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Design, synthesis, and biological evaluation of novel
polymyxin B analogues
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(Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing 100050, China)

Abstract: Polymyxin B and polymyxin E (colistin) are increasingly used as last-resort drugs for treatment of
infections caused by multidrug-resistant gram-negative pathogens. Unfortunately, the application was limited due
to the serious side effects, especially nephrotoxicity. Very recently, the need for developing more tolerated and more
effective polymyxin analogues has grown. This study details the design, synthesis, and evaluation of two classes of
polymyxin B analogues with varying hydrophobicity and bulkiness at the N-terminal fatty acyl chain or position
6 amino acid. 20 polymyxin B analogues were synthesized and the chemical structures of the analogues were
confirmed by HR-MS and *H NMR spectra. Compounds 7e (MIC: 0.5-4 pg-mL™*) and 7l (MIC: 0.25-2 pg-mL™)
showed similar or better antimicrobial activity against both susceptible and resistant strains of Escherichia coli,
Klebsiella pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa compared to polymyxin B (MIC:
0.5-2 pg-mL™). Besides, compound 71 (CC,,: 217.1+13.2 ug-mL*) displayed noticeably decreased renal cytotoxicity
compared to polymyxin B (CC,,: 120.3+6.0 png-mL™). This work establishes the base of further study on the
structure-activity relationship of polymyxin B.
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Table 1 Chemical structures of polymyxin B analogues. 2tert-butyl; ®benzoyl
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Y
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R,-COCH = o o i o i H < o7
O~~~ oH NH, 2 NH, i HN NH,
0o O?H HN
~~AAaon 10 04
fo) HO' ﬂ
/Y\/\.)LOH 9 NH;
Compd. R,-COOH R, R, R,
Polymyxin B, (S)-6-methyloctanoic acid H H H
7a 4-phenoxybenzoic acid H H H
7b 4-(4-methylphenoxy)benzoic acid H H H
7c 5-(dimethylamino)pentanoic acid H H H
7d 6-methoxyhexanoic acid H H H
7e 3-oxoheptanoic acid H H H
7f (S)-6-methyloctanoic acid H H F
79 (S)-6-methyloctanoic acid H H Cl
7h (S)-6-methyloctanoic acid H H Br
7i (S)-6-methyloctanoic acid H H NO,
7j (S)-6-methyloctanoic acid H H OH
7K (S)-6-methyloctanoic acid H H NH,
71 (S)-6-methyloctanoic acid H H CN
7m (S)-6-methyloctanoic acid H H CH,
n (S)-6-methyloctanoic acid H H CF,
70 (S)-6-methyloctanoic acid H H OCH,
7p (S)-6-methyloctanoic acid H H OCH,CH,
79 (S)-6-methyloctanoic acid H H tBu?
7r (S)-6-methyloctanoic acid H H Bz°
7s (S)-6-methyloctanoic acid H Cl H
7t (S)-6-methyloctanoic acid Cl H H
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Compounds 7a-7e: R,=H, R,=H, R,=H.

7a: R,COOH=4-phenoxybenzoic acid; 7b: R,COOH=4-(4-methylphenoxy)benzoic acid;
7c: R,COOH=5-(dimethylamino)pentanoic acid; 7d: R,COOH=6-methoxyhexanoic acid;

7e: R,COOH=3-oxoheptanoic acid.
Compounds 7f-7t: R,COOH=(S)-6-methyloctanoic acid.

7f: R,=H, R;=H, R,=F; 79: R,=H, R,=H, R,=CI; 7h: R,=H, R,=H, R,=Br; 7i: R,=H, R;=H, R,=NO,;

7j: R,=H, R;=H, R,=OH; 7k: R,=H, R,;=H, R,=NH,; 7I: R,=H, R,=H, R,=CN; 7m: R,=H, R,=H, R,=CH,;

n: R,=H, R,=H, R,=CF;; 70: R,=H, R,=H, R,=OCH,; 7p: R,=H, R;=H, R,=OCH,CH;; 7q: R,=H, R,=H, R,=tBu;

