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a-Hydroxyketones as inhibitors of urease
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Abstract—A variety of a-hydroxyketones (1-13) and a-diketones (14-20) were evaluated for their effect on the jack bean urease. Of
13 a-hydroxyketones (1-13) tested, 2,2'-thenoin (10) (ICso=0.18 mM), furoin (9) (ICs,=0.36 mM), 2-hydroxy-1-phenylethanone (5)
(IC50=0.47 mM) and acetol (1) (IC50=2.9 mM) showed potent inhibitory activity against the enzyme, comparable with hydro-
xyurea (ICso=0.1 mM). The inhibitory effects were completely blocked by 2-mercaptoethanol or dithiothreitol. A nickel ion influ-
enced the inhibitory effects of 5 and 9 in a dose-dependent manner, but not of 1 and 10. On the other hand, the corresponding a-
diketones such as 2,2'-thenil (20), furil (19) and PhCOCHO (14) exhibited little or no ability to inhibit the urease. We have
demonstrated for the first time that some a-hydroxyketone derivatives show urease inhibitory activity, possibly by binding to

cysteinyl residues in the active site.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Urease (urea amidohydrolase; E.C.3.5.1.5) is a nickel-
containing enzyme that catalyzes the hydrolysis of urea
to produce ammonia and carbamate.!> Urease is widely
distributed in a variety of algae, bacteria, fungi and
plants. The structure, number and type of subunits,
molecular weight and amino acid sequence of urease
depend on its origin. Apart from these differences, the
amino acid sequences of the active sites and the mechan-
ism of enzyme activity are the same. A recent topic is an
urease in Helicobacter pylori (H. pylori), which is now
accepted as a major cause of peptic ulcers.?? H. pylori is
characterized by very high urease activity which may act
as a virulence or survival factor.

The study of urease inhibition has medical, environ-
mental and agronomic significance. For example, urease
serves as a virulence factor in pathogens that are
responsible for the development of kidney stones, pye-
lonephritis, peptic ulcers, and other medical compli-
cations.? Current efforts are focused on the discovery of
novel urease inhibitors against H. pylori urease. There-
fore, urease inhibitors have recently attracted much
attention as potential new anti-ulcer drugs. Urease
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inhibitors can be broadly classified into two categories:
(1) substrate-like inhibitors such as hydroxyurea* and
hydroxamic acids’; (2) mechanism-based inhibitors such
as phosphorodiamidates®’ and imidazoles such as pro-
ton pump inhibitors of rabeprazole,® lansoprazole’ and
omeprazole.'°

a-Hydroxyketones or acyloins are frequently encoun-
tered as structural subunits in many natural pro-
ducts.!’12 Recent examples are farnesyltransferase
inhibitors, kurasoin A and B,'? and antitumor anti-
biotics, olivomycin A and chromomycin Aj.'4 Recently
disclosed synthetic a-hydroxyketones have been used as
inhibitors of amyloid-p (AP) protein production!® and
inducers of apoptosis in oral tumors.!®

a-Hydroxyketones [compounds containing the-COCH
(OH)- functionality] are structurally related to acetohy-
droxamic acid (CH;CONHOH) (AHA) and hydro-
xyurea (NH,CONHOH) (HU) identified as potent
urease inhibitors.? It seemed reasonable to assume that
a-hydroxyketones might likewise inhibit urease. We
herein report the discovery of novel urease inhibitors.

2. Experimental

The following chemicals were obtained from each indi-
cated company: acetol (1), acetoin (2), 3-hydroxy-3-
methyl-2-butanone (4), 2-hydroxy-1-phenylethanone
(5), benzoin (8), furoin (9), 2,2'-thenoin (10), phe-
nylglyoxal (14), 1-phenyl-1,2-propanedione (15), phe-
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nylglyoxylic acid (17) and methyl phenylglyoxylate (18),
hydroxyurea (HU) (Tokyo Kasei Co. Ltd, Japan); 2-
hydroxycyclohexanone (13) (Aldrich Chemical Co. Inc,
Milwaukee, USA ), 3,3,3-trifluoro-1-phenyl-1,2-propa-
nedione hydrate (16) furil (19), 2,2'-thenil (20) and
acetohydroxamic acid (AHA) (Aldrich Chemical Co.
Inc, Milwaukee, USA); 2-mercaptoethanol (2-
ME)(Kanto Chemical Co. Inc. Tokyo, Japan); and
dithiothreitol (DTT)(Invitrogen Corp., Carlsbad, CA,
USA).

