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3.1.1 1@3asdia
- Quick Column Chromatography
- Column Chromatography
- Nuclear Magnetic Resonance spectrum 400 MHz Bruker
- BUCHI Rotary evaporator
- FT-IR Spectrometor
- UV SPECCORD S§100

3.1.2 d@15tAd

- Hexanes (CH,,) - Dichloromethane (CH,Cl,)
- Ethylacetate (EtOAc) - Acetone (CH,COCH,)

- Methanol (CH,OH) - Chloroform (CH,CI)

- Dueterochloroform (CD,Cl) - Acetone-d,; (CD,COCD,)

- Siliga gel 60 (Merck) - Siliga gel 100 (Merck)

3.2. NyM28814
seuwonuan ivnndininaga U 2553 (Specimen number MFU-NPR0010)

Qs

AsSundvan unndaniadease U 2554 (Specimen number QBG 45334)

3.3. MSANAUAZAIILENES

deuvanuan (5.19 kg) funslugusn g deanludis afadeefiausding (EtOAc)
2 A%eqaz 3 gunathduildnnmsanadstaiauedng insemedvhazmesanmeld
anusu ladmaiavenuiaiiauafine (38.71 g) ihduateveuiafiawadmalluanaaeie
quick column chromatography 1% silica gel L?Juﬁ"!@ﬂ‘ffu Taedl hexanes waz uadlou Wudnelu
SnunziiingumaIGu lﬁmsu‘%qwé 1 &5Paas MK7 warl3 dueas (A-M)

Murrayazoline (MK7): Wan#e12 mp 266-267°C; 'H NMR (CDCl,) O 7.89 (1H, brs,
H-5), 7.49 (1H, br s, H-8), 7.46 (1H, br s, H-4), 7.24 (1H, m, H-6), 7.15 (1H, dt, J =
7.6, 7.2 Hz, H-7), 3.30 (1H, br d, J = 4.8 Hz, H-1"), 2.38 (1H, ddd, J = 13.2, 4.4, 3.2 Hz,
H-2'), 2.33 (3H, s, CH,-3), 1.96 (1H, ddd, J = 10.8, 6.4, 2.4 Hz, H-6"), 1.92 (1H, m, H-
2), 1.92 (3H, s, H-10"), 1.62 (1H, ddd, J = 15.2, 6.8, 2.8 Hz, H-4"), 1.50 (1H, m, H-



5%, 1.45 (3H, s, H-9"), 1.31 (1H, m, H-4'), 1.28 (3H, s, CH,-8'), 0.17 (1H, ddd, J =
13.6, 11.6, 7.2 Hz, H-5"); "°C NMR (CDCl,) 0 155.0 (C-2), 142.4 (C-8b), 140.6 (C-
8a), 127.3 (C-4b), 122.6 (C-6), 119.8 (C-5), 119.2 (C-7), 119.1 (C-4), 118.4 (C-3),
113.9 (C-4a), 113.4 (C-8), 107.3 (C-1), 76.1 (C-3), 60.1 (C-7'), 48.6 (C-6"), 36.8
(C-4"), 36.1 (C-2'), 30.1 (C-10"), 29.2 (C-9"), 28.3 (C-1"), 22.9 (C-8), 21.8 (C-5'),
15.4 (CH,-3)

dudan D (6.83 g) ildusndase QCC 14 silica gel Wugatuuazszeis 20%
CH,Cl,-hexanes 16 813 MK4 (10 mg) uaz 9 dutas (DA-DI) wazdiutias DC (139.4 mg)
ihlUuendade CC #ene 20% CH,Cl,-hexanes lol 815 MK3 (6.6 mg) uaz MK5 (3.6 mg)

Mahanimbinol (MK3): ?Jawﬁﬂﬁif‘)ma 'H NMR (CDCl,) O 7.93 (1H, br d, J = 7.6
Hz, H-5), 7.85 (1H, br s, NH), 7.68 (1H, s, H-4), 7.36 (1H, br d, J = 8.0 Hz, H-8), 7.30
(1H, brt, J = 7.6, 7.2 Hz, H-6), 7.17 (1H, br t, J = 7.2 Hz, H-7), 5.37 (1H, t, ] = 6.8 Hz,
H-2°), 5.21 (1H, br s, OH), 5.07 (1H, m, H-6"), 3.62 (2H, d, J = 6.8 Hz, H-1'), 2.40
(3H, s, CH,-3), 2.12 (4H, m, H-4' and -5"), 1.90 (3H, s, CH,;-9"), 1.66 (3H, s, CH,-8"),
1.59 (3H, s, CH,-10); *C NMR (CDCl,) & 151.2 (C-2), 139.4 (C-8a), 139.0 (C-3),
138.4 (C-8b), 132.1 (C-7), 124.2 (C-6), 123.6 (C-4b and C-6'), 121.3 (C-2"), 119.3
(C-4, C-5 and C-7), 117.0 (C-3), 116.6 (C-4a), 110.3 (C-8), 107.8 (C-1), 39.6 (C-
4'), 26.4 (C-5'), 25.6 (CH,-8'), 24.7 (C-1"), 17.7 (CH,~10"), 16.5 (CH,-3), 16.4
(CH,-9")

Girinimbine (MK4): 80§27 mp 175-176°C; 'H NMR (CDCl,) O 7.91 (1H, d, J =
8.0 Hz, H-5), 7.84 (1H, br s, NH), 7.67 (1H, s, H-4), 7.36 (1H, d, J = 7.6 Hz, H-8),
7.29 (1H, t, J = 8.0, 7.2 Hz, H-6), 7.17 (1H, t, J = 7.6 Hz, H-7), 6.60 (1H, d, J = 10.0
Hz, H-1'), 5.69 (1H, d, J = 10.0 Hz, H-2"), 2.33 (3H, s, CH,-3), 1.48 (6H, s, CH,-4" and
CH,-5); "°C NMR (CDCl,) 0 149.8 (C-2), 139.4 (C-8a), 134.8 (C-8b), 129.4 (C-2),
124.2 (C-6), 123.9 (C-4b), 121.1 (C-3 and C-4), 119.4 (C-7), 119.3 (C-5), 118.6
(C-4a), 117.2 (C-1"), 110.3 (C-8), 104.4 (C-1), 75.8 (C-3'), 27.6 (C-4" and C-5"),
16.0 (CH,-3)

Mahanimbine (MK5): 289ui4&d21? mp 68-71°C; 'H NMR (CDCl,) O 7.94 (1H, dd, J
- 7.6 Hz, H-5), 7.83 (1H, br s, NH), 7.69 (1H, s, H-4), 7.39 (1H, m, H-8), 7.30 (1H, m,
H-7), 7.20 (1H, m, H-6), 6.61 (1H, d, J = 9.6 Hz, H-1), 5.65 (1H, d, J = 9.6 Hz, H-2"),
5.15 (1H, t, J = 7.2 Hz, H-6"), 2.37 (3H, s, CH,-3), 2.20 (2H, m, H-5%), 1.79 (2H, m,
H-4'), 1.69 (3H, s, CH,-10"), 1.62 (3H, s, CH,-8"), 1.48 (3H, s, CH;-9"); c NMR
(cDCL) & 149.9 (C-2), 139.4 (C-8a), 134.9 (C-8b), 131.7 (C-7), 1285 (C-27),
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124.2 (C-8 and C-6"), 123.9 (C-4b), 121.2 (C-4), 119.5 (C-6), 119.3 (C-5), 118.4
(C-3), 117.6 (C-1'), 116.6 (C-4a), 110.4 (C-7), 104.2 (C-1), 78.2 (C-3'), 40.8 (C-
4", 25.8 (C-9"), 25.7 (C-10"), 22.8 (C-5'), 17.6 (C-8'), 16.1 (CH,-3)

dudos E (592.1 mg) ihldusndadia CC uazyseng 10% EtOAc-hexanes laans
MK8 (20.8 mg)

Murrayaquinone A (MK8): YDIUTFUA mp 241-242°C; '"H NMR (acetone-d,) 0
11.64 (1H, br s, NH), 8.16 (1H, d, J = 7.6 Hz, H-5), 7.63 (1H, d, J = 8.0 Hz, H-8), 7.41
(1H, t, J = 8.0, 7.2 Hz, H-T), 7.34 (1H, t, J = 7.6, 7.2 Hz, H-6), 6.51 (1H, s, H-2), 2.15
(3H, s, CH,-3) '°C NMR (acetone-d,) O 183.2 (C-1 and C-4), 148.4 (C-3), 137.6 (C-
8a), 135.9 (C-8b), 131.5 (C-2), 126.5 (C-7), 124.0 (C-4a), 123.7 (C-4b and C-6),
122.1 (C-5), 113.5 (C-8), 15.0 (CH,-3)

dution F (8.52 g) ihluuandasns QCC 14 silica gel 1usngatuuasnzaiy EtOAc-
hexanes 1u5ﬂvmzﬁLﬁu§uﬁum1u§uﬁua1ﬂ 59 EtOAc-hexanes fi9 100% EtOAc 16 14 drusen
(F1-F14) uazdiudos F8 (272.9 mg) Whlduandasie CC weaia 25% CH,Cl,-hexanes laas
MK9 (2.7 mg)

Murrayazolidine (MK9): 2aeiiadmadas 'H NMR (CDCl,) O 7.88 (1H, brd, J = 7.6
Hz, H-5), 7.71 (1H, br s, NH), 7.63 (1H, s, H-4), 7.31 (1H, br d, J = 8.0 Hz, H-6), 7.25
(1H, m, H-7), 7.14 (1H, m, H-8), 4.76 (1H, s, H-8"), 4.80 (1H, s, H-8"), 3.40 (1H, d, J
- 9.4 Hz, H-1"), 2.57 (1H, m, H-6"), 2.33 (8H, s, CH,-3), 1.88 (2H, dt, J = 12.8, 2.4 Hz,
H-2'), 1.61 (2H, m, H-4"), 1.55 (2H, m, H-5"), 1.49 (3H, 5, H-9"), 1.43 (3H, s, H-10");
8c NMR (CDCL,) & 153.6 (C-2), 150.0 (C-7"), 124.3 (C-4b), 123.5 (C-7), 119.5 (C-
4), 119.1 (C-8), 119.0 (C-5), 117.6 (C-3), 114.6 (C-4a), 112.0 (C-8') 110.1 (C-6),
105.2 (C-1), 78.9 (C-3'), 48.7 (C-6'), 39.9 (C-4"), 37.4 (C-2"), 36.2 (C-1'), 29.0 (C-
10'), 23.1 (C-5"), 21.6 (C-9’), 16.7 (CH,-3)

Wautas G (427.0 mg), H (1.03 g) and 1 (594.0 mg) wazih lUusnaaale sephadex
LH-20 wazl¥ MeOH Wudze 16 5 drudas (GA-GE) dmueay GC (1.74 g) i luendacie
qcc Tawld 40% CH,Cl,- hexanes {Wudize g 5 dmdas (GC1-GC5) Tasans MK1 (43.1
mg) ldndiugos GC3 (454.0 mg) Tasmsuendis CC waxwzay 509% CH,Cl,- hexanes

Murrayanine (MK1): 2a4ufiadiwdas mp 158-161°C; 'H NMR (CDCL,) O 10.04
(1H, s, CHO), 8.69 (1H, br s, NH), 8.18 (1H, br s, H-2), 8.10 (1H, d, J = 8.0 Hz, H-5),
7.51 (1H, m, H-8), 7.49 (1H, m, H-7), 7.45 (1H, br s, H-2), 7.31 (1H, m, H-6), 4.06
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(3H, s, OCH,); '°C NMR (CDCI,) 8 191.8 (CHO), 146.0 (C-1), 139.4 (C-8a), 134.0 (C-
8b), 130.1 (C-3), 126.6 (C-7), 123.6 (C-4a and C-4b), 120.7 (C-5 and C-6), 120.4
(C-4), 111.5 (C-8), 103.5 (C-2), 55.8 (OCH,)

dugas J (1.33 g) i luuende sephadex LH-20 lagld MeOH (udane 16 4 dudon
(JA-JD) @uda IC (66.3 mg) tlUanwdneg hexanes 1d MK6 (8.9 mg) dwiu MK2 (3.6
mg) l§nnmsusndie CC pas daudas L (220.0 mg) Tagld 409% EtOAc-CH,CI, Hudne

Koeniline (MK2): #oniladinera 'H NMR (CDCl,) O 8.28 (1H, br s, NH), 8.03
(1H, d, J = 8.0 Hz, H-5), 7.65 (1H, br s, H-4), 7.46 (1H, br d, J = 8.0 Hz, H-8), 7.41
(1H, m, H-7), 7.22 (1H, m, H-6), 6.95 (1H, br s, H-2), 4.80 (2H, s, H-1"), 4.01 (3H, s,
OCH,), 2.17 (1H, br s, OH); 'C NMR (CDCl,) S 145.7 (C-1), 139.2 (C-8a), 132.7 (C-
3), 129.1 (C-8b), 125.8 (C-7), 125.7 (C-4a), 124.0 (C-4b), 120.5 (C-5), 119.5 (C-
6), 111.7 (C-4), 111.0 (C-8), 105.6 (C-2), 66.5 (C-1'), 55.5 (OCH,)

