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Design, synthesis and antibacterial activities of peptidomimetic
derivatives containing phenylalanine
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Abstract: Using a molecular hybridization strategy, 17 peptidomimetic derivatives of phenylalanine were
designed and synthesized by combining an aminothiazole oxime scaffold with phenylalanine for antibacterial
activity studies. The results showed that these compounds exhibited varying degrees of inhibitory activity against
the tested bacterial strains, with compound 8p being particularly outstanding. It demonstrated minimal inhibitory
concentrations (MIC) of 2 ug-mL" against E. coli, P. aeruginosa, and fluoroquinolone-resistant E. coli (FREC). Its
activity against E. coli and P. aeruginosa was comparable to that of the reference drug ciprofloxacin, while its
efficacy against FREC was significantly superior to the reference drug. Meanwhile, compound 8p exhibited
synergistic effects when combined with certain antibacterial agents. Its relatively significant antibacterial activities
and synergistic enhancement warrant further investigation.
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2-Aminothiazole, as an active

group, is present in a variety of’

antibacterial drugs, such as >
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Compounds containing oxime ether group N.
possess broad-spectrum antibacterial activities,
such as the antibacterial drugs gemifloxacin,
cefotaxime, and roxithromycin.

Figure 1 Design strategy for target compounds
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Phenylalanine, as a hydrophobic amino
acid, is present in peptide derivatives that
contain this amino acid residue and exhibit
" significant efficacy against Gram-negative
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advantages of biocompatibility and low
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Table 1  The structures and physical property of compounds 8a— WP 25 # FRECIE TR B3, /L 54 8d.8e.8g.8h.
8q 8j-8n.80 Fll 8p X FREC [f] MIC 73 515 32.16.4.32.8.
Compd. R Appearance Yield/% mp/°C 32.16 12 ug~mL'1, 5| ﬁ[ﬂ:ﬁ WA 25, é,%ﬁﬂ%ﬁ, %Ak
8a Ph White solid 67 101-102 TR, s .
8b 2-CH,Ph White solid 79 100-101 E P I B AR
8¢ 3-CH,Ph White solid 72 102-103 FIRZ AR, © BRI A7 B A AR
8d 4-CH,Ph White solid 71 103-104 o ot b SR A
ge > EPL White solid 6 104-106 i fiE 3R 15 54 B HU I E 1, UG 1) 8g (4-FPh)
8f 3-FPh White solid 61 107-109 H18p (4-FPhCH,) 2 JiL H % i 35 B P v 28051, mT 72 R
8g 4-FPh White solid 53 98-99 JR - FE 07 ST o1 B M 6 2 5 1k 5 R S RN T 1
8h 2-CIPh White solid 58 108-110 o i ) o - o
8i 3-CIPh White solid 56 100-102 B P AT 5 A0 B 5 BOP BRI 1 K B A T ) A
8 4-CIPh White solid 48 185-186 HCARO o 22 [ B LT e M s @ BRI B 7 &%
8k 2-BrPh White solid 52 102-103 N . s
81 3-BrPh White solid 49 103-104 R OB FRL o R BP0 A SE AR, K2 AR F > C1 >
8m 4-BrPh White solid 43 121-122 Br, 45 L2 LTS M PR A s @ BRI K @ K
8n PhCH, White solid 73 116-118 RF it N L e 2 H b T S e B -
80 2-FPhCH,  White solid 41 188-190 E‘EYJTLEMJE;Q:%*BH ﬁ{‘ﬁ VRS (i fpﬁHD 82),
8p 4-FPhCH,  White solid 55 214-215 TERBEAEAC 2K 45, (8q), W IR FRAIR, 7T AE /S HE A 45
8q PhCH,CH,  White solid 73 114-115 e T A8 T P K B R SRR
Table 2 Spectral data of target compounds 8a-8q
Compd. 'HNMR, "C NMR and MS
8a 'HNMR (400 MHz, DMSO) ,: 10.05 (s, 1H), 9.00 (d, /= 8.3 Hz, 1H), 7.53 (d, J = 8.5 Hz, 2H), 7.23-7.31 (m, 6H, ArH), 7.18 (d, J =

