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Abstract: Objective To study the coumarins and alkaloids from the stems of Clausena lenis. Methods The chemical constituents
from the stems of C. lenis were separated and purified by silica gel, ODS, Sephadex LH-20 gel column chromatographies and
preparative HPLC. Their structures were identified by physicochemical properties, spectroscopic analysis, as well as the comparisons
with the data reported in literatures. Results A total of 18 compounds were isolated from the 90% ethanol extract of the stems of C.
lenis, which were identified as 6,8-diprenylumbelliferone (1), byakangelicin (2), fert-O-methylheraclenol (3), pabularinone (4),
isogosferol (5), heraclenol (6), imperatorin (7), decursinol (8), xanthyletin (9), marmesin (10), skimmianine (11), kokusaginine (12),
N-metilatanina (13), clausine Z (14), murrayanine (15), 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (16),
claulansine 1 (17) and clausehainanine A (18). Among them, compounds 1—10 were coumarins and 11—18 were alkaloids.
Conclusion All compounds are isolated from C. lenis for the first time, compounds 2, 3 and 8 are separated from the genus
Clausena for the first time.
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2R} (Rutaceae) 7 J® Clausena Burm. f.
TEYIE A T2 30 M, 20 A0 T 25 BRI s AT
Pt X o AT IR 13 R R 10 A LA
2 F, o | ROy n IR, R TR
= RO SR, & REDKE N
RIEZHEY), ZIH L&A, TR E, BA1T
SAEJR . EEEEIIRL, EHTEE . BWUK
PATR A 56749 R 55 22 Pl IR YT« DAL 20T
TR, BRI & A 2 MRS,
BRAYRD, FHEREP g Rk s
HKPIDL RS RO 2 R AR &, B
FEEREFUR I, o R R A A o B AR B AL 2 Ay
HATZ A, Ry s, s
R AN 2 AN U E 23 VS AN C AR DY A T
TIPS Y K Clausena lenis Drake 257 F}
HZJEMEY), b oA TIRE R . TR ES L
Rrwr . JCIE ORI Z HEY), RAMER
B ISR DR, T MR R R il
AN DL SRS RIE IR« H T IO 5
7 I RSy B Fo A e (e TR e b1, ok
VR AR ZHAE T SHAIE 56 hoRE S 35 B2 251K 90% £ BE H2 L
VIRIBUI RS EREAT T AR, DR BIDGI 5
JZ 2510 90% LB SR ) HAT S35 i pUmh e .
T AT KR EE TR, o RIS
Wil ARG T B 251 90% L BESE B h
AL 2 B BEAT RGERIE T, b 7 B4R 3 T 18 ™Mb
&Y, A% EN 6,8-diprenylumbelliferone (1)
byakangelicin (2). fert-O-methylheraclenol (3).
pabularinone (4). R /AEEE (isogosferol, 5).
Phi% JEEE (heraclenol, 6). BXET#HZE (imperatorin,
7). HI#HEE (decursinol, 8). FEMUM 7 = H
(xanthyletin, 9) 5 AL FTEH A ER(10) . B R (11D
FEHUOKT (kokusaginine, 12). N-metilatanina (13).
clausine Z (14). JUHEAFM (15). 2-methoxy-1-(3-
methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (16) .
claulansine I (17) F1 clausehainanine A (18), Fr
WEW1~10 AFERZENED. 11~18 J AV
UG A NEDIE N E RN B R 73 2
23], WEY 2. 3 8 NH IRME LBV 4
EECECIE
1 XFES5HH