1-Hydroxy-1-phenyl-2-propanone (3)!7 was obtained by
the catalytic reduction of compound (15). 2-Hydroxy-1-
phenyl-1-propanone (6) was prepared from 2-bromo-1-
phenyl-1-propanone according to the literature.'® 3,3,3-
Trifluoro-2-hydroxy-1-phenyl-1-propanone (7), 1,1,1-
trifluoro-2-hydroxy-3-octanone (11) and 6-benzamide-
1,1,1-trifluoro-2-hydroxy-3-hexanone (12) were pre-
viously synthesized.!®

2.1. Measurement of urease

Jack bean urease was obtained from Sigma-Aldrich Co.
(St. Louis, MO, USA). The assay mixture, containing
25 uL (4U) of jack bean urease and 25 pL (100 pg) of
the test compound, was preincubated for 0.5 or 3 h at
room temperature in a 96-well assay plate. After pre-
incubation, 0.2 mL of 100 mM phosphate buffer pH 6.8
containing 500 mM urea and 0.002% phenol red were
added and incubated at room temperature. The reaction
time was measured by micro plate reader (570 nm),
which was required for enough ammonium carbonate to
form to raise the pH of the phosphate buffer from 6.8 to
7.7.20

3. Results

Thirteen a-hydroxyketones (1-13) were tested against
jack bean urease and showed significantly varied inhib-
itory activity, depending on the structural features (Fig.
1). To our knowledge, this is the first report on the
screening of a-hydroxyketones for their urease inhibi-

tory activity. When the amount of urease was fixed at 4
U (0.25 mL) in the assay buffer, 3 h of preincubation
with the compound was needed for maximum inhibition
with the inhibitor, whereas about 0.5 h preincubation
was adequate for AHA (Fig. 2).

In concentration up to 400 pg/mL, no or only minimal
inhibitory activity of most o-hydroxyketones tested
could be detected under the assay conditions. As shown
in Table 1, the inhibitory activity of the potent com-
pounds was: 2,2'-thenoin (10) (IC50=0.18 mM) < furoin
(9) (ICs50=0.36 mM)<2-hydroxy-1-phenylethanone
(5)(ICs50=0.47 mM) < acetol (1)(ICs5p=2.9 mM). On the
other hand, no or only minimal inhibitory activity of all
a-diketones (14-20) tested could be detected under the
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Figure 2. Time course of inhibition of jack bean urease activity by
acetohydroxamic acid and some a-hydroxyketones.

Table 1. Inhibition of jack bean urease by some a-hydroxyketones

Compd 1Cs5o (mM)

0.5h* 3h?
1 — 29
5 — 0.47
9 — 0.36
10 1.2 0.18
Hydroxyurea 0.22 0.10
Acetohydroxamic acid 0.017 0.0050

2 Preincubation time.

o R? o
R )J\FRS R1)1\WR
OH o
(1-13) (14-20)
R’ R? R® R’ R?

1 CH, H H 14 CgHs H
2 CHs CHs H 15 CgHs CHj;
3 CH; CeHs H 16 CgHs CF,
4 CHs, CHs CHs 17  CgHs OH
5 CgHs H H 18 CgHs OCH;3
6 CgHs CHs H 19  2-Furyl 2-Furyl
7 CeHs CF3 H 20 2-Thenyl 2-Thenyl
8 C6H5 C6H5 H
9 2-Furyl 2-Furyl H
10 2-Thenyl 2-Thenyl H
1 CsHqq CF; H
12 CgHsCONH(CH,); CF3 H
13 -(CHy)4- H

Figure 1. Chemical structures of a-hydroxyketones (1-13) and a-diketones (14-20).
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assay conditions in concentrations up to 400 ug/mL
(data not shown). Inhibitory data for AHA and HU are
also included in this Table 1.