8b

8c

8d

8e

8f

8g

8h

8i

8j

7.8 Hz, 1H), 7.15 (s, 2H), 7.01-7.06 (m, 1H), 6.13 (s, 1H), 4.75-4.81 (m, 1H), 3.71 (s, 3H), 2.83-3.11 (m, 2H); *C NMR (101 MHz,
DMSO0) 6.: 37.5, 55.2, 62.3, 110.7, 119.8, 124.0, 126.8, 128.5, 129.2, 129.7, 137.9, 139.0, 143.2, 149.6, 162.8, 168.6, 170.0; ESI MS (m/2):
424.3 [M+H]

"H NMR (400 MHz, CDCL,) 6,.: 8.14 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.1 Hz, 1H), 7.26-7.29 (m, 5H), 7.13-7.17 (m, 2H),
7.05-7.09 (m, 1H), 6.45 (s, 1H), 5.37 (s, 2H), 5.03-5.08 (m, 1H), 3.88 (s, 3H), 3.24-3.39 (m, 2H), 2.06 (s, 3H); °C NMR (101 MHz,
CDCl,) 6.: 17.5,37.2,55.2, 62.8, 110.9, 124.0, 126.0, 126.5, 127.1, 128.8, 129.4, 130.6, 131.0, 134.9, 136.3, 142.3, 147.7, 162.8, 168.1,
169.3; ESI MS (m/z): 438.5 [M+H]"

"H NMR (400 MHz, DMSO) 8,.: 9.96 (s, 1H), 8.99 (d, J = 8.2 Hz, 1H), 7.30-7.37 (m, 4H), 7.24-7.27 (m, 2H), 7.17-7.20 (m, 2H), 7.16
(s, 2H), 6.85-6.87 (m, 1H), 6.12 (s, 1H), 4.75-4.80 (m, 1H), 3.71 (s, 3H), 2.85-3.10 (m, 2H), 2.25 (s, 3H); *C NMR (101 MHz, DMSO)
S0 21.6,37.5,55.1,62.3, 110.7, 117.0, 120.2, 124.6, 126.8, 128.5, 129.0, 129.7, 138.0, 138.4, 138.9, 143.2, 149.7, 162.7, 168.6, 169.9;
ESI MS (m/z): 438.3 [M+H]"

"H NMR (400 MHz, DMSO) 6,,: 9.94 (s, 1H), 8.99 (d, J = 7.5 Hz, 1H), 7.42~7.44 (m, 2H), 7.19-7.29 (m, SH), 7.16 (s, 2H), 7.09-7.11

(m, 2H), 6.13 (s, 1H), 4.77-4.82 (m, 1H), 3.71 (s, 3H), 2.86-3.09 (m, 2H), 2.22 (s, 3H); °C NMR (101 MHz, DMSO) 6 20.9, 37.6, 55.1,
62.3,110.7, 119.7, 126.7, 128.5, 129.6, 129.7, 132.8, 136.5, 138.0, 143.2, 149.7, 162.7, 168.6, 169.8; ESI MS (m/z): 438.0 [M+H]"

"H NMR (400 MHz, DMSO) 6,,: 8.39 (s, 1H), 8.04 (d, /= 10.2 Hz, 1H), 7.57 (d, J = 7.7 Hz, 1H), 7.19-7.27 (m, 5H), 6.99-7.04 (m, 3H),
6.31 (s, 1H), 5.06-5.12 (m, 1H), 3.84 (s, 3H), 3.13-3.42 (m, 2H); °C NMR (101 MHz, DMSO) 6. 18.3,37.3, 55.1,62.9, 111.6, 115.0,
115.2, 122.8, 124.4, 125.3, 127.1, 128.8, 129.2, 136.2, 142.0, 147.6, 151.9, 154.3, 162.8, 168.2, 169.3; ESI MS (m/z): 442.4 [M+H]"

