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Synthesis and antibacterial activity evaluation of octapeptin
derivatives
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Abstract: Octapeptin has strong antibacterial activity against Gram-negative bacteria such as Escherichia
coli, Klebsiella pneumoniae and Acinetobacter baumannii, while it also has activity against some Gram-positive
bacteria. This study used natural octapeptin A3 and B3 as lead compounds for structural modification. Twenty-one
peptide derivatives (including A3 and B3) containing eight amino acid residues were prepared by solid-phase
synthesis, and evaluated for antibacterial activity and renal cytotoxicity. Among them, three compounds 6, 7 and 17
exhibited broad-spectrum antibacterial activity and significantly enhanced the activity for Gram-positive bacteria
while maintaining the activity of Gram-negative bacteria. Several compounds improved the activity for
Pseudomonas aeruginosa. Compound 7 was active against all test strains and had relatively low renal cytotoxicity.
The results provide a basis for the further development of novel polypeptide antibiotics.
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Octapeptin A3: position 1 = D-Dab, position 4 = D-Leu, position 5 = L-Leu
Octapeptin B3: position 1 = D-Dab, position 4 = D-Leu, position 5 = L-Phe
Octapeptin C4: position 1 = D-Dab, position 4 = D-Phe, position 5 = L-Leu
Octapeptin D3: position 1 = D-Ser, position 4 = D-Leu, position 5 = L-Leu
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Figure 1 Chemical structures of octapeptins
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Figure 2 Chemical structures of compound Zoysa-17"* and A-10""*!
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Table 1

The structures of synthesized octapeptin derivatives. Dab: 2,4-Diaminobutanoic acid; Orn: 2,5-Diaminopentanoic acid; Dap: 2,3-

Diaminopropanoic acid; Bip: 3-([1,1'-Biphenyl]-4-yl)-2-aminopropanoic acid; Chg: 2-Amino-2-cyclohexylacetic acid; Phe(4-Me): 2-Amino-

3-(p-tolyl)propanoic acid; Phe(4-OMe): 2-Amino-3-(4-methoxyphenyl)propanoic acid

HoN Pos 3
Pos 4

H
N .Rs

Ry
Pos 1

Fatty acyl

Rg )]—‘_\o
Poss O

NH,
Pos 7
Compd. Fatty acyl Position 1 Position 4 Position 5 Position 8
A3 (R)-3-Hydroxydecanoyl D-Dab D-Leu L-Leu L-Leu
B3 (R)-3-Hydroxydecanoyl D-Dab D-Leu L-Phe L-Leu
1 (R)-3-Hydroxydecanoyl D-Dab L-Leu D-Phe L-Leu
2 (R)-3-Hydroxydecanoyl D-Dab D-Phe L-Thr L-Leu
3 (R)-3-Hydroxydecanoyl D-Dab L-Leu D-Phe L-Thr
4 (R)-3-Hydroxydecanoyl D-Dab D-Leu L-Thr L-Leu
5 (R)-3-Hydroxydecanoyl L-Dab D-Leu L-Leu L-Leu
6 Decanoyl D-Dab D-Leu L-Bip L-Thr
7 Decanoyl D-Dab D-Bip L-Leu L-Thr
8 Decanoyl D-Dab D-Chg L-Leu L-Thr
9 Decanoyl D-Dap D-Leu L-Leu L-Thr
10 Decanoyl D-Orn D-Leu L-Leu L-Thr
11 Octanoyl D-Dab D-Leu L-Phe L-Leu
12 Nonanoyl D-Dab D-Leu L-Phe L-Leu
13 Decanoyl D-Dab D-Leu L-Phe L-Leu
14 Decanoyl D-Asn D-Leu L-Phe L-Leu
15 Decanoyl D-Dab D-Phe L-Bip L-Thr
16 Decanoyl D-Dab D-Leu L-Trp L-Leu
17 Decanoyl D-Dab D-Phe L-Bip L-Leu
18 Decanoyl D-Dab D-Leu L-Phe (4-Me) L-Leu
19 Decanoyl D-Dab D-Leu L-Phe (4-OMe) L-Leu
Table 2 The spectral data and purity of target compounds
Compd. 'H NMR HR-MS (m/z) Purity/% mp/°C
A3 (500 MHz, D,0) 6 4.47 (dd, J = 10.0, 4.6 Hz, 1H), 4.39 (dd, J=11.0, 3.4 Hz, 1H), 4.34- [M+H]" 95.1 167.1-187.2
4.11 (m, 6H), 3.97-3.91 (m, 1H), 3.42-3.34 (m, 1H), 3.13-2.90 (m, 9H), 2.48 (dd, J = Calced. C,H, N ,,0,:
14.4,3.8 Hz, 1H), 2.34 (dd, J = 14.4, 9.2 Hz, 1H), 2.29-1.94 (m, 9H), 1.80 (qd, /= 10.4, 1 010.708 46;
5.1 Hz, 1H), 1.68-1.43 (m, 11H), 1.38-1.18 (m, 10H), 0.90-0.79 (m, 21H). Found: 1 010.706 30.
B3 (500 MHz, D,0) 6 7.36-7.22 (m, 5H), 4.72 (dd, J=9.9, 6.5 Hz, 1H), 4.41 (dd, J=10.1, [M+H]" 97.1 178.2-185.3
4.6 Hz, 1H), 4.31 (td, /= 9.7, 5.4 Hz, 2H), 4.20 (dd, J = 8.4, 6.6 Hz, 1H), 4.16-4.04 (m,  Caled. C{,H,N O
3H), 3.96-3.89 (m, 1H), 3.42-3.34 (m, 1H), 3.21 (dd, /= 13.9, 6.3 Hz, 1H), 3.11-2.81 1 044.692 81;
(m, 9H), 2.65 (s, 1H), 2.49-2.44 (m, 1H), 2.33 (dd, J = 14.4, 9.2 Hz, 1H), 2.20-1.91 (m,  Found: 1 044.690 92.
9H), 1.78 (ddt, J = 15.4,10.2, 4.9 Hz, 1H), 1.63-1.42 (m, 5H), 1.36-1.15 (m, 12H), 1.08
(ddd, J = 13.6, 8.3, 5.5 Hz, 1H), 0.89-0.69 (m, 15H).
1 (500 MHz, D,0) 6 7.30 (ddd, J = 28.4, 17.8, 7.1 Hz, 5H), 4.60 (dd, J=9.1, 7.3 Hz, 1H), [M+H]": 96.3 170.1-179.8
4.46 (dd,/=10.8,4.1 Hz, 1H), 4.31 (ddd, /= 14.5, 9.5, 5.2 Hz, 2H), 4.24-4.13 (m, 4H), Calcd. C, H N .0, :
3.98-3.92 (m, 1H), 3.39-3.32 (m, 1H), 3.20 (dd, /= 13.8, 7.1 Hz, 1H), 3.12-2.99 (m, 7H), 1 044.692 81;
2.97-2.90 (m, 1H), 2.73-2.63 (m, 1H), 2.59-2.52 (m, 1H), 2.48 (dd, /= 14.2, 4.2 Hz, Found: 1 044.690 06.
1H), 2.34 (dd, J = 14.2, 9.0 Hz, 1H), 2.22-1.78 (m, 10H), 1.62-1.18 (m, 17H), 1.02 (dp,
J=13.3, 6.6 Hz, 1H), 0.88-0.71 (m, 15H).
2 (500 MHz, D,0) 6 7.35-7.22 (m, 5H), 4.67 (t, J = 8.2 Hz, 1H), 4.39 (dd, J=8.7, 5.8 Hz, [M+H]" 96.2  204.3-211.3
1H), 4.34-4.29 (m, 2H), 4.15 (dddd, J=21.8, 15.9, 14.3, 9.8 Hz, 5H), 3.95-3.90 (m, Caled. C,H, N O,
1H), 3.43-3.36 (m, 1H), 3.13-2.90 (m, 9H), 2.83-2.76 (m, 1H), 2.69-2.61 (m, 1H), 1032.656 43;