The inhibitory effect of a-hydroxyketones was pre-
vented by the addition of sulfhydryl compounds, such
as 2-mercaptoethanol (2-ME) and dithiothreitol (DTT)
(Table 2). 2-ME prevented the inhibition of urease
activity by potent a-hydroxyketones in a concentration-
dependent manner when the inhibitor was preincubated

Table 2. Effects of additives on the inhibitory activity of some o-
hydroxyketones against jack bean urease

Compd Additives 1C5o (mM)

0.5% 3 h?

2.2
>54
>54

0.44
>2.2
>2.2

0.27
>2.0
>2.0

0.18
>1.7
>1.7

1 none
+2-ME (0.2 mM)
+DTT (0.2 mM)

5 none
+2-ME (0.4 mM)
+DTT (0.4 mM)

9 none
+2-ME (0.4 mM)
+DTT (0.4 mM)

10 none
+2-ME (0.4 mM)
+DTT (0.4 mM)

0.22
0.25
0.30

Hydroxyurea none
+2-ME (0.4 mM)

+DTT (0.4 mM)

0.039
0.043
0.055

Acetohydroxamic acid none
+2-ME (0.4 mM)

+DTT (0.4 mM)

2 Preincubation time.
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with urease solution containing 2-ME (Fig. 3). On the
other hand, the inhibitory activity of AHA and HU was
not affected by 2-ME or DTT (Table 2).

When NiCl, was added to the preincubation media, it
restored the inhibiton of urease activity by AHA and
HU under assay conditions (Table 3). Among four
potent a-hydroxyketones, inhibitory activity of two
compounds 5 and 9 was prevented in a dose-dependent
manner (Fig. 4). However, activity of two other com-

Table 3. Effects of nickel ion on the inhibitory activity of some
a-hydroxyketones against jack bean urease

Compd N1C12 IC5() (mM)
O.Sk\ 3 hi\
1 none — 2.0
+4 mM — 1.4
5 none — 0.48
+4 mM — >3.0
none — 0.40
+4 mM — 1.9
10 none — 0.20
+4 mM — 0.19
Hydroxyurea none 0.10 0.10
+4 mM 0.64 0.26
Acetohydroxamic acid none 0.020 0.0050
+4 mM 0.29 0.027
4 Preincubation time.
100
80
60 -
40t
20+
ol ,
10 100 1000
5 (ng/mL)
100
80
60 -
40+
20+
10 100 1000
10 (ug/mL)

Figure 3. Effect of 2-ME on the inhibition of urease activity by potent a-hydroxyketones 2-ME, at final concentrations of 0 (O), 12.5 (@), 25 (),
50 (M), 100 (1), 200 (A) or 400 (1) uM, was added to the urease solutions. Urease activity was assayed as described in Experimental.
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Figure 4. Effects of nickel ion on inhibition of urease activity by acetohydroxamic acid (AHA), hydroxyurea (HU) and a-hydroxyketones. NiCl,, at
final concentrations of 0 (O), 0.75 (A), | (@), 2 ([J) or 4 (M) mM, was added to the urease solutions.

pounds (1 and 10) was not affected in the presence of
NiCl, in concentration up to 4 mM (data not shown).

4. Discussion

As a result of screening to obtain possible lead struc-
tures bearing an a-hydroxy carbonyl group, 2,2-thenoin
(10) and furoin (9) were found to be the most potent
inhibitor and equipotent as HU. The inhibitory activ-
ities of a-hydroxyketones were dependent on the length
of preincubation with the urease. It is indicated that
prolonged interaction between the urease and the
inhibitors is needed in order to make a stable enzyme-
inhibitor complex. Generally, reversible inhibition is
characterized by a definite degree of inhibition which
is usually attained rapidly.?' The depression by AHA, a
reversible urease inhibitor,® rapidly attained the
maximal constant degree. a-Hydroxyketones showed
the time-dependent inhibition of jack bean urease, and
the inhibition may be irreversible. These results agree
with published observations that the inhibitory actions
of lansoprazole,” rabeprazole’> and o,B-unsaturated
ketones?® were dependent on the length of preincuba-
tion with urease.

