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Abstract: In this study, 17 new unreported pyrrolidine derivatives 5a—5p, 6a were synthesized in a fully
synthetic manner using the FDA-approved drug captopril as the basic structure, and the antimicrobial activity was
tested in vitro against clinically isolated Klebsiella pneumoniae carrying the New Delhi metal beta lactamase
(NDM-1) gene and Gram-negative E. coli carrying the Klebsiella pneumoniae carbacyticase-2 (KPC-2) gene. The
results showed that 5j could reduce the minimum inhibitory concentration (MIC) of meropenem (MEM) against
clinically isolated Klebsiella pneumoniae containing NDM-1 to 32 pg-mL", which was better than that of the
positive drug captopril; 51, Sm, and 50 reduce the MIC of MEM against KPC-2-containing Gram-negative E. coli
to 2 pg-mL"', which was better than that of the positive drug captopril; the virtual molecular docking results of
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some pyrrolidine derivatives suggested the possible binding mode of pyrrolidine derivatives to NDM-1 and KPC-2.

Key words: pyrrolidine derivative; meropenem; NDM-1; KPC-2; inhibitor
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Figure 1

Partial NDM-1 and KPC-2 inhibitors and design of pyrrolidine derivatives. A: NDM-1 non-covalent inhibitors; B: NDM-1

covalent inhibitors; C: KPC-2 inhibitors; D: Co-inhibitors of NDM-1 and KPC-2; E: Moleculor design strategies
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Scheme 1 The synthesis route for pyrrolidine derivative. Reagents and reaction conditions: a: MeOH, H,SO,, reflux; b: Benzyl bromide,
Et,)N, K,CO,, acetone, reflux; c: N-(Methoxymethyl)-N-(trimethylsilylmethyl) benzylamine, H,BO,, DCM; d: (i) 1-Chloroethyl chlorofor-
mate, DCM, reflux; (ii) MeOH reflux; e: (i) HATU, DIEPA, DMF; (ii) DEIPA, DCM
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Table 1 The anti-NDM-1 activity of pyrrolidine derivatives.
MIC: Minimum inhibitory concentration; MEM: Meropenem; RF:
MIC,,.,,/ MIC + MEM; FIC: MEM and compound combined

antibacterial index; N.A: The result is meaningless

MEM compd.

MIC/ug-mL"

Compd. Compd. Compd. + MEM RE Fie
MEM 128 N.A N.A N.A
Captopril >256 >128 1 1.5
5a >256 > 128 1 1.5
5b >256 > 128 1 1.5
Sc >256 > 128 1 1.5
5d >256 > 128 1 1.5
Se >256 > 128 1 1.5
5f >256 > 128 1 1.5
5g >256 > 128 1 1.5
5h >256 > 128 1 1.5
5i >256 > 128 1 1.5

5j >256 32 4 0.375
5k >256 >128 1 1.5
51 >256 > 128 1 1.5
Sm > 256 > 128 1 1.5
5n > 256 > 128 1 1.5
50 > 256 > 128 1 1.5
S5p >256 > 128 1 1.5
6a > 256 > 128 1 1.5

Table 2 The anti-KPC-2 activity of pyrrolidine derivatives

MIC/pg-mL"

Compd. RF FIC
Compd. Compd. + MEM

MEM 16 N.A N.A N.A
Captopril > 128 16 1 1.13
5a > 128 8 2 0.56
5b > 128 16 1 1.13
5¢ > 128 16 1 1.13
5d > 128 16 1 1.13
Se > 128 16 1 1.13
5f > 128 16 1 1.13
5g > 128 16 1 1.13
5h > 128 16 1 1.13
5i > 128 16 1 1.13
5§ > 128 8 2 0.56
5k >128 16 1 1.13
51 > 128 2 8 0.14
S5m > 128 2 8 0.14
5n > 128 8 2 0.56
50 >128 2 8 0.14
5p > 128 16 1 1.13
6a > 128 8 2 0.56
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.
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PERUT, X NDM-1 J KPC-2 /N7y 4 il 551 i F & 24 5
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Jo Gk SEAEFR IR AL A B 51 NZRIR AL b 38 1 A% SR
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BT (2XZ-2, Wit T o 2 4 BR A F); i ER
K2 HE 2 F (SHB-IL, A KR T 5 F R A |));
43966 B i (Molecular Devices CMax Plus, Molecular
Devices, LLC.); ik I ¥ &) 1 34 22 (DLSB-510, J1 3 7
TG A R ITE L) 281 KT [CP124C, BL5EHT
1088 (i) B IRA A L aUE S 7&K E 2% (LDZX-
S0KB, g i 22 By ALk ); F Vi IR 1S 7746 (DNP-
9272, b iRE % SEIR 1 % A BRA AD); BERR (7 ST AL
T A RA R, IREEEE B (= FE AR Tl IF & Xl
25V A R 2 71); MH A% (1089790, Thermo Fisher
Scientific 2 7); LB & = B lF (HB0129, 75 & = BHE T
MV el g 1 A R AT IR 7)), R B AR R T T 23
Hrafi sk fh 2 2R .
1 WIEEATE R E R
1.1 (E)-3-@-BE3-FEEFREHRGERFE 1D W
&R £ 100 mL = B H I 10.00 g (51.50 mmol)
S BB IR, NN I e 7 A e xR B R VA )
0 2 TR B R, 90 °C N TE R [FI U B 8 h, 2 (i
(TLC) Kl Js B 56 4= i 98 K 726 T R ek, I G R L
(ethyl acetate, EA) il J 3% fi#, I7K AT EA ZEHL 3 ¥, HL
A HUE I TC KB BR AN, I ek e ook i 75, €
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Figure2 The docking results of different compounds with NDM-1 (PDB ID: 5ZGE) and KPC-2 (PDB ID: 3RXX). A: 5j with NDM-1; B: 5j

with KPC-2; C: 51 with KPC-2

F:4tifh, £ lF (petroleum ether, PE): 2R Z.FiE (EA) =
411 e S A IR Y 1 (9.10 g, 43.78 mmol), 75
N 85.05%.