2.46 (dd, J = 14.4,3.9 Hz, 1H).

Found: 1 032.653 20.
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Compd. "H NMR HR-MS (m/z) Purity/%  mp/°C
3 (500 MHz, D,0) § 7.29 (ddd, J = 27.8, 17.5, 7.1 Hz, 5H), 4.64 (dd, J= 9.7, 6.7 Hz, 1H), ~ [M+H]": 95.2 197.2-204.0
4.51(dd,J=11.0, 4.0 Hz, 1H), 4.36-4.26 (m, 3H), 4.20 (dd, /= 9.8, 42 Hz, 1H), 412 Caled. C,H,N .0, :
(ddd, /=10.0, 9.5, 5.0 Hz, 3H), 3.95 (td, /= 10.4, 6.3 Hz, 1H), 3.38-3.31 (m, 1H), 3.24 1 032.656 43;
(dd, J=13.9, 6.6 Hz, 1H), 3.14-3.00 (m, 7H), 2.90 (dd, /= 13.9, 9.8 Hz, 1H), 2.77- Found: 1 032.654 42.
2.64 (m, 2H), 2.48 (dd, J=14.2, 4.1 Hz, 1H), 2.34 (dd, /= 14.2,9.1 Hz, 1H), 2.26-1.90
(m, 9H), 1.82 (td, J = 14.4, 7.2 Hz, 1H), 1.47 (dd, J = 13.4, 6.5 Hz, 2H), 1.37-1.19 (m,
12H), 1.14 (d, J = 6.3 Hz, 3H), 0.96 (tt, /= 13.3, 6.6 Hz, 1H), 0.81 (t,J= 6.9 Hz, 3H),
0.72 (dd, J=19.8, 6.5 Hz, 6H).
4 (500 MHz, D,0) 6 4.47 (dd, J = 9.8, 4.8 Hz, 1H), 4.41-4.12 (m, 8H), 3.97 -=3.92 (m, [M+H]": 99.3 157.6-161.2
1H), 3.42-3.35 (m, 1H), 3.13-2.91 (m, 9H), 2.47 (dd, J= 14.4, 3.9 Hz, 1H), 2.37-1.91 Calced. C,H, N0,
(m, 10H), 1.80 (ddt, /= 15.5, 10.6, 5.3 Hz, 1H), 1.68-1.43 (m, 8H), 1.37-1.19 (m, 998.672 08;
10H), 1.14 (d, J = 6.4 Hz, 3H), 0.92-0.79 (m, 15H). Found: 998.670 59.
5 (500 MHz, D,0) § 4.51 (dd, J = 9.6, 4.8 Hz, 1H), 4.41-4.36 (m, 2H), 4.26-4.17 (m, [M+H]": 953 161.3-175.8
5H), 4.00-3.94 (m, 1H), 3.33 (dt, J = 14.0, 7.2 Hz, 1H), 3.11-2.92 (m, 9H), 2.47 (dd, Caled. C,H, N,,0,
J=14.3,4.6 Hz, 1H), 2.37 (dd, J=14.3, 8.6 Hz, 1H), 2.28-1.91 (m, 9H), 1.85-1.76 (m, 1 010.708 46;
1H), 1.68-1.43 (m, 11H), 1.38-1.20 (m, 10H), 0.84 (tdd, /= 18.2, 12.3, 6.2 Hz, 21H). Found: 1 010.705 93.
6 (500 MHz, D,0) 6 7.60 (dd, J = 17.9, 7.8 Hz, 4H), 7.41 (t, J = 7.5 Hz, 2H), 7.31 (t, J=  [M+H]": 955  175.2-180.1
8.2 Hz, 3H), 4.40 (dd, J = 8.6, 5.5 Hz, 1H), 4.33 (dd, J = 10.0, 4.6 Hz, 1H), 429-424  Calcd. C,;H,N,,0, :
(m, 2H), 4.14 (dt, J = 12.1, 4.3 Hz, 3H), 4.04 (dd, /= 9.1, 6.1 Hz, 1H), 3.46-3.31 (m, 1092.692 81;
2H), 3.11-2.83 (m, 11H), 2.31-1.95 (m, 12H), 1.80 (td, /= 10.5, 5.3 Hz, 1H), 1.51-1.42  Found: 1 092.693 24.
(m, 2H), 1.15 (d, J=5.9 Hz, 15H), 1.00 (dt, J=19.9, 6.5 Hz, 1H), 0.90-0.82 (m, 1H),
0.77 (t, J = 6.9 Hz, 3H), 0.56 (dd, J = 6.4, 2.6 Hz, 6H).
7 (500 MHz, D,0) § 7.71-7.65 (m, 4H), 7.49 (t,J=7.7 Hz, 2H), 7.39 (t, /= 7.4 Hz, IH),  [M+H]" 95.5 172.6-186.3
731 (d,J =82 Hz, 2H), 4.54 (dd, J= 9.4, 7.3 Hz, 1H), 4.44 (dd, J=9.9,4.7 Hz, 1H),  Calcd. C,;H,N,,0,:
4.31(ddd, J=25.8, 8.9, 5.7 Hz, 2H), 4.22-4.07 (m, 5H), 3.45-3.38 (m, 1H), 3.15-2.86 1092.692 81;
(m, 11H), 2.30-1.79 (m, 13H), 1.52-1.45 (m, 2H), 1.40-1.14 (m, 17H), 0.80 (t, J = Found: 1 092.690 43.
