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Research progress on carbazole alkaloids from plants of Clausena Burm. f.
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Abstract: The genus Clausena Burm. f. (family Rutaceae) concerns 25 species all over the world, and 13 species are native to China
especially in the southwest and south of China, Yunnan Province has 11 species. The chemical composition from Clausena Burm. f.
included carbazole alkaloids, coumarins, sesquiterpenes, benzene derivatives, tetranortriterpenoids, flavonoids and so on. The
carbazole alkaloids have attracted much attention in recent years. The recent research progress on carbazole alkaloids from Clausena
Burm. f. was reviewed in this paper about the structures, isolation, structure elucidation, and biological activities.
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Fig. 1 Nuclear structure of substituted carbazole alkaloids

in plants from Clausena Burm. f.
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Table 1 Substituted carbazole alkaloids in plants of Clausena Burm. f.

i wEW SRR I 2 A ICE SR
1 carbazole C. anisata (1R) Ri=R>=R3=R4=Rs=R¢=R7=Rs=H 15
2 methyl 6-methoxycarbazole-3-carboxylate  C. lansium (1R) Ri=COOCHj3, R>=R3=R4+=Rs=R7=Rs=H, R~OMe 16
3 clausine V C. excavata (ARJ) Ri=R3=Rs=Rs=R¢=Rs=H, R»=R7=OMe 17
4 O-demethylmurrayanine C. anisata  (FH) Ri=OH, R»=R4=Rs=R¢=R7=Rs=H, R3=CHO 18
5 clausine [ C. excavata (ARIRZEFIHR) R1=OH, R-=R+=Rs=R7=Rg=H, R5=CHO, Re=OMe 19
6  clausineJ C. excavata (B ) R;=R7=0H, R>=R+=Rs=Rs=H, R3=CHO, Re=OMe 20
7  clausine Z C. excavata (Z£) R1=R¢=0OH, R2>=R4=Rs5=R7=Rs=H, R3=CHO 21
8  3-formyl-1-hydroxy-7-methoxycarbazole  C. harmandiana (&) Ri=OH, R>=R+=Rs=Rs=Rs=H, R3=CHO, R7=OMe 22
9  murrayanine C. lansium (/MR Ri=OMe, R:=R4=Rs=R¢=R7=Rs=H, R3=CHO 23

