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Synthesis and antibacterial activities of phosphonate derivatives
containing aminothiazoloxime fragment
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Abstract: Based on the principle of molecular hybridization, fifteen compounds were designed and
synthesized through the combination of aminothiazoloxime and phosphonate fragment. The results showed that
these compounds had better inhibitory effects on the tested bacteria. In particular, the activities of compounds TITf
and IIIi against S. aureus, E. coli, methicillin-resistant S. aureus (MRSA) and fluoroquinolone-resistant E. coli
(FREC) were the most significant, the minimal inhibitory concentration (MIC) of IIIf was 1, 8, 4, 16 pg-mL’
respectively, and the MIC of Ili was 4, 4, 16, 8 pg-mL" respectively, which were slightly lower than that of
the control drug oxacillin, and their anti-E. coli, MRSA and FREC activities were superior to that of the control
drug oxacillin. Their activities to S. aureus were close to that of oxacillin, and to E. coli, MRSA and FREC were
superior to that of oxacillin, which is worthy of further study.
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Table 2 Spectral data of target compounds Illa-IIlo
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Table 1 Physical property of compounds IIla-IIlo
Compd. Appearance Yield/% mp/°C

Ila White solid 66 161-162
IIIb White solid 68 165-166
IIc White solid 70 179-180
I11d White solid 75 171-172
IIle White solid 80 167-169
1If White solid 87 169-170
IlIg White solid 78 222-224
IIh White solid 65 213-214
I White solid 80 214-215
111j White solid 61 192-193
Ik White solid 90 187-188
1111 White solid 89 182-183
IIIm White solid 68 185-187
IIIn White solid 69 188-189
1lo White solid 60 188-190

X
| R
N
1 2N 1
Et;N  HoN _OR;
Q ST N frowr
5.OR, THF N o
“OR; c|>
N 1|
—R
=

11

Compd. 'H NMR, "C NMR and MS

Mla '"H NMR (400 MHz, CDCl,) 6: 9.28 (s, 1H, CONH), 7.49 (d, 2H, J = 8.0 Hz, ArH), 7.32-7.37 (m, 3H, ArH), 6.63 (s, 1H, ArH), 6.30 (s,
2H, NH,), 5.70 (dd, 1H, J = 8.0, 8.0 Hz, PCH), 3.88 (s, 3H, CH,), 3.73 (d, 3H, J = 8.0 Hz, CH,), 3.65 (d, 3H, J = 12.0 Hz, CH,).
C NMR (101 MHz, CDCL,) 6: 169.9, 163.3, 160.7, 148.3, 142.3, 133.7, 132.6, 128.2, 128.0, 127.9, 110.1, 61.5, 53.2, 53.0, 48.4. ESI
MS (m/z): 399.1 [M+H]".

b 'HNMR (400 MHz, CDCL) 8: 9.21 (s, 1H, CONH), 7.62 (t, 1H, J=12.0 Hz, ArH), 7.33-7.36 (m, 1H, ArH), 7.18-7.23 (m, 2H, ArH),
6.62 (s, 1H, ArH), 6.32 (s, 2H, NH,), 5.84 (dd, 1H, J = 12.0, 12.0 Hz, PCH), 3.73 (s, 3H, CH,), 3.65 (d, 3H, J = 12.0 Hz, CH,), 3.53 (d,
3H,J = 12.0 Hz, CH,). "C NMR (101 MHz, CDCL,) J: 168.8, 162.6, 160.7 (J.. = 77 Hz), 158.4, 149.4, 143.3, 130.5, 125.0, 122.7,
115.7, 115.6, 109.8, 62.3, 55.3, 54.2, 53.7. ESI MS (m/z): 417.1 [M+H]".

Ilc '"H NMR (400 MHz, CDCl,) 6: 9.29 (s, IH, CONH), 7.51 (d, J = 16.0 Hz, 2H, ArH), 7.08-7.13 (m, 2H, ArH), 6.65 (s, 1H, ArH), 6.28 (s,

2H, NH,), 5.70 (dd, 1H, J = 12.0, 12.0 Hz, PCH), 3.88 (s, 3H, CH,), 3.74 (d, 3H, J= 12.0 Hz, CH,), 3.67 (d, 3H, J = 12.0 Hz, CH,).
"C NMR (101 MHz, CDClL,) 9: 170.0, 163.9, 163.2 (J... = 12 Hz), 161.4, 148.3, 142.3, 130.1, 130.0, 115.1, 114.9, 110.0, 61.5, 53.3,

53.0,49.3. ESIMS (m/z): 417.1 [M+H]".
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Compd.

