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Clausena harmandiana (Rutaceae), known in Thai as “Song Fa”, is a medicinal plant
which has shown some therapeutic activities against stomach ache, headache, sickness, and as a
health promoting herb. It has been found that the roots of this plant contain a large amount of
carbazole alkaloids together with coumarins. Biological activities of the chemical constituents
from C. harmandiana have been evaluated as being antifungal, antimalarial, anti-TB, and having
cytotoxicity.

In this study, twenty compounds were isolated from the root of Clausena harmandiana
including fifteen carbazoles, four coumarins and one cinnamate ester. heptaphylline (I) and 7-
methoxyheptaphylline (IT) were used as the starting material for structural modification and
nineteen carbazole alkaloids were synthesized. All isolated compounds were evaluated for their
biological activities such as an antifungal against Candida albicans, an antiplasmodial against
Plasmodium falciparum, an antimycobacterial against Mycobacterium tuberculosis It was found
that all compounds showed moderate to weak activities against all tests except compound Ila
exhibited strong activity against Plasmodium falciparum. Cytotoxicity against NCI-H187 (human
lung cancer), MCF-7 (breast cancer), KB (oral human epidermal carcinoma) and Vero cell lines
(African green monkey kidney, normal cell) were also evaluated.

Among these derivatives, Ih and Ili showed cytotoxicity against the NCI-H187 cell line
with IC,; values of 0.02 and 0.66 UM, respectively, which are about 138 and 4 fold stronger than
the ellipticine standard. In addition, oxime Ih displayed cytotoxicity against KB cells with an IC,,
value of 0.17 uM which is about 10 times stronger than the ellipticine. This compound
demonstrated weak cytotoxicity against Vero cells (IC,, = 66.01 uM). The results show

convincingly that Th may be a promising lead for the development of cytotoxic agents.
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IUae 6 LL’L’f@N’L]ﬂ‘ﬁiuﬂ1i¢nul%’0h1ﬁ1ﬁﬂﬂﬂﬂﬂ1 IC,, tn1n1 3.2, 8.5 1ag 0.1 Mg/ml AU

OCHs

= X

) ¢} (¢} HsCO
Xanthoxyletin (7)

Osthol (8)

o}
H ‘: ,\
CHs N OCH

Clauszoline (11)

Dentatin (6)

7- Methoxymuconal 9)

7-Methoxyheptaphylline (10)

M 1 msdsznevnnulusindsaiiiag

1 <] Y o 1 oA = v Ao nm Y Y a £ A
i’JEJNlliﬂ@]"liJ MTJﬁ]EJFI"Iﬂ’J”IENMﬁ"li’f)ﬂﬁa”IEJ@]TJ‘VIENllﬂJllﬂLLEJﬂ@@ﬂﬂJ”IGl,W‘]Jif‘jTl‘ﬁ LUBDNAIN

A dy ' 6-8 A J 4 a (. A ~
Wy anatiisy Clausena excavate™ Tensnguaiiun lsauazguizunatedinuenmiiennd
J @ a 1 <] { { o ] @
aunvludesth  dIvesnandesthninaziinua Tdunlassnuniids i lduenanaesnin
X 9 A 7 a o 9 = o A £
Vedesmsizuenasianivesnyn Agedlaseaiumanil sazihensild linadeugns
=
NI

14 X [} J o o
1nTaseardevesmsun Tvadedinglendu aldehyde 1oz methoxyluTuana f39674

S A

A A o 9 ¥ o 9 o A o &
ﬂﬂﬂ%%ﬂmlﬂaﬂIﬂiﬂﬂi”lﬂﬁllﬂ@lélwu‘ﬁﬂﬂIﬂiﬂﬁiﬁﬁa”lﬂ‘Via”IEJ Tﬂﬂﬂ’N’ﬂ@”ﬁmﬂHWH‘ﬁUN@n
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= a £ = AaX 1 g = v oA 2
NDNIVUGNITNNFINTNNAVU Iﬂﬂﬂgﬁ\iﬁ?ﬁﬂﬁﬂﬂﬂﬂqmﬁiﬂﬁﬂﬂ'ﬁﬂ@ﬂﬂ 3-5  UININUIE
Q\{Ql zil g o z&l = Y y £ ] 4 <
NATDUHYNIAIULYD I L‘Iff)']ﬂﬂﬁﬂ IFOUIQUTY Wﬁaumfm‘ﬁclumﬁmu%aamm KB, NCI-

I a 1w J a a2 9 912 o o A X2 =~
H187, MCF-7 tazaNuunyaenuwaalsna (Vero cells) 9nAY FINIURNITUBINNY

U

AR <3 1 o ] ]
Wandwily o, Sunsaturated lactone 1182 alkene nasaivzaaulasInssad e ldguny
=S Aas o =\ QW
3. szfgvIsa UM SIVY
< o o Y I =
3.1 nuaegeayu ng iy ouuiazuavilupsazidon
[ ) a o
3.2 nenanafle@IiIaz 189U 1ae 149 hexane, EtOAc tiag MeOH
o w 2 o ¥ A Ly ax
3.3 eNsanAneUTY hexane 1oy EtOAc Men1d Iaensuignsaledsnalnsin
Tans il wazannanli IddSnannne
° 4 . . 1Y) A 9
3.4 ihmsulwa heptaphylline (18¢ 7-methoxyheptaphylline nsuasulaseasng
Y ad aa S o 9 (aaa ' ' . . . . s 9
AYITNMIUANDUNGTEY Tﬂ&%ﬂgﬂsmmmwu epoxidation, oxime formation, hydrolysis 1Wuau
9 = Y4 2’/ Y = =
asvdoIaseadumuniiveseyiusnivuadieIsnadln Insa Il
£ = Yy a’s) dy o di' é’ = I
3.6 nAdoUgNIN1IFINN laun gniadedulsa, e, wewanise tazanuiuy
a 1 J = v
Wyaorad 1WSouHounuasATgIu
1 g’/ d' Y 1 d' d' o 1
3.7 gaansnanuan 18 1% lasamsgesn 3-5 evimsnagevuas 1

wd

a =4 a a J dy o
ANUUNTI ﬂﬁﬂaﬂﬁﬂ’li!ﬂ UOUNTY ﬂ'lﬂ'JG]f'll,ﬂidJ AUSINYIAITAT UDNVINUITMN

¥
A

k4 9
a @ g I a 1
ﬂ'l‘i‘ﬂ@ﬁﬂﬂi}ﬂﬁﬂ?\‘]%?ﬂWWﬂWU@WUlﬂf’f]‘i? Lﬂf@ﬂmiiﬂ L%’E]MWQ'IGEJ W%}’E]MWQF]'JHJHJUWHWE]

a

1aaNg39 KB, NCI-HI87, MCF-7 tagiuisadilsnd (Vero cells) Aguiitugisnssuuay

E]

malulagdMmuriand  @.AaIKHaN 0.AAB9H AN 2.UNUFIY

ad
IBNINAADI
Y Aa Ad
ﬂ15!!€lﬂﬁ1§1°ﬁ'ﬂﬁﬁ°ﬂﬁ
H a o ° ]
mimﬁm%lmmu ’EJTJLLWQ uaae L’f]fl@ll ﬁ']“l’il.lﬂ“l’ifﬂﬂ 1.3 ﬂIaﬂill u’]iJ']LI,"]W?Ij'JEJ
a y g [ [ 9 d ] o ) ~
LN U 2 AT 2 A3 L‘]Junmmqaz 39U NWIDUMNAUDYINNTUNUTUD mmsa:mw‘lﬁﬂﬂazma
Llﬁjﬂ 1561§ﬁﬁﬂﬁﬂ1ﬂlaﬂl"]5u 22 N5U m}mﬂﬁmﬁeﬁj’mmﬂ%aazéﬁm EtOAc 914U 2 ans 2
y o A v ) o A A o ' A Ay
£33 mmsazmﬂ%"lﬁmlﬂszmmmq "lﬂﬁ"l'iﬁﬂﬂﬁfnﬂlﬂﬂ‘ﬁaﬂzcﬁmﬂ 41 NTY UENINNHADAY
9 1
MeOH U 2 8AT 2 AT ﬁwawsa:amﬁ‘lﬁﬂﬂszmmﬁﬁ llﬁlﬁTiﬁﬂﬂﬁfﬂULll‘ﬁTu@a 147 N3
9
e sanaAneUFUIENIEY WEAADAILIT column chromatography 1aeld silica gel
< & 4 % v o XA a
2l stationary phase aztaniasuiy mobile phase LWN%?%@Q%O%W&%QW&%HL%@EJ”] Tagmsaw

a a o { I a a S o & v o
lonsaosHan awunsenudasiy 100% tONHadTAHIAN mﬂuuﬂiummmmmazawiﬁ
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9

A 2 a v & < v 3 . ]
quﬁum&mimmu‘ﬁmea NTTNUYU 100% WBIUDA tuasanailu fraction g8 Ulﬁ}
9

@ J

Wi 16 fractions Taelddydnuaiunwdlu HF1, HF2, HF3,......HF16 Ui ey

1 HF7 1nannanaelaniyuiazionsaozdan 18 heptaphylline (1) (2.8 g 0.22%)
fraction 808 HFS M1ANNANABIBNsULALIONT a0 HAN 18 7-methoxyheptaphylline (2) (4.3 g
0.33%) 101 filtrate 11ANHANS1 18 dentatin (3) (3.2 g, 0.25%) 111 fraction HF9 1M8NA0&I673
column chromatography (CC) Tael¥ silica gel @ stationary phase HAZAINAZ YN TNV
BULAZIONTa0sHAN 1 mobile phase Lﬁu%’wmﬁ’aﬁ1azawﬁuf§aﬂq Tagnsiau
EtOAc fumsanaiiu fraction 9064 T4NAAY 8 fractions ADHFI.1, HF92,..... ... HF9.8 1
fraction 8§08 HF9.7 1iag HF9.8 11u8nAena1835 PLC laans glycosinine (4) (13 mg, 0.001%)
1ag clauszoline-K (5) (24 mg, 0.0018%) 18N fraction HF11 #1875 cC Tagld silica gel LidJu
stationary phase uazdazaeNaNYeY 1aNUIazeNTaosEan 111 mobile phase L‘I/Q\i‘JJ‘ﬁ}l?l
maqﬁ’aﬁmzmﬂﬁuéaﬂq Taonsiin EtOAc thuasanaidly fraction 8089 1&amu 9
fractions ABHF11.1, HF11.2,........... HF11.9 11 fraction 898 HF11.4 ¥18naaa1835 PLC 16
#19 xanthoxyletin (6) (1.2 g, 0.09%) osthol (7) (65 mg, 0.005%), methyl carbazole-3-carboxylate
(8) (15 mg, 0.0012%) tag mukonal (9) (24 mg, 0.0018%) Tumsuen fraction HF11.5 @38 PLC
Wy 1Aas heptazoline (10) (5 mg, 0.0004%) 11 fraction HF11.6-11.9 MANNANAIBLEINLSL
Haziensaordan 18 7-methoxymukonal (11) (1.6 g, 0.12%), nordentatin (12) (1.4 g, 0.11%),
7-hydroxyheptaphylline (13) (56 mg, 0.0043%) 4t clausine-C (14) (20 mg, 0.0015%) ANANY