7r: R,=H, R;=H, R,=Bz; 7s: R,=H, R,=Cl, R,=H; 7t: R,=Cl, R;=H, R,=H.
Reagents and conditions: (a) Fmoc-L-Dab-OAll, DIPEA, DCM, 2 h, MeOH; (b) (i) 20% piperidine in DMF, 5 min and 10 min; (ii) appropriate amino
acid, HCTU, DIPEA, DMF, 1 h; (iii) For compounds 7a to 7d and 7f to 7t: corresponding carboxylic acid, HCTU, DIPEA, DMF, 1 h; For compound
7e: corresponding carboxylic acid, DIC, HOBt, DMF, 2 h; (c) 3% hydrazine in DMF, 2x30 min; (d) Fmoc-L-Thr(tBu)-OH, HCTU, DIPEA, DMF, 1 h;
(e) (i) 20% piperidine in DMF, 5 min and 10 min; (ii) PhSiH;, Pd(PPh,),, 50% DCM/50% DMF, 2 h; (f) PyAOP, HOAt, NMM, DMF, 3 h; (g) TFA:
TIS:H,0 (95:2.5:2.5), 2 h; followed by reverse phase HPLC purification.

Scheme 1 Synthetic route of polymyxin B analogues

AW, (S)-(+)-6-H1 2k-
1 KEMERK

1.1 3-F| X BEER (3-oxoheptanoic acid) BI& AL 3-%
A BEE H S (3.2 mL, 20 mmol) ¥ - 15 mL MeOH, i
A 3 mol-L"t NaOH ## ¥ 30 mL, =t #E 2 he IRk

1- 7 Ry S 5 A 45 0T,

45, UK F 2 mol-Lt Eh iR R 1k &2 pH=2, Z Tk AEHN 3
IR (3%x30 mL), Jo/K B BB T4, 1 U, R IR 4, 15 8
t#14 2.8 g, WK 97%016, ESI-MS: 143[M-H] .

1.2 ZFRERBITEMNER Pa ¥ 2CTC resin
(0.95 g, 0.53 mmol-g, 0.5 mmol) fl A £ ik & &4
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Table 2 Minimum inhibitory concentration (MIC: pg-mL™) and cytotoxicity (CCy,: ng-mL™?) of polymyxin B analogues. *American

Type Culture Collection. "Clinical isolate. °50% cytotoxic concentration. ‘Polymyxin B. ¢Not determined. ESBLs: Extended-spectrum f-

lactamases. NDM-1: New Delhi Metallo-beta-lactamase-1

MIC/ug-mL*

CCqyf/ug-mL*

K. pneumoniae

Compd. E. coli E. coli 14-11° P. aeruginosa A. baumannii P value vs
ATCC BAA-2146 Vero cell
ATCC? 25922 (ESBLs) ATCC 27853 ATCC 19606 PMB
(NDM-1)

PMB? 1 0.5 1 2 0.5 120.3£6.0 -
Ta 2 2 4 4 4 295+18 <0.01
7b 2 2 4 8 4 ND © -
Tc >128 32 >128 1 16 ND -
7d 1 0.5 8 1 2 ND -
Te 0.5 1 2 2 4 128.1+10.6 0.497
7f 1 2 2 4 1 527+4.1 <0.01
79 2 4 4 4 2 346+0.3 <0.01
7h 2 2 4 2 2 23.4+0.1 <0.01
7i 1 1 2 2 1 61.1+44 <0.01
7j 2 4 4 1 4 19.6+1.2 <0.01
7K 1 1 2 2 1 243+1.0 <0.01
71 0.5 1 1 2 0.25 217.1+13.2 <0.01
7m 2 2 4 4 1 31.3+1.7 <0.01
mn 2 4 4 4 4 23.6+0.7 <0.01
70 1 1 2 2 1 19.0+0.7 <0.01
p 1 1 2 2 2 6.3+1.0 <0.01
7q 4 4 8 8 16 ND -
r 4 4 4 8 2 ND -
7s 2 1 4 4 1 36.4+0.7 <0.01
Tt 1 1 2 2 0.5 29.8+1.2 <0.01

Jin N\ DCM #% ik 5 min, DCM ¥ f# Fmoc-L-Dab-OAll
(2 mmol, 4 eq) Fi1 DIPEA (4 mmol, 8 eq) Jin A I 4 fig
i, S E B2 he I 0.5 mL MeOH J% % 30 min, fi
DCM.DMF 73 5l Pl W fig 5 7K, 15 1.

