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3.1.1 tA589Nd

Nuclear Magnetic Resonance spectrum 400 MHz Bruker

BUCHI Rotary evaporator
- FT-IR Spectrometor
UV SPECCORD S100

3.1.2 @15.aN

- Hexanes (C,H,,) - Dichloromethane (CH,Cl,)
- Ethyl acetate (EtOAc) - Acetone (CH,COCH,)

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

- Dueterochloroform (CD,CI) - Acetone-d, (CD,COCD,)
- Silica gel 60 (Merck) - Silica gel 100 (Merck)

3.2. WM EN

iensEi ifunnsawiadesing U 2554 Tag 819158 James Maxwell

3o thiuandaniadessis U 2554 1og 813158 Martin van de Bult

ey unndeniadsess U 2554 Tag wa. a9, @301 azniden lasumsssyriiaan
2127158 James Maxwell

HAIUNIVBN LAUNNTIMIAEEII T 2554 Taw wd. as. @501 azden lasumsszy

AUAN BI1A5H James Maxwell
3.3. MSANAKALNITUANTT

m‘saﬁ"muaxmmﬂnmﬂﬁu’%qﬂémnéﬁﬁfutﬁﬂnszﬁﬂ

ihdduitnssiie mudududn g danliuie afade EoAc 2 aSi9as 3 Sumintiy
auitldanmaaiass BOAc mssmasihazasaanmaldanudud lddmananau
EtOAc (36.82 g) thdwaianenu Et0Ac WuandamaananilasinInanuuusios 16gam
wa {udgadu Tasil hexanes uaz E0Ac Wudssludnyaedinmnzuaudiiu 16 14 dudas
(1A-1N)

dudas 1D (353.21 me) 1hlUuen@ame Sephadex LH-20 %2678 100% MeOH g B-
stigmasterol (100 mg)



duday 1M (228.32 mg) W llusndameaaaanilesinInnaW w26 5% acctone-
hexanes L6 B-stigmasterol-3-0O-acetate (18.2 mg)

dudes 1E (2.12 g) hldugndameanaaniilasunInnsil 22018 100% hexanes-100%
FtOAc b¢ @5 volitrine (25.9 mg) W8z 7-demethylsuberosin (5.7 mg)

a/ Y o l&' o YV L
ﬂ'ﬁﬁﬂﬂtLﬂ%ﬁﬂ'l‘iLLElﬂﬁ'l‘ﬂﬁU‘i’cﬁﬂ ANV UNSLLYIU

M nuasildaniduNz LU AuE fluanauan (6.65 Kg) snannee acetone 2
A59 8y 3 Ju NNTUTMITEINEeTazmoaan Laduanannenu acetone (140 g) wdnihdiu
anavenudnanlluendaasanilasininnsiuuunied Taaanwa 1Wuaigagu 18 hexanes
wae acetone (udmludnusiinisumuaauld 14 @ (24 - 2N)

duday 2D (9.2 ¢) i lluendadmanasuilasininnniuuusiasr 188amwadua
Q9T 1268 hexanes Wt EtOAc 1@ 8 dugas (DA-DH) Wdutdas DC (1.6 ¢) ildusnas
senadnilasnTnnnilizamumailudgaiiu seds 5% FOAc-hexanes ldasuians (zRr4
(6.2 mg)

dudos 2G (19.3 g) waz H (15.5 g) insunuuazuenaaaoaaanilasnlnnii
w5200 1#83M1@a 22@0 hexanes ua% EIOAC 16@5u3ans ZR7 (400.5 mg) uaz ZR10
(29.4 mg)

dudes 2 (7.05 o) MhlduanaemaasaniilasainInnsWuuusiasd 12678 hexanes
way EtOAc ¢ 20 dhudas JA-JT) 1hdwdas IM (912.7 mg) Wuanais aaanilasuln
nsHEnASe B2de 309% CH,CL-hexanes |¢ 4 dudos (JM1-1M4) Nniwhdudas M3
(274.8 mg) anugndadenaduilasnInns T WBnase seds 309% EIOAc-hexanes lﬁms‘u'%qw‘é
ZR2 (39.5 mg) uaz ZR3 (3.0 mg)

fudas JO (520.2 me) 1 lduanaanaanilasanInnsW 92678 20% acetone-hexanes
1o 6 drudos (JO1-JOB) mm’%qﬂé ZR9 (2.2 mg) ugnlaandiutos JO2 (215.4 mg) 68
ApaailasInInnsW Bzae 109% EtOAc-hexanes

drudan IS (363.0 mg) W llusnmaasamilasininnsWuuusIas) seae hexanes
oy EtOAc lﬁmsu'%qw'é 5 (4.2 mg), 8 (52.0 mg) az ZR10 dugas (JS1-JS10)

diudes JS3 (146.9 mg) ﬁﬂﬂtmﬂﬁ’lé’mﬁu‘%qwéﬁwﬂaﬁuu’[mm%mﬂ WaryLey
5% CH,Cl,-hexanes lé'msu'%qw’é 6 (15.1 mg)

dudes 2N (1.11 o) mv‘iﬂﬁu’%qwéﬁmﬂaé’uu’[mm‘[wnswﬂLLa:mé’]"m 40%
hexanes-CH,Cl, 19 5 dugas (NA-NE) msu’%qqn%{ ZR1 (6.2 mg) uanlanndiudos NA

(35.0 mg) Mandantlasaninnsil wazyeees 20% acetone-hexanes
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Wiuasadldunrhmsazmowis lddmaianeu JHE (181.5 g) thduananeudanansni
msuandenszuiumamalanninnniluuuned Tesldaanmuaiiuigedu uesszuuuin
S BUNTIUSEWIN hexanes Waz ElOAC ladudasnanua 6 21 (A-F)

ihdudes B (537.9 mg) wyhmsusnaisaaanilasinInnsail gzdig 30% CH,CI,-
hexanes 1,5a13u%qw‘§ 5 (4.2 g)

W@ D (1.45 ¢) lWuendie Sephadex LH-20 laald 100% MeOH \Wuaane
WazLENGaaenaaNulas NN vea8 25% EtOAc-hexanes Hms‘u‘%q‘né 1 (2.2 mg)

dudas E (7.05 ¢) ihldusndranaaniilasininnndluuusias) wasszens
10% EtOAc-hexanes 84 100% EtOAc wuutniaua ey Iddubansn 4 dm (E1-E4)
Nntthduges E2 (176.5 me) svhmsuanaamaoaaduilasinInnnil sedie 30% EtOAc-
hexanes LO&INANADN 4 d1 (E2a-E2d) dIuane E2b (128.6 mg) waz E2c (9.7 mg) ¥
Ll.ﬂﬂiﬁlﬁaﬁu%qwé 3 (30.9 mg) Uaz 4 (2.0 mg) Muadanilas NN W 32678 2% acetone-
hexanes Wa¢ Sephadex LH-20 %108 100% MeOH MmMua1au

dmdos E3 (1.37 ¢) iluanlvlaasuiandarsaaamilasuinnniuuy

9

' 2
r

SI0157 %018 20% EtOAc-hexanes 949 100% EtOAc WUULIANIIIUOINGIOU WALLENADAIEY

Sephadex LH-20 Tagld 1009% MeOH (Uudzz mudau laasuigns 2 (1.1 mg)

o <4

3.4. NINAFUGNDAIULLUANLIY
WWauuanay 3 ﬁﬂﬁﬁut‘?ﬁa @8 Escherichia coli TISTR 780 Salmonella typhimurium
TISTR 292 uwae Staphylococcus aureus TISTR 1466 lasvanaontuiveinenendasiay

o

waluladunsdsanalng dmsSuaionus  MRSA  SK1 - ldsuainaaignaaiine awms
INENENFAS NWINLYFIVAIUATUNS mswﬂaaquéﬁwmwﬂﬁL%ﬂsliﬁ‘ﬁ broth micro dilution
(CLSI M7-A4, 2006) fAsmslaadacail 1By Mueller-Hinton Broth U33na3 50 uL asvlululas
Lwawé?m,wi%quﬁ 1-15 uazl31199 100 L ﬁwquﬁ 16 QAEIEIUINGW (vancomycin %39
sentamycin) USH909 50 ul aﬂulu‘[mmawquﬁ 1 wandsazanglinnu mni?u@‘ﬂmiazmﬂ
wnvguit 1 1 ldwauit 2 Usinas 50 uL yhiduilluiBas 9 (wo fold dilution) uilanqui 14 o
#i4 50 uL mmfu@maﬁa:amL%aﬁé?aqmsmaauﬂ%mm 50 uL ldaslunauil 1-15 Toanauil
15 azdu positive control LLaz‘MQN‘ﬁ 16 1Wu negative control mﬂﬁutau inoculum US11935 50 pL
LLé’aﬁﬂﬂﬂu‘ﬁqmwQﬁ 35 °C W 18 - 24 $1l9 NN 0.18% resazurin U33005 10 pL
winhlutnilgumndi 35 °C wu 2-3 il unavauiizaliniasdaudnndihaiuiiin
Guuaasihaglifimsdaveia éaquuﬁlmﬂgﬂuuﬂmﬁ (FN1909LAN) LEAININNITRTYID

o nntutiufinmenudndumganduiugald Wua MIC
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YNN 4 WanITINY

