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Carbazole alkaloids from Clausena excavata and their antitumor activity
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Abstract: Objective To study the chemical constituents from the roots of Clausena excavata (Rutaceae). Methods The compounds
were isolated and purified by means of column chromatographies including silica gel, RP- 5, and HPLC. Compound structures isolated
were determined on the basis of spectroscopic data. Results Thirteen carbazole alkaloids clausine K (1), clausine E (2),
3-formyl-7-hydroxycarbazole (3), clausine H (4), clausine M (5), mukona (6), O-demethylmurrayanine (7), clausine O (8),
3-formylcarbazole (9), 3-formyl-6-methoxy carbazole alkaloid (10), clausine C (11), 2-methoxy-3-carboxylic acid-carbazole alkaloid
(12), and clausine Z (13) were isolated from the roots of C. excavata. Conclusion Compounds 9, 10, and 12 are isolated from this
plant for the first time. Compounds 1, 2, 7, 8, and 10 are tested for their cytotoxicities against A549, Hela, and BGC-823 cancer cell
lines. The results show that they exhibit the cytotoxicity against A549, Hela, and BGC-823 with the ICs, values of 8.53—19.87 ug/mL.
Key words: Clausena excavate Burm. f.; 3-formylcarbazole; 3-formyl-6-methoxy carbazole alkaloid; 2-methoxy-3-carboxylic acid-

carbazole alkaloid; cytotoxicity
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MELEMIEE (clausine B, 2). 7-F25k-3-BELmHamEd)
Bk (3-formyl-7-hydroxyl-carbazole, 3)- 2,7- - H4J&- 3-
FF % F P A= 006 (clausine H, 4)+ 7-F836-3- 1R
FR G AE 08 (clausine M, 5). 2-FRRE-3-EEHLIH:
MR (mukona, 6). 1-FEJE-3- 1 FLH I 2E M) f
(O-demethylmurrayanine, 7). 2,3- _F3JE-3-BEJEHk
A=Y Cclausine O, 8). 3-8 JE I M 28 ) 1
(3-formyl-carbazole, 9). 6- 14 KE-3- I HER M2y
i (3-formyl-6-methoxy-carbazole alkaloid, 10). 7-
P4 3 -3- FH R FR R MR A= 00 (clausine C, 11). 2-
FHAAJE-3- R JEM M A= 1 (2-methoxy-3-carboxylic
acid-carbazole alkaloid, 12). 1,6-_FfRL-3-f LI
AR (clausine Z, 13). L 9. 10, 12 41K
MAZHD 343 5), LGP 1. 2. 7. 8, 10 X 3
P NARIIRIA1A (AS49. HeLa 1 BGC-823) A
FIFEEE I AVET, 1Cso 4 8.53~19.87 ug/mL.
1 {XE5HH

Bruker AM-400 74 1l DRX-500 %A% i Jt4i ot it
1 (HEEATE AT D); VG Autospec-3000 {3
(PEHE VG A7)); Agilent 1100 R0 AH (414 (3
2448 /2 H]), Zorbax Eclipse XDB-C18 (il 41
CZHEE, 250 mm X 9.4 mm, 2 mL/min); AF ik
fiZ (100~200, 200~300 H). 2 AiEERRE
A B A RS HE R A s A AR
Lichroprep RPjg (40~63 pm) A Merck /A /= fis
BT AR 28 0 A 2 el o3 B 46

NI LB R AR T 2010 AR H o RA T
KB, FPIFRAS t Ry e B AR ST Bt
o BRI 53 28 T8 O 25 R B R R D) /N I BT
Clausena excavata Burm. f..
2 RBSSE

T /N BL 3 AR 13 kg, M) T 95%
FIHEE (20 L) 7E 60 CRMEAHI 3 Ik, #FK 3
NI SRR T G S IR AE 1S 2 B . R
o411V s S0 I 114 SN N e L
IETRE AP ZEI, SRR 2RI 3 I, 193K 4
PEES 2> (596 g). MEIR LR HE Iy HI S 07 - FH I VR 5 v
TG AR M TAE AR (100~200 HD |, 7R
FHETH, 4 kg 100~200 HEERSRIEFEI
THE LR, LS - EEERE (100104 9515, 9!
1. 8:2, 7:3, 1:1, 0:100) Pit. M TLC #
TR, SIFAHRERG, K438 5 A5 Fro1~5.
Fr. 2(61 g) ZRERAE L, LA k- P 5 (5

