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Synthesis and Antibacterial Activity Study of
Triazole-Modified g-Lactam Molecules

Nvjiang Wu, Zhen Wang, Xue Cui, Haohai Li, Xuesong Wang"
College of Pharmacy, Hainan Medical University, Haikou 571199, China

Abstract: Objective To design and synthesize p-lactam triazole compounds. Methods Using triazole and
6-aminopenicillanic acid as starting materials, a series of g-lactam triazole compounds were synthesized based on the
principle of active splicing. The molecular structures were characterized by *H NMR, **C NMR and mass spectrometry.
The antibacterial activity and the ability to inhibit S-lactamase of the target compounds were then determined. Results
Three target compounds not reported in the literature were synthesized. After three batches of repeated experiments, the
minimum inhibitory concentration of the compounds was determined: the negative control group showed stable bacterial
growth, and the blank control group had no bacterial growth, indicating the validity and reliability of the antibacterial
ability of the compounds themselves; the inhibitory effect of the compounds on S-lactamase activity was determined:
CX-1 (target compound 1) had potential p-lactamase inhibitory properties, while the structurally similar CX-2 (target
compound 2) and CX-3 (target compound 3) had relatively weak effects, but all had inhibitory effects on S-lactamase.
Conclusion This study holds significant importance for future research directions. By leveraging the findings from this
study, researchers can focus on modifying the molecular structures of these S-lactam triazole compounds to discover new
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compounds with enhanced antibacterial efficacy and more straightforward synthetic routes.

Keywords: Triazole; -Lactam; Antibiotic; Antibacterial Activity
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s LA G A ek T (2] o RN, AE A B SCER A R
BATVRIL =AM T2 RS, 2241
LR Rel, BRIk A o i A 3]
FREFRATE R I = B AP THL i 25k, il
APEIH 27 I BRI N— A=, BRI TIES N
1B R R 2 1 - P Bk e B o 75 -- A B3, HLC
P &7 RS E . PUBRG RO I [4]. AP EEE H
AT R 2R S B- N BB (5] [RIE R T
W F AR, MM BOR T KR 24 [6].
B2, HAMbMEER T A RZ DL 6-B 3T H R
NIERE 2810 25 IR SIR TE R, 1% R N B AT A B,
U, mis Qs B AEAE, BRI T % L2
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2.2 B EYIHIE B
2.2.1 6-APA RERRI

FEREA TEK & BE (10 mL) ) 50 mL S,
JHN 6-APA (1g, 4.6 mmol) A=Z% (0.9292g, 9.2
mmol) FEFEZR M, FHINN B4R 4 Fg (0.598 g,
4.6 mmol) ZRZEFFE 3 /NS, ARSERIE A B A BRI
A 9-1R-%j (1.127 g, 4.6 mmol) ¥ f#{E DMF (10 mL)
W, IR SR AR, SR LR LR R
WOF R EhKPES: (315 mL) , K& IHFRIANUER T K
BREREE T8, WREIRGE, ZRERAEENT 2 (Wi
PE/EtOAC = 20/1, 15/1, 10/1, viv) , HHAMGEEK (L
G2 o BAEY 2T NE (10 mL) Hr, IS
FZETERR — K &% (0.969 g, 5.1 mmol) 1 h J& HiHl A
tayise, 0, JEUHH B (5 mL) Pk B, ¥
FEPHAT R (20 mL) h, IIA=2./%(0.9292 g,
9.2 mmoDF£4i# 2 h, FE A NaOH ## (1M, 10 mL)
S ENUAE, KA SRR, A HFTE AU,
MERK (10 mL) BE%, TREIFRERAE, Stz
o GEEfis: PE/EtOAC = 3/1, 2/1, viv) , 5H
R (tb&¥ 3, 0.3535g, 20%) , A RLEELZINE 1

Fr7r[8]-
if ﬁﬁ e
O Et;NH it

6-APA
RN g
OJ;N
o)

r &

Reagents and conditions: (i). MeCOCH,COOEt, Et;N,DCM, rt (ii). DMF, rt
(iii). TsSOH H,0, acetone, rt (iv). DCM, Et3N, rt

