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Design, synthesis and bioactivity of 2-methylene-cephalosporin antibiotics
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Abstract: Objective To design and synthesize 2-methylene-cephalosporin antibiotics for antibacterial activity. Methods 2-methylene-
cephalosporin antibiotics were synthesized from the starting material GCLE via Mannich reaction, enzymolysis, and condensation, etc.
The study on antibacterial activity was carried out using micro-dilution to detect the minimum inhibitory concentrations (MIC) on
standard Staphylococcus aureus and standard Bacillus canalis capsulatus. Results The four novel compounds were synthesized. All
the compounds were characterized by "H-NMR and MS. The preliminary test showed that the compound had good antibacterial
activities. Conclusion Through the preliminary bioactivity test, the results show that the antibacterial activities of the compounds 8a,
8b, and 8d on standard Staphylococcus aureus are the same to those of cefixime and cefdinir, and the antibacterial activities of the
compounds 8a and 8b on standard Bacillus canalis capsulatus are the same to those of cefixime and cefdinir.
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FRIRFFWEMERE (AE VHTERR) FI(Z)-2-Q2-ZFEWEME-4-  Ji5 (GCLE) A ah sk, 435 AT HA 2 U 40 Fn B
5)-2- AR H AW Z R SR AT EM RS JEBE Me4i G, SRS 4. Mannich OV, 3 i
o S Tl BOTETEONEE, WilA T 4 AN EEME. BEME. B BE AE SRYEBSRSK A e i
HW), UL T AT SR 2 ik . Hedi 5, BRI HAMLS Y 8a. 8b. 8c. 8d. it

W LIRS R (B 2) B, BL7- SR 4 A R &4 "H-NMR Fl MS #1777
LR FE-3- 5 P I35 -4-FR IR N AL SRR .
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Fig. 2 Synthesis route of target compounds
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2.1 ERERS
211 7- LR L -3-[[(1- B L - 1H-5- DY 26 M )
B ] FH AR - Sk f-3-4-4- R TR 0 AU LR TR (20 G
% HHVUEME 145 ¢ (125 mmol) FliE & &
KA RIS, IIAN=2 8 15 mL #1 GCLE (1)
50 g (103 mmol), il S A 10 h, FHYIFIBRIR VAL
veaE, T, WA ALK 55.9 g5 UK 96%.

PS5 T AEE — e 16.5 g 4 A 7-2K 4
P 2 -3 1- HH e MR- 5 -5 R D )- Sk A3 M4 72
PR FHAR LR (2b) 56.5 g, WK 94%.
2,12 7-K LR HE-3-[[(1- F HE-1H-5- DY G M 35
B ] FF L ]Sk fl-3- M -4- R ok H AU S5 liR-1-50 (3a)
e Btk &4 2a 29 g (51 mmol) Flid = R
TN RIS NN SRR 27.5 mL. iSO
HE30%) 15 mL, il 3 h 5, AR
SR R IR SR pH b, JE A
PO 44 253 g, CR 85%.

ATV 2b 30 g i 7-78 L 25-3-(1-
FH R M KL -5 5 FH G )- Sk -3 M -4- FR2 R X FH 4
FAERE-1-50 (3b) 26 g, WK 85%.
213  7-FK O FE-3-[[(1- F HE- 1 H-5- DY R M)
FH ]2 31 1 - S A -3 -0 -4- FR TR ) PR AR R - 1 -4
(4a) & BEY 3a25 ¢ (43 mmol). 24
% 9 mL (87.8 mmol). =% L. 7 mL (93.3 mmol).
I 8.5 mL (it %% 37%, 89.5 mmol). LT
75 mL. —EELE 200 mL 7E 50 ‘C4cA N W 3 h,
SRIEHE N K, g, £ B A 20 g,
W 80%.

