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Abstract: Fifteen 9-substituted palmatine (1) derivatives were synthesized and evaluated for their anti-Helico-
bacter pylori (Hp) activities in vitro. Structure-activity relationship studies revealed that introducing appropriate
substituted secondary amino group at position 9 of lead 1 might be beneficial for potency. Among them, compound
5a showed the most potential activity against metronidazole (Met) resistant Hp isolates with minimal inhibitory
concentrations (MICs) of 4 ug-mL™*, much better than that of lead 1. Compound 5a displayed satisfactory safety
profile in acute toxicity assay. Molecular docking suggested that 5a might act on Hp urease. The results provided
key scientific evidence for the development of 1 derivatives into a new class of anti-Hp component.
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Figure 1  Chemical structure of 1, and its structure modification
strategy
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Scheme 1 Reagents and conditions: (a) 195-210 °C, 30-40 mmHg, 60 min; (b) RCOCI, triethylamine, CH,CN, 65 °C, 3-8 h; (c) Haloge-
nated hydrocarbons, K,CO, for 4a,4b and 4d, K,CO, and Nal for 4c, CH,CN, 71 °C, 2-24 h; (d) RNH,, 95-120 °C, 4-72 h; (e) 2,4-Dime-
thoxybenzylamine, 116 °C, 7 h; (f) 1:1 HCI/CH,OH, rt, 24 h; (g) R,COCI, pyridine, CH,CN, 71 °C, 3-24 h
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Table 1  Structures, physical properties and spectra data of all synthesized compounds
Yield mp/°C HR-ESI-MS
No. % (Dpec.) H NMR (DMSO-dj) 13C NMR (DMSO-dy) or ESI (mf2)
3a C,Hg 53  186-188 'H NMR (600 MHz) 6 9.94 (s, 1H), 9.15 (s, 1H), **C NMR (151 MHz) § 171.5, 151.6, C,;H,,NO.CI
8.31-8.27 (m, 1H), 8.24 (d, J = 9.6 Hz, 1H), 7.74 150.3, 148.7, 144.4, 138.3, 133.5, [M-CI]*: 394.164 9,
(s, 1H), 7.10 (s, 1H), 4.97 (t, J = 6.6 Hz, 2H), 133.0, 128.8, 126.5, 125.9, 121.1, found: 394.164 9.
4.04 (s, 3H), 3.95 (s, 3H), 3.87 (s, 3H), 3.24 (t,  120.3, 118.8, 111.3, 108.9, 57.2,
J=6.6 Hz, 2H), 2.91 (q, J = 7.8 Hz, 2H), 1.24 (t, 56.2, 55.9, 55.5, 26.6, 25.8, 8.8.
J =7.8 Hz, 3H).
3b  (CH,),N 44 195-197 'H NMR (400 MHz) 6 9.89 (s, 1H), 9.16 (s, 1H), *C NMR (101 MHz) 6 153.1, 152.0, C,,H,:N,0.Cl
8.27 (d, 3= 9.0 Hz, 1H), 8.21 (d, J = 9.0 Hz, 1H), 151.2,149.2, 144.9,138.5,135.0,  [M-CI]*: 409.175 8,
7.75 (s, 1H), 7.10 (s, 1H), 5.00 (t, J = 6.6 Hz, 133.4,129.2, 126.5, 126.4, 122.1, found: 409.175 8.
2H), 4.03 (s, 3H), 3.95 (s, 3H), 3.87 (s, 3H), 3.28- 120.7, 119.3, 111.7, 109.3, 57.6,
3.21 (m, 5H), 3.01 (s, 3H). 56.6, 56.3, 55.9, 37.2, 37.0, 26.3.
3c 37 180-182 'H NMR (500 MHz) § 9.97 (s, 1H), 9.15 (s, 1H), *C NMR (126 MHz) § 151.7, 150.5, C,H,,N,0,SCI
8.34 (d, J=9.0 Hz, 1H), 8.28 (d, J = 9.0 Hz, 1H), 149.6, 148.8, 144.3, 138.6, 133.1, [M-CI]*: 528.143 5,