Bruker AV-400 - S AZ BRI (FEE Bruker
/~v#]); Finnigan LCQ Advantange MAX i (3£

Thermo Fisher Scientific 24 5] );  HE il 4% (6.1t
(-t Buchi A %)); Agilent1200 437 74 i ROmAH 4
W (3£ E Agilent Technologies H R 2 & );
Cosmosil Cyg 7 HT A EiEH: (250 mm X 4.6 mm, 5
um); Thermo Fisher UltiMate 3000 fill 7 75 = R AH
3% {% (ZE[E Thermo Fisher Scientific A #]);
Cosmosil Cig fill 8B 15 (250 mmX20 mm, 5
um); HERER GFasy AAEOISRER (F S
T.J 7 ); Sephadex LH-20 #t/ii (3 E Amersham
Blosclences A ] ); ODS i #1k} (Cig5 10~40 pm,
i E Merck 2~ 7]); 2AMIHTIEFE YOKO-ZX (i)
R BRI RARAFD; REAERN (HAE
EYELA A% N-1001 %); 400IN HFRF (L
B AE 2 R AR A PR A FDD 5 BT R FI A b 2k
WA (Fapetk TR A RAFD.

JEH B B 25T 2018 4F- 8 H RAET = M4 P WU
YR IR E VR NP XU B X 2 E SRR X, &R
DT K 25 24 FH SRR AL 25 20 0 B A S s A+ AT
T N =R B Y ORI ¥ Clausena
lenis Drake {125, #EilFAs4< (YNCLLE20180802)
TRAT -1 B IO K 25 7 2 TR P Ak S AR BT 52
R LR T DR AR =
2 REESNE

BBA TG 35 25 15.6 kg BRE s 90% 2,
BEARPEEL, MRKIREL 1, $-E3 IR, 5L
BRIRE - QR FEIUEIRE (1 050 @) 24 (100~
200 H) il or ey, DAy ms- Y E A & s i 7
HEATREREBERE (100 1 0—30 : 70), 28] 5 MY
Fr. 1~5. Fr.3 (56.2 g) % ODS t i/ 5, LLH
fiE-7K (60 1 50—~100 : 0) HEATHEEELEME, 53] 5 4
Wi 4 (Fr. 3A~3E). Fr. 3B £&E#E (200~300 H)
FEEBEIEAT 3, LA HEE-BSE R 08 (90 @ 10—
50 1 50) HEATBAEE SR, PR 442 HPLC il & (H
7K 60 : 40) 73 F1b &4 1(35.5 mg).5(12.6 mg).
12 (50.1 mg) i1 15 (30.6 mg); Fr. 3C ZHER (200~
300 HD FE ST 73 B, LA iliik-BE R 4.0 (85 -
1540 : 60> HEATHREEGENL, FF&H] 44 HPLC i
7% (HIEE-7K 70 © 30) 132654 2 (8.6 mg). 6 (9.7
mg). 10 (15.7 mg). 13 (6.6 mg) 1 17 (10.2 mg);
Fr. 4 (62.8 g) & ODS M4l 73 B, DLHEE-/K (50 :
50—100 : 0) HEATHEREESENL, 53] 5 M (Fr.
4A~4E); Fr. 4B £ERE (200~300 H) F: itk
» LA T EE-BE R 2,066 (90 @ 10—~50 : 50) it

7488



22

Chinese Traditional and Herbal Drugs

HS1E BTH 2020024 H * 1827 -

FTRERESE I, R4 H4%% HPLC 4% (FEE-/K 60 :
40) BEMLAY 3 (11.1 mg). 8 (43.0mg). 11 (6.0
mg) 114 (1152 mg); Fr. 5 (452 g) %4 ODS
ik, PLFFEE-/K (50 0 50—100 © 0) BEATHEE
Veli, 183 5 M4 (Fr. SA~5E); Fr. 5B &kE
B (200~300 H Ot 73 B, LLAh g - (80 :
20—>50 : 500 HEATHAREBENL, P& & HPLC
fil & (HEE-7K 60 © 40) 132M6EY) 4 (40.3 mg).
7 (252.7mg). 9 (21.5mg). 16 (23.4mg) 118
(15.8 mg)s
3 #ikE