Dried ground roots of C. harmandiana (1.3 kq)

I Hexane x 2
Crude Hexane Marc
(22 9)
EtOAc x 2
Crude EtOAcC Marc
(419)
Crude MeOH Marc
(147 9)

NN 2 LLN‘L!PTQﬂﬁﬁﬁﬂﬁﬂﬂli’)ﬂd@ﬂ%\hﬂﬂ
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Crude Hexane (22 g)

T T T N

HF.s HF;  HF, HF, HF o HF HF 1516

I I |
SRR

93 78 HF9.1-6 HF9.7 HF9.8 HF11.1-3 HF11.4 HF11.5 HF11.6 HF11.7 HF11.8 HF11.9

Lo VEb D

81 50 17 62 5 77 30

bl

6 37 18 12

v 9
MNA 3 UHUAINTLENETANANETLTUIENIY Y

Crude EtOAc (41 g)

|
Voob b

EF., EF; EF, EFs; EFg EFy

|
bbb

108 109 EFs; EFs; EFsss  EFsg
110 8

v 9
PN 4 UNUAINITLNENTENANEILTUIONT a0 FIAN
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9
FnSuANTANANENUTUINADLTAN WLEAABAIYIT column chromatography 1aald
. & . g . A 2 o o 2 A
silica gel 11 stationary phase aztanyuiiy mobile phase qummmmmazmﬂﬁuﬁaﬂq
a a a < 1 3 a a g}/ [ g}/ o o
Tagmsian ensaozdan aunsenulasuidlu 100% Pniaszdan MNUUYSTUTIVOIAIM

=<

A X a & g < v o
aza1ﬂﬁlﬁlwmuﬁ’aﬂﬂﬁmmumu@a UNTENUIU 100% LUBIUDA NUAITANAIIU fraction

2 @ J

doue 1ANIdY 9 fractions Tael¥dadnusiunwilu EF1, EF2, EF3,......EF9 mwady 1h
fraction 808 EF3 11U8NA0AI835 PLC a3 docosyl ferulate (15) (9 mg, 0.0007%) U@y
clausine-V (16) (11 mg, 0.0008%) WINABAIEID column chromatography Taeld silica gel
W stationary phase aztany Uil mobile phase Lﬁu%’ammﬁ’aﬁmzmﬂﬁuéaﬂq Tagmsaw
enTasdan wnsenalavuiiy 100% enassden MnulfuTveshazaielsl
dudIomsAumsIea awnseRaiiy 100% wimea mumsaiaify fraction gov 1
WAy 6 fractions Taelddydnuaiunwily EFs.1, BFS.2, BFS3,......EF5.6 awday 1h
fraction EF5.2 Liag 5.6 mmﬂwﬁﬂﬁamaﬂmuuazm‘ﬂ%aagf?nmn Ul@glj 7-methoxymurrayacine (17)
(17 mg, 0.0013%) ttaz clausine (18) (12 mg, 0.0009%) AUAIAU U1 fraction EF8 t1az EF9 11

=S 9 a a Y . .
ANHANABLENIFULIAZIONTABZTHIAN |9 lansine (19) (4.8 g, 0.37%) uae clausine-K (20) (2.2

mg, 0.17%) MUAIAL

<
MINAABLGNEMIBINNW

d
1. qn%c?immmﬁﬂ Plasmodium falciparum

v

& o dq y= A . . o 2 2 X A
Wou1auseN 1GANYINe  Plasmodium falciparum T1YNUT K1 BIADADYIHAYTUA

(multidrug resistant strain) mamnzasuyeluioinaani lagsuod Trager & Jensen (1976)
Tagyimsnziaesluennsnousadyiia RPMI 1640 Ma3uade 20 mM HEPES (N-2-
hydroxyethylpiperrazine-N'-2-ethanesulf0nic acid), 32 mM NaHCO, t1a¢ 10% heat inactivated
[l H 9
human serum N 3% erythrocytes 37%5 Tu 3% CO, incubator Tagyng passaged 1o lag
A dy dy A d A (%
LﬂﬁElu’f]’]ﬂ’]ﬁlﬁfl\il%@ﬂﬂlﬂﬂlﬁ@ﬂllﬂﬂnﬂﬂ'J'H
mﬁanqw%ﬁ’mmmﬁﬂmmmsﬁ%zmﬁauﬁaﬂ microculture radioisotope techniques
Y
1435409 Desjardines et al. (1979) lagajimsnaasansaasil 1d 200 W ves 1.5%
A X ' a A
erythrocytes N4 1% parasitemia (weagcluiz:az early ring stage) 11 well ¥04 plate {NTI1TNIY
nagevluvnaagiuadhl) 25 UL (@sezaiely 1% DMSO, anududugaiioves
I o oA (@] . g” 2 3
DMSO (i1 0.1%) 11 lihiun 37% Tu lu 3% CO, incubator :MIMGEY 25 UL v [H]
hypoxanthine (Amersham, USA) ﬁ@gﬂu culture medium (ﬁmmvﬁ’u%’u 0.5 UCi) adluunay

o ] < o [ @ = . { . I
well 1 ldudlunal 24 ¥2Tue vhinmsiadsumves [H] hypoxanthine 1gn incorporate 111



17

U2 count per minute ABIATOY TopCount microplate scintillation counter (Packard, USA).
3 . v o Jo a a ti’ = o J J
Usunaveg ['H] hypoxanthine ﬂgfmwu‘ﬁﬂ‘Ufﬂilfﬂimlﬂﬂi@]ﬂlﬂﬂl%@iﬂﬁ%iﬂ mudaesiasud
a a g = Y
mssas Inveureuaiiselaslygas
% parasite growth = CPM_/CPM,, X 100
Y H [
CPM, IM1N1U count per minute GU’ENL%E)ﬁQﬂ treat MIUAITNNAABY 130 reference drug
Y [
(dihydroartemisinine; DHA) @91 CPM,, iN1NU count per minute "IJENL%E]ﬂQiJﬂ’JTJﬂiJﬁ treat A1
1 Y
vehicle (DMSO) anudutuvesasnageundugimsnsaanlaved parasite 18 50 % fo
I ]
W ic,,
- |
2. QNEMUYD3I Candida albicans
E4 4 '
IWZIQ8U%® Candida albican (ATCC 90028) Tu potato dextrose agar (PDA) 71 30%%
3 o o f 1 o 1A ¥
Wunan 3 e 3-5 Talatiumnziaealu RPMI-1640 Tasviimswenin 30 auldiae
X 10° CFU/ml.
Tumsnagovunilaela 45 1 ¥4 yeast cell suspension 14 well w09 384-well plate
Y Aa ~ 1 1Y o oA [} o g a
LLEI'JLGIII’LTWT]/Iﬂgﬂﬂﬁﬂﬂiuell‘lﬂ@ﬁ“l‘]ﬂuaﬂhlﬂ 5 ]J,l 'Ll'l]lﬂllll'ﬂ 377 UIU 4 ‘]5')111\1 AMMNUULIAY
10 UL ¥9d 62.5 Llg/ml resazurin solution UNA 37°% Wi 30u10 Mimsdalsinaais
fluorescent 9 excitation wavelength 530 nm 1A emission wavelength 1 590 nm AIATO
SpectraMax M35 miocroplate reader (Molecular Devices, USA) Fluorescence signal 910 wells i
\ 2 X v s s o & 4 0,
laoisi@eure (RPMI-1640) 14131 background control (1a5uamsgdugInIsiNI LI
- o s S 1
YDUFDAIUIUIIN fluorescence units VBIFAAN treat AIVT1INATOY (FU,) uazmaa‘ﬂ"lugﬂ
treat (FU,) Tav1dgas
% Inhibition = [1-(FU/FU,)] X 100
Y 9 A o & L, £ gy A
ﬂ71”IiJL“]J?JﬂJ‘LHJ@Qﬁ”ISTIﬂﬁB‘]J‘V]ﬁ"I?J"IiE]EJ‘].IENﬂ"ISLWiJﬁ]”I‘L!TJm“II@QHﬁ’Jllﬂ 50% (Ao ICso)
v = D Y 9 A, A
‘Hﬂﬂﬁnﬂ dose-response curve 1 plot TaglsanududuyesdIsnagol 6 A1 Woinse
3
ALY 2-fold serially dilution 1umsnaaeuly¥ Amphotericin B 1@z 0.5% DMSO 1lu

positive LL81¥ negative control AUAIAY

d

De

w

3. qNBAMTO I3 Mycobacterium tuberculosis

dy Aq Y= I dy . . v d A

won laany 1o Mycobacterium tuberculosis @18NWUT H37Ra W express green
fluorescent protein (GFP; H37Ra glp) 1 establish lag Changsen, et al. (2003). W13 RRETGEN

¥ H37Ra glp UY 7H10 agar N1 30 |lg/ml kanamycin 71 37°% 1Funan 4 dand wieau
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[ < Ay a a =) o zg = 1 dy ,i’ a
dunaritronsaay Ia N13@ToN starter cultures IAgiude 2-3 Talaltldenisneusorila
7HO broth MaATUAIY 0.2% v/v Middlebrook OADC enrichment solution (BD Biosciences) Lo
. ° oA (e} . v Y '
30 Wg/ml kanamycin 1111/2#1 37°4 1 shaker incubator (200 rpm) 3UNTZNT ARV
X A o . . - '
Wworieiliia optical density (OD) N1 550 nm 3¢%319 0.5 and 1
a & o 0 . |
TumsiwsonwolSunaming mlaeun starter cultures ¥ ldluemsi@euyo7H9
broth ludasiaau 1/10 udatiu 37% Tu shaker incubator (200 rpm) UNTLNIANUYUVD
&l d’ o (% d‘ ] 1 = o . z&l f d' o
o1 1130 OD 1 550 nm 0g1u313 0.5 D9 1 111 suspension voude lTumIss thaznou
Y
wad l/daas suspend 1 PBS buffer 1&2¥11M13 sonicate 8 n339ae 15 1IN 11 sonicated
' ° 3 A o = A ' o 9 X
samples M09 uazii 1Ny -80%y wiu 2 de 3 weuneutinnly msmdsunaveurelu
o Y . . dy ~ o .
stock 1110819 colony forming until (cfu) assay Usmavourovuzanlunsn anti-TB
9 o . . . 9 dy A a o A = ] [
assay ¥118910M391 serial dilutions TaeldireMasyluiun 7 Fsoglusie log phase 11
o o { < o
WMMsAnET nsRevNaIsnenaaewiy serial dilutions 11 5% DMSO lumsnageuih
Tagiay 5 W vesansioznadou luvinaaeiualy well ved 384-well plate 1N 45 LU Y84
f { o 1 1 I @ o [
wentySum 2x10° 89 1x10° cfwml aelu well ¥ 1duuh 37% 1Hunar 7 34 vimsasivia
. Y 4 . ) '
fuorescence signals ABIAT DY SpectraMax M5 microplate reader (Molecular Devices, USA) f
excitation Q1Y emission wavelengths 1 485 nm and 535 nm MUAIAL fluorescence signals i day
< o ¥ 7 5 °
zero 1911)% background control M5NAABIY 2 91 1105 EUAVD growth inhibition AUIUIN
4 ' 9 '
f11 fluorescence unit V010N treat NUANINATOU (FUT) LL@ZL%’E)V]LlﬂJgﬂ treat ﬁ?ﬂﬁﬁﬂﬂﬁﬂﬂ
(FU,) A3gAT
% Inhibition = [1-(FU/FU.)] X 100
Yy 9 A Ay A A o & a A gy A QL
ANudutuYeIEIHI e IeeNgaNa NI DdUTINTIIT Yo UT 1@ 90% DorTlua
Minimum Inhibitory Concentration (MIC) msnageuly Rifampicin, streptomycin, isoniazid