7.74 (s, 1H), 7.11 (s, 1H), 4.95 (t, J = 6.6 Hz, 2H), 132.2,129.6, 128.8, 127.2, 126.0, found: 528.143 5.
4.16 (s, 2H), 4.08 (s, 3H), 3.99 (t, J = 7.8 Hz, 2H), 121.0, 120.3, 118.8, 111.3, 108.9,
3.95 (s, 3H), 3.88 (s, 3H), 3.44 (5, 3H), 3.26 (t,  57.3,56.2, 55.9, 55.7, 41.1, 40.6,
J=6.6 Hz, 2H). 31.3,25.8.
3d C.H, 64  199-202 *H NMR (600 MHz) § 10.00 (s, 1H), 9.23 (s, 3C NMR (151 MHz) 6163.9, 152.1, C,,H,,NO.CI
1H), 8.35(d, J = 9.6 Hz, 1H), 8.31 (d, J = 9.0 Hz, 150.7, 149.2, 144.9, 138.8, 135.0, [M-CI]*: 442.164 9,
1H), 8.29-8.26 (m, 2H), 7.88-7.82 (m, 1H), 7.77 134.0, 133.5, 130.9 (2), 129.6 (2),  found: 442.164 8.
(s, 1H), 7.73-7.69 (m, 2H), 7.09 (s, 1H), 4.93 (t, 129.2, 128.4, 127.3, 126.3, 121.6,
J =6.6 Hz, 2H), 4.03 (s, 3H), 3.96 (s, 3H), 3.87  120.8, 119.3, 111.7, 109.3, 57.7,
(s, 3H), 3.22 (t, J = 6.6 Hz, 2H). 56.6, 56.3, 55.9, 26.2.
4a C,H, 41 201-203 *H NMR (600 MHz) 6 9.74 (s, 1H), 9.03 (s, 1H), **C NMR (151 MHz) ¢ 151.5, 150.2, C,,H,,NO,CI
8.21(dd,J=9.6,2.4 Hz, 1H), 8.03 (d, J=9.0 Hz, 148.7,145.3,142.8, 137.7, 133.1, [M-Br]*: 394.201 3,
1H), 7.72 (d, J = 2.4 Hz, 1H), 7.10 (s, 1H), 4.97  128.6,126.7,123.1,121.6,119.9,  found: 394.201 4.
(t, J =6.6 Hz, 2H), 4.30 (t, J = 6.6 Hz, 2H), 4.06  118.9, 111.3, 108.7, 73.9, 57.0, 56.2,
(s, 3H), 3.94 (s, 3H), 3.88 (s, 3H), 3.23 (t, J=  55.9, 55.5, 31.6, 26.0, 18.6, 13.8.
6.6 Hz, 2H), 1.92-1.82 (m, 2H), 1.53 (qd, J = 7.8,
2.4 Hz, 2H), 0.9 (td, J = 7.8, 2.4 Hz, 3H).
4b CsHg 48 233-235 'H NMR (500 MHz) 6 9.73 (s, 1H), 9.03 (s, 1H), **C NMR (126 MHz) ¢ 151.9, 151.0, C,,H,;NO,CI
8.23(dd, J=9.0,1.8 Hz, 1H), 8.04 (d, J=9.0 Hz, 149.2,145.8, 142.4, 138.0, 136.9, [M-Br]*: 428.
1H), 7.71 (s, 1H), 7.59 (d, J = 7.8 Hz, 2H), 7.44- 133.5,129.2 (2), 129.0, 128.9, 128.8
7.31(m, 3H), 7.10 (s, 1H), 5.36 (s, 2H), 4.93 (t,  (2), 127.0, 124.1, 122.2, 120.3,
J =6.6 Hz, 2H), 4.09 (s, 3H), 3.93 (s, 3H), 3.87  119.3,111.7, 109.2, 75.8, 57.5, 56.6,
(s, 3H), 3.21 (t, J = 6.6 Hz, 2H). 56.3, 56.0, 26.4.
4c 43 114-116 'H NMR (600 MHz) 6 9.76 (s, 1H), 9.02 (s, 1H), **C NMR (151 MHz) ¢ 151.9, 151.1, C,,H;,NOCI
8.27-8.17 (m, 1H), 8.02 (d, J = 9.0 Hz, 1H), 7.70 149.4, 149.2, 149.0, 145.9, 142.3, [M-Br]*: 488.206 8,
(s, 1H), 7.21 (d, J = 2.4 Hz, 1H), 7.10 (s, 1H), 138.0, 133.4, 129.0, 128.9, 126.9,  found: 488.206 8.
7.02 (dd,J=7.8,1.8 Hz, 1H), 6.90 (d,J=8.4 Hz, 123.9,1225, 122.3, 120.3, 119.3,
1H), 5.32 (s, 2H), 4.91 (t, J = 6.6 Hz, 2H), 4.12 113.3,111.7, 111.6, 109.2, 75.7,
(s, 3H), 3.93 (s, 3H), 3.87 (s, 3H), 3.76 (s, 3H),  57.4, 56.6, 56.3, 56.0, 55.9, 55.9,
3.71 (s, 3H), 3.20 (t, J = 6.6 Hz, 2H). 26.4.
4d  4-NO,CH, 57 176-178 'H NMR (600 MHz) 6 9.86 (s, 1H), 9.07 (s, 1H), **C NMR (151 MHz) ¢ 151.5, 150.3, C,,H,;N,O.Cl