WEY 1: REATERAR, RRIGREE R
B BHME; 4> T30 CoH,,03, ESI-MS m/z: 299
[M+H]"; '"H-NMR (400 MHz, CDCl3) d: 7.59 (1H, d,
J=10.0 Hz, H-4), 7.08 (1H, s, H-5), 6.22 (1H, d, J =
10.0 Hz, H-3), 5.30 (1H, t, J = 7.2 Hz, H-2"), 5.26
(1H, t, J = 7.2 Hz, H-2'), 3.62 (2H, d, J = 7.2 Hz,
H-1"), 3.36 (2H, d, J = 7.2 Hz, H-1'), 1.87 (3H, s,
H-4"), 1.80 (3H, s, H-4"), 1.78 (3H, s, H-5"), 1.76 (3H,
s, H-5"); *C-NMR (100 MHz, CDCLy) 8: 161.6 (C-2),
156.6 (C-7), 151.6 (C-8a), 144.1 (C-4), 135.8 (C-3'),
135.2 (C-3"), 124.9 (C-6), 121.1 (C-2'), 120.5 (C-5),
120.4 (C-2"), 114.5 (C-3), 112.6 (C-8), 112.4 (C-4a),
29.5 (C-1"), 28.7 (C-1"), 25.9 (C-5"), 25.7 (C-5"), 18.0
(C-4),17.9 (C-4"), Lh ¥ 5 Cipdhag s A5,
WS LA 1 N 6,8-diprenylumbelliferone .

WEY 2: REETLEEMAK, RRNGREE
é)ir”ria'r : 73 CsH 307, ESI-MS m/z: 335
[M+H]"; '"H-NMR (400 MHz, DMSO-dg) : 8.18
(1H, d, J = 10.0 Hz, H-4), 8.09 (1H, d, J = 2.4 Hz,
H-2'), 7.37 (1H, d, J = 2.4 Hz, H-3"), 6.34 (1H, d, J =
10.0 Hz, H-3), 4.48 (1H, dd, J = 10.0, 2.8 Hz, H-1"a),
421 (1H, dd, J = 10.0, 8.0 Hz, H-1"p), 4.17 (3H, s,
5-OCHj3), 3.68 (1H, dd, J = 8.0, 2.8 Hz, H-2"), 1.16
(3H, s, H-4"), 1.08 (3H, s, H-5"); “C-NMR (100
MHz, DMSO-dg) 6: 159.7 (C-2), 149.6 (C-6), 146.2
(C-2'), 144.0 (C-4a), 143.1 (C-8), 139.7 (C-4), 126.9
(C-7), 114.4 (C-5), 112.5 (C-3), 106.8 (C-8a), 105.6
(C-3"), 76.7 (C-1"), 75.8 (C-2"), 70.8 (C-3"), 60.8
(5-OCH,), 27.2 (C-4"), 24.5 (C-5"). L% 5 ik
B FA Y, W% 2 &9 2 N byakangelicin.

WwEY 3: RFEETLTEEMK, FREFREE
R B FAYE; 4T C7H 304, ESI-MS m/z: 319

[M+H]"; '"H-NMR (400 MHz, CDCl;) 6: 7.77 (1H, d,
J =9.8 Hz, H-4), 7.70 (1H, d, J = 2.0 Hz, H-2'), 7.37
(1H, s, H-5), 6.82 (1H, d, J = 2.0 Hz, H-3"), 6.37 (1H,
d, J=9.8 Hz, H-3), 4.73 (1H, dd, J = 10.2, 2.8 Hz,
H-1"a), 4.40 (1H, dd, J = 10.2, 8.2 Hz, H-1"B), 4.05
(1H, dd, J = 8.2, 2.8 Hz, H-2"), 3.26 (3H, s, 3"-OCHj3),
1.27 (3H, s, 4"-CH3), 1.27 (3H, s, 5"-CH3): "“C-NMR
(100 MHz, CDCls) 8: 160.3 (C-2), 148.2 (C-6), 146.8
(C-2), 1443 (C-4), 143.0 (C-8), 131.9 (C-7), 126.0
(C-5), 116.5 (C-8a), 114.8 (C-3), 113.5 (C-4a), 106.8
(C-3"), 76.0 (C-2"), 75.6 (C-3"), 75.4 (C-1"), 49.4
(3"-OCHjy), 21.4 (C-4"), 20.6 (C-5"). LA L%¥E 5
BRI A — 5, WML ENE 3 A tert-O-
methylheraclenol.

