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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 (Rutaceac). Methods The compounds
were isolated and purified by means of column chromatographies including silica gel, RP-15, 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 pg/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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MAEDIE (clausine B, 2). 7-F23E-3-[E LA 1)
i (3-formyl-7-hydroxyl-carbazole, 3)- 2,7- - H4JE- 3-
FH R SRR M=k (clausine H, 4). 7-F23%-3-FIR
FRNEHEMAE M0 (clausine M, 5). 2-F2%E-3-FE LM
A% (mukona, 6)+ 1-FEHE-3- FE MR M2 Mk
(O-demethylmurrayanine, 7). 2,3-F5E-3-JE I
M2k Cclausine O, 8). 3-8 JL M e 21 i
(3-formyl-carbazole, 9). 6-FH4aJk-3- [ JL R A 1)
Bk (3-formyl-6-methoxy-carbazole alkaloid, 10). 7-
FHAA L -3- FH R HH B M 20, (clausine C, 11D 2-
AR JE-3- R LR M A= W (2-methoxy-3-carboxylic
acid-carbazole alkaloid, 12). 1,6-_¥f3&-3-FE LM
WA (clausine Z, 13). A9, 100 12 57K
MAZRY T2, AaY 1. 20 7. 8. 10 X 3
FNAEIRAI (AS49. HeLa i1 BGC-823) AR
FIFEEE M RITER, 1Cso A 8.53~19.87 pg/mL.
1 XFES5HH

Bruker AM-400 %! f1 DRX-500 %% b} CHR 9 3%
I (HEE A& 55 w); VG Autospec-3000 5%
(HEEH VG AT); Agilent 1100 & 80R0 (1A (35
[ 4#48 /A7), Zorbax Eclipse XDB-C18 {f i
CZHEE, 250 mmX 9.4 mm, 2 mL/min); A (4 itk
& (100~200, 200~300 H). #JZERERERRY
A B A RO RE B R ) s AR MR
Lichroprep RPg (40~63 um) A Merck 23 7= it s
JIT P80 A A 2 2l ey B 2k

NS R IIRR T 2010 AR H 2B A 7E
MU, R A o R e B WA 5 3t
o BT 53 245 58 2575 B 3 B Je R ) /N L i
Clausena excavata Burm. f..
2 RSN E

R[N S R AR 13 kg, SRR, L 95%
IR (20 L) 7 60 C RIRNASZI 3 K, #FIK 3
NI FR-IBOGE IR SRR IR G BRI E . HE
BB MK BIEIG, WK A BEIR LR A
IE TR A, SRS 2RI 3 IR, A3 3IEIR &

Bl 7> (596 g)o MR LIS FH S 07 - R G

TR T 55 ke (100~200 HD I, 7=
THETHA, H4 kg 100~200 HEERIIEEEFEIE
A ERE, BLS5-HBERREE (100 204 9515, 9
1. 8:2. 7:3. 11, 0:100) yEMi. A TLC 2
Ik, SIFMFEBE Gy, A38) 5 AN Fro 1~5.
Fr. 2(61 g) etk ATt il , LU il k- DA A6 82 (5

1.4:1.3:1.2:1.1:1.0: 1) ¥, A TLC
Rl & 9432 3 N4 Fr. 2-1~Fr. 2-3. Fr. 22 4
SH RPyg (i, DLFFEE-ZK (40%~100%) B
Ve, RS B RN, f)n S5 R %
HPLC 4ifb 3 21ML54 4 (41 mg). 13 (15 mg).
Fr.3 (90 g) £ 200~300 HERAEERE, LU k-
EIRAEE (401,301,214 121,05 1) P,
M TLC kil & I£43 5 4 4N 53 Fr. 3-1~Fr. 3-4. Fr.
3-1 & R AERAl, FREk 4Rl % HPLC
HEMEAEY 9 (10 mg) 10 (11 mg). Fr. 3-2 £ A
RPg o, DLFFEE-/K (30%~100%) BHELE,
LRI A H % HPLC 33654 5 (21 mg).
11 (8 mg). Fr. 3-4 Zibiil#&F-il % HPLC 15814k
EW1 (35mg). 2 (33mg). 3 (16 mg). Fr.4 (45¢g)
LMK O, DUAEE-E (4010 301, 201,
121,001 FREEVERE, H TLC A& iff38) 3 4
#) Fr. 4-1~Fr. 4-3. Fr. 4-1 2500 RP g (384, DL
FE-ZK (30%~100%) BHEEVENL, PRIt il & Ff
#il# HPLC 35k &% 6 (14 mg). 12 (10 mg). Fr.
4-2 e a4 HPLC 758149 7 (36 mg).
8 (17mg),
3 SmEE

A 1: I ER A, C1sH;3NOy, ESI-MS m/z
294 [M+Na]". 'H-NMR (500 MHz, CsDsN) &: 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-OCHa), 3.73 (3H, s, 2-OCHj3);
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 (g, 7-OCH3). DL _#d
5k S50, pro e ek 2,3-
SASE-3- R BER Ak

) 2: B AR A, C14H;NOs, 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, OCH3); “C-NMR
(100 MHz, CD;0D) 8: 169.9 (s, COOCHs3), 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 %3k 5 ik
a2, L E S 2 N 13- H
Eﬁ%ﬁ%ﬂ%ﬂé&i%ﬁm

%A#@ 3: WREMMAK, Ci3HNO,, 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). A% 5 scpkipaE i —2, i
WEAEY) 3 8 T-FRHE-3 - BE I A