4.1. mamﬁa‘f&mwi’mqﬂszaaﬂ(

a

= Vv g o o n“ﬂ'd ¥V
"\ﬂﬂﬂ’ﬁLLEIﬂBﬂﬁﬂizﬂB'U‘YI'NL?]%J“USQWULWSﬂﬁxﬂQEﬁN’ﬁﬂLLE]ﬂﬁWi‘LIﬁEI'YlﬁYINﬂ'l'iﬁ'lEJ\T'IuLLa]
d

Fu 4 915 lealassaiwasasisznaumaiiiensilasaidedeya 'H NMR anlnsalnd

OMe
L 00U
MeO~ ~F N7 O “To 0" Yo

Evolitrine 7-Demethylsuberosin

f3-sitosterol [3-sitosterol-3-O-acetate

Volitrine 1uasUsznouailuduusaasansd lasuaas duann 'H NMR 28913 OMe 2
mjﬁ' §53.91 (3H, s) waz 4.40 (3H, s) dounneaaNumIuiiusu §7.55 (1H, d, 2.0 Hz) uaz
7.03 (1H, d, 2.0 Hz) LLaxﬁmfymeLaISLmﬁmmu ABX 1 “qmﬁiyiywmﬁ 0 8.14 (1H, d, 8 Hz),
7.31 (1H, d, 2.0 Hz) waz 7.07 (1H, dd, 8, 2.0 Hz) lagilasedinuas 'H NMR GHULEAN

Volitrine tHuasusznoulunlugusu losuans duanm 'H NMR Yuulasiiugail 6
6.37 (1H, d, 12.0 Hz), 5.71 (1H, d, 12.0 Hz) Wazni Me 2 mjﬁ 1.49 (6H, s) duanmas
o, 3 -usaturated lactone "7; 06.25 (1H, d, 12.0 Hz) w8z 7.60 (1H, d, 12.0 Hz) UasdIMULD
T'ﬁLmé‘mﬁﬁmi@'muLmumsw 2 dyanmAa 5 7.01 (1H, s) wag 6. 57 (1H, s) loailaseadn
waz 'H NMR Q9Lao

B -sitosterol u“JuaLﬁﬂsaaﬁugmﬁwuléﬂuﬁmﬁaunﬂﬁﬁ@1 Tooilduana 'H NMR fidhdey
¢34l 1 8 5.70 (1H, s), 3.69 (1H, m), 1.10-2.60 (nandeuanued CH waz CH,) wag 0.70-
0.95 (Nandayanwes CH,)

B -sitosterol - 3-O-acetate LﬂutﬂuatamaﬂﬁugmwuLﬁmﬁ'u Tooilduana 'H NMR i
drawy S0l # 5 5.39 (1H, s), 4.42 (1H, m), 2.23 (2H, m), 2.03 (3H, s), 1.10-2.10 (Na¥
Foyanuwad CH way CH,) uaz 0.70-1.10 (Ngudtuandeps CH,)

Tumsataduadaguinldduaialulsmadssuaziisasasaulasnnunsuwuiil
Snwazithithauuaziiohinuendamanaauilasininnnilldamnsousnasssnaumaaiild
%awqmﬁmaﬁnwﬂudmi’:

INNISANBIBIAUTENBUNMIILARNIINFIUIINUAZLUBDNEIAUNZUTIU EINITOUYN
asUsznauldianue 10 M5 WumsUsznaueludlua 1 615 (ZR1) wazasfiimsnsnuud
9 &5 (ZR2- ZR10)

30

asuUsznau ZR1, [0, +55.7 (CDCL), wsnlaiuwasudeden nndanaves ESI-

TOF-MS 2:Uad0d [M] % m/z 369.3510 Zdaaaapsnugasluana C,,H,,NO, 3NIayaupl

UV 2zud@euauganauii A, 228, 274, and 281 nm Faudasliiuiluanaiifissuunouging

12



dowa IR LLﬂﬂQﬂ}éﬂQﬁ%ﬂﬂ@Q%}iﬂ?%ﬂﬂﬁaﬁ 1740 (ester) WAz 1648 (amide) cm ' d@WMTuddYd
799 'H NMR Uaaddyameed NH (5 6.42, br s), ﬂijué’tycymwammmaumu%uﬁﬁw;‘juwuﬁ
i‘D\'l?,l\i‘wa‘)iLﬁﬂj [67.71 (2H, br d, J = 7.6 Hz, H-3"" and H-7""), 7.49 (1H, brt, J = 7.2 Hz, H-
5" and 7.42 (2H, m, H-4"" and H-6"")], nejué?ﬂgiywmﬂawmmumu%uﬁﬁmgLmuﬁaawsgﬁ
Gi’ummﬁ 1 wae 4 [07.32 (2H, d, J = 8.4 Hz, H-2" and H-6") and 6.90 (2H, d, J = 8.4 Hz,
H-3" and H-5")], ¥} OMe 1 3 (J 3.80, s, 4'-OMe), AU INVDI oxymethine (4 5.95, dd, J
_ 8.0, 4.4 Hz, H-2) Uua¢ §qyamias methylene (S 3.82, 2H, m, H-1) andayatnaurhl
wiuhasUsznauifluayWusees  embamide  acetate fuanl@niiganawinlng Piper
ouayranum (Maxwell et al., 1989) waNNLLEIEsUsENBU 1 fauansdoyn o 'H NMR and '°C
NMR ‘ZIEN‘VI}‘J: hexanonyl (Kanokmedhakul et al., 2007) ﬁ 6, 2.34 (1, 7.6 Hz, H-2"")/ 0, 34.5
(C-2""), 8, 1.26 (m, H-3"")/ &. 29.5 (C-3'"), &, 1.58 (m, H-4"")/ 5. 24.9 (C-4""), ¢,
1.27 (m, H-5"")/ &, 22.8 (C-5""), &, 0.85 (i, 6.4 Hz, H-6"")/ &. 14.1 (C-6"") uaz C=0
at 0. 173.6 (C-1"") I@wyﬁ%mmuﬁmj acetyl 284815U5¢N8U tembamide acetate [0,
2.12/9. 21.5 (CH,) uaz o, 172.0 (C=0)] (Maxwell et al., 1989) IﬂﬂﬁaHaLwéwﬁawuwsn
auiulddn CosY war HMBC awnasn Taodi H-2 (55.95), H-2" (5 2.34) uaz H-3"" (5
1.58) waaIANNENNUSHU C-1" (& 173.6) T HMBC dnasu uanmﬂﬁuﬁamn%mgawm
dudpsunaanaiuil m/z 2541 [M-CH,0, vhldaansaduguns hexanoyl ldudunu
oK ‘Su d15Usenau ZR1 @8 zanthorhetsamide (2-benzamido-1-(4-
methoxyphenyl)ethylhexanoate ) Lf'la‘lh zanthorhetsamide 31 lalasagan e K,CO, laasdsznau
lembamide Topfizaya "H NMR uag@imswyudiiniz (specific rotation) (L), +45.2, CHCI,)
WHBUNUNY S-(+)-tembamide ([(IJDZ5 +56.9, CHCl,) (Kamal et al., 2004) ﬁlﬁmﬂms
faassd nndayaticnansomanziuldhaaslsznau zanthorhetsamide fs#azil configuration 7

WRAUNU S-(+)-tembamide 90D 25— (+)-zanthorhetsamide

— TH-"TH COSY /7 \ "H-'3C HMBC
ZR1
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®5197 1 waAadaya 'H NMR (400 MHz, CDCI,) uaz ''C NMR (100 MHz) ZR1

G LY 5( 5“ (mult., J in Hz) dum é: (5” (mult., J in Hz)
1 45.2 3.82 (m) 5" 131.7 7.49 (brt,J=1.2)
2 74.1 5.95 (dd, J = 8.0, 4.4) 6" 128.7 7.42 (m)

1’ 129.8 = T 126.8 7.71 (brd, J =17.6)
2’ 127.9 7.32 (d,J] =8.4) A 173.:6 =

3’ 114.1 6.90 (d,J = 8.4) 2 34.5 2.34 (t,J =17.6)
4’ 159.8 = 3 24.9 1.58 (m)

5 114.1 6.90 (d,J =8.4) 4" 29.5 1.26 (m)

6’ 127.9 7.32 (d,J =8.4) 5 22.8 1.27 (m)

1" 167.5 = 6 14.1 0.85 (1, =6.4)
2" 134.3 = 4'-OMe 55.4 3.80 (s)

3 126.8 7.71 (brd, J =17.6) NH - 6.42 (brs)

