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Abstract: 9-Acetoxycycloberberine (1) with a unique skeleton was first identified to display a potent antim-
icrobial profile against methicillin-resistant Saphylococcus aureus (MRSA) with MIC values of 1-16 pg-mL ™.
Taking the compound as a lead, 14 target cycloberberine analogues with diverse structures, such as berberine
and chelerythrine derivatives, were synthesized and evaluated for their anti-bacterial activities. Analysis of
the structure-activity relationship revealed that: @ ring E was essential for the activity; @ the removing of ring
B decreased the activity against MRSA. However, the antimicrobial activity against vancomycin-resistant
Enterococcus faecium (VRE) was improved; 3 the introduction of a suitable rigid substituent at the 9-position
was beneficia for the activity. Among them, compound 9a showed the most potential activity against methicillin-
sensitive Saphylococcus aureus (MSSA) and MRSA isolates with MIC values of 0.5-1 pg-mL ™, suggesting a
different mechanism from clinical drugs. It displayed higher stability in blood. Therefore, we consider 9a
worthy of further investigation. The results provide key scientific evidence for development of such compounds
into a new type of anti-MRSA candidates.
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Figurel Chemical structure of 1, and its structure modification strategy
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Table1l Physical propertiesand spectra data of all synthesized compounds

Yield Mp/C

1 13

No. .o (Dec) H NMR CNMR HR-ESI-MS (m/2)

3a 37 204206 ‘HNMR (600 MHz, DMSO-ds) 4 10.00 (s, 1H), 9.05 (5, 1H), **C NMR (151 MHz, DMSO-ds) 6 167.9,150.3,  C1H1gNOsCl
8.29(d, J=9.6Hz, 1H),8.21 (d, J=9.0Hz, 1H), 7.82 (s, 1H), 149.9, 147.6, 144.4,138.0, 133.3, 132.8, 130.7, [m—cip
7.10 (s, 1H), 6.18 (s, 2H), 4.96 (t, J= 6.6 Hz, 2H), 405 (s, 3H), 126.6, 125.8, 121.0, 120.4, 120.2, 108.3, 1054,  Calcd.: 364.1180,
3.23(t, J=6.6 Hz, 2H), 2.53 (s, 3H). 102.0,57.1, 55.1, 26.1, 20.5. Found: 364.116 9.

3b 44 173-175 HNMR (600 MHz, DMSO-dg) 6 10.01 (s, 1H), 9.10 (s, 1H), **C NMR (151 MHz, DMSO-dg) 6 163.3,150.3,  CysH20NOsCl
8.35(d, J= 9.6 Hz, 1H), 8.31-8.25 (m, 3H), 7.88-7.82 (m,  149.9, 147.6, 144.4, 138.1, 134.5, 133.4, 132.9, [mM-cip*
2H), 7.71(t, J= 7.8 Hz, 2H), 7.09 (s, 1H), 6.19 (5, 2H), 491  130.8, 130.3, 130.3, 129.0, 129.0, 127.9, 126.9,  Calcd.: 426.133 6,
(t, J= 6.6 Hz, 2H), 4.03 (s, 3H), 3.20 (t, J = 6.6 Hz, 2H). 125.8,121.1, 120.5, 120.2, 108.3, 105.4, 102.0,  Found: 426.132 9.

57.2,55.1, 26.0.

3c 53 186-188 'H NMR (500 MHz, DMSO-ds) 6 9.98 (s, 1H), 9.08 (5, 1H), *C NMR (126 MHz, DMSO-ds) 6 154.8, 150.3,  CysH1sNOsCl
8.34(d, J= 9.5 Hz, 1H), 8.30-8.23 (m, 2H), 7.83 (s, 1H), 149.9, 149.2, 147.6, 144.3,142.1, 138.1, 132.9, [m-cip
7.77-7.72 (m, 1H), 7.10 (s, 1H), 6.96—-6.90 (M, 1H), 6.19 (s, 1325, 130.8, 127.0, 125.8, 121.4, 121.1, 1205,  Calcd.: 416.1129,
2H), 492 (t, J=50Hz, 2H), 405 (s, 3H), 321 (t, J=50Hz,  120.2, 113.0, 1083, 105.4, 102.0, 57.2, 55.2, Found: 416.112 5.
2H). 26.0.