"H NMR (400 MHz, CDCL,) 6,,: 8.02 (s, 1H), 7.88 (d,J = 9.8 Hz, 1H), 7.19-7.26 (m, 5H), 6.45 (s, 1H), 6.39-6.41 (m, 2H), 5.84 (s, 2H),
4.96-5.01 (m, 1H), 3.86 (s, 3H), 3.18-3.36 (m, 2H); *C NMR (101 MHz, CDCL,) 8.: 37.7, 55.4, 62.8, 98.5, 103.6, 111.3, 120.0, 121.5,
126.9, 128.6, 129.3, 136.4, 142.1, 147.5, 149.9, 156.9, 162.4, 168.3, 168.5; ESI MS (m/z): 442.1 [M+H]"

"H NMR (400 MHz, DMSO) 8,.: 10.19 (s, 1H), 9.03 (d, J = 8.2 Hz, 1H), 7.55-7.58 (m, 2H), 7.24-7.37 (m, 5H), 7.11=7.20 (m, 4H), 6.21
(s, 1H), 4.73-4.79 (m, 1H), 3.72 (s, 3H), 2.87-3.10 (m, 2H); *C NMR (101 MHz, DMSO) 8,: 37.6, 5.2, 62.4, 110.8, 115.7, 115.9, 121.5,
121.6, 126.8, 128.6, 129.7, 135.5, 137.9, 149.2, 157.4, 159.7, 162.5, 168.8, 169.9; ESI MS (m/z): 441.9 [M+H]"

"H NMR (400 MHz, DMSO) 6,.: 9.59 (s, 1H), 9.06 (d, J = 8.4 Hz, 1H), 7.73-7.69 (m, 1H), 7.39 (d, J = 5.6 Hz, 1H), 7.26-7.30 (m, 2H),
7.15-7.18 (m, 3H), 7.12 (s, 2H), 7.04=7.07 (m, 2H), 5.09-4.79 (m, 1H), 3.69 (s, 3H), 2.91-3.19 (m, 2H); "*C NMR (101 MHz, DMSO)
S.:37.3,54.7,56.5,62.3, 110.8, 126.1, 126.6, 126.8, 126.9, 127.9, 128.6, 129.8, 129.9, 134.9, 138.1, 143.1, 149.7, 162.9, 168.7, 170.4;
ESI MS (m/z): 458.2 [M+H]"

"H NMR (400 MHz, DMSO) 6,;: 10.30 (s, 1H), 9.03 (d,J = 8.1 Hz, 1H), 7.77 (s, 1H), 7.39 (d,.J = 7.5 Hz, 1H), 7.24-7.34 (m, 5H), 7.18
(d,J=9.0 Hz, 1H), 7.16 (s, 2H), 7.09 (d, J = 7.6 Hz, 1H), 6.18 (s, 1H), 4.73-4.78 (m, 1H, CH), 3.71 (s, 3H), 2.87-3.09 (m, 2H); °C NMR
(101 MHz, DMSO) 6,: 37.5, 55.2, 62.3, 110.7, 118.2, 119.2, 122.7, 126.8, 128.6, 129.7, 130.9, 133.5, 137.9, 140.6, 143.3, 149.7, 162.8,
168.7, 170.5; ESI MS (m/z): 458.3 [M+H]"

"H NMR (400 MHz, DMSO) 8,.: 10.22 (s, 1H), 9.03 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 7.7 Hz, 2H), 7.29 (d, J =

7.9 Hz, 2H), 7.23-7.27 (m, 2H), 7.18 (d, J = 8.4 Hz, 1H), 7.17 (s, 2H), 6.18 (s, 1H), 4.74-4.79 (m, 1H), 3.71 (s, 3H), 2.87-3.08 (m, 2H);
C NMR (101 MHz, DMSO) é,: 37.5, 5.2, 62.3, 110.7, 126.9, 127.5, 128.6, 129.2, 129.7, 137.9, 138.1, 143.3, 149.7, 162.8, 168.7, 170.3;
ESI MS (m/z): 458.3 [M+H]"
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Compd.

