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Anti-MRSA activities of cycloberberine derivatives with a novel
chemical scaffold
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Abstract: Using CBBR as the parent core constructed in our lab, we designed and synthesized 15 novel
compounds with diverse structures for evaluation of anti-bacterial activities. Structure activity relationship studies
revealed that @ ring C was essential for the activity; @ 7,8- or 8,13-disubstituted CBBR derivatives showed
ideal activities, weaker or similar to those corresponding to 7-, 8-, or 13-monosubstituted CBBR derivatives.
Among those, compound 9a showed the most potential activity against MRSA/VISA isolates with MIC values of
1-2 pg-mL"', much better than Lev. 9a also displayed higher stability in the plasma and liver microsomes. Molecular
docking indicated that 9a might target bacterial DNA Topo IV ParE subunit, indicating a mode of action distinct
from current antibacterial drugs on market. The results provided key scientific evidence for developing such
compounds into a new family of anti-MRSA drugs.

Key words: cycloberberine; antibacterial; MRSA; structure-activity relationship; molecular dock

% WM BK B (Staphylococcus aureus) T i N 4k
HIV 2 J5 5 Z R Ul N 28 A a0 SR e 4, 330
FR B e T % 4 B A e RO R S BT AR A
o 21 A0 R SR B R e Pt e 2 — U4 i

AR 1 H: 2019-06-19; &1 F134: 2019-07-10.
BEGITH : op [ R 2R R B R 2 S {d RERHE QR TR BRI BUH (2019-
12M-1-005); b5 T H AR HE 4 FBIIUE (7172136).
*JHAEH Tel / Fax: 86-10-63165268,
E-mail: songdanqingsdq@hotmail.com
DOI: 10.16438/7.0513-4870.2019-0485

FF4H V5 MK 4> 25 70 BR 5 (methicillin-resistant S. aureus,
MRSA) & A& 2 B2y, ok N3 1
R EHUREE. ERE, SERAOEWHE LA
YL MRSA, 23 000 3 A\ SEF MRSA G, Dy WX
i 245 T B Mo, L R 3l 1 i o) 4 R i 24 B R AT B
%I (2016~2020 4)), 2016 4 4 [F 41 B4 il 24 14 I $ix
7R 42 [ MRSA Pk R A =ik 34.4%. FEH
NEXPUAE R REMHE 2, A8 2 HE
MRSA HI“ 8% fg—i8 B 2871 )3 % 25 (vancomycin) [



- 1628 - 222224 Acta Pharmaceutica Sinica 2019, 54(9): 1627 —1635

FRAN N T R 2R 4 P I EK E (vancomycin intermediate-
resistant S. aureus, VISA) T8 Pk tH 75 A Wb # iz 1@ 013151,
TR ) 2 B AR B R 0 BN B B SR A1 ) L9 2454
Z—, W EI0FETHFLR BT Fk, B AP 245
TIF R BN 25 [T BURF B2 AN 25 DRI 5 B AR 25 SR il O 7
1) SR £ 1)

AU ZH T 2 R B 8 H AR DR R ) /)N BE
B (berberine) 117 AE « AT 438 45 14 B S8 B34k /)N BE il
(CBBR) fiT A=Y 2 A BT )5t MRSA V&%, B8 CBBR
AW PR EVE, B AR 7. 8-Ar B 13-F7 5] A iE Y
HUAR I, 24 0] ZEAS [R) FE B 6 MSSA/MRSA . PA & %t it
73 % & M ER ¥ (vancomycin resistant Enterococcus,
VRE) i 7% B4 400 i) 35 1, 5/ 30 B 9K BE (minimal
inhibitory concentration, MIC) 4 - 0.25~16 pug-mL"!
Z [ajte21, $ 8 CBBR T AE P Ak 2 1 BRI FI AL i
5w RAE 5T 259 58 AN, AR — BT .
FEHRIEZEMT LD HUE M BK R (structure-

O

CPMT
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Scheme 1 Synthetic route of target compounds. Reagents and conditions: (a) NaBH,, 5% NaOH, K,CO,, CH,OH, r.t., 3 h; (b) 40% glyoxal,
HOAc, CH,CN, reflux, 6 h; ¢c) Methanol/HC1 (2:1 by vol.), r.t., 24 h, 73% (over two steps); (d) RMgBr, 60 ‘C, 3 h; (e) Br,, 60 ‘C, 1 h; (f)
20-30 mmHg, 195-210 C, 60 min; (g) NaH, mCPBA, HMPA, 3 h; (h) Triethylamine, CH,CN, 40 C, 2 h
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Scheme 2 Synthetic route of target compounds. Reagents and conditions: (a) 1) NaBH,, 5% NaOH/K,CO;, CH;OH, r.t., 3 h; 2) 40% glyoxal,
HOAC/CH,CN, reflux, 6 h; 3) methanol/HCI (3:1 by vol.), r.t., 24 h, 52% (over three steps); (b) RMgBr, Br,, 60 C, 4 h; (c) 20-30 mmHg,
195-210 C, 60 min; (d) KOH, DMF, 71 ‘C, 6-12 h; (e) 1) NaBH,, K,CO,, CH,OH, r.t., 2 h; 2) substituted benzyl bromide, K,CO,, CH,CN,