.o " S .
1a2 ofloxcin (lu positive controls (8¢ 0.5% DMSO Wua negative control

4. qwédumaémﬁa
adilelumsane 1dun
- KB cell line (epidermoid carcinoma of oral cavity, ATCC-CCL-17)
- MCF-7 cell line (breast adenocarcinoma, ATCC HTB-22)
- NCI-H187 (small cell lung carcinoma, ATCC CRL-5804)
mﬁaqu%{mmgﬂuﬁyGimc]faﬁmﬁqﬁaﬂﬁ% Resazurin Microplate Assay (REMA)

< o J

Tagagiminaaninigaeil Wusadnegluszey log phase uvhms@eaalilalSun
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4 9 [ 9 [ o
15aan 7><104 cells/ml §1¥15U KB Lag 9><104 cells/ml @1¥15U NCI-H187 ttag MCF-7 ‘Vﬂﬂ']'ﬁl,%@
meansnagnageulu 5% DMSO lumsnageu@y 5 W vesasnaznadot luvuaa1a iy
Y a . A A Y o oA
a3l well V09 384-well plates MNUUAY 45 LI YD cell suspension Mgsen 13 v lddun
. I o o o v o 1
370% G1“1«! 5% CO, incubator 1Wuran 3 a5y KB uag MCF-7 uag 5 3Ud11sy NCI-H187
Y 1
VINUAY 12.5 LU ¥4 62.5 Llg/ml resazurin solution a3 lutaag well 1liiui 37% wiu 4
¥21u9 M11159A fluorescence signal ABIATBY SpectraMax M5 multi-detection microplate
reader (Molecular Devices, USA) 1 excitation 1A% emission wavelengths 530 nm ag 590 nm
9 v
audey efisudmsdudimamusuiuvessaadiuia laol¥gas
% Inhibition = [1-(FU,/FU.)]X100
FU, (NN fluorescent units YUFAFN treat AIBANTNAADY
[ . P n Y 9
FU_ 1m0 fluorescent units vouxaan 1314 treat AIBATNATDL
Y 9 = o 2 2 o v v
ﬂ??ﬂlﬂ]ﬂﬂlﬂﬂl@ﬂﬁ?iﬂﬁ?ﬂ?iﬂﬂﬂﬂ\?ﬂ?ilWﬂJ%WU'}uﬂJ@\u%ﬁﬁﬂﬂ 50% (Icso) Wf‘lﬂﬁﬂﬂ Dose
response curves N plot 1agl¥ANuduTUYIEITNATOU 6 A1 tBMTIRNATULY 2-fold

serially diluted Taeld SOFTMax Pro software (Molecular Devices, USA)

5. qn‘é@hw aalsn@ Vero cells (African green monkey kidney)

mﬁauqm%mmﬂuﬁy@iamaﬁﬂsﬂa Vero cells 1a81% Green Fluorescent Protein
(GFP) based assay CRLY GFP-expressing Vero cell line Tagns transfecting Vero cells (ATCC
CCL-81) e pEGFP-N1 plasmid (Clontech) ﬁmmwm’ﬁywcﬁaﬁiu minimal essential medium
ﬁlﬁ%uﬁﬁﬂ 10% heat-inactivated fetal bovine serum, 2 mM L-glutamine, 1 mM sodium pyruvate,
1.5 g/L sodium bicarbonate 1aig 0.8 mg/mL geneticin ﬁ 37%5 Tu 5% CO, incubator Tums
nAToUANS LI vosashaznaaouluvadiefuasly well Y04 384-well plates 1R 45 L
V94 cell suspension (3.3><104 cells/ml) adluueaz well ‘]J'llﬁ 37%5 Ty 5% CO, incubator ﬁJu
a1 4 U M3 fluorescence signals ﬁ?ﬂlﬂ%@ﬂ SpectraMax M5 microplate reader
(Molecular Devices, USA) ﬁ excitation 40 emission wavelengths 485 nm Qg 535 nm
AR fluorescence signal ‘17] day 0 1415 background control osiyud cytotoxicity AUID
Taeldgas

% Cytotoxicity = [1-(FU,/FU_)]X100

FU, 1NN mean fluorescent units ﬂl@ﬂL“ﬁaﬁ"ﬁ treat A28A1TNATOU

1 o o 1
FU_ 111 mean fluorescent units Y0UHaaN 1 18 treat A10813NAT0U
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A1 IC,, 11118 910 dose-response curves 9 plot IaalFArududuvesasnagon 6 a1
1We¥MIRPINATUVY FU, MU 2-fold serially dilution 1a81% SOFTMax Pro software
(Molecular Devices, USA) X Ellipticine 8% 0.5% DMSO i positive Ll81¥ negative control

ANAINL

4. NANMINAABI

aaauamamamnsazalalasalntvesansiiven i

Heptaphylline (1). 3014304 ; 9AnaouHal 168-170 °C, IR (KBr) V,_cm ' : 3292,
2926, 1614, 1474, 1449, 1329, 1237, 1183, 739 ; 'H NMR (CDCL,) § 11.65 (1H, s, OH), 9.91 (1H,
s, CHO), 8.23 (1H, br s, NH), 8.04 (1H, s, H-4), 7.97 (1H, d, J = 7.8 Hz, H-5), 7.37-7.41 (2H, m,
H-7 and H-8), 7.24-7.28 (1H, m, H-6), 5.31 (1H, t, J = 6.9 Hz, H-2), 3.64 (2H, d, J = 6.9 Hz, H-
1, 1.90 (3H, s, H-5", 1.77 (3H, s, H-4) ; °C NMR (CDCL) 6 195.4 (CHO), 157.8 (C-2), 145.0 (C-
la), 140.1 (C-8a), 134.2 (C-3"), 125.9 (C-4), 125.3 (C-7), 123.6 (C-5a), 121.2 (C-2"), 120.8 (C-6),
119.8 (C-5), 117.3 (C-4a), 115.4 (C-3), 110.9 (C-8), 109.0 (C-1), 25.7 (C-4"), 22.8 (C-1"), 18.1 (C-
5"

7-Methoxyheptaphylline (2). ¥9L39F11a09; mp 150-152 °C, IR (KBr) V.__ cm ' :

max

3326, 2958, 1612, 1465, 1324, 1188, 1161, 1028 ;lH NMR (CDCL,) J 11.62 (1H, s, OH), 9.86

(1H, s, CHO), 8.16 (1H, br s, NH), 7.88 (1H, s, H-4), 7.81 (1H, d, J= 8.5 Hz, H-5), 6.89 (1H, br
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d,J=1.6 Hz, H-8), 6.87 (1H, dd, /= 8.5, 1.8 Hz, H-6), 5.30 (1H, t, J = 6.8 Hz, H-2'), 3.90 (3H, s,
OCH,), 3.60 (2H, d, J = 6.8 Hz, H-1"), 1.88 (3H, s, H-5'"), 1.76 (3H, s, H-4") ; “C NMR (CDCL) 0
195.3 (CHO), 159.0 (C-7), 157.3 (C-2), 145.2 (C-1a), 141.5 (C-8a), 134.1 (C-3"), 124.0 (C-4),
121.3 (C-2"), 120.5 (C-5), 117.5 (C-4a), 117.2 (C-5a), 115.3 (C-3), 109.0 (C-1), 108.9 (C-6), 95.6
(C-8), 55.7 (OCH,-7), 25.7 (C-4"), 22.8 (C-1), 18.1 (C-5") ; HRMS m/z 310.1440 [M+H]" (calcd.

for C,,H ,NO,+H, 310.1443).

197719

Dentatin (3). ¥04199145& ; mp 93-94 °C, IR (KB V___em’ : 3437, 2966, 1728,
1612, 1588, 1463, 1381, 1328, 1193, 1139, 1086, 986. 970 ; 'H NMR (CDCI,) 5 7.86 (1H, d, J =
9.6 Hz, H-4), 6.56 (1H, d, J = 9.9 Hz, H-6), 6.30 (1H, dd, J = 17.4, 10.6 Hz, H-2"), 6.18 (1H, d, J
= 9.6 Hz, H-3), 5.69 (1H, d, J = 9.9 Hz, H-7), 4.94 (1H, d, J = 17.4 Hz, H-3'b), 4.87 (1H, d, J =
10.6 Hz, H-3'a), 3.82 (3H, s, OCH,), 1.66 (6H, s, C-4' and C-5'), 1.45 (6H, s, 2CH,-8) ; "C NMR
(CDCI,) 4 160.7 (C-2), 156.0 (C-9a), 154.0 (C-1a), 151.2 (C-5), 149.8 (C-2"), 138.9 (C-4), 130.4
(C-7), 119.2 (C-10), 116.3 (C-6), 111.7 (C-3), 108.3 (C-5a), 108.2 (C-3"), 107.5 (C-4a), 77.4 (C-
8), 63.4 (OCH,), 41.2 (C-1'), 29.4 (C-4 and C-5'), 27.5 (2CH,-8).

H3CO N
4

Glycosinine (4). Y¥04UF9T11A1A80Y; mp 184-186 °C, IR (KBr) V. cm ' : 3311,
2926, 1666, 1607, 1461, 1261, 1202, 1168, 1033, 808 ; 'H NMR (CDCI,) 6 10.42 (1H, s, CHO),
8.49 (1H, s, H-4), 8.25 (1H, s, NH), 7.93 (1H, d, J = 7.8 Hz, H-5), 7.29-7.34 (2H, m, H-7 and H-
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8), 7.17-7.21 (1H, m, H-6), 6.80 (1H, s, H-1), 3.92 (3H, s, OCH,) ; “C NMR (CDCL) 0 189.5
(CHO), 161.6 (C-2), 145.0 (C-1a), 139.9 (C-8a), 125.8 (C-7), 123.7 (C-5a), 121.8 (C-4), 120.8 (C-
6), 120.2 (C-5), 119.0 (C-3), 117.4 (C-4a), 110.7 (C-8), 92.4 (C-1), 55.9 (OCH,).