1.4:1.3:1.2:1.1:1.0: 1) ¥, A TLC
R4 96493 3 A4 Fr. 2-1~Fr. 2-3, Fr. 2.2 4
JAH RPyg (A, DUHEE-/K (40%~100%) Ffi%
Ve, FES R RERAE R, 55 2 5 R Ll
HPLC #ifb 53254 4 (41 mg). 13 (15 mg).
Fr.3 (90 g) £ 200~300 HAEER A, LiAh-
ERERRE (401033102010 121405 1) Belik,
H TLC a5 JF45 2] 4 ~E) Fr. 3-1~Fr. 3-4. Fr.
3-1 R BIERFT A, FREeidfl4 A% HPLC
BEULE 9 (10 mg). 10 (11 mg). Fr. 3-2 £ AH
RPg (aihE, DAFEE-/K (30%~100%) BhEELEL,
T4 A4 HPLC 331b& 9 5 (21 mg).
11 (8 mg). Fr. 3-4 ZudHfil£ 1% HPLC 152t
“1 (35mg). 2 (33mg). 3 (16mg). Fr.4 (45g)
SRR, DoAk-pam] (4010 3010 201,
1:1. 00D BN, H TLC A& Ife3) 3 4
HB4Y Fr. 4-1~Fr. 4-3. Fr. 4-1 2 RP g (itdE, LA
FfE-7K (30%~100%) BHFEGENL, FREid il Fn)
1% HPLC 58L& 6 (14 mg). 12 (10 mg). Fr.
4-2 2k g % HPLC 15814654 7 (36 mg)-
8 (17mg).
3 LT

A 1: IR A, CisH sNOy, ESI-MS m/z
294 [M+Na]*. "H-NMR (500 MHz, CsDsN) 6: 12.34
(COOH), 9.16 (1H, d, J = 7.9 Hz, NH), 8.71 (1H, s,
H-4), 8.10 (1H, d, J = 8.5 Hz, H-5), 7.56 (1H, s, H-1),
721 (1H, d, J = 2.2 Hz, H-8), 7.05 (1H, d, J = 8.5, 2.2
Hz, H-6), 3.84 (3H, s, 7-OCHj), 3.73 (3H, s, 2-OCHj);
BC-NMR (125 MHz, CsDsN) 8: 169.2 (s, COOH), 159.3
(s, C-2), 158.8 (s, C-7), 144.8 (s, C-8a), 143.1 (s, C-1a),
124.6 (d, C-4), 120.9 (d, C-5), 117.9 (s, C-4a), 117.5 (s,
C-5a), 114.3 (s, C-3), 108.8 (d, C-6), 96.2 (d, C-8), 94.9
(d, C-1), 56.4 (q, 2-OCHj3), 55.6 (q, 7-OCH3). LA %k
5 SCHRARE I — 80, prS et a1 h 2,3-
-3 SRR A A

B 2: RITER A, C4HNO;3, ESI-MS m/z
264 [M+Na]". 'H-NMR (400 MHz, CD;0D) ¢: 8.31
(1H, d, J = 1.1 Hz, H-4), 8.02 (1H, d, J = 7.7 Hz,
H-5), 7.51 (1H, d, J = 8.0 Hz, H-8), 7.48 (1H, d, J =
1.1 Hz, H-2), 7.37 (1H, t, J = 7.7 Hz, H-7), 7.16 (1H,
t, J = 8.0 Hz, H-6), 3.89 (3H, s, OCH;); "C-NMR
(100 MHz, CD;0D) d: 169.9 (s, COOCHj3), 144.1 (s,
C-la), 141.8 (s, C-8a), 134.6 (s, C-1), 127.1 (s, C-3),
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125.2 (s, C-5a), 124.8 (d, C-7), 122.1 (d, C-5), 121.2
(d, C-6), 120.5 (d, C-4), 115.7 (d, C-8), 112.4 (d, C-2),
111.3 (d, C-4a), 52.4 (q, COOCH3). LA b3 5 S0k
B — B, PrLls et 2 1523
i H IR I 2 Ak o

0«*%3 WA, C3HoNO,, EI-MS m/z
211 [M]". '"H-NMR (400 MHz, Acetone-ds) : 10.04
(1H, s, NH), 8.54 (1H, d, J = 1.5 Hz, H-4), 8.04 (1H,
d, J = 8.4 Hz, H-1), 7.85 (1H, dd, J = 1.5, 8.4 Hz,
H-2),7.55 (1H, d, J = 8.4 Hz, H-5), 7.01 (1H, d, J=2.1
Hz, H-8), 6.84 (1H, dd, J=2.1, 8.4 Hz, H-6); "C-NMR
(100 MHz, Acetone-dg) 0: 192 (s, CHO), 158.6 (s, C-7),
144.8 (s, C-8a), 143.4 (s, C-1a), 129.9 (s, C-3), 126.1
(d, C-5), 124.7 (d, C-4), 123.1 (s, C-4a), 122.2 (s,
C-5a), 111.6 (d, C-2), 111.5 (d, C-1), 110.6 (d, C-6),
97.9 (d, C-8) LA F¥dls 5 Scihgas i —s,  prd
YR B 3 N T-FRHE-3- IR A