Ureases are thiol-rich enzymes, and jack bean urease
contains in total 15 cysteine residues per subunit.

Cystein-592 is recognized to be essential for the activity
and is placed in the active site.?* The interaction of «-
hydroxyketones with the sulfhydryl group may be rela-
ted to their inhibitory influence on urease. Indeed, 2-
ME and DTT diminished the activity of potent com-
pounds 1, 5, 9 and 10 dose-dependently and even at low
concentrations. Similar effects of 2-ME and DTT
against the inhibitory effect of rabeprazole on urease
activity have been reported.?> On the other hand, the
inhibitory activity of HU and AHA was not influenced
by 2-ME or DTT (data not shown).

Thus, o-hydroxyketones are believed to inhibit the
enzyme by binding to cysteinyl residues in the active
sites. This suggests that a-hydroxyketones may inhibit
other SH enzymes, for example, alcohol dehydrogenase,
amylase and others. a-Hydroxy carbonyl compounds
have been previously shown to be inhibitors of aspartyl
protease” and are a relatively much less studied class of
compounds as inhibitors of various proteolytic
enzymes. However, we are unaware of any reports of
their use as inhibitors of cysteine proteases. Further
study into the effects of a-hydroxyketones on the SH
enzymes is needed.

Another feature of urease is the presence of two Lewis
acid nickel ions in the active site.? Activity of com-
pounds 5 and 9 was reduced in the presence of NiCl,,
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but 1 and 10 were not affected. The inhibitory activities
of AHA and HU were significantly reduced by the
nickel ion. It is supposed that 5, 9, HU and AHA bind
to the enzyme metallocenter.

The requirements for the a-hydroxy carbonyl moiety on
the inhibitory activity against urease by a-hydroxyketone
compounds were observed. Among the four methyl
ketone derivatives (1-4) tested, the most potent activity
was observed in CH;COCH,OH (1) only. These obser-
vations are in agreement with the phenyl ketone series (5—
8), and PhCOCH,OH (5) showed the most potent inhi-
bition. They define the minimal substitution patterns in
the hydroxyketone moiety for obtaining the potent
activity. Insertion of the hydroxyketone functionality at
the site of enzymatic cleavage may be needed for the
inhibition. The active site of urease is located within
the cavity or the crevice in the internal territory and is
surrounded by hydrophobic amino acid residues of the
urease molecule. The hydrophobic character of the R
moieties of RCOCH,OH may play a role in the random
walk process of the compounds to the active site and in
the hydrophobic binding near the active site of urease.
Therefore, phenyl ketone (5) is much more potent than
the corresponding methyl ketone (1).

Some other observations related to the structure—activ-
ity relationships are the following: 2,2'-thenoin (10) and
furoin (9) are much more potent than the corresponding
a-diketones, 2,2'-thenil (20) and furil (19). The structural
differences between them reside only in the activated
ketone functionality. a-Diketones are known to be a
well-studied class of activated ketones as inhibitors of
cysteine?® and serine proteases.?”-?® It is speculated that
the a-diketones can not insert at the site of enzymatic
cleavage in the urease. The log P values of 10 (log
P=1.80), 9 (log P=0.73), 20 (log P=2.84) and 19 (log
P=1.73) were calculated by CLOGP (Pomana College
Medical Chemistry Project, Clermont, CA, USA). This
demonstrates that the higher activity of a-hydroxy-
ketones (10 and 9), compared with a-diketones (20 and
19), was not simply caused by the difference in hydro-
phobicity. Further studies are required to elucidate the
mechanism by which o-hydroxyketones exhibit the
urease inhibitory activity.

References and notes

1. Mobley, H. L. T.; Hausinger, R. P. Microbiol. Rev. 1989,
53, 85.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

Mobley, H. L. T.; Island, M. D.; Hausinger, R. P.
Microbiol. Rev. 1995, 59, 451.

Amtul, Z.; Atta-ur-Rahman; Siddiqui, R. A.; Choudhary,
M. 1. Curr. Med. Chem. 2002, 9, 1323.

