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Compounds containing a nitrone moiety were designed, synthesized and evaluated as a new type of active site
zinc ligating substrate analog inhibitors for carboxypeptidase A. The kinetic results indicated that they are com-
petitive inhibitors for the enzyme, supporting the design rationale that the oxygen of the nitrone forms a coor-
dinative bond to the active site zinc ion. The present study demonstrates that nitrone is useful as a zinc coor-
dinating ligand in the design of inhibitors for zinc containing proteolytic enzymes. .

Introduction

Enzyme inhibitors have received increasing attention as
valuable tools for the study of enzymic reaction mechanism
and more importantly as therapeutic agents. Over the past
few years we have been involved in the development of
novel design principles of enzyme inhibitors using well
characterized proteases such as carboxypeptidase A and o-
chymotrypsin as model target enzymes.' The design prin-
ciples developed with these enzymes bear a special im-
portance because they can be translated to the zinc pro-
teases of medicinal importance such as angiotensin con-
verting enzyme and matrix metalloproteases, leading to the
discovery of potential lead compounds for drug de-
velopment.” Carboxypeptidase A (CPA, E.C. 3.4.17.1), a
zinc containing metalloprotease, serves as a model for many
zinc proteases. The terminal amino acid residue having a hy-
drophobic side chain, such as Phe is preferably cleaved
from peptide substrate by the enzyme. Important residues in-
volved in binding of substrate and catalysis are Arg-71, Arg-
127, Asn-144, Arg-145, Tyr-248, Glu-270 and a zinc bound
water molecule. The active site zinc ion forms a coor-
dinative bond with the carbonyl oxygen of the scissile pep-
tide bond of substrate. Thus, it is involved in the binding of
substrate and activation of the scssile peptide bond for the
hydrolytic cleavage. The bound water molecule is known to
function as a nucleophile which attacks the scissile peptide
bond.?

Nitrones (azomethine N-oxides) are highly valuable syn-
thetic intermediates.* They are excellent 1,3-dipoles for cy-
cloaddition reactions and have been utilized for the syn-
thesis of various nitrogen containing heterocycles. In these
1,3-dipolar cycloaddition reactions of nitrones, significant
rate acceleration and high regio- and stereo-specificity were
obtained by addition of Lewis acid,’ suggesting the nitrone
oxygen to form a coordinative bond with the Lewis acid.®
In our continued efforts to develop novel types of inhibitors
for zinc containing protease, we have turned our attention
to the use of the zinc coordinating property of the N-oxide
for the inhibitor design. This report describes design, syn-
thesis and evaluation of N-oxide containing inhibitors for
carboxypeptidase A.

Experimental

General Remarks and materials. 'H NMR and C
NMR spectra were recorded on Bruker AM 300 (300 MHz)
instrument using tetramethylsilane as the internal standard.
IR spectra were recorded on BOMEM FT IR M100-C15
spectrometer. High resolution mass spectra were obtained
with JEOL JMX-HX-110/110 by the Korea Basic Science
Center, Taejon, Korea. Flash chromatography was per-
formed on silica gel 60 (230-400 mesh) and thin layer chro-
matography (TLC) was carried out on silica coated glass
sheets (Merck silica gel 60 F-254). Optical rotations were
measured on RUDOLPH RESEARCH AUTOPLOL I di-
gital polarimeter. Melting points were taken on a Thomas-
Hoover capillary melting point apparatus and were un-
corrected. Elemental analyses were performed by the Basic
Science Center, Kyungbook National University, Taegu,
Korea. Kinetic experiments were carried out using a Perkin-
Elmer Lambda 15 UV/VIS spectrophotometer.

Kinetic studies. All solutions were prepared by using
doubly distilled, deionized water. Stock assay solutions
were filtered before use. Carboxypeptidase A (CPA, E.C. 3.
4.17.1) was purchased from Sigma Chemical Co. (Allan
form, twice crystallized, from bovine pancreas, aqueous
suspension). The hydrolysis of O-(trans-p-chlorocinnamoyl)-
L-B-phenyllactate by carboxypeptidase A was monitored
spectrophotometrically at 320 nm as described by Suh and
Kaiser’ in a buffer solution of pH 7.5 (50 mM Tris-0.5 M
NaCl) at 25 °C. Enzyme concentrations were estimated
from the absorbance at 278 nm (£,7=64,200). Initial velo-
cities were calculated from the linear initial slopes of the
change in absorbance where the amount of substrate con-
sumed was always less than 10%. The K, values were det-
ermined according to the method of Dixon.?

