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ABSTRACT

2-Benzyl-3-hydroxybutanoic acid(1) was prepared starting with acetoacitic ester following benzylation, reduction
using sodium dithionite and hydrolysis under alkaline condition. The inhibitory kinetic evaluation showed that 1(K;
=1074M) is potent than 2-benzyl-3-hydroxypropanoic acid(K; =6104M) as inhibitor for carboxypeptidase A,
suggesting that introducing of a methyl group at the S~position of a inhibitor with weak zinc ligating moiety such as
hydroxyl group to improve potency of inhibitor to CPA is possible.
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INTRODUCTION

Carboxypeptidase A(CPA, EC 3.4.17.1) is an exopdapt which selectively cleaves off the C-termimairem acid
residue having a hydrophobic side chain from proseibstrate[1]lt is one of much studied and well characterized
zinc proteases knowand whose X-ray crystal structure has been higfiped to 1.25 A[2]. It has been used as a
model enzyme for the development of enzyme inhildisign strategies that can be effectively appleother less
well characterized zinc proteases with medical reége such as angiotensin converting enzyme (ACE])[3
enkephalinase[6]and matrix metalloproteinases[7].

Asante-Appiah[8]reported the X-ray crystal struetof the complex of CPA with R- 2-ethyl-2-methylsinic acid,
they found that the methyl group at theoosition of the inhibitor occupies a small hydroplc cavity, which they
called it a “methyl hole” and attributed the highihibition than 2-benylsuccinic acid for it. Subsent
studies[9-12]made by Kim and co-workers indicateid hardly achievable to improve potency by thieaduction
of a methyl group at the-position of known inhibitors especially with thégh binding affinity zinc ligating
moiety.Therefore, it was thought to be of intetesknow the effect that the introduction of a metgsoup at the
B-position of a inhibitor with hydroxyl as the wealinc ligating moiety. This paper reports synthesfs
2-benzyl-3-hydroxybutanoic acid)(and its kinetic evaluation as inhibitor for CPA.

EXPERIMENTAL SECTION

Materials and instruments

The substrat@®-(trans-p-chlorocinnamoyl)k-p-phenyllactate (CI-CPL) used in the kinetic studgswprepared as
described in the literature [13].Biochemical reag@PA was purchased from Sigma Chemical Co.. Afieot
chemicals and reagents were of analytical gradd, mare used without further purification. UV absambe
measurement was detected by Perkin-Elmer HP 8453/id\épectrometer. Melting point was determinedpen
capillary tubes and was uncorrect#ttNMR and**C NMR spectra were measured on a Bruker AM 300 NB@£)
NMR spectrometer. IR spectra was obtained with alFFI730 spectro-photometer. Mass spectrometry was
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recorded on a Hewlett Pachard 1100-HPLC/MSD ins¢mim

Preparation of 2-Benzyl-3-oxo-butyric acid ethyl ester (2):

To a suspension of 0.17 g sodium in 30 ml of alesethanol,0.91g ethyl acetoacetate was droppechénwhe
sodium disppeared.After refluxed for 0.5 hour, &utson of 0.974g benzyl chloride was dropped in.efitthe
mixture was refluxed for 11 hours. The pooled migtwas filtered to remove sodium chloride and ttlieafe was
concentrated on a rotary evaporator under reducexssspre. The resulting brown oil was purified by
chromatography(PE:EA=10:1) to yield the producaa®lourless oil(1.1 g, 72%}H-NMR: (300MHz,CDC}/TMS)
d(ppm): 7.31-7.18 (m,5H,-Ph), 4.19-4.12 (q,2H, J+7QCH;-),3.82-3.77(t,1H,J=7.8,-CH-),3.18-3.14(d,2H,J=7.8,
-CH,Ph), 2.19 (s,3H,-COC#}i1.23-1.16(t,3H,J=7.1,-Ci€H,).

Preparation of 2-Benzyl-3-hydroxbutyric acid ethyl ester (3):

In a three necked 250 ml round bottom flask a smiubdf 2-benzyl-3-oxo-butyric acid ethyl ester (899 0.0042mol)
in dioxane (37.5ml) was added to water (37.5ml)taiming sodium bicarbonate (2.325g, 0.028mol) undiogen.
Sodium dithionite (1.0575g,0.006mol) was addedatibnce and the reaction mixture was stirred &t 86r 3hr.
during which time additional sodium dithionate vadded in three portions of 3g each. The reactiotturé was
cooled to room temperature and clod water was addétl solution became clear. The product wasaeted with
ether (2x25 ml) and dried over anhydrous,$&,. Solvent was removed under reduced pressure ancetiidue
chromatographed over silica gel to furnish puredpo (0.52g , 56%)'*H-NMR: (300MHz,CDCYTMS) &(ppm):
7.31-7.18 (m,5H,-Ph), 4.13- 4.01 (m,3H, -@H,-CHOH), 3.00-2.98(m, 2H,-Cifh), 2.79-2.67 (m,1H,-CH-),
1.28-1.25(m,3H,-CHCH), 1.16-1.08(m,3H,-CkCH;). *C-NMR (75 MHz,CDCYTMS) 3(ppm): 174.6, 139.1,
129.0,128.4,126.5 68.12, 60.59, 54.40,35.61, 214376.