reflux, 3-8 h

Table 1 Physical properties and spectra data of all synthesized compounds

Yield mp/C 1 R HR-ESI-MS
o. HNMR 3C NMR
/%  (Dec.) (m/z)
5a 83 192-194 'H NMR (600 MHz, DMSO-d,) 9 11.94 (s, 1H), 8.44  C NMR (151 MHz, DMSO-d,) § 158.1, 150.2, C,H,,NO,CI
(d,J=93 Hz, 1H), 8.10 (d, /= 9.3 Hz, 1H), 7.55-7.47 150.1, 145.4, 141.4, 136.8, 129.5, 129.1 (2), IM-CI]":
(m, 3H), 7.43-7.36 (m, 4H), 7.24 (s, 1H), 4.06 (t, /=  128.9, 128.7, 127.8, 127.7 (2), 127.1, 121.9, 438.170 0,
6.3 Hz, 2H), 3.95 (s, 3H), 3.89 (s, 3H), 3.66 (s, 3H),  121.5,117.3,117.2, 117.1, 116.6, 114.0, 113.9,  found:
3.26 (t,J = 6.3 Hz, 2H). 61.5, 56.9, 56.0, 29.5, 27.6. 438.170 8.
5b 78 197-199 'H NMR (400 MHz, DMSO-d,) § 11.94 (s, 1H), 8.46  C NMR (101 MHz, DMSO-d,) 3 157.0,150.2, C,H,,CL,NO,
(d,J=92Hz, 1H), 8.12 (d, /= 9.2 Hz, 1H), 7.62 (d,  148.7, 143.9, 141.9, 141.4, 135.9, 135.4, 133.6, [M-CI]":
J=82Hz, 2H), 7.46 (d, J= 8.2 Hz, 2H), 7.33 (s, IH), 133.6, 129.9 (2), 129.5, 129.3 (2), 128.7, 127.8, 472.1310,
7.36-7.20 (m, 2H), 4.10 (t, J = 6.2 Hz, 2H), 3.98 (s,  127.1,122.0, 121.5,116.8, 117.3, 113.9, 61.5,  found:
3H), 3.91 (s, 3H), 3.68 (s, 3H), 3.72 (t, J= 6.2 Hz, 2H). 56.9, 55.9,29.5, 27.6. 472.1317.
6 28 186-188 'H NMR (500 MHz, DMSO-d,) 9 8.98 (s, 1H), 7.90 (s, "*C NMR (126 MHz, DMSO-d,) § 161.6, 153.0,  C,,H,,NO,
1H), 7.84 (d, J= 9.0 Hz, 1H), 7.38 (d, J= 8.5 Hz, 1H), 148.9, 1483, 141.0, 137.2, 133.4, 131.0, 129.5,  [M+H]":
7.34 (s, 1H), 6.94 (d, /= 9.0 Hz, 1H), 6.63 (d, J=8.5  128.6, 125.9, 124.5, 120.8, 120.7, 118.5, 115.1,  410.159 8,
Hz, 1H), 3.95 (s, 3H), 3.90-3.78 (m, 8H), 3.70 (s, 3H), 104.7, 61.4, 60.9, 57.2, 56.3, 38.8, 30.3. found:
3.12 (t,J = 5.5 Hz, 2H). 410.160 5.
7 79 202-204 'HNMR (600 MHz, Acetone-d,) 3 8.19 (s, 1H), 7.8 C NMR (151 MHz, Acetone-d,) 9 162.1, C,H, NO,
(d,J=9.0 Hz, 1H), 7.82 (t, J= 1.2 Hz, 1H), 7.45 (d,J= 155.8, 153.1, 149.0, 147.9, 143.4, 142.0, 141.2, [M+HJ":
8.4 Hz, 1H), 7.39 (d, J = 3.6 Hz, 1H), 7.28 (s, 1H), 7.16 133.4, 129.4, 129.2, 129.0, 126.1, 125.4, 504.165 3,
(d,J=8.4 Hz, 1H), 7.12 (d, /= 8.4 Hz, 1H), 6.64 (dd, 122.23, 120.7, 119.7, 118.2, 114.7, 112.3 (2), found:
J=3.6, 1.8 Hz, 1H), 3.97 (s, 3H), 3.96 (s, 3H), 3.91 (s, 111.1,60.2, 60.0, 56.1, 55.6, 38.6, 29.8. 504.166 0.

3H), 3.82 (s, 3H), 3.13 (t, J= 6.0 Hz, 2H), 2.80 (s, 2H).
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No.

Yield
/%

mp/C
(Dec.)

"H NMR

C NMR

HR-ESI-MS
(m/z)

9a

9b

11

12a

12b

12¢

14a

14b

14c

82

87

47

43

37

33

47

39

67

194-196

199-201

165-167

181-183

192-194

204-206

222-224

225-227

240-242

'H NMR (600 MHz, DMSO-d,) d 11.97 (s, 1H), 8.36
(d,J=9.2 Hz, 1H), 7.77 (d, /= 9.2 Hz, 1H), 7.34 (s,
1H), 7.32-7.24 (m, 2H), 6.26 (s, 2H), 4.63 (t, J = 6.3
Hz, 2H), 3.77 (s, 3H), 3.39 (t, /= 6.3 Hz, 2H), 1.39 (t,
J=7.2Hz, 3H), 1.25-1.18 (m, 2H).