0

OCH
o e LA

o IZ

Clauszoline-K (5). ¥941d9Mna0; mp 214216 °C, IR (KBr) V. cm’ : 3313, 2843,
1672, 1606, 1570, 1479, 1323, 1238, 1199, 1161, 1121, 1025, 822 ; 'H NMR (CDCL,) J 10.04
(1H, s, CHO), 9.09 (1H, s, NH), 8.47 (1H, s, H-4), 7.97 (1H, d, J = 8.6 Hz, H-5), 7.87 (1H, dd, J
=84, 1.4 Hz, H-2), 7.44 (1H, d, J = 8.4 Hz, H-1), 6.94 (1H, br d, J = 2.0 Hz H-8), 6.90 (1H, dd, J
= 8.6, 2.2 Hz, H-6), 3.90 (3H, s, OCH,) ; "C NMR (CDCI,) 6 192.2 (CHO), 159.7 (C-7), 143.7
(C-1a), 141.6 (C-8a), 128.9 (C-3), 126.3 (C-2), 123.7 (C-4a), 122.9 (C-4), 121.4 (C-5), 116.9 (C-
5a), 110.6 (C-1), 109.2 (C-6), 95.2 (C-8), 55.6 (OCH,) ; HRMS m/z 226.0868 [M+H] " (calcd. for

C,H, NO,+H, 226.0868).

147711

Xanthoxyletin (6). Y9334 13li& ; mp 131-133 °C, IR (KBr) V__ cm’ : 3434, 2971,
1725, 1616, 1600, 1140, 1083 ; 'H NMR (CDCL,) 0 7.83 (1H, d, J = 9.6 Hz, H-4), 6.56 (1H, d, J =
10.1 Hz, H-6), 6.54 (1H, s, H-10), 6.19 (1H, d, J = 9.6 Hz, H-3), 5.69 (1H, d, J=10.1 Hz, H-7),
3.85 (3H, s, OCH,), 1.45 (6H, s, 2CH,-8) ; "C NMR (CDCL) d 161.0 (C-2), 157.5 (C-9a), 155.5
(C-la), 152.8 (C-5), 138.5 (C-4), 130.6 (C-7), 115.8 (C-6), 112.3 (C-3), 111.3 (C-5a), 107.3 (C-
4a), 100.8 (C-10), 77.5 (C-8), 63.6 (OCH,), 28.1 (2CH,-8).
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Osthol (7). Wouda luTiF ; mp 79-81 °C, IR (KBr) V., cm’': 3414, 2914, 1718, 1604,
1277, 1252, 1121, 1090, 840 ; 'H NMR (CDCL,) J 7.60 (1H, d, J = 9.4 Hz, H-4), 7.28 (1H, d, J =
8.6 Hz, H-5), 6.83 (1H, d, J = 8.6 Hz, H-6), 6.22 (1H, d, J = 9.4 Hz, H-3), 5.22 (1H, t, /= 7.2 Hz,
H-2), 3.91 (3H, s, OCH,), 3.53 (2H, d, J = 7.2 Hz, H-1), 1.83 3H, s, C-5"), 1.66 (3H, 5, C-4") ;
C NMR (CDCI,) 6 161.4 (C-2), 160.2 (C-7), 152.8 (C-1a), 143.7 (C-4), 132.6 (C-3'), 126.2 (C-
5), 121.1 (C-2), 118.0 (C-8), 113.0 (C-3), 107.3 (C-6), 107.3 (C-4a), 56.0 (OCH,), 25.8 (C-4"),

21.9 (C-1", 17.9 (C-5") ; HRMS m/z 267.0996 [M+Na] " (caled. for C ;H, 0,+Na, 267.0997).

O

H,CO O O

co IZ

Methyl carbazole-3-carboxylate (8). mmuéﬁa%mﬁm; mp 180-182 oC, IR (KBr) V,__
em' 3289, 2953, 1686, 1628, 1605, 1436, 1308, 1247, 731 ;]H NMR (CDCl,) 6 8.82 (1H, s, H-
4), 8.34 (1H, br s, NH), 8.12-8.15 (2H, m, H-2 and H-5), 7.45-7.47 (2H, m, H-7 and H-8), 7.42
(1H, d, J = 8.5 Hz, H-1), 7.29 (1H, m, H-6), 3.98 (3H, s, OCH,) ; “C NMR (CDCl,) 0 167.8
(C=0), 142.2 (C-1a), 139.9 (C-8a), 127.4 (C-2), 126.5 (C-7), 123.3 (C-5a), 123.1 (C-3), 122.9 (C-
4), 121.4 (C-4a), 120.6 (C-5), 120.3 (C-6), 110.9 (C-8), 110.1 (C-1), 51.9 (OCH,) ; HRMS m/z

226.0951 [M+H] (calcd. for C,;H, NO,+H, 226.0868).
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HO

N
HO H
9

Mukonal (9). mmwﬁq%mﬁm ; mp 230-231 oC, IR(KBr) V,__ cm: 3376, 2961, 1651,
1457, 1327, 1249, 1167, 774 ; H NMR (CDCI, + CD,0D) 6 9.84 (1H, s, CHO), 8.11 (1H, s, H-
4),7.92 (1H, d, J = 7.8 Hz, H-5), 7.33-7.34 (2H, m, H-7 and H-8), 7.17-7.21 (1H, m, H-6), 6.80
(1H, s, H-1) ; "C NMR (CDCI, + CD,OD) 6 195.3 (CHO), 160.5 (C-2), 146.4 (C-1a), 141.0 (C-8a),
127.3 (C-4), 125.8 (C-7), 123.1 (C-5a), 120.3 (C-6), 119.5 (C-5), 117.9 (C-4a), 114.9 (C-3), 110.9
(C-8), 96.4 (C-1) ; HRMS m/z 212.0712 [M+H]" (calcd. for C ;H,NO,+H, 212.0712).

0]

neel

N OH
HO H

10

Heptazoline (10). YoauisF11a04 ; mp 208-209 °C, IR (KB V. om’ : 3278, 2926,
1610, 1587, 1324, 1222, 1083 ; 'H NMR (CDCL,) J 11.55 (1H, s, OH), 9.85 (1H, s, CHO), 9.04
(1H, br s, NH), 7.98 (1H, s, H-4), 7.49 (1H, d, J = 7.8 Hz, H-5), 7.06 (1H, t, J = 7.8 Hz, H-6),
6.83 (1H, d, J = 7.8 Hz, H-7), 5.30 (1H, t, J = 6.8 Hz, H-2"), 3.60 (2H, d, J = 6.8 Hz, H-1"), 1.86
(H, s, H-5", 1.71 (3H, s, H-4) ; "C NMR (CDCL) 6 195.3 (CHO), 157.4 (C-2), 144.7 (C-1a),
142.1 (C-8), 133.8 (C-3"), 129.5 (C-8a), 125.7 (C-4), 125.3 (C-5a), 121.3 (C-6), 121.0 (C-2),
117.8 (C-4a), 115.3 (C-3), 111.5 (C-5),111.2 (C-7), 109.3 (C-1), 25.6 (C-4"), 22.9 (C-1'), 17.9 (C-

5') ; HRMS m/z 296.1292 [M+H] (calcd. for C,H,,NO,+H, 296.1287).

O

J i e
N

HO H

11
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7-Methoxymukonal (11). Yodudi9&@11ans; mp 208-209 °C, IR (KBr) V,_cm': 3264,
2952, 1615, 1469, 1353, 1315, 1247, 1183, 1157, 1028, 815 ; 'H NMR (CDCL,) 6 11.42 (1H, s,
OH), 9.92 (1H, s, CHO), 8.15 (1H, br s, NH), 8.04 (1H, s, H-4), 7.84 (1H, d, J = 8.1 Hz, H-5),
6.89 (1H, s, H-8), 6.87 (1H, d, J = 8.1, 2.1 Hz, H-6), 6.83 (1H, s, H-1), 3.89 (3H, s, OCH,) ; "°C
NMR (CDCL,) 6 195.2 (CHO), 160.0 (C-2), 159.1 (C-7), 146.6 (C-1a), 142.4 (C-8a), 125.6 (C-4),
120.1 (C-5), 118.0 (C-4a), 116.7 (C-5a), 114.9 (C-3), 108.3 (C-6), 96.1 (C-1), 95.2 (C-8), 55.0

(OCH,-7) ; HRMS m/z 242.0816 [M+H]" (calcd. for C ,H, NO,+H, 242.0817).

Nordentatin (12). HANTMADI0OU ; mp 179-181 °C, IR (KBr) V, _cm’ : 3248, 2974,
1685, 1605, 1588, 1559, 1318, 1178, 1138 ; 'H NMR (CDCI,) 6 8.04 (1H, d, J = 9.6 Hz, H-4),
6.55 (1H, d, J = 9.9 Hz, H-6), 6.38 (1H, s, OH), 6.27 (1H, dd, J = 17.4, 10.6 Hz, H-2"), 6.13 (1H,
d,J=9.6 Hz, H-3), 5.67 (1H, d, J= 9.9 Hz, H-7), 491 (1H, d, J= 17.4 Hz, H-3'b), 4.84 (1H, d, J
=10.6 Hz, H-3'a), 1.63 (6H, s, C-4' and C-5"), 1.43 (6H, s, 2CH,-8) ; "C NMR (CDCL) J 161.7
(C-2), 156.0 (C-9a), 154.1 (C-1a), 150.0 (C-2"), 146.8 (C-5), 139.5 (C-4), 129.8 (C-7), 116.0 (C-
10), 115.2 (C-6), 110.0 (C-3), 108.0 (C-3"), 106.2 (C-5a), 104.0 (C-4a), 77.1 (C-8), 41.0 (C-1'),

29.5 (C-4' and C-5"), 27.3 (2CH,-8).

o)
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1

7-Hydroxyheptaphylline (13). VYoUITIMADN; mp 193-195 °C, IR (KBr) V. . cm :
3257, 2920, 1615, 1454, 1327, 1221, 1156 ; H NMR (CDCI, + CD,0D) 6 9.82 (1H, s, CHO),
7.86 (1H, s, H-4), 7.72 (1H, d, J = 8.4 Hz, H-5), 6.82 (1H, br d, J = 2.2 Hz, H-8), 6.72 (1H, dd, J
=8.4,2.2 Hz, H-6), 5.27 (1H, t, J = 6.8 Hz, H-2"), 3.56 (2H, d, J = 6.8 Hz, H-1'), 1.83 (3H, s, H-
5'), 1.70 (3H, s, H-4") ; "C NMR (CDCJ, + CD,0D) J 195.3 (CHO), 156.9 (C-2), 155.8 (C-7), 145.2
(C-1a), 141.9 (C-8a), 133.7 (C-3'), 123.8 (C-4), 121.2 (C-2"), 120.4 (C-5), 117.7 (C-4a), 116.6 (C-
5a), 115.0 (C-3), 109.4 (C-6), 109.0 (C-1), 97.3 (C-8), 25.6 (C-4), 22.8 (C-1), 17.9 (C-5 ;
HRMS m/z 318.1108 [M+Na] (calcd. for C,(H,,NO,+Na, 318.1106).

o)

OCHj
H,CO O
N
H
14

Clausine-C (14). ¥0ud411a09; mp 193-195 °C, IR (KBr) V__cm’ : 3285, 2918,
2453, 1698, 1600, 1440, 1315, 1261, 1206, 1165, 1097, 1030 ; 'H NMR (CDCI,) d 8.70 (1H, s, H-
4), 8.23 (1H, br s, 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=85Hz, H-1),6.93 (1H, brd, /= 1.5 Hz, H-8), 6.90 (1H, dd, J = 8.5, 1.9 Hz, H-6), 3.96 3H, s,
OCH,-ester), 3.90 (3H, s, OCH,-7) ; "C NMR (CDCl,) 6 168.0 (C=0), 159.6 (C-7), 142.3 (C-1a),
1413 (C-8a), 126.3 (C-2), 123.3 (C-4a), 121.9 (C-4), 121.5 (C-3), 121.4 (C-5), 117.1 (C-5a),

109.8 (C-1), 109.0 (C-6), 95.1 (C-8), 55.6 (OCH,-7), 51.9 (OCHj,-ester).