N-Benzylidene-DL-phenylalanine methyl ester N-
oxide (11). To a suspension of N-benzylphenylalanine
methyl ester (3.3 g, 12.3 mmol) and sodium tungstate
monohydrate (0.2 g, 0.62 mmol) in MeOH (20 mL) was
added 30% hydrogen peroxide (4.2 g, 36.9 mmol) and the
mixture was stitrred at room temperature for 8 h. Methanol
was evaporated and the residue was diluted with S0 mL of
dichloromethane and washed with brine (30 mL X 3), dried
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(MgSO,) and evaporated in vacuo. The crude product was
recrystallized from ethyl acetate (30% n-Hexane) to give the
product as a white needle (1.03 g, 30%). mp 174-175 °C;
IR (thin film) 1735, 1570 (C=N) cm'; 'H NMR (CDCl;)
8 3.55 (dd, J=15, 4.5 Hz, 1H), 3.66 (dd, J=9.0, 3.0 Hz, 1H),
3.78 (s, 3H), 4.64 (dd, J=6.0, 4.0 Hz), 7.06 (s, 1H, CH=N),
7.17-7.38 (m, 8H), 8.11 (m, 2H, ArH ortho to CH=N*-O");
BC NMR (CDCl,) 8 35.5, 53.6, 79.8, 127-137, 167; Anal.
Calcd for C;;H;;NO;: C, 72.07; H, 6.05; N, 4.94. Found: C,
71.72; H, 6.25; N, 5.14.

N-Benzylidene-DL-phenylalanine N-oxide (1). A
solution of 11 (0.55 g, 1.94 mmol) in 0.1 N LiOH/THF/
MeOH (38 mL/110 mL/30 mL) was stirred at room tem-
perature for 1 h, then acidified with conc. HCI to pH 1. The
reaction mixture was diluted with ethyl acetate (150 mL)
and washed with brine (30 mL X 3), dried (MgSO,) and eva-
porated in vacuo. The crude product was recrystallized from
ethyl acetate (30% methanol) to give the product as a white
solid (110 mg, 21%). mp 178-180 (dec.); IR (thin film)
3280-3570, 1721, 1660, 1440, 1402 cm™'; 'H NMR
(DMSO-dg) 8 3.11-3.41 (m, 2H), 5.07 (dd, J=10.5, 4.2 Hz,
1H), 7.06-7.35 (m, 8H), 7.61 (s, 1H, CH=N*-0"), 8.07-8.10
(m, 2H, ArH ortho to CH=N*-O '); ®C NMR (DMSO-ds) &
34.9, 78.4, 127-137.8, 169.5; Anal. Calcd for C;;H;sNOs: C,
71.36; H, 5.61; N, 5.20. Found: C, 71.54; H, 5.81; N, 5.02.
In a similar fashion, optically active 1 was prepared starting
with optically active N-benzylphenylalanine methyl ester.
N-Benzylidene-L-phenylalanine N-oxide (L-1): [o]p=
~1.8° (¢ 1, DMSO). N-Benzylidene-D-phenylalanine
N-oxide (D-1): [0]p=+2.1° (c 1, DMSO).

N-Benzyl-DL-phenylalanine lithium salt (2). A
mixture of N-benzylphenylalanine methyl ester (0.27 g, 1
mmol), 1 N NaOH (0.9 mL) and methanol (5 mL) was heat-
ed at 50 °C for 2 h. Methanol was removed and the residue
was diluted with water (20 mL), washed with ether (10 mL
% 2) and ethyl acetate (10 mL), then water was evaporated
in vacuo to give the white solid (quantitative). mp 170-175
°C; '"H NMR (D,0) & 2.73-2.87 (m, 2H), 3.26 (t, 1H), 3.48
(d, J=12.6 Hz, 1H), 3.67 (d, J=12.6 Hz, 1H), 7.10-7.30 (m,
10H).