B b. K F Fmoc 5l , & 2 1t k-4 g . Bt
F& Fmoc fr 47 %5, F 20% Wk WE/DMF 4b 22 % 7% (5 min,
10 min), F§ DCM.DMF 73 3 5 B g 5 4 4 & [,
+# 8 i & JE iR Fmoc-L-Dab(Boc)-OH (2 mmol, 4 eq).
HCTU (2 mmol, 4 eq) 1 DIPEA (4 mmol, 8 eq) /] DMF
W, 50 R RE S 1 h, I DCM . DMF 433 B2 4%
AE5 UK. FHARTE 7 MR Fmoc fR47 35 DL R 46 & 7 AL &
FE % Fmoc-L-Leu-OH . 6 i Z 2 5 1 2 % % Fmoc-L-
Dab(Boc)-OH. 4 i & 3 i Fmoc-L-Dab(Dde)-OH. 3 17
48 & % Fmoc-L-Dab(Boc)-OH . 2 fi7 4 % ik Fmoc-L-Thr
(tBu)-OH. 1 {7 & #£ i Fmoc-L-Dab(Boc)-OH . fIl] % ¥
Be (fTAEY) e BRAb), 1920 AT 1e MR R R4 &
8N 3-4A AR PEER (2 mmol, 4 eq).DIC (2 mmol, 4 eq)
FTHOBL (2 mmol, 4 eq) ¥) DMF ¥, 584 HE AL 5 S B
2 h, H DCM.DMF 73 5 e 48 i 5 7, 43 2.

H % c. B 2% /K& JEH/DMF A& 3 (2x30 min) i (2
Dde {472, HF DCM.DMF 43 5l Jei i i 5 1K, 15 3.

A B d. ¥ 10 Az & % B Fmoc-L-Thr(tBu)-OH
(2 mmol, 4 eq)~HCTU (2 mmol, 4 eq) #! DIPEA (4 mmol,

8 eq) i) DMF ¥ ¥, 5 #% Jig #¢ & S S 1 h, A DCM.
DMF 73 A e AR 5 4K, 153 4.

iR e. Wi Fmoc fR37 5, FH 20% Wk E/DMFF Ak 2
W 7% (5 min, 10 min), F§ DMF ¥ % # fig 5 X ; PhSiH,
(3.5 mmol, 7 eq) 5 Pd(PPh,), (0.1mmol, 0.2 eq) ¥+ 50%
DCM/50% DMF, i 5% & 3 2 h, 0.5% — 2. % —fHifL R
S R BIIDMF R e 31K, FI DCM . DMF 435 3 %
WG S, 145,

B £, PyAOP (2 mmol, 4 eq). HOAt (2 mmol,
4 eq) ATNMM (4 mmol, 8 eq), 554 I ¥ it S B2 3 h, i
9 fi7. L-Dab ) #2 £ 5 10 7 L-Thr ) % J& 45 &, Sz 50 [
A, H DCM.DMF 45 5l 96 30 i 5 7, H B ok 5%
1k, T4, 15 6.

5 3% g. F§ 10 mL TFA/TIS/H,O (95:2.5:2.5) # 4T
JORC %) 2R g R G o 4 B OR AP S, B A IR, K 3RS 1) 2
W FA Bk DT T, 250, 2 45 WA 43 1 46
th, AT 1545 Ta~T7t, HPLC Kl 41 %

TTEM7a 77 F N 29%, (O A&, 51N
CeoHgo014N;6, ESI-MS: m/z 1 259.690 6 [M+H]*, Wi AH &
# 96.6%, [a]? -41.8 (c 0.15, 12% AcOH). H NMR
(500 MHz, D,0) ¢ 7.83 (d, J = 8.5 Hz, 2H), 7.48 (t, J =
7.6 Hz, 2H), 7.43~7.23 (m, 6H), 7.14 (m, 4H), 4.71
(dd, J = 8.8, 5.3 Hz, 1H), 4.57 (t, J = 8.2 Hz, 1H), 4.54~
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4.46 (m, 2H), 4.28 (m, 8H), 3.41~3.31 (m, 1H), 3.24~
3.00 (m, 11H), 2.94~2.75 (m, 2H), 2.39~1.83 (m,
12H), 1.54~1.36 (m, 2H), 1.20 (m, 6H), 0.76 (s, 4H),
0.69 (s, 3H).

