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Inhibition of Carboxypeptidase A with B-Lactone-bearing Phenylalanine.
Design, Synthesis, and Stereochemistry-dependent Inhibition Mode
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(351'9-3-(1'-Carboxy-2'-phenyl)ethylamino-2-oxetangha) and(3R,1'S)-3-(1'-carboxy-2'-phenyl)ethylamino-2-
oxetanonglb) were designed, synthesized, and evaluated as inhibitors for carboxypeptidase A, a prototypical
zinc protease that removes the C-terminal amino acid having an aromatic side chain from oligopeptide
substrate. It was concluded from the analysis of inhibition kinetics that Yehiteictivates CPA irreversibly,

its diastereoisometb is a weak competitive inhibitor for CPA. A possible explanation for the observed
difference in inhibition mode that is dependent on the inhibitor stereochemistry is offered.

Keywords : Inhibition stereochemistry, Inhibitor design stratggpy,actone, Carboxypeptidase A.

Introduction coordinative bond so that the lactone ring may become
further activated for the ring cleavage reaction with the
Zinc proteases have received an increasing attention icarboxylate nucleophile present at the active site. Such a
recent years as the roles that these enzymes play meaction would result in tetheririgto CPA with concurrent
physiological processes and pathological conditions becomeng cleavage of the heterocycle. This covalent modification
unraveled. Inhibitors of certain zinc proteases such asf the enzyme would impair the catalytic activity of CPA
angiotensin converting enzyme and matrix metalloproteasgsermanently. In this study we have restricted the inhibitor
are valuable therapeutic agents useful for the treatment dfaving the §-configuration at the 1' position since tt&- (
heart diseases, malignant tumors and arthiftieese enzymes, stereochemistry corresponds to the stereochemistry of
are characterized by having at the active site a zinc ion that 8ibstratei.e., theL-series.
essential for the catalytic activity. Of these enzymes,
carboxypeptidase A (CPA) isolated from the pancreas is th
most extensively studied and serves as a prototypical enzyn O— Ph o Ph
for the zinc proteasésCPA has been used as a model é_'\ ,( &1 ,(
enzyme for developing inhibitor design strategies that ma COH o ﬁ CO-H
be useful for designing inhibitors of zinc proteases of

medicinal interest. The enzyme removes the C-terming 1a 1b
amino acid having an aromatic side chain from oligopeptide Structures

and esters structurally reminiscent to the peptide substrates.

The zinc ion at the active site of CPA is coordinated to His- Results

69, His-196, Glu-72, and a water molecule as the fourth
ligand? The water molecule is loosely bound and directly Chemistry. Both the carboxylate and hydroxyl groups in
involved in the hydrolysis of peptide substrate. At the activgR)-2-bromo-3-hydroxypropanoic aci@d) that was prepared
site of CPA there is present a carboxylate of Glu-270, whictby the literature methddwere protected to giv8a. The
functions as a general base, activating the zinc bound watéatter compoungvas then allowed to react witkphenylalanine
molecule for nucleophilic attack on the scissile peptide bondbenzyl ester in the presence of sodium bicarbonate under
of substrat&*® It has been known that in the hydrolysis of reflux conditions to obtain a mixture ofa and its
ester substrate the Glu-270 carboxylate attacks directly odiastereomer4p) in the ratio of 5:1. The mixture was
the carbonyl carbon to generate an anhydride intermédiateseparated by column chromatograpihe minor product
In binding the substrate to CPA, the C-terminal carboxylat€4b) was shown to be the diastereocisomefahaving the
forms a hydrogen bond with the guanidinium moiety of Arg- (2S4R)-configuration. Intermediateda could also be
145 and the aromatic ring in the¢ Fesidue is accommodated prepared by the reductive amination of phenylpyruvic acid
in a hydrophobic pocket (the primary substrate recognitiorwith O-tert-butyl L-serine tert-butyl estet followed by
pocket) at the active site. esterification with benzyl bromide, but in a lower yield. It
We have designed compoufidas a potential irreversible appears tha#ltb is formed from $-2 generated in the
inactivator for CPA. It is expected that upon bindind. ¢ preparation of2a from D-Sef* and present irRa as an
CPA, the carbonyl oxygen of the lactone ring would rest inimpurity. The amino group ida was protected with ChzCl
the close vicinity to the active site zinc ion to form ain the presence of 2,6-lutidine in dichloromethane to obtain
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Scheme 1 (a) HSQ,, MgSQ, BuOH, CHCl; (b) L-Phe-  known to bind CPA at the active site (substrate, IHRke;
OBNHCI, NaHCQ, CH,CN, rt to reflux; (c) CbzCl, 2,6-lutidine, [S]=250 uM; [E]=1.3 uM; Tris buffer of pH 7.5; temperature, 25
THF; (d) TFA, CHCL,, rt to 30°C; (€) PhP, DMAD, THF, -78°C ~ °C)

to rt; (f) Hy, Pd/C, MeOH.

