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( 1),
H.0 o 0 K,CO4 N2
NaN, + Ts-Cl Ffone’Ts'N“ U =t Oﬁo
1 2 3 4 5
Ts-NH, o 0 CHO  cat, BzOH
toluene, 180 °C Wﬁjs ' R/W CHoClp, 1t
6 7
00 Ts 00 Ts
L N TMSCI, TEA L N
R R
8 9
o]
Ay
PH ﬁ)\é
Cat.
1
1 2.2 2- 4, 3- (5)
BMM-202 ( 3 (3.0g 15.2
); BSB124S ( Satorious ); 1260 mmol) 50 mL 1 3-
Infinity II ( (1.7 ¢ 15.2 mmol) K,CO; (2.3¢ 16.7
); AD/OD/IC ( mmol) . TLC
) ; NanoBay 400 MHz (Bruk- o CH,
er TMS CDCI3 ); SYNAP- (I, AL O,
G2 (UCB285) ( Waters ); SHB- 1.72 ¢
11-621 ( 85% s
) o 2.3 2-  N- 4- (6)
2 5 (.5 g 10.9
(5R 8R 10S) H0- - 8- mmol) 4- (1.9 ¢ 10.9 mmol)
- 45 4 6- (%9a) 50 mL 180°C 4 h.
2.1 (3) 2.7 ¢ 88% .
NaN; (1 g 15.4 mmol) 2.4 (5R, 8R, 10S) 8- 40- -
50 mL 10 mL - 4.5] 4, 6- (8a)
o Ts-Cl 7a (15.9 mg 0.12
(2.93 g 15.4 mmol) 40 mL mmol) 6 (28.1 mg 0.1 mmol)
NaN; 2/ Cat. (4.63 mg 0.02 mmol) (2.44
1 o mg  0.02 mmol) 2.0 mL.
TLC °
50 mL 100 mL .
o 50 mL v ( ) v ( ) =4:1
(25 mL/ ) o .
Na, SO, . 2.5 (5R, 8R, 10S) H0- - 8-
3.0 g 98% . - 4.5] 4, 6- (9a)



'110

“2.47
8a (36.8 mg 0.9 mmol) (30.4
mg 0.3 mmol) 0.5 mL
5 o (21.8 mg 0.2
mmol 0.5 mL ) TLC
Na, SO, o
35.0 mg
72% ; dr 751 25; ee 90%; a 0 = 3.6

(CH,Cl, ¢ = 1.06); m.p. 193494 °C;'H NMR
(400 MHz CDCL) & (ppm): 7.93 (d J = 8.4
Hz 2H) 7.319.28 (m 5H) 7.11 (d J =

7.2 Hz 2H) 6.18 (brs 1H) 4.19 (d J =
13.6 Hz 1H) 2.50 (t J = 13.6 Hz 1H)
2.43 (s 3H) 2.342.56 (m 1H) 2.172.08
(m 3H) 1.854.64 (m 2H) 1.050.95 (m
IH) 0.22 (s 9H);"”C NMR (100 MHz CDCL)
S (ppm): 216.1 172.5 144.5 137.9 136.2
129.2  128.6 128.6 128.5 127.6 77.9
77.3 77.2 77.0 76.7 63.0 39.9 36.5

34.3 30.8 21.6 19.2 0.2; HRMS (ESI) -
Mass for C,;H,, NOSSSi: m/z (M*Na) 508. 1588

Oa 9b —
In.
2.6  (5R, 8R, 10S) 40-(2- ) F-
8- 3- 4.5] 4, 6-
(9b)