Furostifoline (MK6): 283uidindas mp 238-242°C; 'H NMR (CDCI,) 8 9.93 (1H,
br s, NH), 8.26 (1H, s, H-4), 7.92 (1H, d, J = 7.6 Hz, H-5), 7.77 (1H, s, H-2"), 7.37
(1H, d, J = 8.0 Hz, H-8), 7.22 (1H, t, J = 8.0, 7.2 Hz, H-7), 7.07 (1H, 1, J = 7.6, 7.2 Hz,
H-6), 6.96 (1H, br s, H-1'), 2.34 (3H, s, CH,-3); "’C NMR (CDCI,) O 154,7 (C-2),
140.0 (C-8b), 139.9 (C-8a), 123.5 (C-7), 121.2 (C-2, C-4b and C-2"), 118.7 (C-5),
118.4 (C-6), 116.7 (C-3 and C-4a), 116.0 (C-1), 110.2 (C-8), 96.1 (C-1'), 15.8
(CH,-3)

3.4 miﬁfi”muazm'iLtﬂnmﬂﬁu“‘sqﬂ‘émnr"‘iﬁun{mu

TS UN A NN TUANBLAN (4.91 Kg) ananaaiadavhazansdunid hexanes
BT acetone BENBE 2 ASI AL 3 Tu NNLUNNIazWedYharaInaan LAaIUananeIU hexanes
(14.39 g) uaz acetone (29.22 g) iiamsasaseuquaniimelasninn i wuhauana
weumEBEnAMENTAAMIAGINY Femsnnduaiamaes ldduafaneu JHT (43.61
g) uiiuhduaianmuaenanliugndiunszuiums QCC Toadl si gel (Wudgadu 1o
hexanes Waz EtOAc {uenzluansni polarity gradient Todhugaenanug 12 @ (A - L)

daugas C (1.10 g) thluusndasdna cC 1 silica gel (udigadu sxaan 30% CH,Cl,-
hexanes lﬁﬁﬁu“‘iijﬂg J8 (2.1 mg) waz J16 (19.9 mg)

Girinimbine (J8) (Furukawa et al., 1985)‘21?3%&‘303!.‘]4580 5}{ (CDCl,, 400 MHz): 7.91
(1H, d, J = 8.0 Hz, H-5), 7.83 (1H, brs, 9-NH), 7.67 (1H, s, H-4), 7.38 (1H, d, J = 8.0
Hz, H-8), 7.30 (1H, t, J = 8.0 Hz, H-7), 7.17 (1H, t, J = 8.0 Hz, H-6), 6.64 (1H, d, J =

10.0 Hz, H-1"), 5.70 (1H, d, J = 10.0 Hz, H-2"), 2.32 (3H, s, 3-Me), 1.47 (6H, s, H-4'
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uas H-5")3,. (CDCl,, 100 MHz): 149.8 (C-2), 139.5 (C-8a), 134.8 (C-9a), 129.4 (C-
7), 124.2 (C-2"), 123.9 (C-4b), 121.1 (C-5), 119.5 (C-1"), 119.3 (C-6), 118.5 (C-3),
117.2 (C-4), 116.7 (C-4a), 110.4 (C-8), 104.4 (C-1), 75.8 (c-3"), 27.6 (C-4"uaz C-
5"), 16.1 (3-Me) Fluansfiesiimsnsauudd

Heptaphylline (J16)(Wu & Furukawa ,1992) 2aauisdindas J, (CDCL, 400 MHz):
11.65 (1H, s, 2-OH), 9.89 (1H, s, 3-CHO), 8.03 (1H, s, H-4), 7.96 (1H, d, J = 8.0 Hz,
H-5), 7.40 (1H, m, H-8), 7.38 (1H, m, H-7), 7.27 (1H, m, H-6), 5.31 (1H, t, J = 3.2
Hz, H-2'), 3.63 (2H, d, J = 3.2 Hz, H-1"), 1.89 (3H, s, H-4"), 1.67 (3H, s, H-5").0.
(CDCL,, 100 MHz): 195.4 (3-CHO), 157.8 (C-2), 145.0 (C-9a), 140.1 (C-8a), 134.2
(c-3"), 125.8 (C-7), 125.3 (C-4), 123.6 (C-4b), 121.2 (C-2), 120.8 (C-5), 119.8
(C-6), 115.4 (C-4a), 110.8 (C-8), 109.0 (C-1), 25.7 (c-4"), 22.8 (C-1"), 18.1 (C-5")
Hussieeiimansnuui

dwgan D (1.05 g) lvusndrs cC 14 Si gel Wudigadu zzane 509% CH,Cl-
hexanes Iﬁﬁlﬁu?iqwg J15 (46.0 mg)

Clausemine D (J15) (Ito et al., 2000) 2auudadivdas O, (CDCl,, 400 MHz): 8.52
(1H, br s, 9-NH), 8.14 (1H, d, J = 7.6 Hz, H-5), 7.44 (1H, s, H-2), 7.49 (1H, d,J = 7.6
Hz, H-8), 7.43 (1H, t, J = 7.6 Hz, H-7), 7.26 (1H, t, J = 7.6 Hz, H-6), 5.28 (1H, m, H-
2", 4.30 (2H, d, J = 5.6 Hz, H-1"), 4.01 (3H, s, 1-OMe), 3.89 (3H, s, 3-CO,Me), 1.91
(3H, d, J = 1.2 Hz, H-4') 1.70 (3H, d, J = 1.2 Hz, H-5") iumsiifimsnanuud

dudan B (1.05 g) 1hlUuendsnszuiums colume chromatography 1% Si gel Uuege
3y %678 609 CH,Cl,-hexanes URzUENGaRIY Sephadex LH-20 lagld 1009 MeOHudze
dansudans J7 (4.6 mg)

Clausine S (J7) (Wu et al., 1999) #asudadindag 0, (CDCl,, 400 MHz): 11.70 (1H,
s, 2-OH), 9.90 (1H, s, 3-CHO), 9.46 (1H, br s, 9-NH), 8.07 (1H, s, H-4), 7.98 (1H, d, J
- 7.6 Hz, H-5), 7.43 (1H, d, J = 7.6 Hz, H-8), 7.39 (1H, t, J = 7.6 Hz, H-7), 5.00 ( 1H,
br s, H-5a"), 4.86 (1H, br s, H-5b), 4.78 (1H, br d, J = 8.4 Hz, H-2'), 3.38 (1H, dd, J =
14.8 and 2.0 Hz, H-1a'), 3.02 (1H, dd, J = 14.8 and 8.4 Hz, H-1b'), 1.91 (3H, s, H-4").
d. (CDCl,, 100 MHz): 195.3 (3-CHO), 158.4 (C-2), 147.6 (C-3"), 146.6 (C-9a), 140.6
(C-8a), 125.8 (C-4 and C-8), 123.8 (C-4b), 120.6 (C-6), 119.7 (C-5), 117.4 (C-4a),
115.1 (C-1), 111.1 (C-7), 110.1 (C-5"), 107.4 (C-3), 76.7 (c-2"), 30.0 (C-1"), 18.6

(C-4") dumsiiasiimsnanuud
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duden G (1.75 g) ﬁwlﬂuaﬂ‘l,ﬁ’lﬁaﬁu%qw'éﬁm Sephadex LH-20 Tagls 100% MeOH
Hugzy uar cc 14 si gel Hludgadu zehe 309% EtOAc-hexanes MudIAU Teasudgns Je
(18.3 mg) J14 (13.8 mg) uax J17 (40.0 mg)

Clausamine B (J6) (Ito et al., 1998) #aduiia@indas J, (CDCI,, 400 MHz): 8.74 (1H,
brs, 9-NH), 8.06 (1H, d, J = 8.0 Hz, H-5), 7.61 (1H, s, H-2), 7.46 (1H, t, J = 8.0 Hz,
H-7), 7.27 (1H, t, J = 8.0 Hz, H-6), 5.22 (1H, s, H-52"), 5.09 (1H, s, H-5b"), 5.05 (1H,
dd, J = 12.0 uaz 3.6 Hz, H-2"), 4.01 (3H, s, 1-OMe), 3.60 (1H, dd, J = 16.4 uaz 3.6 Hz,
H-1a), 3.43 (1H, dd, J = 16.4 ua¥ 12.0 Hz, H-1b"), 1.97 (3H, s, H-4") {Wussiaeiins
FIENULAD

ClausineF (J14) (Wu& Huang, 1992) goaudadivdos 5H (acetone-d;, 400 MHz):
10.65 (1H, br s, 9-NH), 8.89 (1H, br s, 1-OH), 8.12 (1H, d, J = 8.0 Hz, H-5), 7.63 (1H,
d, J = 8.0 Hz, H-8), 7.47 (1H, s, H-2), 7.42 (1H, t, J = 8.0 Hz, H-7), 7.22 (1H, t, J = 8.0
Hz, H-6), 5.24 (1H, t, J = 5.6 Hz, H-2), 4.33 (2H, d, J = 5.6 Hz, H-1"), 3.83 (3H, s,3-
CO,Me), 1.89 (3H, s, H-4"), 1.67 (3H, s, H-5"). 0. (acetone-d;, 100 MHz): 169.1 (3~
CO,Me), 142.1 (C-1), 141.4 (C-9a), 141.3 (C-8a), 132.0 (c-3"), 126.3 (C-4b), 126.2
(C-7), 124.6 (C-2"), 124.2 (C-4a), 123.7 (C-5), 120.7 (C-3), 120.3 (C-6),112.8 (C-
2), 112.3 (C-4 uaz C-8), 51.8 (3-CO,Me), 25.8 (c-5"), 18.4 (c-4" L‘fjum‘iﬁmaﬁms
TENTULRD

Dectamine (J17) (Terezan et al., 2010) RGN 5;{ (acetone-d,, 400 MHz):
8.27 (1H, d, J = 8.4 Hz, H-5), 7.91 (1H, d, J = 8.4 Hz, H-8), 7.88 (1H, d, J = 2.8 Hz, H-
2"}, 7.70 (1H, t, J = 8.4 Hz, H-7), 7.47 (1H, t, J = 8.4 Hz, H-6), 7.41 (1H, d, J = 2.8 Hz,
H-3"), 4.54 (3H, s, 4-OMe) uansimedmsnenuui

dudos H (2.98 ) hlusnlildmsudgnaens cC laeld si gel iludgadu uazye
o8 30% EtOAc-hexanes boautiasdn 4 du (H1-H4) nniuhauges H2 (234.1 mg) ¥
¥MIuEn@adle Sephadex LH-20 Tagld 1009 MeOHudm: ’Lé’msu‘%qw‘é J13 (5.8 mg)
way 4 dugas (H2a-H2d)

Clausine D (J13) (Wu & Huang, 1992) O GIRGEE 5H (acetone-d,, 400 MHz):
10.87 (1H, br s, 9-NH), 10.39 (1H, s, 3-CHO), 8.16 (1H, d, J = 8.0 Hz, H-5), 7.67 (1H,
d, J = 8.0 Hz, H-8), 7.45 (1H, t, J = 8.0 Hz, H-7), 7.43 (1H, s, H-2), 7.26 (1H, 1, J = 8.0
Hz, H-6), 5.31 (1H, t, J = 5.6 Hz, H-2"), 4.38 (2H, d, J = 5.6 Hz, H-1"), 1.93 (8H, s, H-
4", 1.70 (3H, s, H-5") Husnsiieefimsnenuud

hdugos Hab (52.7 mg) mvhliuignddelasmaiia cC lagld silica gel Wuegadu
LALYEAIY 5% acetone—CH2C121€1’miU%qw'§ J9 (30.3 mg) J10 (1.4 mg) waz J12 (1.9 mg)
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O-Demethylmurrayanine (J9O) (Ngadjui et al., 1989) wauds@indas O, (acetone-d,,
400 MHz): 10.83 (1H, br s, 9-NH), 10.01 (1H, s, 3-CHO),9.34 (1H, br s, 1-OH), 8.27
(1H, d, J = 1.2 Hz, H-4), 8.21 (1H, d, J = 8.0 Hz, H-5), 7.65 (1H, d, J = 8.0 Hz, H-8),
7.47 (1H, t,J = 8.0 Hz, H-7), 7.43 (1H, d, J = 1.2 Hz, H-2), 7.26 (1H, t, J = 8.0 Hz, H-
6). 0. (acetone-d,, 100 MHz): 191.8 (3-CHO),144.5 (C-1), 141.4 (C-8a), 134.9 (C-
9a), 127.1 (C-7), 125.1 (C-4a), 124.5 (C-4b), 121.3 (C-5), 120.8 (C-6), 119.2 (C-
4), 112.7 (C-3uaz C-8), 108.3 (C-2) Lﬂuaﬁﬁmﬂﬁmssmmuuﬁa

Clauzoline T (J10) (Wu et al., 1997) wasudsdivdes O, (CDCl,, 400 MHz): 8.51
(1H, br s, 9-NH), 8.44 (1H, d, J = 2.4 Hz, H-4), 8.09 (1H, d, J = 8.0 Hz, H-5), 7.61
(1H, d, J = 2.4 Hz, H-2),7.50 (1H, t, J = 8.0 Hz, H-7), 7.46 (1H, t, J = 8.0 Hz, H-6),
7.29 (1H, d, J = 8.0 Hz, H-8), 3.97 (3H, s, 3-CO,Me) Lﬂumsﬁmﬂﬂﬂﬁ‘mmuué’a