K1 BRERRY
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2.2.2 &Y CX-1 BIE R

Pd(PPh3),Cly, Cul, TEA

H,N
o} \©YOB

sl

[e]
B — e
Ph)\ MeOH, 70 °C

DCM, rt, Ar
Ph
4
o)
o}
Ph OEt
U OEt TsN, LiO'Bu

Z N

Ph = N DCM, rt _ /

NaOH(aq. )
MeOH rt

o

10%Pd/C, Hy, NaHCO3

HATU DIPEA
DMF rt

b=
J‘

HyO/THF, rt

e

2 fbEW) CX-1 &k

MRV I = ZRFL M — S48 (0.21g, 0.3 mmol) .
ZKHEEE (1.4 g, 10 mmol) « 2K 25 (1.276 g, 11 mmol) .
=2 (35mL) IIAZES 30 mL 5 H BT 100 mL i
A, Sm/EMmABYLIEE] (0.19g, 1 mmol) 7EES IR
PR RN 12 ho ¥ iR et B, K (3540 mL)
I3 WK, BANZETERE, BUEKRYE, SrERAEENT
B (UEfiF): PE/EtOAC =500/1, 400/1, 300/1, viv)
B aEA (b&W 4) o 1\ 50 mL ARk
MNEEW) 4 (1.03g, 5mmol) X IEZE IR g (0.825
g, 5mmol) , FIA 10 mL HEE, 70T [FliE 6h. e T
B, SEERFEENT /S (BElT: PE/EtOAC = 30/1,
25/1, 20/1, viv) 153K ((hE54 5, 1.06g, 57%) -
Bk &4 500.371 g, 1 mmol) AT E¥4#(0.24 g, 3 mmol)
UM 25 mL SR, A 4 mL S e LA,
FZRRETE B %0 (TsN3, 0.394 g, 2 mmol) =R M 12 h,
TLC frill je Rk A e 425, 7K (30 mL) A& Hibe

(20 mL) ZEHL 3 K, Jo/KBREREET G, JRik4gs, 26k
FekE M (WelisRl: PE/EtOAC = 20/1, 15/1, 10/1,
viv) , BAGEER A6, 0239, FERT8%) o ¥
5916 (014659, 0.5 mmol) AT 4 mL HFEEH, i
WSS NET (029, Smmol, W& T 05mL/K) , =

N 12 h, TLC Al N5e4fE, H 2N HCIE R
pH Z1°8 2, H7K (20 mL) FIZERZHEE (320 mL) #£HL
3, ToKIRBREET1E, Jik4d, 3E0EE (hay)
7,0.136 g, 7% 97%) . Kb A4 7(0.1325 g, 0.5 mmol)
HATU (0.22g, 0.58 mmol) ¥ 2 mL DMF H, Fiin
DIPEA (0.075g, 0.58 mmol) , =i/ 30 min J&, N
MNMEEY 3 (01529, 0.4mmol) , KBiid#, TLC A&
SNFEATEA S, 7K (3520 mL) FZ /R 2.1 (20 mL)
ﬁﬁﬁ( 3 WK, ToKERBREET R, WURKYE, SaERAEENT
B (Belis): PE/EtOAC = 3/1, 2/1, viv) , 38t
RAUE A5 8, 0.23 g, 775 929%) - KK 547 8(0.3135
g> 0.5mmol) . NaHCO; (0.084 g, 1 mmoD) JIAF] THF
(2mL) 7K (2 mL) HFR-EHEET, fHEIA 5% Pd/C
(1.09) , B RofEs: FEAER, RN 12 h, K
Pd/C i€ F THF (1 mL) 7K (1 mL) FITR AL
IINF 2 (0.126 g, 0.6 mmol) E&4k 30 min J&, Ak
(5mL) MZEZlE (36 mL) ZH3 &, ANEHTL

IKEREREE T, JIEIRYE, SRERENT 5 (B
LR BEIAAMEE =2/1, 3/1, 1% CH;COOH, viv) , 15

W AHPIRBIER (&% CX-1, 0.095g,
B ESZUE 2 Fiow.