WEY 4: WEOTEMAR, RRFGREE
o NBHYE; 4 F 30 C¢H 1405, ESI-MS m/z: 287
[M+H]"; '"H-NMR (400 MHz, CDCl;) 6: 7.77 (1H, d,
J =9.8 Hz, H-4), 7.66 (1H, d, J = 2.0 Hz, H-2"), 7.37
(1H, s, H-5), 6.82 (1H, d, J = 2.0 Hz, H-3"), 6.37 (1H,
d, J=9.8 Hz, H-3), 5.20 (2H, s, H-1"), 3.06 (1H, hept,
J=6.8Hz, H-5"), 1.21 (3H, d, J= 6.8 Hz, H-4"), 1.21
(3H, d, J = 6.8 Hz, H-5"); *C-NMR (100 MHz,
CDCls) &: 209.9 (C-2"), 160.1 (C-2), 147.1 (C-6),
146.7 (C-2'), 144.3 (C-4), 142.6 (C-8), 131.1 (C-7),
126.1 (C-5), 116.6 (C-8a), 114.8 (C-3), 113.3 (C-4a),
106.8 (C-3), 75.3 (C-1"), 37.0 (C-3"), 17.9 (C-4"),
17.9 (C-5"). LA ¥ 5 scmriros A —5",
L€AY 4 4 pabularinone

WEY 5: REETLEMAR, FREREE
R MM 730 ClgH 405, ESI-MS m/z: 287
[M+H]"; '"H-NMR (400 MHz, CDCl3) 8: 7.78 (1H, d,
J=10.0 Hz, H-4), 7.69 (1H, d, J = 2.0 Hz, H-2'), 7.39
(1H, s, H-5), 6.83 (1H, d, J = 2.0 Hz, H-3"), 6.38 (1H,
d, J=10.0 Hz, H-3), 5.17 (1H, brs, H-4"a), 5.00 (1H,
brs, H-4"B), 4.61 (1H, dd, J = 10.0, 2.8 Hz, H-1"a),
4.54 (1H, dd, J = 10.0, 8.2 Hz, H-1"p), 431 (1H dd,
J =82, 28 Hz, H-2"), 1.83 (3H, s, H-5"); "“C-NMR
(100 MHz, CDCls) 8: 160.3 (C-2), 148.1 (C-7), 146.8
(C-2"), 144.3 (C-4), 143.5 (C-3"), 142.7 (C-8), 131.6
(C-7), 126.0 (C-5), 116.5 (C-8a), 114.8 (C-3), 113.8
(C-4a), 112.8 (C-4"), 106.9 (C-3"), 77.4 (C-1"), 73.9
(C-2"), 19.0 (C-5"). VA% 5 SCkfikiE A —
HU, WA 5 NSRRI .
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B 6: RIOTEMA, FRIRELE
O M 72 ClgH 606, ESI-MS m/z: 305
[M+H]"; '"H-NMR (400 MHz, CDCL3) d: 7.79 (1H, d,
J=9.8 Hz, H-4), 7.70 (1H, d, J = 2.2 Hz, H-2"), 7.37
(1H, s, H-5), 6.85 (1H, d, J = 2.2 Hz, H-3'), 6.37 (1H,
d, J = 9.8 Hz, H-3), 4.76 (1H, dd, J = 10.2, 2.8 Hz,
H-1"0), 4.42 (1H, dd, J = 10.2, 8.0 Hz, H-1"B), 3.90
(1H, dd, J = 8.0, 2.8 Hz, H-2"), 1.34 (3H, s, H-4"),
1.30 (3H, s, H-5"); "C-NMR (100 MHz, CDCl;) 6
160.5 (C-2), 148.7 (C-6), 146.9 (C-2'), 144.5 (C-4),
143.1 (C-8), 131.6 (C-7), 126.1 (C-5), 116.4 (C-8a),
114.6 (C-3), 113.6 (C-4a), 106.9 (C-3"), 76.2 (C-2"),
75.6 (C-1"), 71.6 (C-3"), 26.5 (C-4"), 25.1 (C-5"). LA
BRSSOk g A S, etk A 6 N
SR