different concentrations of the inhibitor gave straight lines

5ain 85% yield® Bothtert-butyl groups irbawere removed when CPA was treated witha (Figure 1a), suggesting that
by the treatment of trifluoroacetic acid in dichloromethane tathe inhibition occurs in an irreversible fashion. The inactivated
afford 6a which was then cyclized to givia in 45% yield  CPA by la failed to gain its enzymic activity upon dialysis
under the modified Mistunobu conditions as reported byagainst the assay medium for 2 days, supporting the
Arnold et al'® The hydrogenolysis ofa gave the target irreversible nature of the inhibition.
moleculela The synthesis afb was accomplished by the  Kinetic parameters for the irreversible inhibitidt, and
same sequences of reactions as those used for the preparatign: were estimated from the double reciprocal plokdgf
of la starting with §)-2-bromo-3-hydroxypropanoic acid versusinhibitor concentration according to the method of
(2b). Kitz and Wilsort* as exemplified by Figure 1b, and are listed

Inhibition Assay. The inhibitors thus synthesized were in Table 1. A protection of the CPA inhibition ya was
assayed for their inhibitory activities against CPA. Theobserved when CPA was preincubated with 2-benzylsuccinic
enzyme was incubated with excess inhibitor, and the loss afcid, a known active site directed competitive inhibitor of
enzymic activity was followed by withdrawing aliquots at CPA!? indicating that the inactivation takes place at the
30 min intervals and assayed for the remaining activity byactive site of the enzyme (Figure 2).
measuring the rate of the CPA catalyzed hydrolysis of the On the other hand,b failed to show the time dependent
chromophoric substrate, hippunyphenylalanine (Hip-Phe)  loss of the enzymic activity, indicating thHb is devoid of
at 25°C in Tris buffer (0.05 M) of pH 7.5. Semi-logarithmic the CPA inactivating property. It, however, inhibited the
plot of the activity remainingversusincubation time at enzyme competitively with th&; value of 246.5uM as
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Figure 1. (a) Loss of enzymic activity of CPA as a function of time of the incubation of CPAleaihdifferent concentrations (substrate,
Hip-L-Phe; [S]=25QM; [E]=1.3 uM; Tris buffer of pH 7.5; temperature, 26); (b) The double reciprocal plot &f,s versusconcentration
of 1a, [l]o for the inactivation of CPA witha.
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Figure 3. The Dixon plot for the reversible inhibition of CPA witta (a) andlb (b) (substrate, Hipp-Phe; Tris buffer of pH 7.5;

temperature, 2%C)

Table 1 Kinetic parameters for the inactivation of CPA by lactone that impair the enzymic activity of CPA by covalently

derivatives
s kinact KI kinaclKI Ki
Inhibitor i) MM)  (MImin®) (M)
la 0.009%0.0007 1.&0.09 6.30.4 16.21.1
1b NI 2 246.5:29.2

aNI means no irreversible inhibition.

determined by the Dixon plot (Figure 3b and Tabl& 1).

Discussion

modifying the catalytically essential nucleophile of the Glu-
270 carboxylate may be obtained by incorporating a latent
electrophile into a molecular scaffold reminiscence to the
Py’ residue of CPA substraté? Small heterocycles having
high ring strain energy such as oxirdhehiirane!® 3-
oxoisoxazolidin€’ have been served effectively as the
latent electrophile. 2-Oxetanone is a much studied heterocycle
having a high ring strain energy and susceptible to ring
cleavage reaction by a variety of nucleophifeghus, the
compounds derived by tethering 2-oxetanone to Phe that is
most frequently found,Presidue in the substrate of CPA are
anticipated to yield a highly potent inactivating activity for

We and others have demonstrated that inactivators of CP&PA. This strategy has not been explored previously for the
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Figure 4. A proposed inactivation mechanism of CPAllay

H
O N te,
NH; - Glu”Q_\/N 7= ", H

Yy,
F ”’"l,
O”"n + e 145
"":,N))\N,Arg
H, H
2n2+
~ \\

R O, NH;
»R """:,,+))\ LArg'®
s 3o
Zn?