TTEMTb =R K 30%, A@EE, 27X N
CeHg014Ny, ESI-MS: m/z 1 273.708 5 [M+H]*, W AH &
i 99.0%, [a] % -42.8 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.82 (d, J = 8.5 Hz, 2H), 7.44~7.22
(m, 7H), 7.07 (m, 4H), 4.71 (dd, J = 8.9, 5.3 Hz, 1H),
457 (t, J = 8.2 Hz, 1H), 4.49 (s, 2H), 4.40 (d, J = 3.6 Hz,
1H), 4.35~4.13 (m, 7H), 3.41~3.30 (m, 1H), 3.26~
2.98 (m, 11H), 2.88 (d, J = 8.1 Hz, 1H), 2.80 (m, 1H),
2.35 (s, 3H), 2.31~1.79 (m, 12H), 1.55~1.35 (m, 2H),
1.20 (m, 6H), 0.76 (s, 4H), 0.69 (d, J = 3.7 Hz, 3H).

TTHEMT7c =R N2T%, AEFE K, 7> TN
CssHosO15N,;, ESI-MS: m/z 595.871 1 [M+2H]?, Wi AH &
5 95.9%, [a]Z -43.9 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.39 (t, J = 7.2 Hz, 2H), 7.35 (d, J =
7.1 Hz, 1H), 7.26 (d, J = 7.4 Hz, 2H), 4.57 (t, J = 8.3 Hz,
1H), 4.51 (dd, J = 8.5, 4.8 Hz, 3H), 4.36 (d, J = 4.3 Hz,
1H), 4.32~4.17 (m, 7H), 3.33 (m, 1H), 3.21~3.02 (m,
13H), 2.86 (s, 6H), 2.81 (s, 1H), 2.39 (t, J = 7.3 Hz, 2H),
2.30~1.81 (m, 13H), 1.78~1.69 (m, 2H), 1.65 (m, 2H),
1.49 (m, 1H), 1.39 (m, 1H), 1.20 (t, J = 6.2 Hz, 6H),
0.78 (m, 4H), 0.70 (t, J = 8.3 Hz, 3H).

TTEM7d =R N 28%, A@EK, 41X N
Cs,Hg,O1uN,6, ESI-MS: m/z 596.362 9 [M+2H]%*, Wi AH &
i 95.2%, [a]® -46.1 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) § 7.38 (d, J = 7.3 Hz, 2H), 7.35 (d, J =
7.2 Hz, 1H), 7.26 (d, J = 7.2 Hz, 2H), 4.57 (t, J = 8.1 Hz,
1H), 4.54~4.47 (m, 3H), 4.36 (d, J = 3.8 Hz, 1H), 4.24
(m, 7H), 3.47 (t, J = 6.5 Hz, 2H), 3.34 (m, 4H), 3.12 (m,
11H), 2.89 (s, 1H), 2.81 (s, 1H), 2.33 (t, J = 7.3 Hz, 2H),
2.30~1.83 (m, 12H), 1.66~1.54 (m, 4H), 1.48 (m, 1H),
1.37 (m, 3H), 1.20 (t, J = 5.9 Hz, 6H), 0.79 (m, 4H),
0.69 (d, J = 5.6 Hz, 3H).

TEMTe 2R N2T% AOEMKE, 5T RN
CoyHo,01uN; 6, ESI-MS: m/z 1 189.706 4 [M+H]*, WA &
5 97.1%, [a]® -51.4 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.40 (t, J = 7.3 Hz, 2H), 7.35 (t, J =
7.2 Hz, 1H), 7.27 (d, J = 7.4 Hz, 2H), 4.61~4.46 (m, 4H),
4.37 (d, J = 4.5 Hz, 1H), 4.33~4.17 (m, 7H), 3.43~
3.29 (m, 1H), 3.23~3.03 (m, 11H), 2.95~2.85 (m, 1H),
2.84~2.74 (m, 1H), 2.63 (t, J = 7.4 Hz, 2H), 2.34~1.79
(m, 13H), 1.59~1.46 (m, 3H), 1.40 (m, 1H), 1.30 (m,

2H), 1.25~1.09 (m, 7H), 0.88 (t, J = 7.4 Hz, 3H), 0.77
(s, 4H), 0.70 (d, J = 5.4 Hz, 3H).