WEW 7: REOTLEEMA, FRIERE:E
e BBEYE; T3 Ci¢Hi4045 ESI-MS mi/z: 271
[M-+H]"; '"H-NMR (400 MHz, CDCLy) d: 7.78 (1H, d,
J=10.0 Hz, H-4), 7.69 (1H, d, J = 2.0 Hz, H-2'), 7.36
(1H, s, H-5), 6.82 (1H, d, J = 2.0 Hz, H-3"), 6.37 (1H,
d, J =10.0 Hz, H-3), 5.62 (1H, t, J = 7.2 Hz, H-2"),
5.01 (2H, d, J = 7.2 Hz, H-1"), 1.75 (3H, s, H-4"),
1.73 (3H, s, H-5"); "“C-NMR (100 MHz, CsDsN) §:
160.5 (C-2), 148.6 (C-7), 146.6 (C-2), 144.4 (C-4),
143.8 (C-8a), 139.7 (C-3"), 131.6 (C-8), 125.9 (C-6),
119.8 (C-2"), 116.5 (C-4a), 114.7 (C-3), 113.1 (C-5),
106.8 (C-3"), 70.1 (C-1"), 25.8 (C-4"), 18.1 (C-5"). LA
RIS SRR E A ST, WSt E T N
OGN BN

EY 8: WEETLEMA, FRIMELE
R MM 73 Cl4H 4040 ESI-MS m/z: 247
[M+H]"; '"H-NMR (400 MHz, CDCl3) d: 7.57 (1H, d,
J=9.6 Hz, H-4), 7.17 (1H, s, H-5), 6.76 (1H, s, H-8),
6.20 (1H, d, J = 9.6 Hz, H-3), 3.88 (1H, dd, J = 6.2,
4.8 Hz, H-2"), 3.11 (1H, dd, J = 16.8, 4.8 Hz, H-10)),
2.83 (1H, dd, J = 16.8, 6.2 Hz, H-1'p), 1.39 (3H, s,
H-4'), 1.37 (3H, s, H-5'); >C-NMR (100 MHz, CDCl)
5: 161.4 (C-2), 156.6 (C-6), 154.1 (C-8), 143.2 (C-4),
129.0 (C-4a), 116.6 (C-5), 113.1 (C-3), 113.1 (C-8a),
104.7 (C-7), 78.3 (C-3"), 69.1 (C-2'), 30.7 (C-1"), 25.1
(C4'),22.0 (C-5"). LA F-Hd 5 sk A —5Y,
WS e B 8 N RTHARE .

WEY 9: REETELMAK, FRIFREE

O M 72 C4H 1,05, ESI-MS m/z: 229
[M+H]"; '"H-NMR (400 MHz, CDCl) 8: 7.60 (1H, d,
J=9.8 Hz, H-4), 7.05 (1H, s, H-5), 6.67 (1H, s, H-8),
6.34 (1H, d, J = 10.0 Hz, H-2'), 6.20 (1H, d, J = 9.8
Hz, H-3), 5.70 (1H, d, J = 10.0 Hz, H-1"), 1.47 (3H, s,
H-4'), 1.47 (3H, s, H-5"); "C-NMR (100 MHz, CDCls)
5: 161.2 (C-2), 156.8 (C-8a), 155.4 (C-7), 143.4 (C-4),
131.2 (C-2'), 124.8 (C-1"), 120.7 (C-6), 118.5 (C-5),
112.9 (C-3), 112.7 (C-4a), 104.3 (C-8), 77.7 (C-3"),
28.3 (C-4'),28.3 (C-5"), LA #5555 STkl 2 A —
H, WML E ) 9 AU R K