3d 47 207-209 HNMR (500 MHz, DMSO-dg) 6 9.87 (s, 1H), 9.07 (5, 1H), **C NMR (126 MHz, DMSO-dg) 6 158.8, 150.3,  CasH2N30sCl
8.33(d, J=95Hz, 1H), 824 (d, J=9.5Hz, 1H), 7.83 (5, 1H), 149.9, 147.6, 144.2, 140.9, 138.7, 138.0, 133.3, [m-cip
7.09 (s, 1H), 6.85 (s, 1H), 6.19 (s, 2H), 492 (t, J=6.0Hz,  132.8,130.8, 126.6, 125.8, 121.2, 120.5,120.2,  Calcd.: 444.1554,
2H), 4.02 (s, 3H), 3.92 (s, 3H), 3.19 (t, J= 6.0 Hz, 2H), 2.38  109.2, 108.3, 105.4, 102.0, 57.1, 55.2, 37.0, Found: 444.154 7.
(s, 3H). 26.0, 105.

4 13 157-159 'HNMR (500 MHz, DMSO-dg) 6 11.62 (s, 1H), 10.09 (5, 1H), *3C NMR (126 MHz, DMSO-ds) 6 150.9, 1484,  CpoH1sNO4Cl
8.77 (d, J= 9.0 Hz, 1H), 8.49 (d, J= 9.0 Hz, 1H), 8.30-8.22 1484, 145.8, 145.7, 132.0, 131.1, 130.6, 127.3, [mM-ciy*
(m, 2H), 8.15 (d, J=9.0 Hz, 1H), 7.75 (s, 1H), 6.34 (5, 2H),  125.0, 124.4,120.1, 118.7, 115.1, 113.7, 105.6,  Calcd.: 334.107 4,
4.93 (s, 3H), 4.08 (s, 3H). 104.0, 102.6, 56.8, 51.7. Found: 334.106 6.

5a 73 215-217 HNMR (600 MHz, DMSO-dg) ¢ 10.19 (s, 1H), 9.08 (d, ¥C NMR (151 MHz, DMSO-dg) 6 168.0, 1504,  CyH1gNOsCI
J=9.6Hz, 1H), 890 (d, J= 9.0 Hz, 1H), 841-8.33 (m, 3H), 149.5, 148.8, 148.7, 135.1, 132.3, 131.9, 131.3, [mM-cip*
7.81 (s, 1H), 6.37 (s, 2H), 5.03 (s, 3H), 4.09 (s, 3H), 257 (s,  127.9,125.2, 125.2, 122.6, 120.0, 119.0, 1186,  Calcd.: 376.1180,
3H). 105.8, 104.4, 102.7, 57.1, 52.5, 20.7. Found: 376.117 0.

50 85 214-216 *HNMR (600 MHz, DMSO-ds) 6 10.26 (5, 1H), 9.15(d, J= **C NMR (151 MHz, DMSO-ds) 6 1634, 1504,  Cy7H20NOsCl
9.0Hz, 1H),894(d, J=9.0Hz, 1H), 844 (d, J=9.6 Hz, 1H), 149.6, 148.8, 148.7, 135.3, 1345, 132.4, 132.0, [m—cip
8.38 (d, J= 9.0 Hz, 1H), 8.35-8.29 (m, 3H), 7.87 (t, J=7.8  131.4,130.4, 130.4, 129.0, 129.0, 128.0, 1280, Calcd.: 438.1336,
Hz, 1H), 7.82 (s, 1H), 7.73(t, J= 7.8 Hz, 2H), 6.36 (5, 2H),  125.2,122.8,120.0, 119.1,118.7, 109.4, 1058,  Found: 438.133 5.
4.98 (s, 3H), 4.08 (s, 3H). 104.4, 102.7, 57.2, 52.4.

5¢ 67 240-242 H NMR (600 MHz, DMSO-ds) 5 10.31 (s, 1H), 9.47 (s, 1H), **C NMR (151 MHz, DMSO-dg) § 162.3, 154.5,  CysH10N,05Cl
9.17 (d, J=9.6 Hz, 1H), 9.03(d, J=36Hz, 1H),895(d, J=  150.9, 150.3, 149.6, 148.9, 148.7, 138.1, 134.7, [mM-ciy*
9.6 Hz, 1H), 865 (d, J= 7.8 Hz, 1H), 845 (d, J= 9.6 Hz, 1H), 132.4,132.0, 1314, 1280, 125.3,125.2, 124.4,  Calcd.: 439.1289,
8.39(d, J=8.4Hz, 1H), 8.35 (s, 1H), 7.83 (s, 1H), 7.79 (dd,  124.2, 123.1, 120.0, 119.0, 118.7, 105.8, 104.4,  Found: 439.128 5.
J=7.8,48Hz, 1H), 6.37 (s, 2H), 499 (s, 3H), 409 (s, 3H).  102.7,57.3, 52.5.