OCH; 15

Docosyl ferulate (15). ¥94uda'ilid; mp 70-71 °C, IR (KBr) V__cm’': 3456, 2918,
2850, 1624, 1599, 1519, 1472, 1286, 1254, 1182 ; 'H NMR (CDCL) & 7.60 (1H, d, J = 15.9 Hz, H-
3),7.07 (1H, d,J = 8.1 Hz, H-9), 7.03 (1H, s, H-5), 6.91 (1H, d, J = 8.1 Hz, H-8), 6.29 (1H, d, J =

15.9 Hz, H-2), 5.84 (1H, s, OH), 4.18 (1H, t, J = 6.7 Hz, H-1'), 3.93 (3H. s, OCH,), 1.67-1.71
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(4H, m, H-2' and H-3'), 1.38 (4H, m, H-4' and H-5"), 0.88 (3H, t, J = 6.5 Hz, H-6') ; “C NMR
(CDCL,) 6 167.3 (CHO), 147.9 (C-7), 146.7 (C-6), 144.6 (C-3), 127.1 (C-4), 123.0 (C-9), 115.7
(C-2), 114.7 (C-8), 109.3 (C-5), 64.6 (C-1'), 55.9 (OCH,), 31.9 (C-5"), 28.8 (C-2"), 26.0 (C-3"),
22.7 (C-4"), 14.1 (C-6").

e
H,CO

I=

16

Clausine-V (16). WangUiindu1n ; mp 240-242 °C, IR (KBr) V,__cm’': 3384, 2928,
1610, 1457, 1265, 1233, 1160, 1120, 1027, 825, 806 ; 'H NMR (CDCl, + CDOD) 6 7.74 (2H, d, J =
8.5 Hz, H-4 and H-5), 6.84 (2H, s, H-1 and H-8), 6.72 (2H, d, J = 8.4 Hz, H-3 and H-6), 3.81 (6H,
s, OCH,2 and -7) ; "C NMR (CDCI, + CD,0D) § 157.9 (C-2 and C-7), 141.3 (C-1a and C-8a),
119.6 (C-4 or C-5), 119.5 (C-4 or C-5), 117.2 (C-4a and C-5a), 107.2 (C-3 and C-6), 94.7 (C-1

and C-8), 55.2 (OCH,-2 and OCH,-7).

7-Methoxymurrayacine (17). "U’é]x‘il,!,%\‘lamam; mp 220-222 OC, IR (KBr) V,  cm :
3186, 2985, 1633, 1576, 1425, 1316, 1234, 1201, 1156, 813 ; 'H NMR (CDCL + CDOD) 6 10.34
(1H, s, CHO), 8.20 (1H, s, H-6), 7.77 (1H, d, J = 8.5 Hz, H-7), 6.86 (1H, br d, /= 2.1 Hz, H-10),
6.76 (1H, dd, J = 8.5, 2.1 Hz, H-8), 6.68 (1H, d, J = 9.9 Hz, H-1),5.70 (1H, d, J = 9.9 Hz, H-2),
3.83 (3H, s, OCH,), 1.47 (6H, s, C-1' and C-2') ; “C NMR (CDCL, + CDOD) 6 189.9 (CHO), 158.8
(C-9), 154.2 (C-4a), 142.2 (C-10a), 141.4 (C-11a), 129.5 (C-2), 120.6 (C-7), 118.3 (C-6), 117.7
(C-5), 117.6 (C-6a), 117.5 (C-7a), 116.6 (C-1), 108.1 (C-8), 104.1 (C-1a), 95.7 (C-10), 77.3 (C-
3), 55.6 (OCH,), 27.5 (C-1' and C-2").
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Clausine-E (18). ¥93039mé; mp 193-194 °C, IR (KBr) V. em’ : 3330, 2949,
1698, 1663, 1594, 1500, 1436, 1355, 1318, 1263, 1088, 1005, 759 ; 'H NMR (CDCI, + CD,0D) &
8.30 (1H, s, H-4), 7.99 (1H, d, J = 7.8 Hz, H-5), 7.44 (1H, s, H-2), 7.42 (1H, d, J = 8.2 Hz, H-8),
7.35 (10, t, J= 8.1 Hz, H-7), 7.16 (1H, t, J = 7.5 Hz, H-6), 3.87 (3H, s, OCH,) ; "C NMR (CDCl,
+ CD,0D) & 168.8 (C=0), 142.0 (C-1), 139.9 (C-8a), 132.8 (C-la), 126.1 (C-7), 124.1 (C-4a),

123.6 (C-5a), 121.0 (C-3), 120.4 (C-5), 119.6 (C-6), 115.0 (C-4), 111.3 (C-8), 110.9 (C-2), 51.9

(OCH)).
0
O OCH
N |
H,CO N
19

Lansine (19). ﬂlﬂﬂll%ﬁ?‘fmﬁ@ﬂl"fl}ug mp 210-212 °c (dec.), IR (KBr) V__ cm’: 3249,
2858, 1665, 1604, 1471, 1430, 1274, 1251, 1157, 1036, 819 ; 'H NMR (CDCI, + CD,0D) 010.32
(1H, s, CHO), 8.33 (1H, s, H-4), 7.81 (1H, d, J = 8.5 Hz, H-5), 6.92 QH, s, H-1 and H-8), 6.79
(IH, dd, J = 8.5, 2.1 Hz, H-6),3.97 (OCH,-7), 3.86 (OCH,-2) ; "C NMR (CDC], + CDOD) & 190.3
(CHO), 161.1 (C-2), 158.9 (C-7), 146.4 (C-1a), 142.1 (C-8a), 120.24 (C-5), 120.2 (C-4), 117.8
(C-3), 117.6 (C-4a), 117.0 (C-5a), 108.3 (C-6), 95.2 (C-8), 92.3 (C-1) ; HRMS m/z 278.0392

[M+Na] " (caled. for C,.H,,NO,+Na, 278.0793).

0]

OCHj
o
H3CO N

20



Clausine-K (20). AE1IN1 ; mp 239-240 °C (dec.), IR (KBr) V__ cm’ : 3446, 3315,

max

2927, 1664, 1618, 1578, 1200, 1163, 1084 ; '"H NMR (DMSO-d,)) 0 11.24 (1H, s, COOH), 8.32

(1H, s, H-4), 7.88 (1H, d, J = 8.5 Hz, H-5), 7.02 (1H, s, H-1), 6.96 (1H, br d, J = 2.1 Hz, H-8),

6.74 (1H, dd, J = 8.5, 2.1 Hz, H-6), 3.84 (6H, s, OCH,-2 and OCH,-7) ; “C NMR (DMSO-d,) 0

168.3 (COOH), 158.5 (C-7), 157.7 (C-2), 143.8 (C-1a), 142.0 (C-8a), 123.4 (C-4), 120.8 (C-5),

116.6 (C-3), 116.1 (C-4a), 112.9 (C-5a), 108.6 (C-6), 95.5 (C-8), 94.3 (C-1), 56.3 (OCH,-2), 55.7

(OCH,-7).
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2-Methoxyheptaphylline (Ia). 7.9 mg, 15 % yield, yellow solid; mp 130-131 °c, IR
(KBn) V. em 3170, 2989, 1662, 1621, 1596, 1457, 1334, 1230, 1062, 735; "H NMR (CDCL) 0
10.40 (1H, s, CHO), 8.50 (1H, s, H-4), 8.26 (1H, br s, NH), 8.05 (1H, d, J = 7.7 Hz, H-5), 7.40-
7.45 (2H, m, H-7 and H-8), 7.26-7.29 (1H, m, H-6), 5.31 (1H, t, J = 6.4 Hz, H-2"), 3.94 (3H, s,
OCH,), 3.70 (2H, d, J = 6.4 Hz, H-1", 1.93 (3H, s, H-5), 1.79 (3H, s, H-4"); °C NMR (CDCL,) 6
190.1 (CHO), 159.3 (C-2), 144.1 (C-1a), 140.2 (C-8a), 134.4 (C-3"), 126.3 (CH-7), 123.7 (C-5a),
122.4 (C-3), 121.4 (CH-2"), 120.8 (CH-4), 120.6 (CH-6), 120.2 (C-1), 120.0 (CH-5),116.3 (C-4a),
110.9 (CH-8), 64.8 (OCH,), 25.7 (CH;-4"), 23.9 (CH,-1"), 18.2 (CH,-5"); HRMS m/z 294.1493

[M+H]" (caled. for C,,H,,NO,+H, 294.1494),

9-Methylheptaphylline (Ib). 5.8 mg, 11 % yield, yellow solid; mp 89-90 °C, IR (KBr)
V. cm': 3414, 2926, 1620, 1483, 1355, 1322, 1235, 1192, 755; 'H NMR (CDCI,) 6 11.73 (1H,
s, OH), 9.88 (1H, s, CHO), 8.04 (1H, s, H-4), 7.97 (1H, d, J = 7.6 Hz, H-5), 7.45 (1H, t, J = 7.4
Hz, H-7), 7.34 (1H, d, J = 8.1 Hz, H-8), 7.25-7.29 (1H, m, H-6), 5.24 (1H, br t, J = 5.5 Hz, H-2",
4.03 3H, s, N-CH,), 3.84 QH, d, J = 5.5 Hz, H-1",1.84 3H, s, H-5), 1.74 (3H, s, H-4"); "C NMR
(CDCL) J 194.9 (CHO), 158.9 (C-2),145.3 (C-1a), 142.8 (C-8a), 132.5 (C-3"), 125.7 (CH-7), 124.8
(CH-4), 123.7 (CH-2"), 123.2 (C-5a), 120.6 (CH-6), 119.2 (CH-5), 118.0 (C-4a), 114.7 (C-3),
110.3 (C-1), 108.9 (CH-8), 32.1 (NCH,), 25.7 (CH,-4"), 22.8 (CH,-1"), 18.2 (CH,-5"); HRMS m/z
294.1488 [M+H]" (calcd. for C ,H ,NO,+H, 294.1494).