69% ; dr 70: 30; ee 94% ;
a = 44.4 (CH,Cl, ¢ = 1.01); m.p. 151-
152 °C;' H NMR (400 MHz CDCL) & (ppm):
7.92(d J =80Hz 2H) 7.30 (d J = 8.4
Hz 2H) 7.267.23 (m 1H) 7.159.05 (m
3H) 6.27 (t J = 2.8 Hz 1H) 4.17 (dd J
=13.6 2.4Hz 1H) 3.31(d J =140 1.2
Hz 1H) 2.742.66 (m 1H) 2.43 (s 3H)
2.144.98 (m 2H) 1.854.75 (m 2H) 1.68-
1.62 (m 1H) 1.144.03 (m 1H) 0.24 (s
9H) ;" C NMR (100 MHz CDCL) & (ppm):
215.8 170.2 160.8 (d J, = 244.0 Hz)
144.5 136.5 129.4 (d Jo = 9.2 Hz) 129.3
(d Ju = 3.4 Hz) 129.3 128.7 126.2 (d
Jo=13.7Hz) 124.9 (d J,=3.6Hz) 115.9
(d Jog = 23.3 Hz) 78.4 62.1 39.9 34.1
32.9 32.6 21.8 20.0 0.3; HRMS (ESI) -
Mass for C,sH,,FNO,SSi: m/z (M*Na) 526. 1493.

2.7 (5R, 8R, 10S) -0- (3- ) -
8- - 4.5] 4, 6-
(9¢)

72% ; dr 72: 28; ee 93% ;
a ;= 49.5 (CH,Cl, ¢ = 1.05); m.p. 190-
192 °C;' H NMR (400 MHz CDCL) & (ppm):
7.92 (d J = 84 Hz 2H) 7.319.21 (m
3H) 6.96 (td J = 8.4 2.4 Hz 1H) 6.90-
6.82 (m 2H) 6.17 (t J = 2.8 Hz 1H)
4.20 (dd J =13.2 1.6 Hz 1H) 2.47 (dd J
= 13.6 2.4 Hz 1H) 2.43 (s 3H) 2.38-
2.20 (m 1H) 2.192.04 (m 3H) 1.904.68
(m 2H) 1.144.04 (m 1H) 0.22 (s 9H)
;7C NMR (100 MHz CDCL) & (ppm): 215.7
172.2 162.9 (d J, = 245.6 Hz) 144.6
140.7 (d  Ju = 6.8 Hz) 136.3 130.3 (d J
=8 1Hz) 129.3 128.6 124.5(d Ju= 2.9
Hz) 115.7 (d Jo = 21.5 Hz) 114.7 (d  Jy
= 20.8 Hz) 77.8 62.9 39.9 36.4 34.4
30.9 21.7 19.3 0.3; HRMS (ESI) Mass for
C,sH, FNO,SSiz m/z (M*Na) 526. 1496,

2.8 (5R, 8R, 10S) H0- (4- ) -
8- 9 4.5] 4, 6-
(9d)

74% ; dr 752 25; ee 94% ;
a = 9.9 (CH,Cl, ¢ = 1.00); m.p. 174-
175 °C;' H NMR (400 MHz CDCL,) & (ppm):
7.92(d J =84Hz 2H) 7.29(d J = 8.0
Hz 2H) 7.107.06 (m 2H) 6.99 (t J =
8.4Hz 2H) 6.17 (t J =2.8 Hz 1H) 4.18
(dd J =13.6 2.0 Hz 1H) 2.47 (dd J =
13.6 2.8 Hz 1H) 2.43 (s 3H) 2.372.28
(m 1H) 2.192.03 (m 3H) 1.904.78 (m
1H) 1.734.65 (m 1H) 1.134.03 (m 1H)
0.22 (s 9H) ;”C NMR (100 MHz CDCL) &
(ppm): 215.9 172.6 162.2 (d J, = 245.5
Hz) 144.6 136.3 133.8 (d J, = 3.3 Hz)
130.3 (d Ju = 7.8 Hz) 129.3 128.6 115.7
(d Jg=21.1 Hz) 77.9 63.0 39.9 35.9
34.6 30.7 21.7 19.3 0.3; HRMS (ESI) -
Mass for C,sH,,FNO,SSi: m/z (M*-Na) 526. 1498,

2.9 (5R, 8R, 10S) H0-(2- ) -
8- - 4.5] 4, 6-
(9e)