N-Benzylidene-B-phenylalanine methyl ester N-
oxide (13) and N-B-phenylalanidene methyl ester-
benzyl amine N-oxide (14). To a suspension of N-ben-
zyl-B-phenylalanine methyl ester (12) (3.0 g, 10.6 mmol)
and sodium tungstate monohydrate (0.18 g, 0.53 mmol) in
MeOH (20 mL) was added 30% hydrogen peroxide (3.6 g,
31.8 mmol) and the mixture was stirred at room tem-
perature for 8 h. Methanol was evaporated and the residue
was diluted with 50 mL of dichloromethane and washed
with brine (30 mL X 3), dried (MgSO,) and evaporated in
vacuo. The residue was separated by column chromato-
graphy (ethyl acetate/n-hexane=1/1— ethyl acetate) to give
13 (0.9 g, 29%) as an oil and 14 (1.1 g, 35%) as an oil. For
13: IR (neat) 1720, 1570, 1555, 1450 cm™'; 'H NMR
(CDCL) & 2.94 (m, 1H), 3.10 (m, 1H), 3.67 (s, 3H), 3.72
(m, 1H), 4.0 (dd, J=12.0, 4.8 Hz, 1H), 4.25 (dd, J=12.0, 8.7
Hz, 1H), 7.19-7.49 (m, 9H), 8.20-8.23 (m, 2H, ArH ortho
to CH=N*-0"); *C NMR (CDCL) 8 36.2, 44.8, 52.5, 66.9,
127-137, 174. For 14: IR (neat) 1740, 1590, 1570, 1490
cm™!; 'TH NMR (CDCL) 6 3.11 (m, 1H), 3.21 (m, 1H), 3.68
(s, 3H), 4.21 (q, J=6.9 Hz, 1H), 4.88 (s, 2H), 6.79 (d, J=6.6
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Hz, 1H, -CH=N), 7.04-7.07 (m, 2H), 7.19-7.41 (m, 8H); »C
NMR (CDCly) § 35.1, 44.9, 52.6, 69.9, 126.3-137.8, 171.7.

N-Benzylidene-B-phenylalanine N-oxide (3). Fol-
lowing the same procedure as that used for the preparation
of 1, 3 was obtained from 13 in 30% yield after recrystal-
lization' from ethyl acetate (10% n-hexane). mp 181-182 °C;
IR (thin film) 3300-3500, 1664, 1443, 1411 cm~'; '"H NMR
(DMSO-d;) 6 2.79-2.96 (m, 2H), 3.7 (m, 1H), 3.96-4.02 (m,
1H), 4.15-4.22 (m, 1H), 7.19-7.43 (m, 8H), 7.83 (s, 1H,
-CH=N), 8.21-8.24 (m, 2H, ArH ortho to CH=N"-0"); °C
NMR (DMSO-d,) & 35.8, 454, 67.1, 127, 129-135, 139.2,
174.7; Anal. Calcd for C;;H;;NO;: C, 72.07; H, 6.05; N,
4.94. Found: C, 71.75; H, 6.09; N, 4.91.

N-B-phenylalanidene-benzylamine N-oxide (4).
Following the same procedure as that used for the pre-
paratiion of 1, 4 was ¢btained from 14 in 30% yield after re-
crystallization from ethyl acetate (20% n-hexanc). mp 177-
178 °C; IR (thin film) 3200-3500, 1656, 1023 cm™'; 'H
NMR (DMSO-dy) 8 3.21 (d, 2H), 3.61 (t, 1H), 3.34 (ddd, J=
42, 15, 6 Hz, 2H, PhCH,N*-O"), 7.08 (m, 2H), 7.12-7.27
(m, 8H), 7.97 (m, 1H, -CH=N); Anal. Calcd for C;;H;;NO;:
C, 72.07; H, 6.05; N, 4.94. Found: C, 72.03; H, 6.25; N,
4.95.

N-Benzyl-B-phenylalanine lithium salt (5) was
prepared as described for the preparation of 2. mp 100-105
°C; 'H NMR (D,0) 8 2.47-2.72 (m, 5H), 3.66 (s, 2H), 7.05-
7.26 (m, 10H).

N-(Picolinic acid-N-oxidyl)-DL-phenylalanine
methyl ester (15). To a stirred suspension of picolinic
acid N-oxide (1 g, 7.2 mmol), dicyclohexylcarbodiimide
(1.48 g, 7.2 mmol), and hydroxybenzotriazole (0.97 g, 7.2
mmol) in THF/DMF (20 mL/5 ml) were added DL-
phenylalanine methylester hydrochloride (1.55 g, 7.2 mmol)
and N-ethylmorpholine (0.92 mL, 7.2 mmol). The mixture
was stirred at room temperature for 28 h, diluted with ethyl
acetate (40 mL) and the precipitated dicyclohexylcarbo-
diimide was removed by filtration. The filtrate was washed
with 5% sodium thiosulfate solution (20 mL x3), 10% ci-
tric acid (20 mL X 2), 10% sidium bicarbonate (20 mL X 2)
and finally with brine (20 mL X 3). The organic extract was
dried (MgSO,) and evaporated in vacuo. The residue was
purified by column chromatography (ethyl acetate/MeOH=
30/1) to give the product as a yellow oil (1.1 g, 52%). IR
(neat) 1730, 1655, 1420 em™'; 'H NMR (CDCl;) § 3.15-
3.30 (m, 2H), 3.75 (s, 3H), 5.0 (m, 1H), 7.20-7.44 (m, 7H),
8.26 (d, J=6.0 Hz, 1H), 8.37 (d, J=6.0 Hz, 1H), 11.6 (d, J=
6.6 Hz, 1H, CONH).