Clauzoline N (J12) (Shi et al, 2010) uasuiadiwdias O, (acetone-d, 400 MHz):
11.46 (1H, s, 2-OH),10.54 (1H, br s, 9-NH), 9.97 (1H, s, 3-CHO), 8.37 (1H, s, H-4),
8.24 (1H, br s, 6-OH), 7.53 (1H, d, J = 2.0 Hz, H-5), 7.33 (1H, d, J = 8.4 Hz, H-8),
6.97 (1H, dd, J = 8.4 uaz 2.0 Hz, H-7), 6.84 (1H, s, H-1) Wumsfiesimsnenuud

dhutios H4 (160.3 mg) 1anusnee Sephadex LH-20 lagld 100% MeOH (uee
§ansudand J5 (22.3 mg)

Clausemine A (J5) (Ito et al., 1998) #aauiNF@mans O, (acetone-d,, 400 MHz): 10.87
(1H, br s, 9-NH), 9.22 (1H, br s, 1-OH), 8.20 (1H, d, J = 8.0 Hz, H-5), 7.67 (1H, d, J =
8.0 Hz, H-8), 7.56 (1H, s, H-2), 7.46 (1H, t, J = 8.0 Hz, H-7), 7.26 (1H, t, J = 8.0 Hz),
5.27 (1H, br s, H-52'), 5.13 (1H, br d, J =11.6 Hz, H-2'), 5.07 (1H, br s, H-5b’), 3.73
(1H, dd, J = 16.4 uaz 3.6 Hz, H-1a"), 3.51 (1H, dd, J = 16.4 uaz 11.6 Hz, H-1b"), 1.98
(3H, s, H-4") Duasieeiinsnenuuia

dudas J (2.84 g) Unnuenmamaila QCC 1oy silica gel 428 5% EtOAc-CH,CI,
ez Sephadex LH-20 Tag/l# 1009 MeOH (lushaz muaau Idansu3qnsd J18 (2.4 mg)

Y-Fagarine (J18) (Terezan et al., 2010) gaaudadivaes O, (CDCl,, 400 MHz): 7.85
(1H, dd, J = 8.4 uaz 1.2 Hz, H-5), 7.65 (1H, d, J = 2.8 Hz, H-2'), 7.36 (1H, t, J = 8.4
Hz, H-6), 7.09 (1H, d, J = 2.8 Hz, H-3"), 7.06 (1H, dd, J = 8.4 uaz 1.2 Hz, H-7), 4.45
(3H, s, 4-OMe), 4.08 (3H, s, 8-OMe) Lﬂuﬂ‘liﬁtﬂﬂﬁﬂ’ﬁ‘ﬂﬂxﬂuuﬁ’l

duges K (4.42 g) ymsuenlas QCC Tagld silica gel 1WudIgadyu wvuuy gradient
polarity 10 20% EtOAc-hexanes 4 100% EtOAc lddugon 7 dm (K1-K7) a0t
dhudes G2 (394.6 mg) WUENADMIY Sephadex-LH20 7268 100% MeOH oz CC Togls si
gel lﬂuﬁlg]ﬂ‘ffu #¢1@8 10% acetone-hexanes 15615U§Ejﬂ§ J1 (1.1 mg) w8z J3 (1.6 mg)
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Harmandianamine A (J1) 289uiediwdas mp 203.6 - 204.0 °C. [0]%= +6.46 (C =
0.008, MeOH). UV (MeOH) A_. 204, 207, 240, 250, 267, 310, 323, 337. IR (ncat)
V3250, 2923, 2852, 1735, 1798; 0, (acetone~d,, 500 MHz): 11.01 (1H, br s, 9-NH),
9.64 (1H, br s, 1-OH), 7.82 (1H, d, J = 8.0 Hz, H-5), 7.67 (1H, d, J = 8.0 Hz, H-8),
7.46 (1H, td, J = 8.0 uaz 1.5 Hz, H-7), 7.24 (1H, td, J = 8.0 uaz 1.5 Hz, H-6), 7.20 (1H,
s, H-2), 6.59 (1H, d, J = 10.5 Hz, H-1"), 5.23 (1H, m, H-2"), 2.20 (3H, d, J = 1.5 Hz,
H-4"), 1.86 (3H, d, J = 1.5 Hz, H-5").0, (acetone-d,, 125 MHz): 170.9 (C-10), 144.2
(C-1), 142.3 (C-8a), 141.9 (C-3"), 138.7 (C-3), 132.8 (C-9a), 126.9 (C-7), 123.1
(C-5), 121.7 (C-2'), 121.0 (C-4b), 120.9 (C-6), 118.7 (C-4a), 115.9 (C-4), 112.7
(C-8), 104.5 (C-2), 77.5 (C-1"), 30.2 (C-4'uaz C-5"). EI-MS (m/z): 292 (94), 277
(56), 250 (18), 233 (12), 209 (100), 181 (15). HR-EI-MS (m/2): [M] 293.1054 (calc.
for C,;H,,NO,, 293.1046) nsilineinsnuimulusssundviaduanzvinnau

Harmandianamine C (J3) 2@dufadvios mp 228.3 - 228.6 °C; [0)%)= +18.6 (C =
0.011, MeOH); UV (MeOH) A, 204, 236, 247, 277, 298, 327, 342; IR (neat) V3363,
2923, 2853, 1632, 1613, 1232; O, (acetone-d;, 500 MHz): 11.78 (1H, br s, 2-OH),
10.61 (1H, br s, 9-NH), 9.97 (1H, s, 3-CHO),8.34 (1H, s, H-4), 8.07 (1H, d, J = 8.0 Hz,
H-5), 7.50 (1H, d, J = 8.0 Hz, H-8), 7.35 (1H, td, J = 8.0 uaz 1.0 Hz, H-7), 7.20 (1H,
W, J = 8.0 udr 1.0 Hz, H-6), 3.73 (1H, dd, J = 9.5 uay 2.0 Hz, H-2"), 3.36 (1H, dd, J =
14.5 uag 2.0 Hz, H-12"), 2.81 (1H, m, H-1b'), 1.31 (3H, s H-4"), 1.30 (3H, s, H-5"). O,
(acetone-d,, 125 MHz): 196.8 (3-CH0),158.9 (C-2), 147.2 (C-9a), 142.0 (C-8a), 126.4
(C-4), 126.4 (C-7), 124.5 (C-4b), 121.0 (C-5), 120.4 (C-6), 118.1 (C-4a), 116.0 (C-
3), 112.7 (C-8), 109.6 (C-1), 79.2 (C-2'), 73.1 (c-3"), 27.4 (C-1"), 26.0 (C-5"),
25.2 (C-4"). EI-MS (m/z):312 (51), 253 (38), 223 (100), 166 (20); HR-EI-MS (m/z):
[M]'318.1305 (calc. for C,H,,NO,, 313.1309) ashliweinsnuimulusssumndnie
Fupsizvinnau

dhudas K4 (534.5 mg) wen@ls Sephadex-LH20 3678 100% MeOH lﬁmsu%qﬁ
J11 (11.5 mg)

Clausine Z (J11) (Potterat et al., 2005) #a9udadindag é; (acetone-d,, 400 MHz):
10.55 (1H, br s, 9-NH), 9.97 (1H, s, 3-CHO), 8.16(1H, d, J = 1.2 Hz, H-4), 7.60 (1H, 4,
J = 2.4 Hz, H-4), 7.47 (1H, d, J = 8.8 Hz, H-8),7.38 (1H, d, J = 1.2 Hz, H-2), 7.05 (1H,

dd, J = 8.8 W8z 2.4 Hz, H-7) Hussneaiimssnenuudd
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Whduton G6 (442.2 mg) NMENGIY Sephadex-LH20 %268 100% MeOHUAE column
chromatography lagld silica gel (Wudgadu szlag 30% EtOAc-CH,Clldansudqn? J2 (1.8
mg) uaz J4 (7.1 mg)

Harmandianamine B (J2) #edufadvias mp216.7 - 217.1°C. [0¥= +35.2 (C =
0.012, MeOH); UV (MeOH) A_ 204, 212, 237, 249, 269, 279, 323, 335; IR (neat)
V. 3340, 2921, 2830, 1695, 1584, 1361; O, (acetone-d,, 500 MHz): 11.01 (1H, brs, 9-
NH), 8.30 (1H, d, J = 8.0 Hz, H-5), 7.67 (1H, d, J = 8.0 Hz, H-8), 7.54 (1H, s, H-2),
7.48 (1H, td, J = 8.0 uay 1.5 Hz, H-7), 7.29 (1H, td, J = 8.0 uaz 1.5 Hz, H-6), 5.83 (1H,
dd, J = 4.0 war 2.0 Hz, H-1"), 5.39 (1H, d, J = 4.0 Hz, 1'-OH), 4.71 (1H, br s, 3'-OH),
4.39 (1H, d, J = 2.0 Hz, H-2), 4.08 (3H, s, 1-OMe), 1.60 (3H, s, H-4"), 1.52 (3H, s, H-
5'); 5.: (acetone-d,, 125 MHz): 166.3 (C-10), 147.9 (C-1), 141.3 (C-8a), 135.2 (C-9a),
130.4 (C-4), 127.0 (C-7), 123.4 (C-5), 121.0 (C-6), 120.5 (C-4b), 116.9 (C-3),
116.8 (C-4a), 112.7 (C-8), 106.1 (C-2) 84.2 (C-2"), 73.1 (C-3"), 63.6 (c-1"),56.2
(1-OMe), 27.0 (C-4"), 26.8 (C-5"); EI-MS (m/z):340 (88), 263 (100), 236 (46), 224
(22), 209 (20), 153 (14). HR-EI-MS (m/z): [M]841.1266 (calc. for C,H,NO,
341.1258) #siiiweinsnuhwulusssunaviadianzinnay

Clausevatine D (J4) (Wu et al.,, 1998) Paaudadinias 5H (acetone-d,, 400 MHz):
10.87 (1H, br s, 9-NH), 9.31 (1H,br s, 1-OH), 8.20 (1H, d, J = 8.0 Hz, H-5), 7.67 (1H,
d, J = 8.0 Hz, H-8), 7.54 (1H, s,H-2), 7.46 (1H, t, J = 8.0 Hz, H-7), 7.26 (1H, d, J = 8.0
Hz, H-6), 4.44 (1H, dd, J = 12.8 uat 3.6 Hz, H-2"), 3.77 (1H, dd, J = 16.4 uas 3.6 Hz,
H-1a'), 3.42 (1H, dd, J = 16.4 Udx 3.6 Hz, C-1b"), 1.42 (6H, s, H-4'ua H-5") Wluasd

LAEIMINENULED

(<1 = 1 ' (=1
3.5 ﬂ’]iﬂﬂﬁaﬂﬂ’nmﬂuwumaL‘?jaammﬂ

o 1 g

£ ¥ X v oa ' a wa £
gnsanuduiudamaduzsddumsinmaiail gafuuimsnnmbeluamsnadaugns

a

FINTWADID @uﬁﬁ'ummﬂﬁuu,azmﬁiu‘[aﬁ%amwu,ﬁwwﬁ 35NITNAFTIUTIAILTUNT N

k]

v a wa s a P \ a ¢ & o

woulguansvasaudiugimnssuuazimaluladiinwimdwadusseiildlunsine
Usenaues 3 cell lines Ao NeSedasln (human epidermoid carcinoma of oral cavity, KB),
uz15915298n (breast adenocarcinoma, MCF-17) uaryzt39Uam (human small cell lung cancer,

NCI-H187) Taei§msnaasiwas O’Brien Beiinuazidunlagdanil
TaduzSamaugasiunaaselinusuinusaadiy 7 X 104 cells/mL dwmiu
KB cell line 4dt 9 X 104 cells/mL d5U MCF-7 waz NCI-H187 cell lines Uaatéin 45 YL

sauadasluly 384-well plates fiflansdnetnag 5 UL (ssdradnazmelu 5% DMSO) uaw
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iAegadluanediil 5% Co, aamai 37 °C \Wuna 3 Tudmsu KB was MCF-T7 cell lines
WaY 5 Judnsu NCI-H187 cell line tHaasuiuaIa@na158sa18 resazurin 12.5 UL (AN

dadud 62.5 pg/mL) mlﬂ”lul,mamauua%aﬂwawammu 37 ¢ uJuna"n 4 %l ¥msia
ﬂ”l‘iﬂmﬂauLLﬂQﬂ’JfJLﬂ‘SE]\‘l SpectraMax M5 multi-detection microplate reader wmﬂau 530 wlu
s way 590 wluaes wasynadifudlumstiuds (% inhibition) nnaumssanaluil

% Inhibition = [1— (FU/FU.)] X 100
Toeil FU, wa FU, @@ fluorescent unit lusamziidimsafouashifiasanamudiau uaz

@ IC,, ansndnnlasnsld SOFTMax Pro software

3.6 MsnaFaUgNAMIULUATIGH

L%al,mﬂﬁl,%ﬂ 3 mﬂﬁus:ﬁa A8 Escherichia coli TISTR 780 Salmonella typhimurium
TISTR 292 War Staphylococcus aureus TISTR 1466 lasunnaatuddeinenmansuaz
malulafiwisUszinalng dwiumewus  MRSA  SK1 - ldSuainmadngalaing ame
IngnndEad NnBNEaEEIaILAIUNS Nsnadaugnsmuuuadisaliis broth micro dilution
(CLSI M7-Ad, 2006) iA3mslagdadil Wi Mueller—l—limon Broth U530935 50 pL adlululas
Lwaﬂmuwauﬂ 1-15 wazd3nIns 100 pL vmam 16 mﬂmmuaaﬁw (Vancomycm 138
gentamycm) US11@5 50 pL aq’luluiﬂszwaﬂwauﬂ 1 wanssazay lvgnny mﬂuummaﬁavam
mnwaw 1 lﬂiawaw 2 U51195 50 pL vguiilu@an g (two fold dilution) wmwau‘n 14 @0
#4950 pL mnuumﬂmsa mmﬁawmmmiﬂmaauﬁsmm 50 p.L °laa~ﬁuwam 1-15 ‘[mwam
15 aulu positive control Ltav‘waw 16 flu negative control mﬂuumu inoculum UY331@5 50 puL
Ltmm'lﬂuwamwnu 35 °C 1 18 - 24 #Ila NN 0.18% resazurin USNAS 10 pL
Ltaauwlﬂumammu 35 °C 1wy 2-3 1l muwawaammalumimmmaﬂuﬁmnﬁmqLﬂuﬁm
Nuuamawﬂuum‘msmﬂaqLﬁa mqumlumaﬁuuﬂaqa (F329P9LH3) LEOITIRNMSATYYY

g 3 o = 1 3/ Y ; 1#'9/ 3—" ‘g b4 1
Lga mnuuuuﬂﬂmmmwmumqmﬂﬂummalm L‘ﬂuﬂ’l MIC
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uni 4 wanIAY

4.1. nam‘s"ﬁﬂmmi’mqﬂﬁsam’

£ e

INMSUEN U SENBUMALATIIBITINMONUENET N TOUENEISUSENERTM ITIBNULA)
U9 M5 Tma‘[ﬂﬂa%'wﬂmmiﬂizﬂaum@i“rf'hmswﬂmmﬁaﬁa;da 1D war 2D NMR
adnlnsalnt

ndaya NMR Wudiansna 9 siiadumstsznavdszsanasunluauaamsansd laodl

R.