'"H NMR, “C NMR and MS
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"H NMR (400 MHz, CDCL,) 8: 9.26 (s, IH, CONH), 7.49 (d, 2H, J = 8.0 Hz, ArH), 7.34-7.37 (m, 3H, ArH), 6.63 (s, IH, ArH), 6.32 (s,
2H, NH,), 5.64 (dd, 1H, J = 8.0, 8.0 Hz, PCH), 3.92-4.01 (m, 4H, 2CH,), 3.89 (s, 3H, CH,), 1.25 (t, 3H, J = 12.0 Hz, CH,), 1.18 (t, 3H,
J=16.0 Hz, CH,). ®C NMR (101 MHz, CDCL,) &: 169.8, 163.3, 161.6, 148.3, 142.4, 133.9, 132.8, 128.2, 128.1, 127.9, 110.2, 63.5,
63.3, 61.5, 50.6, 15.3, 15.1. ESI MS (m/z): 427.1 [M+H]".

"H NMR (400 MHz, CDCL,) 8: 9.23 (s, IH, CONH), 7.62 (t, 1H, J = 8.0 Hz, ArH), 7.33-7.35 (m, 1H, ArH), 7.11-7.20 (m, 2H, ArH),
6.59 (s, 1H, ArH), 6.33 (s, 2H, NH,), 5.79 (dd, 1H, J = 12.0, 12.0 Hz, PCH), 3.82-4.02 (m, 4H, 2CH,), 3.72 (s, 3H, CH,), 1.16 (t, 3H
J=12.0 Hz, CH,), 1.03 (t, 3H, J = 16.0 Hz, CH,). °C NMR (101 MHz, CDCL,) 5: 168.8, 162.7, 160.9 (/... = 98 Hz), 158.5, 149.4,
143.4,130.6, 124.9, 122.8, 115.6, 115.4, 109.9, 63.3, 63.0, 62.3, 53.7, 16.7, 16.5. ESI MS (m/z): 445.2 [M+H]".

'H NMR (400 MHz, CDCL,) 8: 9.28 (s, IH, CONH), 7.50~7.54 (m, 2H, ArH), 7.08-7.13 (m, 2H, ArH), 6.65 (s, 1H, ArH), 6.31 (s, 2H,
NH,), 5.64 (dd, 1H, J = 12.0, 12.0 Hz, PCH), 3.99-4.12 (m, 4H, 2CH,), 3.90 (s, 3H, CH,), 1.25 (d, 3H, /= 16.0 Hz, CH,), 1.20 (d, 3H,
J=16.0 Hz, CH,). ®C NMR (101 MHz, CDCL,) &: 168.7, 163.2, 162.5 (J., = 9 Hz), 160.6, 149.5, 143.5, 130.8, 130.7, 115.5, 115.3,
109.9, 63.1, 62.9, 62.3, 48.2, 16.6, 16.5. ESI MS (m/z): 445.1 [M+H]".

"H NMR (400 MHz, CDCL,) &: 9.66 (s, IH, CONH), 7.46-7.48 (m, 2H, ArH), 7.27-7.34 (m, 3H, ArH), 6.61 (s, 1H, ArH), 6.33 (s, 2H,
NH,), 5.49 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 4.63-4.75 (m, 1H, CH), 4.49-4.57 (m, 1H, CH), 3.75 (s, 3H, CH,), 1.07-1.36 (m, 12H,
4CH,). ®C NMR (101 MHz, CDCl,) 6: 168.7, 162.6, 161.4, 143.6, 135.4, 128.8, 128.7, 128.5, 128.1, 114.9, 109.9, 72.8, 72.6, 61.5, 56.5,
23.0,22.9,22.7,22.2. ESI MS (m/z): 455.2 [M+H]".