8.30 (dd, J = 8.4, 2.4 Hz, 2H), 8.24 (dd, J = 9.0,
1.9 Hz, 1H), 8.08 (d, J = 9.0 Hz, 1H), 7.90 (d, J =
8.4 Hz, 2H), 7.73 (s, 1H), 7.11 (d, J = 1.8 Hz,
1H), 5.51 (s, 2H), 4.96 (t, J = 6.6 Hz, 2H), 4.07
(s, 3H), 3.94 (s, 3H), 3.88 (s, 3H), 3.23 (t, J =
6.6 Hz, 2H).

148.7,147.2, 1453, 144.4, 1417,
137.8,133.1, 129.1 (2), 128.7,
126.6,123.9, 123.5 (2), 121.5,
119.9, 118.9, 111.3, 108.8, 74.0,
57.1,56.2, 55.9, 55.5, 26.0

[M-Br]*: 473.170 7,
found: 473.170 7.
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Continued
Yield mp/°C HR-ESI-MS

No. R 0% (DPEC‘) 'H NMR (DMSO-d,) 15C NMR (DMSO-d,) or ES1 ()

5a C,H, 34 239-241 *H NMR (600 MHz) § 10.13 (s, 1H), 8.79 (s, 1H), **C NMR (151 MHz) ¢ 151.1, 148.7, C,,H,,N,O,CI
7.91(d, J =9.0 Hz, 1H), 7.68 (s, 1H), 7.51 (d, J = 146.5, 146.4, 137.2, 135.8, 133.2, [M-CI]*: 379.201 6,
9.0 Hz, 1H), 7.08 (s, 1H), 6.44 (t, J = 6.0 Hz, 1H), 128.2,124.6, 119.3, 119.1, 116.9, found: 379.201 6.
4.82 (t,J =6.6 Hz, 2H), 3.97 (s, 3H), 3.93 (s, 3H), 115.8, 111.3, 108.5, 57.0, 56.1, 55.8,
3.86 (s, 3H), 3.55 (q, J = 7.2 Hz, 2H), 3.22 (, J= 55.0,49.0, 26.3, 23.7, 11.4.
6.6 Hz, 2H), 1.63 (q, J = 7.2 Hz, 2H), 0.93 (t, J =
7.4 Hz, 3H).