TTEWTE 77 R N 30%, [ 6 E &K, 77N
CssHg;015N F, ESI-MS: m/z 611.376 1 [M+2H]>, Wi #H
S 97.0%, [a] & -48.4 (c 0.15, 12% AcOH). H NMR
(500 MHz, D,0) 6 7.25 (s, 2H), 7.12 (s, 2H), 4.50 (s, 4H),
4.36 (s, 1H), 4.33~4.11 (m, 7H), 3.35 (s, 1H), 3.18~
2.89 (m, 13H), 2.33 (s, 2H), 2.04 (m, 12H), 1.58 (s, 2H),
1.48 (s, 1H), 1.39 (m, 1H), 1.29 (s, 5H), 1.24~1.16 (m,
6H), 1.12 (s, 2H), 0.86~0.79 (m, 7H), 0.76 (s, 3H), 0.68
(s, 3H).

TTEM 79 7R N 30%, [ G, 4 TR N
CssHg;015N,Cl, ESI-MS: m/z 619.361 0 [M+2H]", Wi A
5 96.5%, [a] 2 -44.6 (c 0.15, 12% AcOH). H NMR
(500 MHz, D,0) 6 7.40 (d, J = 7.7 Hz, 2H), 7.22 (d, J =
7.8 Hz, 2H), 4.53 (m, 4H), 4.37 (s, 1H), 4.23 (m, 6H),
4.14 (m, 1H), 3.42~3.32 (m, 1H), 3.04 (m, 13H), 2.32
(d, J = 7.2 Hz, 2H), 2.29~1.83 (m, 12H), 1.58 (d, J =
6.1 Hz, 2H), 1.46 (m, 1H), 1.40~1.24 (m, 6H), 1.20 (t,
J = 5.9 Hz, 6H), 1.12 (s, 2H), 0.82 (d, J = 5.5 Hz, 6H),
0.77 (d, J = 5.4 Hz, 3H), 0.64 (m, 4H).

TTEMTh = F N 29%, A6 &K, 57N
CssHg;015N,Br, ESI-MS: m/z 642.335 6 [M+2H]?, i #H
S 95.9%, [a] & -52.5 (¢ 0.15, 12% AcOH). H NMR
(500 MHz, D,0) 6 7.55 (d, J = 7.6 Hz, 2H), 7.16 (d, J =
7.5 Hz, 2H), 451 (m, 4H), 4.37 (s, 1H), 4.23 (m, 6H),
4.13 (m, 1H), 3.42~3.32 (m, 1H), 3.12 (m, 10H), 3.04~
2.88 (m, 3H), 2.32 (d, J = 7.0 Hz, 2H), 2.29~1.83 (m,
12H), 1.58 (d, J = 6.0 Hz, 2H), 1.45 (m, 1H), 1.41~1.24
(m, 6H), 1.20 (t, J = 6.2 Hz, 6H), 1.12 (s, 2H), 0.80 (m,
9H), 0.67 (d, J = 4.8 Hz, 3H), 0.60 (s, 1H).

TTEMTI TR N3% Ak, TR N
CesHg;015N,7, ESI-MS: m/z 624.873 2 [M+2H]?*, W AH 25
£ 99.0%, [a]? -59.6 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 8.25 (d, J = 7.5 Hz, 2H), 7.48 (d, J =
7.5 Hz, 2H), 4.62~4.47 (m, 4H), 4.36 (s, 1H), 4.31~
4.18 (m, 6H), 4.15 (m, 1H), 3.41~3.24 (m, 2H), 3.21~
2.91 (m, 12H), 2.33 (s, 2H), 2.05 (m, 12H), 1.58 (d, J =
4.2 Hz, 2H), 1.50~1.40 (m, 1H), 1.39~1.24 (m, 6H),
1.20 (s, 6H), 1.11 (s, 2H), 0.82 (s, 6H), 0.66 (s, 3H), 0.61
(s, 3H), 0.52 (s, 1H).