AN



Inhibition of Carboxypeptidase A Bull. Korean Chem. 8661, Vol. 22, No. 11 1239

design of irreversible inhibitors for zinc proteases. Theis not properly aligned with respect to the carboxylate
stereochemistry associated with inactivation of proteasesyucleophile for the @ type ring cleavage reactiéh.
CPA in particularhas been the subject of our long lasting In conclusion, we have demonstrated that the 2-oxetanone
interest!® and in this study we are interested in examiningring is a viable latent electrophile that can be used in the
the stereochemistry associated with the inhibition of CPA bydesign of irreversible inhibitor for CPA and the inactivation
the novel type of inhibitors. Accordingly, inhibitotkaand  reaction leading to covalent modification of the Glu-270
1bin a diastereoisomeric relationship were synthesized.  carboxylate occurs in a stereospecific fashion that only the
The kinetic analysis for the inhibition of CPA by the inhibitor having the $,§-configuration is effective. The
inhibitors showed thatla is an effective irreversible design strategy reported here may find applications in
inactivator for the enzyme with thg../K, value (the second designing inhibitors of other zinc proteases, should one be
order inhibitory rate constant) of 6.3 + 0.4 Mmin™. Its able to modify judiciously the molecule so that it can bind
diastereoisometb failed to inactivate the enzyme but is a the active site of the target enzyme and the lactone carbonyl
weak reversible inhibitor for the enzyme. A possible achieves coordination with the active site zinc.
mechanism for the inactivation of CPA g is depicted in
Figure 4. Expectedly, the carboxylate @& forms a Experimental Section
hydrogen bond with the guanidinium moiety of Arg-145 and
the benzene ring anchors in the Sibsite pocket. This All chemicals were of reagent grade obtained from Aldrich
binding mode would place thlactone ring in the vicinity Chemical Co. and solvents were purified before use. Flash
of the zinc ion and there may form a coordinative bondchromatography was performed on silica gel 60 (230-400
between the carbonyl oxygen of tadactone and the zinc mesh) and thin layer chromatography (TLC) was carried out
ion, resulting in the activation of the heterocycle for theon silica coated glass sheets (Merck silica gel 60 F-254). All
electrophilic reaction with the carboxylate of Glu-270, themelting points were determined on a Thomas-Hoover
catalytically essential nucleophile present at the activé’site. capillary melting point apparatus and were not correéked.
2-Oxetanone ring is known to undergo a ring cleavageNMR and*C NMR spectra were measured on a Bruker AM
reaction by the nucleophilic attack at either the C-2 or C-4300 (300 MHz) instrument using tetramethylsilane as the
position of the ring* Accordingly, there are two possible internal standard. IR spectra were recorded on a Bruker
routes,i.e., a andb for the cleavage of th&lactone ring by  Equinox 55 FT-IR spectrometer. Optical rotations were
the carboxylate in the inactivation of CPAbg In reaction  measured on a Rudolp Research Autopol Il digital polarimeter.
patha that involves the & type nucleophilic attack at the Mass spectra and elemental analyses were performed at
C-4 position of the ring, the carboxylate nucleophile isCentral Machine and Facilities Shop, Pohang University of