9a 59 237-239 'HNMR (600 MHz, CD3OD) ¢ 9.85 (s, 1H), 8.74(d, J=9.0 '3C NMR (151 MHz, CD30OD) § 172.4, 150.8, CaoH26NOsCl
Hz, 1H), 8.56 (d, J= 9.0 Hz, 1H), 8.18 (d, J=84 Hz, 1H),  147.5,144.9, 1417, 136.4, 129.8, 128.6, 126.1, [mM-ciy*
8.12(d, J=9.0Hz, 1H), 7.43 (s, 1H), 6.30 (5, 2H), 5.23 (t,  124.8,123.7,122.8, 122.0,120.3,119.7, 1175, Calcd.: 468.1806,
J=6.6 Hz, 2H), 4.07 (s, 3H), 3.66 (t, J= 6.6 Hz, 2H), 355~ 115.9, 110.1, 103.2, 56.5, 56.0, 45.8, 40.8, 39.9, Found: 468.181 0.
347 (m, 1H), 291 (t, J=3.6 Hz, 1H), 241 (t, J=36Hz, 1H), 37.0,320,28.8, 26.3, 24.2.
2.00-1.91 (m, 1H), 1.85-1.75 (m, 2H), 1.71-1.61 (m, 3H),
1.60-1.53 (M, 1H), 1.42-1.35 (m, 1H).

9b 47 182-184 HNMR (500 MHz, DMSO-dg) 6 9.85 (s, 1H), 9.08 (d, J=  **C NMR (126 MHz, DMSO-dg) 6 174.6, 150.7,  CaHsNOsCl
9.0Hz, 1H),894(d, J=9.5Hz, 1H), 839 (d, J=95Hz, 1H), 147.3,146.0, 1415, 136.7, 130.2, 128.6, 127.2, [m—cip
8.25(d, J=9.0Hz, 1H), 7.63 (s, 1H), 6.42 (s, 2H),5.29 (t, ~ 125.7,123.8,123.0,122.8, 121.4, 1202, 117.5,  Calcd.: 494.196 2,
J=65Hz 2H), 408 (s 3H),3.64 (t, J=65Hz,2H),3.14  116.4, 110.9, 1035, 57.8, 56.8, 54.3,47.1, 47.1,  Found: 494.196 9.
(t, J=6.5Hz, 1H), 2.45-2.31 (M, 4H), 2.12-2.06 (m, 2H),  44.2,43.6,43.6, 37.4,37.4, 345, 26.4.
2.02-1.89 (M, 2H), 1.85-1.63 (M, 4H).

9c 40 226-228 'H NMR (500 MHz, DMSO-ds) § 9.47 (5, 1H), 9.04(d, J=  C NMR (126 MHz, DMSO-ds) 6 174.0, 150.0,  CaH3oNOsCl
9.0 Hz, 1H), 8.90 (d, J= 9.0 Hz, 1H), 8.36 (d, J= 85 Hz, 146.7, 145.1, 140.9, 135.9, 129.6, 128.0, 126.6, [m—cip
1H), 821 (d, J=9.0 Hz, 1H), 7.61 (s, 1H), 6.41 (5, 2H), 530  125.2,123.2, 122.4,122.2,120.8, 1195, 1169,  Calcd.: 508.21109,
(s, 2H), 4.07 (s, 3H), 3.64 (s, 2H), 2.23 (s, 5H), 2.14 (5, 3H),  115.8,110.3,102.9,57.2,56.2, 40.9, 38.1,38.1, Found: 508.2115.
1.86 (s, 7H) 38.1,35.8, 35.8,35.8,27.2,27.2, 27.2, 25.8.

od 38 199-201 *HNMR (500 MHz, DMSO-dg) § 9.83 (s, 1H), 9.08 (d, J=  *C NMR (126 MHz, DMSO-dg) 6 173.0, 1505,  Ca,HaeNOsCl,
9.5Hz, 1H), 894 (d, J= 9.5 Hz, 1H), 839 (d, J= 9.5 Hz, 1H), 147.3,145.8, 141.5, 136.2, 130.2, 128.6, 127.2, [mM-ciy*
8.25(d, J=9.5 Hz, 1H), 7.63 (5, 1H), 642 (s, 2H),5.29(t, J=  125.7,123.9, 123.2, 122.8, 121.4, 120.0, 117.5,  Calcd.: 542.1729,
6.5 Hz, 2H), 4.08 (s, 3H), 3.65 (t, J=6.5Hz, 2H),2.61(s,  116.4,110.9, 1035, 68.9, 57.8, 56.7, 47.8, 46.6, Found: 542.1737.
2H), 2.37 (s, 2H), 2.23-2.13 (M, 8H), 1.82-1.67 (m, 2H). 453,399, 37.0, 34.2, 31.0, 26.4.