WA 4: HIER KR, CiHisNOs, EI-MS m/z
285 [M]". 'H-NMR (400 MHz, Acetone-dg) d: 10.34
(1H, brs, NH), 8.40 (1H, s, H-4), 7.94 (1H, d, J = 9.0
Hz, H-5), 7.10 (1H, s, H-1), 7.02 (1H, d, J = 2.2 Hz,
H-8), 6.82 (1H, dd, J = 9.0, 2.2 Hz, H-6), 3.90 (3H, s,
2-OCHj), 3.85 (3H, s, 7-OCHj3), 3.83 (3H, s, CO,CHs);
BC-NMR (100 MHz, Acetone-dg) 6: 167.3 (s, CO),
159.5 (s, C-7), 158.7 (s, C-2), 144.5 (s, C-la), 142.6
(s, C-8a), 123.6 (d, C-4), 120.9 (d, C-5), 117.5 (s,
C-5a), 117.0 (s, C-4a), 113.3 (s, C-3), 109.0 (d, C-6),
95.8 (d, C-8), 94.8 (d, C-1), 51.4 (g, COOCHs), 56.2
(q, 7-OCHs), 55.6 (q, 2-OCHs). LL_F¥0d 5 Scikik s
(2, BT E A 4 O 2,7- AR -3
i FE TR 1A 2 A ik o

WwAEY 5: witek R, C4H NO;, EI-MS m/z
241 [M]". 'H-NMR (400 MHz, Acetone-dg) J: 10.48
(11H, brs, NH), 8.64 (1H, d, J = 1.4 Hz, H-4), 8.51
(1H, s, 7-OH), 8.01 (1H, d, J = 8.5 Hz, H-5), 7.96 (1H,
dd, J = 8.4, 1.4 Hz, H-2), 7.46 (1H, d, J = 8.4 Hz, H-1),
6.97 (1H, d, J = 2.2 Hz, H-8), 6.81 (1H, dd, J= 8.5, 2.2
Hz, H-6); BC-NMR (100 MHz, Acetone-dg) o: 168.1 (s,
CO), 1582 (s, C-7), 143.8 (s, C-8a), 1433 (s, C-la),
126.4 (d, C-2), 1243 (s, C-3), 122.0 (d, C-5), 121.9 (d,
C-4), 121.7 (s, C-4a), 116.9 (s, C-5a), 110.9 (d, C-1),
110.3 (d, C-6), 97.8 (d, C-8), 51.9 (g, 3-COOCH3). LA I
Kol 5 ScukE R —=M, Fre e A 5 o 2-

FRHE-3 -SRI

&Y 6: “*fﬁé%‘ﬂi C13HoNO,, ESI-MS m/z
234 [M+Na]'. 'H-NMR (400 MHz, Acetone-ds) o:
10.8 (1H, brs, NH), 9.98 (1H, s, H-4), 8.41 (1H, s,
H-1), 7.58 (1 H, d, J = 7.7 Hz, H-5), 7.05 (1H, t, J =
7.7 Hz, H-7), 6.94 (1H, d, J = 7.2 Hz, H-8), 6.89 (1H,
t,J=7.2 Hz, H-6); “C-NMR (100 MHz, Acetone-d)
5: 196.6 (s, CHO), 161.7 (s, C-2), 146.8 (s, C-la),
143.9 (s, C-8a), 131.1 (s, C-5a), 128.7 (d, C-4), 125.8
(s, C-4a), 121.9 (d, C-5), 119.0 (d, C-6), 116.2 (s,
C-3), 111.9 (d, C-7), 111.8 (d C-8),97.4 (d, C-1). LA
¥ S SckARE i 8O, TS E A 6 h
2-FAFE-3- P TR A T