'H NMR (400 MHz, DMSO-d,)  11.95 (s, 1H), 8.43
(d,J=9.2 Hz, 1H), 7.86 (d, /= 9.2 Hz, 1H), 7.54 (d,
J=17.2Hz, 2H), 7.51 (s, 1H), 7.40 (d, J = 7.2 Hz, 2H),
7.29 (s, 1H), 7.18 (s, 2H), 5.77 (s, 2H), 4.04 (t, J = 7.2
Hz, 2H), 3.67 (s, 3H), 1.18 (t, J = 7.2 Hz, 2H).

"H NMR (500 MHz, MeOD) 6 9.98 (s, 1H), 8.35 (d,
J=9.5Hz, 2H), 7.99 (d, J= 9.5 Hz, 1H), 7.90 (d, J =
9.0 Hz, 1H), 7.38 (s, 1H), 6.27 (s, 2H), 5.25 (t, J = 6.0
Hz, 2H), 4.47 (t, J = 6.0 Hz, 2H), 4.08 (s, 3H), 3.66 (t,
J=6.6 Hz, 2H), 3.43 (t, J = 6.6 Hz, 2H), 2.14-2.03 (m,

2H), 1.42 (s, 9H).

"H NMR (600 MHz, CDCL/CD,0D) 6 10.02 (s, 1H),
8.42 (d,J= 9.0 Hz, 1H), 8.28 (s, 1H), 8.12 (d, /= 9.0
Hz, 1H), 7.80 (dd, J = 7.8, 1.2 Hz, 1H), 7.54 (td, J =
7.8, 1.2 Hz, 1H), 7.4 (td, J= 7.8, 1.2 Hz, 1H), 7.41 (s,
1H), 7.19 (d, J = 7.8 Hz, 1H), 6.21 (s, 2H), 5.26 (t, J =
6.6 Hz, 2H), 4.99 (s, 2H), 4.33 (s, 3H), 4.15 (s, 3H),
3.72 (t, J = 6.7 Hz, 2H).

'H NMR (600 MHz, CDCI,/CD,0D)  10.11 (s, 1H),
8.45 (d, J= 9.0 Hz, 1H), 8.29 (s, 1H), 8.08 (d, /= 9.0
Hz, 1H), 7.61-7.51 (m, 2H), 7.49-7.45 (m, 2H), 7.38
(s, 1H), 6.19 (s, 2H), 5.32 (t, J = 6.6 Hz, 2H), 4.81 (s,
2H), 4.34 (s, 3H), 4.14 (s, 3H), 3.72 (t, J = 6.6 Hz, 2H).
'H NMR (600 MHz, CDCL,/CD,0D) & 10.12 (s, 1H),
8.47 (d, J = 9.6 Hz, 1H), 8.35 (s, 1H), 8.14-8.02 (m,
3H), 7.64 (d, J= 7.2 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H),
7.38 (s, 1H), 6.20 (s, 2H), 5.32 (t, J = 6.6 Hz, 2H), 4.87
(s, 2H), 4.34 (s, 3H), 4.13 (s, 3H), 3.72 (t, J = 6.6 Hz,

2H).

'H NMR (600 MHz, CDCL/CD,0D) 6 9.86 (s, 1H),
8.44 (d,J=9.0 Hz, 1H), 8.28 (s, 1H), 8.15 (d, /= 9.0
Hz, 1H), 7.41 (t,J = 1.2 Hz, 1H), 7.17-7.12 (m, 4H),
6.24 (s, 2H), 5.21 (t, J = 6.6 Hz, 2H), 4.75 (s, 2H), 4.58
(. J = 6.6 Hz, 2H), 4.14 (s, 3H), 3.68 (t, J = 6.6 Hz,
2H), 2.33 (s, 3H), 1.57 (t, J = 7.2 Hz, 3H).

"H NMR (600 MHz, CDCL/CD,0D) 6 9.83 (s, 1H),
8.33 (d,J=9.0 Hz, 1H), 8.16 (s, 1H), 8.06 (d, /= 9.0
Hz, 1H), 7.38 (s, 1H), 7.16 (s, 4H), 6.25 (s, 2H), 5.25
(t,J = 6.6 Hz, 2H), 4.74 (s, 2H), 4.49 (t, J = 6.6 Hz,
2H), 4.13 (s, 3H), 3.71 (t, J = 6.6 Hz, 2H), 2.36 (s, 3H),
2.02 (q,J= 7.2 Hz, 2H), 1.15 (t, J= 7.2 Hz, 3H).

"H NMR (600 MHz, CDCL/CD,0D) 5 9.81 (s, 1H),
8.37 (d, J= 9.0 Hz, 1H), 8.28 (s, 1H), 8.12 (d, /= 9.0
Hz, 1H), 7.41 (s, 1H), 7.35-7.32 (m, 3H), 7.27-7.23
(m, 1H), 6.33 (s, 1H), 6.18 (d, J= 1.2 Hz, 1H), 5.54 (q,
J=17.2Hz, 1H), 5.25-5.20 (m, 3H), 4.14 (s, 3H), 3.69
(dd, J = 8.4, 5.4 Hz, 2H), 2.02 (q, J = 6.6 Hz, 1H), 1.88
(d,J= 6.6 Hz, 3H), 1.48 (t, J = 5.4 Hz, 6H).

BC NMR (151 MHz, DMSO-d,) 6 164.5, 151.4,
145.1, 140.6, 129.8, 128.0, 127.0, 126.8, 121.8,
121.4,119.7,117.7, 117.5, 117.2, 116.7, 113.8,
109.4,102.7, 56.1, 29.5, 28.1, 24.0, 12.7.