9e 43 201-203 'H NMR (500 MHz, DMSO-ds) 6 9.84 (s, 1H), 9.08 (d, J=  **C NMR (126 MHz, DMSO-ds) 6 173.1, 150.7,  Cz2H29BrNOsCl
9.5Hz, 1H), 894 (d, J= 9.5 Hz, 1H), 839 (d, J=95Hz, 1H), 147.5,146.0, 141.7, 136.4, 130.4, 128.8, 127.4, [m—cip
8.25(d, J=9.5Hz, 1H), 7.63 (s, 1H), 6.42 (s, 2H),5.30 (t, ~ 125.9,124.1, 1234, 1230, 121.6, 1202, 117.7,  Calcd.: 586.122 4,
J=6.0Hz, 2H), 408 (s 3H),365(t, J=6.0Hz, 2H),2.82 (s, 116.6, 111.1, 103.7, 66.2, 58.0, 56.9, 49.4, 48.3, Found: 586.1235.
2H), 242 (s, 4H), 2.32 (s, 2H), 2.27-2.17 (m, 4H), 1.79 (s, 2H). 45.9, 39.8, 37.2, 37.2, 34.3,32.0, 32.0, 26.6.

of 31 190-192 HNMR (600 MHz, DMSO-dg) 6 10.19 (s, 1H), 9.04 (d, J= *C NMR (151 MHz, DMSO-dg) 6 168.0, 150.2,  Ca3HzNOsCl
9.6Hz, 1H),890(d, J= 9.6 Hz, 1H), 838 (d, J=9.0Hz, 2H), 146.7,145.7, 140.9, 135.4, 129.6, 128.0, 126 5, [m-cip
8.20(d, J=9.0Hz, 1H), 7.61 (s 1H), 641 (5 2H),5.27(t, J= 1252,123.2,122.6,122.2,120.8,119.7, 1169,  Calcd.: 522.227 5,

6.6 Hz, 2H), 4.09 (s, 3H), 3.64 (t, J = 6.6 Hz, 2H), 2.64 (s,

2H), 2.04 (s, 2H), 1.82 (s, 6H), 1.77-1.69 (m, 6H)

115.8, 110.3, 102.9, 56.9, 55.8, 48.0, 41.5, 41.5,
415, 36.2,36.2,36.2,32.6,27.9, 27.9, 27.9, 25.8.

Found: 522.228 2.
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Berberine

Scheme 1 Synthesis of compounds 3a—3d. Reagents and conditions: (a) 20—30 mmHg, 195-210 °C, 40 min; (b) RCOCI, pyridine,

CH3CN, 40-91 °C, 3 h

Chelerythrine
Scheme 2 Synthesis of compounds 5a-5c. Reagents and conditions: (a) 20—30 mmHg, 150-160 °C, 3 h; (b) RCOCI, triethylamine,
CH3CN, 71 °C, 3 h, 9%—11% (over two steps)

9a—-9f

Cycloberberine

Scheme 3 Synthetic route for compounds 9a—9f. Reagents and conditions: (a) NaBHa, 5% NaOH/K,COs, CH3OH, r.t., 3 h; (b) 40%
glyoxal, HOACc/CH3CN, reflux, 6 h; (c) Methanol/HCI (3 © 1 by vol.), r.t., 24 h, 67% (over two steps); (d) 20-30 mmHg, 195-210 C, 60
min; (€) SOCIl,, CH.Cly, reflux, 3 h; (f) Triethylamine, CHsCN, 71 °C, 3-6 h
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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 patientsin Chinese hospitals
o] 0 o}
< oo I (e o
o] AN o] N o] N
| OJJ\R ‘ O | OJLR
o o8 g
3a-3d 4, 5a-5¢ 9a-9f
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Figure2 Structure of enalapril maleate, and the result summary
of blood stability assay
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Figure 3 Cytotoxic effects of compound 9a on A549 cells.
Following pretreatment with compound 9a at the indicated
concentrations for 24 h, the cell viability of A549 cells were
determined by MTT assay. Control cells were treated with
0.4% (viv) DMSO
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