'H NMR, “C NMR and MS

8k

81

8Sm

8n

8o

8p

8q

"H NMR (400 MHz, DMSO) 0,,: 9.61 (s, 1H), 9.05 (d, J = 8.6 Hz, 1H), 7.59-7.66 (m, 2H), 7.34-7.39 (m, 3H), 7.25 (t, J = 15.6 Hz, 2H),
7.18-7.22 (m, 1H), 7.16 (s, 2H), 7.11=7.13 (m, 1H), 6.05 (s, 1H), 4.90-4.96 (m, 1H), 3.69 (s, 3H), 2.89-3.24 (m, 2H); °C NMR

(101 MHz, DMSO) 6..: 37.3, 54.6, 62.3, 110.8, 117.9, 126.8, 127.1, 127.6, 128.6, 129.8, 133.2, 136.2, 138.1, 143.1, 149.7, 162.9, 168.6,
170.33; ESI MS (m/z): 504.2 [M+H]"

'H NMR (400 MHz, DMSO) 8, : 10.28 (s, 1H), 9.04 (d, J = 8.3 Hz, 1H), 7.89 (s, 1H), 7.43-7.45 (m, 1H), 7.29 (d, 2H), 7.247.27 (m, 4H),
7.18(d,J = 7.8 Hz, 1H), 7.16 (s, 2H), 6.17 (s, 1H), 4.72-4.77 (m, 1H), 3.71 (s, 3H), 2.87-3.09 (m, 2H); "C NMR (101 MHz, DMSO) 6,
37.4,55.2,62.3,118.5,121.9, 122.0, 126.6, 126.9, 128.6, 129.7, 131.3, 137.8, 140.7, 143.3, 149.7, 162.8, 168.7, 170.5; ESI MS (m/z):
503.9 [M+H]"

'H NMR (400 MHz, DMSO) d,,: 10.22 (s, 1H), 9.02 (d, J = 8.2 Hz, 1H), 7.47-7.54 (m, 4H), 7.23-7.30 (m, 4H), 7.18 (d, J = 7.8 Hz, 1H),
7.16 (s, 2H), 6.17 (s, 1H), 4.72-4.78 (m, 1H), 3.71 (s, 3H), 2.87-3.07 (m, 2H); "C NMR (101 MHz, DMSO) 6: 37.5, 55.2, 62.3, 110.7,
111.5,121.7,126.8, 128.6, 129.7, 132.1, 137.9, 138.5, 143.3, 149.7, 162.8, 168.6, 170.3; ESI MS (m/z): 504.3 [M+H]"

'H NMR (400 MHz, DMSO) 6,;: 8.94 (d, J = 7.6 Hz, 1H), 8.26 (t, J = 12.0 Hz, 1H), 7.24-7.28 (m, 6H), 7.17-7.22 (m, 4H), 7.13 (s, 2H),
6.08 (s, 1H), 4.61-4.66 (m, 1H), 4.30 (d, J = 8.6 Hz, 2H), 3.63 (s, 3H), 2.78-3.12 (m, 2H); "C NMR (101 MHz, DMSO) §: 37.3, 42.6,
54.5,62.2,110.5,126.7, 127.3, 127.6, 128.6, 128.7, 129.7, 138.3, 139.4, 143.0, 149.8, 162.7, 168.7, 170.9; ESI MS (m/z): 438.5 [M+H]"
'H NMR (400 MHz, DMSO) 6, : 8.94 (d, J = 7.8 Hz, 1H), 8.29 (t, J = 12.2 Hz, 1H), 7.24-7.25 (m, 4H), 7.19-7.22 (m, 3H), 7.07-7.12