13C NMR (101 MHz, DMSO-d,) § 158.9, 150.6,
149.0, 145.1, 144.5, 140.7, 137.1, 129.9, 129.2
(2), 128.7, 127.9, 127.8 (2), 127.1, 127.0,
126.9, 122.1,121.9, 117.9, 117.7, 116.8, 109.7,
102.7,55.4,21.2, 14.6.

13C NMR (126 MHz, MeOD) § 158.8, 151.8,
148.6, 147.7, 146.5, 142.9, 130.5, 129.6, 127.3,
126.6, 124.4,123.6, 121.5, 121.0, 119.7, 118.6,
117.2, 111.5, 104.6, 80.0, 73.1, 57.7, 57.4, 38.1,
32.0, 28.8 (3), 27.9.

3C NMR (151 MHz, CDCl,/ CD,0D) 6 151.2,
148.8, 147.0, 145.9, 143.7, 142.9, 137.9, 133.9,
133.7,129.9, 129.5, 128.9, 127.9, 127.0, 126.7,
123.4,121.9, 121.0, 119.0, 118.8, 118.5, 117.7,
113.1, 111.5, 103.0, 62.7, 57.3, 56.9, 39.5, 27.8.

3C NMR (151 MHz, CDCL,/CD,0D) § 151.0,
148.4, 146.9, 145.8, 142.5, 141.3, 138.2, 133.8,
132.3, 130.6, 129.8, 129.2, 128.5, 126.9, 126.3,
123.2,121.7,120.7, 119.0, 118.7, 118.5, 117.5,
112.6, 111.4,102.5, 62.8, 57.2, 56.8, 40.3, 27.6.
C NMR (151 MHz, CDCL,/CD,0D) § 150.6,
148.3, 148.1, 146.6, 145.6, 142.1, 141.6, 137.8,
135.1, 129.5, 128.8, 128.2, 126.6, 125.9, 123 .4,
122.8,121.7,121.4,120.4, 118.5, 118.2, 117.2,
111.0, 102.2, 62.5, 56.8, 56.4, 40.1, 27.3.

“C NMR (151 MHz, CDCl,/CD,0D) d 151.6,
149.1, 146.2, 145.6, 143.5, 141.4, 137.0, 136.8,
130.0 (2), 129.6 (3), 129.3, 127.3, 126.7, 124.0,
121.7,121.4, 119.6, 119.3, 118.1, 111.4, 103.1,
71.4,57.3,57.1,40.8, 28.0, 21.14, 15.8.

13C NMR (151 MHz, CDCL,, CD,0D) 6 150.9,
148.6, 146.1, 144.7, 143.1, 141.2, 136.6, 136.2,
129.7 (2), 129.3 (2), 129.0, 128.9, 126.5, 126.3,
123.6,121.1, 120.8, 119.2, 118.7, 117.5, 111.1,
102.7, 77.0, 57.2 (2), 40.6, 27.8, 23.9, 21.2,
10.5.

13C NMR (151 MHz, CDCL/CD,0D) 6 151.4,
149.0, 146.8, 145.3, 145.1, 143.0, 130.4 (2),
129.2 (2), 129.1 (2), 128.6 (2), 127.2, 126.4,
123.7,122.3,119.3, 119.0, 118.7, 118.0, 111.4,
102.8, 77.6, 57.2, 57.0, 42.3, 28.1, 23.2, 22.7
Q).

C,,H,,NO,Cl
[M-CI]*:
374.138 7,
found:
374.138 2.
C,,H,,NO,Cl
[M-CI]":
422.138 7,
found:
422.139 3.
Cy,H3N,OBr
[M-Br]":
5132177,
found:
513.218 0.

C3H,;;N,0,Br
[M-Br]":
475.165 2,
found:
475.165 3.

C,,H,;N,0,Br
[M-Br]™:
475.165 2,
found:
475.164 0.
C,,H,;N,OBr
[M-Br]™:
495.155 1,
found:
495.155 0.

C,,H,,NO,Br
[M-Br]":
478.201 3,
found:
478.201 7.

C,,H;(NO,Br
[M-Br]":
492.216 9,
found:
492.217 3.

C,,H;,NO,Br
[M-Br]":
492.216 9,
found:
492.21717.
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Continued
Yield mp/TC HR-ESI-MS
No. '"H NMR BC NMR
1% (Dec.) (m/z)
14d 59 187-189 'H NMR (600 MHz, CD,0D) 6 9.99 (s, 1H), 8.41 (d, BC NMR (151 MHz, CD,0D) d 151.6, 148.9, C,,H,(NO,Br
J=9.0 Hz, 1H), 8.24 (s, 1H), 8.12 (d, /=9.0 Hz, 1H), 146.2, 145.6, 143.3, 141.0, 139.8, 129.5 (2), [M-Br]":
7.41 (s, 1H), 7.33 (dd, J= 8.4, 7.2 Hz, 2H), 7.29-7.24  129.4,129.2 (2), 129.1, 127.1, 127.0, 126 .4, 494.196 2,
(m, 3H), 6.24 (s, 2H), 5.22 (t, /= 6.6 Hz, 2H), 4.80 (s, 123.8,121.5,121.3,119.4,119.3, 117.9, 111 .4, found:
2H), 4.59 (t,J= 6.0 Hz, 2H), 4.14 (s, 3H), 3.94 (t, /=  103.0, 72.8, 59.1, 57.3, 57.0,41.1, 33.2, 27.9. 494.197 0.
6.0 Hz, 2H), 3.70 (t, J = 6.6 Hz, 2H), 2.19 (p, J = 6.0
Hz, 2H).
14¢ 47  182-184 'HNMR (600 MHz, CD,0D) 6 9.97 (s, 1H), 842 (d, ~ *C NMR (151 MHz, CD,0D) § 151.7,149.1,  C,,H,,NO, Br