6.9 Hz, 3H), 0.70 (s, 1H), 0.57 (dd, J=25.9, 6.5 Hz, 5H).
8 (500 MHz, D,0) 6 4.47 (dd, J = 9.9, 4.6 Hz, 1H), 4.34 (dd, /= 9.0, 5.6 Hz, 2H), 4.29 [M+H]": 95.4 165.1-184.7
(dd, J=9.0, 5.6 Hz, 1H), 4.24-4.10 (m, 4H), 4.04 (d, /= 7.5 Hz, 1H), 3.44-3.37 (m, Calcd. C,H,N,,O,
1H), 3.11-2.93 (m, 9H), 2.26-1.94 (m, 11H), 1.83 (qd, /= 10.3, 5.0 Hz, 1H), 1.61 1 008.692 81;
(dddd, J=34.9,28.2,10.2,4.9 Hz, 11H), 1.23-0.99 (m, 20H), 0.90-0.78 (m, 9H). Found: 1 008.691 41.
9 (500 MHz, D,0) 6 4.58 (dd, J = 8.4, 5.2 Hz, 1H), 4.45 (dd, /= 9.7, 4.8 Hz, 1H), 4.36 [M+H]": 96.4  185.7-199.5
(ddd, J=16.5,9.8,4.3 Hz, 2H), 4.27 (dd, /= 9.8, 5.3 Hz, 1H), 4.24-4.12 (m, 4H), 3.48—- Calcd. C,;H,N O
3.36 (m, 2H), 3.27 (dd, J = 13.4, 8.4 Hz, 1H), 3.13-2.93 (m, 7H), 2.31-1.95 (m, 9H), 968.661 51;
1.84 (qd, J=10.6, 5.3 Hz, 1H), 1.69-1.47 (m, 8H), 1.26—1.13 (m, 15H), 0.90-0.79 (m, Found: 968.659 67.
15H).
10 (500 MHz, D,0) 6 4.43 (dd,J = 10.1, 4.5 Hz, 1H), 439-4.33 (m, 2H), 4.28-4.12 (m, [M+H]': 97.7  176.3-181.5
6H), 3.43-3.37 (m, 1H), 3.12-2.94 (m, 9H), 2.29-1.99 (m, 9H), 1.86-.47 (m, 14H), Caled. C, H,N,,0, :
1.24-1.14 (m, 14H), 0.90-0.79 (m, 15H). 996.692 81,
Found: 996.691 83.
11 (500 MHz, D,0) 6 7.30 (ddd, J = 23.8, 15.5, 7.1 Hz, 5H), 4.73 (dd, J= 9.8, 6.7 Hz, 1H), [M+H]": 99.7 192.2-200.7
4.37 (ddd, J=18.2, 9.6, 4.7 Hz, 2H), 4.26 (dd, /= 9.0, 5.7 Hz, 1H), 4.20 (dd, J= 8.5, Calcd. C,jHi N ,O:
6.5 Hz, 1H), 4.15-4.09 (m, 2H), 4.04 (dd, J=9.8, 4.6 Hz, 1H), 3.77 (d, J=11.1 Hz, 1 000.666 60;
1H), 3.44-3.36 (m, 1H), 3.20 (dd, J = 13.8, 6.5 Hz, 1H), 3.11-2.80 (m, 9H), 2.65-2.57 Found: 1 000.662 65.
(m, 1H), 2.26-1.90 (m, 11H), 1.79 (qd, J = 9.9, 4.7 Hz, 1H), 1.62-1.49 (m, 4H), 1.32—
1.17 (m, 10H), 1.07 (ddd, J=13.1, 8.2, 5.2 Hz, 1H), 0.89-0.70 (m, 15H).
12 (500 MHz, D,0) 6 7.30 (ddd, J = 23.8, 15.5, 7.1 Hz, 5H), 4.73 (dd, J= 9.7, 6.7 Hz, 1H), [M+H]": 96.0 176.2-180.4
4.37 (ddd, J=14.0, 9.7, 4.8 Hz, 2H), 4.26 (dd, /= 8.9, 5.7 Hz, 1H), 4.20 (dd, J = 8.5, Calcd. C;Hg, N ,O,:
6.5 Hz, 1H), 4.16-4.09 (m, 2H), 4.04 (dd, J=9.7, 4.4 Hz, 1H), 3.77 (d, J=11.1 Hz, 1014.682 25;
1H), 3.44-3.37 (m, 1H), 3.20 (dd, J = 13.8, 6.5 Hz, 1H), 3.11-2.79 (m, 9H), 2.64-2.56 Found: 1 014.680 30.
(m, 1H), 2.26-1.90 (m, 11H), 1.79 (qd, /= 10.0, 4.8 Hz, 1H), 1.63-1.49 (m, 4H), 1.32-
1.16 (m, 12H), 1.07 (ddd, /= 13.7, 8.4, 5.4 Hz, 1H), 0.88-0.70 (m, 15H).
13 (500 MHz, D,0) 6 7.37-7.23 (m, 5H), 4.73 (dd, /= 9.8, 6.7 Hz, 1H), 4.42-4.01 (m, [M+H]': 95.6  186.1-193.9
7H), 3.43-3.36 (m, 1H), 3.20 (dd, J=13.8, 6.5 Hz, 1H), 3.11-2.79 (m, 9H), 2.64-2.57 Caled. C;H, N ,O,:
(m, 1H), 2.27-1.90 (m, 11H), 1.78 (qd, J = 10.1, 4.8 Hz, 1H), 1.63-1.44 (m, SH), 1.32— 1 028.697 90;