69% ; dr 70z 30; ee 94% ;
a =444 (CH,Cl, ¢ = 1.01); m.p. 151-
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152 °C;' H NMR (400 MHz CDClL;) & (ppm): 137.1 136.3 131.9 130.5 129.3 128.6
7.92 (d J = 8.0 Hz 2H) 7.429.40 (m 121.8 77.8 62.9 39.9 36.1 34.4 30.7
1H) 7.31 (d J = 8.0 Hz 2H) 7.2249.14  21.8 19.3 0.3; HRMS (ESI) Mass for C, H,,
(m 3H) 6.25(brs 1H) 4.49 (d J =128  BrNO,SSi: m/z (M*Na) 586.0692.
Hz 1H) 3.26 (¢t J = 13.2 Hz 1H) 2.70- 2.12 (5R, 8R, 10S) 40- (2- ) -
2.63 (m 1H) 2.43 (s 3H) 2.152.07 (m 8- - 4.5] 4, 6-
2H) 1.854.64 (m 3H) 1.104.00 (m 1H) (9h)
0.25 (s 9H) ;" C NMR (100 MHz CDCl;) 70% ; dr 72: 28; ee 93% ;
(ppm): 216.1 170.0 144.3 136.9 136.4 a ;= +8.2 (CH,ClL, ¢ =0.95); m.p. 196-
134.8 130.2 129.1 129.1 128.9 128.6 197 °C;' H NMR (400 MHz CDCI3) & (ppm):
127.5 78.3 62.5 39.9 36.2 34.7 32.3 7.90 (d J =8.4Hz 2H) 7.68 (dd J =8.0
21.7 19.9 0.2; HRMS (ESI) -Mass for C,s Hy, 1.2Hz 1H) 7.51(dt J =7.6 1.2Hz 1H)
CINO,SSiz m/z (M*Na) 542.1199. 7.43 (dt J =7.6 1.2 Hz 1H) 7.35 (dd J
2.10  (5R, 8R, 10S) H0- (4- ) - =7.6 0.8 Hz 1H) 7.30 (d J = 8.4 Hz
8- - 4.5] 4, 6- 2H) 6.26 (t J = 2.8 Hz 1H) 4.35 (dd J
(99 =13.2 2.4Hz 1H) 3.34(d J =132 2.4
T4% 5 dr 73z 27; ee 95% ; Hz 1H) 2.692.62 (m 1H) 2.43 (s 3H)
a =412 (CH,Cl, ¢ =1.07); mp. 189- 2,15 (dt J = 18.4 7.6 Hz 1H) 1.91 (dt J

190 °C;' H NMR (400 MHz CDCl,) & (ppm):
7.89 (d J = 6.8 Hz 2H) 7.279.24 (m
4H) 7.02 (d J = 6.8 Hz 2H) 6.14 (br s
IH) 4.14 (d J = 13.6 Hz 1H) 2.462.43
(m 1H) 2.39 (s 3H) 2.322.24 (m 1H)
2.112.04 (m 3H) 1.874.76 (m 1H) 1.71-
1.63 (m 1H) 1.104.08 (m 1H) 0.18 (s
9H) ;" C NMR (100 MHz CDCL) & (ppm):
215.8 172.2 144.7 136.6 136.3 133.7
130.1 129.3  129.0 128.6 77.9 63.0
39.9 36.1 34.5 30.7 21.8 19.3 0.3;
HRMS (ESI) Mass for C,sH,,CINOSSiz m/z (M"* -
Na) 542. 1202,
2.11 (5R, 8R, 10S)
8- 3-
(9%)

10— (4-
[4.5]

) -
4, 6-

73% ; dr 75: 25; ee 96% ;
a ;= 9.2 (CH,Cl, ¢ = 1.09); m.p. 182—
183 °C;' H NMR (400 MHz CDCl,) & (ppm):
7.92 (d J =80Hz 2H) 7.43(d J = 8.0
Hz 2H) 7.29 (d J =8.4Hz 2H) 6.98 (d
J =84Hz 2H) 6.17 (t J = 2.4 Hz 1H)
4.16 (d J = 12.4 Hz 1H) 2.47 (dd J =
13.6 2.4 Hz 1H) 2.42 (s 3H) 2.372.29
(m 1H) 2.172.00 (m 3H) 1.914.79 (m
IH) 1.70 (dt J = 18.0 8.0 Hz 1H) 1.18-
1.08 (m 1H) 0.21 (s 9H) ;" C NMR (100
MHz CDCL) & (ppm): 215.8 172.2 144.7