AT 3b 27 g i1 7-K Lk JE-3-(1-
FH I — IR -5 55 PR )-2- 3 R k- Sk A -3- 05 -4- R
PR AR L E-1-%0 (4b) 22.8 g, WK 82%.
2.1.4  7-2K LR FE-3-[[(1- FF FE-1H-5- DY S0 e 3
B ) R R ]-2- IV, P - S -3 -0 -4-FR IR 6 R AR L 1
(52) AR Kiba 4a6g (10 mmol). &
£t 100 mL. N,N-—FIEHTEEZ 10 mL I NI
o, VKA N IR = SAGE% 3.5 mL (40 mmol),
RN 3hE, IMAKA &b, R R T,
WRATHEFTO R 4.6 g0 WOK 80%.

HZEAL T2 4b 6.4 g i3 7-2K Lk 3-3-(1-
FH R I I -5 35 F O )-2- 3 Y - Sk -3 -4- 2
RN LG (Sb) 4.8 g, K 80%.

2.1.5 7-7 LR L -3-[[(1- T -1 H-5-DY 2 e
] A6 ]-2- W F 3L 3Ll -3-05-4- R R (6a) A
o LAY 5a 1.2 g (2 mmol). ZEHIE 50 mL i
NS, FRAAT NI =R 7.5 mL, i
FE 3 h GBS 406 50 mL, #FE 10 min, &, B
1% 16 25 mL PEGk 2 IR, 13 E 1A 0.8 g, % 64%.

AT 1 5b 1.2 g Hil43 7-K LB 2E-3-(1-

FH R I I RS- 55 R G )-2- 3 P - 3 7 -3- i -4- R
% (6b) 0.8 g, WFK 64%.
2.1.6  7-FHE-3-[[(1- FF L -1 H-5- DY &0 M g ) g ]
FE)-2- 0 -k Af-3-45-4-FR R (Ta) A ¥tk
W) 6a4 g (8.7 mmol). WEMR ALY 50 mL A %
MR, SN T 40 5% 2 K Y pH {4
7.8, MAREWT TR G BLEF 4 g, A RS>
B 5% =K pH H N 7.8, {REFIEE, £5 pH {4
ARG, FERRRE pH {H % 3, Hr i ek, g,
HEAMGEE 2.6 g, WK 79%.

A7 72 1 6b 4.8 g #3728 5E-3-(1-F B

MR- 5- FE D )-2- 0 FE RS A -3 -4- 3118 (Th)
29¢g, WFE 78%.
2.1.7  7-[(2)[(2- % F-4-WE M I (FF AR I 3% ) £ Tk
FE 2 FE]-3-[[(1- F 36 - 1H-5- DU S0 e )i | FF ik 1-2- 310
L SKA-3-05-4-F2 TR (8a) G K KL &) 7a 2
g (5.9 mmol). AHli 10 mL. 7K 5 mL JI A2 2 NI
W, HEFERRE S 10 C, 0= 24 0.6 mL, RN
N AE EPERE 2 g (5.9 mmol), W 14 ho V5%
YefE, 25U, UK 10 mL, &L, SERUMAGE
o te, yEit, SRR pH EHZE 3, HriiiiE,
FRENAG g, 10 mL YRS, R0 4k
2.5g, YK 81%.

R0 70 1.9 g 5 kvl iE v s &
AT 7-[2-% H-4-WE ML 2 (3R F AL W %) £ T
FE1-3-(1-FF I DY Gl S - 5- 578 B 0 )-2- I R -3k 70 -3-
i-4-F 1% (8b) 1.8 g, W 65%.

FFH 7a 1.6 g 53k JJ5 7% PEBR 4 & Hl 1
7-[2- & K -4- WE M L 2-( R AR 3 W 1R ) £ T i
FE-3-[[(1- FF 56 - 1H-5-PU S0 e L ) B ] i ]-2- 30 FF -
SkH-3-Hi-4-F2 1R (8¢) 2.3 g, YK 78%.