2-Methoxy-9-methylheptaphylline (I¢). 36 mg, 65 % yield, yellow solid; mp 75-78 OC,
IR (KBr) V. cm : 2924, 2853, 1666, 1622, 1592, 1450, 1429, 1321, 1242, 1196, 1049, 743; 'H
NMR (CDCl,) 6 10.38 (1H, s, CHO), 8.51 (1H, s, H-4), 8.06 (1H, d, J= 7.7 Hz, H-5), 7.48 (1H, t,
J=18.0 Hz, H-7), 7.37 (1H, d, J = 8.2 Hz, H-8), 7.28 (1H, t, J = 7.6 Hz, H-6), 5.27 (1H, , J= 5.5
Hz, H-2"), 4.01 (3H, s, N-CH,), 3.93 (3H, s, OCH,), 3.89 (2H, d, J = 5.5 Hz, H-1'), 1.86 (3H, s, H-
5", 1.74 (3H, s, H-4"); "C NMR (CDCL,) d 190.0 (CHO), 160.3 (C-2), 144.2 (C-1a), 142.8 (C-8a),
132.8 (C-3'), 126.2 (CH-7), 124.2 (CH-2"), 123.2 (C-5a), 121.7 (C-4a), 120.9 (C-1), 120.5 (CH-4),
120.1 (CH-6), 119.8 (CH-5), 117.8 (C-3), 109.0 (CH-8), 65.0 (OCH,), 32.0 (NCH,), 25.6 (CH,-
4, 23.6 (CH,-1), 183 (CH,-5"); HRMS m/z 308.1645 [M+H] (caled. for C,H, NO,+H,

207721

308.1645).
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2,7-Dimethoxyheptaphylline (Ila). 8.7 mg, 15 % yield, yellow solid; mp 148-150 OC, IR
(KBr) V,_ em 3247, 2921, 1662, 1599, 1451, 1424, 1322, 1229, 1200, 1161, 1061; '"H NMR
(CDCL,) 010.39 (1H, s, CHO), 8.38 (1H, s, H-4), 8.14 (1H, br s, NH), 7.90 (1H, d, /= 8.5 Hz, H-
5), 6.92 (1H, br d, J = 2.1 Hz, H-8), 6.88 (1H, dd, J = 8.5, 2.1 Hz, H-6), 5.30 (1H, t, J = 6.6 Hz,
H-2'), 3.93 (3H, s, OCH,-2), 3.90 (3H, s, OCH,-7), 3.68 (2H, d, /= 6.6 Hz, H-1"), 1.93 (3H, s, H-
5", 1.79 (3H, s, H-4"); °C NMR (CDCL,) 6 190.1 (CHO), 159.4 (C-2), 158.7 (C-7), 144.2 (C-1a),
141.5 (C-8a), 134.4 (C-3"), 122.4 (C-3), 121.5 (CH-5), 121.3 (CH-2"), 120.4 (C-4a), 118.8 (CH-4),
117.4 (C-1), 116.1 (C-5a), 109.2 (CH-6), 95.4 (CH-8), 64.8 (OCH,-2), 55.7 (OCH,-7), 25.7 (CH,-
4, 23.9 (CH,-1', 182 (CH,-5); HRMS m/z 324.1594 [M+H] (caled. for C,H, NO,+H,

324.1594).

2,7-Dimethoxy-9-methylheptaphylline (Ilc). 45 mg, 74 % yield, yellow solid; mp 144-
146 OC, IR KBr) V,__ cm ' 2927, 2849, 1672, 1591, 1442, 1357, 1243, 1228, 1180, 1132, 1054,
1041, 834, 804; 'H NMR (CDCL,) 0 10.36 (1H, s, CHO), 8.37 (1H, s, H-4), 7.90 (1H, d, J = 8.5
Hz, H-5), 6.88 (1H, dd, J= 8.5, 1.4 Hz, H-6), 6.81 (1H, br d, J= 1.4 Hz, H-8), 5.26 (1H, t, J =
4.9 Hz, H-2"), 3.97 (3H, s, N-CH,), 3.92 (6H, s, OCH,-2 and OCH,-7), 3.85 (2H, d, /= 4.9 Hz, H-
1'), 1.85 (3H, s, H-5"), 1.74 (3H, s, H-4"); “C NMR (CDCL,) 0190.0 (CHO), 159.6 (C-2),159.4 (C-
7), 144.4 (C-1a), 144.2 (C-8a), 132.7 (C-3"), 124.2 (CH-2"), 121.7 (C-3), 121.1 (C-4a), 120.8 (CH-
5), 118.5 (CH-4), 117.7 (C-1), 116.9 (C-5a), 108.4 (CH-6), 93.9 (CH-8), 65.0 (OCH,-2), 55.7
(OCH,;-7), 32.0 (NCH,), 25.6 (CH;-4"), 23.6 (CH,-1"), 18.3 (CH;-5"); HRMS m/z 338.1748

[M+H]" (caled. for C,,H,,NO,+H, 338.1750).
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5-Formyl-3,3-dimethylpyrano[3,2-aJcarbazole (Id) [34]. 19.2 mg, 98 % yield, white

solid; mp 228-230 OC, IR (KBr) V om 3263, 2972, 1661, 1603, 1456, 1331, 1238, 1167; 'H

NMR (CDCl,) 0 10.43 (1H, s, CHO), 8.38 (1H, s, H-6), 8.01 (1H, br s, NH),7.91 (1H, d, J= 7.6
Hz, H-7), 7.27-7.34 (2H, m, H-9 and H-10), 7.15-7.18 (1H, m, H-8), 2.82 (2H, t, J = 6.8 Hz, H-1),
1.94 (2H, t, J = 6.8 Hz, H-2), 1.39 (6H, s, H-1' and H-2); "C NMR (CDCL) 6 189.9 (CHO), 155.6
(C-4a), 143.4 (C-11a), 139.9 (C-10a), 125.5 (CH-9), 124.4 (C-7a), 120.8 (CH-8), 120.2 (CH-7),
119.2 (CH-6), 119.0 (C-5), 116.4 (C-6a), 110.6 (CH-10), 102.4 (C-1a), 75.2 (C-3), 31.6 (CH,-2),
26.7 (CH;-1' and 2), 18.0 (CH,-1); HRMS m/z 302.1157 [MJrNa]+ (caled. for CH ,NO,+Na,
302.1157).

5-Formyl-33-dimethyl-7-methoxypyrano[3,2-a]Jcarbazole (IId). 20.6 mg, 95 % yield,

white solid; mp 210-211 OC, IR (KBr) V om 3165, 2928, 1595, 1444, 1322, 1241, 1200,

1160; 'H NMR (CDCI, + CD,0D) d 10.33 (1H, s, CHO), 8.47 (1H, s, H-6), 7.77 (1H, d, J = 8.5
Hz, H-7), 6.89 (1H, br d, J = 1.7 Hz, H-10), 6.76 (1H, dd, J = 8.5, 1.7 Hz, H-8), 3.83 3H, s,
OCH,), 2.84 (2H, t, J = 6.8 Hz, H-1), 1.93 (2H, t, J = 6.8 Hz, H-2),1.38 (6H, s, H-1' and H-2"); "C
NMR (CDCI, + CD,0D) § 194.7 (CHO), 162.5 (C-9), 159.0 (C-4a), 148.6 (C-11a), 146.0 (C-
10a), 133.3 (C-7a), 124.4 (CH-7), 121.78 (CH-6), 121.76 (C-5), 120.6 (C-6a), 112.0 (CH-8),
106.7 (C-1a), 99.7 (CH-10), 79.1 (C-3), 59.4 (OCH,), 35.5 (CH,-2), 30.4 (CH,-1' and 2), 21.7

(CH,-1); HRMS m/z 310.1436 [M+H]" (caled. for C ;H,,NO,+H, 310.1443),
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M 717056100 mCPBA
1-(3'-Methylbutyl-2',3'-oxirane)mukonal (Ie). 8.27 mg, 40 % yield, yellow solid; mp 241-

242 OC, IR (KBr) V om 3330, 2968, 1637, 1455, 1432, 1379, 1344, 1231, 895, 783, 747, 'H

NMR (CDCL) 8 11.78 (1H, s, OH), 9.92 (1H, s, CHO), 9.45 (1H, br s, NH), 8.10 (1H, s, H-4),
7.98 (1H, d, J = 7.7 Hz, H-5), 7.46 (1H, d, J = 8.0 Hz, H-8), 7.39 (1H, t, J = 8.0 Hz, H-7), 7.25
(1H, m, H-6), 3.96 (1H, dd, J= 15.4, 1.1 Hz, H-1'a or b), 2.99 (1H, dd, J = 9.6, 1.1 Hz, H-2"), 2.46
(1H, dd, J = 15.4, 9.6 Hz, H-1'b or a), 1.58 (3H, s, H-5'), 1.41 (3H, s, H-4"); "C NMR (CDCI,) 6
195.3 (CHO), 157.9 (C-2), 146.0 (C-1a), 140.6 (C-8a), 126.1 (CH-4), 125.9 (CH-7), 123.6 (C-5a),
120.7 (CH-6), 119.7 (CH-5), 117.6 (C-4a), 115.2 (C-3), 111.4 (CH-8), 106.6 (C-1), 64.4 (CH-2"),
60.3 (C-3"), 24.8 (CH,-4"), 24.1 (CH,-1), 19.0 (CH,-5"); HRMS m/z 318.1107 [M+Na]" (calcd. for
C,.H,,NO,+Na, 318.1106).

5-Formyl-2-hydroxy-3,3-dimethylpyrano[3,2-a]carbazole (If). 4.34 mg, 21 % yield, pale
yellow amorphous solid; mp 283-284 °C, IR (KBr) V,__cm : 3435, 2925, 1592, 1452, 1326,
1228; 'H NMR (CDCI, + CD,0D) 6 10.35 (1H, s, CHO), 8.35 (1H, s, H-6), 7.92 (1H, d, J = 7.7
Hz, H-7), 7.39 (1H, d, J = 7.1 Hz, H-10), 7.31 (1H, t, J = 7.1 Hz, H-9), 7.16 (1H, t, J = 7.7 Hz, H-
8), 3.93 (1H, t, J = 5.6 Hz, H-2), 3.12 (1H, dd, J = 16.3, 5.6 Hz, H-1a or b), 2.80 (1H, dd, J =
16.4, 5.6 Hz, H-1b or a), 1.44 (3H, s, H-1' or H-2"), 1.35 (3H, s, H-2' or H-1"); "C NMR (CDCI, +
CD,0D) J 190.6 (CHO), 154.5 (C-4a), 144.6 (C-11a), 140.8 (C-10a), 125.4 (CH-9), 123.8 (C-7a),
120.1 (CH-8), 119.7 (CH-7), 119.1 (CH-6) 117.8 (C-5), 117.0 (C-6a), 110.9 (CH-10), 101.9 (C-
1a), 78.1 (C-3), 68.4 (CH-2), 26.7 (CH,-1), 25.0 (CH,-1" or 2'), 20.1 (CH,-2' or 1'); HRMS m/z
318.1106 [M+Na]  (calcd. for C,H,,NO,+Na, 318.1106).