(m, 4H), 6.1 (s, 1H), 4.59-4.64 (m, 1H), 4.28 (d, J = 3.6 Hz, 2H), 3.65 (s, 3H), 2.74-3.08 (m, 2H); "C NMR (101 MHz, DMSO) 8 37.3,
41.9,54.5,62.3,110.4, 115.3, 115.5, 126.7, 128.6, 129.5, 129.6, 129.7, 135.6, 135.7, 138.3, 143.1, 149.8, 160.4, 162.7, 168.7, 170.9;

ESI MS (m/2): 456.3 [M+H]'

'H NMR (400 MHz, DMSO) d,,: 8.93 (d, J = 8.0 Hz, 1H), 8.28 (t, /= 12.4 Hz, 1H), 7.22-7.25 (m, 4H), 7.18-7.20 (m, 3H), 7.07-7.13

(m, 4H), 6.11 (s, 1H), 4.58-4.64 (m, 1H), 4.28 (d, J = 4.0 Hz, 2H), 3.65 (s, 3H), 2.78-3.10 (m, 2H); °C NMR (101 MHz, DMSO) 8. 37.3,
41.9,54.5,62.3,110.4, 115.3, 115.5, 126.7, 128.6, 129.5, 129.6, 129.7, 135.6, 138.2, 143.1, 149.8, 160.4, 162.7, 168.7, 170.9; ESI MS
(m/z): 456.0 [M+H]"

'H NMR (400 MHz, DMSO) 6,: 8.84 (d, J = 8.4 Hz, 1H), 7.92 (t, J = 6.6 Hz, 1H), 7.25-7.27 (m, 1H), 7.23-7.24 (m, 5H), 7.18 (d, J =

42 Hz, 2H), 7.16-7.17 (m, 4H), 6.13 (s, 1H), 4.51-4.57 (m, 1H), 3.69 (s, 3H), 3.26 (d, J = 5.9 Hz, 2H), 2.97-3.00 (m, 2H), 2.64-2.77

(m, 2H); "C NMR (101 MHz, DMSO) 6.2 35.6,37.4,54.4,55.3,62.3,63.5, 110.5, 126.6, 126.7, 128.5, 128.7, 129.1, 129.7, 138.4, 139.7,
143.1,149.9, 162.7, 168.7, 170.9; ESI MS (m/z): 452.5 [M+H]"
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Table 3 The minimal inhibitory concentrations (MIC) values of

target compounds. FREC: Fluoroquinolone-resistant £. coli
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Table 4 Fractional inhibitory concentration index (FICI) of compound 8p combined with antibiotics. Note: FICI index of < 0.5 indicates

synergistic effect, 0.5—1 indicates additive effect, 1-2 indicates indifferent effect, > 2 indicates antagonistic effect