1.16 (m, 14H), 1.07 (ddd, J=13.1, 8.2, 5.2 Hz, 1H), 0.88-0.70 (m, 15H).

Found: 1 028.696 29.
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Continued
Compd. 'H NMR HR-MS (m/z) Purity/%  mp/°C
14 (600 MHz, D,0) 6 7.45 (t,J = 7.4 Hz, 2H), 7.42-7.33 (m, 3H), 4.68 (dd,J= 7.8, 6.1 Hz, [M+H]": 96.1  180.5-206.1
1H), 4.51 (dd, J = 10.3, 4.3 Hz, 1H), 4.41 (dd, J= 9.1, 5.0 Hz, 1H), 4.30 (dd, J = 8.6, Caled. C, HN,,0,:
6.5 Hz, 1H), 4.25-4.17 (m, 3H), 3.44 (ddd, J = 14.0, 9.9, 4.3 Hz, 1H), 3.32 (dd, J=13.9, 1 042.677 16;
6.2 Hz, 1H), 3.19-2.95 (m, 8H), 2.84 (ddd, J=23.7, 15.7, 6.9 Hz, 3H), 2.37-2.03 (m, Found: 1 042.675 73.
10H), 1.89 (ddd, J = 14.9,9.7, 4.7 Hz, 1H), 1.66 (tdd, J = 17.8, 12.5, 6.6 Hz, 5H), 1.37-
1.28 (m, 13H), 1.20 (ddd, J = 13.7, 8.2, 5.6 Hz, 1H), 0.99-0.89 (m, 9H), 0.82 (dd, J =
15.1, 6.5 Hz, 6H).
15 (600 MHz, D,0) 6 7.71 (dd, J = 20.7, 7.7 Hz, 4H), 7.55 (t, J = 7.7 Hz, 2H), 7.49-7.41 [M+H]": 96.0  182.3-191.4
(m, 3H), 7.34 (dt, J = 30.5, 7.2 Hz, 3H), 7.12 (d, J = 7.2 Hz, 2H), 4.64 (dd, J = 9.8, Caled. CHN,,0,:
5.6 Hz, 1H), 4.55 (dd, J = 8.8, 5.2 Hz, 1H), 4.34 (ddd, J = 14.5, 8.6, 6.1 Hz, 2H), 4.26 1126.677 16;
(dd,J=9.5, 4.8 Hz, 1H), 4.23-4.17 (m, 3H), 3.51-3.45 (m, 1H), 3.28 (dd, J = 13.9, Found: 1 126.673 73.
6.2 Hz, 1H), 3.21-2.91 (m, 9H), 2.85-2.61 (m, 5H), 2.39-2.03 (m, 10H), 1.92-1.84 (m,
3H), 1.62-1.53 (m, 2H), 1.32-1.24 (m, 13H), 0.90 (t, /= 7.0 Hz, 3H).
16 (600 MHz, D,0) 6 7.73 (d, J = 8.0 Hz, 1H), 7.57 (d, /= 8.2 Hz, 1H), 7.31 (dd, J=9.3,  [M+H]": 983  173.1-200.2
4.7 Hz, 2H), 7.23 (t,J = 7.1 Hz, 1H), 4.93 (dd, J = 9.6, 6.7 Hz, 1H), 4.48 (dd, /= 10.2,  Caled. C,;H,)N,,0,:
4.4 Hz, 1H), 442 (dd, J = 8.8, 5.1 Hz, 1H), 437 (dd,J=9.0, 5.7 Hz, 1H), 431 (dd,/= 1 067.708 80;
8.9, 6.1 Hz, 1H), 4.25-4.18 (m, 2H), 4.13 (dd, J = 9.8, 4.7 Hz, 1H), 3.52-3.43 (m, 2H),  Found: 1 067.705 98.
3.23-3.04 (m, 8H), 2.85 (ddd, J = 12.8, 9.6, 6.7 Hz, 1H), 2.72-2.67 (m, 1H), 2.34 (t, J =
7.4 Hz, 2H), 2.30-1.98 (m, 11H), 1.88 (ddt, J=15.3, 10.2, 5.1 Hz, 1H), 1.66 (dddd, J =