5b C,H, 29 197-199 'H NMR (600 MHZ) 6 10.22-10.09 (m, 1H), 8.79 *C NMR (151 MHz) 6 151.1, 148.7, C,,H,,N,0,Cl
(s, 1H), 7.90 (dd, J = 9.0, 3.0 Hz, 1H), 7.68 (5, 1H), 146.4 (2), 137.2, 135.8, 133.2, [M-CI]": 393.217 3,
7.50 (dd, J=9.0, 3.0 Hz, 1H), 7.07 (d, J = 1.8 Hz, 128.2,124.6, 119.3, 119.1, 116.9, found: 393.217 1.
1H), 6.54-6.33 (m, 1H), 4.82 (t, J = 6.6 Hz, 2H), 115.8, 111.3, 108.5, 56.9, 56.1, 55.8,
3.96 (d, J = 1.8 Hz, 3H), 3.93 (d, J = 1.2 Hz, 3H), 54.9, 46.9, 32.7, 26.3, 19.6, 13.9.
3.86 (d, J = 1.8 Hz, 3H), 3.59 (g, J = 6.6 Hz, 2H),
3.22 (t, J = 6.6 Hz, 2H), 1.66-1.54 (m, 2H), 1.43-
1.32 (m, 2H), 0.90 (td, J = 7.2, 1.8 Hz, 3H).

5c C.H, 42 205-207 *HNMR (600 MHz) §10.09 (s, 1H), 8.79 (s, 1H), *C NMR (151 MHz) 9 151.1, 148.7, C,;H;,N,0,CI
7.91(d,J=8.7 Hz, 1H), 7.68 (s, 1H), 7.51 (d, J = 146.5, 146.4, 137.1, 135.8, 133.1, [M-CI]*: 407.232 9,
8.4 Hz, 1H), 7.08 (s, 1H), 6.39 (t, J = 6.0 Hz, 1H), 128.2,124.5,119.3,119.1,116.9,  found: 407.232 6.
4.82 (t,J=6.6 Hz, 2H), 3.96 (s, 3H), 3.93 (s, 3H), 115.9, 111.3, 108.5, 56.9, 56.1, 55.8,
3.86 (s, 3H), 3.58 (q, J = 6.6 Hz, 2H), 3.22 (t, J = 55.0, 47.3, 30.2, 28.6, 26.3, 21.9,
6.6 Hz, 2H), 1.62 (p, J = 7.2 Hz, 2H), 1.33 (dq,  14.0.
J=7.8,4.2,3.0Hz, 4H), 0.87 (t, J = 6.6 Hz, 3H).

8a C,Hq 41 245-247 *H NMR (600 MHz) 6 10.06 (s, 1H), 9.65 (s, BC NMR (151 MHz) § 173.3, 154.7, C,,H,N,0,Cl
1H), 9.13 (s, 1H), 8.23 (d, J=4.8 Hz, 2H), 7.75  154.1, 151.5, 148.7, 146.3, 137.5, [M-CI]*: 393.180 9,
(s, 1H), 7.11 (s, 1H), 4.98 (t, J = 6.6 Hz, 2H), 133.3,128.6, 125.2, 123.9, 121.9, found: 393.181 1.
4.04 (s, 3H), 3.95 (s, 3H), 3.87 (5, 3H), 3.23 (t,  120.4, 118.9, 111.3, 108.8, 56.9,
J=6.6 Hz, 2H), 2.57 (9, J = 7.8 Hz, 2H), 1.16 (t, 56.2, 55.9, 55.4, 28.5, 26.0, 9.5.
J=17.8Hz, 3H).