& 7 ?‘ﬁ'ﬁé%‘ﬁk C13HoNO,, ESI-MS m/z
234 [M+Na]". 'H-NMR (400 MHz, Acetone-de) o
10.80 (1H, brs, NH), 10.00 (1H, s, CHO), 8.26 (1H, s,
H-4), 8.21 (1H, d, J = 7.8 Hz, H-5), 7.64 (1H, d, J =
8.1 Hz, H-8), 7.50 (1H, t, J = 7.8 Hz, H-6), 7.42 (1H,
s, H-2), 7.30 (1H, t, J = 8.1 Hz, H-7); '>C-NMR (100
MHz, Acetone-dg) J: 191.3 (s, CHO), 144.4 (s, C-1),
141.3 (s, C-8a), 134.8 (s, C-1a), 131.2 (s, C-3), 127.1
(d, C-7), 125.1 (s, C-5a), 124.5 (s, C-4a), 121.3 (d,
C-5), 120.8 (d, C-6), 119.2 (d, C-4), 112.7 (d, C-8),
108.3 (d, C-2). LA E¥ds 5 3cikapis m—s®, pr
DLSSENA Y T h 15003 S e A ) i

B 8: IR A, C13HoNO;3, ESI-MS m/z
250 [M+Na]". 'H-NMR (400 MHz, CsDsN) 8: 11.42
(1H, s, 2-OH), 10.46 (1H, brs, NH), 9.95 (1H, s,
CHO), 8.46 (1H, s, 7-OH), 8.26 (1H, s, H-4), 7.86
(1H, d, J = 8.0 Hz, H-5), 6.93 (1H, d, J = 2.4 Hz, H-8),
6.82 (1H, s, H-1), 6.77 (1H, dd, J = 8.0, 2.4 Hz, H-6);
BC-NMR (100 MHz, CsDsN) J: 195.1 (s, CHO), 160.9
(s, C-2), 158.6 (s, C-7), 147.4 (s, C-8a), 144.1 (s, C-1a),
125.6 (d, C-4), 121.4 (d, C-5), 119.0 (s, C-3), 116.6 (s,
C-4a), 115.9 (s, C-5a), 110.6 (d, C-6), 98.6 (d, C-1), 97.2
(d, C-8), LAt 5 seikapa i —s™, preldeeit
GV 8y 2,3-FRHE-3- KL A P o

WA 9: IRFHENIK, Ci3HINO, ESI-MS m/z
218 [M+Na]". 'H-NMR (400 MHz, Acetone-de)
10.89 (1H, brs, NH), 10.09 (1H, s, CHO), 8.69 (1H, d,
J = 1.4 Hz, H-4), 825 (1H, d, J = 8.0 Hz, H-5), 7.96
(1H, dd, J = 8.4, 1.4 Hz, H-3), 7.65 (1H, d, J= 8.4 Hz,
H-1), 7.59 (1H, d, J = 8.0 Hz, H-8), 7.48 (1H, m,
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H-6), 7.31 (I1H, m, H-7); "“C-NMR (100 MHz,
Acetone-dg) 0: 191.9 (s, CHO), 144.6 (s, C-8a), 141.6
(s, C-3), 1299 (s, C-1a), 127.5 (d, C-4), 127.2 (d,
C-5), 124.8 (d, C-7), 124.1 (s, C-5a), 123.9 (s, C-4a),
121.4 (d, C-6), 120.9 (d, C-2), 112.3 (d, C-1), 112.1
(d, C-8). LA ¥ b5 scikapo i — 3, BTl
WS 9y 3- LRI E )b

WEY 10: R AR KR, CuHINO,, ESI-MS
m/z 248 [M+Na] . 'H-NMR (400 MHz, Acetone-dq) 5:
10.93 (1H, brs, NH), 10.04 (1H, s, CHO), 8.32 (1H, s,
H-4), 8.19 (1H, d, J = 7.8 Hz, H-1), 7.65 (1H, d, /= 8.2
Hz, H-8), 7.48 (1H, m, H-2), 7.44 (1H, s, H-5), 7.30 (1H,
m, H-7), 407 3H, s, 3-OCH3); “C-NMR (100 MHz,
Acetone-dg) 0: 191.8 (s, CHO), 147.2 (s, C-6), 141.2 (s,
C-3), 1349 (s, C-8a), 131.1 (s, C-la), 127.2 (d, C-4),
124.4 (s, C-5a), 124.3 (s, C-4a), 121.3 (d, C-2), 120.9 (d,
C-7), 1204 (d, C-8), 112.8 (d, C-1), 104.1 (d, C-5), 56.1
(q, 5-OCH3). LA F3odis b5 scihapti i —3d, il
SEAETP) 10 Dy 6- A k- 3-FEE S g il o