25.7,20.2, 13.5, 6.3 Hz, 6H), 1.30 (d, J = 7.2 Hz, 11H), 1.05-0.98 (m, 4H), 0.95-0.88
(m, 6H), 0.76 (dd, J = 20.2, 6.5 Hz, 6H).
17 (600 MHz, D,0) 6 7.71 (dd, J = 13.9, 7.8 Hz, 4H), 7.55 (t, /= 7.7 Hz, 2H), 748 (t, /=  [M+H]": 975  179.4-1853
7.4 Hz, 1H), 7.42 (d, J = 8.2 Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H), 7.31 (, J=7.3 Hz, 1H),  Caled. C,,H, N,,0,:
7.13 (d, J=17.3 Hz, 2H), 4.63 (dd, /= 9.7, 5.7 Hz, 1H), 4.53 (dd, J = 8.9, 5.0 Hz, 1H), 1138.713 55;
432 (ddd, J=20.0, 8.4, 5.7 Hz, 3H), 4.18 (dd, J = 10.5, 3.8 Hz, 2H), 3.53-3.48 (m, 1H), Found: 1 138.708 94.
3.26-2.78 (m, 13H), 2.69 (td, J = 14.5, 8.6 Hz, 2H), 2.34-1.83 (m, 14H), 1.71-1.56 (m,
5H), 1.30 (s, 9H), 0.97 (d, J = 6.3 Hz, 3H), 0.94-0.87 (m, 6H).
18 (600 MHz, D,0) § 7.25 (dd, J = 29.1, 8.0 Hz, 4H), 4.49 (dd, /= 10.1,4.5 Hz, 1H), 444  [M+H]": 954  170.3-182.8
(dd, J=8.7, 5.2 Hz, 1H), 4.37 (dd, J= 9.0, 5.7 Hz, 1H), 4.30 (dd, /= 8.8, 6.3 Hz, 1H),  Caled. C,H, N,,0,:
4.25-4.17 (m, 3H), 3.53-3.46 (m, 1H), 3.29 (dd, J = 14.0, 5.7 Hz, 1H), 3.21-2.90 (m, 1042.713 55;
10H), 2.38-2.03 (m, 15H), 1.72-1.57 (m, 5H), 1.32 (dd, J = 14.8, 6.7 Hz, 15H), 1.08 Found: 1 042.705 24.
(ddd, J=13.3,7.9, 5.5 Hz, 1H), 0.98 (d, J = 6.4 Hz, 3H), 0.94-0.89 (m, 6H), 0.81 (dd,
J=18.7,6.5 Hz, 6H).
19 (600 MHz, D,0) 6 7.28 (d, J = 8.7 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 4.47 (ddd, J = [M+H]": 95.1  181.3-192.8
21.3,9.5,4.9 Hz, 2H), 4.37 (dd, J= 9.0, 5.7 Hz, 1H), 4.30 (dd, /= 8.8, 6.3 Hz, 1H), Caled. CH, N,,0,:
4.25-4.21 (m, 2H), 4.17 (dd, J = 9.7, 5.6 Hz, 1H), 3.88 (d, /= 2.2 Hz, 3H), 3.52-3.47 1 058.708 46;

(m, 1H), 3.31 (dd, J = 14.1, 5.5 Hz, 1H), 3.20-3.01 (m, 9H), 2.90 (dd, J = 14.1, 11.0 Hz,
1H), 2.37-2.31 (m, 3H), 2.29-2.03 (m, 9H), 1.89 (ddd, J = 19.7, 10.5, 5.2 Hz, 1H),
1.72-1.57 (m, 5H), 1.32 (dd, J = 15.1, 6.1 Hz, 13H), 1.22 (dt, J= 13.4, 6.7 Hz, 1H),
1.07-1.01 (m, 1H), 0.98 (d, J = 6.4 Hz, 3H), 0.96-0.88 (m, 6H), 0.80 (dd, J = 17.9,

6.6 Hz, 6H).

Found: 1 058.709 71.