1.2 (BE)-3-U-(FEE)3-BEEFE)RGHERPES 2)
BIERK 7E 100 mL R RJEHMA 1 REEEED1
(2.04 g, 9.81 mmol), A i ¥ fig, ho N 1.5 6% & 1R 4k
(2,51 g, 14.68 mmol) AT 1 1% & 1 5k IR 40 (1.85 g,
9.81 mmol), ££ 75 °C N [EIAL R M. 2 he  7E IR N i #2
IR AR T, 2 h S DN LS RS 10 = 4% (1.49 g,
14.72 mmol) k4L [V 4 h ZIHEWEAZ . 4 h g TLC AL
S 5E 4 Ji R S N4 H A R, R BE, SRR, R
TR EA FKZEEL 3 WK, BUA HLAE DTG 7K Na,SO,
T I, 1N & T 2 (2.50 g, 8.38 mmol), E R
9 85.43% . %R BTG W) B R W% Al B ] H
T TR,

1.3 (BRAR)-1-FE-4-4-(FER)I-HEEFE)M
1% ke-3-FRER B BE (3) WA R 7E 100 mL = B2 Jf A
AN EEY2 (2.50 g, 8.38 mmol), i A — &
i (dichloromethane, DCM) i I %5 fift, 2% 123 0 1.5 1%
I N-F AR V- (= R A e R ) R % (3.00 g,

12.64 mmol) F1# & (30 mg, 0.50 mmol). =R T Jx
N 48 h & K B RN A R R 25 T, 6 i A 4l 4k,
PE:EA =20:1 BB H A MR &3 (2.29 g,
5.68 mmol), *Z N 67.78%.

1.4 (BRAR)-4-(4-(FEE)-3-FHEFE) M & x-3-
RERERAE (4) AR 7E 100 mL BRI 145 &
779 3 (2.29 g, 5.68 mmol), [T} DCM 1t H: 5 4, fin
ANLSEEMN 1I-FOEAFREE (1.14 g, 7.97 mmol),
50 CCHN#R BRI B o 3 h K O BRROE 25, i
MeOH {# H & fi#, 70 °CHN#K B3 5B 3 h, TLC Kl s,
I 2815770, 0 DCM A8 I NI 47345 At J ek fise ik s 7%
T, iR 4li4k, DCM:MeOH = 10: 1 35 it 75 3% o IR
Y& 4 (1.40 g, 4.48 mmol), 2% 4 78.87%.

1.5 (BRA4R)-1-AEELE 4-G-(FER)3-BEEX
F)M g ke-3-FRER FR B (Sa) VA AR 75 25 mL e MR
I 1.5 f5 &R GIR (0.03 g, 0.44 mmol) i A DMF
WG A LS AR S DN 1.5 A5 &1 N-(Z H R 5E)- 1 H-
1,2,3- = M4, 5-b ML g - 1- 30 FF 2 - V- 368 0 4 7 ol TR
B5-N-S A% (HATU) (0.17 g, 0.44 mmol), N, £~ &
N 20 min 5 A 1 £5 2 146540 4 (0.10 g, 0.29 mmol)
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A 15 £5 &8 1) N,N-— 57 N £ & % (N, N-diisopropyle-
thylamine, DIEPA) (0.06 g, 0.44 mmol)™", % I T Jx i
R . TLC R R B 56 42 J5, F /KA DCM 225 3 %,
WA HLAE A TG 7K B R AN T 452, ok i, Ik F o 1 28 T ¥
), ok 4tk , PECEA = 2: 1 ¥ i 753 3R 72 4 5a
(0.90 g, 0.23 mmol), /“ %~ 78.47%. 'HNMR (400 MHz,
CDCL,) 6, 3.12~3.27 (m, 1H), 3.58~3.63 (m, 1H), 3.65
(s, 3H), 3.68~3.79 (m, 1H), 3.88 (d, J = 4.28 Hz, 3H),
3.96~4.16 (m, 3H), 5.13 (s, 2H), 5.67~5.76 (m, 1H),
6.36~~6.46 (m, 2H), 6.70~6.74 (m, 1H), 6.76~6.79 (m,
1H), 6.82~6.88 (m, 1H), 7.29~7.33 (m, 1H), 7.37 (t, J =
7.40 Hz, 2H), 7.41~7.45 (m, 2H); "C NMR (151 MHz,
CDCL,) 6. 27.73, 46.01, 47.62, 48.81, 48.82, 50.86,
71.04, 111.06, 114.19, 119.08, 127.27, 127.90, 127.98,
128.32, 128.57, 128.85, 130.92, 131.67, 137.08, 147.66,
149.87, 164.29, 172.50; HRMS m/z Calcd. for C,,H,;NO,
[M+Na] 418.166 6, found 418.163 0.