'H NMR (400 MHz, CDCL,) 8: 9.25 (s, IH, CONH), 7.58-7.62 (m, 1H, ArH), 7.33-7.37 (m, 1H, ArH), 7.11-7.21 (m, 2H, ArH), 6.62 (s,
1H, ArH), 6.31 (s, 2H, NH,), 5.94 (dd, 1H, J = 12.0, 12.0 Hz, PCH), 4.69-4.73 (m, 1H, CH), 4.50-4.55 (m, 1H, CH), 3.85 (s, 3H, CH,),
1.07-1.34 (m, 12H, 4CH,). °C NMR (101 MHz, CDCL,) 6: 169.9, 163.3, 161.3 (J,., = 74 Hz), 158.8, 148.4, 142.3, 130.0, 129.7, 124.0,
114.9, 110.2, 72.8, 72.5, 61.5, 56.5, 23.0, 22.9, 22.7, 22.2. ESI MS (m/z): 473.2 [M+H]".

"H NMR (400 MHz, CDCL,) &: 9.01 (s, IH, CONH), 7.58-7.61 (m, 2H, ArH), 6.95-6.99 (m, 2H, ArH), 6.65 (s, 1H, ArH), 6.22 (s, 2H,
NH,), 5.60 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 4.68-4.74 (m, 1H, CH), 4.24-4.32 (m, 1H, CH), 3.69 (s, 3H, CH,), 1.18-1.38 (m, 12H,
4CH,). ®C NMR (101 MHz, CDCl,) 6: 168.2, 163.8, 161.6 (J., = 7 Hz), 161.3, 147.0, 143.6, 131.4, 129.6, 115.3, 115.1, 110.5, 73.2,
72.3,61.9,58.3,24.2,24.1,23.9, 22.9. ESI MS (m/z): 473.2 [M+H]".

'H NMR (400 MHz, CDCL,) 8: 9.25 (s, IH, CONH), 7.63 (d, 2H, J = 8.0 Hz, ArH), 7.22-7.30 (m, 3H, ArH), 6.63 (s, 1H, ArH), 6.26 (s,
2H, NH,), 5.70 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 4.05-4.27 (m, 2H, CH,), 3.46-3.75 (m, 2H, CH,), 3.22 (s, 3H, CH,), 1.65-1.72 (m,
2H, CH,), 1.38-1.45 (m, 2H, CH,), 1.30~1.35 (m, 2H, CH,), 1.09-1.22 (m, 2H, CH,), 0.89 (t, 3H, J = 16.0 Hz, CH,), 0.74 (t, 3H, J =
12.0 Hz, CH,). °C NMR (101 MHz, CDCL,) §: 168.2, 163.3, 161.9, 146.9, 143.8, 133.0, 128.2, 126.6, 125.3, 122.6, 110.1, 67.5, 67.3,
61.9,49.0,32.4,32.2,18.7, 18.4, 13.6, 13.4. ESI MS (m/z): 483.2 [M+H]".

"H NMR (400 MHz, CDCL,) &: 9.17 (s, IH, CONH), 7.31-7.46 (m, 1H, ArH), 7.21-7.26 (m, 1H, ArH), 7.10~7.14 (m, 1H, ArH), 6.98—
7.02 (m, 1H, ArH), 6.67 (s, 1H, ArH), 6.16-6.23 (m, 3H, PCH+NH,), 4.08-4.36 (m, 2H, CH,), 3.60-3.72 (m, 2H, CH,), 3.31 (s, 3H,
CH,), 1.67-1.74 (m, 2H, CH,), 1.33-1.46 (m, 4H, 2CH,), 1.11-1.23 (m, 2H, CH,), 0.90 (t, 3H,J = 16.0 Hz, CH,), 0.75 (t, 3H, J =

16.0 Hz, CH,). *C NMR (101 MHz, CDCL,) 5: 168.2, 162.2, 161.9 (/... = 81 Hz), 154.4, 143.6, 129.7, 126.6, 125.3, 122.6, 114.7, 110.3,
67.7,67.3,62.0,53.4,32.4,32.2, 18.4, 18.3, 13.6, 13.4. ESI MS (m/z): 501.2 [M+H]".