4" 128.7 7.42 (m)

d1nfuaisUstnaudiauiduaisnlainissioeiuugine (N-(4-
methoxyphenethyl)benzamide (ZR2) (Vargas et al.,, 2010), alatamide (ZR3) (Maxwell et al.,
1989), dihydrochelerythrine (ZR4) (Martin et al., 2005), 6-acetonyldihydrochelerythrine
(ZR5) (Chen et al., 2011), 8-acetonyldihydronitidine (ZR6) (Nissanka et al., 2001), asarinin
(ZR7) (Gunatilaka et al., 1982), horsfieldine (ZR8) (Gunatilaka et al., 1982), 5,7,8-
irimethoxycoumarin (ZR9) (Cheng et al., 2005) and dictamine (ZR10) (Tanaka et al., 1985)

asUsznau ZR2  Wuasusenaue ludw@utdelnuas ZR1  lasas ZR2  (N-(4-
methoxyphenethyl )benzamide) (Vargas et al., 2010) ﬁjuwamﬁqﬁmﬂﬂauamé’mmm 'H NMR
Tudnunsiindeiuas ZrR1 onufisumiai 2 aaees 2 Wudmanmsanywiauy dyann 'H
NMR ﬁqwuﬂﬂaqaws 2 Lﬂué’wﬁ o, (CDCl,, 400 MHz): 7.72 (2H, brd, J = 7.2 Hz, H-2" 8¢
H-6""), 7.49 (1H, m, H-4"), 7.41 (2H, m, H-3"” uaz H-5"), 7.16 (2H, d, J = 8.8 Hz, H-
3’ way H-5"), 6.88 (2H, d, J = 8.8 Hz, H-2' waz H-6"), 3.80 (3H, s, 3'-OMe), 3.70 (1H,
d, J = 7.2 Hz, H-1), 3.67 (1H, d, J = 6.8 Hz, H-1), 2.89 (1H, d, J = 6.8 Hz, H-2), 2.87
(1H, d, J = 7.2 Hz, H-1)

H H
@”W@ j e oy
MeO © MeO 2

ZR2
ZR3

d15Usenau d15 ZR3 (alatamide) (Maxwell and Ramperad, 1989) Paaugada Wu

astsenaue lududeniuas ZR1 way ZR2 duane 'H NMR danuusaasiuas ZR2
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anuidhunsit 1 waz 2 209805 3 Wudyanowedeailiinluseay Fuana 'H NMR nanae
aaens ZR3 (Hudail 8, (CDCL,, 400 MHz): 7.83 (2H, br d, J = 7.2 Hz, H-2" uas H-6"),
7.63 (1H, d, J = 14.8 Hz, H-1), 7.61-7.45 (3H, m, H-3", H-4" waz H-5""), 7.30 (2H, d,
J = 8.8 Hz, H-3' w8z H-5'), 6.85 (2H, d, J = 8.8 Hz, H-2' Laz H-6"), 6.22 (1H, d, J =
14.8 Hz, H-2), 3.80 (3H, s, 3'-OMe)

(@)
(I
(@]

9@t
MeO Me

OMe

ZR4

ZR5: R,= H, R,= OMe, Ry= OMe
ZR6: R;= OMe, R,= OMe, Ry= H

a15Usenou ZR4 (dihydrochelerythrine) (Martin et al., 2005) (Hunpsuieda (du
aataznavlundueasiluuunidu weandaasd losdiduaa 'H NMR anuonilugail o,
(CDCl,, 400 MHz): 7.70 (1H, d, J = 8.4 Hz, H-12), 7.67 (1H, s, H-1), 7.51 (1H, d, J =
8.4 Hz, H-11), 7.48 (1H, d, J = 8.8 Hz, H-9), 7.11 (1H, s, H-4), 6.94 (1H, d, J = 8.8 Hz,
H-10), 6.05 (2H, s, ~-OCH,0-), 4.30 (2H, s, H-6), 3.93 (3H, s, 8-Me), 3.88 (3H, s, 7-
Me), 2.60 (3H, s, N-Me)

#3Usenou ZR5 (6-acetonyldihydrochelerythrine) (Cheng, et al., 2011) Wuaandad
17 Wuasusznavlungueasiluuunidu ueamsasaduiieniu 15 ZR4  lasduann 'H
NMR 2849615 ZR5 Hanwmsindioiuans ZR4 endufidumis?i 2 289e1s ZR5 azUang
é'tyfgwml,ﬁm@mwaqmj propanonyl dtanss 'H NMR nanuadugail 9, (CDCl,, 400 MHz):
7.71 (1H, d, J = 8.4 Hz, H-12), 7.54 (1H, d, J = 8.4 Hz, H-11), 7.51 (1H, s, H-1), 7.48
(1H, d, J = 8.8 Hz, H-10), 7.10 (1H, s, H-4), 6.96 (1H, d, J = 8.8 Hz, H-9), 6.04 (2H, br
s, ~OCH,0-), 5.04 (1H, dd, J = 11.2 Uz 3.6 Hz, H-6), 3.95 (3H, 5, 7-OMe), 3.92 (3H,
5, 8-OMe), 2.64 (3H, s, N-Me), 2.58 (1H, dd, J = 14.8 waz 11.2 Hz, ~-CH,COCH,), 2.26
(1H, dd, J = 14.8 uaz 3.6 Hz, ~CH,COCH,), 2.06 (3H, s, -CH,COCH,)

d19U5enoU ZR6 (8-acetonyldihydronitidine) (Nissanka, et al., 2001) Wurpaniiad
wmaes Wuamsusznaulunguuasiiuuunidu weamsasedrudednu @15 ZR4 uaz ZR5 1oy
dwan 'H NMR 289815 ZR6 fianwariindoiuas ZR5 aniueumingeeny OMe Tuas
ZR6 %Lm:agﬁ@‘mmﬂq 4 war 5 dyann 'H NMR vanuanludsil o, (cpcl, 400 MH2):
7.71 (1H, d, J = 8.8 Hz, H-12), 7.56 (1H, s, H-1), 7.51(1H, d, J = 8.8 Hz, H-11), 7.32
(1H, s, H-10), 7.12 (1H, s, H-4), 6.85 (1H, s, H-7), 6.05 (2H, br s, ~-OCH,0-), 4.55
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(1H, dd, J = 8.8 wuaz 6.0 Hz, H-6), 3.99 (3H, s, 9-OMe), 3.94 (3H, s, 8-OMe), 2.69 (iH,
dd, J = 15.6 uaz 8.8 Hz, -CH,COCH,), 2.61 (3H, s, N-Me), 2.33 (1H, dd, J = 15.6 L@ay
6 Hz, -CH,COCH,), 1.98 (3H, s, -CH,COCH,)

a15U52naU ZR7 (asarinin) (Gunatilaka et al., 1982) \Uuveudsdad Wuasusznaulu
nanypaanuuu lasiidyanm 'H NMR el 3, (CDCl,, 400 MHz): 6.88 (2H, br d,
H-6 war H-6'), 6.85-6.78 (4H, m, H-2, H-3, H-2' Waz H-3"), 5.98 (2H, s, ~-OCH,0-),
5.97 (2H, s, ~-OCH,0-), 4.85 (1H, d, J = 5.6 Hz, H-7), 4.41 (1H, d, J = 7.2 Hz, H-7"),
4.11 (1H, d, J = 5.6 Hz, H-8'), 3.86-3.82 (2H, m, H-9), 3.34-3.29 (2H, m, H-9'), 2.88
(1H, m, H-8)

#5Usznou ZR8 (horsfieldine) (Gunatilaka, et al., 1982) Wuzaandadzn
aatsznaulungueasdnuuuiufeInuans ZR7 duanm H NMR 209615 ZR8 danuymzaany
nuasUsznau ZR7 aniuas ZR8 wUNNYAUIMYDIVN OH Wazhal OMe WNUTYLIMYBY
Wil ~OCH,0- luasusenau ZR7 dyanm 'H NMR nanuazesans Zr8 (iludaii o, (CDCI,
400 MHz): 7.49 (1H, s, H-6), 7.02 (1H, br s, H-6"), 6.91-6.80 (4H, m, H-2, H-5, H-2’
waz H-3"), 5.99 (2H, s, ~-OCH,0-), 4.84 (1H, d, J = 6.0 Hz, H-7), 4.40 (1H, d, J = 6.8
Hz, H-7'), 4.13 (1H, d, J = 9.2 Hz, H-8"), 3.86 (3H, s, 4-OMe), 3.84-3.76 (2H, m, H-
9), 3.45-3.37 (1H, m, H-9'), 3.22 (1H, t, J = 8.8 Hz, H-9'), 2.88-2.83 (1H, m, H-8). 0.
(CDCl,, 100 MHz): 147.8 (C-4"), 147.2 (C-4), 146.9 (C-5), 145.4 (C-5'), 136.2 (C-
1), 130.4 (C-1"), 119.2 (C-2), 118.2 (C-2'), 114.6 (C-6), 109.3 (C-6"), 107.7 (C-3),
106.3 (C-3"), 101.0 (-OCH,0-), 87.4 (C-7"), 81.7 (C-7), 70.6 (C-9), 69.3 (C-9),
55.3 (4-OMe), 54.8 (C-8), 50.0 (C-8")

d1susenau ZR9 (5,7,8-trimethoxycoumarin) (Cheng, et al., 2005) POIWUNTNTD
L‘T'Jumsﬂsznaugnﬁuﬁugmiﬂﬂﬁﬁmmm 'H NMR 1§lueail 3, (CDCl,, 400 MHz): 7.61 (1H,
d, J = 9.6 Hz, H-4), 6.66 (1H, s, H-6), 6.35 (1H, d, J = 9.6 Hz, H-3), 4.04 (3H, s, 8-
OMe), 3.99 (3H, s, 7-OMe), 3.90 (3H, s, 5-OMe)

a15U52noU ZR10 (dictamine) (Tanaka et al., 1985) (Uuzasudsdny Wuasdsznou
iludy woamianed ugulaoiidyann 'H NMR dudsil 6, (cpel, 400 MHz): 8.25 (1H,
br d, J = 8.4 Hz, H-2), 8.01 (1H, br d, J = 8.4 Hz, H-3), 7.70-7.66 (1H, m, H-6), 7.60
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(1H, brd, J = 2.8 Hz, H-8), 7.46-7.42 (1H, m, H-7), 7.04 (1H, br d, J = 2.8 Hz, H-5),