J=9.0 Hz, 1H), 8.31 (s, 1H), 8.15 (d, J = 9.0 Hz, 1H),
7.42 (s, 1H), 7.34-7.31 (m, 4H), 7.26-7.22 (m, 1H),
6.33 (s, 1H), 6.16 (d, J= 1.2 Hz, 1H), 5.54 (q, J= 7.2
Hz, 1H), 5.32-5.11 (m, 2H), 4.58 (t, /= 6.6 Hz, 2H),
4.14 (s, 3H), 3.93 (t, J = 6.0 Hz, 2H), 3.69 (dt, J = 6.6,
1.8 Hz, 2H), 2.19 (p, /= 6.0 Hz, 2H), 1.88 (d, /= 6.6
Hz, 3H).

146.7, 146.4, 145.8, 145.6,143.1, 129.4,129.3,  [M-Br]";
129.2 (2), 128.8 (2), 127.4, 127.2,126.6, 123.8,  508.2119,
121.6, 119.5, 119.4, 119.1, 118.2, 111.5,102.9,  found:
72.9,59.2,57.3,57.1,42.5,33.4,28.1, 22.8. 508.212 7.

2 FUPEMESEM SARTIR

PUE S SV B (levofloxacin, Lev) S PH P X} B F
T A HT A BRI AR S 0T R AT PR ABURR P 4 B BR
(methicillin-susceptible S. aureus, MSSA). MRSA .
VISA 4 PE AR EBURR /R 245 %) 2% J 7 %) 3K B (methicillin-
susceptible, -resistant Staphylococcus epidermidis, MSSE/
MRSE) £ A ] 7 & B A 4 22 RPH A B A0 4 040 7

TETE (R 2). W32 PR, 7T SAR £ #] CBBR HLHUAR
i, L 8- 5] N OH (10) B 7-457 51 N 2R J B S 4% 23
(4a.4b) F| T & V42 = Us20], B T 0 35 2k M 4 & 3 %,
T e nt e 8- AR B Rk 70 5] N R I RN SR KR

¥ CBBR W F — 4 3 41 IF, ?%'@IJLJCPMT%&E’\J
f142 %0 5a.5b, MIC A T 16~32 pg-mL" Z [], HT 5
WEPE AT BRI &Y 4a4b F1 10, AR5, 0

Table 2 Antibacterial activities of the target compounds against drug-susceptible and drug-resistant gram-positive strains. “The American

Type Culture Collection (ATCC); "Strains isolated from patients in Chinese hospitals

4a-4b, 5a-5b 6,7 O 9a-9b, 10 11, 12a-12¢, 14a-14e
MIC/pg-mL"!
MSSE MRSE MSSA MRSA VISA
No. R R, ATCC ATCC ATCC ATCC
13-3° 13-17° 13-18°
12228 29213* 33591 700698*

4a C H; CH, 4 4 16 8 16 16 32

4b p-CICH, CH, 2 2 2 4 8 8 16
10 H - 0.5 0.5 0.25 0.25 0.25 0.25 0.5

5a C H; H 64 64 64 32 32 64 64

5b p-CICH, H 32 32 16 16 16 16 32

6 H H >64 >64 >64 >64 >64 >64 >64

7 2-Furoyl H >64 >64 >64 >64 >64 >64 >64

9a C,H; H 1 2 2 1 2 2 2

9b CH; H 32 32 32 64 32 32 64
11 BocNH(CH,), H 8 8 32 32 32 64 64
12a CH, 0-CNCH,CH >64 >64 >64 >64 >64 >64 >64
12b CH, m-CNCH,CH >64 >64 >64 >64 >64 >64 >64
12¢ CH, m-NO,C H,CH >64 >64 >64 >64 >64 >64 >64
14a C,H; p-CH,C,H,CH 1 8 2 2 2 4 32
14b CH,(CH,), p-CH,C,H,CH 1 4 4 4 64
14c¢ (CH,),CH a-CH,C(H,CH 4 8 4 4 4 4 64
14d (CH,);OH CH,CH 16 >64 >64 >64 >64 32 >64
14e (CH,),OH a-CH,CH,CH >64 >64 >64 >64 >64 >64 >64
Lev 0.06 4 0.06 0.5 0.125 32 8
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CPMT ) C 4T JF, HH LA B 2 N ATA 4 6 A1 7, 3
MIC >64 pg-mL", #1158 7% P 58 423 2K, 3278 38 C i
PEOATE B LK, {# B CBBR BEZ, [ FE ) 8- {7
BRI 700 9] N SRR LTS 3 7,8- XA AT A= 4
9a.9b, 9a (1) MIC /T 1~8 ug-mL" 2 ], B &5 F A7
A= 4 9b, 3 H 4 MRSA Fil VISA 35 1 43 B /& Lev i
16 F1 4 £, {H& BB VS P47 55 T FLEAR 10091,