FEER 40%)
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2.2.3 &Y CX-2 BIE R

H,N
o) \@(OB

Pd(PPhs),Clp, Cul, TEA I
DCM, rt, Ar Ph™ " MeOH, 70 'C

Ph
4 o)
o)
o) Ph OEt
o Ph OFt TsN3, CHiCN p
Ph/”\/\N DBU, rt Ph N
N=N
9
NaBH4 @E)
EtOH, TE©OH, 1t
= N -
FeCl, DCM, 60°C N
I
=N
H 0
NaOH(aq) N
- S
MeOH, rt / Ph OH HzNy(
+ N
an 4 o
Ph N=N 12 . 4 .O
HATU, DIPEA O
DMF, rt NH
Ph Ph
— 13
N\\ _N
" @(H s
N

10%Pd/C, H2, NaHCO3 NH O
H,O/THF, rt —
Ph
— Ph CX-2
N

3 {bAW CX-2 & Rk

VOK: W = 25 e — &4k (0.21 g, 0.3 mmol). (3>40 mL) ZHL 3K, MAVZTEE, BUEkY,
LS (1.4 g, 10 mmol) . 24k (1.276 g, 11 mmol). & HERKEEHT 70 B (B M7 : PE/EtOAC = 500/1, 400/1,
=M (35mL) IIAEEH 25 mL & WA 100mL 300/1, viv) EEEEEEE (LAY 4). 17 50 mL A
ST, BOa AL (0199, 1mmoD) 7EE MK AEY) 4 (1.03g, 5 mmol). X FIK
SRR R 12 he ¥ RMNREREE LIS IE, K RN (0.825g, 5 mmol), FAIA 10 mL FEE, 70C
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[ 6 ho FETIFA, LRERKEENTE QUi
PE/EtOAc = 30/1, 25/1, 20/1, viv) B R (L&
Y5, 1.069, 57%). HHAEY5 (0.7429, 2 mmol)
T 5mL A, FRR I B ORI & %0(TsN3, 0.788
g, 4mmol). DBU (0.608 g, 4 mmol) =i 2 h,
TLC Kl B AEATEA G, WORERYE, ZrERAEET
B (BEMiFA: PE/EtOAcC = 20/1, 15/1, 10/1, viv),
BAEGHER (L&Y 9, 0508 g, 7 64%). ¥ith&
9 (0.397 g, 1 mmob). MIE LN (0.074 g, 2 mmol)
BT 4mL CBEF, FEERPL4h, TLC KR RS 4
Ja, MKER, HOBR OB (310 mL) AR 3 Kk, A
BUZ TR R BT 1%, WUEwkYs, Skt E sy
B (e PE/EtOAC =5/1, 4/1, 3/1, viv), HAM
MR (LAY 10, 0356 g, 77% 89%). Kb &4 10
(0.2 g, 0.5mmob. H|% (0.0877 g, 0.75 mmol) ¥
F 2mLDCM H, e TE/K =& 4k%k (0.04 g, 0.25
mmol), 60T [y 12 h, TLC &l e M A 5245,
SEEREEN 8 (GElij: PE/EtOAC = 10/1, 8/1,
6/1, viv), 18 B R (54 11, 0.229 g, 723 92%) .
&Y 11 (049, 0.8mmol) & T 4 mL HEEH,
TN A A AR A (0.32 g, 8 mmol, ¥ T 0.5 mL 7K),
M 12 h, TLC Al B 5845, F 2N HCI ¥
W pH 218 2, H/K (20 mL) MZEE 2B (320 mL)
FH 3 K, BAHZHTKRBRET R, WUEkds, 19
FGEE (had 12, 038 g, PP 97%). Kib&t
12 (0.235¢g, 0.5 mmol). HATU (0.22 g, 0.58 mmol)
%T 2 mL DMF 1, Fif i DIPEAC0.075 g, 0.58 mmol),
KRV 30 min J5, IMAALEY) 3(0.152 g, 0.4 mmol),
SNIEA, TLC il Je B HE A 5842 Ji5 » FH 7K (3>Q0 mL)
Mg lg (20 mL) ZEHL 3 ¥k, HHLEH TCKBREEE
T4, IR R i, AR E AT 43 B Qe Jii A : PE/EtOAC
=3/1, 2/1, viv), REEMRBAE hEY 13, 0.316
g, =% 95%) . Kk &4 13(0.25 g, 0.3 mmol ). NaHCO;
(0.05g, 0.6 mmol) HIAZF] THF (1.5mL) Fi/K (1.5
mL) FIEA R A, HJEMA 5% Pd/IC (0.6 g), Hx
PMORER: BEAER, =R 12 h, % Pd/IC g
THF (1 mL) 7K (1 mL) HIREWBES, AR
1% (0.084 g, 0.4 mmol) f&4k. 30 min /5, Hn7K (5 mL)
MR CHE (36 mL) ZHL 3k, ANLEHTC/KERR
BT, WURRYE, SRS S B &
B2 e hiE = 2/1, 3/1, 1% CH3COOH, viv), 75
W EHPIRIA (fb&4) CX-2, 0.101 g, 753 50%),
A RS 3 FrR.