1.6 (3RAR)-4-(4-(FEE)-3-AEEFXE)-1-Q-FE-3-
FRET -2-IHHE£)I g k2-3-FRE: RS (Sb) AR 1
25 mL S SRR IION 1.5 435 & 1) 2-FR 2 -3- F 3 T -2-
5% (0.03 g, 0.44 mmol), H A4 4E F 5a 1) & A7 [,
o3 k4l Ak, PECEA = 301 ¥ il J5 7572 %1 5b (0.11 g,
0.24 mmol), 7% ¥ A 82.28%. 'H NMR (400 MHz,
CDCL,) d,: 2.81 (s, 6H), 3.22 (dd, J = 8.56, 2.45 Hz,
1H), 3.58~3.72 (m, 5H), 3.82 (t, J = 8.07 Hz, 1H), 3.89
(s, 3H), 3.90~4.13 (m, 2H), 5.14 (s, 2H), 6.69~6.78
(m, 2H), 6.84 (dd, J = 8.25, 3.48 Hz, 1H), 7.31 (d, J =
7.21 Hz, 1H), 7.37 (t, J = 7.46 Hz, 2H), 7.40~7.46 (m,
2H); "C NMR (101 MHz, CDCL,) .: 22.29, 24.42, 38.63,
46.04, 47.74, 52.36, 53.83, 56.13, 71.04, 107.58, 110.82,
114.25, 115.01, 119.08, 127.27, 127.89, 128.57, 130.91,
131.52, 137.03, 147.75, 149.92, 161.00, 171.85, 172.31;
HRMS m/z Caled. for C,;H,N,O, [M+Na] " 471.185 3,
found 471.189 6.

1.7 (BRA4R)-4-4-(FEE)-I-BHEFXKE)-1-2-&
B -4-FE R -2- 15 BB g kT -3-FRBR FR R (So) &
X 725 mL BRI 1.5 £ 21 E-2-7 E-4-H
FETR-2-171R (0.06 g, 0.43 mmol), Fo4x [ S5 F1 5a
& U ), it AR 44k, DCM:MeOH = 30: 1 ¥ i J5 15
P4 5¢ (0.09 g, 0.19 mmol), =%~ 67.09%. 'H NMR
(400 MHz, CDCL,) d,: 1.11~1.19 (m, 7 H) 2.90~3.06
(m, 1H), 3.16~3.27 (m, 1H), 3.61~3.70 (m, 4H), 3.76~
3.86 (m, 1H), 3.88 (d, J = 1.47 Hz, 3H), 3.95~4.08
(m, 1H), 4.11~4.19 (m, 1H), 5.14 (s, 2H), 6.70~6.75
(m, 1H), 6.77 (s, 1H), 6.82~6.86 (m, 1H), 7.25 (d, J =

10.51 Hz, 1H), 7.29~7.33 (m, 1H), 7.34~7.40 (m, 2H),
7.41~7.45 (m, 2H); "C NMR (101 MHz, CDCI,) 4,
21.24, 21.52, 31.47, 31.74, 45.69, 48.48, 50.07, 52.33,
56.12, 71.06, 108.97, 110.91, 111.15, 114.25, 119.18,
127.26, 127.89, 128.58, 130.63, 137.01, 149.89, 167.54,
172.19; HRMS m/z Caled. for C,,H,N,O, [M+Na] "
485.213 5, found 485.205 2.

1.8 (GBR4R)-4-4-(FEE)I-HHFEFRE)-1-Q-5E
ZEEE)ML IS BE-3-FRER B A (5d) AR 7E25mL i
SN 1.5 £ 2 ) 5 SR (0.04 g, 0.47 mmol),
o I B4 1 A0 Sa ¥ & A (), €8 3% 43 4l 4k, PE:
EA = 1.1 /iS5 3779 5d (0.09 g, 0.22 mmol), 7= K
75.98%. 'H NMR (600 MHz, CDCL,) d,: 3.19 (q, J =
8.72 Hz, 1H), 3.43 (s, 1H), 3.47 (s, 1H), 3.55~3.61 (m,
1H), 3.66 (d, J = 6.36 Hz, 3H), 3.69~3.73 (m, 1H),
3.75~3.84 (m, 1H), 3.88 (d, J = 4.36 Hz, 3H), 3.89~
3.93 (m, 1H), 4.02~4.07 (m, 1H), 5.12~5.15 (m, 2H),
6.69~6.72 (m, 1H), 6.76 (s, 1H), 6.84 (dd, J = 8.17,
4.00 Hz, 1H), 7.28~7.32 (m, 1H), 7.36 (t, J = 7.45 Hz,
2H), 7.42 (d, J = 7.45 Hz, 2H); "C NMR (151 MHz,
DMSO-d,) d.: 25.75, 46.08, 47.72, 49.77, 52.82, 53.28,
56.08, 70.35, 111.88, 113.99, 119.97, 121.11, 128.21,
128.86, 131.70, 137.65, 147.48, 149.63, 161.44, 161.48,
172.63; HRMS m/z Caled. for C,H,N,O, [M+H] "
409.176 1, found 409.176 3.

1.9 (BR,A4R)-4-4-(FEE)-3-HEEFH)-1-2-2-R
RE)ZEEE)M MG kT -3-FREE P S (Se) WA 1E
25 mL [ S MR AR NN 1.5 7% & 1) 2-9R 2K 282 (0.11 g,
0.51 mmol), FL 42 o v 4 {F Al Sa ) & 1AH [F], i A 4t
b, PECEA = 4.1 i J5 75 74 Se (0.11 g, 0.20 mmol)
7= % 70.45%. 'H NMR (400 MHz, CDCL,) 6,;: 3.16
(d, J =9.05 Hz, 1H), 3.24 (d, J = 8.56 Hz, 1H), 3.53~
3.62 (m, 2H), 3.63~3.66 (m, 3H), 3.67~3.72 (m, 1H),
3.74~3.78 (m, 2H), 3.87 (d, J = 1.22 Hz, 3H), 3.96 (ddd,
J=14.18, 10.15, 7.95 Hz, 1H), 4.02~4.14 (m, 1H), 5.13
(s, 2H), 6.66~6.85 (m, 3H), 7.08~7.16 (m, 1H), 7.26~
7.33 (m, 3H), 7.33~7.39 (m, 2H), 7.40~7.45 (m, 2H),
7.52~7.57 (m, 1H); *C NMR (151 MHz, CDCL,) J.: 41.73,
46.10, 47.58, 48.95, 50.93, 52.33, 56.13, 71.05, 110.99,
114.17, 119.02, 124.78, 127.24, 127.71, 127.90, 128.56,
128.77, 131.19, 132.72, 134.53, 137.07, 147.67, 149.86,
168.72, 172.16; HRMS m/z Calcd. for C,;H,,BrNO, [M+
H]' 540.121 2, found 540.120 9.