b J5 , 4k 22 2% %2 8,13- BUHLAR AT A= W B B 1 35 %
Z o X CBBR ¥ 8- 5] A\ KA K 3 [ AR B 43 3 5 55
WEMERTAEY 11, MIC /T 8~64 ug-mL"' Z ], K5 2KIR
AR R B 3L 5] N CBBR Y 13-4 15 2 H A4
12a~12¢, & HUEEEVEY, MIC >64 ng-mL, HLETE
PERE 2R, S ATHIT A HRIE A A 28000 R — B, BT otk
R B CBBR 13-f7 A& it v 12k, B /N IE ] 236 L IETR
F RG] NI 8-47 43 F 8, 13-4 SUHAR 1 FT A= 4
14a~14c, K I HXTBR VISA A1 H AR I ik B ik 2 s 1R
S AP TR W5 1, MIC AT 1~8 pg-mL-' 22 [a], X ilE R4
2B MRSA B k3% T Lev, M5 13-075] N &t H -7
R HE R B HUARAT A S A 2 o 1T 847 3- R HE P Ak
fTAEY 14d e PURTE I E A28 K o BT AR A RN
&P, 9a B A RIF 5T MRSA/VISA i 14, 1%
HAE B AW EEAT T — B RS 28R E PR 5T
AN B 5T o
3 RIMRIETREMIEN

RE— IR AL A W R T L, R
PEAL AP0 9a TF & T A b 4 i A e MR B0 B 9T . B R
I R FH 1T 24 46 I8 3% 1) B oK B2 #5 (Enalapril maleate,
Ems) 1 N PH X I 24, 76 6 ANAS A ) 0 5 Lok 4%
WIS 2E BYNR 3FIR . HI 245 Ems 1R 258 5 4 1
(Y T T /K AP T IR 24, 7 3 h I 4 0 0 T A e A R
N 0; ALY 9a 75 24 h T 98 41 81% Ik 2 3, 1t 1
9a 1] BEHH A AT I MR A 1 2% AR 1

Table 3 Metabolic stability of 9a in whole blood

Remaining ratio /%

Compd. Oh 05h 1h  3h  7h  24h
9a 100 979 941 905 874 812
Enalapril maleate 100 33.1 12.9 0 0 0

B J&, LA IR FH 254 %2 AL (testosterone, Tes) N
FH AT R, PPAs T 9a 78 R KRR 1 Aok o Hp i AR
PERO, R 4 HH R LUE Y, X EE Tes, 9a 76 _Fid BT Aok
b BAT B K ) e 3 AR B R AR 2R 9a 7E NRTR
B PR JHF GRlORE A48 o 2 52 3 9 93] K IA 76.2 AT 105.9 min,
60 min J&5 A SMR AR FAIH 62.1% M1 71.7%. %5 L, I\
o 9a 1] B HA BT A AN AR 1

Table 4 Metabolic stability of tested compound in human, rat

and mouse liver microsomes. ¢,,, = half-life. CL ;; i, = microsomal

nt (mi

intrinsic clearance. Liver weight: 20 g kg™ for humans

. Remaining
: L CL,, (mic) .
Compd. Species : o . Ratio/%
/min  /uL-min”-mg’ .
(¢ =60 min)
9a Human 76.2 18.2 62.1
Rat 105.9 13.1 71.7
Testosterone ~ Human 15.0 92.2 6.0
Rat 0.7 1972.9 0

4 DFIHEHR

45T CBBR 5 M 15 i 25 470 17 245 AR ABA 1% 7 T I 44 45
Fa), AR R 4 1 40 25 1IE 52 CBBR 2K o 41 1) 4 b 5
FIBE IV (Topo 1V) 75 M &K #E 58 5T MRSA 1 F12021 g
VRS AL, SR CBBR 2% ne v A iif 24 1) MRS A )
SR R E P, HEW P B F A AT REAN ] . Topo
IV B /N 020 R, B SR 7K M 1) ParC WE 2 5 B 7K P 1
ParE I 324271, A 5548 ] Discovery Studio 4.5 B4,
DAy 0 45 7 AR AU AR R AL A #) 9a 43 i) Al ParC
ParE VS P A BHAEFT o 45 5 R 7R, 9a Fl ParE X #5241
/31 % (-CDOCKER energy= 35.22), 41K 2 i, £ 5
Wiy () YA A T BB - on R S P A R KA
YEF, 1R U Mo VT IC ParE v M i« 1AL A4 9a (CLogP =
2.93) MK/ oy T, AR ME -5 W IR (144 B 47 £ ParC
WAL Ao Rk, A A 9 9a F Z 2 i B )
Topo IV ] ParE MV 2 & 4% 52 (1) 57T MRSA i% 1

g

AW FTET X CBBR BEZ 53 2 A 45 4 1 B 4k 48
WEAR T R S5 R B, LB A R T 15 AR W SRRk E
4B AW, VR T AR ST 25 B P B T,
— 478 CBBR BATAEM PR M MK R: © CHA
WA B @ F7-, 8-, 80 13- R UARAT AR PTG A L,
7,8-F1 8,13- BT A W& M R 55 5L E A Y . Fo AR
F VAL A W 9a X e PR AE VA 1Y) MRSA ¥ MIC B 15 1~
2 pug-mL, BB AR T BHPEXT B 24 Lev, JF H A &4 1)
WRAMRE R E M . 4> 7 B S U0 R I 9a W] AR @
1 1] Topo IV [ ParE W 3 3t 17 & 4% Pt I PR i 24 15
MRSA 75 1%, 5 I K F Bt 68 25 16 I PL 1 58 4 A [
CBBR EATAMIH B T — 24051 3 A AR AL
MR PTMRSA B B &9, (13— B 5.