= 13.6 2.8 Hz 1H) 1.874.65 (m 3H)
1.060.97 (m 1H) 0.27 (s 9H) ;" C NMR
(100 MHz CDClL;) & (ppm): 215.9 169.4
151.6 144.5 136.3 132.4 132.4 129.4
120.2  128.7 128.6 124.2 78.0 62.0
39.9 34.7 34.6 331 21.7 19.8 1.0
0.2; HRMS (ESI) -Mass for C,sH,,BrNO,SSi: m/z
(M*Na) 586.0692.
2.13  (5R, 8R, 10S) 40- (4- ) G-

8- - 4.5] 4, 6-

(9i)
76% ; dr 78: 24; ee 97% ;

a ;= +9.4 (CH,Cl, ¢ = 1.00); m.p. 199-
200 °C;'H NMR (400 MHz CDCL,) & (ppm):
8.17(d J = 8.4Hz 2H) 7.92(d J = 8.4
Hz 2H) 7.30 (d J =8.4Hz 4H) 6.20 (t
J = 2.8 Hz 1H) 4.344.30 (m 1H) 2.53
(tdd J =13.6 2.8 Hz 1H) 2.43 (s 3H)
2.402.34 (m 1H) 2.242.18 (m 1H) 2.13
(dt J = 13.6 2.8 Hz 1H) 2.014.85 (m
2H) 1.70 (dt J = 18.4 8.0 Hz 1H) 1.19-
1.09 (m 1H) 0.22 (s 9H) ;" C NMR (100
MHz CDCL) & (ppm): 215.1 171.5 147.4
145.6  144.7 136.0 129.8 129.3 128.6
123.8 77.6 62.7 39.6 36.5 34.3 30.5
21.7 19.2 0.2; HRMS (ESI) -Mass for C, H,,
N,0,SSi: m/z (M*-Na) 553. 1444,
2.14 (5R, S8R, 10S) H0-(2- ) g-
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8- -
6- (9)

[4.51 4,

64% ; dr 70: 30; ee 91% ;
a = +11.9 (CH,CL, ¢ = 0.97); m.p. 191-
192 °C;' H NMR (400 MHz CDCl,) & (ppm):
7.93(d J =8.4Hz 2H) 7.30 (d J = 8.0
Hz 2H) 7.23 («d J = 8.0 1.6 Hz 1H)
7.05 (dd J =80 1.2 Hz 1H) 6.89 (d J
=8.0 Hz 2H) 6.24 (t+ J = 2.8 Hz 1H)
4.38 (d J = 12.0 Hz 1H) 3.82 (s 3H)
3.26 (td J = 13.6 2.4 Hz 1H) 2.662.59
(m 1H) 2.42 (s 3H) 2.102.01 (m 2H)
1.754.61 (m 3H) 1.0690.96 (m 1H) 0.22
(s 9H) ;"”C NMR (100 MHz CDCL) & (ppm):
216.4 170.7 157.4 144.3 136.7 129.2
128.7 128.7 127.8 121.1 111.6 78.8
62.6 55.6 39.9 34.4 32,5 21.8 19.9
0.3; HRMS (ESI) Mass for C,s Hy; NOg SSiz m/z
(M* Na) 538.1694,

2.15 (5R, 8R, 10S) H0- (4- ) -
8- - 4.5] 4, 6-
(9k)

66% ; dr 72z 28; ee 91%;
a ;= 22.9 (CH,Cl, ¢ = 0.91); m.p. 150-
151 °C;' H NMR (400 MHz CDCl,) & (ppm):
7.93(d J =84Hz 2H) 7.29 (d J = 8.0