10 3-formyl-1,6-dimethoxycarbazole C. lansium (}R) Ri=R¢=OMe, R>=R4=Rs5=R7=Rg=H, R3=CHO 16
11 clausine Q C. excavata (ARJZ) Ri=OMe, R>=R4+=Rs=R¢=Rs=H, R3=CHO, R7=0OH 17
12 clauraila A C. harmandiana (1R) Ri=R7=0OMe, R>=R4=Rs5=R¢=Rs=H, R3=CHO 22
13 clausenal C. heptaphylla (F1H}) Ri=Rs=OMe, R;=R4=Rs=R¢=R7=H, R3=CHO 24
14 mukonal C. anisata (Z£) Ri1=Rs=Rs=Rs=R7=Rs=H, R=OH, R3=CHO 25
15 lansine C. lansium C/PWED Ri=R4=Rs5=R7=Rg=H, R,=OH, Rs=CHO, Re=OMe 23
16  clausine A C. excavata (B ) Ri;=R+=Rs=R¢=R7=H, R»=0OH, R3=CHO, Rs=OMe 20
17  clausine B C. excavata (B ) Ri=R+=Rs=R7=H, R,=OH, R3=CHO, R¢=Rs=OMe 26
18  clausine O C. lansium (Z£) Ri=R4=Rs=Re¢=Rs=H, R,=R7=0H, R;=CHO 27
19  claulansine J C. lansium (Z£) R;=R+=Rs=Rs=H, R,=R7=0H, R3=CHO, Re=OMe 28
20  clauszoline M C. excavata (FH-) Ri=R4=Rs=Rs=R7=H, R»=Rs=0OH, R3=CHO 29
21 7-methoxymukonal C. harmandiana (}R) Ri=R4=Rs=Rs=Rs=H, R»=0H, R3=CHO, R7=OMe 30
22 clauszoline N C. vestita (¥F%) Ri=R4=Rs=R7=Rs=H, R»=Rs=0H, R3=CHO 31
23 glycosinine C. anisata (Z£) Ri=R4+=Rs=R¢=R7=Rs=H, R-=OMe, R3=CHO 25
24 glycozolidal C. lausium (/MR Ri=R4=Rs=R;=Rs=H, R>=R¢=OMe, R3=CHO 23
25 3-formyl-2,7-dimethoxycarbazole C. excavata (ARIRZEFHR) Ri=R+=Rs=R¢=Rs=H, R-=R7=0Me, R5=CHO 32
26  3-formylcarbazole C. lansium (}R) Ri=R2=R4=Rs=Rs=R7=Rs=H, R3=CHO 16
27 3-formyl-6-methoxycarbazole C. lansium (1)) Ri=R2=R4=Rs=R7=Rs=H, R3=CHO, Re=OMe 16
28  clauszpline K C. excavata (B ) Ri=R2=R4=Rs=Rs=Rs=H, R3=CHO, R7=0Me 29
29 clausine E C. anisata (WED Ri=0OH, Ro=R4=Rs=R¢=R7=Rs=H, Rs=COOCH;3 18
30 clausine G C. excavata (B ) Ri=0H, R>=R+=Rs=R7=Rs=H, Rs=COOCH3, R=OMe 20
31  clausine R C. excavata (ARJ) Ri;=R7=0H, R;=R+=Rs=R¢=Rs=H, R3=COOCH; 17
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32 methyl-1,6-dihydroxy-9H-carbazole- C. excavata (Z) R1=R=OH, R2=R4=Rs5=R7=Rs=H, R3=COOCH3 21
3-carboxylate
33 mukonine C. excavata (1R %) Ri=OMe, R;=R+=Rs=R¢=R7=Rs=H, R3=COOCH; 17
34 mukonidine C. anisata (Z£) Ri=R4+=Rs=R¢=R7=Rs=H, R»=OH, R3=COOCH3 25
35 clausine T C. excavata (B} %) Ri=Rs=Rs5=Rs=Rs=H, R»=0H, R3=COOCH3, R7=OMe 26
36 sansoakamine C. excavata (Z£) Ri=R4=Rs=R7=Rs=H, R>=Rs=0H, R3=COOCH3 21
37 clausine L C. excavata (FR %) Ri=R4=Rs=R¢=R7=Rs=H, R»=0OMe, R3=COOCH3 29
38 clausine H C. excavata (B Ri;=Rs=Rs=R¢=Rs=H, R-=R7=0Me, R;=COOCH; 26
39 methyl carbazole-3-carboxylate C. anisata (FHL) Ri=R>=Rs=Rs=R¢=R7=Rs=H, R3=COOCH3 18
40 clausine C C. excavata (MRJZ) Ri=Ro=Rs=Rs=R¢=Rs=H, R3=COOCH;, R7=OMe 17
41 clausine M C. excavata (HJ%) Ri=R:=R4=Rs=Rs=Rs=H, R3=COOCHj3, R7=0OH 17
42 clausine K C. excavata (FJ%) Ri=Rs=Rs5=Rs=Rs=H, R>=R7=0Me, R3=COOCH3 17
43 clausine N C. excavata (FR %) Ri=R»=R4=R5=Rs=Rs=H, R3=COOH, R7=OMe 17
44 clausenol C. anisata (W) Ri1=0OH, R>=R4=Rs5=R7=Rs=H, R3=Me, R&=OMe 33
45 clausenine C. anisata (W) Ri;=R¢=0Me, R>=Rs=Rs=R7=Rs=H, R=Me 33
46  7-hydroxy-1-methoxy-3-methylcarbazole C. vestita CHH#) Ri=OMe, R:=R4=Rs=Rs=Rs=H, R3=Me, R7=OH 31
47 murrayafoline A C. excavata (FJ%) Ri=OMe, R;=R4=Rs=R¢=R7=Rs=H, Rs:=Me 17
48  2-hydroxy-3-methylcarbazole C. anisata (1)) Ri=R+#~Rs=R&=R7=Rs=H, R,=OH, Rs=Me 15
49 carbalexin B C. vestita CEEFR) Ri=R+=Rs=R¢=R7=H, R2=0H, R3=Me, Rs=OMe 31
50 clausine P C.excavata (%) Ri=Re=Rs=R¢=R7=H, R;=Rs=OMe, Ri=Me 17
51 3-methylcarbazole C. anisata (B{FZ) Ri=R=Rs=Rs=R¢=R7=Rs=H, R3=Me 34