AW 10: REETLETEMA, BRI ERE
BN 4 F 3 CuH1404 ESI-MS miz: 247
[M-+H]"; "H-NMR (400 MHz, CDCl3) d: 7.59 (1H, d,
J=10.0 Hz, H-4), 7.21 (1H, s, H-8), 6.71 (1H, s, H-5),
6.18 (1H, d, J = 10.0 Hz, H-3), 4.74 (1H, dd, J = 8.6,
8.2 Hz, H-2'), 3.22 (1H, dd, J = 15.8, 8.6 Hz, H-1'a),
3.17 (1H, dd, J = 15.8, 8.2 Hz, H-1p), 1.37 (3H, s,
H-4'), 1.24 (3H, s, H-5"); C-NMR (100 MHz, CDCl;)
5:163.2 (C-6), 161.5 (C-2), 155.6 (C-8a), 143.7 (C-4),
125.1 (C-5), 123.4 (C-4a), 112.8 (C-8), 112.2 (C-3),
97.8 (C-7), 91.2 (C-2"), 71.6 (C-3"), 29.5 (C-1"), 26.0
(C4"),24.3 (C-5" VL E3dE S5 cmifos s A —5",
M SEAL A 10 57 AL T YIS -

WEY 11: REET TR, R ML SR
BN EYE; 4> F 3 C14H13NOy, ESI-MS m/z: 260
[M+H]"; '"H-NMR (400 MHz, CDCl;) 6: 8.01 (1H, d,
J=9.8 Hz, H-5), 7.58 (1H, d, J = 2.8 Hz, H-2"), 7.24
(1H, d, J = 9.8 Hz, H-6), 7.04 (1H, d, J = 2.8 Hz,
H-3'), 4.43 (3H, s, 4-OCH,), 4.12 (3H, s, 8-OCHj3),
4.03 (3H, s, 7-OCH3); *C-NMR (100 MHz, CDCl;) 6:
164.4 (C-2), 157.2 (C-4), 152.2 (C-8), 143.0 (C-2'),
142.1 (C-8a), 141.5 (C-7), 118.2 (C-5), 114.9 (C-4a),
112.2 (C-6), 104.6 (C-3"), 102.1 (C-3), 61.7 (8-OCH3),
59.1 (4-OCHa), 56.9 (7-OCHs). UL _F#0¥5 5 SC ik &
A, MO A 11 N

AW 12: REETEH AR, o5 R LR
SN A 2730 C4H13NOy, ESI-MS m/z: 260
[M-+H]"; '"H-NMR (400 MHz, CDCl3) d: 7.54 (1H, d,
J=2.4Hz, H-2'), 7.44 (1H, s, H-5), 7.32 (1H, s, H-8),
7.00 (1H, d, J = 2.4 Hz, H-3'), 4.40 (3H, s, 4-OCHj),
4.02 (3H, s, 6-OCHs), 3.99 (3H, s, 7-OCH);
PC-NMR (100 MHz, CDCl;) 6: 163.1 (C-2), 155.5
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(C-4), 152.6 (C-6), 147.8 (C-7), 142.5 (C-8a), 142.4
(C-2"), 112.9 (C-3), 106.7 (C-8), 104.6 (C-3"), 102.3
(C-4a), 100.3 (C-5), 58.8 (4-OCHj;), 56.1 (6-OCHj3),
56.0 (7-OCHs)o UL ¥ 5 Scirafis s A — g,
WS LAY 12 NEEAR T,

WEM13: REOTLETEMAR, SR ELET
BRI FEYE; 407 3 CieHi1oNO,, ESI-MS m/z: 258
[M+H]"; 'H-NMR (400 MHz, CDCl;) 6: 7.85 (1H, d,
J = 8.0 Hz, H-5), 7.53 (1H, dd, J = 8.8, 7.8 Hz, H-7),
7.37 (1H, d, J = 8.8 Hz, H-8), 7.24 (1H, dd, J = 8.0,
7.8 Hz, H-6), 5.27 (1H, t, J = 6.8 Hz, H-2'), 3.92 (3H,
s, 4-OCHs,), 3.73 (3H, s, N-CH3), 3.42 2H, d, J= 6.8
Hz, H-1'), 1.82 (3H, s, H-4"), 1.69 (3H, s, H-5'):
BC-NMR (100 MHz, CDCLy) d: 164.0 (C-2), 160.2
(C-4), 139.1 (C-9), 132.5 (C-3"), 130.1 (C-7), 123.4
(C-5), 122.6 (C-10), 121.9 (C-6), 121.6 (C-2'), 117.9
(C-3), 114.1 (C-8), 61.8 (4-OCHj3), 29.8 (N-CH3), 25.7
(C-5"), 24.3 (C-1"), 18.0 (C-4"). VL _E¥¥E 5 kIR iE
FeA -, W EAAEY) 13 9 N-metilatanina..

