the
homogenization buffer and desalted by passage through a
Pharmacia Mono Q column (.5 x 5 cm) at 1 ml/min and the
column is washed with 5 ml of buffer A to buffer B (total
20 ml; buffer A = S0 mM HEPES, pH 7.4, 1 mM EDTA and 1 mM
DTT; buffer B = buffer A + 0.5 M NaCl). Enzyme activity
elutes at about [NaCl] = 0.25 M. Preliminary data suggest
that the enzyme is not stable in storage for long periods
(over 1 to 2 months) and therefcre fresh preparations of

the enzyme are preferred.
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The enzyme is assayed in buffer A (3.0 ml) at 37°C

containing 20 puM substrate (CBz-Gly-Pro-p-nitroanilide).

The increase in absorbance at 410 nm is monitored (410 nm

= 8.4 mM-lem-1). Inhibitor stock solutions are made in

DMSO. To characterize reversible competitive inhibitors,

> the initial rates in the presence of three inhibitor
concentrations are measured using [S] 50 uM (Ky for the
substrate is 11 uM). If slow binding is observed, the
final equilibrium rates are used.

10 The K; for a competitive inhibitor is calculated using
known formulas: vo/vi = (1 + [I]/Kj, app) and K; = Kj, app/(1
+ [S]/Kyq), where v, is the initial rate in the absence of
inhibitor, vi is the initial rate in the presence of
inhibitor at the concentration [I], and [S] is the

15 substrate concentration. If "slow binding" is observed
(i.e. if the approach to the binding equilibrium is slow),
the final steady-state rate rather than the initial rate is
taken as vj.

20 Enzyme inhibition constants were found using the
described methods for various compounds of formula 1.
Table 2 represents the data found for the tested compounds
indicated.

TABLE 2
25
COMPOUNDS MDL NO. ENZYME INHIBITION
2-{[2-(2,2,3,3,3-pentafluoro-1- EXAMPLE |
oxopropyl)-1-pyrrolidinyljcarbonyl]- 1.4X109M
1-pyrrolidinecarboxylic acid, 100,527-01
3 phenyimethyl ester
4-{[2-(2,2,3,3,3-pentafluord-1EXAMPLE I1I
oxopropyl)-l-pyrrolidinyl]lcarfonyl]- 1.0 X 10-9M
3-thiazolidinecarboxylic adidf2,916-01
phenylmethyl ester ,
4-[[4-(2,2,3,3,3-pe.ntaﬂuoro-1- EXAMPLE IV
1 oxopropyl)-3-thiazolidinyl]carbonyl- 1.0X10-9M
3-thiazolidinecarboxylic acid, 1,1- 100,676-01
- dimethylethyl ester
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Compounds may also be tested inuito for inhibition in a
variety of ways, including such as those described by Atack
(Atack, Eur. J. Pharm., 205, 157-163 (1991) or by other
methods described and known in the art. For instance
compounds may be injected in saline or with a carrier such
as methyl celluose i.p. into male BKTO mice (25-30 g) and
at appropriate times sacrificed and the brains and kidneys
removed. Organs can be homogenized in 10 ml (about 20
volumes) of ice-cold assay buffer. Aligquots of the
homogenates can then be used to determine protein
concentration such as by the method of Lowry, et. al
(Lowry, et al., J. Biol. Chem. 193, 265 (1951).
Dissociation of the inhibitor can be minimized by using 199
ul aliquots of the crude homogenate using a 2 minute
incubation at room temperature, with the total time between
sacrifice of the animal and termination of the assay being
around 3 minutes. Activity may be expressed as activity
per mg of protein and express as a percent relative to

vehicle-treated animals.

Behavioral effects on memory by compounds can be tested
in a variety of ways, including those described by Atack
(Atack, Eur. J. Pharm., 205, 157-163 (1991). Effects of
compounds on memory may be tested by measuring reversal of
scopclamine-induced memory deficits in a mouse passive-
avoidance model. In such a model mice are assigned to
various groups which receive injections of either (1)

vehicle; (2) vehicle and scoploamine ( i.e., ~.2 mg/Kg); or
(3) various dosages of compound ( i.e., ~.1 mg/Kg - 1.0
mg/Kg). Mice are then placed in an illuminated side of a

two chamber, light/dark box. On entering the dark side of
the box, the animal receives a short electric shock (i.e. ~2
seconds, ~0.4 mA). The time taken to enter the dark chamber
(the step-through latency) is recorded. The following day,
the mice are recturned to the light side of the box and the
time taken to step-through to the dark side is recorded.

Memory deficits in this model are directly related o the
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differences in the time taken to step-through to the dark
side in tre two consecutive days. A longer step-through
time on the second day would be a display of memory,
whereas no difference in step-through time would indicate a

memory deficit.

Changes and modifications in the specifically described
embodiments can be carried out without departing from the
scope of the invention which is intended to be limited only

by the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A compound of formula 1, including all of its

stereoisomers:

/X] Xz
\ 0
Formula 1 OCO-N —/~_CO-N H

N CCF8

wherein;
A is benzyl or a t-butyl protecting group;
Xy is -S- or CHj; and
X7 is -S- or CHjy;
B is CF3 or CF,CF3
with the proviso that at least one of X; or X; is -S-,

2. A compound of claim 1 wherein the compound is 4-[[2-
(2,2,3,3,3-pentatluoro-l-oxypropyl)-l-pyrrolidinyl]
carbonyl]~3-thiazolidinecarboxylic acid, phenylmethyl

ester.

4. A pharmaceutical composition comprising a compound of
one of claims 1-2 and a pharmaceutically acceptable

carrier.

5. A pharmaceutical composition for memory enhancement
comprising administering an effective amount of a compound
or pharmaceutical composition of one of claims 1-2 and a

pharmaceutically acceptable carrier.

6. A pharmaceutical composition for preventing or slowing
the affects of amnesia comprising administering an
effective amount of a compound on one of claims 1-2 and a

pharmaceutically acceptable carrier.
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7. A pharmaceutical composition for preventing or slowing
memory deficits comprising administering an effective
amount of a compound of claims 1-2 and a pharmaceutically

acceptable carrier.

8. A process for preparing a compound of formula 1,

including all of its stereoisomers:

Y
Formula 1 OCO-N C;k ”
C

wherein;

A is benzyl or a t-butyl protecting group;

Xy 1is -S- or CHy; and

X2 is =-S- or CHj;

B is CF3 or CF;CFj;

with the proviso that at least one of X; or Xz is -S-;
comprising condensing suitably protected amino acids given

below:

//X1 X3
< - (s

OCO-N i HN
— coo CCF,8

9. A process of preparing a compound of formula 1, wherein
the compound is 4-([2-(2,2,3,3,3-pentafluoro-l-oxypropyl)-
l-pyrrolidinyl] carbonyl]-3-thiazolidinecarboxylic acid,

phenylmethyl ester.
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