52 glycozoline C. lansium (F) Ri=R>=R4=Rs=R7=Rs=H, R3=Me R=OMe 35
53 3-methoxymethylcarbazole C. dunniana (BJ%)  Ri=Rp=R4=Rs=R¢=R7=Rs=H, R3=CH,OCHj3 36
54 2,3-dimethoxycarbazole C. vestita CEEFR) Ri=R4+=Rs=R¢=R7=Rs=H, R>=Rs=OMe 31
55 3-hydroxy-2-methoxy-9H-carbazole ~ C. wallichii () Ri=R+=Rs=Rs=R7=Rs=H, R-=OMe, R;=OH 37
56 clausenawalline D C. wallichii (}R) Ri=Rs=Rs=R¢=Rs=H, R:=R7=OMe, R3=OH 37
57 heptaphylline C. harmandiana (%)  Ri=CH,CH=C(CH3)2, R,=OH, R3=CHO, R4=Rs=Rs=R7=Rs=H 22
58 claulansine H C. lansium (Z£) Ri=CH2CH=(CH3)2, R2=R7=0H, R3=CHO, R+=Rs=Rg=H, R=OMe 28
59 heptazoline C. excavata (HERZEAIR) Ri=CH,CH=(CH3), R>=Rs=0H, Rs=CHO, R+=Rs=Rs=R7=H 19
60 6-methoxyhepthaphyline C.indica (2£) Ri=CH2CH=(CHj3)2, R2=OH, R3=CHO, R+=Rs5=R7=Rs=H, Re=OMe 38
61 7-methoxyheptaphylline C. harmandiana ()  Ri=CH2CH=(CH3), R2=OH, R3=CHO, R+=R5=Rs=Rs=H, R/=OMe 39
62 7-hydroxyheptaphylline C. harmandiana (%)  Ri=CH,CH=(CH3);, R>=OH, R3=CHO, Rs=Rs=R=Rs=H, R=OH 39
63  O-methylheptaphylline C. suffruticosa (Fi) Ri=CH2CH=(CHs)2, R2=0OMe, R3=CHO, Rs=Rs5=R¢=R7=Rs=H 40
64 clausine S C. excavata (R &) Ri=CH>CH(OH)C(CH3)=CH>, R>=OH, Rs=CHO, R«Rs=ReR=Rs=H 17
65 harmandianamine C C. harmandiana (WF) Ri=CH,CH(OH)C(CH3):0H, R:=OH, R=CHO, R+=Rs=Re=R7=Rs=H 41
66 clausine U C. excavata (FR %) Ri=CH.CH(OH)C(CH3)0H, R:=R7=0H, R3=CHO, R+=Rs=R¢=Rs=H 17
67 clauszoline D C. excavata (W) R=CH>CH(OH)C(CH3),0H, Ro=Rs=OH, R3=CHO, R+=Rs=R&=R=H 29
68 clausenatine A C. excavata (R %) Ri=CH,CH=C(CH3)(CH2).CH=C(CHs);, R;=OH, R;=CHO, Rs=Rs= 17
Re=R7=Rs=H
69 clauszoline F C. excavata (B ) Ri=CH2CH=CHCH(CH3)CH2CH=CHCH(CHj3)2, R2=Rs=0H, 29
R3=CHO, Rs=Rs=R¢=R7=H
70 claulansine I C. lansium (Z£) Ri=OH, R:=CH2CH=C(CH3)2, R3=CHO, R+=Rs=R¢=R7=Rs=H 28
71 indizoline C. lansium (/PMHE)  Ri=OMe, Ro=CH2CH=C(CH3)2, R3=CHO, Rs=Rs5=R¢=R7=Rs=H 23
72 clausine D C.excavata (FRRZEFIHR) Ri=OH, R;=Rs=R¢=R7=Rs=H, R3=CHO, Rs=CH,CH=C(CH3). 19
73 ekeberginine C. anisata (BH%) Ri=OMe, R:=Rs=R¢=R7=Rs=H, R3=CHO, R4=CH,CH=C(CH3). 18
74  clausanitin C. anisata (W) Ri=Rs=R¢=R7=Rs=H, R.=0H, R3=CHO, R4+=CH2CH=C(CH3)2 42
75 atanisatin C. anisata (BfFZ) Ri=Rs=R¢=R7=Rs=H, R2=0OMe, R3=CHO, R4+=CH2CH=C(CHj3)2 42
76 clausamine D C. anisata (F§F%) Ri=OMe, R>=Rs=Rs=R7=Rs=H, Rs=COOCHs, Rs+=CH.CH=C(CH3). 18
77 clausine F C. anisata (BH%) Ri=OH, R>=Rs=R¢=R7=Rs=H, R3=COOCH3, R&=CH.CH=C(CH3). 18
78 clausamine E C. anisata (W) Ri=OMe, R=Rs=Re=R7=Rs=H, R:=COOCH;, R=CH=CHC(CH3).OH 18
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79 clausamine F C. anisata (BH%) Ri=R=Rs=R¢=R7=Rs=H, R3=COOCH3, R=CH=CHC(CH3),0H 18
80 clausamine G C. anisata (F§H%) Ri=OMe, R:=Rs=R&=R7=Rs=H, Rs=COOCH3, R—=CH=CHC(CH3)O0H 18
81 clausenawalline G C. wallichii L) Ri=R¢=0OH, R2>=R4=R7=Rs=H, R3=COOCH3, Rs=CH.CH=C(CH3). 43
82 clausenawalline H C. wallichii L) Ri=R4=R7=Rs=H, R»=R¢=0H, R3=CHO, Rs=CH,CH=C(CH3), 43
83 excavatine A C. excavata (ZEH) Ri=R4=Rs=R¢=H, R2=Rs=0H, R3=CHO, R¢=CH2CH=C(CH3)2 11
84 clausenapin C. heptaphylla (Z£) Ri=OMe, R,=CH.CH=C(CH3)2, R3=Me, R+=Rs=R¢=R7=Rs=H 44
85 heptaphylline C. anisata (FJ) Ri=CH,CH=C(CH3),, R,=OH, R;=R4=Rs=Rs=R7=Rs=H 34
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Table 2 Pyran carbazole alkaloids in plants of Clausena Burm. f.