Jowano 'H NMR 22999 A Sultlwvhueadfuaiiudneasamnsrsnauuduiiingunud
Tudhuwiedt 1 uaz 2 (1,2-disubstituted aromatic ring) Tnodyanounariiazunnglugin 7.2-
8.5 ppm Faduazdyannes H-5, H-6, H-7, uaz H-8 uaNNiLE? Fyann 'H NMR 289
aayaeenu 813 7 Azudes dyas H NMR 989 NH fiUszane 8.7 ppm

CHO CH,0H

o

B
9
i
OM
M e

#15Usenou MK1  way MK2  duaadnanamaualsuninlusnaueain ¢ agaes

Tusaaufia H-2 was H-4 lagusinnduanandssanm 7.4 uaz 8.1 ppm mMuAFUUBNNNTUD

]
1l o v

snsaaeFinuFyanuneas OMe Nidsenn 4.0 ppm fgﬂc»haﬁ'uﬂaqmsﬁqaaqagmmmmﬁ 3
Tosans MK1 szusngdyanamesuaadladlsaauil 10.04 ppm pouzdians MK2 3zUsng
danauasaandufidulusnaun 4.80 ppm Tagansyaaasfinnuduwusmalassadiznuuay

fulagshulfisenaandiaduuarinnduauaes

CH,OH

Reduction O O
—
-

Oxidation

N
H OMe
MK2
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Sudulassasie MK4 aeiianumeeaenuiulasiy uwa: MK6 wiansmeya Ny
=% é &}) o odad U L = -7 ) o an, =
Wusu ‘ziqmsmamﬁmmmammLﬂiwzﬂuanwmzmmnuiﬂﬂmuﬂgmmm‘sﬂmmmu‘[ﬂﬂ
15 MK6 2-auuuinwdsuuazmuasismsmiamsuay dunsuas MK4 uuaztaauuunn

WMASN §IUSUFITAILEN

Cyclization Cyclization
(e} - OH ——— Q.
-3C
N N N
H — H H
MK4 \

MK6

fsUsenau MK3-7 war MK9 azuamaé’sgmumwaqLuﬁagtaISLLuﬁﬂIﬂwauLwﬁaﬁ'u‘if’;
Uszanae 1.6 ppm wasaiidyanuualsundnlusaausas H-4 (39 C) fiuszane 7.6 ppm 2N
MsinsaNuFuRusyaalaseaiwasans MK3, MK5, MK7 ua: MK9 wuhaInaeias
uaadeyaN 'H NMR uay '°C NMR 2844 geranyl Tesfians MK3 {Wuasdunaznians MKS,

MK?7 ua: MK9 lagruuiidenmataiaumueauans

Cychzation
———— 0
N
H

Cychzation

¥ MK7

15 MK8 2ii8nuaieaa9n C uanaeaInansni MK8 @aaslanananual $339 C o9

a5 MK8 :i8nsnrnondluy Fasidynnanes H-2 9 6.51 uag 3-Me # 2.15 ppm
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P v & o £ v o oA '
asfuenlanamumi lunagaugnddussSilurasanases 3 aliads wxseludestn
(Oral cavity cancer, KB) Nzi59Uan (Small cell lung cancer, NCI-H187) wazNziselunseen
v £ v Y 1
(Breast cancer, MCF-T) 1InMsNaaaswuans MK8 azudaegnamunzidazialaalaaniim

1@5§7U Ellipticine (4.79 UM) Tagdie IC,, ag# 2.98 UM dwsuasau quunaaagnslitiag

nNENINATFIN aeuaaalum s 1

- £ v
1999 1 gndmunzselurananaass MK1- MK9

a3 qnacuneisa (IC,,, M)

KB MCF-17" NCI-H187°
Murrayanine (MK1) 85.92 16.70 47.62
Koenoline (MK2) 203.17 61.60 92.64
Mahanimbinol (MK3) 29.92 51.58 18.81
Girinimbine (MK4) 8.74 28.80 58.94
Mahanimbine (MK5) 7.85 25.78 38.28
Furostifoline (MK6) 130.85 38.80 53.01
Murrayazoline (MK7) Inactive Inactive Inactive
Murrayaquinone A (MK8) 15.25 8.10 2.98
Murrayazolidine (MK9) 88.19 742 73.00
Ellipticine 0.93 Not test 4.79
Doxorubicin 0.21 2.15 0.21

*KB=0ral cavity cancer; "MCF-7=Breast cancer; 'NCI-H187=Small cell lung cancer

Vs g!ﬂ

[ S v £ v =
namsAnmenduiusmulanahuarmsasngnimunzsaneagUlaaaiiae
@3 MK1 uar MK2  dlgaslassainiindreiumnnudiiiavjuaadladgnidigiuiu

o ¥V cf v
uwaanagadazyh imsasngnacuusi3aanamnisas

&

0 CH,0H

CH
O Reduce cytotoxicity O Q
——_h*
-
N
OMe i OMe

Increase cytotoxicity

2 IZe

K1 MK2

o Vv :} o o Ly
s NLLLUUTIMAgNLaEMSMAamsuaLYaIans MK6 azvhliimssangniau

uziSanadiathisunuans MK4
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(o )~, O
J
N
H e N
MK4 MKG6
Reduce cytotoxicity
o ¥ ar GJ i ¥ Qar J Vv
HaZIMSTAIUNIUEEINY geranyl Hanudniusszninlasediiumsaangnonu
g & o X
wziSnduaaid
= = 3 o Vot A £ 4 1 = 1] 1] =
mstanaiies 1 aswee MK5 asvhlvilignisusaduzSdutanhalddninladinistans

2849875 MK 3 LasiimsUaNuuuaatiiaarasads MK9 uay MK7
a & o 8 Vel Ly % < P 1 o4 -
Msiae 2 AswaNas MK9 %m"lwquﬁmumaammm’manlﬂmmﬂuum‘sﬂmwEN

15 MK3 mMstanauiieansaiienzadsns MK5 way imstianuuuaaiiiaswassns MK9

(1Y J k4 YVl 1 a
mslitlaneraeans MK3 asuaasgnamuwasyzsalaaladninmsten

nnmsinmssdsznaumaaiininduisdunsven ansaugnasUsznavldnimun
16 a3 Wuasdsznauasunlaadamassdivd 3 @135 (J1-J3) LAYENSTANISTNENULE 13
35 (J4-J16) Tasmatmuadiumsusznavlunguiniuamsiuenldandunauuan

mstsznaumdunlraiiuenldnnadineniiumns J11 e J12 finaumu A azliunngny
wnuilagazuaasdyann 'H NMR aglugae 7-8 ppm Fafluasdyanmuas H-5, H-6, H-7,
waz H-8 dwduans J11 uaz J12 lusumiiel 6 aziivgjunud 1 wjfie OH msulzadiuenld
azUsngdyana 'H NMR fuaneafiummen C uaﬂmnﬁmsnnﬁ’aﬁmimgé’muapm‘am NH i
Uszann 10-11 ppm

Harmandianamine A 1Juzaudedindas (mp 203.6-204.0 °C) Mndayazes HR-EI-
MS 7 [M]' m/z 293.1054 WU harmandianamine A fgasuilu C,,H,,NO, :ndayanay UV
aflne¥udl A 204, 207, 240, 250, 267, 310, 323 Ut 337 nm WU harmandianamine A
Soudluansusenaulsewnm carbazole alkaloids wazUsINFYaNMwas NH (3250 cm ) and Y-
Jactone carbonyl (1735 cm™) Tu IR snadu dyanmwas 'H NMR Usngdyanead NH i 6
11.01 (br s), ﬁfyzy”lmlENNLmutuu%uﬁﬁm‘juﬂuﬁuuu 1,2-disubstituted benzene i 8 7.82
(1H, d, J = 8.0 Hz, H-5), 7.67 (1H, d, J = 8.0 Hz, H-8), 7.46 (1H, td, J = 8.0 uaz 1.5 Hz,
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H-7), uas 7.24 (1H, td, J = 8.0 udz 1.5 Hz, H-6), E,Lazﬁ'aumpmwamaisLLuaﬂIﬂimauﬁ o)
7.20 (1H, s, H-2) uanniiuddyans 'H uaz °C NMR faudaeanuazenany Y-lactone o
6.59 (1H, d, J = 10.5 Hz, H-1"/717.5 (C-1"), 5.23 (1H, m, H-2')7121.7 (€-2"), 2.20
(3H, d, J = 1.5 Hz, H-4')/30.2 (C-4'), and 1.86 (3H, d, J = 1.5 Hz, H-5')/30.2 laane
agitdumiia C-3/C-4 Befudulalasmslidayonas 7 HMBC 2es H-2 (8 7.20) uas H-1"
(6 6.59) fiu carbonyl carbon C-10 (3 170.9) ﬁw%'ué'fyapmﬁ 9.64 (1H, br s) L‘ﬂuﬁﬂujm‘nm
284 hydroxy proton uammxagiﬁ C-1 ‘maxLﬁaﬂnwﬁzq@imwﬁwh\maqimqﬁ%’mtamﬂumswﬁ

2

(@]

OR 47 Rq R» R R4 Rs
J5:R=H J9 OH H CHO H H
J6: R=Me J10 OH H CO2Me H H

O O o J11 OH H CHO H OH
ﬁ L, J12 H OH CHO H OH

& J13 OH H CHO Isoprene  H

J14 OH H CO2Me Isoprene H

J15 OMe H CO2Me  Isoprene H

J16 Isoprene OH CHO H H

Harmandianamine B t{uaasuiedmaas (mp 216.7-217.1 °C) :ndayawas HR-EI-

MS 7 [M]° msz 341.1266 ssUsznauiifigaslaanadiu C,H,,NO, dyanm 'H NMR udas
anuMeuay 1,3,4-trisubstituted carbazole alkaloids Aa18NU harmandianamine B ﬁ S5 11.061 (1%,
br s, 9-NH), 8.30 (1H, d, J = 8.0 Hz, H-5), 7.67 (1H, d, J = 8.0 Hz, H-8), 7.54 (1H, s,
H-2), 7.48 (1H, td, J = 8.0 uaz 1.5 Hz, H-7) 7.29 (1H, td, J = 8.0 uaz 1.5 Hz, H-6)
uanmnﬁﬁ'\iwuﬁmmmwawyj methoxyl 71 & 4.08 Tﬂmmzagiﬁiﬁ‘mmﬁq C-1 (8 147.9) :INM3
wWisuisudyann NMR AU clausevatine E Faunldain C. excavaa wuhdyanafivaad
Snwasiindefu [ 5.83 (1H, dd, J = 4.0 and 2.0, H-1"), 5.39 (1H, d, J = 4.0 Hz, 1'-0OH),
4.71 (1H, br s, 3'-OH), 4.39 (1H, d, J = 2.0, H-2"), 1.60 (3H, s, H-4"), and 1.52 (3H, s,
22



o v

H-5")] uarAeeilumsgaluiives (dszanm 2.0 Hz) ssvin H-1" (3 5.83) waz H-2' (8
4.39) snnsosryldhlusnouiishumia H-1' uaz H-2' aglufiamudennu swaznsaamsszy