1.10 (3RAR)-4-(4-(FEEH)-3-FREFKE)-1-4-FHE
7 FR gt B AL I e -3-FR BR FR S (5 A AL fE25mL
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(19 5 B2 A I ON 1.5 5 = 1R 6 A K R (0.07 g,
0.42 mmol), H 4% S N 45 A H1 Sa 18] & B AH [F], 3
FE4lifh, PEIEA = 411 S /it J5 15 77 9 5f (105.20 mg,
0.21 mmol), =% 4 73.96%. "H NMR (400 MHz, CDCL,)
d,: 3.11~3.37 (m, 1H), 3.58~3.71 (m, 4H), 3.71~3.84
(m, 2H), 3.88 (d, J = 15.28 Hz, 3H), 4.06~4.24 (m,
2H), 5.13 (d, J = 12.10 Hz, 2H), 6.62~6.74 (m, 1H),
6.74~6.89 (m, 2H), 7.29~7.46 (m, 5H), 7.73 (d, J =
8.31 Hz, 1H), 7.69 (d, J = 8.31 Hz, 1H), 8.31 (d, J =
8.31 Hz, 1H), 8.26 (d, J = 8.44 Hz, 1H); "C NMR
(151 MHz, CDCL,) d.: 29.70, 46.37, 47.86, 48.65, 52.36,
56.12, 71.01, 110.97, 111.08, 114.18, 118.87, 119.15,
123.80, 127.22, 127.92, 128.31, 128.58, 130.90, 131.24,
137.01, 142.04, 147.75, 148.75, 149.89, 167.23, 172.41;
HRMS m/z Caled. for C,,H,N,0, [M+H]" 491.181 3,
found 491.181 2,

111 BRAR)-4-(4-(FEE)-I-FHEEFE)-1-4-RK
FRERED)AL % be-3-FRER FREE (5g) WAL 7E25 mL %
FEIE HOIION 1.5 4% & R 2R R (0.09 g, 0.45 mmol),
HR R PHAEF Sa & AR R, (A 44, PECEA =
6: 1 Vet 5 197~ ¥) 5g (102.04 mg, 0.19 mmol), /= A
65.52%. 'H NMR (400 MHz, CDCL,) §,: 3.07~3.34
(m, 1H), 3.61 (s, 2H), 3.68 (s, 2H), 3.84~3.91 (m, 4H),
5.13 (d, J = 8.68 Hz, 2H), 6.70 (s, 1H), 6.80 (s, 2H),
731 (d, J = 7.09 Hz, 1H), 7.36 (br s, 2H), 7.42 (t, J =
8.25 Hz, 4H), 7.51~7.59 (m, 2H); °C NMR (151 MHz,
CDCL,) 6. 29.71, 46.43, 47.82, 48.73, 51.02, 52.05,
56.10, 71.04, 110.94, 111.09, 114.17, 118.93, 119.24,
124.75, 127.23, 127.90, 128.57, 128.98, 131.65, 134.95,
137.01, 147.65, 149.84, 168.46, 172.56; HRMS m/z
Caled. for C,H,BrNO, [M+Na] " 546.087 8, found
546.089 2.

1.12  BRAR)-4-4-CFEH)-3-FEEFKE)-1-U-8FK
EREE BN I k2-3- R B8 FRER (Sh) BU& R 7E25 mL IR
SN 1.5 i & 06 5848 R (0.06 g, 0.43 mmol),
R R MNIAEF Sa & AR R, A 44, PECEA =
6: 1 ¥ J5 15 724 5h (96.70 mg, 0.21 mmol), /=X K
71.94%. 'H NMR (400 MHz, CDCL,) §,: 3.07~3.35
(m, 1H), 3.61 (br s, 3H), 3.68 (s, 2H), 3.70~3.85 (m,
2H), 3.88 (d, J = 9.41 Hz, 4H), 4.13 (br s, 1H), 5.13 (d,
J = 6.72 Hz, 2H), 6.71 (br s, 1H), 6.76~6.89 (m, 2H),
7.04~7.15 (m, 2H), 7.31 (d, J=7.09 Hz, 1H), 7.36 (t, J =
7.03 Hz, 2H), 7.40~7.46 (m, 2H), 7.56 (d, J = 5.26 Hz,
2H); "C NMR (151 MHz, CDCL,) d.: 29.70, 46.47, 47.85,
48.78,49.22, 51.05, 56.09, 71.04, 110.94, 111.10, 114.16,

118.96, 119.26, 127.23, 127.90, 128.57, 129.62, 137.01,
147.64, 149.84, 168.50, 172.59; HRMS m/z Calcd. for
C,,H,.FNO, [M+H] 464.187 0, found 464.187 3.