TTEMT] 7 EN29%, A6 E %K, >R N
CsgHog01uN 16, ESI-MS: m/z 610.378 5 [M+2H]?*, Wik &
#99.0%, []Z -61.7 (c 0.15, 12% AcOH). 'H NMR
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(500 MHz, D,0) § 7.12 (d, J = 7.1 Hz, 2H), 6.85 (d, J =
7.2 Hz, 2H), 4.50 (m, 4H), 4.36 (s, 1H), 4.18 (m, 7H),
3.42~3.31 (m, 1H), 3.21~2.86 (m, 13H), 2.33 (s, 2H),
2.29~1.85 (m, 12H), 1.59 (s, 2H), 1.45 (m, 1H), 1.30 (s,
6H), 1.20 (s, 6H), 1.12 (s, 2H), 0.82 (s, 6H), 0.74 (s,
3H), 0.65 (s, 4H).

TTEP TR 7= F N 29%, A @ik, 1NNk
CssHogO13N,7, ESI-MS: m/z 609.886 1 [M+2H]%, Wi H &
5 98.4%, [a]? -55.4 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.40 (s, 4H), 4.58~4.48 (m, 4H),
4.37 (s, 1H), 4.32~4.15 (m, 7H), 3.42~3.31 (m, 1H),
3.23~2.91 (m, 13H), 2.32 (d, J = 6.9 Hz, 2H), 2.11 (m,
12H), 1.58 (d, J = 5.9 Hz, 2H), 1.47 (s, 1H), 1.41~1.24
(m, 6H), 1.20 (s, 6H), 1.12 (s, 2H), 0.82 (d, J = 5.1 Hz,
6H), 0.73 (s, 3H), 0.63 (s, 4H).

FTEWT F5E N 302%, Ak, 5 1FRH
Cys;Ho;015N, 7, ESI-MS: m/z 1 228.754 6 [M+H]*, A&
 99.0%, [a]% -60.8 (¢ 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) § 7.79 (d, J = 8.0 Hz, 2H), 7.43 (d, J =
8.1 Hz, 2H), 4.53 (m, 4H), 4.37 (d, J = 4.2 Hz, 1H), 4.25
(m, 6H), 4.13 (m, 1H), 3.42~3.33 (m, 1H), 3.25 (m, 1H),
3.21~2.92 (m, 12H), 2.33 (t, J = 7.3 Hz, 2H), 2.29~
1.85 (m, 12H), 1.65~1.53 (m, 2H), 1.51~1.41 (m, 1H),
1.40~1.25 (m, 6H), 1.21 (t, J = 7.1 Hz, 6H), 1.18~1.07
(m, 3H), 0.83 (t, J = 6.9 Hz, 6H), 0.76 (d, J = 6.6 Hz,
3H), 0.65 (d, J = 6.4 Hz, 3H).

LTEM Tm 7= R 30%, F @4, 27NN
CsH100013N56, ESI-MS: m/z 609.388 8 [M+2H]?*, i A
1 96.0%, [a] ¥ -59.2 (¢ 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.21 (s, 2H), 7.14 (s, 2H), 4.52 (m,
4H), 4.36 (s, 1H), 4.32~4.11 (m, 7H), 3.35 (s, 1H), 3.09
(s, 10H), 2.94 (m, 3H), 2.32 (s, 5H), 2.04 (m, 12H), 1.58
(s, 2H), 1.44 (s, 1H), 1.33 (m, 6H), 1.20 (s, 6H), 1.12 (s,
2H), 0.82 (s, 6H), 0.73 (s, 3H), 0.65 (s, 4H).

T In 2R N 29%, A @ik, 51X HK
Cy;Ho;015NF5, ESI-MS: m/z 636.374 6 [M+2H]%, ¥ H
5 899.0%, [a] % -54.1 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) § 7.71 (d, J = 7.1 Hz, 2H), 7.42 (d, J =
6.9 Hz, 2H), 4.60~4.46 (m, 4H), 4.36 (s, 1H), 4.19 (m,
7H), 3.35 (s, 1H), 3.26~2.89 (m, 13H), 2.33 (s, 2H),
2.05 (m, 12H), 1.58 (s, 2H), 1.45 (s, 1H), 1.32 (m, 5H),
1.16 (m, 9H), 0.82 (s, 6H), 0.71 (s, 3H), 0.62 (s, 4H).