Uz lasEs HLEa lua NN 2

M3A 2 udesdayadyann 'H, °C uaz HMBC 284 harmandianamine A 482 harmandianamine

B
i Harmandianamine A Harmandianamine B
6" (mult., J in Hz) 6(. HMBC 5” (mult., J in Hz) 8(. HMBC
1 - 144.2 — - 147.9 —
2 7.20 (s) 104.5 C-1,C-3, C-9a, 7.54 (s) 106.1 C-1,C-3,C-4,
C-10 c-10
3 - 138.7 ~— = 116.9 —
4 — 1159 — - 130.4 —
4a - 1187 — = 116.8 —
4b - 121.0 — — 120.5 —
5 7.82 (d, 8.0) 123.1 C-4a, C-7 8.30 (d, 8.0) 123.4 C-4a,C-7,C-
8a
6 7.24 (id, 8.0 and 1.5) 120.9 C-4b, C-8 7.29 (td, 8.0 and 1.5) 121.0 C-4b, C-8
7.46 (td, 8.0 and 1.5) 126.9 C-5,C-8a 7.48 (td, 8.0 and 1.5) 127.0 C-5,C-8a
8 7.67 (d, 8.0) 112.7 C-4b, C-6 7.67 (d, 8.0) 112.7 C-4b,C-6
8a - 142.3 — - 141.3 —
9a - 132.8 — — 135.2 —
10 — 170.9 - — 166.3 —
1 6.59 (d, 10.5) 775 f -1, cA', 5.83 (dd, 4.0 and 63.6 C-4,C-4a
c-3' 2.0)
9 5.23 (m) 121.7 — 4.39 (d, 2.0) 84.2 —
3 - 141.9 — — w1 -
4 2.20 (d, 1.5) 30.2  c-3', c-5' 1.60 (s) 27.0 -3
5’ 1.86 (d, 1.5) 30.2 Chplee=i’ 60 () 26.8 c-92'
9-NH 11.01 (brs) — = 11.01 (brs) ~ =
1-OH  9.64 (brs) — C-1,C-9a - — -
1-OMe — = — 4.08 (s) 56.2 C-1
1'-o0 — — - 5.39 (d, 4.0) - -
3'-OH — = = 4.71 (brs) = =

Harmandianamine C t$urasudedindas (mp 228.3 -228.6 °C) NYayazad HR-EI-
MS ([M]" m/z 323.1305) wud1§msTuLaqawaqa1iﬁﬁa C,H,,NO, dyans 'H NMR 0eEn 54
Ungagannees NH # & 10.61 (1H, br s), chelated hydrogen #i 8 11.78 (1H, s, 2-OH),
Iﬂimauﬂaqmj formyl ‘ﬁ d 9.97 (1H, s, 3-CHO), ﬂ's}'uﬁtymmﬂm 1,2-disubstituted benzene ‘ﬁ
& 8.07 (1H, d, J = 8.0 Hz, H-5), 7.50 (1H, d, J = 8.0 Hz, H-8), 7.35 (1H, td, J = 8.0 uas
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1.0 Hz, H-7), 7.20 (1H, td, J = 8.0 uaz 1.0 Hz, H-6) uaz “’fycujmua‘lmuaﬂiﬂwauﬁ )
8.34 (1H, s, H-4) uaﬂmnﬁﬂ’qwunejuﬁmumm‘li NMR 2843 —~CH,CH(OH)C(CH,),0H it at
$ 3.73 (1H, dd, J = 9.5 uaz 2.0 Hz, H-2"), 3.36 (1H, dd, J = 14.5 uaz 2.0 Hz, H-1a"),
2.81 (1H, m, H-1b"), 1.31 (3H, s, H-4'), uar 1.30 (3H, s, H-5) I@mmzag;ﬁ C-1
sma::Lﬁﬂﬂmﬁzqe‘imwﬂwhmm‘Imqa%’mmmﬂumswﬁ 3

7

gTedl 3 udeeiayadyan 'H, 'C udz HMBC 299 harmandianamine C

oo

Position 8, (mult., J in Hz) 8. HMBC

1 — 109.6 —

2 = 158.9 —

3 = 116.0 5

4 8.34 (s) 126.4 C-2, C-4b, C-9a, 3-CHO

4a = 118.1 =

4b - 124.5 =

5 8.07 (d, 8.0) 121.0 C-4a,C-7,C-8a

6 7.20 (1d, 8.0 and 1.0) 120.4 C-4b, C-8

7 7.35 (td, 8.0 and 1.0) 126.4 C-5,C=8a

8 7.50 (d, 8.0) 112.7 C-4b, C-6

8a - 142.0 -

9a - 147.2 -3

2-0H 11.78 (brs) 4 V-

3-CHO 9.97 (s) 196.8 B, -3

9-NH 10.61 (br s) — —

1 3.36 (dd, 14.5 and 2.0) 27.4 Gy C-2, C-9a, G+
9.81 (m)

9! 3.73 (dd, 9.5 and 2.0) 79.2 c_3'

3’ - 73.1 -

4 1.31 () 25.2 oL €=55C-8

5 1.30 (s) 26.0 g-2', c=3',c-4

=

mnn"n'sﬁﬂmmwﬁuﬁuﬁ‘waﬂﬂsqa%’wuamﬁ%'ﬁqLﬂ‘mﬁﬂaqmsﬂi:ﬂauuaaﬂﬁaaﬂﬁ
wenldnnfsiuniuanmmnsoasihmsusznau Jo uimsauaszasasusznau J1, J2, J4-
J6, J10 uaz J13-J15

Prenylation J9 i C-4 ldans J13 Aadeaandeiuarmstinaunuludnvasiuand
AUFDILUINN Tcﬂa’luuummnmﬁmmﬁmqu,muLmuﬁvm%‘ﬂuLLaxLmeeﬁaamuwnméﬂu
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sssenau J1-J12, J14 war J15 ldhlunassugnidudeuueiiGe 4 meugio
MRSA SK1, S. aureus TISTR 1466, E. coli TISTR 780 uaz S. typhimurium TISTR 292 a4
uaaslumsei 4 Iﬂawuiwmsnnﬁmﬂmqwéﬁmu,uﬂﬁﬁﬂ‘lus:ﬁuﬁmﬁalﬂmaamqné (64-128
ug/mL) dauuafiSsarsWug E. coli TISTR 780 udg S. typhimurium TISTR 292 ugagalsh
MUWUTNENS J6 uFMgNITuLUATiSsmaWug MRSA SK1 asnaiitisdaeylasdia) MIC = 0.25
ng/mL FafineNaN§331U vancomycin (MIC = 1 pg/mL) §wm3uds J5 uas J14 Auamegnd
shunuaiiGamenug MRSA sK1 ldduudaiulagiid MIC Wy 8 way 4 pg/mL MNAGU
wanMNtuLEmNs J14 fusagnicunuafiGeameug S. aureus TISTR 1466 ladiunulasd

@ MIC Ju 4 pg/mL

i £ W & o e y o o £a Y a w
Gn'i']\‘lﬁ 4 E]ﬂﬁﬂ’]‘i@]-]utﬁaLLUﬂﬂ[ﬁﬂﬂaqaquaﬂﬂﬂElTULLﬁSH’]iUiﬁ!ﬂﬁﬂLLﬂﬂlﬂQ—]ﬂﬂ\‘]"\]uﬂ%ﬂau

Minimum Inhibition Concentrations (MIC, pg/mL)

Compound
MRSA SK1 S. aureus E. coli S. typhimurium
J1 32 128 128 128
J2 64 128 Inactive 128
J3 128 128 Inactive 128
J4 32 Inactive Inactive 128
J5 8 32 128 128
J6 0.25 Inactive Inactive 128
J7 128 Inactive Inactive 128
J8 128 Inactive Inactive 128
J9 64 64 Inactive 64
J10 64 64 128 64
J11 128 Inactive 128 128
J12 16 inactive 64 128
J14 = 4 128 64
J15 Inactive Inactive 128 128
Vancomycin 1 0.25 Not tested Not tested
Gentamycin Not tested Not tested 0.25 0.125

Inactive at > 128 pg/mL
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uni 5 a‘gﬂuamﬁ%ﬂuasﬁmauaLm:

nnmsfinmasdlsznaumaniizasiduranuznainsausnnsUIgNE R INeN
WA 9 §19A8 murrayanine (MK1) koenoline (MK2) mahanimbinol (MK3) girinimbine
(MK4) mahanimbine (MK5) furostifoline (MK6) murrayazoline (MK7) murrayaquinone A
(MK8) murrayazolidine (MK9) T,Gmmfiﬁ’wumﬁl,mn'l,ﬁlﬂumiﬂizﬂaum-ﬁ'vﬂwauaaﬂﬁaaﬂﬁﬁ

1

'
) =4 =

u

fivy Me agnduniai 3 uazn A Hududnuusmwzranuuuduifingunuiludumied

wae 2 (1,2-disubstituted aromatic ring)

nsiuonlgmmuaihlunasaugnidunzicluvasanasss 3 silade wxivludanhn
(Oral cavity cancer, KB) uz159Uaa (Small cell lung cancer, NCI-H187) wazuzsalunsnen
(Breast cancer, MCE-7) 1NM3Naasinuas MK8 ruaag Uz sloaladninm
3N@5§74 Ellipticine (4.79 M) laaiia IC,, aei 2.98 UM dwFumsau piuuaesgnalavay
ANENIATTIU

nnmsinmasdlsznaumaainnduiedunives ssauenassznavldnanue
16 5 Wuasusznaumsunloadamanedini 3 &5 (J1-J3) A harmandianamines A-C
(J1-J3) LLazmiﬁ‘ﬁmssmqmuﬁn 13 @5 9 clausevatine D (J4), clausamine A (J5),
clausamine B (J6), clausine S (J7), girinimbine (J8), O-demethylmurrayanine (J9), clauszoline
I (J10), clausine Z (J11), clauszoline N (J12), clausine D (J13), clausine F (J14),
clausemine D (J15), heptaphylline (J16) ‘[mﬂmsﬁy’wmL?Jumiﬂizﬂau’luﬂfcjuLﬁmﬁ'uaw?;uﬂn
lanauvanusn

mssznaumiulzaiiuenlannsiiaonums J11 wes J12 fhaumnu A azliusingny

unuilagazuanadyao 'H NMR aglugna 7-8 ppm Fuilussdygrnwass H-5, H-6, H-7,
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way H-8 dwdums J11 wae J12 lushumisdl 6 aefivjunudl 1 mide o0 mfunlzafiuenla
asnngdann 'H NMR fiuana@nNnuawzn C upnMNHaN AT FRya nues NH 1
Uszana 10-11 ppm

wananiansUsenau J1-J12, J14 uaz J15 lﬁﬁﬂﬂﬂﬂHE}Uﬂﬂéﬁ'ml%aLmﬂﬁL%ﬂ 4 ®8
‘W‘Llﬁﬂﬂ MRSA SK1, S. aureus TISTR 1466, E. coli TISTR 780 waz S. typhimurium TISTR 292
IGIEIW‘UTI']?S'H%ﬂﬂ?LLﬁﬂﬁﬂﬂﬁﬂﬁ‘uLLUﬂ‘ﬂLSEJSLu‘SvﬂUG’I'MiBINLLEIGNE]Vlﬁ (64-128 pg/mL) @@
wuafiSeanaWug E. coli TISTR 780 waz S. typhimurium TISTR 292 Lmamqhﬂmuwmwmi
J6 usagnasuLuaiiGeaewus MRSA SK1 atwiiusdanylosiiedy MIC = 0.25 pg/mL B
@nNeNaN®IgIY vancomycin (MIC = 1 ug/mL) SINSUaS J5 uar J14 mtamﬁmﬁmmmﬂmiﬂ
seWug MRSA SK1 laduudeiulagiier MIC 1y 8 war 4 pg/mL MNEAU yenNiiud
3 J14 SauasgnasunuafiGemeRus S, aureus TISTR 1466 ladrunulagiia) MIC v 4

pg/mL
Rs Ri Ry
o N :
N
O O o) RS
OH
Ry Ry Ry R4 Rs
Jg9 OH H CHO H H
J10 OH H CO2Me H H
J11 OH H CHO H OH
O O Ji2 H OH CHO H OH
J13 OH H CHO Isoprene  H
Ji4 OH H CO2Me Isoprene H
J15 OMe H CO2Me Isoprene H
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Three new carbazole alkaloids, harmandianamines A-C (1-3), together with fifteen known
compounds (4-18) were isolated from the twigs of Clausena harmandiana. The structures were
elucidated by spectroscopic methods, including UV, IR, NMR, and MS. The antibacterial activity
against Escherichia coli TISTR 780, Salmonella typhimurium TISTR 292, Staphylococcus aureus TISTR
1466 and methicillin-resistant S. aureus (MRSA) SK1 of some isolated compounds was also
evaluated. Compound 6 exhibited significant antibacterial activity against MRSA SK1 with an MIC
value of 0.25 pg/mL which higher than that of standard drug, vancomycin (MIC value =1 pg/mL)
whereas compounds 14 and 5 showed strong activity with MIC values of 4 and 8 ug/mlL,
respectively. Only compound 14 showed strong antibacterial activity against S. aureus TISTR 1466
with an MIC value of 4 ug/mL.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Clausena harmandiana (Pierre) belonging to the family of
Rutaceae, is distributed in northeastern Thailand. The young
leaves are edible [1] and some parts of the plant have been
used as traditional medicines for the treatment of illness,
stomachache, and headache [2]. Many of carbazole alkaloids
as well as coumarins were recognized as major compounds
of C. harmandiana and some of them displayed interesting
biological activities including antimalaria, anti-TB, cytotoxicity,
and stimulate glucose uptake in L6 myotubes [1-4]. In a
continuing search for bioactive metabolites from Clausena
plants [5-9], we report herein the isolation and identification
of three new carbazole alkaloids (1-3), harmandianamines A-C,
along with fifteen known compounds including clausevatine D
(4) [11], clausamine A (5) [12], clausamine B (6) [12], clausine S
(7)[13], girinimbine (8) [ 14], 0O-demethylmurrayanine (9) [15],
clauszoline I (10) [16], clausine Z (11) [17}, clauszoline N (12)
[18], clausine D (13) [19], clausine F (14) [19], clausemine D

* Corresponding author. Tel.: 466 5391 6238, fax: + 66 5391 6776.
E-mail addresses: surat@mfu.ac.th, slaphookhieo@sci.mfu.ac.th
(S. Laphookhieo).