required to approach the electrophilic center in the directiorscience and Technology, Pohang, Korea. High resolution
of 180 to the scissile CO bond. On the other hand, itmass spectra were performed by Mass Spectrometry
reaction pathb, the ring cleavage reaction occurs by the Analysis Team, Korea Basic Science Institute, Taegu, Korea.
nucleophilic addition and elimination mechanism. It has (R)-2-Bromo-3-tert-butoxy)propanoic acidtert-butyl ester
been known that such a reaction does not require thga). Concentrated sulfuric acid (2.7 mL, 50 mmol) was
stringent directionality for the attacking nucleopkfi@his  added to a vigorously stirred suspension of anhydrous
has been demonstrated in the inactivation of CPAaby magnesium sulfate (47.8 g, 0.4 mol) in 400 mL of,Chi
benzyl-2-oxo-1,3-oxazolidine-4-carboxylic aéfdin this case  and the mixture was stirred for 15 min. To this solutig, (
all four diastereoisomers of the inhibitor were effective 2-bromo-3-hydroxypropanoic aci@d)’ (8.45 g, 50 mmol)
irreversible inactivators for CPAOn the basis of the foregoing was added and stirring was continued for 15 min followed
discussion on the stereochemistry in the inactivation of CPAhy addition oftert-butanol (95.6 mL, 0.5 mol). The flask
it may be concluded that the present covalent modificatiortontaining the mixture was stoppered tightly and stirred for
reaction takes more likelia patha, the Glu-270 carboxylate 36 h at room temperature. The reaction mixture was then
attacking at the 4-position of the 2-oxetanone moietiain  quenched with 200 mL of saturated sodium bicarbonate
The lack of CPA inactivation activity shown iy may be  solution and the stirring was continued until all magnesium
explained on the following ground: 1b would bind to the  sulfate was dissolved. The organic phase was separated,
enzyme in the way that its diastereoisorfarbinds, the washed with water, and brine, dried over MgS@nd
electrophilic center (the C-4) in ti®oxetanone ring would concentrated to afford the crude product which was purified
not rest at the position amenable for the Sype ring by column chromatography (yellowish oil, 11.9 g, 85%).
opening reaction to take place with the Glu-270 carboxylate[a]3 =+3.9° (c 1.3, CHC4); *H NMR 300 MHz (CDC}) &
In this regard, it is worth noting the report of Kehal who 1.45 (s, 9H), 1.44 (s, 9H), 3.59-3.63 (m, 1H), 3.80 &,9.0
showed that 2-benzyl-3,4-epoxybutanoic acid is a highlyHz, 1H), 4.07-4.12 (m, 1H}?C-NMR 300 MHz (CDQJ) &
stereospecific CPA inactivator with the stereocisomer havin@®7.8, 28.1, 44.9, 64.0, 74.4, 82.6, 168.2.
the (R 39-configuration being effectivi:?* They rationalized (9-2-Bromo-3-(ert-butoxy)propanoic acidtert-butyl ester
the lack of inactivation property shown by its diasterecisome(3b). This compound was obtained as a yellowish oil in 80%
with the proposition that in the CPA-inhibitor complex the yield by the same procedure described above starting with
C,-O bond in the inhibitor bearing theR3R)-configuration  (§-2-bromo-3-hydroxypropanoic aci@l). [a]s =-4.0° (c
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1.0, CHCY). silica gel to giveda (colorless oil, 3.83 g, 28%) antt
(2549)- and (2S4R)-2-Benzyl-5tert-butoxy-4-tert-butoxy- (colorless oil, 3.42 g, 25%3a [a]s =-9.0° (c 1.0, CHCH);
carbonyl-3-azapentanoic acid benzyl ester (4a and 4b) EI-MS m/z455 (M"); *H NMR 300 MHz (CDC{) 8 1.12 (s,