WEY 14: REETEEMAR, &R BLERH
BN FHM; 43T 20 C;3HoNO;, ESI-MS m/z: 228
[M+H]": 'H-NMR (400 MHz, DMSO-d) J: 11.56
(1H, brs, NH), 10.01 (I1H, s, 3-CHO), 8.25 (1H, s,
H-4), 7.65 (1H, d, J = 2.0 Hz, H-5), 7.53 (1H, d, J =
8.6 Hz, H-8), 7.42 (1H, s, H-2), 7.11 (1H, dd, J = 8.6,
2.0 Hz, H-7); “C-NMR (100 MHz, DMSO-ds) J:
191.8 (3-CHO), 151.4 (C-6), 143.9 (C-1), 134.7
(C-1a), 134.1 (C-8a), 128.9 (C-3), 124.0 (C-5a), 123.3
(C-4a), 119.0 (C-4), 115.8 (C-7), 112.6 (C-8), 105.9
(C-2),105.0 (C-5). VAFHtfi 5 Cikipi A —5,
WM EAL AW 14 %) clausine Zo

AW 15: REATE AR, R B EL
BN Y 2730 C4H,NO,, ESI-MS m/z: 226
[M+H]"; "H-NMR (400 MHz, CDCl5) &: 10.05 (1H,
s, 3-CHO), 8.66 (1H, s, N-H), 8.18 (1H, d, J= 1.2, Hz,
H-4), 8.10 (1H, d, J = 8.0 Hz, H-5), 7.51 (1H, dd, J =
8.2, 7.8 Hz, H-7), 7.48 (1H, d, J = 8.2 Hz, H-8), 7.45
(1H, d, J= 1.2 Hz, H-2), 7.31 (1H, dd, J = 8.0, 7.8 Hz,
H-6), 4.04 (3H, s, 1-OCH3); “C-NMR (100 MHz,
CDCl;) 6: 191.9 (3-CHO), 146.1 (C-1), 139.5 (C-1a),
134.1 (C-8a), 130.2 (C-3), 126.6 (C-8), 123.7 (C-4a),
123.6 (C-5a), 120.8 (C-6), 120.7 (C-5), 120.5 (C-4),
111.5 (C-7), 103.6 (C-2), 55.8 (1-OCH3). LA FH¥HES

SCRRIRE FEA Y, Mk e A 15 AL

WEY 16: REETEEMAR, o RLERH
BN Y 4 F 3 CloHsNO,, ESI-MS m/z: 292
[M+H]"; "H-NMR (400 MHz, CDCl;) 6: 10.28 (1H,
s, 3-CHO), 8.64 (1H, s, NH), 8.44 (1H, s, H-4), 8.12
(1H, d, J = 8.0 Hz, H-5), 7.49 (1H, dd, J = 8.2, 7.8 Hz,
H-7), 7.46 (1H, d, J = 8.2 Hz, H-8), 7.28 (1H, dd, J =
8.2, 7.8 Hz, H-5), 5.26 (1H, t, J = 6.8 Hz, H-2'), 3.96
(3H, s, 2-OCH3), 3.94 (2H, d, J = 6.8 Hz, H-1"), 1.84
(3H, s, H-4'), 1.70 (3H, s, H-5"); >C-NMR (100 MHz,
CDCls) 6: 192.0 (3-CHO), 142.9 (C-2), 139.9 (C-8a),
137.0 (C-1a), 134.0 (C-4a), 132.0 (C-3'), 127.8 (C-1),
126.7 (C-7), 124.1 (C-3), 123.8 (C-2'), 123.3 (C-5a),
121.1 (C-4), 120.8 (C-5), 120.7 (C-6), 111.3 (C-8),
61.5 (2-OCHs,), 25.7 (C-5'), 24.1 (C-1), 18.2 (C-4").
DL Hd 5 SCiR R A — Y, M e A 16
A 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-
3-carbaldehyde.

