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Chemical constituents from Chloranthus fortunei and their neuroprotective effects
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Abstract ; Chloranthus fortunei ( A. Gray) Solms-Laub,commonly known as “sikuaiwa” in Chinese,has been used to alleviate
the sufferings of carbuncles, bruises, furuncles, and dysmenorrhea. Previous phytochemical investigations on this plant have re-
vealed the presence of sesquiterpenoids, sesquiterpenoid dimers, diterpenoids , flavonoids , coumarins , and phenolic acids. Here-
in, various chromatographic techniques and spectroscopic methods were used to conduct the chemical study on the whole
plants of C. fortunei. 14 compounds were obtained from the 95% ethanol extract of C. fortunei and identified as curzerenone
(1) ,zederone (2) ,curcodione (3) ,chlorantene C (4), (1E,4Z)-8-hydroxy-6-oxogermacra-1(10) ,4,7 (11 ) -trieno-12,8-
lactone (5) ,zederone epoxide (6) ,13-epitorulosol (7),vomifoliol (8), (-)loliolide (9),7,4'-dimethylnaringenin (10),
quercetin-3-0-a-L-rhamnopyranoside (11) , quercetin-3-0-8-D-glucopyranoside (12), catechin (13), and p-coumaric acid
(14). Compounds 1,3, and 8-14 were firstly isolated from the genus Chloranthus,and compounds 2 and 4-7 were firstly ob-
tained from this plant. Moreover,some of the isolated compounds were screened for their neuroprotective activities using CCK8
method, compounds 1-6 exhibited moderate neuroprotective effects.
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HEW1 REAIMRY ; ESI-MS m/z 231 [M
+H]*, 4+ K C H,0,,'H NMR (600 MHz,
CDCL,)6:7.08 (1H, s, H-12),5.80 (1H, dd, J =
18.0,10.8 Hz,H-1) ,4.99(1H,m,H-3a) ,4.95(1H,
d,J = 17.4 Hz,H2a) ,4.94(1H,d,J = 10.8 Hz,
H-28),4.74 (1H,br s, H-38),3.00 (1H,s, H-5) ,
2.91(1H,d,J = 17.4 Hz,H9B) ,2.76(1H,d,] =
17.4 Hz,H9«),2.17(3H,d,J = 1.8 Hz,H-13),
1.82(3H,dd,J = 1.2,0.6 Hz,H-15),1.17(3H,s,
H-14) ;" C NMR (150 MHz,CDCl,)8:145.6(C-1),
115.7(C-2),113.1(C-3),141.2(C4) ,64.2(C-5) ,
194.9(C-6),119.3(C-7),165.6(C-8),33.7(C9),
42.9(C-10),120.2(C-11),139.6 (C-12),9.1(C-
13),24.9(C-14),25.0(C-15) . 2 5Ca" %t 1t
YEZAE YA curzerenone (L5 ULIE 1) o

a2 HElEK;ESI-MS: m/z 247 [M +
H]", %+ H CsH,0,,'H NMR (600 MHz,
CDCL,)8:7.08 (1H, s, H-12),5.48 (1H, dd, J =
12.0,4.2 Hz,H-1),3.81(1H,s,H-5),3.75(1H,d,
J = 16.2 Hz,H-9B),3.68(1H,d,J = 16.2 Hz, H-
9a),2.52(1H,m,H2¢) ,2.30(1H, m,H-3a) ,2. 23
(1H,m,H-28),2.12(3H,d,J =1.2Hz,H-13) ,
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Fig. 1 Compounds isolated from C. fortunet

1.60(3H,s,H-15),1.34(3H,s,H-14),1.28 (1H,
m,H-38) ;" C NMR (150 MHz, CDCl, ) §:131.4 ( C-
1),24.8(C-2),38.1(C-3) ,64.1(C4),66.7(C-5),
192.4(C-6),123.4(C-7),157.2(C-8) ,42.0(C9),
122.4(C-10),131.2(C-11),138.2(C-12) ,10. 4( C-
13),15.3(C-14),15.9(C-15) . 25 3cik"" %} e
YA G Y R E ORI A