4.41 (31, s, 4-OMe)
OMe
OMe
X
N
MeO o "0 N/ o
OMe
ZR9 ZR10

msﬂsznau“?iu,ﬂﬂlﬁnﬂ’dﬁmmﬁuml,whu (anuansisznau zr6) ldihlunagaugns
MULUATISBUNTNUINTDIEEWUGAD Staphylococcus aureus 4a¥ MRSA SK1 Uazluniisaunss
auaaqamﬁuiﬁa Salmonellae typhimurium Wa¢ Escherichia coli logls vancomycin (MIC = 1
WAz 0.25 Hg/mL dWM5U MRSA SK1 uaz S. aureus @NAIAY) ez gentamycin (MIC = 0.25
war 0.125 pg/mL @M3U E. coli way S. typhimurium @N&IGU) {WuasnINIgIU 39NM3
mamwujmﬁnnﬁﬁmamqméﬁmzmwﬁL%mmiuaumﬂﬁuﬁ: S. typhimurium 18 luszeuslasil
1 MIC uhiude 128 pe/mL uasasnnzialiudesnndimunuaiiGeunsmnnmenug .
aurcus $iiloesnsUssnay ZR4 HudasgnaenunuaiiFaunauuanmewus MRSA SK1 léluszey
Glaoiidn MIC Wy 8 pe/mL Tusnsiiasivdeluuaasmnidunuaiidaunsunlumeiugii
UBNINILEIANS ZR4 fiTqLLamqwéﬁwmmﬂﬁﬁaLmsuauawﬁuj E. coli (MIC = 16 pg/mL) 1@
Tuszauthunaslueasiiansfiidauanagns lussdumlasiid MIC  whiuie128  pe/mL
o lindaagnaas Wuiihdnehas Zr4- ZR6 WumsUsznaulunguvadiluuunitu uaa
msannd laafianssznou zra  duldiivgunuiiludumisii 6 Zedenalviansusznau zra

a

4 4 VYV o L
Llﬂ(ﬂ\‘lﬁ]‘ﬂﬁ@ﬂuLLUﬂVILSﬂLLﬂ‘ENU'JﬂﬁWE]WUi MRSA SK1 LagtdmMIgNs@IULUANLIBLNINIUTIEWUD

9

E. coli Llo@nnds ZR5 way ZR6
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H 3 v 4 o ot ' @ 7= £ v P o
Gl’]i’]\‘lﬁ 2 i]Vlﬁfni(;nuLﬁ'ﬂLLUﬂﬂLSEI?'aQa’]uaﬂﬂﬂEI']ULLa:ﬁa’]iiJﬁq‘Y]ﬁ‘ﬂLLﬂﬂlﬂ?ﬂ’]ﬂﬁ’]ﬂLLaﬁLﬂaﬂﬂa’]

AUNLUAIU

Minimum Inhibition Concentrations (MIC, pg/mL)

Compound

MRSA SK1 S. aureus E. coli S. typhimurium
7ZR1 Inactive Inactive 128 128
ZR2 Inactive Inactive Inactive 128
ZR3 Inactive Inactive 128 128
7ZR4 8 Inactive 16 128
ZR5 Inactive Inactive 128 128
7ZR7 Inactive Inactive 128 128
ZR9 Inactive Inactive 128 128
ZR10 Inactive Inactive Inactive 128
Vancomycin 1 0.25 Not test Not test
Gentamycin Not test Not test 0.25 0.125

PDNMSANEBIAUIZN U NIATNNEILNaIUNS AN aransauandsusznaulonivne 5

a5 Wuansusenaufialnswuegdlud 1 815 (J1) uazasninmasnsnunal 4 @5 (J2- J5)

4 3 < o = 3| o]
a15Usenau J1  (harmandianone) (Wuzpsudedzmiaavaanmaniu 114-117 °C

MsUsznautiuaay [M+Na]' m/z 337.1046 ludiayavas ESI-TOF-MS ulludayaiidenndes

fugasluana C,H,,0, 1ndayares UV aulnaiu LUQEANAUT A, 201, 213, 267 Way 272
am Tugoeit IR @Wnadn azudaeuaumsBaueany aryl ester (1689 cm ') uaw aryl ketone
(1712 cm ) dwiudeys 'H war 'C NMR ?1aqmsﬂiznauﬁa:uaﬂméuﬁmmwmwm p-
methoxybenzoyl ﬁ 8, 7.98 (2H, d, J = 8.4 Hz, H-3" uaz H-5)/6,131.9, &, 6.95 (2H, d, J =
8.4 Hz, H-2' uaz H-6')/5.113.6, &, 3.87 (3H, s, 1'-OMe)/J,. 55.5, &. 122.0 (C-4") uaz
o. 163.6 (C-1") (Sy and Brown, 1998) Iﬂﬂmmsaﬁué’uwyj p-methoxybenzoyl 1&,53&‘5’8%6
2849 HMBC 69l H-3'/H-5" (5, 7.98) waoa@Mudunusiu C-1' (5. 163.6) uaz C-7' (4,

[
=)

165.9) luzmieh 1'-OMe (5, 3.87) UWAMIANNINWUSHY C-1" (. 163.6) wanNNiudIE
wuindial#iayauss COSY, HMQC uaz HMBC dynmnsoinziduaslasaiiimiu
agﬁuﬁ’ﬂmﬁﬁai‘mwmaﬂﬁ (‘m‘;i p-methoxyphenyl-1-oxopropanone) lagnea Immﬁ%uam
naNdaIMYDd 'H uaz 'C NMR #i 3, 7.80 (2H, d, J = 8.4 Hz, H-3 uaz H-5)/4. 130.9, &,
6.93 (2H, d, J = 8.4 Hz, H-2 uaz H-6)/ o. 114.0, o0, 6.15 (1H, q, J = 6.2 Hz, H-8)/0,
71.3, &, 3.86 (3H, s, 1-OMe)/J,. 55.4,8, 1.63 (3H, d, J = 6.2 Hz, H-9)/5. 17.3, 5. 195.3
(C-7), 6. 163.8 (C-1) wdz &, 127.4 (C-4) Iug'uqﬂ'ﬁmmmsm%amiaé’auwm‘[mqa?m‘ﬁq
doaindonulaloslddeyases HMBC Gaii H-8 (5, 6.15) uaz H-3'/H-5" (5, 7.98) Uan
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AnuANRUSULUY YT Aumy aryl ester C-7' (3, 165.9) ndeyailasuldh vy p-
methoxyphenyl-1-propanone 8% p-methoxybenzoyl ﬁmst%'awiaﬁ’uﬁaﬂﬁuﬁxﬁma%ﬁ C-8 lag
C-7" 1 IATIEEWY absolute configuration ‘7; C-8 yavad13usznau J1 (harmandianone) &1N150
mldlasmsuisuiisudeyavasmnyudmwe (specific rotation) Fusnsiiiilaseaslndideiu
lagwuhasusznau (28)-hydroxy-1-phenyl-propanone dfmyusnwizdu (ot], = - 86 (¢
= 2, CHCl,) (Kihumbu et al., 2002) Towii (2R)-hydroxy-1-phenyl-propanone ﬁmw:}luﬁnww:
W (o), = + 70 (¢ = 1.7, CHCL,) (Demir et al., 2001) wazanmsiaammyusnmziuves
#19U4vnau J1 (harmandianone) wujwmsﬁﬁquuﬁuwwuﬂu [OLJD27 = + 60.3 (¢ = 0.014,
CHCl,) 5@&u%03@ﬂ15’51815ﬂ3:ﬂ8u J1 i absolute configuration ﬁ c-8 WuR configuration

Fayasvazdsaay 'H, 'C NMR uaz HMBC uaonlumsni 3

@1514% 3 uaedaNa 'H, 'C NMR waz HMBC 284 harmandianone (J1) (CDCl,, 400 MHz)