1.13 (3R, 4R)-4-(4-(FEE)-3-HEE XK E)-1-(& NI
fe-1-$5 ) - Mg kT -3- ¥R BR RS (51) AR 725 mL
FIR SOOI 1.5 5 & a8 NIFEER (0.08 g, 0.44 mmol),
HoAR R SLEAEF Sa (1)4 B [F], B A4, PECEA =
411 et 5 1577 4 5i (114.55 mg, 0.23 mmol), /= F A
78.43%. "HNMR (400 MHz, CDCL,) d,: 1.72 (br s, 6H),
1.97~2.07 (m, 9H), 3.09 (d, J = 8.80 Hz, 1H), 3.57 (d,
J = 7.82 Hz, 1H), 3.61~3.69 (m, 4H), 3.83 (br s, 1H),
3.88 (s, 3H), 4.04~4.20 (m, 2H), 5.13 (s, 2H), 6.71~
6.75 (m, 1H), 6.77 (d, J = 1.96 Hz, 1H), 6.84 (d, J =
8.31 Hz, 1H), 7.27~7.33 (m, 1H), 7.33~7.39 (m, 2H),
7.40~7.45 (m, 2H); "C NMR (151 MHz, CDCL,) 6.
14.20, 21.06, 28.09, 28.19, 28.31, 29.70, 36.46, 36.59,
38.19, 39.32, 41.77, 52.19, 54.26, 56.10, 60.40, 71.06,
111.08, 114.14, 119.24, 127.25, 127.87, 128.56, 132.08,
137.10, 147.55, 149.82, 175.89; HRMS m/z Calcd. for
C,,H,,NO, [M+H]" 504.275 4, found 504.275 0.

1.14  (3RA4R)-4-(4-(FEE)-3-HEFHERXE)-1-3-#K
FR g E5) AL & - 3- ¥R BE FRER (55) RIE AR 7E25 mL IR
R I 1.5 £ 5 1 3-8 FH R (0.11 g, 0.44 mmol),
FLR RN ZK AT Sa & B R, (i AE4lifl, PECEA =
6: 1 3 i J5 15 724 5§ (135.62 mg, 0.24 mmol), /= F K
81.84%. 'H NMR (400 MHz, CDCI,) d,;: 3.08~3.35
(m, 1H), 3.62 (s, 2H), 3.68 (s, 2H), 3.77 (d, J= 11.74 Hz,
2H), 3.88 (d, J = 9.41 Hz, 4H), 4.07~4.18 (m, 1H), 5.13
(d, J=8.56 Hz, 2H), 6.64~6.76 (m, 1H), 6.76~6.88 (m,
2H), 7.09~7.23 (m, 1H), 7.29~7.33 (m, 1H), 7.33~7.45
(m, 5H), 7.46~7.52 (m, 1H), 7.70~7.80 (m, 1H), 7.83~
7.92 (m, 1H); "C NMR (151 MHz, CDCL,) J.: 28.67,
45.40, 46.80, 47.75, 49.98, 51.29, 55.07, 70.01, 117.94,
125.25, 126.20, 126.87, 127.54, 129.06, 135.05, 135.96,
137.09, 137.93, 138.20, 139.94, 141.14, 146.65, 148.84,
166.72, 171.49; HRMS m/z Calced. for C,,H,INO, [M+
H]' 572.092 9, found 572.093 4.

115 (3RAR)-4-(4-TEE)-I-FEEXE)-1-4-FEX
EREEE )M Ig IR -3-FRER FRAE (Sk) BIE R 7E25 mLIMR
MEHIMN 1.5 551 4-F 22K R (0.09 g, 0.42 mmol),
HAKMMSa & AR, Gk Faitk, PECEA=3:14[
51587740 5k (104.05 mg, 0.19 mmol), 7= 4 66.98%.
'H NMR (600 MHz, CDCL,) d,;: 2.96 (d, J = 19.80 Hz,
2H), 3.30~3.44 (m, 1H), 3.51 (s, 1H), 3.56~3.67 (m,
2H), 3.83~3.88 (m, 2H), 3.91 (s, 1H), 3.95~4.04 (m,
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2H), 5.08 (s, 1H), 5.14 (s, 1H), 6.45 (d, J=7.81 Hz, 1H),
6.48~6.58 (m, 1H), 6.65 (d, J = 8.17 Hz, 1H), 6.73 (d,
J =836 Hz, 1H), 7.13~7.16 (m, 1H), 7.18~7.23 (m,
3H), 7.23~7.26 (m, 1H), 7.27~7.32 (m, 3H), 7.33 (d,
J =5.45 Hz, 1H), 7.35 (d, J = 7.08 Hz, 2H), 7.37~7.41
(m, 2H), 7.44 (d, J = 7.45 Hz, 1H); *C NMR (151 MHz,
CDCL,) 6.: 39.37, 48.26, 48.45, 51.36, 52.00, 55.98, 60.05,
71.07, 111.03, 111.25, 114.03, 119.08, 119.28, 126.23,
126.46, 127.19, 127.30, 127.84, 128.30, 128.44, 128.55,
129.38, 130.63, 130.87, 130.99, 137.05, 138.23, 140.50,
147.53, 149.61, 165.68, 172.22; HRMS m/z Calcd. for
C,,H,,NO, [M+H]" 536.243 2, found 536.243 7.