0367-326X/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.fitote.2012.04.026

(15) [20], heptaphylline (16) [21], dectamine (17) [22], and
v-fagarine (18) [22] (Fig. 1) from C. harmandiana twigs. Also,
the antibacterial activity against Gram-positive bacteria
(Staphylococcus aureus TISTR1466 and methicillin-resistant
S. aureus SK1) and Gram-negative bacteria (Escherichia coli
TISTR 780 and Salmonella typhimurium TISTR 292) was also
reported.

2. Experimental
2.1. General

Melting points were determined on a Buchi, B-540 visual
thermometer, The optical rotation [c]p values were determined
with a Bellingham & Stanley ADP400 polarimeter. UV-vis
spectra were recorded with a Perkin-Elmer UV-vis spectro-
photometer. The IR spectra were recorded using Perkin-Elmer
FTS FT-IR spectrophotometer. The 'H and '>C NMR spectra
were recorded by 400 MHz Bruker or 500 MHz Varian UNITY
INOVA spectrometers. Tetramethylsilane (TMS) are used as
internal reference. The EI-MS and HR-EI-MS data were used
MAT 95 XL mass spectrometer. Quick column chromatography
(QCC) and column chromatography (CC) were carried out on



W. Maneerat et al. / Fitoterapia 83 (2012) 1110-1114

1 2
CHO
o}
.}0 LS Jon
iy e
H
N on
7

5:R=H
6: R = Me OMe
() e
(0] N/ 0
N
H = R
17:R=H
8
18 R =OMe

clausevatine E

9

10
"
12
13
14
15
16

1111

Ry Ry Ry R4 Rs
OH CHO H

OH CO;Me H H
OH CHO H OH
H OH CHO H OH
OH CHO Isoprene  H
OH COsMe Isoprene H
OMe COxMe Isoprene  H
Isoprene  OH CHO H H

Fig. 1. Structures of alkaloids from C. harmandiana twigs.

silica gel 60 H (Merck, 5-40 pm) and silica gel 100 (Merck,
63-200 pm), respectively. Precoated plates of silica gel 60 Fysq
were used for analytical purposes.

2.2, Plant material

The C, harmandiana twigs were collected from Chiang Rai
Province, northern Thailand, in March 2010. The plant was
identified by Dr. Monthon Norsaengsri and Mr. James Maxwell
and a voucher specimen number QBG 45334 was deposited at
the herbarium collection of Queen Sirikit Botanic Garden, Mae
Rim, Chiang Mai, Thailand.

2.3. Extraction and isolation

Air-dried twigs of C. harmandiana (4.91 Kg) were extracted
successively with hexanes and acetone over a period of 3 days
at room temperature. The hexanes (14.39g) and acetone
(29.22 g) extracts were combined (43.61 g) and subjected to
QCC over silica gel using a gradient of hexanes-EtOAc (100%
hexanes to 100% EtOAc) to provide twelve fractions (A-L).
Fraction C (1.10 g) was separated by CC with 30% CHyCly-
hexanes to afford compounds 8 (2.1 mg) and 16 (19.9 mg).
Fraction D (1.05 g) was performed by CC using 50% CHyCl;-
hexanes to yield compound 15 (46.0 mg). Fraction E (1.16 g)
was subjected to CC with 60% CH,Cl>-hexanes and followed by
Sephadex LH-20 eluting with 100% MeOH to give compound 7
(4.6 mg). Compounds 6 (183 mg), 14 (13.8 mg), and 17
(40.0 mg) were obtained from fraction G (1.75 g) by repeated
Sephadex LH-20 with 100% MeOH and followed by CC using
30% EtOAc-hexanes. Fraction H (2.98 g) was separated by
CC with 30% EtOAc-hexanes to provide four subfractions
(H1-H4). Subfraction H2 (234.1 mg) was subjected to
Sephadex LH-20 using 100% MeOH to afford compound 13

(5.8 mg) and four subfractions (H2a-H2d). Subfraction H2b
(52.7 mg) was purified by CC with 5% acetone-CHxCl, to
give compounds 9 (30.3 mg), 10 (1.4 mg), and 12 (1.9 mg).
Fraction H4 (160.3 mg) was subjected to Sephadex LH-20
using 100% MeOH to give compound 5 (22.3 mg). Purifica-
tion of fraction | (2.84 g) by QCC with 5% EtOAc-CH,Cl; and
followed by Sephadex LH-20 using 100% MeOH yielded
compound 18 (2.4 mg). Fraction K (4.42 g) was separated
by QCC with a gradient of 20% EtOAc-hexanes to 100%
EtOAc to afford seven subfractions (G1-G7). Subfraction G2
(394.6 mg) was purified by Sephadex LH-20 using 100%
MeOH and followed by CC with 10% acetone-hexanes to
give compounds 1 (1.1 mg) and 3 (1.6 mg). The purification
of subfraction K4 (534.5 mg) by Sephadex LH-20 using
100% MeOH gave compound 11 (11.5 mg). Compounds 2
(1.8 mg) and 4 (7.1 mg) were derived from subfraction G6
(4422 mg) by Sephadex LH-20 with 100% MeOH and
followed by CC using 30% EtOAc-CH,Cl,.

Harmandianamine A (1): Yellow solid; mp 203.6-204.0 °C;
(@] =+ 6.46 (c=0.008, MeOH); UV (MeOH) Amax 204,
207, 240, 250, 267, 310, 323, 337; IR (neat) Vmax 3250, 2923,
2852, 1735, 1708; 'H and '°C NMR spectroscopic data see
Table 1: EI-MS m/z 292 (94), 277 (56), 250 (18), 233 (12),
209 (100), 181 (15); HR-EI-MS (m/z): [M]* 293.1054 (calc.
for C,gH sNO3, 293.1046).

Harmandianamine B (2): Yellow solid; mp 216.7-217.1 °C;
[])’=+35.2 (c=0.012, MeOH); UV (MeOH) Amax 204,
212, 237, 249, 269, 279, 323, 335; IR (neat) Vmax 3340, 2921,
2830, 1695, 1584, 1361; 'H and '3C NMR spectroscopic data
see Table 1; EI-MS m/z 340 (88), 264 (100), 236 (46), 224
(22), 209 (20), 153, (14); HR-EI-MS (m/z): [M]™* 341.1266
(calc. for Ci9HgNOs, 341.1258).

Harmandianamine € (3): Yellow solid; mp 228.3-228.6 °C;
[w]d=+186 (c=0.011, MeOH); UV (MeOH) Amax 204,
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Table 1
TH (500 MHz, acetone-dg), '*C NMR (125 MHz, acetone-d;) and HMBC correlations of compounds 1 and 2.
Position 1 2
b (mult,, J in Hz) B¢ HMBC ('H—="3C) by (mult,, J in Hz) b HMBC ('H—"%C)
1 - 144.2 = - 1479 -
2 7.20 (5) 104.5 C-1,C-3,C-9a, C-10 7.54 (s) 106.1 C-1, C-3, C-4, C-10
3 = 1387 - - 116.9 -
4 = 115.9 = 2 1304 =
4a - 118.7 = - 116.8 -
4h — 121.0 - - 120.5 o
5 7.82 (d, 8.0) 1231 C-4a, C-7 8.30 (d, 8.0 123.4 (-4a, C-7, C-8a
G 7.24 (td, 8.0 and 1.5) 120.9 C-4b, C-8 7.29 (td, 8. 0 and 1.5) 121.0 C-4b, C-8
7 7.46 (td, 8.0 and 1.5) 126.9 C-5, C-8a 7.48 (td, 8.0 and 1.5) 127.0 C-5, C-8a
8 7.67 (d, 8.0) 1127 C-4b, C-6 7.67 (d. 8.0) i b5 Yo C-4b, C-6
8a = 1423 — = 141.3 =
9a e 132.8 = = 135:2 —
10 - 1709 - - 166.3 =
1 6.59 (d, 10.5) 775 C-3, C-10, C-2', C-3' 5.83 (dd, 4.0 and 2.0) 63.6 C-4, C-4a
2 523 (m) 1217 pt 439 (d. 2.0) 84.2 -
3 e 141.9 — - 731 o
4 220 (d, 1.5) 30.2 C-3', C-5 1,60 (s) 27.0 c-2
5 1.86 (d, 1.5) 302 Cc-2', C-4' 152 (s) 26.8 c-2'
9-NH 11.01 (brs) o s 11.01 (brs) - -
1-OH 9.64 (br s) — C-1,C-9a - — =
1-OMe — - - 4.08 (s) 56.2 Cc-1
1'-OH - - — 5.39 (d, 4.0) - =
3'-OH = = — 4,71 (br s) - —

236,247, 277,298, 327, 342; IR (neat) V'max 3363, 2923, 2853,
1632, 1613, 1232; 'H and '*C NMR spectroscopic data see
Table 2: EI-MS m/z 312 (51), 253 (38), 223 (100), 166 (20);
HR-EI-MS (m/z): [M] " 313.1305 (calc. for CygH;9NO4, 313.1309).

2.4. Antibacterial Assay

E. coli TISTR 780, S. typhimurium TISTR 292, and S. aureus
TISTR 1466 were derived from the Microbiological Resources,
Center of the Thailand Institute of Scientific and Technological
Research whereas MRSA SK1 was derived from Department of

Table 2
'H (500 MHz, acetone-dg), '*C NMR (125 MHz, acetone-ds), and HMBC
correlations of compound 3.

Position 6y (mult,, ] in Hz) be HMBC ('H-+"2C)

1 - 1096 —

2 - 1589 —

3 - 1160 —

4 8.34 (s) 1264  C-2, C-4b, C-9a, 3-CHO

4a - 181 -

4b - 1245 -

5 8.07 (d, 8.0) 121.0  C-4a, C-7,C-8a

6 7.20 (td, 8.0 and 1.0) 1204  C-4b,C-8

7 7.35 (td, 8.0 and 1.0) 1264  C-5,C-8a

8 7.50 (d, 8.0) 1127 C-4b,C-6

8a - 1420 -

9a - 1472 -

2-0H 11.78 (br s) - -

3-CHO 9.97 (s) 1968 C-2,C-3

9-NH 1061 (brs) - -

i 3.36 (dd, 145 and 2.0) 274 C-1, C-2. C-9a, C-2'
2.81 (m)

2 3,73 (dd, 9.5 and 2.0) 79.2 c-3

3 - 73.1 -

4 131 (s) 25.2 C-2, C-3', -5

5! 130 (s) 26.0 C-2', C-3', C-4'

Microbiology, Faculty of Science, Prince of Songkla University,
Thailand. The minimum inhibitory concentrations (MICs)
were determined by a two-fold serial dilution method using
Mueller Hinton brath according to the Clinical and Laboratory
Standards Institute recommendations (CLSI, 2002) [10]. The
test substances were dissolved in DMSO. Vancomycin and
gentamycin were used as standard drugs.

3. Results and discussion

The combination of hexanes and acetone extracts of
C. harmandiana twigs was subjected to silica gel column
chromatography to yield three new carbazole alkaloids (1-3)
along with fifteen known alkaloids (4-18) (Fig. 1). All new
compounds isolated from the twigs of C. haimandiana were
carbazole alkaloids which contained non-substitute groups on
ring A. These compounds showed common signals in 'H NMR
spectra for NH signal ca. iy 10-11 ppm and a set of four spin
proton signals of ring A at ca. &y 8.0 (H-5),7.2 (H-6). 74 (H-7)
and 7.5 (H-8).