To a solution of.-phenylalanine benzyl ester hydrochloride 9H), 1.40 (s, 9H), 3.00 (d,= 6.6 Hz, 2H), 3.32 (tJ=5.3
salt (10.2 g, 35.0 mmol) in 80 mL of acetonilrile was addedHz, 1H), 3.44-3.54 (m, 2H), 3.74 &= 7.1 Hz, 1H), 5.05 (s,
8.82 g (105.0 mmol) of NaHGOAfter stirring for 1 h3a  2H), 7.15-7.37 (m, 10H)**C-NMR 300 MHz (CDCJ) &
(10.6 g, 37.8 mmol) was added dropwise to the mixture an@2.8, 28.5, 40.3, 60.9, 61.7, 63.8, 66.8, 73.4, 81.5, 126.3,
stirred at room temperature for 1 day, then under reflux for 127.1, 128.6, 128.9, 129.0, 129.7, 136.0, 137.4, 172.2,
day. The reaction mixture was cooled and filtered throughl74.1.4c: [a]y = -5.0° (¢ 1.0, CHC}); EI-MS m/z 455
Celite and the filtrate was concentratéd vacuo The  (M*); 'H NMR 300 MHz (CDCJ) & 1.12 (s, 9H), 1.43 (s,
residue was dissolved in ethyl acetate and the solution w&H), 2.97 (dJ = 6.2 Hz, 2H), 3.25 (t) = 4.8 Hz, 1H), 3.47
washed with water and brine, dried over Mgs@nd (d,J=4.8 Hz, 2H), 3.74 (1) = 6.7 Hz, 1H), 5.07 (d] = 4.1
evaporated under reduced pressure. The residue was purifiet, 2H), 7.18-7.31 (m, 10HY*C-NMR 300 MHz (CDCJ) &
by column chromatography on silica gel to giva  27.7, 28.5, 40.2, 60.9, 61.2, 61.9, 63.6, 66.9, 73.3, 81.5,
(colorless oil, 11.3 g, 70.8%) add (colorless oil, 2.26 g, 126.9, 127.1, 128.6, 128.7, 128.8, 129.8, 136.1, 137.9,
14.2%).4a: [a]y =-9.0° (c 1.0, CHC}); EI-MS m/z455  172.3,174.2.
(M%); FAB HRMS calcd for @HzsNOs (MH™) 456.2750, (2S,45)-N-Benzyloxycarbonyl-2-benzyl-Sert-butoxy-4-tert-
found 456.2755'H NMR 300 MHz (CDCY) 8 1.12 (s, 9H),  butoxycarbonyl-3-azapentanoic acid benzyl ester (5a)o
1.40 (s, 9H), 3.00 (d) = 6.6 Hz, 2H), 3.32 (tJ =5.3 Hz, an ice chilled THF solution (30 mL) afa (8.66 g, 19.0
1H), 3.44-3.54 (m, 2H), 3.74 (8,=7.1 Hz, 1H), 5.05 (s, mmol) and 2,6-lutidine (4.2 mL, 36.1 mmol) was added
2H), 7.15-7.37 (m, 10H)*C-NMR 300 MHz (CDCJ) & dropwise benzyl chloroformate (3.8 mL, 26.6 mmol). The
22.8, 28.5, 40.3, 60.9, 61.7, 63.8, 66.8, 73.4, 81.5, 126.3eaction mixture was stirred for 48 h at room temperature
127.1, 128.6, 128.9, 129.0, 129.7, 136.0, 137.4, 172.2hen evaporated under reduced pressure. The resulting
174.1.4b: [a]5 =+4.9 (c 1.0, CHC}); EI-MS m/z 455  mixture was dissolved in ethyl acetate (50 mL), and the
(M%); FAB HRMS calcd for @HzsNOs (MH™) 456.2750, solution was washed with 2 N HCI, water and brine and
found 456.2763*H NMR 300 MHz (CDCY) 8 1.12 (s, 9H),  evaporatedn vacuo The residue was purified by column
1.43 (s, 9H), 2.97 (d] = 6.2 Hz, 2H), 3.25 (tJ=4.8 Hz,  chromatography on silica gel to giéa as a colorless oil
1H), 3.47 (dJ = 4.8 Hz, 2H), 3.74 () = 6.7 Hz, 1H), 5.07 (9.5 g, 85%)[a]5 =-78.5 (c 2.0, CHC}); IR (neat) 1720,
(d, J=4.1 Hz, 2H), 7.18-7.31 (m, 10H}’C-NMR 300 1684 cm®; EI-MS m/z 589 (M"); FAB HRMS calcd for
MHz (CDCk) 6 27.7, 28.5, 40.2, 60.9, 61.2, 61.9, 63.6, 66.9,C3sH4NO; (MH*) 590.3118, found 590.312% NMR 300
73.3, 81.5, 126.9, 127.1, 128.6, 128.7, 128.8, 129.8, 136.MHz (CDCk) 6 0.99 (d,J = 15.0 Hz, 9H), 1.33 (dJ=6.5
137.9, 172.3, 174.2. Hz, 9H), 3.11-3.18 (m, 2H), 3.27-3.37 (m, 2H), 4.46-4.54
(2S, 4R)-2 -Benzyl -5tert-butoxy-4-tert-butoxycarbonyl- (m, 1H), 4.80 (tJ = 7.6 Hz, 1H), 4.89-5.27 (m, 4H), 7.13-
3-azapentanoic acid benzyl ester (4bJhis compound was  7.35 (m, 15H);*C-NMR 300 MHz (CDCJ) & 27.7, 28.2,
obtained as the major product (73% yield) fr8mby the  36.6, 37.7, 59.1, 60.4, 67.2, 67.9, 73.6, 81.9, 82.0, 127.1,