WEY 4: FFEKRIK, CisHgNOy» EI-MS m/z
285 [M]". 'H-NMR (400 MHz, Acetone-ds) J: 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-OCHs), 3.85 (3H, s, 7-OCHj), 3.83 (3H, s, CO,CH3);
BC-NMR (100 MHz, Acetone-d¢) 6: 167.3 (s, CO),
159.5 (s, C-7), 158.7 (s, C-2), 144.5 (s, C-1a), 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 (q, COOCHj3), 56.2
(q, 7-OCHj3), 55.6 (q, 2-OCHs). LA %3 5 Sk s
5, BT EL A 4 O 2,7- AR JE-3-H
% F T e 1 2 20

%A% 5: WRIEERA, C4HNO;, 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); "C-NMR (100 MHz, Acetone-dg) 5: 168.1 (s,
CO), 158.2 (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-COOCH;). LA I
Kot 5 SckapoE 8, pre etk a Y s b 2-

FRIE-3 - E

WAEY 6: RIEER A, C13HNO,, ESI-MS m/z
234 [M+Na]". 'H-NMR (400 MHz, Acetone-de) 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-ds)
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). LI
Rl S SckaE 8P, L S E RS 6 A
2-F -3 [ L v AR )

W& T: IR, C3HINO,, ESI-MS m/z
234 [M+Na]". 'H-NMR (400 MHz, Acetone-de)
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 F¥od by ekt —s, pr
DASSTEA G T A -3 -3 T L 1 A ) il

&) 8: ORI A, C13sHoNOs, ESI-MS m/z
250 [M+Na]". "H-NMR (400 MHz, CsDsN) ¢: 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-3),
6.82 (1H, s, H-1), 6.77 (1H, dd, J = 8.0, 2.4 Hz, H-6);
BC-NMR (100 MHz, CsDsN) &: 195.1 (s, CHO), 160.9
(s, C-2), 158.6 (s, C-7), 147.4 (s, C-8a), 144.1 (s, C-la),
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). DALl scikiss i —s0™, proddett
G 8 h 2,3- IR I3 S ik

W& 9: HI KK, Ci3HNO, ESI-MS m/z
218 [M+Na]". 'H-NMR (400 MHz, Acetone-de) o
10.89 (1H, brs, NH), 10.09 (1H, s, CHO), 8.69 (1H, d,
J =14 Hz, H-4), 8.25 (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 (1H, m, H-7); "“C-NMR (100 MHz,
Acetone-dg) 0: 191.9 (s, CHO), 144.6 (s, C-8a), 141.6
(s, C-3), 129.9 (s, C-la), 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 ¥l 5 ik i — 8", priis
AW 9 g 3-TESEM: s 2E 0,

WA 10: REERAK, C4H NO,, ESI-MS
m/z 248 [M+Na]". "H-NMR (400 MHz, Acetone-ds) J:
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, J = 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-OCH;); “C-NMR (100 MHz,
Acetone-dg) J: 191.8 (s, CHO), 147.2 (s, C-6), 141.2 (s,
C-3), 134.9 (s, C-8a), 131.1 (s, C-1a), 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), 120.4 (d, C-8), 112.8 (d, C-1), 104.1 (d, C-5), 56.1
(q, 5-OCH3). PA_E3dhs 53k ) —2", prolss
SEACE) 10 21 6-F A3 LRI AL i o

WED 11: REEKK, CisHisNO;, ESI-MS
mlz 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,
COOCHs3), 3.90 (3H, s, 7-OCHs); "“C-NMR (100
MHz, Acetone-dg) J: 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-OCHj3), 51.9 (q, COOCHj3).
PAE et 5 SCmk R (1 — 3, B U A
11 4 7-F 4 3E-3- %@Eﬁ@aw@%m

WA 12: ISR A, C14HNO;3, ESI-MS m/z
264 [M+Na]". '"H-NMR (400 MHz, Acetone-dg) o
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=1.6Hz, H-7), 7.27 (1H, s, H-1), 7.23 (1H, t, J= 7.9
Hz, H-6), 4.12 (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, OCH3). LA 1% 5 Scikdiis i —s™, prid
KENEY 12 jJ 2- FAR -3 e e 2= 0 T o

& 13 FOFY A, C13HoNO;3, ESIMS m/z
250 [M+Na]". 'H-NMR (400 MHz, CD;OD) §: 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;0D) 6: 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). LA
K SR S, T E A 13 A
1,6- —FRHE-3-TESER LI W
4 PRI R

S0 R SRBEIERAY) 1. 2. 7. 8.
10 %} 3 %FFMZISEIWQH Jfikk A549. HeLa Fi1 BGC-823
i B v DUSAZ I BHPERTIR, 45 SRk
1 s, &7 Sﬁ A549. HeLa A1 BGC-823 4 Jifd
PR A 20 B335 vE, 3L ICso 14 13.88~14.52
pg/mL; &4 1. 2. 8 %) HeLa fl BGC-823 41l /iy
PR gl i dvh vk, 3 ICs fHoh 8.53~16.17
pg/mL; L&) 10 % A549 F1 HeLa 40 bkt 41
MOEEEE, 3L ICs fH A 14.44 pg/mL Al 19.87
pug/mL.

£1 k&MWL, 2. 7. 8. 10 BIHAREEEN n=3)
Table 1 Cytotoxicity of compouds 1, 2,7, 8, and 10 (n = 3)

ICso/(ng'mL ™)

tEW
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
E YA 0.02 0.02 0.01
S Ak
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