FEH 7b 1.9 g Hil43 7-[(2)[(2-24 Fk-4-WE M4
B AR 28 5 ) AL ] B K 1-3-(1- FY L e — ek
53 F ) -2- W7 LSk fl-3- 45 -4- %1% (8d) 1.3 g,
K 62%.
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k4% 8a: ESI-MS m/z: 524.1 [M+H];
'H-NMR (400 MHz, DMSO-d) d: 3.84 (3H, s,
OCH3), 3.88 (3H, s, NCH3), 4.68 (2H, d, J=12.5
Hz, SCH,), 5.10 (1H, d, J=4.4 Hz, CH), 5.50
(2H, d, J=13.1 Hz, CH,), 5.66 (1H, dd, J=9.2.
5.1Hz, NCH), 6.73 (1H, s, SCH), 7.19 (2H,
s, NHy), 9.61 (1H, d, J=7.3 Hz, NH).

4% 8b: ESI-MS m/z: 598.0 [M+H]";
'H-NMR (400 MHz, DMSO-dy) d: 2.66 (3H, s,
CH3), 3.76 (3H, s, OCH3), 4.85 (2H, d, J=13.3
Hz, SCH,), 4.68 (2H, s, OCH,), 5.14 (1H, d,
J=4.7Hz, SCH), 5.55 (2H, d, J=13.8 Hz, CH,),
571 (1H, dd, J=6.2. 3.8 Hz, NCH), 7.60 (1H,
s, SCH), 7.23 (2H, s, NHy), 9.61 (1H, d, J=7.1
Hz, NH).

1) 8c: ESI-MS m/z: 582.1 [M+H]"; '"H-NMR
(400 MHz, DMSO-dy) 6: 3.67 (3H, s, OCH3), 3.88
(3H, s, NCH3), 4.56 (2H, dd, J=13.3 Hz, SCH,),
4.68 (2H, s, OCH,) 5.04 (1H, d, J=4.8 Hz, SCH),
5.54 (2H, d, J=13.4Hz, CH,), 5.82 (1H, dd, J=8.0.
48Hz, NCH), 6.77 (1H, s, SCH), 7.24 (2H, s,
NH,), 9.63 (1H, d, J=6.9Hz, NH).

&Y 8d: ESI-MS miz: 540.0 [M+H]":
'H-NMR (400 MHz, DMSO-dy) d: 2.66 (3H, s,
CHs3), 3.84 (3H, s, OCH3), 4.84 (2H, d, J=15.2
Hz, SCH,), 5.12 (1H, d, J=4.3 Hz, SCH) 5.53
(2H, d, J=14 .0Hz, CH,), 5.67 (1H, dd, J=7.8.
3.9Hz, NCH), 6.73 (1H, s, SCH), 7.19 (2H,
s, NHy), 9.62 (1H, d, J=6.9 Hz, NH).

2.2 RIMAEIETENE

O BURSTRAR Sk o 5 Sk e | fb &) 8a.
8b. 8c. 8d % 1.6 mg, Ml 1~2 mL DMSO ¥ fi# )5,
A KRS 5 mL, FH 0.22 um EARJERET
RS 2 mL, TR A KRR S 5 mL, 15
F 128 pg/mL 25, AR5 FH IR R IR ST 5 LE
PR35 64, 32, 16 8. 4. 2 ug/mL 25, F
LA R 25 55068 [ )5 F 22 s el s B Pk i i (1X
108 CFU/mL), T35 CIHERFF 18 h fa M4 |,
T B AR R L A 5 1) S ARG 5 R kg S AR B ik
B (MIC), 4RI 1.

LKA s Jlg A Sk A JE s e, lE 1 4 S H
P R A A <5 0 2 R R AR A 2 e o A
FFR) MIC, ZPREW], L5 8a. 8b. 8d Xtk
7 <5 B 100 26 TR AT PR T i M0 1 SRA e e i A Sk A
HJRAHIY, LAY 8a. 8b XFARUENG 4 O TE (A R
ARBTG5 Sk A s i A0 Sk At JE AT 24
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Table 1 MIC of the target compounds
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