FTHEM 70 =ERK30%, AEE A, 5T R
CsH100014Nys, ESI-MS: m/z 617.386 0 [M+2H]?*, i A

5 95.2%, [a] % -53.5 (¢ 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.20 (d, J = 7.6 Hz, 2H), 6.98 (d, J =
7.8 Hz, 2H), 4.59~4.42 (m, 4H), 4.37 (s, 1H), 4.33~
4.09 (m, 7H), 3.83 (s, 3H), 3.44~3.27 (m, 1H), 3.21~
2.90 (m, 13H), 2.32 (d, J = 7.1 Hz, 2H), 2.30~1.82 (m,
12H), 1.59 (s, 2H), 1.44 (m, 1H), 1.30 (s, 6H), 1.20 (d,
J = 6.4 Hz, 6H), 1.12 (s, 2H), 0.82 (d, J = 5.2 Hz, 6H),
0.71 (d, J = 5.2 Hz, 3H), 0.61 (m, 4H).

TTEM I EHN29%, A G, 5 TN
CegH10,0.1N;, ESI-MS: m/z 624.393 7 [M+2H]?*, Wi #H
% 699.0%, [ ] ¥ -54.0 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) 6 7.19 (d, J = 8.0 Hz, 2H), 6.96 (d, J =
8.2 Hz, 2H), 4.55 (m, 3H), 4.48~4.42 (m, 1H), 4.37 (s,
1H), 4.34~4.05 (m, 9H), 3.43~3.34 (m, 1H), 3.22~
2.88 (m, 13H), 2.33 (t, J = 7.1 Hz, 2H), 2.29~1.83 (m,
12H), 1.58 (d, J = 6.6 Hz, 2H), 1.45 (m, 1H), 1.38 (t, J =
6.8 Hz, 3H), 1.30 (d, J = 7.3 Hz, 6H), 1.20 (t, J = 6.5 Hz,
6H), 1.12 (s, 2H), 0.82 (d, J = 5.8 Hz, 6H), 0.71 (d, J =
5.9 Hz, 3H), 0.60 (m, 4H).

TTEW7q 7= F N 29%, [ @&, 5T RA
CeoH105015N16, ESI-MS: m/z 630.411 8 [M+2H]?*, ¥k #H
5 98.5%, [a] £ -53.5 (¢ 0.15, 12% AcOH). H NMR
(500 MHz, D,0) 6 7.46 (d, J = 7.0 Hz, 2H), 7.19 (d, J =
7.0 Hz, 2H), 4.51 (s, 4H), 4.36 (s, 1H), 4.31~4.18 (m,
7H), 3.40~3.29 (m, 1H), 3.19~2.91 (m, 13H), 2.33 (s,
2H), 2.29~1.83 (m, 12H), 1.59 (s, 2H), 1.47 (m, 1H),
1.40 (m, 1H), 1.29 (s, 14H), 1.20 (s, 6H), 1.12 (s, 2H),
0.95 (s, 1H), 0.82 (s, 6H), 0.78 (s, 3H), 0.71 (s, 3H).

TTEM e 2R N29%, A@E A&, 57N
CesH10,01Ny6, ESI-MS: m/z 654.393 8 [M+2H]2*, ¥ #H
£ 96.5%, [a] 2 -44.4 (c 0.15, 12% AcOH). *H NMR
(500 MHz, D,0O) ¢ 7.81 (m, 4H), 7.74 (s, 1H), 7.60 (s,
2H), 7.43 (d, J = 7.3 Hz, 2H), 4.57 (s, 2H), 4.51 (s, 2H),
4.37 (s, 1H), 4.23 (m, 6H), 4.14 (m, 1H), 3.36 (d, J = 6.5
Hz, 1H), 3.27 (s, 1H), 3.21~2.92 (m, 12H), 2.33 (s,
2H), 2.05 (m, 12H), 1.58 (s, 2H), 1.43 (s, 1H), 1.29 (s,
6H), 1.20 (s, 6H), 1.11 (s, 2H), 0.82 (s, 6H), 0.66 (s,
3H), 0.57 (s, 4H).