4-Formyl-2(1'-hydroxy-1'-methylethyl)furano[3,2-a]carbazole (Ig). 6.4 mg, 31 % yield,
yellow solid; mp 214 °C (dec.), IR (KBr) V.__cm : 3392, 1660, 1629, 1596, 1456, 1378, 1230,
1141, 955; 'H NMR (CDCI, + CD,0D) 6 10.04 (1H, s, CHO), 8.21 (1H, s, H-5), 7.92 (1H, d, J =
7.6 Hz, H-6), 7.32-7.36 (2H, m, H-8 and 9), 7.17 (1H, t, J = 6.8 Hz, H-7), 4.86 (1H, t, J= 9.2 Hz,
H-2), 3.25 (2H, d, J = 9.2 Hz, H-1), 1.31 3H, s, H-2' or 3), 1.23 (3H, s, H-3' or 2); "C NMR

(CDCI, + CD,0D) ¢ 189.85 (CHO), 160.9 (C-3a), 141.6 (C-10a), 141.1 (C-9a), 125.7 (CH-3),
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123.7 (C-6a), 121.9 (CH-5), 120.3 (CH-7), 119.7 (CH-6), 118.99 (C-5a), 113.4 (C-4), 110.98
(CH-9), 107.6 (C-1a), 91.8 (CH-2), 71.54 (C-1"), 27.8 (CH,-1), 24.7 (CH,-2' or 3'), 23.8 (CH,-3'
or 2'); HRMS m/z 296.1282 [M+H]' (caled. for C,;H, NO,+H, 296.1286).
1{3-Methylbutyl-23-oxirane)-7-methoxymukonal (Ie). 8.43 mg, 37 % yield, dark yellow
amorphous solid; mp 145-147 OC, IR (KBr) V__ cm 3304, 2967, 1618, 1430, 1330, 1238,
1160; "H NMR (CDCl,) 0 11.73 (1H, s, OH), 9.87 (1H, s, CHO), 9.37 (1H, br s, NH), 7.93 (1H, s,
H-4), 7.80 (1H, d, J = 8.5 Hz, H-5), 6.95 (1H, s, H-8), 6.85 (1H, dd, J = 8.5, 2.0 Hz, H-6), 3.92
(1H, d, J=15.5 Hz, H-1'a or b), 3.88 (3H, s, OCH,), 2.99 (1H, d, J = 9.5 Hz, H-2'), 2.42 (1H, dd,
J =155, 9.7 Hz, H-1'b or ), 1.56 (3H, s, H-5'), 1.40 (3H, s, H-4"); "C NMR (CDCl,) 6 195.3
(CHO), 159.0 (C-7), 157.3 (C-2), 146.1 (C-1a), 141.9 (C-8a), 124.7 (CH-4), 120.4 (CH-5), 117.7
(C-4a), 117.0 (C-5a), 115.0 (C-3), 109.2 (CH-6), 106.5 (C-1), 95.7 (CH-8), 64.5 (CH-2"), 60.4 (C-
3", 55.6 (OCH,), 24.8 (CH,-4"), 24.0 (CH,-1"), 18.9 (CH,;-5"); HRMS m/z 348.1207 [M+Na]+
(calcd. for C ,H,(NO,+Na, 348.1212).
5-Formyl-2-hydroxy-3,3-dimethyl-9-methoxypyrano[ 3,2-a]carbazole (IIf). 5.24 mg, 23 % yield,
yellow solid; mp 142-143 OC, IR(KBr) V,_ cm ' 3388, 2929, 1596, 1323, 1233, 1199, 1159; 'H
NMR (CDCI, + CD,0D) 0 10.33 (1H, s, CHO), 8.22 (1H, s, H-6), 7.79 (1H, d, J = 8.6 Hz, H-7),
6.93 (1H, s, H-10), 6.78 (1H, d, J = 8.6 Hz, H-8), 3.92 (1H, m, H-2), 3.85 (3H, s, OCH,), 3.12
(1H, dd, J=16.2, 5.4 Hz, H-la or b), 2.80 (1H, dd, /= 16.2, 7.2 Hz, H-1b or a), 1.44 (3H, s, H-1'
or H-2"), 1.35 (3H, s, H-2' or H-1"); “C NMR (CDCI, + CD,0D) 0 190.6 (CHO), 158.8 (C-9),
154.0 (C-4a), 144.9 (C-11a), 142.3 (C-10a), 120.3 (CH-7), 117.8 (CH-6), 117.59 (C-7a), 117.56
(C-5), 117.1 (C-6a), 108.3 (CH-8), 102.0 (C-1a), 95.5 (CH-10), 78.0 (C-3), 68.4 (CH-2), 55.2
(OCH,), 26.7 (CH,-1), 24.9 (CH,-1" or 2'), 20.0 (CH,-2' or 1');; HRMS m/z 348.1217 [M+Na]’
(caled. for C ,H ,NO,+Na, 348.1212).
4-F0rmyl—2(1’-hydroxy-l'-methylethyl)—S-methoxyfurano[3,2-a]carbazole (Ifg). 7.3 mg,
32 % yield, pale yellow solid; mp 208-210°C (dec.), IR(KBr) V__ cm 3392, 1660, 1629, 1596,
1456, 1378, 1230, 1141, 955; '"H NMR (CDCl, + CD3OD)5 10.01 (1H, s, CHO), 8.06 (1H, s, H-
5),7.76 (1H, d, J = 8.5 Hz, H-6), 6.86 (1H, d, J = 2.1 Hz, H-9), 6.76 (1H, dd, J = 8.5, 2.1 Hz, H-
7), 4.83 (1H, t, J = 9.0 Hz, H-2), 3.25 (1H, dd, J = 13.0, 9.0 Hz, H-laor b ), 3.17 (1H, dd, J =
13.0, 9.0 Hz, H-1b or a), 1.30 (3H, s, H-2' or 3'), 1.22 (3H, s, H-3' or 2"); “C NMR (CDCL) o
189.8 (CHO), 160.4 (C-3a), 158.9 (C-8), 142.4 (C-9a), 141.8 (C-10a), 120.5 (C-6a), 120.4 (CH-
5), 119.1 (CH-6) 117.5 (C-5a), 113.3 (C-4), 108.2 (CH-7), 107.6 (C-1a), 95.8 (CH-9), 91.6 (CH-
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2), 71.5 (C-1"), 55.5 (OCH,), 27.8 (CH,-1), 24.8 (CH,-2' or 3'), 23.8 (CH,-3' or 2'); HRMS m/z

326.1387 [M+H] (caled. for C ,H,,NO,+H, 326.1392).
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Heptaphylline oxime (Th). 16.9 mg, 82 % yield, dark brown amorphous solid; mp 167-
169 °C, IR (KBr) V... om : 3443, 2927, 1612, 1438, 1363, 1328, 1305, 1236, 1179, 998, 741; H
NMR (CDCL,) 0 10.22 (1H, br s, OH), 8.39 (1H, s, CH-oxime), 8.03 (1H, br s, NH), 7.93 (1H, d,
J=17.7Hz H-5),7.71 (1H, s, H-4), 7.32-7.40 (2H, m, H-7 and H-8), 7.21 (1H, t, J = 7.7 Hz, H-6),
7.15 (1H, br s, N-OH), 5.35 (1H, t, J = 6.7 Hz, H-2"), 3.68 (2H, d, J = 6.8 Hz, H-1'), 1.91 (3H, s,
H-5", 1.77 GH, s, H-4"); °C NMR (CDCL,) 6 154.2 (CH-oxime), 153.6 (C-2),141.6 (C-1a), 139.8
(C-8a), 133.6 (C-3"), 125.0 (CH-7), 123.7 (C-5a), 121.8 (CH-2'), 121.0 (CH-4), 120.0 (CH-6),
119.5 (CH-5), 116.7 (C-4a), 110.6 (CH-8), 110.3 (C-3), 109.5 (C-1), 25.7 (CH,-4"), 23.6 (CH,-1"),
18.1 (CH,-5"); HRMS m/z 295.1438 [M+H] (calcd. for C,(H,(N,O,+H, 295.1447).

7-Methoxyheptaphylline oxime (ITh). 16.6 mg, 73 % yield, dark yellow amorphous solid;
mp 201-203 OC, IR (KBr) V__ cm': 3442, 2911, 2534, 1616, 1434, 1319, 1234, 1171, 993; 'H
NMR (CDCI, + CD,0D) 0 8.26 (1H, s, CH-oxime), 7.71 (1H, d, J = 8.5 Hz, H-5), 7.50 (1H, s, H-
4), 6.84 (1H, s, H-8), 6.73 (1H, dd, J = 8.5, 2.1 Hz, H-6), 5.26 (1H, t, J = 6.8 Hz, H-2'), 3.81 (3H,
s, OCH,), 3.56 (2H, d, /= 6.8 Hz, H-1"), 1.81 (3H, s, H-5"), 1.67 (3H, s, H-4"); “C NMR (CDCl, +

CD,0D) ¢ 158.2 (C-7), 153.2 (CH-oxime), 152.7 (C-2), 141.3 (C-1a), 141.2 (C-8a), 133.2 (C-3"),
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122.0 (CH-2"), 120.0 (CH-5), 119.6 (CH-4), 117.5 (C-5a), 116.6 (C-4a), 110.5 (C-3), 109.4 (C-1),
107.9 (CH-6), 95.3 (CH-8), 55.6 (OCH,), 25.6 (CH,-4"), 23.5 (CH,-1"), 18.0 (CH,-5"); HRMS m/z

325.1544 [M+H] (calcd. for C ,H,)N,0,+H, 325.1546).