wEW3 T ERK A, ESI-MS: m/z 285
[M+Na]",ZF=k C,,H,0,,'H NMR (600 MHz,
CDCL,)8:7. 11(1H,s,H-12) ,3. 06 (1H,d,J = 18.0
Hz,H9«),2.93(1H,d,J = 18.0 Hz,H98),2.89
(1H,s,H-5),2.72(1H, m,H-2B) ,2.44 (1H, m, H-
2a),2.19(3H,d,J = 1.2 Hz,H-13),2.02(1H,m,
H-38),1.90 (1H, m, H3a), 1.72 (3H, s, H-15) ,
1.26(3H,s,H-14) ;" C NMR (150 MHz, CDCl,) §:
211.1(C-1),34.8(C2),39.0(C-3),70.4(C4),
62.2(C-5),195.5(C-6),119.1(C-7),165.9(C-8),
35.7(C-9),51.2(C-10),119.4 (C-11), 140.3 (C-
12),9.1(C-13),20.4(C-14) ,23.9(C-15) , &5
k20 b S AL A IR curcodione

wEW4 TR RE & (HEE) ; ESI-MS:
m/z285 [M +Na]",/»F: K C,H;0,,'H NMR
(600 MHz,CDCl,)8:7. 11 (1H,s,H-12),3.15(1H,
d,J = 18.0 Hz,H9«) ,3. 11 (1H, m, H2«) ,2. 80
(1H,s,H-5),2.78 (1H,d,J = 18.0 Hz, H9B8),

2.22(1H,m,H28),2. 18 (3H,d,J = 1.2 Hz, H-
13),2.16(1H, m,H-3a) ,1.76 (1H, m, H-38) ,1. 53
(3H,s,H-14),1.41 (3H, s, H-15) ;" C NMR (150
MHz,CDCl, ) §:213.0(C-1),33.7(C-2),39.6( C-
3),69.8(C4),60.8(C-5),196.3(C-6),120.4(C-
7),165.1(C-8),34.9(C9),52.7(C-10),118. 8( C-
11),140.2(C-12),8.9(C-13),30.4 (C-14),20.2
(C-15) ., 253k W L% %Ak 590 chloran-
tene C,

wEaEWSs LEOPRIRES W (HEE) ; ESI-MS.
m/z285 [M +Nal]* 4>+ N CsH0,.,'H NMR
(600 MHz, DMSO-d, ) §:6.30 (1H, s, H5) , 4. 87
(1H,m,H-1),2.71 (1H,d,J = 12.6 Hz, H9qa),
2.68(1H,m,H3a),2.39(1H,d,J = 12.6 Hz, H-
98),2.16(1H,m,H-2a) ,2.03(1H,m,H-283) ,2.01
(1H,m,H-38),1.92(3H,s,H-13),1.85(3H,s, H-
14),1.59(3H,s,H-15) ;" C NMR (150 MHz, DMSO-
dg)8:128.2(C-1),26.0(C-2),29.9(C-3),148.3
(C4),129.5(C-5),191.2(C-6),155.2 (C-7),
109.8(C-8),48.7(C-9),135.9(C-10),135.9(C-
11),170.6(C-12),10.4(C-13),24.9(C-14),18.3
(C-15), &5 3cHk!™ 4 % 2 % &9l (1E,
47) -8-hydroxy-6-oxogermacra-1(10) ,4,7(11) -trieno-
12 ,8-lactone ,

WEW6 RIEOIMIRY; ESI-MS:m/z 263 [ M
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+H]*, 47k C H,0,,/'H NMR (600 MHz,
CDCL,)6:7. 10(1H,br s, H-12) ,3.78 (1H,s,H-5) ,
3.69(1H,d,J = 16.8 Hz,H9«) ,2.93(1H,dd,J =
10.8,2.4 Hz,H-1),2.82(1H,d,J = 16.8 Hz, H-
98),2.41(1H,m,H-3a) ,2.22(1H,m,H2a) ,2. 18
(3H,d,J = 1.8 Hz,H-13),1.53 (1H, m, H283) ,
1.49(1H,m,H-38),1.33(3H,s,H-14) ,1. 16 (3H,
s,H-15);”C NMR (150 MHz,CDCl;)$:69.1(C-1),
23.8(C-2),36.1(C-3),63.7(C4),63.3(C5),
189.8(C-6),122.6(C-7),156.1(C-8),39.6(C9),
57.9(C-10),123.4(C-11),138.4(C-12),10.5(C-
13),16.8(C-14),15.3(C-15) . 25t %t 1
KB ZAE YN zederone epoxide