Harmandianamine A (1) was obtained as a yellow solid (mp
203.6-204.0 °C) which showed the molecular ion peak at [M]*
m/z 293.1054 (calc. for 293.1046) in HR-EI-MS corresponding
to the molecular formula of C;gH;sNOs. Its UV spectrum
displayed the maximum absorbances of carbazole alkaloid at
Amax 204, 207, 240, 250, 267, 310, 323, and 337 nm [5-9],
while the IR spectrum showed the absorption bands of NH
(3250 cm™") and ~y-lactone carbonyl (1735 cm™") functionali-
ties [23). The 'H NMR spectral data of 1 displayed signals of NH
at & 11.01 (br s), a set of 1,2-disubstituted benzene ring at oy
782 (1H, d, J=8.0Hz H-5), 767 (1H,d,J=8.0 Hz, H-8), 7.46
(1H, td, ]=8.0 and 1.5 Hz, H-7), and 7.24 (1H, td, J=8.0 and
1.5 Hz, H-6), and an aromatic proton atdy 7.20 (1H,s, H-2) [11,
12, 19, 20]. The 'H and '*C NMR spectrum also showed signals
of y-lactone group at &y/dc 6.59 (1H, d, /= 10.5 Hz, H-1")/ 77.5
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(C-1), 523 (1H, m, H-2)/121.7 (C-2'), 220 (3 H, d. J=1.5Hz,
H-4')/ 30.2 (C-4'), and 1.86 (3 H, d, J=1.5 Hz, H-5")/ 30.2 C-5
[9, 23], which was placed on C-3/C-4 due to the *] HMBC
correlations of H-2 (6y 7.20) and H-17 (& 6.59) with carbonyl
carbon C-10 (8¢ 170.9). In addition, the hydroxy proton signal at
by 9.64 (1H, br s) was located at C-1 due to the HMBC
correlations of this proton with C-1 (&¢ 144.2) and C-9a (&¢
132.8). Therefore, the structure 1 was assigned as harmandia-
namine A. Detailed assignments of the protons and carbons as
well as HMBC correlations are shown in Table 1.
Harmandianamine B (2) was obtained as a yellow solid {mp
216.7-217.1 °C). The HR-EI-MS showed the molecular ion peak
at[M]™ m/z341.1266 (calc. for 341.1258) corresponding to the
molecular formula of Ci;gH;sNOs. The 'H NMR spectrum
displayed similar signals of 1,3 ,4-trisubstituted carbazole alka-
loids pattern to that of 1 at &y 11.01 (1H, br s, 9-NH), 8.30 (1H,
d, J=8.0 Hz, H-5), 7.67 (1H, d, /=8.0 Hz, H-8), 7.54 (1H, s,
H-2), 7.48 (1H, td, J= 8.0 and 1.5 Hz, H-7), and 7.29 (1H, td,
J=8.0and 1.5 Hz, H-6). In addition, the methoxyl group was
also observed at 8y 4.08 in "H NMR spectrum which placed at
C-1 because of the HMBC correlation between methoxyl
protons with C-1 (8¢ 147.9). By comparison of NMR spectral
data of 2 with that of clausevatine E [11] isolated from C
excavata, all remaining signals [6y 5.83 (1H, dd, J=4.0 and
2.0,H-1'),5.39 (1H,d,] =4.0 Hz, 1"-0H),4.71 (1H, br s, 3'-OH),
4.39(1H,d,J=2.0,H-2"),1.60 (3 H, s, H-4'), and 1.52 (3H,s,
H-5')] were similar. The small coupling constant, 2.0 Hz, of
H-1" (54 5.83) and H-2’ (8, 4.39) should be recognized as syn
orientation of both protons. However, the stereochemistry
at C-1' and C-2' of lactone ring was different with those of
clausevatine E because of the opposite optical rotation
(4+35.2 (MeOH) for 2; -92.4 (MeOH) for clausevatine E) [11].
The structure of 2 was, therefore, identified as harmandiana-
mine B. Detailed assignments of the protons and carbons as
well as HMBC correlations are shown in Table 1.
Harmandianamine C (3) was isolated as a yellow solid
(mp 228.3 -228.6°C), for which the molecular formula of
C.gH1gNO4 was inferred by HR-EI-MS ([M]™ m/z 323.1305,
calc, 313.1309). The 'H NMR spectral data of 3 displayed
signals of NH at &y 10.61 (1H, br s), a chelated hydrogen at oy
11.78 (1H, br s, 2-OH), a formyl proton at &y 9.97 (1H, s, 3-
CHO), a set of 1,2-disubstituted benzene ring at & 8.07 (1H, d,
J=80Hz H-5), 7.50 (1H, d, J=8.0Hz H-8), 7.35 (1H. td,
J=8.0 and 1.0 Hz, H-7), and 7.20 (1H, td, J=28.0 and 1.0 Hz,
H-6), and an singlet aromatic proton at 6; 8.34 (1H, s, H-4). The
presence of ~-CH;CH([OH)C(CH3),0H unit was also observed in
the 'H NMR at 6y 3.73 (1H, dd, J=9.5 and 2.0 Hz, H-2’), 3.36
(1H, dd, J=145 and 2.0 Hz, H-1a"), 2.81 (1H, m, H-1b’), 1.31
(3 H, s, H-4'), and 1.30 {3 H, 5, H-5") [13] which placed at C-1
due to the correlations of H-1/ (8 3.36 and 2.81) and H-4 (oy
8.34) with C-2 (8¢ 158.9) and C-9a (8¢ 147.2) in the HMBC
experiment. The structure of 3 was, therefore, assigned to
harmandianamine C. Detailed assignments of the protons and
carbons as well as HMBC correlations are shown in Table 2.
Compounds 1-12, 14, and 15 were evaluated for their
antibacteria against MRSA SK1, S. aureus TISTR 1466, E. coli
TISTR 780, and S. typhimurium TISTR 292 (Table 3). All tested
compounds showed weak (64-128pg/mL) or no activ-
ity against Gram-negative bacteria (E. coli TISTR 780 and
S. typhimurium TISTR 292). However, compound 6 was found
to be potent antibacteria against MRSA SK1 with an MIC

Table 3
Antibacterial activity of compounds 1-12, 14 and 15 from C. harmandiana

twigs.

Compound Minimum Inhibition Concentrations (MIC, pg/mL)
MRSA SK1 5. aureus E. coli S. typhimurium

1 32 128 128 128

2 64 128 inactive 128

3 128 128 inactive 128

4 32 inactive inactive 128

5 8 32 128 128

6 0.25 inactive inactive 128

7 128 inactive inactive 128

8 128 inactive inactive 128

9 64 64 inactive 64

10 64 64 128 64

11 128 inactive 128 128

12 16 inactive 64 128

14 4 4 128 64

15 inactive inactive 128 128

Vancomycin 1 0.25 Not tested  Not tested

Gentamycin  Not tested  Not tested  0.25 0.125

Inactive at > 128 pg/mL.

value of 0.25ug/mL which higher than a standard drug,
vancomycin (MIC value =1 ug/mL) while compounds 5 and
14 showed strong antibacteria against MRSA SK1 with MIC
values of 8 and 4 pg/mL, respectively. Also, compound 14
displayed strong antibacteria against S. aureus TISTR 1466
with an MIC value of 4 pg/mL (Table 3). It should be noted
that the y-lactone (1) and 4-lactone (4) carbazoles reduced
anti-bacterial activity against MRSA SK1 when compared to
that of free prenyl carbazole 14. However, the activity is
enhanced when the dehydration (C-3'/C-5') of 5 was formed.
Moreover, selective O-methylation of 6 displayed more
potent antibacterial activity than those of standard drug,
vancomycin, Additionally, the selective benzylic oxidation of
2 intensively diminished activity.
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CYTOTOXIC CARBAZOLE ALKALOIDS FROM THE STEMS OF Murraya koenigii
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The cytotoxic assay-guided investigation of Murraya koenigii stems led to the isolation and
identification of nine carbazole alkaloids (I1-9). Their structures were characterized by
spectroscopic methods. All compounds were evaluated for their cytotoxicity against three
human cancer cell lines including human epidermoid carcinoma of oral cavity (KB), breast
adenocarcinoma (MCF-7) and human small cell lung cancer (NCI-H187). Among the
cytotoxic activity tested compounds, quinocarbazole alkaloid 8, exhibited strong cytotoxicity
against NCI-HI87 cell line with the ICsp value of 2.98 uM whereas compounds 4 and 5
showed moderate cytotoxicity against KB cell line with ICs values of 8.74 and 7.85 uM,

respectively. Compounds 8 and 9 also exhibited moderate cytotoxicity against MCF-7 cell

line with ICsp values of 8.10 and 7.12 pM, respectively.
Keywords: Murraya koenigii, Rutaceae, carbazole alkaloid

Murraya koenigii is a tropical to sub-tropical small tree belonging to the Rutaceae
family. The plant is native to India and is distributed in most of Southern Asia. The leaves of
this plant are highly aromatic and young leaves are used as a vegetable herb in Southern part
of Thailand. Various parts of the plant have been reported as a folk medicine. For example,
the leaves are used as tonic, febrifuge, stomachic, anti-vomiting and eaten raw for curing
dysentery and diarrhea [1]. The leaves, stems and roots are used externally in skin eruptions
and bites of venomous animals while the barks and roots are used as stimulant [1]. Previous
phytochemical investigation led to the isolation of a number of carbazole alkaloids and some
of which have been indicated for their anti-oxidant, anti-tumor, anti-microbial, anti-

inflammatory, anti-trypanocidal and mosquitocidal activities [2, 3, 4].



In the course of our ongoing search for bioactive compounds from Rutaceae
medicinal plants [5-9], the EtOAc extract of the stems of M. koenigii exhibited cytotoxicity
against three human cancer cell lines including oral cavity cancer (KB), breast cancer
(MCF7), and small cell lung cancer (NCI-H187). In this paper, we describe on the isolation
and cytotoxic activity of the crude extract and pure carbazole alkaloids from the stems of M.
koenigii.

The EtOAc extract of M. koenigii roots showed cytotoxic activity against KB, MCF7
and NCI-H187 cancer cell lines with the ICsy values of 35.54, 17.56 and 14.86 pg/mL,
respectively. The activity-guided investigation of this extract resulted in the identification of
nine carbazole alkaloids including murrayanine (1) [10], koenoline (2) [11], mahanimbinol
(3) [12], girinimbine (4) [13], mahanimbine (5) [13], furostifoline (6) [14], murrayazoline (7)
[13], murrayaquinone A (8) [13], and murrayazolidine (9) [13]. All structures were
characterized by spectroscopic methods and comparison of their physical and spectral data
with reported values.

As summarized in Table 1, all isolates were evaluated for their cytotoxicity against
three human cancer cell lines, KB, MCF7 and NCI-H187. Among the activity tested
compounds, quinocarbazole alkaloid, compound 8, has potent cytotoxicity against NCI-H187
cell line with the ICsg value of 2.98 uM which higher cytotoxicity than that of standard drug,
ellipticine (4.79 uM). This compound also showed inhibitory effects against KB (15.25 pM)
and MCF7 (8.10 pM) cell lines. Compounds 4 and § have the same trend of cytotoxicity
which showed cytotoxicity against KB cell line with ICso values of 8.74 and 7.85 uM,
respectively. They also exhibited cytotoxicity against MCF7 and NCI-H187 cell lines with
ICso ranging from 28.80-58.94 uM. These results convince that the length of side chain of the
pyran ring has no effective with these activities. However, the cytotoxicity against KB and
MCF?7 cell lines were decreased when the pyran ring of 5 was opened to generate the geranyl
side chain of 3 (29.92 and MCF7 51.58 uM, respectively) whereas the cytotoxicity against
NCI-H187 (18.81 uM) cell line was slightly increased. Similar to that of compound 3, the
furanocarbazole 6 also had lower cytotoxicity against KB (130.85 pM) and NCI-H187 (53.01
pM) cell lines when compared with the corresponding paranocarbazole 4 whereas the
cytotoxicity against MCF7 cell line was increased (38.80 pM). In addition, structural
variation between 3-formyl carbazole alkaloid 1 and 3-methylenehydroxyl carbazole alkaloid
2 also corresponded to the remarkably different activity. The 3-formyl carbazole alkaloid 1

exhibited cytotoxic activity against all cell lines with ICsq values ranging from 16.70-85.92

2



uM which higher cytotoxicity than the corresponding 3-methylenehydroxyl carbazole
alkaloid 2 (ICso values ranging from 61.60-203.17 uM). This result implied that the formyl
group at C-3 of 1 may play an important role in the cytotoxicity against three cell lines.
Compound 9 showed selective cytotoxicity against MCF7 cell line (ICso 7.12 uM) and
weaker cytotoxicity against KB and NCI-H187 cell lines with the general ICs values of
88.19 and 73.00 pM, respectively. Surprisingly, compound 7 was found to be inactive in all
cancer cell lines. This result could be concluded that the free NH of carbazole alkaloid
framework is also important for the enhancing the activity.

It should be noted that the quinocarbazole alkaloid 8 demonstrated stronger
cytotoxicity against NCI-H187 cell line than the ellipticine, standard drug (4.79 uM). This
data suggest that the most potent of this compound might be investigated and developed as
cytotoxic agents.

EXPERIMENTAL

General. The 'H and ""C NMR spectra were recorded by 400 MHz Bruker
spectrometer. Tetramethylsilane (TMS) was used as internal reference. Quick column
chromatography (QCC) and column chromatography (CC) were carried out on silica gel 60 H
(Merck, 5-40 pm) and silica gel 100 (Merck, 63-200 pum), respectively. Precoated plates of
silica gel 60 Fys4 were used for analytical purposes.

Plant Material. The stems of M, koenigii were collected in May 2010 from Krabi and
Stoon Provinces, Southern Thailand. The plant specimen (MFU-NPR0O010) was deposited at
Natural Products Research Laboratory, School of Science, Mae Fah Luang University.