8b  C.H, 59 216-218 'H NMR (600 MHz) & 10.03 (s, 1H), 9.59 (s, 13C NMR (151 MHz) 6 172.7, 154.1, C,H,,N,0,Cl
1H), 9.10 (s, 1H), 8.22 (d, J = 1.8 Hz, 2H), 7.74  151.5, 148.7, 146.2, 137.6, 133.2, [M-CI]*: 435.227 8,
(s, 1H), 7.10 (s, 1H), 4.97 (t, J= 6.6 Hz, 2H),  128.6,127.2, 125.2,123.9,121.9,  found: 435.227 9.
4.03 (s, 3H), 3.95 (s, 3H), 3.87 (5, 3H), 3.23 (t,  120.4, 118.9, 111.3, 108.8, 56.9,
J=6.6 Hz, 2H), 2.54 (t, J = 7.2 Hz, 2H), 1.68 (, 56.2, 55.9, 55.5, 35.5, 31.0, 26.0,
J=7.2Hz, 2H), 1.49-1.30 (m, 4H), 0.92 (t, J=  24.7,22.0, 14.0.
7.2 Hz, 3H).

8¢ CiHy, 31 238-240 'HNMR (600 MHz) 5 9.99 (s, 1H), 9.56 (s, 1H), *C NMR (151 MHz) 6 172.7, 154.1, C,;H,,N,0,Cl
9.07 (5, 1H), 8.19 (s, 2H), 7.71 (s, LH), 7.08 (5,  151.5, 148.7, 146.2, 137.6, 133.2,  [M-CI]": 449.243 5,
1H), 4.94 (t, J = 6.6 Hz, 2H), 4.00 (s, 3H), 3.92 128.6, 127.2, 125.2, 123.9, 121.9, found: 449.243 4.
(s,3H), 3.84 (s, 3H), 3.21 (t, J = 6.6 Hz, 2H),  120.4, 118.9, 111.3, 108.8, 56.9,
2.51(t,J=7.8Hz, 2H), 1.64 (p, J = 7.8 Hz, 2H), 56.2,55.9, 55.5, 35.5, 31.1, 28.4,
1.44-1.15 (m, 6H), 0.97-0.78 (m, 3H). 26.0, 25.0, 22.1, 14.0.

8d 52 209-211 *H NMR (600 MHz) § 10.26 (s, 1H), 9.72 (s, 1H), **C NMR (151 MHz) ¢ 165.7, 162.3, C,H,,N,O.Cl

9.12 (s, 1H), 8.28 (d, J = 3.0 Hz, 2H), 8.18-8.07
(m, 2H), 7.75 (s, 1H), 7.15-7.11 (m, 2H), 7.10 (s,
1H), 4.98 (t, J = 6.6 Hz, 2H), 4.03 (s, 3H), 3.95
(s, 3H), 3.88 (s, 3H), 3.87 (s, 3H), 3.21 (t, J =
6.6 Hz, 2H).

154.7,151.5, 148.7, 146.1, 137.7,
133.3,130.2, 130.2, 128.7, 127.5,
125.8,125.3, 124.5, 122.2, 120.5,
119.0, 113.6, 113.6, 111.3, 108.8,
56.9, 56.2, 55.9, 55.6, 55.3, 25.9.

[M-CI]*: 471.191 5,
found: 471.191 4.
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Table 2  Antibacterial activities of the target compounds against H. pylori strains. “The American Type Culture Collection (ATCC); °Clini-

cal isolated strains from patients in Chinese hospitals provided by CAMS-CCPM; °NA: Inhibition zone diameters less than 12 mm

Inhibition zone diameter/mm

Compd.