WED 11 W EAR, CisHisNOs, ESI-MS
m/z 256 [M~+H]". "H-NMR (400 MHz, Acetone-dg) J:
8.70 (1H, s, H-4), 8.23 (1H, brs, NH), 8.06 (1H, d, J =
8.5 Hz, H-2), 7.98 (1H, d, J = 8.5 Hz, H-5), 7.38 (1H,
d, J= 8.5 Hz, H-1), 6.93 (1H, brd, J = 1.9 Hz, H-8),
6.90 (1H, dd, J = 8.5, 1.9 Hz, H-6), 3.96 (3H, s,
COOCH3), 3.90 (3H, s, 7-OCH3); "“C-NMR (100
MHz, Acetone-dg) d: 168.0 (s, CO), 159.6 (s, C-7),
142.3 (s, C-1a), 141.3 (s, C-8a), 126.3 (d, C-2), 123.3
(s, C-4a), 121.9 (d, C-4), 121.5 (s, C-3), 121.4 (d,
C-5), 117.1 (s, C-5a), 109.8 (d, C-1), 109.0 (d, C-6),
95.1 (d, C-8), 55.6 (q, 7-OCH3), 51.9 (g, COOCH3;).
DL F-Hedi 5 sk i — 3, Bl et s
11 7- VAR -3 - R P ISR A A 0

WE) 12: KB ORI, CraH NO;3, ESI-MS mi/z
264 [M+Na]". 'H-NMR (400 MHz, Acetone-ds) J:
10.66 (1H, brs, NH), 8.76 (1H, s, H-4), 8.14 (1H, d, J =
7.6 Hz, H-8), 7.52 (1H, d, J = 7.9 Hz, H-5), 7.40 (1H, t,
J=17.6 Hz, H-7), 7.27 (1H, s, H-1), 7.23 (1H, t, J= 7.9
Hz, H-6), 412 (3H, s, OCH3); “C-NMR (100 MHz,
Acetone-dg) 0: 166.6 (s, COOH), 158.9 (s, C-2), 145.0
(s, C-1a), 141.6 (s, C-8a), 126.3 (d, C-4), 126.2 (d, C-7),
123.9 (s, C-5a), 120.8 (d, C-5), 120.7 (d, C-6), 118.1 (s,
C-4a), 111.8 (d, C-8), 105.1 (s, C-3), 94.5 (d, C-1),

56.7(q, OCHz). LA_E%clli 5 ik i —2™, B
WBENEY 12 R 2-FAJE-3- faﬁzuw@mnz

WGP 13: IR ER K, Ci3HoNO;, ESIMS m/z
250 [M+Na]". 'H-NMR (400 MHz, CD;0D) §: 10.87
(1H, s, CHO), 9.82 (1H, s, NH), 8.03 (1H, s, H-4), 7.48
(1H, brs, H-5), 7.35 (1H, d, J = 8.6 Hz, H-8), 7.28 (1H, s,
H-2), 6.92 (1H, dd, J = 8.6, 2.3 Hz, H-7); >C-NMR (100
MHz, CD;OD) ¢: 194.1 (d, CHO), 152.4 (s, C-6), 145.1
(s, C-1), 136.7 (s, C-3), 136.0 (s, C-8a), 130.3 (s, C-1a),
125.7 (s, C-5a), 125.1 (s, C-4a), 120.8 (d, C-4), 116.7 (d,
C-7), 113.3 (d, C-8), 109.2 (d, C-2), 105.9 (d, C-5). Lk
MR ScEkRE S, TR S E A 13
1,6- -3 A= A
4 IBNEIEMRR

SRR SRBVENNER A 1. 24 7+ 85
10 %} 3 %ﬂlﬂ)\ﬁ:ﬁwﬁffﬂi kK A549. HeLa 1 BGC-823
AR PE T DU N BRI, 45 Rk
1 s, a7 Xﬁ A549. HeLa 11 BGC-823 4 il
PR 9l 2 3mPE, H ICso M54 13.88~14.52
ug/mL; L& 1. 2. 8 %F HeLa 1 BGC-823 4il Y
PRI A M 305 1k, I I1Cso 1A 8.53~16.17
ug/mL; L4590 10 % A549 F1 HeLa 41 fu k447 40
MuEEE e, o ICs fE 37 14.44 pg/mL A1 19.87
pg/mL.

F1 kEWI1. 2. 7. 8. 10 IAREEEME (n=3)
Table 1 Cytotoxicity of compouds 1, 2, 7, 8, and 10 (n = 3)

ICso/(ng'mL ")

waEw
A549 HeLa BGC-823

1 >20 16.17 12.41

2 >20 12.85 8.53

7 14.07 14.52 13.88

8 >20 14.11 11.88

10 19.87 1444  >20

EY 0.02 0.02 0.01
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