Extraction and Isolation. The stems of M. koenigii (5.19 kg) were extracted with
EtOAc over the period of 3 days at room temperature. Removal of solvent under reduced
pressure provided EtOAc extract (38.71 g) which was chromatographed by quick column
chromatography (QCC) over silica gel and eluted with a gradient of n-hexane-acetone to
afford 7 (25.7 mg) and thirteen fractions (A-M). Fraction D (2.25 g) was subjected to QCC
with 20% CH,Cl,-n-hexane yielding 4 (10.0 mg) and nine subfractions (DA-DI). Subfraction
DC (139.4 mg) was purified by CC with 20% CH,Cl,-n-hexane to afford 3 (6.6 mg) and S
(3.6 mg). Fraction E (592.1 mg) was subjected to CC with 10% EtOAc-n-hexane to yield 8
(20.8 mg). Fraction F (8.52 g) was further subjected to QCC with a gradient of EtOAc- n-
hexane (5% EtOAc- n-hexane to 100% EtOAc) to provide fourteen subfractions (F1-F14).
Subfraction F8 (272.9 mg) was further purified by CC with 25% CHCl,- n-hexane to afford
9 (2.7 mg). Fractions G (427.0 mg), H (1.03 g) and I (594.0 mg) were combined and



subsequently separated by sephadex LH-20 with MeOH to give five subfractions (GA-GE).
Subfraction GC (1.74 g) was further separated by QCC using 40% CH,Clp-n-hexane giving
five subfractions (GC1-GC5). Compound 1 (43.1 mg) was derived from subfraction GC3
(454.0 mg) by repeated CC using 50% CH,Cl,-n-hexane. Fraction J (1.33 g) was subjected to
sephadex LH-20 with MeOH to afford four subfractions (JA-JD). Subfraction JC (66.3 mg)
was recrystallized with n-hexane to give 6 (8.9 mg). Compound 2 (3.6 mg) was obtained
from fraction L (220.0 mg) by CC with 40% EtOAc-CH,Cl; as eluent.

Murrayanine (1). Yellow solid. mp 158-161°C. 'H NMR (400 MHz, CDCl3, 8, ppm,
J/Hz): 10.04 (1H, s, CHO), 8.69 (1H, br s, NH), 8.18 (1H, br s, H-2), 8.10 (1H, d, /= 8.0, H-
5),7.51 (1H, m, H-8), 7.49 (1H, m, H-7), 7.45 (1H, br s, H-2), 7.31 (1H, m, H-6), 4.06 (3H, s,
OCH;). >C NMR (100 MHz, CDCls, 8): 191.8 (CHO), 146.0 (C-1), 139.4 (C-8a), 134.0 (C-
8b), 130.1 (C-3), 126.6 (C-7), 123.6 (C-4a and C-4b), 120.7 (C-5 and C-6), 120.4 (C-4),
111.5 (C-8), 103.5 (C-2), 55.8 (OCH3).

Koeniline (2). Brown viscous oil. 'H NMR (400 MHz, CDCl;, 8, ppm, J/Hz): 8.28
(1H, br s, NH), 8.03 (1H, d, J = 8.0, H-5), 7.65 (1H, br s, H-4), 7.46 (1H, br d, J = 8.0, H-8),
7.41 (1H, m, H-7), 7.22 (1H, m, H-6), 6.95 (1H, br s, H-2), 4.80 (2H, s, H-1"), 4.01 (3H, 5,
OCH3), 2.17 (1H, br s, OH). >C NMR (100 MHz, CDCls, 8): 145.7 (C-1), 139.2 (C-8a),
132.7 (C-3), 129.1 (C-8b), 125.8 (C-7), 125.7 (C-4a), 124.0 (C-4b), 120.5 (C-5), 119.5 (C-6),
111.7 (C-4), 111.0 (C-8), 105.6 (C-2), 66.5 (C-1'), 55.5 (OCHj3).

Mahanimbinol (3). Brown viscous oil. 'H NMR (400 MHz, CDCl, 8, ppm, J/Hz):
7.93 (1H, br d, J = 7.6, H-5), 7.85 (1H, br s, NH), 7.68 (1H, s, H-4), 7.36 (1H, brd, J = 8.0,
H-8), 7.30 (1H, br t, J= 7.6, 7.2, H-6), 7.17 (1H, br t, J = 7.2, H-7), 5.37 (1H, t, /= 6.8, H-
2, 5.21 (1H, br s, OH), 5.07 (1H, m, H-6"), 3.62 (2H, d, J = 6.8, H-1"), 2.40 (3H, s, CHs-3),
2.12 (4H, m, H-4' and -5"), 1.90 3H, s, CH3-9"), 1.66 (3H, s, CH;-8'), 1.59 3H, s, CHj3-10").
13C NMR (100 MHz, CDCls, 8): 151.2 (C-2), 139.4 (C-8a), 139.0 (C-3"), 138.4 (C-8b), 132.1
(C-7, 124.2 (C-6), 123.6 (C-4b and C-6"), 121.3 (C-2'), 119.3 (C-4, C-5 and C-7), 117.0 (C-
3), 116.6 (C-4a), 110.3 (C-8), 107.8 (C-1), 39.6 (C-4'), 26.4 (C-5"), 25.6 (CH;-8"), 24.7 (C-1),
17.7 (CH3-10", 16.5 (CH3-3), 16.4 (CH3-9').

Girinimbine (4). White crystal. mp 175-176°C. 'H NMR (400 MHz, CDCls, 8, ppm,
JiHz): 7.91 (1H, d, J = 8.0, H-5), 7.84 (1H, br s, NH), 7.67 (1H, s, H-4), 7.36 (1H, d,J=17.6,
H-8), 7.29 (1H, t, J = 8.0, 7.2, H-6), 7.17 (1H, t, J = 7.6, H-7), 6.60 (1H, d, /= 10.0, H-1"),
5.69 (1H, d, J = 10.0, H-2"), 2.33 (3H, s, CH3-3), 1.48 (6H, s, CH3-4' and CH;-5). 13C NMR
(100 MHz, CDCl;, 8): 149.8 (C-2), 139.4 (C-8a), 134.8 (C-8b), 129.4 (C-2), 124.2 (C-6),
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123.9 (C-4b), 121.1 (C-3 and C-4), 119.4 (C-7), 119.3 (C-5), 118.6 (C-4a), 117.2 (C-1),
110.3 (C-8), 104.4 (C-1), 75.8 (C-3"), 27.6 (C-4' and C-5), 16.0 (CH3-3).

Mahanimbine (5). White solid. mp 68-71°C. 'H NMR (400 MHz, CDCls, 8, ppm,
JHz): 7.94 (1H, dd, J = 7.6, H-5), 7.83 (1H, br s, NH), 7.69 (1H, s, H-4), 7.39 (1H, m, H-8),
7.30 (1H, m, H-7), 7.20 (1H, m, H-6), 6.61 (1H, d, J = 9.6, H-1"), 5.65 (1H, d, J = 9.6, H-2"),
5.15 (1H, t, J = 7.2, H-6"), 2.37 (3H, s, CH;-3), 2.20 (2H, m, H-5"), 1.79 (2H, m, H-4"), 1.69
(3H, s, CH3-10", 1.62 (3H, s, CH3-8"), 1.48 (3H, s, CH3-9"). 3C NMR (100 MHz, CDCl3, 8):
149.9 (C-2), 139.4 (C-8a), 134.9 (C-8b), 131.7 (C-7"), 128.5 (C-2'), 124.2 (C-8 and C-6),
123.9 (C-4b), 121.2 (C-4), 119.5 (C-6), 119.3 (C-5), 118.4 (C-3), 117.6 (C-1"), 116.6 (C-4a),
110.4 (C-7), 104.2 (C-1), 78.2 (C-3"), 40.8 (C-4'), 25.8 (C-9"), 25.7 (C-10"), 22.8 (C-5"), 17.6
(C-8", 16.1 (CH3-3).

Furostifoline (6). Yellow solid. mp 238-242°C. 'H NMR (400 MHz, CDCl3, 6, ppm,
JHz): 9.93 (1H, br s, NH), 8.26 (1H, s, H-4), 7.92 (1H, d, J = 7.6, H-5), 7.77 (1H, s, H-2"),
7.37 (1H, d, J = 8.0, H-8), 7.22 (1H, t, ] = 8.0, 7.2, H-7), 7.07 (1H,t,J=7.6, 7.2, H-6), 6.96
(1H, br s, H-1"), 2.34 (3H, s, CH;-3). B3C NMR (100 MHz, CDCl;, 8): 154,7 (C-2), 140.0 (C-
8b), 139.9 (C-8a), 123.5 (C-7), 121.2 (C-2, C-4b and C-2'), 118.7 (C-5), 118.4 (C-6), 116.7
(C-3 and C-4a), 116.0 (C-1), 110.2 (C-8), 96.1 (C-1"), 15.8 (CH3-3).

Murrayazoline (7). White crystal. mp 266-267°C. 'H NMR (400 MHz, CDCl3, 8,
ppm, J/Hz): 7.89 (1H, br s, H-5), 7.49 (1H, br s, H-8), 7.46 (1H, br s, H-4), 7.24 (1H, m, H-
6), 7.15 (1H, dt, J= 7.6, 7.2, H-7), 3.30 (1H, br d, /= 4.8, H-1"), 2.38 (1H, ddd, /=132, 4.4,
3.2, H-2), 2.33 (3H, s, CH3-3), 1.96 (1H, ddd, / = 10.8, 6.4, 2.4, H-6"), 1.92 (1H, m, H-2"),
1.92 (3H, s, H-10", 1.62 (1H, ddd, J = 15.2, 6.8, 2.8, H-4'), 1.50 (1H, m, H-5'), 1.45 (3H, 5,
H-9", 1.31 (1H, m, H-4"), 1.28 (3H, s, CH3-8'), 0.17 (1H, ddd, J = 13.6, 11.6, 7.2, H-5'); e
NMR (100 MHz, CDCl, 3): 155.0 (C-2), 142.4 (C-8b), 140.6 (C-8a), 127.3 (C-4b), 122.6
(C-6), 119.8 (C-5), 119.2 (C-7), 119.1 (C-4), 118.4 (C-3), 113.9 (C-4a), 113.4 (C-8), 107.3
(C-1), 76.1 (C-3"), 60.1 (C-7'), 48.6 (C-6"), 36.8 (C-4"), 36.1 (C-2'), 30.1 (C-107), 29.2 (C-9"),
28.3 (C-1"), 22.9 (C-8'), 21.8 (C-5"), 15.4 (CH;-3).

Murrayaquinone A (8). Red solid. mp 241-242°C. 'H NMR (400 MHz, acetone-ds,
8, ppm, J/Hz): 11.64 (1H, br s, NH), 8.16 (1H, d, J = 7.6, H-5), 7.63 (1H, d, J = 8.0, H-8),
741 (1H, t,J = 8.0, 7.2, H-7), 7.34 (1H, t, / = 7.6, 7.2, H-6), 6.51 (1H, s, H-2), 2.15 (3H, s,
CH;-3). '*C NMR (100 MHz, acetone-ds, 8): 183.2 (C-1 and C-4), 148.4 (C-3), 137.6 (C-8a),
135.9 (C-8b), 131.5 (C-2), 126.5 (C-7), 124.0 (C-4a), 123.7 (C-4b and C-6), 122.1 (C-5),
113.5 (C-8), 15.0 (CH3-3).



Murrayazolidine (9). Yellow viscous oil. 'H NMR (400 MHz, CDCls, 8, ppm, J/Hz):
7.88 (1H, br d, J = 7.6, H-5), 7.71 (1H, br s, NH), 7.63 (1H, s, H-4), 7.31 (1H, br d, J = 8.0,
H-6), 7.25 (1H, m, H-7), 7.14 (1H, m, H-8), 4.76 (1H, s, H-8"), 4.80 (1H, s, H-8'), 3.40 (1H,
d, J= 2.4, H-19, 2.57 (1H, m, H-6"), 2.33 (3H, s, CH;-3), 1.88 (2H, dt, J = 12.8, 2.4, H-2'),
1.61 (2H, m, H-4"), 1.55 (2H, m, H-5"), 1.49 (3H, s, H-9"), 1.43 (3H, s, H-10"). 13C NMR (100
MHz, CDCls, 8) 153.6 (C-2), 150.0 (C-7"), 124.3 (C-4b), 123.5 (C-7), 119.5 (C-4), 119.1 (C-
8), 119.0 (C-5), 117.6 (C-3), 114.6 (C-4a), 112.0 (C-8") 110.1 (C-6), 105.2 (C-1), 78.9 (C-3"),
48.7 (C-6"), 39.9 (C-4"), 37.4 (C-2"), 36.2 (C-1"), 29.0 (C-10"), 23.1 (C-5"), 21.6 (C-9)), 16.7
(CHs-3).

Cytotoxic assay. Cytotoxic assay against human epidermoid carcinoma of oral cavity
(KB), breast adenocarcinoma (MCF7) and human small cell lung cancer (NCI-H187) cell
lines were performed using the method described by Brien et al. (2000) [15]. In brief, cells at
a logarithmic growth phase are harvested and diluted to 7 x 10* cells/mL for KB and 9 x 10*
cells/mL for MCF7 and NCI-H187, in fresh medium. Successively, 5 pL of test sample
diluted in a 5% DMSO, and 45 uL of cell suspension are added to 384-well plates, incubated
at 37 °C in 5% CO, incubator. After the incubation period (3 days for KB and MCF7 and 5
days for NCI-H187), 12.5 pL of 62.5 pg/mL resazurin solution is added to each well, and the
plates are then incubated at 37 °C for 4 h. The fluorescence signal is measured using
SpectraMax M5 multi-detection microplate reader (Molecular Devices, USA) at the
excitation and emission wavelengths of 530 nm and 590 nm, respectively. Percent inhibition
of cell growth is calculated by the following equation: % Inhibition = [1- (F U+/FU¢)] x 100,
where FUr and FU¢ are the mean fluorescent units from treated and untreated conditions,
respectively. Dose response curves are plotted from 6 concentration of 2-fold serially diluted
test compounds and the sample concentrations that inhibit cell growth by 50% (ICsp) can be
derived using the SOFTMax Pro software (Molecular Devices, USA). Ellipticine and
doxorubicin were used to standard reference substance in this study.
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