Hz 2H) 7.09 (d J =8.0Hz 2H) 6.98 (d
J =80Hz 2H) 6.17 (t J = 2.8 Hz 1H)
4.15(dd J =13.6 2.0Hz 1H) 2.48 (dd J
=13.6 2.8 Hz 1H) 2.42 (s 3H) 2.31 (s
3H) 2.302.25 (m 1H) 2.142.08 (m 3H)
1.854.64 (m 2H) 1.090.99 (m 1H) 0.21
(s 9H) ;”C NMR (100 MHz CDCL) & (ppm):
216.1 172.6 144.4 137.3 136.4 134.9
129.3 129.2 128.5 77.9 63.1 39.9 36.2
34.4 30.9 29.7 21.7 21.0 19.3 1.0

0.2; HRMS (ESI) Mass for C, Hy; NOs SSi: m/z
(M* Na) 522.1744.

2.16 (SR, 8R, 10S) H0- (2- ) -
7- 8- - 4.5] -
1, 6= (9]

62% ; dr 68: 32; ee 90% ;
a )= 63.5 (CH,Cl, ¢ = 1.02); m.p. 186—
187 °C;'H NMR (400 MHz CDCL) & (ppm): 7.93
(d J =84 H: 2H) 7.28 (d ] = 8.4 Hz
2H) 6.96 (d J =8.8Hz 2H) 6.63(d ] =

8.8 H: 2H) 6.15 (¢t J = 2.4 H: 1H) 4.09
(dd 'J = 13.6 2.0 Hz 1H) 2.92 (s 6H)
2.45 (dd '] = 13.8 2.4 Hz 1H) 2.41 (s
3H) 2.322.24 (m 1H) 2.162.06 (m 3H)
1.834.66 (m 2H) 1.124.06 (m 1H) 0.20
(s 9H) ;" C NMR (100 MHz CDCL)) & (ppm):
216.5 172.9 149.7 144.3 136.5 129.3
120.2  128.5 125.3 112.3 78.1 63.3
40.4 39.9 35.8 346 30.9 21.6 19.7

0.3; HRMS (ESI) Mass for C,, Hy N, O5SSi: m/z
(M*-Na) 551.2011.
2.17 (5R, 8R, 108) 40- - 8-
- 4.5] 4, 6- (9m)
75% ; dr 80: 20; ee 96% ;
a )= 62.3 (CH,Cl, ¢ = 1.09); m.p. 140-
141 °C;'H NMR (400 MHz CDCL) & (ppm) = 7.90
(d J =84 H: 2H) 7.29 (m 3H) 6.29
(dd J =3.2 1.6 H- 1H) 6.15( J = 2.8
H: 1H) 6.04(d J =3.2H: 1H) 4.20 (dd
J = 13.2 2.0 Hz 1H) 2.42 (s 3H) 2.34
(dd J = 13.6 2.4 H: 1H) 2.234.85 (m
6H) 1.304.20 (m 1H) 0.24 (s 9H) ;" C
NMR (100 MHz CDCL) & (ppm): 215.1 171.8
152.6 1445 1421 136.3 129.2 128.5
110.4 107.5 77.8 61.7 39.3 32.7 32.2
31.8 21.6 19.0 0.2; HRMS (ESI) -Mass for C,,
H,NO(SSi: m/z (M*-Na) 498.1381. (

O9m  X-+ay 127 )
(5R, 8R, 10S) H40- - 8-
- 4.5] 4, 6- (9n)

53%; dr 641 363 ee 50% ;
a = 46.9 (CH,Cl, ¢ = 1.10); m.p. 146-
147 °C;' H NMR (400 MHz CDCl,) & (ppm):
7.89(d J =84Hz 2H) 7.26 (d J =7.2
Hz 2H) 6.00 (¢t J =28Hz 1H) 2.982.90
(m 1H) 2.562.47 (m 1H) 2.40 (s 3H)
2.182.04 (m 4H) 1.894.80 (m 3H) 0.82
(d J =6.8Hz 3H) 0.23 (s 9H) ;”C NMR