. Uesato, S.; Hashimoto, Y.; Nishino, M.; Nagaoka, Y.;

Kuwajima, H. Chem. Parm. Bull. 2002, 50, 1280.

. Odake, S.; Morikawa, T.; Tsuchiya, M.; Imamura, L.;

Kobashi, K. Biol. Pharm. Bull. 1994, 17, 1329.

. Faraci, W. S.; Yang, B. V.; O’'Rourke, D.; Spencer, R. W.

Bioorg. Med. Chem. 1995, 3, 605.

. Pope, A. J.; Toseland, N.; Rushant, B.; Richardson, S.;

McVey, M.; Hills, J. Dig. Dis. Sci. 1998, 43, 109.

. Park, J.-B.; Imamura, L.; Kobashi, K. Biol. Pharm. Bull.

1996, 19, 182.

. Nagata, K.; Satoh, H.; Iwahi, T.; Shimoyama, T.;

Tamura, T. Antimicrob. Agents Chemother. 1993, 37, 769.
Kuhler, T. C.; Fryklund, J.; Bergman, N.-A.; Weilitz, J.;
Lee, A.; Larsson, H. J. Med. Chem. 1995, 38, 4906.
Moriarty, R. M.; Berglund, B. A.; Penmasta, R. Tetra-
hedron Lett. 1992, 33, 6065.

Babudri, F.; Fiandanese, V.; Marchese, G.; Punzi, A.
Tetrahedron 1999, 55, 2431.

Uchida, R.; Shiomi, K.; Sunazuka, T.; Inokoshi, J.;
Nishizawa, A.; Hirose, T.; Tanaka, H.; Iwai, Y.; Omura,
S. J. Antibiotics 1996, 49, 886.

Roush, W. R.; Briner, K.; Kesler, B. S.; Murphy, M.;
Gustin, D. J. J. Org. Chem. 1996, 61, 6098.

Wallace, O. B.; Smith, D. W.; Deshpande, M. S.; Polson,
C.; Felsenstein, K. M. Bioorg. Med. Chem. Lett. 2003, 13,
1203.

Kawase, M.; Sakagami, H.; Kusama, K.; Motohashi, N.;
Saito, S. Bioorg. Med. Chem. Lett. 1999, 9, 3113.
Chakraborty, R.; Das, A. R.; Ranu, B. C. Syn. Commun.
1992, 22, 1523.

Gala, D.; Puar, M. S.; Das, P. R.; Kugelman, M.; Dibe-
nedetto, D. J. J. Pharm. Sci. 1992, 81, 1199.

Kawase, M.; Saito, S.; Kurihara, T. Chem. Pharm. Bull.
2000, 48, 1338.

van Slyke, D. D.; Archibald, R. M. J. Biol. Chem. 1944,
154, 623.

Dixon, M.; Webb, E. C. In Enzyme, 3rd edn; Dixon, M.;
Webb, E. C., Ed.; Academic Press: New York, 1979; p
332.

Tsuchiya, M.; Imamura, L.; Park, J.-B.; Kobashi, K. Biol.
Pharm. Bull. 1995, 18, 1053.

Tanaka, T.; Kawase, M.; Tani, S. Life Sci. 2003, 73, 2985.
Mamiya, G.; Takishima, K.; Masakuni, M.; Kayumi, T.;
Ogawa, K.; Sekita, T. Proc. Japan Acad 1985, 61B, 395.
Patel, D. V.; Rielly-Gauvin, K.; Ryono, D. E.; Free, C. A
Smith, S. A.; Petrillo, E. W., Jr. J. Med. Chem. 1993, 36,
2431.

Otto, H.-H.; Schirmeister, T. Chem. Rev. 1997, 97, 133.
Berndt, M. C.; de Jersey, J.; Zerner, B. J. Am. Chem. Soc.
1977, 99, 8332.

Angelastro, M.; Mehdi, S.; Burkhart, J.; Peet, N.; Bey,
P.J. J. Med. Chem. 1990, 33, 11.



	alpha-Hydroxyketones as inhibitors of urease
	Introduction
	Experimental
	Measurement of urease

	Results
	Discussion
	References