"H NMR (400 MHz, CDCL,) &: 9.31 (s, IH, CONH), 7.64 (d, 2H, J = 8.0 Hz, ArH), 6.96-6.98 (m, 2H, ArH), 6.62 (s, 1H, ArH), 6.31 (s,
2H, NH,), 5.69 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 4.04-4.28 (m, 2H, CH,), 3.52-3.78 (m, 2H, CH,), 3.23 (s, 3H, CH,), 1.65-1.72 (m,
2H, CH,), 1.33-1.45 (m, 4H, 2CH,), 1.11-1.22 (m, 2H, CH,), 0.89 (t, 3H, J = 16.0 Hz, CH,), 0.76 (t, 3H, J = 12.0 Hz, CH,). °C NMR
(101 MHz, CDCL,) 5: 168.3, 163.7, 161.9 (/. = 10 Hz), 146.9, 143.7, 131.4, 126.6, 125.3, 115.4, 115.2, 110.1, 67.6, 67.5, 61.9, 48.2,
32.4,32.2,18.7, 18.4, 13.6, 13.4. ESI MS (m/z): 501.2 [M+H]".

'H NMR (400 MHz, CDCL,) 8: 9.29 (s, IH, CONH), 7.63 (d, 2H, J = 4.0 Hz, ArH), 7.22-7.32 (m, 3H, ArH), 6.62 (s, 1H, ArH), 6.30 (s,
2H,NH,), 5.71 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 3.80-4.12 (m, 2H, CH,), 3.50-3.71 (m, 2H, CH,), 3.42 (s, 3H, CH,), 1.94-2.00 (m, 1H,
CH), 1.58-1.65 (m, 1H, CH), 0.94-0.96 (m, 6H, 2CH,), 0.67 (t, 6H, J = 16.0 Hz, 2CH,). °C NMR (101 MHz, CDCL,) : 168.2, 161.9,
146.9, 143.7, 128.3, 128.1, 126.6, 125.3, 122.6, 121.3, 110.0, 73.5, 73.3, 61.9, 49.0, 29.2, 29.0, 18.8, 18.7, 18.4, 18.3. ESI MS (m/2):
511.2 [M+H]'.

'H NMR (400 MHz, CDCL,) 8: 9.26 (s, IH, CONH), 8.01-8.03 (m, 1H, ArH), 7.19-7.23 (m, 1H, ArH), 7.08-7.11 (m, 1H, ArH), 6.96-
7.00 (m, 1H, ArH), 6.64 (s, 1H, ArH), 6.30 (s, 2H, NH,), 6.17 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 4.12-4.18 (m, 1H, CH,), 3.83-3.88 (m,
1H, CH,), 3.55-3.61 (m, 1H, CH,), 3.33-3.39 (m, 1H, CH,), 3.27 (s, 3H, CH,), 1.93-2.01 (m, 1H, CH), 1.60~1.67 (m, 1H, CH), 0.95—
0.97 (m, 6H, 2CH,), 0.69 (t, 6H, J = 12.0 Hz, 2CH,). *C NMR (101 MHz, CDCI,) &: 168.3, 161.9 (J., = 89 Hz), 158.4, 146.9, 143.6,
131.9,129.8, 125.3, 121.3, 114.7, 110.1, 73.7, 73.2, 61.9, 42.1, 29.2, 29.0, 18.8, 18.7, 18.3, 18.2. ESI MS (m/z): 529.2 [M+H]".

'H NMR (400 MHz, CDCL,) 8: 9.25 (s, IH, CONH), 7.62-7.65 (m, 2H, ArH), 6.96-7.00 (m, 2H, ArH), 6.62 (s, 1H, ArH), 6.26 (s, 2H,
NH,), 5.69 (dd, 1H, J = 16.0, 16.0 Hz, PCH), 4.07-4.12 (m, 1H, CH,), 3.80-3.85 (m, 1H, CH,), 3.54-3.60 (m, 1H, CH,), 3.29-3.33 (m,
1H, CH,), 3.26 (s, 3H, CH,), 1.94-2.02 (m, 1H, CH), 1.62-1.69 (m, 1H, CH), 0.95-0.97 (m, 6H, 2CH,), 0.71 (t, 6H, J = 12.0 Hz, 2CH,)
SCNMR (101 MHz, CDCL,) 8: 168.3, 163.8, 161.8 (J., = 7 Hz), 161.3, 146.9, 143.6, 131.3,129.0, 115.4, 115.2, 110.1, 73.6, 73.4, 61.8,
48.2,29.2,29.0, 18.8, 18.7, 18.4, 18.3. ESI MS (m/z): 529.2 [M+H]".