2.2.4 L&Y CX-3 K&

MRV = 2R — G4 (0.21 g, 0.3 mmoD).
S (1.4 g, 10 mmol) . 2.4 (1.276 g, 11 mmol).
= f%E (35 mL) IIAEER 25 mL & HKER 100 mL
B, BJE AL (0.19g, 1 mmol) 74
SRPTIRMN 12 he BN & RERE 8, K

(340 mL) ZEHL 3k, THEE, WERYE, Sk
EMT B (UEiFT: PE/EtOAC = 500/1, 400/1, 300/1,
viv) BEEEE AR (L& 4). 17 50 mL B K
TINANAL &Y 4 (1.03 g, 5mmol). X & 2K iz 2. fig

(0.8259, 5mmol), FFMIA 10 mL FEE, 70T [Ali 6
ho BT, ZREBAEENT 75 (BEMii: PE/EtOAC
=30/1, 25/1, 20/1, viv) Rtk R (k&4 5, 1.06
g, 57%). Kib&¥ 5 (0.742 g, 2 mmol) T 5 mL
R N R R S % (TSN, 0.788 g5 4 mmol).
DBU (0.608 g, 4 mmol) =& 2 h, TLC f&ill)5,
R, ARS8 (BEMF): PE/EtOAC =
20/1, 15/1, 10/1, viv), fREMKH R (G 9, 0.508
g, FEE64%). Kb EW9 (0.397 g, 1 mmob. WA
{4 (0.074 g, 2mmob) T 4mL LFEr, =R
4h, TLC killf5, MKEK, H LB B (3<10 mL)
3 IR, TKIMBREET R, WERKRYE, SrERAEE
Mo (BeMiss): PE/EtOAC =5/1, 4/1, 3/1, viv), 15
HEF R (tb&4 10, 0.356 g, 773 89%). ¥ibL&W
10 (0.12 g, 0.3 mmoD). 1, 3, 5- =4 &% (0.0756 g,
0.45 mmol) T 2mLDCM H, HJEMATK=51b
Bk (0.024 g, 0.15 mmol), 60<C [A%i 12 h, TLC #&:
5, SRERKEEMNT 0B (UeliF: PE/EtOAC = 10/1,
8/1, 6/1, viv), fFHEMK (bEH 14, 0.138¢g, 7~
2 84%). Kik& ) 14 (0.1647 g, 0.3 mmol) AT 3 mL
H R, FR A A A TR (0.12 g, 3 mmol, T
0.5 mL 7K), Fif/xM 12 h, TLC #&M)5, F 2N HCI
WO pH 2324 2, F7K (20 mL) Al 28 2,158 (320 mL)
REL3 W, TG, WIEKRYE, SRR ENR 2B Ok
Jii 7. PE/EtOAC = 3/1, 2/1, 1/1, 1%CH;COOH, v/v),
BAGER (&Y 15, 019, 77% 64%). HiLEW
15 (0.245 g, 0.47 mmol). HATU (0.205 g, 0.54 mmol)
#T 2 mL DMF 1, Fii% i DIPEAC0.07 g,0.54 mmol),
iR M 30 min J5, IAKEY) 3(0.14 g, 0.37 mmol),
N, TLC filljs, 7K (320 mL) FI 2z .1