1.16 (3R4R)-4-(4-(CFEE)-3-FEEXH)-1-4-8-3-
HEXPEE) MR E-3-REPRE G) WE/M £
25 mL [ SR R IION 1.5 635 B 1) 4-5-3-AF 36 2K H IR
(0.09 g, 0.44 mmol), J 4% ) N 2% 14 Fl Sa [ & B A,
A4k, PECEA =411 Bl 5 1974 51 (86.61 mg,
0.16 mmol), ** %4 56.89%. 'H NMR (600 MHz, CDCl,)
9, 3.53~3.58 (m, 1H), 3.62~3.69 (m, 3H), 3.72~3.79
(m, 1H), 3.82 (d, J = 8.17 Hz, 1H), 3.88 (d, /= 16.17 Hz,
3H), 3.95 (dd, J = 12.17, 9.26 Hz, 1H), 4.10~4.17 (m,
1H), 5.13 (d, J = 13.44 Hz, 2H), 6.67 (d, J = 7.99 Hz,
1H), 6.71 (s, 1H), 6.76 (d, J = 7.99 Hz, 1H), 6.78~6.88
(m, 1H), 7.30 (d, J = 6.18 Hz, 1H), 7.36 (q, J = 7.39 Hz,
2H), 7.39~7.46 (m, 2H), 7.57~7.66 (m, 1H), 7.71 (dd,
J = 19.16, 8.08 Hz, 1H), 8.07 (d, J = 15.62 Hz, 1H);
“C NMR (151 MHz, CDCL,) J.: 29.70, 46.31, 48.58,
49.41, 51.00, 52.40, 56.13, 71.04, 111.10, 114.23,
118.90, 119.14, 124.72, 127.23, 127.92, 128.58, 130.73,
131.17, 131.89, 132.20, 135.79, 136.95, 147.81, 149.92,
171.73, 172.32; HRMS m/z Caled. for C,,H,,CIN,O,
[M+H]" 525.141 2, found 525.142 9.

1.17 (BRAR)-4-(4-(FEEH)-3-HEEXH)-1-4-21%
EXPRBE)MEE-3-REBEEPEE Gm) WER £
25 mL B9 B I 1.5 15 S ) 4- 20 5 28 R
(0.07 g, 0.47 mmol), J & N 2% 4 Fl Sa i1 & HCAH A,
2tk 440 J5 19749 Sm (93.01 mg, 0.20 mmol), %
N 68.01%. "H NMR (600 MHz, CDCL,) 6,;: 3.59~
3.65 (m, 2H), 3.67 (s, 1H), 3.80 (dd, J = 18.44, 9.54 Hz,
1H), 3.87 (d, J = 19.44 Hz, 3H), 3.91~3.97 (m, 1H),
4.14 (dd, J = 11.90, 8.63 Hz, 1H), 5.12 (d, J = 15.99 Hz,
2H), 5.29~5.35 (m, 1H), 5.80 (t, J = 17.62 Hz, 1H),
6.66~6.86 (m, 4H), 7.30 (d, J = 6.36 Hz, 1H), 7.36 (q,
J = 17.51 Hz, 2H), 7.39~7.47 (m, 4H), 7.47~7.56 (m,
2H); ®C NMR (151 MHz, CDCL) d.: 29.71, 46.45,

47.82, 49.15, 51.05, 52.20, 56.09, 71.04, 111.10, 114.17,
115.59, 118.98, 119.30, 126.11, 127.24, 127.68, 127.88,
128.57, 135.30, 136.01, 137.05, 139.51, 147.60, 149.82,
172.08, 172.67; HRMS m/z Caled. for C,,H,,NO, [M+
H]' 472.210 5, found 472.212 4.

1.18 (3R,4R)-4-(4-(FE£)-3-BH R E K E)-1-(F)-3-
(P Mg -2- 25 73 5 Ik 5 ML I b -3-FR B2 RS (Sm) MO &
B £ 25 mL ) R BRI 1.5 7% & 1 (B)-3-(Fk
R -2- ) T 475 T2 (0.06 g, 0.43 mmol), 3 4% ¢ ¥ & £ i
Sa [ BOMH [, 28 605 FE 4l 4K )5 75 7= 4 Sn (74.86 mg,
0.16 mmol), =%} 55.93%. 'H NMR (600 MHz, CDCL,)
d,: 3.19 (q, J = 8.90 Hz, 1H), 3.59~3.64 (m, 1H), 3.66
(d, J = 3.27 Hz, 3H), 3.71~3.76 (m, 1H), 3.86~3.90
(m, 3H), 4.07~4.12 (m, 1H), 4.12~4.19 (m, 2H), 5.10~
5.16 (m, 2H), 6.44~6.47 (m, 1H), 6.55~6.59 (m, 1H),
6.59~6.64 (m, 1H) 6.74 (dd, J = 7.99, 2.54 Hz, 1H),
6.78~6.80 (m, 1H), 6.84 (dd, J = 8.17, 4.90 Hz, 1H),
7.28~7.32 (m, 1H), 7.36 (t, J = 7.36 Hz, 2H), 7.40~7.46
(m, 3H), 7.48 (dd, J = 15.26, 5.81 Hz, 1H); "C NMR
(151 MHz, CDCL,) d.: 29.70, 46.03, 47.64, 48.99, 50.85,
52.23, 56.11, 71.06, 110.98, 111.08, 112.25, 114.22,
114.30, 115.56, 119.14, 127.26, 127.89, 128.56, 129.09,
131.67, 144.07, 147.63, 149.87, 151.53, 172.22, 172.55;
HRMS m/z Caled. for C,;H,,NO, [M+H] " 462.190 1,
found 462.191 7,