2.18

(100 MHz CDCl;) & (ppm): 215.8 172.6
144.4  136.5 129.1 128.6  78.5 62.1
39.8 37.1 29.4 26.2 21.6 19.3 15.7

0.2; HRMS (ESI) Mass for C,, H,, NO, SSi: m/z
(M* Na) 446.1430.
3
ATCC43300.
ATCC33591.
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01 ~ 04,
ATCC 25923 01 ~04. 37°C 18 ~24 h
MIC
10 mL 37°C 24
h
1.0 mL 1 9.0 mL MIC &
107 ~10° 9a ~9n
/mL o (MIC) (
1o
MIC o
1 (MIC) Y mg/mL
ATCC43300 ATCC33591 01 ~04 ATCC 25923 01 ~-04
9a 128.6 128.6 128.6 64.3 64.3 >514.4 >514.4
9b 100. 2 100. 2 100. 2 33.4 33.4 267.2 267.2
9c 80. 6 80. 6 80.6 40.3 40.3 322.4 322.4
9d 84.4 84.4 84.4 42.2 42.2 337.6 337.6
9e 91.4 91.4 91.4 45.7 45.7 365.6 365.6
of 109. 1 109. 1 109. 1 54.5 54.5 436. 4 436. 4
9g 116. 4 116. 4 116. 4 58.2 58.2 >465. 6 >465.6
9h 107.3 107. 3 107.3 53.6 53.6 429.2 429.2
9i 110. 8 110.8 110. 8 55.4 55.4 443.2 443.2
9j 130. 4 130. 4 130. 4 65.2 65.2 >521.6 >521.6
9k 160. 6 160. 6 160. 6 80.3 80.3 >642. 4 >642. 4
91 132.5 132.5 132.5 66.3 66.3 >530. 1 >530. 1
9m 85.4 85.4 85.4 42.7 42.7 341.6 341.6
9n 473.2 473.2 473.2 236.6 236.6 >473.2 >473.2
>514.3 >514.3 >514.3 257.2 257.2 >514.3 >514.3
) 42.4 42.4 42.4 2.7 2.7 5.3 5.3
: 1) ;2)
4
14
'"H-NMR."”CNMR o
MS HPLC
X-ray o Michael
(28
58) 5- 22— 3- 4- . R
- R .
R
1
J. 2015 24 (2): 130433 124.
o 2
J. 2003 18 (5):
o | 189491.
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dine alkaloids from the sponge Monanchora ungui fera

Design Synthesis and in vitro Anti-Bacterial Activity of Areca Alkaloids Derivatives

XIE Xin' LI Xiang' HUANG Wei' HAN Bo'®> PENG Cheng'’®

(1. Chengdu University of Traditional Chinese Medicine Chengdu 611137 China; 2. Department of Natural Medicines School
of Pharmaceutical Sciences Peking UniversityState Key Laboratory of Systematic Research and Exploration of Traditonal Chinese Medi—
cine Chengdu 610075 China)

Abstract Objective: To synthesize a series of new areca alkaloids derivatives and evaluate their anti-bacterial activity. Methods:
Fourteen novel areca alkaloids derivatives with cyclopentane and spiro-piperidine units were synthesized by utilizing B-ketoamide and «
B-unsaturated aldehydes as starting materials subsequently undergoing secondary-amine catalyzed Michael addition based on LUMO
catalytic activation mode and trimethylsilane (TMS) reaction. [In vitro anti-bacterial activities were assessed with agar double dilution
method. Results: The structures of target compounds were characterized by HRMS 'H-NMR and "C-NMR stereoselectivities were
characterized by HPLC and X-ray. The results of in vitro anti-bacterial activities showed that all target products have certain anti-bac—
terial activities which are better than arecoline. Compound 9b exhibited excellent inhibition on staphylococcus aureus with MIC 33. 4
pg/mL. Conclusion: The novel areca alkaloids derivatives with cyclopentane and spiro-piperidine units provided a possibility for fur—
ther research as lead compouds of new antibacterial agents.

Keywords Areca alkaloids; Structural modification; Spiro—piperidine compounds; Anti-bacterial activity in vitro
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