2 EMIFMN IIf. IITh A X S, aureus (1) MIC 43 51 9 32.32.8. 1,
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Table 3 Minimal inhibitory concentration (MIC) values of different target compounds. MRSA: Methicillin-resistant S. aureus; FREC:

Fluoroquinolone-resistant E. coli

-1

Compd. R R - MIC/ug mL
S. aureus E. coli MRSA FREC
IIa H CH, 256 256 1024 512
IIb 2-F CH, 128 128 128 512
Ilc 4-F CH, 32 64 128 64
11d H C,H, 32 128 32 128
Ile 2-F C,H, 8 16 8 32
If 4-F C,H, 1 8 4 16
IIg H CH(CH,), 64 64 64 64
IITh 2-F CH(CH,), 32 16 32 32
i 4-F CH(CH,), 4 4 16 8
111 H (CH,),CH, 1024 1024 >1 024 >1 024
Ik 2-F (CH,),CH, 512 1024 1024 1024
1 4-F (CH,),CH, 256 512 256 512
IIm H (CH,),CH(CH,), >1 024 1024 >1 024 >1 024
Tn 2-F (CH,),CH(CH,), 1024 512 >1024 512
IIlo 4-F (CH,),CH(CH,), 1024 256 >1 024 1024
Oxacillin 0.5 16 256 64

E. coli [f) MIC 4y %) 4 16,816 F14 pg-mL"', Ille A1IITh
(R P 5 2RI PG AR (MIC = 16 pg-mL™") #1124, I FIIITH
[P PR T 2R MR P AR 464 47 110d  ITe  ITIf ITTh AU TITi
% MRSA [ MIC 4351}y 32,8432 11 16 pg-mL™", 1T
ZE M PE AR (MIC = 256 pg-mL™"); f & ¥ e IIIf. IITh
AL % FREC ¥ MIC 43 7 24 32,1632 #1 8 pg'mL",
T ZEMEPERR (MIC = 64 pgmL™"). 256K E, 1Rkt
G REATAEY R, B ARYIIE AL X S, aureusE. coli
MRSA I FREC (iGN R, HRA ) 5.
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XT MRSA M FREC HVEVER T- X M2, J5 80 DL
Wb 45 G A g i, i3k — 28 3 IR B g [T A 2R Y
FBLE, BEAT S RAL 5 IR T
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F SGW X-4 s s 3G 7€ 445 £3; NMR H Bruker
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1 KEYHER
1.1 FEMERIER  7E 15 °CF, R UCKH — @itk =%
JFWEM: 6.75 mmol A1 1,2- & 2 %% 20 mL il A 50 mL
SN, [N 20 min, BN & FEBEG R S mmol,
N 30 min, F 0N = 2§ 2.5 mmol, 2 B 60 min, 11
N8 = 2.1 6.75 mmol, SN 4 h, J8 )5 i, T4,
R AR, B AT
1.2 FEMAIER  WKIRFRECDS A& 1 2.4 mmol.
P8 %% 2 mmol AV FR 6 2 mmol T 50 mL s N,
M 10 min, BTN =5 R 45 0.01 mmol, 7F
95 °C I [ b7, i 2 0185 v BRI, 5€ 58, N 20 mL 7818
K ¥4, 1 mol L' B R RRFR A 2 pH 1, F¥F e %6
WA, LR CBEFEAL4 IR, 1 mol- L™ 1) & S AL BT AL
% pH 7~8; i), H 4R CFRAEHL 6 IR, & 3 FEHU,
R R4, 45 H AL
1.3 HFHMIIMER B EARIT 0.5 mmol. P4 &Rk
M4 20 mL f1 = 2% 0.3 g T 50 mL ;e NI AR, FiEE T, ok
HE 4T 0.6 mmol Il % e Sk Y, 208 I B, )= (3l
EERER, Se B, ORI DR, P DU SR E A 5, 45 H
PRI
2 RSMETE MK

S8 B R R A IR T AL s AL BB AE M R AR
FUIE T 24 TR A T RS20 A< T 1 R s e T R
B, I8 SCERFR AR BB B 524k, Pl oxacillin
X IR 24, SR F R A5 R VR 58 H AR MIC, T )y v
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ZICHR[18].

Ve TTk: BRBH 2 07 S0l PEE 7C O B S R 5 %2
Hi 01 ST A G R TP AN TR 2 S B B B JOR &R
i MR TR S 5B TR,

FUREHES: A SCAEH P W AR T 2 2
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