ATCC43504* CCPMAP160010° CCPMAP160008° CCPMAP160007° CCPMAP160017°
1 175+14 13.4+05 13.9+0.5 153+18 12.0+0.4
3a NA® NA NA NA NA
3b NA NA NA NA NA
3c NA NA NA NA NA
3d NA NA 13.5+0.45 142 +0.71 NA
4a NA NA NA 145+1.41 NA
4b 144+1.1 124+03 145+05 16.8+1.3 NA
4c 122+03 NA 126+0.3 151+14 NA
4d 16.3+0.6 NA 145+0.7 178+1.8 NA
5a 19.3+18 146+0.9 17.2+18 21514 18.7+18
5b 183+16 151+14 155+0.7 21517 152+16
5¢c 175+1.2 19.6+19 17.7+13 23.3+16 206 +1.7
8a NA NA NA NA NA
8b 17.7+15 NA 142 +0.7 17.1+0.7 12.2+0.9
8c NA NA 13.4+05 146+0.5 NA
8d NA NA NA NA NA
Met NA NA NA NA NA

X} i #k CCPMAP160007 7t 1 7 14 58 -5 S 4 4b, oA
RIS V3 PR 2k 2k

22 ZEBBENEMTEDMMHpENE  EHEX Met
it 245 1) 350 B JEL A A8 4 1 4 ) 4 & 4 Ba~5e,
SR FH P ML 35 6 R v ) 2 %o 5 AR B0 181 1) MIC, &5 IR
W3, WA 5a~5c¢ Pt Hp is 3848 158 S 4 1A
Met, 3L o1 4t & ) 5a bt B & P & 4F, XF 5 & CCP-
MAP160008 [ 47t i 14 5 T 5 34 32 4%, v b AL,
EY5a AT N — B 2 R TT

3 EREMEN

31 EMsaFTHMMER &L, £ H ADMET
Predictor 9.5 {4 Ml T 4k &4 5a (1 80 1 | i‘iﬁﬁﬁ
FUFEEVE, X AR AT HT 2 (R 4). 4R

~, AP bax] Bk B AR G ETEE N, fmmﬂcé
V) 5a W] RE B A BT I 2 Ak .

Table 3 The MIC values of compounds 5a-5c¢

32 HEPSaRMEMIWAER EII/NWERGE
B (i.9.) 425, &9 5a 7] & % 5 4 0,250 500 Al
1000 mg-kg™, HVIME T K. NREB SRS R
R B & (LDy) KT 1000 mg-kg?, Ui BH1L &
Yy 5a HA AT 2 4k
4 EM5an FITEME

ST 1R I Hip IR B0 o) 7000, AR B TR AL &
Yy 5a M S 1505 Hp IREE AT T 4 1 % 2 45
9. i i Discovery Studio 4.5 %, LAy 1% 4 7 2
FLAR R AL A9 5a il 14351 5 Hp IREE (LEQY) 3iF 1%
i 1) AH B A RS20, Ay, 5 4) Ba A1 Hp IR 88 X 42 4T 4
(LibDock Score = 101.74) BJ i KT/ 54 1 (LibDock
Score = 92.14). H4b, WK 2 fiwn, th &4 5a 5 1 #
b, 5 Hp IRAEGAE FASE Q% 5 25 S8 L 4 R 6 pl 4k
I BRE S AN, B o-f & A5 Hp IR ik =

Compd. MIC/ug-mL*
ATCC43504 CCPMAP160010 CCPMAP160008 CCPMAP160007 CCPMAP160017
1 64 64 128 64 128
5a 16 4 4 64
5b 32 8 16 8 32
5¢ 32 4 8 4 64
Met 128 16 32 64 256

Table 4 Toxicity prediction results of 5a. ?Rat-TDs, suggested values: > 6.5; "Mouse-TDj, suggested values: > 35; ‘Repro-Tox, reproduc-

tion toxicity; ‘Ser-AlkPhos, alkaline phosphatase level; ¢Ser-GGT, y-glutamyl transpeptidase level; 'Ser-LDH, lactic dehydrogenase level; 9S-

er-AST, serum glutamic oxalacetic transaminase; "Ser-ALT, serum glutamic pyruvic transaminase; ‘Tox-Risk, druglike risk about toxicity,

suggested values: TOX Risk < 2.0

Rat-TD,# Mouse-TD,° L
Code et . ® Repro-Tox®  Ser-AlkPhos!  Ser-GGT®  Ser-LDH'  Ser-ASTY Ser-ALT"  Tox-Risk!
/mg-kg*-d*  /mg-kg*-d?
5a 26.74 40.08 Non toxic Normal Normal Normal Normal Normal 2
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Figure 2 (A) Solid surface map of the interaction pocket with compound 5a. (B) Binding modes within the receptor Hp urease active pock-

et with compound 5a. (C) Solid surface map of the interaction pocket with compound 1. (D) Binding modes within the receptor Hp urease

active pocket with compound 1. 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