same procedure as that used for the preparatida of 128.4, 128.5, 128.6, 128.8, 130.0, 130.1, 135.9, 138.3,
(2549)- and (R,49)-2-Benzyl-5tert-butoxy-4-tert-butoxy- 138.5, 155.6, 169.2, 170.0, 172.8.
carbonyl-3-azapentanoic acid benzyl ester (4a and 4& (2S,4R)-N-Benzyloxycarbonyl-2-benzyl-Btert-butoxy-4-tert-

solution of O-tert-butyl L-serinetert-butyl estet® (6.52 g,  butoxycarbonyl-3-azapentanoic acid benzyl ester (5b)
30.0 mmol), phenylpyruvic acid (5.91 g, 36.0 mmol), andThis compound was prepared as a colorless oil in 81% yield
4.92 g (60.0 mmol) of anhydrous NaOAc in 750 mL of from 4b by the same procedure as that used for the
absolute ethanol was cooled under stirring in an ice-water tpreparation oba. [a]5 =-4.1° (c 1.2, CHC}); IR (neat)
which was added slowly NaBBN (3.77 g, 60.0 mmol) in 1800, 1725 cnt; EI-MS m/z589 (M"); FAB HRMS calcd

75 mL of EtOH. The reaction mixture was stirred for 1 h at Ofor CzsHasNO7 (MH*) 590.3118, found 590.31284 NMR

°C, then at room temperature for 48 h. The solvent waS800 MHz (CDC$) & 1.01 (d,J = 14.0 Hz, 9H), 1.43 (d,
evaporated under reduced pressure and the residue was 6.0 Hz, 9H), 2.76-2.92 (m, 2H), 3.29-3.40 (m, 2H), 4.50-
suspended in anhydrous MeOH (200 mL),@% (7.17 g, 4.54 (m, 1H), 4.82 () = 7.6 Hz, 1H), 4.89-5.27 (m, 4H),
22.0 mmol) was added to the mixture and stirred for 30 min7.13-7.35 (m, 15H)**C-NMR 300 MHz (CDCJ) & 27.7,
then concentrated under reduced pressure. The residue w28.8, 36.6, 38.9, 59.1, 60.4, 67.2, 67.9, 73.6, 81.9, 82.0,
suspended in DMF (200 mL). To the mixture was addedl27.1, 128.4, 128.5, 128.6, 128.8, 130.0, 130.1, 135.9,
dropwise benzylbromide (2.3 mL, 20.0 mmol) and stirred138.3, 138.5, 155.6, 169.2, 170.0, 173.9.

for 12 h. The reaction mixture was diluted with water (300 (2S, 4S)-N - Benzyloxycarbonyl-2-benzyl-4-carboxy-5-
mL) and extracted with ethyl acetate 200 mL). The hydroxy-3-azapentanoic acid benzyl ester (62l solution of
combined extracts were washed with water and brine, drieBa (6.7 g, 11.4 mmol) and trifluoroacetic acid (10 mL)
over MgSQ, and evaporated under reduced pressure. Thdissolved in CHCIl, (100 mL) was stirred for 1 h at room
residue (a mixture of two diastereomers) was separated intemperature then 3 h at 30. Evaporation of the solvent
the R,9- and §,3-isomers by column chromatography on and excess trifluoroacetic acid yield&gh which was
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purified by column chromatograpl(yellowish resin, 3.32 g, 136.2,168.0, 170.1, 171.5.
61%).[a]s =-19.C° (c 1.0, MeOH); IR (neat) 3400, 1730,  (3S1'S)-3-(1'-Carboxy-2-phenyl)ethylamino-2-oxetanone
1720 cm?; EI-MS m/z 477 (M); FAB HRMS calcd for  (1a). To a methanol solution (20 mL) containiiig (1.5 g,
CoH26NO;7 (MH™Y) 478.1866, found 478.187 NMR 300  3.26 mmol) and a catalytic amount of Pd/C was stirred for 3
MHz (CDCbk) 6 3.11-3.18 (m, 2H), 3.27-3.37 (m, 2H), 4.46- h at room temperature. The product was precipitated out as
4.54 (m, 1H), 4.80 () = 7.6 Hz, 1H), 4.89-5.27 (m, 4H), the reaction proceeded. After completion of the reaction, the
7.13-7.35 (m, 15H)*C-NMR 300 MHz (CDCJ) & 36.6,  reaction mixture was heated at%Dto dissolve the product.
37.7,59.1, 60.4, 73.6, 81.9, 82.0, 127.1, 128.4, 128.5, 128.6he hot solution was filtered and the filter residue was
128.8, 130.0, 130.1, 135.9, 138.3, 138.5, 155.6, 169.2yvashed with hot MeOH. The combined filtrates were
172.9, 178.0. evaporated under reduced pressure to @avevhich was