N-(Nicotinic acid-N-oxidyl)-DL-phenylalanine
methyl ester (16). Following the same procedure as
that used for the preparation of 15, 16 was obtained from ni-
cotinic acid N-oxide in 55% yield as a colorless oil. IR
(neat) 1730, 1655, 1420 cm™'; '"H NMR (CDCL,) & 3.20-
3.37 (m, 2H), 3.80 (s, 3H), 5.01 (m, 1H), 7.21-7.37 (m, 6H),
7.64 (d, J=8.0 Hz, 1H), 7.80 (d, J=7.4 Hz, CONH, 1H),
8.31 (d, J=6.4 Hz, 1H), 8.74 (s, 1H).

N-(Picolinic acid-N-oxidyl)-DL-phenylalanine (6).
A mixture of 15 (0.55 g, 1.83 mmol) and 1 N NaOH (5.5
mL) in methanol (20 mL) was heated at 50 °C for 1 h, then
acidified with 3 N HCI to pH of 1. The reaction mixture
was extracted with ethyl acetate (20 mL x 3), washed with
brine (20 mL X 2), dried (MgSO,) and evaporated in vacuo
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to give the product as hygroscopic pale yellow fluffy solid
(0.5 g, 95%). IR (film) 3000-3300, 1725, 1650 cm™'; 'H
NMR (DMSO-d,) & 3.18-3.38 (m, 2H), 5.01 (m, 1H), 7.19-
7.49 (m, 7TH), 8.28-8.41 (m, 2H), 9.1 (s, br, 1H), 11.55 (d,
J=7.2 Hz, 1H, CONH).

N-(Nicotinic acid-N-oxidyl)-DL-phenylalanine (7).
Following the same procedure as that used for the pre-
paration of 6, 7 was obtained from 16 in quantitative yield.
It was recrystallized from ethyl acetate (30% methanol). mp
232-235 °C; IR (thin film) 3100-3300, 1725, 1645; 'H
NMR (DMSO-d,) 8 2.98-3.24 (m, 2H), 4.61 (m, 1H), 7.16-
7.36 (m, 5H), 7.53 (m, 1H), 7.65 (d, J=8.0 Hz, 1H), 8.35
(m, 1H), 8.43 (s, 1H), 9.05 (d, J/=8.1 Hz, 1H, CONH), 13.0
(s, br, COOH); Anal. Caled for C;H;,N,O,: C, 62.93; H,
4.93; N, 9.78. Found: C, 62.52; H, 5.01; N, 9.56. In a sim-
ilar fashion, optically active 7 was prepared starting with
optically active phenylalanine methyl ester. N-(Nicotinic
acid-N-oxidyl)-L-phenylalanine (L-7): [o]p=—615°
(c 0.4, DMSO). N-(Nicotinic acid-N-oxidyl)-D-phenyl-
alanine (D-7): [0],=+69.8° (c 1, DMSO).

2-(2-Pyridine-N-oxidyl)hydrocinnamic acid meth-
vl ester (17). A mixture of 2-(2-pyridyl)hydrocinnamic
acid methyl ester (0.8 g, 3.3 mmol) and 30% hydrogen
peroxide (0.7 g, 5.6 mmol) in acetic acid (10 mL) was heat-
ed at 60 °C for 24 h. Acetic acid was removed in vacuo
and the residue was diluted with ethyl acetate (20 mL),
washed with 3 N HCl (10 mL X 2) and brine (10 mL X 2)
then dried (MgSO,) and evaporated in vacuo to give the pro-
duct as a yellow oil (230 mg, 30%). IR (neat) 1730, 1480,
1420, 1200-1250 cm™'; '"H NMR (CDCl;) & 3.34-3.50 (m,
2H), 3.70 (s, 3H), 4.43 (t, J=7.6 Hz, 1H), 7.11-7.47 (m, 8H),
8.34 (d, J=5.9 Hz, 1H).