WEM1T: REET AR, &R e
BN 4730 CigHsNO,, ESI-MS m/z: 280
[M+H]"; '"H-NMR (400 MHz, DMSO-dy) &: 11.24
(1H, s, NH), 10.17 (1H, s, 3-CHO), 9.25 (1H, s,
1-OH), 8.25 (1H, s, H-4), 8.15 (1H, d, J = 8.0 Hz,
H-5), 7.60 (1H, d, J = 8.0 Hz, H-8), 7.43 (1H, dd, J =
8.0, 7.6 Hz, H-7), 7.22 (1H, dd, J = 8.0, 7.6 Hz, H-6),
5.17 (1H, t, J= 6.8 Hz, H-2"), 3.96 (2H, d, J = 6.8 Hz,
H-1'), 1.80 (3H, s, H-5"), 1.64 (3H, s, H-4'); *C-NMR
(100 MHz, DMSO-dy) J: 192.7 (3-CHO), 140.5 (C-1),
140.3 (C-8a), 135.0 (C-1a), 130.7 (C-3'), 127.5 (C-3),
126.8 (C-2), 126.5 (C-7), 124.7 (C-2'), 123.6 (C-5a),
121.9 (C-4a), 120.9 (C-5), 120.2 (C-6), 119.4 (C-4),
112.3 (C-8), 26.0 (C-4'), 23.9 (C-1"), 18.4 (C-5"). L |
Ml 5 CERIE R A S, Mt A 1T N
claulansine I

AW 18: RIEETEM AR, R AR
B N FEYE ;s 4> F 3 CoHy NO;3, ESI-MS m/z: 324
[M+H]"; "H-NMR (400 MHz, CDCl5) 6: 10.27 (1H,
s, 3-CHO), 8.71 (1H, s, NH), 8.48 (1H, s, H-4), 8.10
(1H, d, J= 8.0 Hz, H-5), 7.49 (1H, d, J = 8.2 Hz, H-8),
7.47 (1H, dd, J = 8.2, 7.8 Hz, H-7), 7.31 (1H, dd, J =
8.0, 7.8 Hz, H-6), 7.11 (1H, d, J = 16.3 Hz, H-1), 6.08
(1H, d, J= 16.3 Hz, H-2'), 3.93 (3H, s, 1-OCH3), 3.34
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(3H, s, 3-OCH;), 1.48 (3H, s, H-4'), 1.48 (3H, s,
H-5); "“C-NMR (100 MHz, CDCl;) J: 191.8
(3-CHO), 144.8 (C-2)), 142.5 (C-1), 140.2 (C-8a),
136.7 (C-1a), 130.6 (C-2), 128.0 (C-3), 127.1 (C-7),
124.0 (C-4a), 123.9 (C-5a), 121.0 (C-1"), 120.9 (C-5),
120.8 (C-6), 119.6 (C-4), 1113 (C-8), 75.7 (C-3"),
60.6 (1-OCH;), 50.8 (3-OCHj), 26.0 (C-4"), 26.0
(C-5" A%t 5 SemripiE A — 5, ket
&%) 18 N clausehainanine A .
4 g

AW FUE5A5 38 FH 22 FhERAR Ca il 40 B8 7 VR AN i 1
e SE R B R ZE 1 90% Z BB P ik 2
AT T RGN, MR ESxET 18 Muh
Y1, W35 10 MEG RIS EWR 8 MEMISEIL &
Wi, B AN e B R o B AR
HApeaY 2. 3 1 8 N IR E K @Y 4y 25
B3, FOFRL—FKEE ZAEMEERILED,
TR AAET YA, DSR2 H RME Y i
NE Mo AHIE T ST B B SR AE DG 5 joh &
L) 10 MEGERIMCEY), BINE RN 3% 4
B3], BAEBERNEESREZ L A TR E
B OGS AN R 2 AR I 2 R o A, %
T A B R SR B BRI SR
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