(20 mL) ZEHL 3 IR, To/KBRRREET 1%, WEKYE, &
TEISRE ZEHT 70 B (Pefi7): PE/EtOAC = 3/1, 2/1, viv),

http://www.chemscieng.com
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P EHPRA ((bE59) 16, 01969, 7% 60%). K g, 0.2 mmol) ER{ 30 min J5, Ji/K (5mL) FALIRZ
fb&4 16 (0.106 g, 0.12 mmol). NaHCO; (0.02 g, fg (36 mL) ZEHL 3K, ANETE, WIEKRYS, &
0.24 mmol) JIAZ| THF (1.5 mL) FIZK (L5 mL) B FERIZETo 5 QO : 48R CERAMEE = 2/1, 3/1,
TRAVERCT, B 5% PdIC (0.24 ), ¥ NIE 1% CH3COOH, viv), 1535 8 o PR AR (AL &4 CX-3,
i FESER, SN 12 h, ¥ PAIC i JEFRH THE (1 0.045g, 773 52%), &R IE 4 fix.

mL) F7K (1 mbL) RRA WSS, IMAFERE (0.042

H,N
0 T e
Pd(PPhs),Cl,, Cul, TEA I
DCM, rt, Ar Ph" " MeOH, 70 C
Ph

4 o)
0
o Ph OEt
O Ph OFt TsN 3, CHCN
/”\/\ DBU Ph N
Ph N ot N=N
9
MeO 0
NaBH,4 /@\ OMe
% ,H
EtOH, rt OEt
/ FeCls, DCM, 60°C
=N 3 MeO /N
MeO /N
NaOH(aq) OMe
MeOH, rt Ph
MeO / N
15
HATU, DIPEA OMe
DMF, rt MeO
OMe
Ph Ph
16
N\\ N
N/
H
@WN :
o] N o
o)

10%Pd/C, Hy, NaHCO; ~ MeO O
H,O/THF, rt o OMe
Ph
— CX-3
N

4 L) CX-3 5 U 4
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3 WEMER/NIERE (MIC) H
e
3.1 SEISARL

fll: MH (B) ¥53%4E, Solarbio A #];
4, Solarbio A F] .

Btk: &WOHEEEE (ATCC 6538). K HE
(ATCC 25922), | ZRIAIUEM R AR AR &K
BEEKEE (ATCC 25175), H [E A= 40 v Fob ARk o

3.2 LW HE
3.2.1 BEFHIEMEH]

Mueller Hinton #iifA$57=%:: 0.24 g T4 MH (B)
FRFR BT 10 mL Z& 18K, FREL 2.4 g T8 MH (B)
IR R V5T 100 mL Z618K[9].

3.2.2 AR 2GR K PR 2R A P A1

FE 250 : RERARIURE b CX-1 (5.93 mg) « CX-2
(8.56mg) . CX-3 (9.21mg) T 1.5mLep &, MA
1 mL DMSO ffi e 2, 1F21HEJN 12.8 mM K
BER, P FHTRAR R FR 2R b AT A5 FRE, R 3NRIE -
256, 128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25 uM
M2 -

BH 1 2470 - RS HFREX 0.29 mg &% P ARk CAmp),
T 6 mL AR IR E 15 2R LN 128 uM B,
TR ER FR I3 AT A5 0RE, 19 3IWKEEA: 64, 32,
16, 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.0625 uM 25
#% H1[10].

3.2.3 B KT

ELHEZM T, BURAANEE T O KESM 10 mL
Wk FRIE T, 37<C {HIEFZIR 200r/min, 5577 24 h,
M5E H: ODegoonm J5 > #4 I FH IS R EEFGRE 1000 £, ShIN
WA 1.0<10°CFU/mL 4 I [14]