2-(2-Pyridine- N-oxidyl)hydrocinnamic acid (9).
A mixture of 17 (0.22 g, 0.85 mmol) and 1 N NaOH (2
mL) in methanol (10 mL) was heated at 60 °C for 1 h, then
acidified with 3 N HCl to pH of 1. The resulting mixture
was extracted with ethyl acetate (20 mL X 3), washed with
brine (20 mL x 2), dried (MgSO,) and evaporated in vacuo
and the crude product was recrystallized from a mixture of
ethyl acetate and methanol (9:1 by vol) to give the product
as a white solid (0.14 g, 70%). mp 142-144 °C; 'H NMR
(DMSO-dy) 6 3.23-331 (m, 2H), 4.30 (t, J=6.8 Hz, 1H),
6.83-7.29 (m, 8H), 8.23 (d, J=6.3 Hz, 1H); “C NMR
(DMSO-d¢) & 34, 49.2, 111.5, 126, 127, 128, 129, 129.5,
140, 149.5, 173; Anal. Caled for C,;H;sNO;: C, 69.10; H,
5.39; N, 5.76. Found: C, 68.80; H, 5.69; N, 5.48.

2-(2-Pyridy)hydrocinnamic acid hydrochloride
(10) was prepared from 2-(2-pyridyDhydrocinnamic acid
methyl ester in a fashion that used for the preparation of 2.
'H NMR (D,0) 8 3.46-3.60 (m, 2H), 4.38 (m, 1H), 7.0-7.2
(m, 5H), 7.76-7.85 (m, 2H), 8.32 (t, /=8.0 Hz, 1H), 8.48 (d,
J=6.0 Hz, 1H).

Results and Discussion

Compounds 1, 3, 4, 6, 7, and 9 were designed as po-
tential competitive inhibitors for carboxypeptidase A. The ra-
tionale for designing them as CPA inhibitors is illustrated in
Figure 1. As substrate analogs,’ the carboxylate in these in-
hibitors would form hydrogen bonds with the guanidinium
moiety of Arg-145 and the benzyl group anchors in the pri-
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primary substrate
recognition pocket

Figure 1. Schematic representation of binding of N-oxide con-
taining inhibitors to the active site of CPA.

mary substrate recognition pocket. Then the oxygen of the
nitrone would be rested at a position proximal to the active
site zinc ion, thereby to form a coordinative bond with the
metal ion.

Nitrone derivatives thus designed as inhibitors for CPA
were synthesized by oxidation of the corresponding secon-
dary amine with hydrogen peroxide in the presence of a ca-
talytic amount of sodium tungstate'® as shown in Scheme 1.
In the oxidation of 12, regioisomers 13 and 14 were ob-
tained in a nearly equal ratio, and these isomers were
separated easily by column chromatography (Scheme 2).
Differentiation of 13 from 14 was possible on the basis of
"H NMR signals of two ortho hydrogens in the phenyl ring
next to the carbon-nitrogen bond: The resonance signals in
13 appeared at 8 8.2 ppm, whereas the corresponding pro-
tons in 14 gives the signals at § 7.2-7.4 ppm. Inhibitors 6
and 7 were prepared from picolinic acid N-oxide or ni-
cotinic acid N-oxide with phenylalanine methyl ester under
the standard peptide coupling conditions and subsequent hy-
drolysis (Scheme 3). Compound 9 was synthesized by ox-
idation of 2-(2-pyridyl)hydrocinnamic acid methyl ester us-
ing hydrogen peroxide and acetic acid followed by base hy-
drolysis (Scheme 4). Aldonitrones such as those synthesized
in this study are known to exist in the thermodynamically
more stable trans-form."!
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Scheme 1. Reagents, conditions and yields: (a) Na,WO, (5

mol%), 30% H,0,, MeOH, r.t. 8 h, 30%; (b) 0.1 N LiOH, THF/
MeOH/H,0 (3/1/1), 1.t. 1 b, 21%.
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Scheme 2. Reagents, conditions and yields: (a) Na,WO, (5§
mol%), 30% H,0,, MeOH, r.t. 8 h, (13:14=29%, 35%); (b) 0.1
N LiOH, THF/MeOH/H,0 (3/1/1), r.t. 1 h, 30%.
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Scheme 3. Reagents, conditions and yields: (a) L-Phe-OCH;-
HCl, DCC, HOBt, NEM, THF, 28 h, 52%. (b) 1 N NaOH,
MeOH, 50 °C, 95%.