Eikel wEM KR 2R SCHR
86 clausamine A C. anisata N5 45
87 clausamine B C. anisata N5 45
88 clausamine C C. anisata N5 45
89 harmandianamine B C. harmandiana AN R 41
90 clausevatine D C. excavata MRz 17
91 clausevatine E C. excavata MRz 17
92 clausevatine F C. excavata MRz 17
93 girinimbine C. anisata AL 46
94 mupamine C. anisata MRz 47
95 glauszpline G C. excavata W R 29
96 7-methoxymurrayanine C. harmandiana Uit} 39
97 clauraila E C. harmandiana R 48
98 claulansine F C. lansium E 28
99 clauraila B C. harmandiana R 22
100 murrayamine A C. anisata W 2 AR 49
101 murrayacine C. heptaphylla Uit} 50
102 clausevatine G C. excavata MRz 17
103 mafaicheenamine A C. lansium AN R 23

104 claulamine A C. lansium E 51-52
105 claulamine C C. lansium E 52
106 mafaicheenamine B C. lansium AN R 23
107 clausenawalline K C. harmandiana R 37
108 3,3-dimethylpyrana-[5-6a]-5-formyl-9-hydroxy-11H-carbazole ~ C. lansium iEY54 53
109 clauszoline E C. excavata Wz 29
110 clausine T C. excavata MR 17
111 clausine W C. excavata MR 17

112 heptazolicine C. heptaphylla Uit} 52-54
113 clauszoline A C. excavata Wz 29
114 clauszoline B C. excavata Wz 29
115 clauszoline H C. excavata R 29

116 clausenawalline C C. harmandiana IR 37,55
117 clauraila C C. harmandiana R 22
118 clauraila D C. harmandiana R 22
119 claisenawalline I C. wallichii INBEAS 43
120 claisenawalline J C. wallichii INBEAS 43
121 mahanimbine C. dunniana EA 56
122 bicyclomahanimbine C. dunniana = 56
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Fig. 2 Structures of pyran carbazole alkaloids in plants from Clausena Burm. f.
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Table 3 Furan carbazole alkaloids in plants of Clausena Burm. f.

Eike] wEM KR 24 &R Ar STk
123 furanoclausamine A C. anisata = 25
124 furanoclausamine B C. anisata = 25
125 harmandianamine A C. harmandiana JINBH 41
126 mafaicheenamine E C. lansium R 35
127 claulansine D C. lansium R 35
128 claulansine E C. lansium R 35
129 furoclausine A C. excavata R 17
130 furoclausine B C. excavata R 17

o o o P 0 o o o]
a5, Q2 Q3 Q-
— OH
N N N N
H  OMe H OR H  OCH, H  OCH, OH
124 R=Me
123 125 R=H 126 127
0
CHO CHO
Q- Q) Y
H  OCH, H H
OH
128 129 130
3 EREEYPIREREAE A
Fig.3 Structures of furan carbazole alkaloids in plants from Clausena Burm. f.
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Table 4 Dipolymer carbazole alkaloids in plants of Clausena Burm. f.

Eike] tEY) S 24 &R ik
131 clausenamine A C. excavata T 7 FITAR 57
132 clausennawalline A C. wallichii R 55
133 clausennawalline B C. wallichii R 55
134 clausennawalline E C. harmandiana R 37
135 clausennawalline F C. harmandiana R 37

4 FEKEEYH TR MR R 54

Fig. 4 Structures of dipolymer carbazole alkaloids in plants from Clausena Burm. f.
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Table 5 Other carbazole alkaloids in plants of Clausena Burm. f.

T WEM SRR 2y IR AL Lk
136 mafaicheenamiane C C. lansium NP 23
137 clausenaline A C. lansium A 51
138 claulamine B C. lansium £ 51
139 claulamine A C. lansium = 28

(6] (6]
O,
o og
N N R
ﬁ OMe H OMe H OMe

136

138 R=OH
139 R=H

5 RREEYDHEMHRMEE YIS

Fig. 5 Structures of other carbazole alkaloids in plants from Clausena Burm. f.
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