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Development of inhibitors based on the molecular structure and mechanism of
substrate hydrolysis by metallo-beta-lactamases

KUROSAKI, Hiromasa

3,800,000

The emergence and rapid spread of carbapenem-resistant pathogens producing
metallo-beta-lactamases such as IMP-1 and NDM-1 are of great concern in the clinical setting
worldwide. There are no clinically available inhibitors for metallo-beta-lactamases at present. In
order to develop the inhibitors for metallo-beta-lactamases, we synthesized seven novel compounds
based on the X-crystal structure of metallo-beta-lactamase (IMP-1).
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60 F254 (MERCK)

(TLC)  Silica gel

Silica gel 60N

(spherical, neutral) ( )
H-,C-NMR JNM-AL300 (300
MHZ) Chemical shift
tetramethylsilane (TMS)
o (ppm) J Hz

[MS(FAB)]
JOELJIMS-DX303HF MASS spectrometer
&)
2-(2-(Benzyloxy)-2-oxoethyl)-2-hydroxy-
succcinic acid (€H)

4-(benzyloxy)-2-(2-(benzyloxy)-2-oxo-
ethyl)-2-hydroxy-4-oxobutanoic acid (2)
(15g, 780 mmol),
(21.2 g, 196 mmol) , (0.54q,
62 mmol) 3 20  NaOH

pH 8.0 AcOEt (400 mL)
HCI pH 1
AcOEt MgSO,
1 (23.82 g, 43%)
pH 1  AcOEt
MgSO,

2 (5.49 g, 15%)

1: *H-NMR (CDCI,) & 2.89 (2H, dd J=16.1Hz,
CH,), 2.99 (2H, dd J = 15.8Hz, CH,), 5.13
(2H, s, CHAr), 7.27-7.42 (5H, m, ArH).

3C-NMR (CDCI;) & 42.73, 42.96, 66.80,

72.80, 128.15, 128.25, 128.46, 135.17,

169.83, 172.95, 175.80. MS (FAB): m/z 283
M + H)".

2: H-NMR (CDCI;) & 2.94, (4H, g, CH),

5.13 (2H, S, CHAr), 7.31-7.34 (GH, m, ArH).



13C-NMR (CDCL;) & 42.69, 67.09, 73.17,
128.36, 128.47, 128.63, 135.18, 169.90,
176.58. MS (FAB): m/z 373 (M+H)".
2-Hydroxy-4-oxo-2-(2-oxo-2-phenethoxyle
thyl)-4-phenethoxybutanoic acid (3)
(10.2 g, 53.2 mmol) 2-
(25.7 g, 210 mmol),
(0.478 g, 7.78 mmol)
1 EtOAc (60 mL)
NaOH pH 8.0
(80 mL)
3 (6.40 g, 60%)
3: 'H-NMR (CDCI;) & 2.75-3.01 (8H, m, CH,,
OCH,), 4.31 (4H, t, CHAr), 7.13 - 7.36 (10H,
m, ArH). C-NMR (CDCl;) & 34.80, 42.52,
65.70, 73.04, 126.66, 128.54, 128.84,
137.31, 169.97, 176.15.
Dimethyl 3-(Benzylamino)glutarate (4)

Trans- (.79 g, 5
mmol,) MeOH (6mL)
(0.59 g, 5.5 mmol)
20
(n-hexane : AcOEt =4 :
1) 4 (0.454g, 34%)

4: H-NMR (CDCL,) & 1.81 (br s, 1H,
NH),2.58 (d, J = 6.2Hz, 4H), 3.40 - 3.52
(m, 1H), 3.80 (s, 6H), 3.94 (s, 2H),
7.23-7.31 (m, 5H). *C-NMR (CDCL;) & 38.7,
51.0, 51.3, 51.6, 127.0, 128.1, 128.4,
140.1, 172.2.
MS (FAB) m/z 266 (M+H)*.
Dimethyl 3-aminoglutarate (5)
4 (1.0 g, 5.7 mmol)  MeOH (15mL)
Pd/C (0.11 g,
0.1 mmol)
12 AcOEt

(
AcOEt) (5) (0.32g, 76%)
5: & H-NMR (CDCIy) & 2.413 (2H, q, CH,),
2.52 (2H, q, CH,), 3.63 - 3.65 (1H, m, CH),
3.70 (6H, s, OMe). *C-NMR (CDCl;) & 41.56,
45.29, 51.65, 172.20. MS (FAB) m/z 176
(M+H)*.
Dimethyl 3-Benzyloxycarbonyl-
aminoglutarate (6)
5 (1.41 g,8.05 mmol) 1 M NaHCO,
(50% W/v
in toluene) O
3 ether (20 mL x 3)
3MHCI(20mL x 3)
sat. NaHCO; (10 mLx 2) sat. NaCl (10 mL x
2) MgSo,

(n-hexane AcOEt=4 1)
6 (1.93 mg, 78%)

6: H-NMR (CDCI,) & 2.72(4H, q, J=6.0Hz,
CH,), 3.70 (6H, s, OMe), 4.38 - 4.40 (IH,
m, CH), 5.12 (2H, s, CHAr), 5.60 (1H, br
d, NH), 7.40 (5H, s, ArH). C-NMR (CDCI,)
0 37.84, 44.87, 51.79, 66.76, 128.08,
128.13, 128.51, 136.42, 155.50. MS (FAB)
m/z 310 (M+H)".
B -(S)-Benzyloxycarbonylaminoglutaric
acid monomethyl ester (7)

6 (2.4 g, 7.84 mmol) pH 8.0
phosphate buffer-10% Acetone (8 mL)

(0.177 mg, 3200

unit) 25 7
acetone pH 3.0
CH,CI, (50 mL x 3)
MgSO,
CH,Cl, /
n-hexane 7 (1.9249, 83%)

7: "H-NMR (CDCL,) & 2.66 - 2.79(4H, m, CH,),
3.67 (3H, s, OMe), 4.36 - 4.40(1H, m, CH),
5.08 (2H, s, CHAr), 5.68 (IH, br d, NH),
7.34 (5H, s, ArH). C-NVR (CDCl,) & 37.75,
44.67, 51.90, 66.94, 128.20, 128.55,
136.20, 155.68, 171.62, 175.97. MS (FAB)
n/z 296(M+H)"
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