SLIGER 4y
1% s FH CXM-300 YA 25 0 m AN &, I FE R R
1E; 'TH NMR #13C NMR H Bruker Avance III 500 F1
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Figure 2 (A) Solid surface map of the interaction pocket with compound 9a. Red, blue, and white colored regions correspond to negatively

charged, positively charged, and neutral areas, respectively. (B) Binding modes within the receptor S. aureus Topo IV active pocket. The

receptor structure is shown in surface form. Key bonds are indicated by dashed lines between the atoms involved, and the colors of key

bonds and residues are shown according to the interaction mode (van der Waals, light green; carbon hydrogen bond, celadon; amide-n

stacked, amaranth; alkyl and n-alkyl, mauve pink)

600 A% Fg FL PR 30 5 ; HR-MS F Autospec Ultima-TOF
Jo3 Bl I 5 A 5E 5 Flash 4% 43 & 464k F Combiflash Rf
200 R ] % A 2 AL I FH ZF-20D B 4 30 415y
M AX; )2 1% (TLC) 2K FH E-Merck 2 ] TUH £ 12 45
T4 WA R 5 b 4l

1 *ZEE

1.1 &A% 5a.5b.6 N7THIE R

B A A AL AN (0.83 g, 22 mmol) 1) 5% A Ak
BN 10 mL i I\ 2 F B 55 (7.7 g, 20 mmol)
FER TR A1 (8.3 g, 60 mmol) ) 250 mL H FEVE R+, =
TR HE 3 h, S IR YSCEE T HE I B 2 68 [ Ak, S DFAR I
ZZ1H7K (100 mL) F180% £ B (100 mL) P ik, £33
gt T HE D161 g 87%). #1 (6.0 g, 17 mmol)
WRAE 160 mL ZJEH, 73 5 i\ £ 2 40 mL F1140% )
LKW 3 mL, IN# A 85~90 “C IR 6 h, ¥ = B
WRARAF IR L iR 2, SR G IMNARAR L 103 3k
IR 5 W 200 mL, = B 24 he H RN IR 46,
DL G e/ R B N R S AR, SRk R 43 B Al A3 R AT
o A fR CPMT (6.9 g, 74%).

FE0 C N ORI & T, B AH RS I35 (60 mmol)
2218 N 3 ¥E A CPMT (3.1 g, 7.5 mmol) [ T-% THF
TSI, 0.5 h 5K VAR R AL 2 60 CHAF T, 4R8I
N3 h e, FH AR OB, 5 e T JE I [ RV AR T
AT R, F R S B ZE L, AN G K R R
T, e T AR s k. IR T OB, Wi
A Br, (7.5 mmol) LRV S mL, £ % 60 C %4 T 4k
SERBIThE, AR ER, HIE, H 10% Na,S,0, Bt
PEVE, FH G B N IR B A, SRR 4y 1 Ak

15 4a.4b.

fE 195~210 °C 11 J£ (20~30 mmHg, | mmHg =
133 Pa) I, ¥ 4a.4b 1 #k 60 min 38 BEE A, =4
2 5% $hR/ L EEBRAL, Y BR 2 7, DA U B/
BN IR BNAH, LRERAE 7 B Al A 15 45 41 €4 [#] 14 Sa..5b.

# CPMT (107 mg, 0.26 mmol) ¥ T 10 mL HMPA
HLTEO C N, IRIP AT, IR 80% NaH (16 mg,
0.52 mmol) f1 70% mCPBA (100 mg, 0.4 mmol), ¥ /<
LR R AL &5 5 R Ak 4 ON 3 h, TN FBE 5 mL ¥ K R
N7, K BET I A R T S b, AR R A
NN, A HUZ F KB BRN T- 48, e T 513 Bk 3 0
RN O S e N = D/ R Rl R B = s e
R ASEENTEIN

# 6 (100 mg, 0.24 mmol) % T /K Z fiE (5 mL)
H, NN = 2% (66 pL, 0.48 mmol) Al 2- Ik i H ik &2
(0.36 mmol), 40 C /2% 2 ho K 2 mL ¥ K N, I
JE B 23 & R ), R T i B [ A A R T SR e
Hh, R AN R TR S AN B A, AL TG 7K B R A T
DU i k- 28 Sl N sh A, e it oy | alinss A
AT,
1.2 A&49a.9b.11.12a~12¢ F 14a~14e U & A

FE0 C N ORY A T, B AH RS IR (60 mmol)
2218 N £ %5457 CBBR (3.0 g, 7.5 mmol) [ -5 THF
IR, 0.5 h 58 R Nk R 2 60 CHRAF TN, k8l k
3 hE, FH TR R K S SR R R B AR R R
A, B e B AR T A e, AR A A
F R, A HUZE F K BR BT 45, e T )5 15 21 3 (0 ]
o e BR B EE AR T 2B, WS mL A Br,
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(7.5 mmol) 1) BRI, ¥ S NiAA 778 %2 60 C&AF T
kel M1 h i, WE R =R, HIE, F 10% Na,S,0, %
IR, T SR b/ RN R BN AE, SRR AT 2
41,75 8a.8b.