GLYB:279 7= 4= 5 [t S B AH B A FH , 3E 177 8 T8 4 i UL 7id
Hp IR B (35 M i . Bk 45 B i, 1k &4 5a 7 fE [A)
T A IR T ) Hp MR 6 ¥ SR 1 o i Hp s .

e

AHFFLL L N T, bt Hp vd P8 5 0, JE ik
AT 15 MU E Y O-BLEURAT A, WD M Rk &
FH: 9-00 51 NE 4 1 AT Ak R B R R T 4t
BV P O . AR R AL A ) 5a it 5k Met i 24 1)
Hp & 74 B 5 A0 1 FH PR X B 25 Met F 56 490 1, X T
CCPMAP160010.CCPMAP160008 F1 CCPMAP160007
SR MIC AT IE 4 pg-mLL. 546, &% 5a/h i H
JR 25 LDy, K T 1 000 mg-kg, 2 0 FLAG 5 0 i 22 4
PERFAE . I H, 2016 B2 50 560 45 AR R Sa fFE F L i mf
REE Hp IR . B yT RATAWA A R R i — 34k
g BB BT Hp (&, AE15 33— B 5T .

SCIGER Sy

1% £ F CXM-300 ZY K %5 4% A4l 5e , 6= R AL
1E; 'H NMR F13C NMR F Bruker Avance 111 600 4% 1
FLIRAXI 5 , #5745y DMSO-dg; HR-MS ] Autospec
Ultima-TOF J5i i Wl 72 4% I 52 ; Flash # 7 & 4k 4k H
Combiflash Rf 200 ek fil] £ ¥ AH; 2 Az I H ZF-20D
5 FE SR AN I A R B (TLC) SR H E-Merck 2
F) TR R R R S A R S A i 4l
1 =4as
1.1 *A&43a~3dFflda~4dBIA&RK 7E195~210 °C
i (20~30 mmHg, 1 mmHg = 133 Pa) T, X} 1 Ji1 4
30 min J&, B SR AAR B4 H K58 R [ A 1 FH 5%

R TR AL, VU BR £ R, DL &R B H B
BAH, Gt ROAE IR FE B, 43 55 Al A 1545 1 € [ 44 2.

# 2 (100 mg, 0.27 mmol) ¥ T /K 15 (5 mL)
i, 65 °C2F T, NN = 2% (1.22 mmol) FIAH i &
(0.81 mmol), k4L % 3~8 h, A E S NAK &R, a3
JE, JEVE DL G b/ BRI B AR, 2R A R R
Jii, 43 B 44045 B b4 3a~3d.

# 2 (100 mg, 0.27 mmol) ¥ T J5 7K N,N-— F &
Tt (5 mL) H, 71 °C4 AT, I K,CO, (1.08 mmol)
& # K,CO, (1.08 mmol) £ Nal (1.08 mmol), 10 min J&
TRNHH B s AR, bR IR 2~24 ho VA H1 BN AA
Z, R E, DRV DL SR R BN R BN AE, AR
FERR FEBEINL, 43 B 4lifi 15 H Ar¥) 4a~4d.

1.2 #&¥5a~5c £ 95~120 °C. N, #3414 F,
# 1 (500 mg, 1.29 mmol) A 2 AH B [ % (5 mL) H,
Gk B2 ] N A~T2 h, R [ RAR R4, H O R 418
VeV, A AU B R B ONIR S AE, SRR
= 2415 5a~5c.