Indeed, they were shown to be competitive inhibitors for
CPA as were demonstrated by their Dixon plots, for which
Figure 2 is a typical example. The inhibitory constant (K))
of each inhibitor was determined from the respective Dixon
plot and is listed in Table 1. In the Dixon plot, [I],
represents the concentration of inhibitor and v, represents in-
itial velocity, monitored spectrophotometrically at 320 nm,
of the CPA catalyzed hydrolysis of O-(trans-p-chlorocinn-
amoyl)-L-B-phenyllactate (substrate) in the presence of each
inhibitor in a solution of pH 7.5 Tris buffer at 25 °C.

Inhibitor 1 is a potent inhibitor of CPA, potency of which
ts 12 times that of the corresponding secondary amine 2. In-
hibitor 3 also exhibits much more potent binding affinity to-
wards the enzyme than its parent compound 5, extent of
which is almost the same as 1 is over 2. These observations

Ph
N —_—
| x CO,CH;s
#
l Ph
N
| > COH
#Z Hal
10 9

Scheme 4. Reagents, conditions and yields: (a) 30% H,0,,
AcOH, 60 °C, 24 h, 30%; (b) 1 N NaOH, MeOH, 50 °C, 1 h,
70%.
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. M

Figure 2. Dixon plot for the inhibition of CPA catalyzed hy-
drolysis of O-(trans-p-chlorocinnamoyl)-L-B-phenyl-lactate
(substrate) by L-1 at [CPA),=6.9x 10"° M.

strongly suggest that the oxygen of nitrone in these in-
hibitors is capable of coordinating to the active site zinc ion.
Futhermore, the finding that 3 is more potent than 2 sug-
gests that the nitrone in the enzyme bound 3 is more fa-
vorably positioned for coordination to the active site zinc
ion than that in 2. In the case of 4, however, the enhance-
ment of the binding affinity is much reduced, which may be
a consequence of the unfavorable orientation of the nitrone
oxygen for its coordination to the zinc ion due to the
azomethine double bond. In contrast to 1 and 3, inhibitors
containing the pyridine N-oxide (6, 7, and 9) showed only
marginal enhancement in binding to the enzyme compared
with the respective pyridine parent compound. It appears
that the N-oxide oxygen is not properly rested for it to coor-
dinate to the active site zinc ion upon binding to CPA by
virtue of bulkiness of the pyridine ring. The S, subsite

Table 1. Inhibition constants of Inhibitors

Inhibitor K, (10°* M)
1 2.60
L-1 111
D-1 NI
2 31
3 1.49
4 9.30
5 16.9
6 4.70
7 5.06
L7 2.53
D-7 NI
8 7.40
9 2.70
10 5.95

*NI=No Inhibition was detected up to the conc. of 5x10°* M. *
N-(2-pyridylcarbonyl)phenylalanine: Suh, J.; Lee, S. H.; Uh, J. Y.
Bioorg. Med. Chem. Lett. 1995, 5, 585-588.
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which should accommodate the pyridine ring when these in-
hibitors bind the enzyme may accept the aromatic ring but
the pyridine N-oxide cannot be fitted in properly with its N-
oxide being directed to the zinc ion for coordination. To see
the effect of stereochemistry at the a-carbon of inhibitors,
optically active 1 and 7 were prepared and their binding
constants were determined (Table 1) to show that the "L"
stereomers are more potent by 2 fold than the racemic form.
It is well established that CPA shows high "L" stereospeci-
ficity for substrate.>'> In consistent with the substrate stereo-
specificity, the inhibitory activity of these compounds rest
primarily on the L-isomers.

Conclusion

Numerous analogs of substrate for CPA have been
known to exhibit competitive inhibitory activity toward the
enzyme: 2-benzylsuccinic acid® and 2-benzyl-3-mercapto-
propanoic acid” are the representative examples. Recently,
we have reported that imidazole can be a viable zinc li-
gating group, producing potent inhibitors for CPA upon in-
corporating it into substrate basic skeleton.” In the present
study we report another new type of substrate analog in-
hibitors for CPA containing nitrone group. The design pro-
tocol developed in this study may be useful in designing in-
hibitors of medicinally interesting zinc containing proteases
such as angiotensin converting enzyme and matrix metal-
loproteases, generating inhibitors of therapeutic applications.
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