7£ 195~210 C it J& (20~30 mmHg, 1 mmHg =
133 Pa) I, K 8a.8b 1 # 60 min 75348 A [ 4. =4
2 5% Eh R/ L EE WAL, R B £ 50, LA & e/
B R, 8 B 7 2 Al A0 A3 4R 40 1 8] 46 92 9b .
H ALl Hb, K CBBR (3.95 g, 10 mmol) Hl1#4 60 min 73 4
o [ A #5400 [E 4K 10 (3.5 g, 92%). KL & 10
(198 mg, 0.52 mmol) A1 KOH (120 mg, 2.08 mmol) ik
B 5T ENN-Z R EREEZ (6 mL) H, B AR T, TH
I 71 °C, 15 min J&5 I\ BocNH(CH,),Br (2.08 mmol),
SR8 hy F8 7 VA ED T H I [ A4, DA G s
1A B0 FE Ve A B L P20 11 (47%)

% CBBR (0.79 g, 2 mmol) il i iR #F (0.83 g,
6.0 mmol) ¥ T 20 mL 95% ¥ H B 1, 43 LI A A
1L #H (0.15 g, 4.5 mmol), IR K AF T XM 2 h 5, fil
JEAR Z T B [E AR, 5350 FH 7K (20 mL) 1 80% & i
(20 mL) PRI IEES B AE k. Ak (361 mg,
1.0 mmol, 1.0 equiv) LR ER (2.0 equiv) ¥ T 20 mL
TooK ZJE A, INNAR L BRI (10.0 equiv), &R &
[E] 98 3~8 h, ¥, Fh e AR & T H A B A, DL &
bt/ B N A, SR A 7 B 2445 B AR 12a~
12e. #RJ512d.12e7E195~210 C i)k (20~30 mmHg,
I mmHg = 133 Pa) N, JI#4 60 min 1345 22 (A [ 4, 7=4)
JG 2 5% $h IR/ W ER AL, I Bk 25 W7, DL & b/
H RN BhAH, ZRE A A A 4 (1 13d 13e.
4 13d.13e (0.52 mmol) A1 KOH (120 mg, 2.08 mmol)
RET TR NN-—F A% (6 mL) H, ZARY
N AEE 71 °C, 15 min J5 0N MR R AR K R
(2.08 mmol), [ . 6~12 h, 784374 E 3 € BT H A [ 44,
DA S e/ P B AR 3 B0 e i 45 H AR 14a~14e.
2 HEYSIE
2.1 IPAMEEEM MICE

Z [/ CLSI b #E, K H P IL — % % B 1% (Agar
dilution) BEAT 2B 6 . X5 B H MH A2 8K 0%
T TR, 2570 FH MH P2 35 R R B 55 P T 7R IR FE, 4%
SN IE & )P LA, MH B B8 8B 78 3 A0 5 8 |VEA
TR LIRS o B S 2R IE 3N : 64.32000+-
0.06.0.03 pg-mL"'o RIS FEME N 10* cfu/ k)
J5 B 35 ClEERE IR 18 h Ja MER4h AL, Jo i A= K I F 1L
TS 25 B /NIR BE R R MIC
22 FSMRIRIRE M LI

221 RS EMABEMSEE 905 2 R HUSD K RUH

i YR T 37 °C /K A AR, 1% Enalapril 4y FH 14X 1 25 .
FI DMSO 41t & %) 9a F1 Enalapril fiC & /% 10 mmol - L"!
W, Ja H 45% MeOH/H,O % B 5] 100 pmol - L, B
2 pL B S5 1 R VR B T 98 L B i iR, 7E
37 “CAKIEH 2 50 E 0.1.5.10.30 min, 23k % & ¥
I A, JGE A0 N 100 pL 7K A1 800 pL b 2% 1k W
(7 200 ng-mL" FH 2K T IR AT 20 ng-mL T 423 2,
§ 1), Lh4 000 r-min™ 2.0 20 min. HX 100 pL ki
5 200 uL /KA, #23% 10 min, B J5 BUREH LC-MS/
MS 73 #T o
222 BN AREMSEE  HHEOR A RIE T CD-1
/NERVSD K BRI, BEANE H R R N 200 pL, 55
0.1 mol- L' f{] PBS 2% ¥ 188 uL f1 NADPH & ‘E & 4t
12 pL, KB 1~2 pL 25 I N B R R, 37 C
KW TS min, 2R JE VKIS N SRORL A B 5 uL,
BERIRA), 37 CH&AF T E, 7£.0.5.10.20.30.60 min
I TR] AR S i, 2 bR vEE D7 %, NN 5 100 ng-mL"!
FHOBE 7% A1 100 ng-mL 7 LI IR (0K 2 26 1E e R .
FE i LC/MS/MS #1200,
23 SFFXIELE

AR SIS FH DA 2 (1) 3 14 1 1% H Topo TV AL G4
kibdelomycin 3t 45 i # kibdelomycin T (5 ) &% (A fE 48
(PDB code 4URL, resolution: 2.29 A)7, T 5 44 N
Discovery Studio 4.5 T {E 3 /7 LibDock!"”!, X} $2 2 7if
Je¥g /N oy FECAR AN H AR B AT TRAL L, W/ oy IC
REE R B AINE . 2K &R, k£
Discovery Studio 4.5 47 73 # =y A FLAE FH AR ARy e 2%
XL R
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