3 KAEVNSHEEST

B B R A P B IR S B A R A LE I SR, [
e ARHI T2 T A R\ KB = AT A N BN T
i (HK-2) 8t (£ 4). LE%3.4.8.9.10 1
CC, fE¥I KT 100 ug-mL™", & 40 jd 55 14 I BAK T8 5
WEY AR LR EEB. BA EEENL a7
(CCqy=24.6 ng-mL ™) BRI 3 )\ K H RATAED
A-10 f9 5 40 B % 1% (CC,, = 9.1 pg-mL™") A B 2 2
.5 B AR S A R M N IR BRI, ' M
B PEAR (Ph B 2. 4). 4 K5 g 7 T 35k 10 B T Ot
598 A (k& 11.12.13). 167 D-Dab & i Ny bl P

@R D-Dap 5 D-Om B "5 B BE K ((b &4 9.10)
F AT UL, B A P R S 2 T T A S 1 R R R T
Pk i BB DA G

NG

AW T BT A R AR )\ MK TR 3% A3 R B3 BB fiT AE
W19 A, FEXF AT 1 AR S0 I T DE O A 2 R B
PR . Hod, (b & 6.7.17 A B E SN, 5
KAERJ\BKTH 2= A3 A B3 AH L, EATTTE PR EF GBI 1 1)
FIE, R T G PiR R E &R iE S
TR Y. (AP 2.4.5.9.10 [ H0 4 S5 H
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Table 3 The MIC values of octapeptin derivatives and control drugs against bacterial strains. KPC: Klebsiella Pneumoniae carbapene-

mase; OXA: Oxacillinase; * Methicillin-resistant standard isolates; ® Methicillin-resistant clinical isolates; ©Clinical isolates; dCarbapenem—

resistant clinical isolates

MIC/pg-mL"
S. aureus S. epidermidis E. coli K. pneumoniae P. aeruginosa A. baumannii
ATCC ATCC NCTC
Compd. ATCC

ATCC ATCC MRSE MRSE BAA. NCTC ECO- BAA- KPN+ KPN+ BAA- PAE PAE PAE ATCC ABA 13304
33591° 29213 19-5° 19-6° 523 13353 19-2° 2340 19-15* 19-17* 1705  19-1° 19-3* 17-1° 27853 19-8' (OXA-

(KPC) (KPC) 27)

A3 >64  >64 2 16 16 16 16 8 16 16 16 2 4 2 1 4 8
B3 32 32 2 8 8 16 16 8 16 16 8 4 4 2 2 4 8
1 64 32 2 8§ 32 64 32 64 64 >64 32 >64  >64 >64  >64 >64  >64

2 >64 64 4 16 16 16 16 16 8 16 2 2 2 1 1 16 16

3 >64  >64 16 64 64 >64 64 64 >64  >64  >64  >64 >64 >64  >64 >64  >64

4 >64  >64 16 64 16 16 16 16 16 32 4 2 4 1 1 32 32

5 >64 64 2 16 16 16 32 4 8 16 2 2 2 1 1 4 16

6 4 4 0.5 1 4 16 4 8 8 4 2 4 2 4 2 16 16

7 8 8 1 2 1 4 1 2 2 4 1 2 2 2 1 16 8

8 >64  >64 2 8 16 32 32 3216 32 8 8 2 8 4 >64  >64

9 >64  >64 2 3216 16 8 4 16 16 4 1 2 2 0.5 >64 64
10 >64  >64 4 32 32 64 32 32 64 >64 32 2 4 4 1 >64  >64
1 >64  >64 1 8 16 8 8 1 8 16 1 2 4 8 1 >64 8

12 32 64 0.5 4 8 8 8 1 8 16 1 4 4 4 1 16
13 16 16 0.5 2 4 8 8 1 4 16 2 2 2 4 1 16 4
14 64 16 4 4 8 16 16 2 16 32 8 8 8 16 16 >64 32
15 8 16 2 2 8 16 4 4 4 8 4 4 4 4 16 16
16 16 8 1 1 8 8 3 4 4 4 4 4 4 8 8 >64 32
17 8 4 2 2 8 16 3 4 16 16 8 3 8 8 4 8 8
18 16 8 1 1 4 8 8 2 4 8 2 4 4 8 4 4

19 64 16 2 2 8 16 8 4 8 16 4 4 4 16 16 8 8
Polymyxin B >64  >64 4 16 <006 05 <006 <006 0.125 025 <006 025 0.125 025 0.5 <0.06 <0.06
Meropenem 16 0.125 2 2 025 <0.06 <0.06 4 64 >64 16 05 16 32 1 16 64

Table 4 The renal cytotoxicity of octapeptin derivatives on the

HK-2cell. n=3,x+s

CC n/ug-mL'1
Compd. -
HK-2 cell P value vs polymyxin B
A3 60.7 +5.8 0.5854
B3 16.1 £ 6.8 0.008 8
1 36.1 +3.1 0.058 7
2 548 +17.1 0.929 4
3 214.2 +80.7 0.028 4
4 169.1 £27.7 0.003 0
5 382442 0.083 3
6 13.5+£2.0 0.004 7
7 24.6+2.2 0.013 8
8 101.9 +16.9 0.0199
9 266.7 +30.1 0.000 4
10 135.2 +£20.1 0.004 5
11 58.7+17.1 0.8373
12 48.0 £ 14.2 0.507 1
13 9.4+45 0.004 0
14 37.3+21.6 0.267 6
15 15.6 +4.5 0.006 7
16 32.2+25.6 02231
17 <1 0.001 7
18 104 +4.4 0.004 3
19 256+9.2 0.028 9
Polymyxin B 55.9+12.8 -