1.19 (BR,AR)-4-(4-(FEE)-3-BH R E K E)-1-(F)-3-
(MR -2- 20 T 4% Bt ) I I8 e -3- SR ER R AR (So0) M9 &
X 7525 mL ) RO HOIN 1.5 £5 B (E)-3- (4
M2~ ) 5 475 2 (0.07 g, 0.45 mmol), 4% 2 & 2% £F #1
Sa [t & B A, il kE4lifk, DCM:MeOH = 30: 1 /it
J& 18 77 %) 50 (69.16 mg, 0.14 mmol), /% 3 4 49.83%.
'H NMR (600 MHz, DMSO-d,) 6,;: 3.38~3.54 (m, 2H),
3.56~3.64 (m, 4H), 3.66~3.74 (m, 1H), 3.78 (d, J =
3.09 Hz, 3H), 3.96~4.03 (m, 1H), 4.19~4.26 (m, 1H),
5.06 (d, J = 4.18 Hz, 2H), 6.80~6.86 (m, 1H), 6.97 (d,
J = 8.17 Hz, 1H), 7.05 (d, J = 1.82 Hz, 1H), 7.18 (dd,
J =19.80, 15.26 Hz, 1H), 7.31~7.36 (m, 1H), 7.39 (t,
J = 7.45 Hz, 2H), 7.42~7.47 (m, 2H), 7.62 (dd, J =
15.35, 1.91 Hz, 1H), 7.87 (dd, J = 14.53, 3.09 Hz, 1H),
7.96 (dd, J = 13.44, 3.27 Hz, 1H); "C NMR (151 MHz,
DMSO-d,) J.: 46.01, 47.94, 48.20, 49.35, 52.34, 53.23,
56.08, 70.36, 111.97, 113.96, 120.05, 123.11, 124.22,
128.86, 131.85, 132.31, 132.95, 137.68, 144.82, 147.43,
149.65, 164.01, 172.43, 172.83; HRMS m/z Calcd. for
C,.H,,N,0.S [M+H]" 479.163 6, found 479.164 1.

26
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1.20 (3R, 4R)-4-(4-(FEE)-3-HREKE)-1-(E)-3-
@-EEXE)R G E)M IS T-3-R B FEE Sp) WE
B E25 mL B9 RN 1.5 5 &1 (E)-3-(4-72
FHEEPIATR (0.07 g, 0.44 mmol), JL 4 R 61 1 5a
()4 BAR R, (i A 4ifk, DCM:IEA = 311 ¥ it J5 757
1 5p (92.80 mg, 0.19 mmol), “F N 65.63%. 'H NMR
(600 MHz, DMSO-d,) d,;: 3.38~3.43 (m, 1H), 3.46~
3.54 (m, 1H), 3.57 (d, J = 9.63 Hz, 3H), 3.63 (d, J =
9.81 Hz, 1H), 3.77 (d, J = 3.63 Hz, 3H), 3.93~3.99 (m,
1H), 3.99~4.06 (m, 1H), 4.19 (d, J = 8.72 Hz, 1H), 5.06
(d, J=7.63 Hz, 2H), 6.73~6.86 (m, 4H), 6.95~7.02 (m,
2H), 7.04 (s, 1H), 7.30~7.35 (m, 1H), 7.36~7.47 (m,
5H), 7.56 (d, J = 8.17 Hz, 1H), 7.53 (d, J = 8.36 Hz, 1H),
9.85 (d, J=13.26 Hz, 1H); *C NMR (101 MHz, DMSO-
d) .. 46.08, 47.99, 48.17, 49.99, 52.34, 56.10, 60.26,
70.34, 111.83, 112.00, 113.88, 113.98, 116.05, 119.86,
120.07, 126.52, 128.29, 128.89, 130.41, 132.13, 137.71,
141.56, 147.37, 149.65, 159.54, 164.48, 173.01; HRMS
m/z Caled. for C,H,,NO, [M+H] " 488.205 1, found
488.207 3,

121 6-((BRAR)-4-(4-(FEE)-3-FHFE K H)-3-(F
B FR i) ALk 1% i -1-55) R B5) KR BS FR S (6a) BO G X 1E
25 mL [ R RO 1.5 £ 5 1 6- (35 FF 355 ) 0 82 Y I
(0.10 g, 0.43 mmol), M DCM{#H%#, 0 °C RN 1%
B IALA Y4 (0.10 g, 0.29 mmol) A 2 % & [ DIEPA
(0.08 g, 0.62 mmol), VKK T [ 4 h 5 2 0K 4% 252
% 4 ho TLC A& J5 A /K A1 DCM %5 B M 3 IR, T
KB R BN A LA, i 8 e s e 25, it A 4l
1k, PECEA =311 Ye/ii 543 729 6a (73 mg, 0.15 mmol),
7% 5 51.31%. "H NMR (600 MHz, CDCL,) d,;: 2.79
(dd, J=9.17, 6.63 Hz, 1H), 2.96~3.01 (m, 1H), 3.07 (t,
J = 8.72 Hz, 1H), 3.10~3.13 (m, 2H), 3.62~3.66 (m,
1H), 3.67 (s, 3H), 3.84 (d, J=14.53 Hz, 1H), 3.89 (s, 3H),
3.95 (s, 3H), 3.97 (d, J = 14.53 Hz, 1H), 5.12 (s, 2H),
6.77~6.83 (m, 2H), 6.89~6.91 (m, 1H), 7.27~7.32
(m, 1H), 7.36 (t, J = 7.63 Hz, 2H), 7.43 (d, J = 7.45 Hz,
2H), 7.58 (d, J = 7.99 Hz, 1H), 8.27 (dd, J = 8.08, 2.09
Hz, 1H), 9.14 (d, J = 1.82 Hz, 1H); "C NMR (151 MHz,
CDCl,) 6. 46.77, 51.56, 52.03, 52.34, 56.06, 57.56,
61.29, 61.85, 71.10, 111.27, 114.07, 119.26, 122.26,
124.57, 127.23, 127.79, 128.52, 137.28, 137.67, 147.00,
149.68, 150.40, 165.78, 174.41; HRMS m/z Calcd. for
C,.H,)N,O, [M+H] 491.217 6, found 491.218 2,