(2S,4R) -N -Benzyloxycarbonyl-2-benzyl-4-carboxy-5-  recrystallized from MeOH (white solid, 0.65 g, 85%). mp =
hydroxy-3-azapentanoic acid benzyl ester (6b)This 178-180°C (dec.);[a]? =20.C° (c 0.5, DMSO)iR (KBr)
compound was obtained as a yellowish resin in 80% yiel@®200, 1800, 1740 ¢t EI-MS m/z235 (M"); *H NMR 300
from 5b by the same procedure as that used for the preparatidiHz (DMSO-d6) 6 2.89-3.06 (m, 1H), 3.37 (td] = 5.4,
of 6a. [a]3 =-10.0° (c 1.0, MeOH); IR (neat) 3400, 1735, 14.7 Hz, 1H), 3.88-3.95 (m, 1H), 4.00-4.04 (m, 1H), 4.83-
1719 cm?; EI-MS m/z 477 (M); FAB HRMS calcd for  4.89 (m, 2H), 7.01-7.30 (m, 5H}*C-NMR 300 MHz
CoH2eNO; (MH*) 478.1866, found 478.1878:4 NMR 300  (DMSO-d6)3 38.0, 36.5, 60.3, 61.6, 64.4, 64.5, 65.5, 68.3,
MHz (CDCk) 6 2.76-2.92 (m, 2H), 3.29-3.40 (m, 2H), 4.50- 127.7, 128.9, 129.2, 135.4, 135.9, 136.2, 170.1, 174.5. Anal.
4.54 (m, 1H), 4.82 (1) = 7.6 Hz, 1H), 4.89-5.27 (m, 4H), Calcd for GoH13NO4: C, 61.27; N, 5.95; H, 5.57. Found: C,
7.13-7.35 (m, 15H)**C-NMR 300 MHz (CDCJ) & 36.6, 61.53; N, 6.14; H, 5.75.
38.9, 59.1, 60.4, 67.2, 67.9, 73.6, 81.9, 82.0, 127.1, 128.4, (3R,1'S)-3-(1'-Carboxy-2'-phenyl)ethylamino-2-oxetanone
128.5, 128.6, 128.8, 130.0, 130.1, 135.9, 138.3, 138.5.lb). This compound was obtained as a white solid in 80%
155.6, 169.2, 173.9, 178.0. yield from 7b by the same procedure as that used for the

(3S1'S)-N-Benzyloxycarbonyl-3-(1'-benzyloxycarbonyl-2-  preparation ofla. mp = 182-184C (dec.);[a]5 =10.2
phenyl)ethylamino-2-oxetanone (7a) A solution of  (c 1.0, DMSO); IR (KBr) 3300, 1805, 1740 GhEI-MS m/z
triphenylphosphine (2.39 g, 9.1 mmol) in anhydrous THF235 (M"); 'H NMR 300 MHz (DMSO-d6) 2.90-3.20 (m,
(30 mL) was stirred for 15 min at 7€. Dimethyl 2H), 3.90-3.92 (m, 1H), 4.02-4.04 (m, 1H), 4.81-4.83 (m,
azocarboxylate (40% solution in toluene, 3.44 g, 9.4 mmolRH), 7.15-7.35 (m, 5H}**C-NMR 300 MHz (DMSO-d6)»
was added dropwise to the mixture over 30 min and th&6.5, 36.8, 60.1, 60.6, 63.3, 64.1, 65.3, 66.5, 68.0, 127.7,
stirring was continued for 30 min, at which time was addedl28.7, 129.1, 135.6, 135.7, 136.2, 170.4, 174.1. Anal. Calcd
dropwiseba (3.0 g, 6.29 mmol) in THF (5 mL) in 20 min for Ci2H1aNO4: C, 61.27; N, 5.95; H, 5.57. Found: C, 61.45;
and the resulting mixture was continued to stir for anN, 6.15; H, 5.84.
additional 1.5 h at 78C. It was allowed to warm slowly to ~ General remarks for kinetic experiments All solutions
room temperature, and evaporategdacuo The residue was were prepared by dissolving in doubly distilled and deionized
purified by chromatography on silica gel to giva as a water. Stock assay solutions were filtered before use.
colorless oil (1.3 g, 45%Ja]> =28.4 (c 0.5, CHCH); IR Carboxypeptidase A was purchased from Sigma Chemical
(neat) 1805, 1720 c EI-MS m/z459 (M"); FAB HRMS  Co. (Allan form, twice crystallized from bovine pancrease,
calcd for GH26NOs (MH™Y) 460.1760, found 460.176%4 agueous suspension in toluene) and used without further
NMR 300 MHz (CDC$) 6 2.89-3.06 (m, 1H), 3.37 (td, purification. CPA stock solutions were prepared by dissolving
J=5.4,14.7 Hz, 1H), 3.88-3.95 (m, 1H), 4.00-4.04 (m, 1H),the enzyme in 0.05 M Tris/0.5 M NaCl, pH 7.5 buffer
4.83-4.89 (m, 2H), 4.99-5.24 (m, 4H), 7.01-7.33 (m, 15H);solution. Enzyme concentrations were estimated from the
13C-NMR 300 MHz (CDCJ) 6 36.5, 36.8, 60.1, 60.6, 63.3, absorbance at 278 nm#= 64,200). Hippuryl--phenylalanine
64.1, 65.3, 66.5, 68.0, 68.9, 69.1, 127.7, 127.7, 128.7, 128.&ip-L-Phe) was purchased from Sigma Chemical Co. A
129.1, 135.5, 135.6, 135.7, 136.2, 155.0, 155.4, 170.&Rerkin-Elmer HP 8453 UV-vis spectrometer was used for
170.7. UV absorbance measurement in kinetic experiments.