T Ts 7% N 30%, [ @Ak, 57 Xh
CssHg;015N,Cl, ESI-MS: m/z 619.361 5 [M+2H]?, i
HE97.1%, [a] £ -50.5 (c 0.15, 12% AcOH). H NMR
(500 MHz, D,0) ¢ 7.36 (s, 2H), 7.28 (s, 1H), 7.19 (s,
1H), 4.53 (m, 4H), 4.36 (s, 1H), 4.32~4.16 (m, 7H),
3.35 (d, J = 5.6 Hz, 1H), 3.21~2.87 (m, 13H), 2.33 (s,
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2H), 2.04 (m, 12H), 1.59 (s, 2H), 1.48 (s, 1H), 1.44~
1.24 (m, 6H), 1.20 (s, 6H), 1.12 (s, 2H), 0.82 (s, 6H),

0.72 (m, 7H).
TTEMTt 72R N 31%, AEEK, 57N

CysHg7015N,Cl, ESI-MS: m/z 619.361 2 [M+2H]", Wi AH
£ 599.0%, [a] ¥ -57.8 (c 0.15, 12% AcOH). 'H NMR
(500 MHz, D,0) d 7.47 (d, J = 3.3 Hz, 1H), 7.33 (s, 2H),
7.26 (s, 1H), 4.67 (s, 1H), 4.54 (m, 3H), 4.36 (s, 1H),
4.31~4.16 (m, 7H), 3.32 (d, J = 6.3 Hz, 1H), 3.16 (m,
11H), 2.95 (m, 2H), 2.33 (s, 2H), 2.29~1.82 (m, 12H),
1.58 (s, 2H), 1.47 (s, 1H), 1.43~1.24 (m, 6H), 1.20 (s,
6H), 1.12 (s, 2H), 0.82 (s, 6H), 0.72 (M, 7H).

2 EYEMEIEN

21 FSMAEDEMEE M CLSIHER 7%k, XM
SV I 3% Fis B v A1 Denley 22 /432 Fh 2% 30 4T BG40 5
WEE (MIC) M8, BHYEZE IR Z F W &= B. L&
VI H CAMH P37 A5 Wi B il — R FNHRBE, 43 Sl N &=
B I, MH B IR 85 75 50540 )5 2 BN AT
SN VR A, 245 1) 49K B2 43 5l 24 0.03..0.06., 0.125.
0.25---+--128 ug-mLt. 2B FH S 75 A2 I IR R EK
HTM PRI B8 3 38 B, 156 I, BBOE U R, 2 s e
ARSI T (AR R AN 1x10% CFU) T & 2B iE
KM, TG, B 35 °CIHIRE 77 18~24 h J5 M &2 45 3,
TG B V& A2 K 1P L By 25 2590 1 e /N BE R MIC
22 SHEFIMSE  LLE 10% 545 IS i\ DMEM
BE I WG 77 Vero 4 Lk, T 37 °C.5% CO, 35 7%, &
eI, A 40 B N0 B K, A LRV AR AR
B AR K R 14 LR 2 T 2x 103/ 41 f E B B A T
96 LI . 557 24 ha, IINZ, BRI B 1 57 3 /AT
L, R A, AR HEEB. T
37 °C 5% CO, 5 7% 72 h, B LM MTT ¥ 100 pL, ¥
F54 0 JE W R B R, N 150 pL = B 3T ROOF IR
10 min. F Bio-Rad 680 %4 i 5 43 7 A5 Wl % 4 570 nm
NITE G EE (A) E, TR AR AR RS
(5 2520 AME - AR AME/ZS 6 I A - AN JES A E)
100%, K I AUE 3 NP AT FL 1P S5 4H, 2 il 4 i) ih
25, T CCoo - SLIREHR LA x £ s o, FUE I AN 3K
S0 45 R A . f# H Graphpad Prism 5.0 4t 114
111 5 Vero 41 g CCo i, H SPSS 16.0 [ J7 #5317 48
T AT,
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