wEWMT IREOMPIRY) ; ESI-MS :m/2 307 [ M
+H]*, 47k CyH, 0,,'H NMR (600 MHz,
CDCL,)6:5.89(1H,dd,J = 17.4,10.8 Hz,H-14),
5.18(1H,dd,J = 17.4,1.2 Hz,H-15a),5.04(1H,
dd,J = 10.8,1.2 Hz,H-15b),4.78 (1H,J = 1.2
Hz,H-17a) ,4.47(1H,d,J = 1.2 Hz,H-17b),3.73
(1H,d,J = 10.8 Hz,H-19a),3.36(d,J = 10.8
Hz,H-19b),2.36 (1H, m, H-78),1.91 (1H, m, H-
7a),1.80(1H, m,H-68) ,1.78 (1H,m,H-18) ,1. 77
(1H,m,H-12b) ,1.69 (1H, m,H-38) ,1.53 (1H, m,
H-9),1.52(1H,m,H-11a) ,1.48(2H, m,H-2),1. 34
(1H,m,H-11b),1.29(1H, m,H-6a),1.25(1H, m,
H-12a),1.25 (3H, s, H-16),1.24 (1H, m, H-5)
1.05(1H,m,H-1¢) ,1.03(1H,m,H-3a) ,0.95(3H,
s,H-18),0.63 (3H,s, H20) ;" C NMR (150 MHz,
CDCL)8:39.1(C-1),19.1(C-2),35.5(C-3),39.0
(C4),56.4(C-5),24.5(C-6),38.7(C-7),148.3
(C-8),57.4(C9),39.8(C-10),17.9(C-11) ,41.4
(C-12),73.8(C-13),145.2(C-14),111.8(C-15),
27.2(C-16),106.8 (C-17),28.1(C-18),65.1(C-
19),15.4(C20) . 2530k % S E AL A Y
A 13-epitorulosol ,

HEWS IREAIMIRY; ESI-MS:m/z 225 [M
+H]", 4 F=H C;3H,0,,'H NMR (500 MHz,
CDCL,)8:5.89 (1H, s, H4),5.85 (1H, dd, J =
16.0,5.0 Hz,H8),5.76 (1H,d,J = 16.0 Hz, H-
7),4.40(1H,m,H9) ,2.43(1H,d,J = 17.0 Hz,H-
2),2.22(1H,d,J = 17.0 Hz,H-28),1.89(3H,s,
H-13),1.28(3H,d,J = 6.0 Hz,H-10),1.06(3H,
s,H-12),0.99 (3H,s, H-11) ;" C NMR (125 MHg,

CDCl,) 6:41.3(C-1),49.8(C2),198.6 (C-3),
124.9(C4) ,163.6(C-5),79.2(C-6),129. 1(C-7),
135.8(C-8),68.1(C-9),23.8(C-10),23.0(C-11),
24.2(C-12),19. 1(C-13) . 253k % s 5%
&R vomifoliol ,

LEWI IREIMPIRY); ESI-MS:m/2 197 [ M
+H]*, 47k C,H,0,,'H NMR (500 MHz,
CD,0D)&8:5.75 (1H, s, H3) ,4.21 (1H, m, H-6) ,
2.42(1H,dd,J = 14.0,4.0 Hz,H-7),1.98 (1H,
dd,J = 14.5,3.5 Hz,H-5),1.76 (3H,s,7a-CH, ) ,
1.73(1H,dd,J = 14.0,4.0 Hz,H-7),1.53 (1H,
dd,J = 14.5,3.5 Hz,H-5),1.47(3H,s,4-CH, ),
1.28(3H,s,4-CH,) ;" C NMR (150 MHz,CD,0D)§:
185.7(C2),113.3(C-3),174.4 (C-3a),37.2 (C-
4),48.0(C-5),67.2(C-6),46.4(C-7),89.0(C-
7a),27.4(C4-CH,),27.0( C4-CH,),31.1(C-7a-
CHy) . 2 53CHk "™ X % %A & 0 (-) -loliol-
ide