(3R,1'S)-N-Benzyloxycarbonyl-3-(1'-benzyloxycarbonyl- Determination of kinact and K. Inactivation experiments
2'-phenyl)ethylamino-2-oxetanone (7b)This compound was were performed with concentrations X to be within the
obtained as a colorless oil in 40% yield fréimby the same  0.8-4.0 mM range. A solution of the inactivator obtained by
procedure as that used for the preparatior‘ifaof[0(]é5 = dissolving in a 1 : 1 mixture of DMSO and 0.05 M Tris/0.5
-2.0° (c 1.0, CHC}); IR (neat) 1810, 1740 ¢ EI-MS m/z M NacCl, pH 7.5 buffer was added to an enzyme solution in
459 (M’); FAB HRMS calcd for GH2NOs (MHT) 0.05 M Tris/0.5 M NacCl, pH 7.5 buffer to afford a final
460.1760, found 460.17644 NMR 300 MHz (CDC)) & concentration of 1.pM of CPA in 5% DMSO. The solutions
2.96-3.01 (m, 1H), 3.26-3.32 (m, 1H), 4.02-4.12 (m, 1H),were inacubated at 2&. At 30 min interval50 pL aliquots
4.68-4.72 (m, 1H), 4.82-4.86 (m, 1H), 4.98-5.20 (m, 5H),of the inactivation mixture were taken and added to g.850
7.08-7.37 (m, 15H)**C-NMR 300 MHz (CDC) & 36.5,  of the assay mixture containing fQ of 5 mM solution of
38.0, 60.3, 61.6, 64.4, 64.5, 65.5, 66.8, 68.3, 69.5, 127. Hip-L-Phe, and the increase in the absorbance at 254 nm was
128.0, 128.9, 129.2, 129.3, 129.5, 129.8, 135.4, 135.9nonitored for the first 40 sec. Semilogarithmic plots of the
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residual enzymic activityversus incubation time gave
straight lines with a slope &fys (Figure 1a). The values of
Ki andkinact Were calculated from the double reciprocal plot
of thekqpsversusconcentration of inhibitors according to the
method of Kitz-Wilson. (Figure 1.

Active site protection tesf> CPA (1.3uM) was incubated
with 2-benzylsuccinic acid (1M) for 10 min at 25C. Inhibitor
(1a) was added to the mixture to give a final inactivator
concentration of 5 mM. At 30 min intervals, B0 aliquots

of the incubation mixture were removed and added to a 9505,
pL assay mixture containing 23M of Hip-L-Phe and the 6.

remaining enzymic activity was monitored at 254 nm at 25
°C. Figure 2 was obtained from the data.

Determination of Ki. A series of assay mixtures containing
both the substrate (HipPhe, 100 and 250M) and various
concentrations of the inhibitor (in the range 15460for 1a
and 150-60QuM for 1b) were prepared in 0.05 M Tris/0.5 M
NaCl, pH 7.5 buffer. Enzyme stock solution was added to
the assay mixture to afford a final enzyme concentration of g
20 nM in a total volume of 1,004L. The initial rates of
enzymic reaction were measured immediately using a
microcomputer-interfaced UV spectrometer. Tevalues
were then estimated from the semireciprocal plot of the

initial velocity versusthe concentration of the inhibitors 10.

according to the method of Dixon (Figure'3).

Dialysis. Solutions of the inactivators (1-10 mM) and CPA 11. ! !
12. Byers, L. D.; Wolfenden, RBiochemistryl973 12, 2070.

13.

(2 pM) in 0.05 M Tris/0.5 M NacCl, pH 7.5 buffer were
incubated at 4C for 48 h. The mixture was then dialyzed

for 24 h at room temperature against 0.05 M Tris/0.5 M14

NaCl, pH 7.5 buffer. The buffer was changed every 6 hqg

After dialysis, 50uL aliquots of inactivation mixture were
removed and added to 95@L of assay mixture. The

remaining enzymic activity was monitored at 254 nm. The16.

enzyme failed to show the proteolytic activity.
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