MeQO™1
Position & (mult, Jin Hz) O, HMBC ('H—>'""C)
1 a 163.8  —
2/6 6.93 (d, 8.4) 1148 G,C-20r L8, g4
3/5 7.80 (d, 8.4) 18090 RE 1, C-3 or/C-5, -7
4 A 127.4 —
7 — 195.3  —
8 6.1 5viq X6 71.3 C>Y, Co
9 1.63 (d, 6.2) 17.3 <1 C-3
1! — V6306 Y4
2'/6' 6.95 (d, 8.4) 1136 c-1',c-2" orc-6', C-4’
3'/5' 7.98 (d, 8.4) 131.9 c-1',c-3" orc-5', c-7'
4 — 122.0 —
7' - 165.9  —
1-OMe  3.86 () 55.4 c-1
1"-OMe 3.87 (s) 55.5 c-1'

1t

a15Usenau J2 (verimol B) (Sy& Brown, 1998) waeniialaiid dailluansusznaulu

]
<4 =4 VvV

naudiialwswinesdudninuasusznou J1 - ssdsznaviiduasimeiimsnenuudilos
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uaasduanm 'H NMR éﬁ'ﬁ o, (CDCl,, 400 MHz): 8.03 (2H, d, J = 8.8 Hz, H-3 Wlaz H-5"),
7.54 (2H, d, J = 8.4 Hz, H-3 uaz H-5), 6.92 (2H, d, J = 8.8 Hz, H-2'1lax H-6'), 6.88
(240, dJ = 8.4 Hz, H-2 waz H-6), 5.71 (1H, d, J = 7.2 Hz, H-7), 4.19 (1H, m, H-8),
2 86 (3H, s, 1'-OMe), 3.79 (3H, s, 1-OMe), 1.13 (3H, d, J = 6.4 Hz, H-9).

d3Usznau J3 ((E)-3-(2-Hydroxy-4-methoxy-phenyl)propanoate) (Cordoba et al.,
2007) yoauinduans dadussusznaulunguilialwswiuesdudsnuaisusznau J1 uas
12 @sUsznaviiiuasitasiiminsnuudilasudasdyana 'H NMR 6sil 8, (cDCl,, 400
MH7): 7.62 (1H, d, J = 16.0 Hz, H-7), 7.07 (1H, dd, J = 8.4ul8% 1.6 Hz, H-3),7.03 (1H,
d, J = 1.6 Hz, H-6), 6.91 (1H, d, J = 8.4 Hz, H-2), 6.30 (1H, d, J = 16.0 Hz, H-8),5.93
(11, br s, 4-OH), 3.93 (3H, s, 1-OMe), 3.75 (3H, s, 9-OMe). J. (CDCl,, 100 MHz):
167.7 (C-9), 147.9 (C-5), 146.7 (C-1), 145.9 (C-7), 126.9 (C-4), 123.0 (C-3), 115.2
(C-8), 114.7 (C-2), 109.3 (C-6), 55.9 (1-OMe), 51.6 (9-OMe)

d1susznau J4 ((E)-Methyl-p-coumarate) (Muhammed et al., 2011) 2DATNFWFDY
Falumsdaznavlunguiliialwswuasdidudmiuastsznau J1, J2 uas J3 msUsznouil
Fumiiesiimsnenuualaoudasdyans 'H NMR Grail 9, (CDCl,, 400 MHz):7.64 (1H,
d,J=16.0 Hz, H-7), 7.43 (2H, d, J = 8.8 Hz, H-3 uaz H-5), 6.85 (2H, d, J = 8.8 Hz, H-
2 way H-6), 6.30 (1H, d, J = 16.0 Hz, H-8), 3.79 (3H, s, 9-OMe)

@)

AN
WOMG /@\/\/
HO MeO OH

J4 J5

dadsenau J5  ((E)-5-Methoxy-2-(prop-1-enyl)phenol) (Bottini et al., 1986)
Poudedndas Jolluasusznaulunguiiialwswusedudenuasdsznau J1, J2, J3 uas
34 ssusznaviiiluamsitaeimsnenuudilasusasdyana 'H NMR &l 8, (cpcl,, 400
MHz): 7.98 (2H, d, J = 8.4 Hz, H-3'uaz H-5"), 7.80 (2H, d, J = 8.4 Hz, H-3 a8z H-5),
6.95 (2H, d, J = 8.4 Hz, H-2'uae H-6'), 6.93 (2H, d, J = 8.4 Hz, H-2 uaz H-6), 6.15
(1H, q, J = 6.2 Hz, H-8), 3.87 (3H, s, 1'-OMe), 3.86 (3H, s, 1-OMe), 1.63 (3H, d, J =
6.2 Hz, H-9). (5‘(‘ (CDCI3, 100 MHz): 195.3 (C-7), 165.9 (C-7"), 163.8 (C-1), 163.6
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(C-1"), 131.9 (C-3" uaz C-5"), 130.9 (C-3 uwar C-5), 127.4 (C-4), 122.0 (C-4"),
114.0 (C-2 uae C-6), 113.6 (C-2' uaz C-6"), 71.3 (C-8), 55.5 (1'-OMe), 55.4 (1-
(H"«:C)q 17:3 (C_‘g)

aslsznaunninuen ldnnuaduniveneniumsusznou J2 lahlunageugnseu
WUANLE 4 §aWUSA® MRSA SK1, S. aureus TISTR 1466, E. coli TISTR 780 uaz S.
typhimurium TISTR 292 1nmMsnaassnuNasUsznaunnaiudasgnslaluszauelasiia

MIC agluzag 64 - 128 pg/mL
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uvi 5 agﬂwanﬁ'ﬁmtazﬁmauauuz

INMIANIAUTZNDUNMNLARZBIIULNEN T2 TLaEIATBN @ansouenasdsznau
maadild 4 wliedeasusznavailudu usamassd W luaa5u B-sitosterol way -

sitosterol-3-0O-acetate

OMe
R AN
205 NSS!
MeO” 7 °NT O ~ o7 o~ o
Evolitrine 7-Demethylsuberosin

HO
[3-sitosterol [3-sitosterol-3-O-acetate

Tumsadaduaiagnldduaialulsmnadasuaziisasaseulasilnunsunwuiil
Snunietliiaunanaelasunlnunsuliuanesrdauaasdnsauzrasasusenaulsznnusa
mianadluszaud udasslsfmuiiahduaiaumuinuandamenadnilasaninnniwui
isnsnsausnansusznaumaaiilédamgarnmsdnunludouil

ANNISANHIDIAUIZNDUNMILANIINFIUSINUALIURDNEIG UNZUAIU INITOUEN
sUsznavldrimme 10 s Wumsusznavaludlug 1 @5 (ZR1) wazansiiimsnenuud
9 @5 (ZR2- ZR10)

m'ﬂjszﬂauﬁuﬂﬂlﬁnnﬁﬁﬂ'«nnﬁumumu (anIua5UsENau ZR6) Téihluneaaugns
MULUATIEDUNTNUINERIENEWUEAD Staphylococcus aureus 8¢ MRSA SK1 Uazluafisounay

4
a'uaaqmﬂwuﬁ‘ﬂa Salmonellae typhimurium Wa¢ Escherichia coli d15U52N0U ZR4 LdMIgneaIu

wuaGsunsuunmeiug MRSA SK1 laluszsdudlaaiian MiC 1u 8 Hg/mL UBNIINH LA

015 ZR4 SIaMENEeuLUATIEELNTNAUANEWIS E. coli lauszauthunarlasiid MIC 1y

16 He/mL lusnitonsimasuaasgnsluszaualasiidn MIC whiude128 He/mL winla

g ¥ A gj
LGN NEOIULUANLIYNLLNITNUINUITLLNINAU

OO 2
S A
IDN /r/ MeO N\Me
MeO

OMe
ZR1: R = OCO(CH,),CHs ZR3 ZR4
ZR2:R=H

ZR5: R,= H, R,= OMe, Ry= OMe
ZR6: R,= OMe, R,= OMe, Ry= H

OMe
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NNMIANBIAUTENBUNMNLATINEILHEIUNS NN SnsousnasUsznaulanivug 5
09 uasusenauiiialwswiuesee Lyl 1 @15 (J1) LaLESNHNISTENULST 4 §15 (J2- J5)
isenounnaafuenldnnuaiuniveneniiumalsznoy J2 Tahluneagaugndaunuaiise
4 @aWUSAD MRSA SK1, S. aureus TISTR 1466, E. coli TISTR 780 War S. typhimurium
L Q( %3 ; = " 1
TISTR 292 nMInaassnunasUsznaunnaudagnslalussaudlasiian MIC agluia
64 — 128 pg/mL uennLuddwuihesdUsznaumaaiianaiuniveniiuen ldnanuaitu
o a a o 1 [} q' d! [~ v 3
asUsznavuiliialwsmuasduasiianuuanaeanndiuisduiuasisznaulunguuasmsunlya