Bacterial species

Ciprofloxacin + 8p

Oxacillin + 8p

Gentamicin + 8p

Tigecycline + 8p

S. aureus MIC 1/16MIC + 1/2MIC 1/16MIC + 1/2MIC 1/8MIC + 1/2MIC 1/16MIC + 1/2MIC
FICI 1.7 0.4 0.5 1.2

E. coli MIC 1/4MIC + 1/2MIC 1/2MIC + 1/2MIC 1/8MIC + 1/2MIC 1/16MIC + 1/2MIC
FICI 0.4 1.3 0.4 0.9

P. aeruginosa MIC 1/2MIC + 1/2MIC 1/2MIC + 1/2MIC 1/4MIC + 1/2MIC 1/4MIC + 1/2MIC
FICI 0.4 1.4 0.5 0.8

FREC MIC 1/2MIC + 1/2MIC 1/2MIC + 1/2MIC 1/4MIC + 1/2MIC 1/4MIC + 1/2MIC
FICI 0.4 0.8 0.5 1.2

f K 20 mL 2518 /K F1 4.5 mL AH I 0 28 e i, 5 iR 4
PN 3.5 h, PR I8, 499k 5 G E A, R E 2.
RIG, Bk 51 2.4.8 g (0.046 mol) TR R4 .0.1 glU T
R AL E A1 9.8 g (0.046 mol) Me, SO, Il & )z M Jifi, T
10~ 15 °CHE+HE I B 4 h; VKK IEAE, D8I 38, 151 3%
oA, B S 3. Tk, MG 3.30 mL £
A140 mL 1.5 mol-L" f) NaOH 73 I [ N, == L 3 #F
SN2 h, F 10% HCLE pH & 7, 5 78 ) 8%, 2R 2
Fis A5 B, 7K V8 W 10% HCL A 5 pH & 2~ 3, VKK IR %
A A, R IS R, 15 A AR, R A 4.
J&, ¥ 11.6 g (0.035 mol) {2 # 7 DM, 50 mL 1,2- 4
4 J5E~5.24 g (0.026 mol) 1h 547 4.0.013 mol — Z, % Fl
0.035 mol WM 2 — LW I 2 e S, T 10~15 °CHi
PSR S b, ORI E, A ok R, B S5, mp
129~131 °C. 'H NMR (400 MHz, CDCl,) §,;: 8.11~
8.13 (m, 1H), 7.93~7.95 (m, 1H), 7.51~7.57 (m, 2H),
6.90 (s, 1H), 5.75 (s, 2H), 4.11 (s, 3H).
1.2 EMTHER MG 7a 6, MK IRFRHEL
0.297 g (1.12 mmol) L-ZK N & R . 0.885 g (2.34 mmol)
HBTU.0.56 mL (3.27 mmol) DIPEA.3.5 mL N,N- .
B T B AT 0.085 g (0.93 mmol) 2 T & N, £
0~5 °CHEHE R N, 2 1% R ER, 2 h ) M58 B, finid
B AWK, TUE, A, hEme. MG
P73 mL & EEA0.68 mL (1.5 mmol) =% 282 hn
AN, 5~10 °CHi e [ B, 3 )2 Rk FRER, 4 h
JS7 56 B NI B VR e R AL A, AT L R A O [ A, i
TE, RERAE OB (V e V smem = 5-1) 27 B8 40AL, 5 A1
G4k, Btk &%) 7a. mp 75~77 °C. "H NMR (400 MHz,
CDCL,) d,: 9.42 (brs, 1H), 7.61~1.58 (m, 2H), 7.36~
7.25 (m, 7H), 7.13~7.09 (m, 1H), 3.74 (dd, J=9.6, 4.0 Hz,
1H), 3.39~2.80 (m, 2H), 1.46 (brs, 2H).
1.3 HEMSHAER LAMLA Y 8a i, MK IKFREL
0.085 g (0.24 mmol) £ &4 6.0.2 mL (0.1 mmol) =2,
Jéz » 10 mL — &0 B B¢ A10.029 g (0.12 mmol) 1L &4 7a
TR, 2GS I R, 4 h RS TE SR, IR

U, R (V et V e = 30 1) 2B 41K, 154k
&Y 8a.
2 RSMETE MR

S. aureus-E. colif P. aeruginosa i T AL 5 AL 4N A1 Bk
AW AR FERE ; 1 24 TR Pk FREC HH %8 R RER 22K g
BB o B3 . AR TR VD 2 (Oxacillin) X 8 2, >R H
PR A RV DU 52 H AR MIC, WK 77722 e Gk
3 BEMEEMNK

K B R R E, TR RS A 1 K B2 10° CFU-mL,
FEMT 96 LR, IS [E I HU R 24, Ak % LU B, {8
H LR F 32~~0.062 5 pg-mL; FE ORI B () H
bR, fd HLK B Y5 BN 64~0.125 ng-mL"; & 37 °CH%
FRAAIE H 24 h, AL E A ) MIC, I 540 13
J& ¥ %1 (fractional inhibitory concentration index, FICI).

& STK: VRIS 11 57 BAL 5 PR M0 B T e 3L
PG RBRM AT G REMS 5L R, B
FIR M TR AR T S B TR

M B A A IAAAER 2 R R
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