HitM5 23 HEBEZI. kA1 3.4.8.9.10 1)
CC, fEH KT 100 pgmL™", IR EFHFHEME. WEWT

Xt BT I i B AR YA TE T (MIC < 16 pg-mL™), H 541
it 25 4 A GBI (CCyy = 24.6 ng-mL™), A HE— 0k
Je R WA R e AW ). i R AR ROk
FAAREBE IR R, IR I IR A0 40 S ik T R I 07 T ik v B
AR P, KT BT G T A R, (H B R AR A AT
PETt; B 5L o IR A LR, BT G R TE M 4E R B
B TR AR DO — Dk R BT b g
PE BB 2 VA R T BB A R TR R AR

SCIGER 4y

TH IR AR 2% (CHA-S, 9 [E# M [E 3 A F), iE
B 7% K AX (R-300, it 4= Buchi 2> @), 2 il 4 7Y 5 207K
FHE R (LC-20AT, H AR B A A, 4 #1284 & 20 A
i A (Agilent 1200 series, 3% [F Agilent 24 7]), C18 X
A3 M1 kE (Eclipse XDB-C18 4.6 mm x 150 mm, 5 pm),
% 6 JR 9 1% AL (500 MHz F1 600 MHz, Bruker 2 7)),
12 9% 9 RE A (LTQ Orbitrap XL, 2 [# Thermo Fisher
Scientific 24 @), ¥ £ AL (MP9O, K5 810 £ [H b
FRAHD.

2 AR AL (Fmoc) ORI R AH B 28 5L 1R L 6- U R IF
=RME-1,1,3,3- DU F R IR N SRR ER I (HCTU) T4 B %
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IRAEAL, 2-CTC W IR B K F I & OB A PR A ],
% 2 = O R (TFA). 2K ik ke« N- B 3 1) ik
(NMM). = 57 15 3£ 7 bi (TIPS). N, N- —- 53 4 3k 2 1%
(DIEA) M H 1 RIEHE A A, (T-ROR PRI = - 1-50) =
N I i 7S U TR £ (PYAOP). U (= 2 JE i) 4B AN N-$2
F-T-RI I =F M (HOAL) W H 3 B /R AL S B R AT
PRA A, B VIRAE & H Bt (DCM). oK LBk KA
JHE (40%) W AL 5040 ), N,N-—H 3 F it X (DMF)
W H AR RAFA.

S0 T s v TR A ) 1 S ] R T R R 0

[ >~ oo 7
® L3

S ] ] 5 Y A R (R 0, Tl PR A PR D9 2019 4 7E DY
NS ABEE T AR i 45 i DX WA R 0 e K 4 28 35005 TR
N B A i /N T R HK-2 41 i R I 1 55 [E ATCC
(American Type Culture Collection),
1 \BRERERETEDNEK
L1 J\RKERZRAIWER Z MG REr 7%,
H Fn ik & W0k F AR & RGBS 21, A6 &0 1 6 7
W& R 2 1 TR

LML A3 K65 OB, BAR SRR AR I Bl
2-CTC # Jig (0.5 mmol) 24 [ #H £k /4, DCM (10 mL) A

Lsile :
O cl a — b c d e f [¢}
: “L0O4
O cl O
2-CTC Resin

NH(Dde) NH(BOC)

%w&%~ﬂw

b \%04
cl
NH(Boc)

0
g
O Ry

Re,,

s
R"wr“x*uir A %{ ?L “JL ~

\ %H
NH(Boc)
cl

(Boc)HN

NH(Fmoc)

o HN NH(Boc)
NH Te_f
21-6
Q G

o o R o
%%ﬁ%vhﬁﬁﬁ

NH(Boc)

TS TETIY YOO
N O

NH(Boc) HN

21-3 O <

0
.. _NH,
/Eo
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NH(Boc) HN

215 O J

Scheme 1 Synthetic route of the target compoundSA Reagents and conditions: (a) Fmoc-L-Dab-OAll, DIEA, DCM, 3 h, MeOH; (b) (i) 20%
piperidine in DMF, 10 min and 10 min; (ii) Fmoc-protected position 6 amino acid, HCTU, DIEA, DMF, 50 min; (c) (i) 20% piperidine in
DMF, 10 min and 10 min; (ii) Fmoc-protected position 5 amino acid, HCTU, DIEA, DMF, 50 min; (d) (i) 20% piperidine in DMF, 10 min
and 10 min; (ii) Fmoc-protected position 4 amino acid, HCTU, DIEA, DMF, 50 min; (e) (i) 20% piperidine in DMF, 10 min and 10 min; (ii)
Fmoc-protected position 3 amino acid, HCTU, DIEA, DMF, 50 min; (f) (i) 20% piperidine in DMF, 10 min and 10 min; (ii) Fmoc-protected
position 2 amino acid, HCTU, DIEA, DMF, 50 min; (g) (i) 20% piperidine in DMF, 10 min and 10 min; (ii) Fmoc-protected position 1
amino acid, HCTU, DIEA, DMF, 50 min; (h) (i) 20% piperidine in DMF, 10 min and 10 min; (ii) fatty acid, HCTU, DIEA, DMF, 50 min; (i)
3% hydrazine in DMF, 3x30 min; (j) Fmoc-protected position 8 amino acid, HCTU, DIEA, DMF, 50 min; (k) (i) 20% piperidine in DMF, 10
min and 10 min; (ii) PhSiH,, Pd (PPh,),, 50% DCM/50%DMF, 3 h; (I) PyAOP, HOAt, NMM, DMF, 12 h; (m) TFA: TIPS: H,0 (95: 2.5:

2.5), 2 h; followed by reverse phase HPLC purification
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%557, DIEA (4 mmol) AfEALT, 30 °CF %K R B3 h,
# 7 7 & FE B2 Fmoc-L-Dab-OAll (2 mmol) 3% £ 75 4 fig
Fo F20% WRFEE/DMF 10 mL #6 4 (10 min, 75 7%) il
Fmoc fR¥ 5. TG, 53 5l %5 B 1 Fmoc R4 1) 28 2k
Fig A HE 72 (2 mmol)- 46 & 77 HCTU (1.8 mmol)- 1L 7]
DIEA (4 mmol) i T DMF (10 mL) 5#§7E 30 °C % M
50 min, 5 UL I Fmoc Bt fR 47 A1 Fmoc fRiF Z LR &
A, 15 303 B2 HE W L3 A 1 ~7 A7 G R R AR 3 1 W i
FeEdh . 3% K& /DMF 15 mL#HE (30 min, 3 7%) k&
2RISR 1) Dde (1-(4,4- — F 3-2,6- A O IE)
CHE) AP I 8 A E R (2 mmol). 4 A 5F HCTU
(1.8 mmol). f# 1L 7 DIEA (4 mmol). 7 DMF (10 mL)
5k HEAE 30 °C % 50 min. F 20% WRE/DMF 10 mL
(10 min, P§K) MR Fmoc {R 37 5, K5 DU (=834 %) 4
(0.2 mmol) F1 K &£ HE (3.5 mmol) % T DCM: DMF =
121 %7 (10 mL), DR i o, JBEBR I A % (30 °C I
B 3 h)o 4% PyAOP (2 mmol). HOAt (2 mmol). NMM
(4 mmol) ¥& T DMF (10 mL), I 4 g 4 F 30 °C T
SRR . PL 10 mL ff) TFA: TIPS:H,0 = 95:2.5:2.5
RGO I BRI, 4 2 IR I ) F 5 i
F& Boc (SUT EREE) TRI 5L, 202t 25 2 my 0B i
1 atith (BN 0.08% =5 LRI K F1E 0.08% =
SR 2, 419 Shim-pack PREP-ODS (20 mm x
250 mm, 10 pm), 4 B e i, it 4 8 mL-min™, I
Kh 214 nm), &AW IR A VR T g, 45 156 ] A
PR AT B RSO S RS I = W 4 R (T sh AR
- 0.08% = LERIM/KAI MG, #EF- 4 Eclipse XDB-
C18 (4.6 mm x 150 mm, 5 pm), Jii%} 0.8 mL-min”, £
KN 214 nm), A— 35S . B RE L IR I G
VTR 53 I 0% SCRFAIE = P 45 44
12 HEMBII~19ME/RK KA LR A3
(177 1%, A BA 2 AS [R] 22 5 R A IR I 1 4H A 1) 2 ik 7=
YB3.1~19 (£ 1). HILAEWH HPLC & & (3K
T 95%) &5 R R IE B4 43R 2 Fios
2 AEYEMENR

232 3 [ I PR 5L 56 2= AR HE P 25 (CLST) $LEE 254
UM RS R E AR, SR F Sl Nz Bl e L&)
FE/MIEIREE (MIC). FREURE &, FJEH MH Wiz
B2, FINEERE 9 A S IR E AR TN 256128 .64
32.16.8.4.2.1.0.5.0.25.0.125 pg'mL". J MH A%
Fict B RH N T B, R JE N (4~8)x10° CFU-mL". 43
SR EL 100 pL (19 A )94 5 24 9 21 T B 1 96 FLER 2K &
R LA, 5500 100 pL B BOIN #AL . FL A AR &
AU PE N 128.64.32.16.8.4.2.1,0.5.0.25.0.125.
0.06 ug-mL", HR&HKIE N 2~4)x10° CFU-mL". #

BA K IR R PH P B4 (2 R R B RISE D B
F)o MNFER) 96 FLARAE 35~37 °CHs 7= 44 N 1% 9% 16~
20 ho WEZFL PN o€ 4 P00 40 B AR K R B 25 W0 IK
R 3 MIC {8 .

3 BYpaEENR

K CCK-8 VEAT ML AP N B HK-2 40 2 44
FREUA A, H TG B K e B K FE 9 250,100 50, 25
12.5 ug'mL"s HK-2 201 £ 37 °C & 5% CO, B iR i 31
BEC R B 8 P 55 9%, 9 40 PR B AR K 2 70%~80%,
BEAT WAL AR . BT 5<10* N4, 4 T 96 FLAR 1,
L 100 L 20 A BN, Foe 55 9% 24 h J5 B 3R 2 85 97
BB TR TDEIET2 he WBERFREL, 0100 pL &
10% 1) CCK-8 75 (AR5 7 55, B TR 7R h i E 3 h, H
BioTek B # B AR I 5E OD,,, 18, S2H#ET 3 IRE A,
FER BT 22 0 B B MUPH M 24 R 2 2525 (1 A B 4 i
P8 TF AN RAFTE &, R Log BT CC, MH, 5
P 253047 (AR 56, P < 0.05 N AH Siit 2422 57,

Bgt: B U )15 3 54T 2 AE R A PR A S0 B
P B .

TEB Rk M2 AT WA M L E SR
Bl 47 B SE I F R YR 5 EUk R B W S5 TS &
A AN PR R S B 40 S 5 T SR o A B SRS B
ZHERATH T Z R ESR SR RS,

FIEE M A e B A EER SR .
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