1.3 fk&¥sa~8d KL G 6 MG KT iES
AW 5a~5c¢ & T E— 3.

# 6 (522 mg, 1.0 mmol) i A E/AFIEL 121 HCl/
CH,OH (10 mL) ¥, = 4k 2L B 24 h, 3273 Jk &
e T I MR 2, B A5 [ P — & PR e P I S Rt sl A
GRERRE S B Al A 7

# 7 (100 mg, 0.27 mmol) ¥ T /K 215 (5 mL)
W, 65 °C2F T, ML BE (1.22 mmol) A1 AH B Bk &
(0.81 mmol), 4k 4L ) . 3~24 h, A H RN AK R, JHE
e 8, P VA DL S e R U B A, G IR A B B
e, 4y B2tk 4 H br4 8a~8d.
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2 HEYsig
21 HEKFENEAIEEM WL S A 5% ML
Y2 AL BV PUAR 22 1 BHG L B IR B 97 B a7
72 h G U, A & 2 IRIRJE 2.0 (29 1x108 CFU-mL™?)
(A A - 100 pb BRIER AT T4 2 257 1) MHA
SRR b W A 2 AR, 010 ub B A
10 mg-mL AN F 2530 . 4P ILJBON B 7= 6 N
PR, AT AE TR AR (10% CO,, 5% O,
85% N,) T 37 °CHE & 72 ho i FWiF b+ I 52 410 B
Pl A2, AN [ 24 ot il 1] BBAT B 00 B 9 12
Pk ATCC43504. CCPMAP160010. CCPMAP160008.
CCPMAP160007 fl CCPMAP160017 H [ = 2Rl 2
AV (FF) PR ORI O 25 AR AR IR (F5)
b 4% 58 43 0> (Chinese Academy of Medical Sciences-
Collection Center of Pathogen Microorganisms, CAMS-
CCPM) $2fft.
22 HpEMEMICHE Z M CLSIbrifE, KH-IL
TAEMREE AT BUR I BOSE I . BEARTE & H 5% M A4T
Y 3 MR BRI A 3R KRG LU W B R s 7R Bk B R R
72 hJE U, AT & 37 IR FE 2.0 (29 1x10°8 CFU-mL™?)
TR A o K 2.5 pL/ AT AN B B R B A A A
) ¥ B 259 (0.5~256 pg-mL™Y) & 5% fii £F 4 3 1L 1)
MHA B fiE 85 72 58 b, A EF i W 3N EE . 3%
SISO 15 R4 v S TN 7= A6, 4 B8 7R R S AR
T (10% CO,, 5% O, F185% N,) T 37 °CHF & 72 h.
I"THEAT B ATCCA3504 B Pk A 4% B Ak . PR WL %2
T B AE KBRS S B B TR K %A
YIIMIC. Met IR 2547 1E LN>8 pg-mL2,
23 AMEMIE DIEWM/AR (18~20 g) A5
VIRERL, BREE S REAL A 4H, R 10 R, MERES . B
S A v ] R R B 24 AT 7 P B S G bR
HEERAEAURE . ¥4k &9 Sa 1E ik vh 78 20 iF %, 45 il i
1 % 0.25.50 A1 100 mg-mL1JE 2, A 250 750 =
Vi, ARSI S, B RN 42502 mL, #%#80.
250,500 11 000 mg-kg™ ()77 & B 45 24, % V)W %2
T RNIBET BB, 15 LDggo
3 DFIIELR

AR S5 Y DAKH & P i ik B Hp IR A4 & 4
Tk S R 3 45 s i A4 BT o 1) 2R A iR 44 (PDB codle
1E9Y, resolution: 3 A)®, 5244+ 4 Discovery Studio
4.5 T Eu v LibDock. it 42 2 11 568 /s 43 - Bie A F
b 8 VAT TR B, /73 7 Be AR R = A4k H AR
N Z K EER g U R AT 43 e A ELAE AR
AE AR AR
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