E®10 JoEO R Y ; ESI-MS: m/z 323 [M
+Nal*, 57k C,H,O0,,'"H NMR (600 MHz,
CDCL,)8:12.03(1H,s,5-0H) ,7.38(2H,d,J = 9.0
Hz,H-3",5'),6.95(2H,d,J = 9.0 Hz,H2',6"),
6.07(1H,d,J = 2.4 Hz,H8),6.04(1H,d,J =
2.4 Hz,H-6),5.36 (1H,dd,J = 13.2,3.0 Hz, H-
2),3.81,3.83(4% 3H,s,7,4’-0OCH,) ,3. 10(1H,dd,
J = 16.8,12.6 Hz,H-3b) ,2. 78(1H,dd,J = 16.8,
3.0 Hz,H-3a);"” C NMR (150 MHz, CDCL,) §:79.2
(C2),43.4(C-3),196.2(C4),164.3(C-5),95.2
(C-6),168.1(C-7),94.4(C-8),163.1(C-9),103.3
(C-10),130.5(C-1"),127.9(C2") ,114.4(C3"),
160.2 (C4'), 114.4 (C-5"),127.9 (C-6'), 55.5,
55.8(7,4'-0CH,) . 2530k " %t L% L&Y
& 7,4'-dimethylnaringenin ,

L&MW1 F A ESI-MS: m/z 449 [ M +
H]",%» T3k C, Hy O, ,'H NMR (500 MHz,
CD,0D)§:7.29(1H,s,H-2") ,7.27(1H,d,] = 8.5
Hz,H-6'),6.87 (1H,d,J = 8.5 Hz, H5'),6.30
(1H,s, H8),6.14 (1H, s, H-6),5.31 (1H, s, H-
1'7),0.91(3H,d,J = 6.0 Hz,H-6"") ;°C NMR( 150
MHz, CD,0D) §:158.4 (C-2),136.2 (C-3),179.6
(C4),159.2(C-5),99.8(C-6),165.8(C-7),94.7
(C-8),163.1(C9),105.8 (C-10),122.9(C-1"),
116.3(C-2"),146.3(C-3"),149.7(C4") ,116.9( C-
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5'),122.9(C-6"),103.5(C-1""),72.0(C-=2""),72. 1
(C-3""),73.2(C4""),71.9(C-5""),17.6 (C-6"")
2 53CHR Y X S E AL S YA quercetin-3-0-a-
L-rthamnopyranoside

wEW12 WO A ESI-MS: m/z 465 [M +
H]", 47k C, HyO,,'H NMR (400 MHz,
CD,0D)§:7.71(1H,s,H-2") ,7.58(1H,d,J = 8.0
Hz,H6'),6.86 (1H,d,J = 8.4 Hz, H-5'),6.39
(1H,s,H-8),6.20(1H,s,H6),5.24(1H,d,J =
7.6 Hz,H-1""),3.70,3.57 (4 1H, m,H-6"") , 3. 48
(1H,m,H-3""),3.42(1H, m,H4"") ,3.31 (1H, m,
H-2'"),3.22(1H, m, H-5"") ;" C NMR (150 MHz,
CD,0D)5:158.4(C-2),135.6(C-3),179.5(C4),
162.9(C-5),99.9(C-6),166.1(C-7),94.7(C-8),
159.0(C-9),105.6(C-10),123.1(C-1"),116.0( C-
2'),145.9 (C-3"), 149.8 (C4"), 117.5 (C-5"),
123.2(C-6"),104.3(C-1""),75.7(C-=2""),78. 1 ( C-
3),71.2(C4""),78.4(C-5"),62.5(C-6""), %4
530k % % AL S W quercetin-3-0-B-D-
glucopyranoside,

wEWI13 HEOB A ESIMS: m/z 313 [M +
Nal*,4+FxXH C,H,0,,'H NMR (500 MHz, DM-
S0-d,)8:6.74 (1H,s,H2") ,6.70(1H,d,J = 7.5
Hz,H6'),6.61 (1H,d,J = 7.5 Hz,H-5"),5.91
(1H,s,H-8),5.71 (1H,s,H6) ,4.50(1H,d,J =
7.0 Hz,H-2),3.84(1H,m,H-3) ,2.65(1H,dd,J =
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