LaaASAReE

0
OMe
0
MeO J1 OMe
0
0 0
Sl
WOMG S OMe m
MeO OH 3 HO 4 Meo™ . OH

Jaynn adassn wazwinMawn llun1sniiive
dmaﬁwmumnﬁuLﬂ%agMﬂﬁﬂ%mmﬁamLamamﬁﬂ‘ummaq‘[ﬂsuﬂmﬂﬁuﬁlajmauh
hihmaiinenda uenanilasddsznaumaaiizasduiiensyisiuenldfisnuuzaadaseais
lishanla dafuanzsafianudiuihlingammsinmiisnaesiio udedielsfiomihvng
anamsanizeddulumaieticesldnamadeilasumsifindssduimnnd 2 Gos fay

i saslenniteddusn 2 siamarnmMIANEINALNUADNLUIIULEZIUNITHDN
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Antibacterial Compounds from Zanthoxylum rhetsa

Cholpisut Tantapakul', Wong Phakhodee', Thunwadee Ritthiwigrom®, Kulsiri Yossathera', Suwanna Deachathai’,
and Surat Laphookhieo'

'Natural Products Research Laboratory, School of Science, Mae Fah Luang University, Tasud, Muang, Chiang Rai, 57100
Thailand and *Department of Chemistry, Faculty of Science, Chiang Mai University, Sutep, Muang, Chiang Mai 50200,
Thailand

(Received December 25, 2011/ Revised January 17, 2012/Accepted January 19, 2012)

A new amide. zanthorhetsamide (1), along with nine known compounds (2-10) was isolated
from the roots and stem barks of Zanthoxylum rhetsa. The structure was characterized by
spectroscopic methods. In addition, the antibacterial activity of the isolates was evaluated.
Dihydrochelerythrine (4) exhibited strong activity against methicillin-resistant Staphylococ-
cus aureus SK1 and moderate activity against Escherichia coli TISTR 780 with MIC values of

8 and 16 pg/mL, vespectively.

Key words: Zanthorhetsamide, Zanthoxylum rhetsa, Rutaceae, Antibacterial activity

INTRODUCTION

About 200 species of the plants of the genus
Zanthoxylum are distributed in pantropical countries.
Several species of Zanthoxylum are used in traditional
medicine and consumed as vegetables, especially in
Asian and African countries (Ladino and Suarez,
2010). Among them, Z. acanthopodium, Z. armatum,
Z. nitidum, and Z. rhetsa are commonly used as spices
and condiments in the Northern part of Thailand
(Smitinand, 2001). Z. rhetsa produces a variety of
biologically active metabolites including alkaloids,
lignans, coumarins, and terpenoids (Cheng et al,
2005). In our ongoing study on chemical constituents
and biological activity of Rutaceae plants, we report
herein the isolation and structure elucidation of a new
amide (1) along with nine known compounds (N-(4-
methoxyphenethyl)benzamide (2) (Vargas et al., 2010),
alatamide (3) Maxwell and Ramperad, 1989), dihydro-
chelerythrine (4) (Martin et al., 2005), 6-acetonyldi-
hydrochelerythrine (5) (Chen et al., 2011), 8-acetonyl-
dihydronitidine (6) (Nissanka et al., 2001), asarinin (7)
(Gunatilaka et al., 1982), horsfieldine (8) (Gunatilaka

Correspondence to:  Wong Phakhodee, Natural Products
Research Laboratory. School of Science, Mae Fah Luang Uni-
versity, Tasud, Muang, Chiang Rai 57100, Thailand

Tel: 66-5391-6238. Fax: 66-5391-6776

E-mail: w.phakhodee@sci.mfu.ac.th

et al., 1982), 5,7,8-trimethoxycoumarin (9) (Cheng et al.,
2005) and dictamine (10) (Tanaka et al., 1985) from
the stem barks and roots of Z. rhetsa.

MATERIALS AND METHODS

General experimental procedure

The [o]p values were determined with a Bellingham
& Stanly ADP440 polarimeter. The infrared (IR) and
ultraviolet (UV) spectra were recorded on a Perkin-
Elmer FTS FT-IR and a Perkin-Elmer UV-Vis spectro-
photometers, respectively. 'H and '*C nuclear magnetic
resonance (NMR) spectra were recorded using a 400
MHz Bruker spectrometer. Tetramethylsilane was used
as internal reference. A MicroTOF, Bruker Daltonics
mass spectrometer was used to correct electrospray
ionization time-of-flight mass spectra (ESI-TOF-MS).
Quick column chromatography (QCC) and column
chromatography (CC) were carried out on silica gel 60
H (Merck, 5-40 um) and silica gel 100 (Merck, 63-200
um), respectively. Precoated plates of silica gel 60 Fus,
were used for analytical thin layer chromatography
(TLC).

Plant material

The stem barks and roots of Z. rhetsa were collected
in December 2008 from Chiang Rai Province, North-
ern Thailand. The plant was identified by Mr. James
Maxwell, Chiang Mai University Herbarium and the
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specimen (MFU-NPR0026) was deposited at Natural
Products Research Laboratory, School of Science, Mae
I[*uh Luang University.

Extraction and isolation

The stem barks and roots of Z. rhetsa (6.65 kg) were
extracted with acetone over the period of 3 days at
room temperature. Removal of solvent under reduced
pressure provided an acetone extract (140 g) that was
chromatographed by QCC and eluted with a gradient
of hexanes-acetone (10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3.7,
2:8, 1:9, 0:10) to yield 14 fractions (A-N). QCC of frac-
tion D (9.2 g) with 5% ethyl acetate (EtOAc)-hexanes
yielded eight subfractions (DA-DH). Subfraction DC
(1.6 g) was purified by CC with 5% EtOAc-hexanes to
yield compound 4 (6.2 mg). Fractions G (19.3 g) and H
(15.5 g) were combined and subsequently subjected to
QCC with 10% EtOAc-hexanes to yield 7 (400.5 mg)
and 10 (29.4 mg). Fraction J (7.05 g) was further sub-
jected to QCC with a gradient of EtOAc-hexanes (30%
[LtOAc-hexanes to 100% EtOAc) to provide 20 subfrac-
tions (JA-JT). Subfraction JM (912.7 mg) was further
purified by CC with 30% CH,Cl,-hexanes to yield four
subfractions (JM1-JM4). Subfraction JM3 (274.8 mg)
was subsequently separated by CC with 30% EtOAc-
hexanes to give 2 (39.5 mg) and 3 (3.0 mg). Subfrac-
tion JO (520.2 mg) was further purified by CC using
20% acetone-hexanes to give six subfractions (JO1-
JO6). Compound 9 (2.2 mg) was derived from subfrac-
tion JO2 (215.4 mg) by repeated CC using 10% EtOAc-
hexanes. Subfraction JS (363.0 mg) was subjected to
QCC with a gradient of EtOAc-hexanes (30% EtOAc-
hexanes to 100% EtOAc) to yield 5 (4.2 mg), 8 (52.0
mg) and 10 subfractions (JS1-JS10). Subfraction JS3
was further purified by CC with 5% CH,Cly-hexanes
to provide 6 (15.1 mg). Fraction N (1.11 g) was subjected
to CC with 40% hexanes-CH,Cl, to afford five subfrac-
tions (NA-NE). Compound 1 (6.2 mg) was obtained from
subfraction NA (35.0 mg) by CC with 20% acetone-
hexanes as an eluent.

Zanthorhetsamide (1)

White amorphous solid; mp 67-69°C; [o]i)’ +55.7 (¢ =
0.01, CHCL); UV Ay (MeOH) nm (log €) 228 (4.08),
274 (3.24), 281 (3.16); Fourier transform (FT)-IR (KBr)
Vs 1740, 1648 em™'; ESI-TOF-MS m/z 369.3510 [M]*
(Caled for CouHo;NO,, 369.1940); 'TH-NMR (400 MHz,
in CDCLy) and *C-NMR (100 MHz, in CDCl;) data, see
Table 1.

Hydrolysis of zanthorhetsamide
Zanthorhetsamide (2.2 mg), dissolved in methanol
(1 mL), was added to K,COy (20 mg). The resulting

C. Tantapakul et al.

Table 1. '"H-NMR (400 MHz) and '""C-NMR (100 MHz)
data of zanthorhetsamide (1) in CDCly

Position S¢ Oy (mult., J in Hz)

1 45.2 3.82 (m)

2 74.1 5.95 (dd, </ = 8.0, 4.4)
1' 129.8 -

2' 1279 7.32 (d, J = 8.4)

' 114.1 6.90 (d, J = 8.4)

4' 159.8 -

5' 114.1 6.90 (d, / = 8.4)

6' 127.9 7.32 (d, J = 8.4)

" 167.5 -

ps | 134.3 -

3" 126.8 7.71 (br d, J = 7.6)
4" 128.7 7.42 (m)

5" 131.7 749 (brt, J=17.2)
6" 128.7 7.42 (m)

i 126.8 7.71 (br d, J = 7.6)
10l 173.6 -

iU 34.5 2.34 (t, J = 7.6)

3" 24.9 1.58 (m)

4™ 29.5 1.26 (m)

9" 22.8 1.27 (m)

6" 14.1 0.85 (t, /= 6.4)

4-OMe 55.4 3.80 (s)

NH - 6.42 (br s)

mixture was stirred at room temperature for 10 min
and filtered through pad column chromatography
(30% EtOAc-hexanes) to give S-(+)-tembamide (1.3
mg). Yield: 81%; white solid; [a]3® +45.2 (¢ = 0.01,
CHCL,); "H-NMR (400 MHz, in CDCly): 8 7.75 (2H, dd,
J=8.8,1.6Hz H-3", 7", 749 (1H, tt, J = 7.6, 7.2, 1.6,
1.2 Hz, H-5"), 7.41 (2H, m, H-4", 6"), 7.32 (2H, br d, J
= 8.8 Hz, H-2', 6, 6.90 (2H, br d, J = 8.8 Hz, H-3', ),
6.63 (1H, br s, NH), 4.90 (1H, br dd, J = 5.6, 2.0 Hz,
H-2), 3.90 (1H, s, HO-2), 3.86 (1H, m, H-1), 3.79 (3H,
s, OMe-4"), 3.50 (1H, m, H-1).