2-Benzyl-3-hydroxybutanoic acid (1):

To a stirred solution of 80.5g, 0.0022mol) in absolute eathnol (20 ml) wddeal potassium hydroxide (0.25g,
0.0044mol) over 24 hr. at room temperature, theaperated under reduced pressure to remove thecotaffire
resultant residue was added 30 ml water and egttagith EtOAc(20mIx3) to remove unhydrosis 3. Aquedayer
acidified with 3 N HCI solution to pH 2-3 and thertracted with EtOAc(40mIx3).The organic layer wiaied over
NaSO, and evaporated under reduced pressure to give I sesidue. (0.383g, 87%). MP
126-127C (Literature[14]:128C).IR (KBr  cm?):3237,3029-2928,1704,1496,14534-NMR: (300MHz,CDCY
TMS) 8(ppm): 7.31-7.19(m,5H,-Ph), 7.31-7.18 (s, -COOH)4.08- 3.90 (m,1H, -CHOH), 3.07-2.95(m, 2H,
-CH,Ph), 2.90 -2.72 (m,1H, -CH-), 1.30-1.28 (m,3H, LHYC-NMR (75MHz, CDCYTMS) &(ppm):
179.36,138.86,128.93,126.63,68.01,54.13,35.09,2M56193[M-1].

Deter mination of K; value:
All solutions for deternination of Kalue were prepared by dissolving in double diéstiland deionized watefhe
concentration of CPA stock solutions which by digsy CPA in 0.05 mols* Tris/0.5 molsL* NaCl (pH 7.5) was

mensurated from the absorbance at 278 mpg< 64, 200 Leg'scm™). CPA stock solutions were added to a solution

containing CI-CPL (final concentrations: 50 and 1) and inhibitor (five different final concentratis in the
range of 0.5-2 K in 0.05M Tris/0.5M NacCl, pH 7.5 buffer (1-mL cure). Absorption at 320 nm was measured
promptly. The final concentration of CPA was 20 nhhe K values were estimated according to the method of
Dixon[15] and the experimental operation[16-17]eTdorrelation coefficients for the Dixon plots watgove 0.990.

RESULTSAND DISCUSSION
The compoundl was prepared starting with acetoacitic ester ¥alhg benzylation as described method in the

literature[18], reduction using sodium dithionitecarding to the literature method[19]ahgdrolysis under alkaline
condition as shown in Figure 1.

Ph Ph Ph
O O
)J\/U\ a OCH,CH; b \);(OCHZCHS c \);(OH
OCH,CH
2-h3 o) o) OH O OH O

2 3 1
Figure 1. synthesisroute of 2-benzyl-3-hydroxybutanoic acid

Reagents and conditions: (a) Na, EtOH, PhCH,CI, reflux; (b) Na;S,04, NaHCO;, H,O/dioxane, 85-90 T; (c) KOH, EtOH.

The compound was assayed for its inhibitory activity for CPA2HC in Tris buffer (0.05M) of pH 7.5 using
CI-CPL as substrate. It is found to be competitinrabitor for CPA as shown by the Dixon plot (Figu2).
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Figue 2. The Dioxn plot for theinhibition of CPA with 2-benzyl-3-hydroxybutanoic acid

Inhibitory constantsK; values) ofl and its analogs known are collected in Table tait be seen from Table 1 that
inhibitory constant of} is less potent thab. The structure ofl is regarded a5 introduced a methyl group &t
position. The reduced potency may be due to incbpesitioning of the hydroxy of near the zinc atom at the
active site of the enzyme for steric hindrance gateel by methyl group. Correspondingly inhibitognstant of7
should be more potent thdarBut it can be seen from Table 1 that inhibitorpst@ant of7 is less potent thah The
more inhibitory constant may be due to methyl groippduced at th@-position next to the terminal carboxylate in
the case ot for CPA at the correct position.

Table 1. Kjvaluesfor CPA inhibition

Inhibitors Ki(uM)  Reference
2-benzyl-3-hydroxybutanoic acid)( 107
2-benzyl-4-hydroxypentanoic acid)( 1100 [20]
2-benzyl-4-hydroxybutanoic acig)( 540 [21]
2-benzylbutanoic acidj 6300 [21]
2-benzyl-3-hydroxypropanoic acid)( 610 [22]

One of the inhibitory constant &f4,5 and7 is more potent than 6, indicates the hydroxyl groti1,4,5 and7 may
coordinate to the Zind{) ion at the active site of CPA. The binding model do CPA is schematically shown in
Figure 3.

Figure 3. Postulated binding mode of 2-benzyl-3-hydroxybutanoic acid to carboxypeptidae A

The carboxylate ofl is thought to form bifurcated hydrogen bonds witke guanidinium moiety of Arg-145,the
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phenyl ring is fitted in the hydrophobic pockettla¢ active site of CPA and the hydroxyl group camates to the
active site zinc ion.

CONCLUSION

In conclusion, we have shown that 2-benzyl-3-hygboatanoic acid has more potency to CPA than itsogisaand it

is likely to improve potency of inhibitor to CPA bgtroducing of a methyl group at tiffeposition of a inhibitor
with weakzinc ligating moiety such as hydroxyl group. Consagly it may result in development of more potent
inhibitor for zinc proteases.
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