3.2.4 FEEHIE

7F 96 fLIR _ER9EE 1 41-28 11 ZI4K N 50 ul
W, % AAT-5 DATHNE 1 HI-35 11 SRR
[ IR P R v, WREEA 1 2] 11 BORE)/N (128,

ZURPIAR

64, 32, 16, 8, 4, 2, 1, 0.5, 0.25, 0.125 upM) ;
5 EAT-3 HATHRIEE 1 510-35 11 ZIR I A [R5
PIBHPE 257, REM 1 31 11 B K3/ (32, 16, 8,
4, 2, 1, 05, 0.25, 0.125, 0.0625, 0.03125 pM) ;
ESE 12 HIRr LA A 50 pL BERAT 50 pL £ 773

2B D, JE UL A 100 pl 3577 4

(XD o 78 37T B4+, K95 24h )5,
WELLE R,

3.3 &REiTie

1 FESRT 3 AR B MIC (uMD

wEY Kt SHEMERE  DHERE
CX-1 >128 2 8

CX-2 >128 4 4

CX-3 >128 8 4

Amp 4 0.0625 0.125

VE: 1 PEEWREE MUK AT —FLED J9iZAb S MIC {8, 2. %
B MIC R, 2556 11 ZIFLIESE, gkefmre, BB
M ET—FLEPA MIC {E; #5565 1 FLVEM, NHESH >128uM.

it — BRI, A 96 FLAR KB PR R
PAEHEME IEFERK, SAMBAYLHEEL, B
HE SRS R A Rk, RSz a5 RO AT .
Wk 1 fror, "aLUE RS CX-1. CX-2. CX-3 1
AT 4 T € %) BR T DA T EEER B AR, HER
ANIAPHPEZG-Z R PE AR e CX-2 X 33X 4 A 41 B ) 410
HFIRCRART, MIC ¥4 4uM, 1 CX-1 X & ot %
BREE 30 ORI T AR B ER B, CX-3 W) 1E S S A I 5
IR 3 A& PR K AT B 35 JC DTS 7

4 ALEYIIN] B- PN B e P O U
%

4.1 KRR

LAY FE ey R — R R p-NEERGEE IR, 24 -
R A T (R IR B B- N ot g B K AT, I EE 2 A
BN, SERESE M 1) Sk Fam S E Iy Ab T 58 I
JEIX (#9380 nm b)), HEGE=YIER 2T WGk
[X (£3500nm4b). Bk, AT LUEEAEN 492 nm 4bF)
W6 FE 1S B LR = & &, S AL & WXt
[ i 2 [12].
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4.2 SEWTFHE
4.2.1 REWRIIH] %

FE VAT £ KA &4 CX-1 B BFK 12.8 mM
FAREA 8 My 4 pM. 2 pM. 1 pM. 100 nM. 10 nM.
1nM BIEH, #H. FEEY CX-2. CX-3 Ml
100 nM ¥EW,  #5HI[13].

IX BAEESR I H % : 20 mM HEPES 2834k
0.25M NaCl ¥, 1 ug/mL BSA, 0.01% Triton X-100,

SLARHFEMELY G K 1.033 mg Sk fiE ik
WEWY VAT DMSO, FHINN 1x JABELE MR, W N 2 mM
[14].

4x OXA-23 Wil % : KB A 50 pg/mL (1)
OXA-23, N 1x WG MMRERK 1.2 pg/mLOXA-23
#H
4.2.2 WAEWIEHER &

1E 96 FLAR M5 1 %1-55 8 BIMEE A 4T-28 C AT, 1K
U 50 pL %N 8 M4 pM.2 uM. 1 pM.. 100 nM.
10 nM. 1 nM L&Y CX-1, Ix BBEZEMG N
A 1.2 pg/mL OXA-23, %L 25puL, 37T A 10 min
Jes IO 2 mM Skfafg gy, &L 25 ul, 37T CTHE
30 min; 7E 492 nm &b, MEWIEE, THEAHIER, WK
5 100 nM 4 &4 CX-2. CX-3 #AE[F E, W& HAE
492 nm ARG EE, R THE I Z[15].

4.3 AL E
(AR, T3/
I (%) = 1~ x 100
[G1E3

NHC: Skt 3t BEmy 7K fift & 5
NHC pwe: BT 5 8 7 250 K s $ (Ax
V(SN P)
431 R 5
2 A[FIHREERE ST B -9 Tk R (400 1] 22

ZRIEAE 8- BT 1 (A B B R T
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