Antibacterial activity testing

Escherichia coli TISTR 780, Salmonella typhimurium
TISTR 292, and Staphylococcus aureus TISTR 1466
were obtained from the Microbiological Resources,
Centre of the Thailand Institute of Scientific and Tech-
nological Research, and methicillin-resistant S. aureus
(MRSA) SK1 was obtained from the Department of
Microbiology, Faculty of Science, Prince of Songkla
University, Thailand. Minimum inhibition concentra-
tions (MICs) were determined by a two-fold serial
dilution method using Mueller Hinton broth according
to the Clinical and Laboratory Standards Institute re-
commendations (CLSI, 2002). Vancomycin and genta-
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mycin were used as standard antibacterial agents.

RESULTS AND DISCUSSION

Compound 1, [o]}” +55.7 (CDCly), was isolated as a
white amorphous solid. ESI-TOF-MS gave an molecular
ion peak [M]* at m/z 369.3510, consistent with a
molecular formula of Cy,HysNO,. The UV absorptions
at Ay 228, 274, and 281 nm suggested the presence
of a conjugated system in the molecule. The IR absorp-
tions showed stretching frequency of carbonyl func-
tionalities at 1740 (ester) and 1648 (amide) em™'. The
"H-NMR spectrum of 1 showed the presence of a NH
(5 6.42, br s), a monosubstituted benzene group [6 7.71
(2H, br d, J = 7.6 Hz, H-3" and H-7"), 7.49 (1H, br t, J
= 7.2 Hz, H-5") and 7.42 (2H, m, H-4" and H-6")], a
I 4-disubstituted benzene group [d 7.32 (2H, d, J = 8.4
Hz, H-2' and H-6") and 6.90 (2H, d, J = 8.4 Hz, H-3'
and H-5")], a methoxyl group (8 3.80, s, 4-OMe), an
oxymethine (8 5.95, dd, J = 8.0, 4.4 Hz, H-2) and
methylene protons (8 3.82, 2H, m, H-1). These signals
were similar to the signals described previously for
tembamide acetate isolated from Piper guayranum
(Maxwell and Ramperad, 1989). The 'H- and ""C-NMR
spectra of 1 displayed the signals for a hexanoyl
moiety (Kanokmedhakul et al., 2007) at oy 2.34 (t, 7.6
Hz, H-2")/d¢ 34.5 (C-2"), &y 1.26 (m, H-3")/5¢ 29.5 (C-
3™, &y 1.58 (m, H-3")/5¢ 24.9 (C-3"), 8y 1.26 (m, H-
A"Se 29.5 (C-4"), 8y 0.85 (t, 6.4 Hz, H-6")/5¢ 14.1 (C-

H | ‘
D& (
MeO” 7 Q MeO
1.R= OCO(CHz)‘;CHg
2:.R=H
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6") and C=0 at ¢ 173.6 (C-1") instead of the acety!
group of tembamide acetate [3y 2.12/5¢ 21.5 (CH3) and
8¢ 172.0 (C=0)] Maxwell and Ramperad, 1989). These
data were suggested by COSY and HMBC correlations
as shown in Fig. 2. The mass fragment ion at m/z
254.1 [M-C¢H;,0,]" confirmed the presence of hexanoyl
moiety, which is placed on C-2 due to the correlations
of H-2 (6 5.95), H-2" (§ 2.34) and H-3" (5 1.58) with C-1"
(5 173.6) in HMBC spectrum. Therefore, the structure 1
was 1dentified to be zanthorhetsamide (2-benzamido-1-
(4-methoxyphenyl)ethylhexanoate). Zanthorhetsamide
1 was partially hydrolyzed with K,CO; to yield tem-
bamide, which had a similar '"H-NMR spectrum and
specific rotation ([o] §° +45.2, CHCly) with synthetic S-
(#)-tembamide ([o]3’ +56.9, CHCly) (Kamal et al.,

— '"H-"HCOSY 7\ H-"*C HMBC
Fig. 2. Key HMBC correlations for zanthorhetsamide (1).

12 1

eSS0,

H 57 | )

)y SN N0
b x

SN
0 Mo v Me
3 OMe 4

5: R4= H, Ry= OMe, R3= OMe
6: Ry= OMe, R;= OMe, Rz=H

Fig. 1. Structures of compounds 1-10.
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2004). This result may imply that zanthorhetsamide
should have the same configuration as synthetic S-(+)-
tembamide. The absolute configuration of zanthorhets-
amide was, therefore, proposed to be 2S-(+)-zanthorhets-
amide.

All isolated compounds, except compound 6, were
evaluated for their antibacterial activity against both
Gram-positive bacteria (Staph. and MRSA SK1) and
Gram-negative bacteria (S. typhimurium and E. coli).
The standard drugs were vancomycin (MIC = 1 and
0.25 pug/mL against MRSA SK1 and Staph., respectively)
and gentamicin (MIC = 0.25 and 0.125 pug/mL against
E. coli and S. typhimurium, respectively). All 1solates
displayed weak activity against S. typhimurium with
the same MIC value of 128 pg/ml, but were inactive
against Staph. Only compound 4 showed strong activity
against MRSA (MIC of 8 ug/ml.), while the remaining
compounds were inactive. Compound 4 also displayed
moderate activity against F. coli (MIC = 16 pg/mL),
whereas the rest of compounds were weakly active with
the same MIC value of 128 pug/mlL. It should be noted
that the phenanthridine alkaloid 4 without substitu-
ent located at C-6 plays an important role in both Gram-
positive and Gram-negative antibacterial activity.
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A new phenylpropanoid derivative, harmandianone (1), along with four known compounds: verimol B
(2), (E)-3-(2-hydroxy-4-methoxy-phenyl)propanoate (3), (E)-methyl p-coumarate (4), and (E)-5-
methoxy-2-(prop-1-enyl)phenol (5) was isolated from the acetone extract of Clausena harmandiana
fruits. All structures were characterized by spectroscopic methods (UV, IR, NMR and ESI-TOF-MS).

Compounds 1 and 3-5 demonstrated weak antibacterial activity against Escherichia coli TISTR 780,

eywords

lausena harmandiana
*henylpropanoid
{armandianone
\ntibacterial
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- methicillin-resistant Staphylococcus aureus SK1, Salmonella typhimurium TISTR 292 and S. aureus
TISTR1466, with MIC values between 64 and 128 pg/mL.
© 2012 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.

. Introduction

Clausena harmandiana (Pierre) is small evergreen trees or
shrubs which belong to the family Rutaceae. Several parts of this
slant have been used as traditional medicines for the treatment of
llnesses, stomach pains and headaches (Thongthoom et al., 2010).
heyoungleaves of the plant are edible and are used as a vegetable
n Thailand (Songsiang et al, 2011). Previous phytochemical
nvestigations of C. harmandiana have revealed this plant contains
1 number of carbazole alkaloids and coumarins with interesting
yiological activities, including antimalaria, antituberculosis,
intibacterial and cytotoxic effects (Thongthoom et al., 2010;
songsiang et al., 2011; Yenjai et al., 2000; Noipha et al., 2010;
Vlaneerat et al., 2012a). In a continuation of our study of the
yioactive metabolites of Clausena plants (Maneerat and Laphoo-
¢hieo,2010; Maneeratetal.,2011a,b,2012b), we report herein the
solation and elucidation of the structure of a new (1) and four
<nown phenylpropanoid derivatives (2-5) from C. harmandiana
Tuits. The antibacterial activities of these compounds against
Sscherichia coli TISTR 780, Salmonella typhimurium TISTR 292,

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

Staphylococcus aureus TISTR1466 and methicillin-resistant
S. aureus SK1 (MRSA SK1) are also reported.

2. Results and discussion

Phytochemical investigation of the acetone extract of C
harmandiana fruits using chromatographic techniques led to the
isolation and structural identification of a new phenylpropanoid
(1), along with four known compounds: verimol B (2) (Sy and
Brown, 1998), (E)-3-(2-hydroxy-4-methoxy-phenyl)propanoate
(3)(Cordoba et al., 2007), (E)-methyl p-coumarate (4) (Muhammed
et al., 2011), and (E)-5-methoxy-2-(prop-1-enyl)phenol (5) (Bot-
tini et al, 1986) (Fig. 1). All isolates were characterized by
spectroscopic methods and compared with those previously
published data.