2 MERREELTAE I EE M R

2.1 MRSIRITEMMBEIEMEARN AU

AW 4 HPLC 50 4iF 46 35 04 85.00% J LA b5 AT 9t
BRI ARSI, S8 FH I PR 2 9 1 4% 1y NDM-1 32 K] (79 fil ¢
S AT (Clinical KPy,,,, ), %7 KPC-2 3£ K 1K gk
(E coli EC600,,,.,) WPk, 1 3 [E 5256 =5 i K b
73 o D 1R S M e AT AR A M e 53R B B R
WA 8 5t Clinical KP,,,, , M1 E coli EC600,,.., 15 fk
IR Y,

¥ Clinical KP,,,, , F1 E coli EC600,,., 53 7 Fi £
LB BRI L, 37 °CRE3: 1S h G/ E T Ein&H. ¥
B PR VEE 1 e A7 25 5 25 B 8% 1 43 il DMSO N
R K B B AE B SR K B B R 8 mg-mL ! VA . L 96
UM, B35 1 5 R dR i 2 31 24 0 N 8 e K T 9 MH A
100 pL, 25 1 F i MH 137 187.2 uL &% 6.4 pL (1)t
W AE AT AR I 36 B B BV, 7 4 TR D JE WEL 100 pL
TSI EE 2 B IR A3, AR U AT X - B R &) & it
W8 AT A ) RN S B T o B R B 3 i) h 2561 128~
0.25 pg'mL"'. TG A B RE HUBE I AR B4 B T 6
W A B R K, {3 oD, = 0.08~0.10, W HX 200 pL
BB MM B i — B &L, ARk B i — 1
HUS uL BN LA %41 37 °CE53% 15 h, il CMax
Plus Y6 BEFR I 7E 96 FLARAE 600 nm AL G (ODy,)
B S 36 5 P RO 58 LV ok B, DA o) 4 R A K 1R A /S
Ji KR FE A MIC
22 MEETEMSEETERKENANMEEN
R R AR B i L e AT A ) 5 56 B B R
ATHR & PUR I EAS W o #F Clinical KP,,,,,, f1 E coli
EC600,,.,5 MAEFE| LB B I, 37 °CHE = 15 h )5
WETERESH. 23 E 256.128.64.32.16.8.4,
2F10 pg-mL " MERg BEATAE DA . 96 FLAR 15 1 41
N 193.6 pL e B LF 10 AS [] 9 B2 1 56 Lk et Be 407 AR 00
W, BaE 1A BN 100 wl S 5] 34 B 1) 5 B gt Joe
TR AR5 15 &L I 8 mg-mL™ )36 % 1%
FA AR 6.4 pL, ES 1 51 IR 100 pL ¥ OISR 2 41
TR2T, 58 2 I 4 52 B 100 pL ¥ OIN 28 3 B &), 4R
Ja AR Oz bk A R A B R, (RIKER 3 31 A 100 pL
JEARIINBIECEE 281, B4R . G B AR 2R U
Fef 4B B T 7o i A B L /K b, F§ CMax Plus Y6 W
ity 5 A% I OD,, 1, £ OD,,, = 0.08~0.10, W% EX 200 uL
WA NN B Ja 1 8 &L, AR Mt S 1 0 HR R B
S UL BN LR, 37 °CHE 9% 15 h, 5 96 LR
1E OD,,, {8, V15 ms t A7 A 4 R0 56 2 855 1 B0k & 66 FH 1)
MIC, R4 (1) AT (2) 15 RE M FIC:

RF = MIC,py / MIC( 4+ iem M
FIC = MICC(,mpd+MEM / MICCmnpd +
MICCompd evem ! MICy iy @)



JE S A5 AT SBLs A MBLis X F A1l i A1 (10 b i Joe 97 21 0 9 v B S 30 A T 245 A 1T A
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o, MIC, 50 »MIC . s MIC g o 7 NS
5w A A A A, DL R 6 B B e AL A
WA (5 FH I SR AR B IR o FIC < 0.5 R Bl 254
FIFIME R, 0.5 < FIC < 2 7~ W Fh 24 ) 22 B0 AH I
YEH, FIC > 2 KRR IR ILFEHAER -
3 EROMLIRIEHTE MM o F X

7£ PDB ¥ 3 K # NDM-1 (ID: 5ZGE) } KPC-2
(ID: 3RXX) & H 3 (3Z4%), 188 H Chem3D 22.0.0 %X
PR ERAL G Sf Je S1EE R X (B Ak, A FE Ak T 3 Re i
R AS PRIIE 25 M4 #2585 1 F AutoDockTools 1.5.6 A4
Xf NDM-1 4 [l KPC-2 8 [T T 25K Ko 4z &l Ak
P I ORAF SR SO SO A S 5 S SEREAT 4 & Ab
PR HARAE SO i T 325 5 555147 70 T4
%o AEFH PyMol B4 o # 45 SR IR Hh R UK
5§ A 515 8 % I S R IR T ik DAEAT AT AL AL B JE
BB P as R

EE TTRk: BN oh S 1 2 AR R BRI Ra RS, £7
A7 TR o3 AL DTG A I BRCER A 5 o 2 R T 3 5 43
FRTE AR VIR 58 RO W05 PR A I B AR STRE; 6 S0 58 R
SERS T RS E AR AE

FIEE S AT EEH FAAEER G R R
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