5. ﬂﬁﬁ%mmi 1IN N-Bromosuccinamide (NBS)

ANE15aLa18 N-Bromosuccinamide (0.01 mmole) 1u MeCN:H,O (1:1, 2 mL) aslu

v
=

4 a a a { a I
asazatemiu Isaluensaesdan 2 mL Ngungil 0°C uazniungarigl 0°C Wuna
i

9
Y

o A a I < o
1 2T ingamgivesasazaeiluguugivesndouniniuaasanandunal 1 $1lug

ao) <3 [ a a 2’, A o [
mensazargadluigy udranadisensansFan (2X20 mL) SINFUAITOUNT IR0
Y v s
a1 asazanedudanaeuny liuiede Na,So, symounis ldusgnsae pLC 18
I'd
A5UTANS Li uag Ij

o 1 o F) 9 Y a o 7 I
GLUﬂﬁfi"U@\clfT’]ﬁ 2 ‘V]’]LG]fuLaﬂ’JﬂUﬂ'ﬁ‘ﬂﬂa@\jm']\imu llﬂwa@ﬂmcnlﬂuﬁ’ﬁ I uag Ij

o} o}
H R* H R®
LI LI
landll ———— HO N RO T 0 N R
CHeCN-H,O o H H
HO Br
li Rt=R?=H, 64% lj Rt=R?=H, 35%
lli R = OCHj3, R? = Br, 30% llj R = OCHj3, R? = Br, 60%

MNN 9 ﬂﬁﬁ%fﬂ bromination

1-(2'-Bromo-3'-hydroxy-3'-methylbutyl)mukonal (li). 21.7 mg, 64 % yield, pale yellow
solid; mp 130-132 °C, IR (KBr) V___cm’: 3408, 2978, 1614, 1474, 1384, 1330, 1230, 743; 'H
NMR (CDCl,) 6 11.74 (1H, s, OH-2), 9.93 (1H, s, CHO), 8.65 (1H, br s, NH), 8.11 (1H, s, H-4),
7.99 (1H, d, J = 7.7 Hz, H-5),7.39-7.45 2H, m, H-7 and H-8),7.29 (1H, m, H-6),4.59 (1H, dd, J =
10.6, 2.0 Hz, H-2"),3.83 (1H, dd, J = 14.9, 2.2 Hz, H-1'a or b), 3.23 (1H, dd, J = 14.9, 10.6 Hz, H-
I'b or a), 2.29 (1H, br s, OH-3"), 1.55-1.56 (6H, s, H-4' and H-5"); “C NMR (CDCl,) 0 195.4
(CHO), 158.5 (C-2), 145.3 (C-1a), 140.3 (C-8a), 126.0 (CH-7), 125.9 (CH-4), 123.7 (C-5a), 120.9
(CH-6), 119.8 (CH-5), 117.6 (C-4a), 115.2 (C-3), 111.0 (CH-8), 107.3 (C-1), 73.2 (C-3"), 68.1
(CH-2"), 30.4 (CH,-1"), 27.4 (CH;-4' or 5'), 26.5 (CH,-5' or 4'); HRMS m/z 398.0368 [M-i-Na]+

(calcd. for C H,;BrNO,+Na, 398.0368).
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2-Bromo-5-formyl-3,3-dimethylpyrano[3,2-a]carbazole (Ij). 11.3 mg, 35 % yield, pale

yellow solid; mp 232-234 °C, IR (KBr) V. cm’: 3255, 2980, 1664, 1601, 1457, 1334, 1241,

1175, 1129, 737; 'H NMR (CDCI, + CD,0D) § 10.33 (1H, s, CHO), 8.38 (1H, s, H-6), 7.91 (1H,
d,J=17.6 Hz, H-7), 7.36 (1H, d, J = 7.8 Hz, H-10), 7.30 (1H, t, J = 7.4 Hz, H-9), 7.16 (1H, t, J =
7.4 Hz, H-8), 4.37 (1H, dd, J = 8.7, 5.8 Hz, H-2), 3.50 (1H, dd, /= 16.7, 5.8 Hz, H-1a or b), 3.30
(1H, dd, J = 16.7, 8.8 Hz, H-1b or a), 1.58 (3H, s, H-1' or H-2"), 1.48 (3H, s, H-2' or H-1"); Pc
NMR (CDCI, + CD,0D) 0 190.0 (CHO), 154.0 (C-4a), 143.3 (C-11a), 140.6 (C-10a), 125.6 (CH-
9), 123.8 (C-7a), 120.4 (CH-8), 119.9 (CH-7), 119.7 (CH-6), 117.9 (C-5), 117.3 (C-6a), 111.0
(CH-10), 101.7 (C-1a), 77.8 (C-3), 51.2 (CH-2), 30.1 (CH,-1), 26.7 (CH;-1" or 2"), 21.6 (CH,-2' or
1"); HRMS m/z 381.0342 [M+H+Na]+ (calcd. for C ;H,,BrNO,+Na, 381.0340).
1-(2'-Bromo-3'-hydroxy-3'-methylbutyl)-6-bromo-7-methoxymukonal (I). 13.1 mg, 30 %

yield, brown solid; mp 118-120 OC, IR (KBr) V__cm : 3363, 2918, 1619, 1466, 1363, 1291,

1201, 1168, 1038; '"H NMR (CDCl,) 0 11.64 (1H, s, OH), 9.84 (1H, s, CHO), 8.59 (1H, br s, NH),
8.03 (1H, s, H-4), 7.89 (1H, s, H-5), 6.91 (1H, s, H-8), 4.50 (1H, dd, J = 10.6, 2.4 Hz, H-2"), 3.91
(3H, s, OCH,), 3.74 (1H, dd, J = 14.9, 2.4 Hz, H-1'a or b), 3.13 (1H, dd, J = 14.9, 10.6 Hz, H-1'b
or a), 1.49 (3H, s, H-5), 1.48 (3H, s, H-4"); "C NMR (CDCL,) d 195.4 (CHO), 158.1 (C-7), 154.7
(C-2), 145.3 (C-1a), 140.5 (C-8a), 124.9 (CH-4), 124.1 (CH-5), 118.1 (C-5a), 116.8 (C-4a), 115.4
(C-3), 107.6 (C-1), 104.8 (C-6), 95.0 (CH-8), 73.2 (C-3"), 67.9 (CH-2"), 56.5 (OCH,), 30.4 (CH,-
1, 27.4 (CH;-4' or 5, 26.5 (CH;-5' or 4); HRMS m/z 483.9763 [M-i-H]+ (calcd. for
C,,H,,Br,NO,+H, 483.9763).

2,3-Dibromo-5-formyl-3 3-dimethyl-7-methoxypyrano[ 3,2-a]carbazole (IIj). 25.2 mg, 60 % yield,
pale yellow solid; mp 260 °c (dec.), IR (KBr) V,__ cm’: 3414, 2976, 1665, 1593, 1444, 1200,
1169; '"H NMR (CDC, + CD,0D) 0 10.29 (1H, s, CHO), 8.20 (1H, s, H-6), 8.01 (1H, s, H-7),
6.94 (1H, s, H-10), 4.37 (1H, dd, J = 8.5, 5.8 Hz, H-2), 3.88 (3H, s, OCH,), 3.49 (1H, dd, J =
17.0, 5.7 Hz, H-1a or b), 3.24-3.31 (1H, m, H-1b or a), 1.57 (3H, s, H-1' or H-2"), 1.47 (3H, s, H-
2' or H-1"); “C NMR (CDCY, + CD,0D) 0 190.0 (CHO), 154.4 (C-9), 153.6 (C-4), 143.6 (C-11a),
141.1 (C-10a), 124.0 (CH-7), 118.8 (CH-6), 118.3 (C-7a), 118.1 (C-5), 116.5 (C-6a), 104.1 (C-8),
103.5 (C-1a), 95.0 (CH-10), 77.8 (C-3), 56.3 (OCH,), 51.1 (CH-2),30.0 (CH,-1), 26.6 (CH,-1' or

2'),21.7 (CH,2' or 1'); HRMS m/z 487.9475 [M+Na] (calcd. for C,,H,,Br,NO,+Na, 487.9473).
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Cytotoxicity (IC,, J4M)
AntiTB Antimalarial; Antifungal
Compound yield NCI -
(MIC) |(IC,, Ug/ml)|(IC,, Hg/ml) KB MCF | Vero cells
H187
I
i O O Inactive | Inactive Inactive 1.32 1.61 |Inactive| 92.74
|
25.00 Inactive Inactive 1.68 2.75 84.43 | Inactive
15 Inactive | Inactive Inactive 4.49 12.81 | 31.15 169.86
Ib
H O O 11 25.00 Inactive Inactive 4421 |166.34 | 18.92 34.56
HO N
CH,
|
Ic
)
H O O 65 Inactive | Inactive Inactive 62.52 | 147.4 ND 148.74
H4CO N
CH,
I
IIa
0]
H O O OCH; 15 Inactive 3.27 Inactive 19.51 | 11.04 | 23.75 61.07
H,CO E
|
Ilc
(0]
1 O O ocH 74 Inactive | Inactive Inactive 4.83 69.77 | 14.31 45.94
‘ CH;
Id
o)
" W,
o O N 98 Inactive | Inactive Inactive 65.19 | 26.38 | 93.76 [nactive
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Cytotoxicity (IC,, J4M)
AntiTB |Antimalarial| Antifungal
Compound yield NCI -
MIC) - ((ICy, He/mD)|(ICy,, Hg/mi) KB | MCF | Vero cells
H187
1Id
HO O 95 Inactive | Inactive Inactive |Inactive|Inactive|lnactive| Inactive
Ie
L0
H
HO ﬂ 40 Inactive | Inactive Inactive 5.31 54.82 | 46.55 74.46
O
If
(0]
H O O 21 Inactive | Inactive Inactive 6.06 5.99 |Inactive| Inactive
o b
OH
Ig
(o]
H O O 31 ND ND ND 3.05 | 155.29| ND Inactive
o N
H
OH
Ile
S " )ocm
HO N 37 12.50 Inactive Inactive 20.07 | 9.22 15.24 75.33
O
IIf
[0}
H O O OCH, 23 Inactive | Inactive Inactive 3.04 |120.48 |Inactive| Inactive
o it
OH
IIg
(0]
pes A
o N 32 ND ND ND 12.94 | 71.21 ND Inactive
OH
Th
' O O 82 25 Inactive Inactive 0.02 0.17 | 19.26 66.01
|
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Cytotoxicity (IC,,, UM)
AntiTB |Antimalarial| Antifungal
Compound yield NCI -
MIC) |(C,, Hg/ml)|IC,, Hg/ml) KB MCF | Vero cells
H187
1Ih
' O {)oem 73 6.25 Inactive Inactive 3.67 | 18.16 | 22.90 | Inactive
\
I
H O () 64 Inactive | Inactive 24.94 30.19 | 17.38 | 18.84 | Inactive
Ij
H O O 35 Inactive | Inactive Inactive 77.44 | 6.00 | 20.96 | Inactive
i
HO O (" )ocm 30 Inactive | Inactive Inactive 0.66 | 36.34 | ND 12.53
IIj
" i O O octy 60 Inactive | Inactive Inactive |Inactive|Inactive|Inactive| Inactive
Isoniazid 0.023
Rifampicin 0.003
Dihydroartemisini
3.7aM
n
Amphotericin B 0.034
Ellipticine 2.77 1.78 3.82
Doxorubicine 4.34
ND = No Data

Inactive @14 51 antiTB, antimalarial a2 antifungal > 50 pg/ml

Inactive G111 cytotoxicity > 200 uM
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