Harmandianone (1) was obtained as a white solid (mp 114-
117 ©). It displayed a pseudomolecular ion peak at [M+Na]" mn/z
337.1046 (calcd 337.1052) in ESI-TOF-MS, corresponding to the
molecular formula C,gH505. The UV spectrum displayed maximal
absorption bands at Aax 201, 213, 267 and 272 nm, while the IR
spectrum revealed the absorption bands of aryl ester (1689 cm - Y
and aryl ketone (1712 cm™ ') functional groups. The 'H and '*C
NMR spectra of 1 displayed the signals of a p-methoxybenzoyl unit
at 84 7.98 (2H, d, ] = 8.4 Hz, H-3' and H-5")/8¢ 131.9, 8, 6.95 (2H, d,
J=8.4Hz, H-2" and H-6')/8- 113.6, §;; 3.87 (3H, s, 1’-OMe)/é¢ 55.5,
8¢ 122.0 (C-4') and 8¢ 163.6 (C-1") (Sy and Brown, 1998). The

1874-3900/$ ~ see front matter © 2012 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Structures of phenylpropanoid derivatives from C. harmandiana fruits,

correlations between H-3//H-5" (8 7.98) with C-1' (5 163.6) and
C-7" (8¢ 165.9), and 1’-OMe (84 3.87) with C-1" (6 163.6) in the
HMBC spectrum were also supported the p-methoxybenzoyl unit.
Using a combination of COSY, HMQC and HMBC analyses, the
signal of a p-methoxyphenyl-1-oxopropanone unit (phenylpropa-
noid derivative) was also observed in the "H and '*C NMR spectra
at 8;; 7.80 (2H, d, ] = 8.4 Hz, H-3 and H-5)/5¢ 130.9, 6, 6.93 (2H, d,
| = 8.4 Hz, H-2 and H-6)/8¢ 114.0, §; 6.15 (1H, q, ] = 6.2 Hz, H-8)/d¢
71.3.58;,3.86 (3H, s, 1-OMe)/8¢ 55.4, 8, 1.63 (3H, d, ] = 6.2 Hz, H-9)/
8¢ 17.3, 8¢ 195.3 (C-7), 8¢ 163.8 (C-1) and ¢ 127.4 (C-4). The
important %] and *] HMBC correlations of the p-methoxyphenyl-1-
propanone unit are summarized as: H-3/H-5 (8, 7.80) and H-9 (dy
1.63) with aryl ketone C-7 (8¢ 195.3), H-2/H-6 (85 6.93) with C-4
(8¢ 127.4), and 1-OMe (& 3.86) with C-1 (¢ 163.8). Finally, the p-
methoxyphenyl-1-propanone and p-methoxybenzoyl units were
linked to each other via ester-linkage at C-8 and C-7’, due to H-8 (5,
6.15) and H-3//H-5' (8;; 7.98) displaying cross peak ‘] HMBC
correlations with aryl ester C-7' (¢ 165.9). The absolute
configuration of harmandianone ([a]p?” = +60.3, c = 0.014, CHCl3)
at -8 was determined as an R configuration by comparison with
specific rotation of (2S)-hydroxy-1-phenyl-propanone
(la)p?® = =86, c=2, CHCl3) (Kihumbu et al, 2002) and (2R)-
hydroxy-1-phenyl-propanone ([a]p?" = +70, ¢ = 1.7, CHCl3) (Demir
et al,, 2001). Detailed assignments of the protons, carbons and
HMBC correlations of harmandianone are summarized in Table 1.

The antibacterial activity of compounds 1 and 3-5 were
evaluated in the strains MRSA SK1, S. aureus TISTR 1466, E. coli
TISTR 780 and S. typhimurium TISTR 292. None of the compounds
displayed significant antibacterial activity; all of the tested

Table 1
NMR spectral data of harmandianone (1) in CDCl5 at 400 MHz.

Position Sy (mult,, J in Hz) ¢ HMBC ('H — ()

1 163.8 -

2/6 6.93 (d, 8.4) 114.0 C-1,C-2 or C-6, C-4
3/5 7.80 (d, 8.4) 130.9 €-1,C-3 or C5, C=7
4 - 127.4 -

7 - 195.3 S

8 6.15 (q. 6.2) 71.3 €-0,.C-7"

9 1.63 (d, 6.2) 17.3 C-7.¢-8

1 - 163.6 <

2[6' 6.95 (d, 8.4) 113.6 C-1/,C-2" or C-6', C-4'
3'/5' 7.98 (d, 8.4) 131.9 617, G=3"0F 65, E-7*
4 122.0 -

7 165.9 —

1-OMe 3.86 (s) 55.4 c-1

1'-OMe 3.87 (s) 55.5 c-1

compounds showed a weak antibacterial activity against both
Gram-positive bacteria (MRSA SK1 and S. aureus TISTR 1466) and
Gram-negative bacteria (E. coli TISTR 780 and S. typhimurium TISTR
292), with MIC values between 64 and 128 pg/mL.

3. Experimental
3.1. General

Specific rotations were determined using a Bellingham &
Stanley ADP400 polarimeter. UV-vis spectra were recorded with a
Perkin-Elmer UV-vis spectrophotometer. The IR spectra were
recorded using a Perkin-Elmer FTS FT-IR spectrometer. The 'H and
“C NMR spectra were recorded with a 400 MHz Bruker
spectrometer. Tetramethylsilane (TMS) was used as an internal
reference. The ESI-TOF-MS data were generated using MicroTOF
and a Bruker Daltonics mass spectrometer. Quick column
chromatography (QCC) and column chromatography (CC) were
performed using silica gel 60 H (Merck; 5-40 pum) and silica gel
100 (Merck; 63-200 pm), respectively. Plates pre-coated with
silica gel 60 F,54 were used for analytical purposes.

3.2. Plant material

C. harmandiana fruits were collected from Chiang Rai Province,
northern Thailand, in July 2011. The plant was identified by Dr.
Monthon Norsaengsri and Mr. James Maxwell; a voucher specimen
(number QBG 45334) has been deposited at the Herbarium
Collection of Queen Sirikit Botanic Garden, Mae Rim, Chiang Mai,
Thailand.

3.3. Extraction and isolation

Fresh C. harmandiana fruits (4.07 kg) were successively
extracted with acetone over a period of 3 days at room
temperature. The crude extract (181.5 g) was subjected to QCC
over silica gel using a gradient of hexanes—EtOAc (100% hexanes
to 100% EtOAc) to provide six fractions (A-F). Fraction B
(537.9 mg) was separated by CC with 30% CH,Cl,-hexanes to
afford compound 5 (4.2 mg). Compound 1 (2.2 mg) was obtained
from fraction D (1.45 g) by Sephadex LH-20 after elution with
100% MeOH followed by repeated CC with 25% EtOAc-hexanes
and 2% acetone-hexanes, respectively. Fraction E (7.05 g) was
isolated by QCC with 10% EtOAc-hexanes and followed by
Sephadex LH-20 and eluted with 100% MeOH to give four
subfractions (E1-E4). Subfraction E2 (76.5 mg) was isolated by
CC using 30% EtOAc-hexanes to afford four fractions (E2a-E2d).
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rnpounds 3 (30.9mg) and 4 (2.0 mg) were derived from
cactions E2b (128.6 mg) and E2¢ (9.7 mg), respectively, by CC
ising 2% acetone-hexanes and Sephadex-LH20 with 100% MeOH.
ractionE3(1.37 g)was purified by QCC with20% EtOAc-hexanes
0 100% EtOAc followed by Sephadex LH-20 using 100% MeOH to
fford compound 2 (1.1 mg).

.3.1. Harmandianone (1)

White solid; mp 114-117 ‘C; [a]p?” = +60.3 (¢ = 0.014, CHCl3);
IV Amax MeOH (nm) (log ¢): 201 (4.17), 213 (4.05), 267 (4.14), 272
4.15); IR (neat) vy cm ! 3350, 2925, 2853, 1712, 1689, 1603,
259. The 'H and "*C NMR spectroscopic data are summarized in
ible 1; ESI-TOF-MS (m/z): [M+Na]" 337.1046 (calcd for
1sH1sNaOs, 337.1052).

'.4. Antibacterial assay

E. coli TISTR 780, S. typhimurium TISTR 292 and S. aureus TISTR
466 were obtained from the Microbiological Resource, Center of
he Thailand Institute of Scientific and Technological Research;
JARSA SK1 was obtained from the Department of Microbiology,
aculty of Science, Prince of Songkla University, Thailand. The
ninimum inhibitory concentrations (MICs) were determined by a
wofold serial dilution method using Mueller Hinton broth,
iccording to the recommendations of the Clinical and Laboratory
standards Institute (Wikler et al., 2006). The test substances were
lissolved in DMSO. Vancomycin (MIC 1 pg/mL) and gentamycin
MIC 0.25 pg/mL) were used as standard positive control drugs.
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