2\

%

&
=
v

q
7
|

Aav v d
51801143%8111J1J%T3J1Ju§m

Tasams - msUSuasuiassadravesdsuluuannzne

HAZYNEMITIMN

= [<]
Tag M19a1n) Hula vazae

31 figunens 2553



Yaayuavii DBG5180016

swaIdeaiiuanysol

Tasams - msUsSudasulassadavesBsulunainnzine

HAZENEMITINN

a a ¢ A 9
1. H198107) ifivle MAIBUAN A INENFIEAI UHINGITSVIUUNY
o v o < A 9
2. HNANMIDUNUT YYESIAY AUSLIHAVANTAT VHINGDBVDUUNY
a ¢ a a ¢ A 9
3. HNDIEN TIYIDUINA ﬂ”lﬂ'!l“]ﬂi}ﬁ%')')ﬂﬁl"l AUSUNNEAI TN UHINGIDBVOUUNY

sy ulagd INNUNBMUATUAYUNITIVY

(raansisdusiesanuiiiluvesfide am. liduiludesriudeanell)



paanssndszmea

AMzAITovBLARIANYDIANARA T NIUNDINUATUAYUMITITEN 1T NS
9 9
aivayuduIunulumsinite Taeaidesuil lasunualszsiil 2551-2553
VOUDLAMAULINNANAAT  AULNFYANAAT  UAZAUTUNNIMAAT  UHIINIAY
1 Aq Y ) a4 A A dlo &
youuny Nlvanuazainlumslsaniui wies uazginsainduilu

a va av = Jd o a
YoV LAUNIUTANTIVeNAADIGNINNTINMFUINUTITINTTULAzINA TuTad

q

4
Fanmuvisna Aldmsmivayulunsmageugniniedinm

ya o
AWLHIVY

2553



a31ey

A
1393

naanssusema
GREAILY

UNAnYe

a3l Tnsans

YN
NSNAADINANITNAAD
ANTILHHANTNAADY
ajUwamInaaes

DANUIN

O© N o1 LW PO -

31
34



UNAALD

] 9 ]
F5uTuunuen ldnamhngfiodunlddumsddulumsdounladasaats 18
o rfqaj Qy A o =% [ J <3 v g} S o )
msoyiuiniau 22 ms werhlunadeugnilumsaineaduzisioiaoulsznoude
KKU100, KKU-M139, KKU-M156, KKU-M213 and KKU-M214 ixaduzi5e KB, NCI-H187,
v ¢ P
MCF-7 uwazisadsna Vero cells wenaniifanaasugnidueinarsedndie wams
4
nagouwuIneliu 3 uag leenTueiiu 16 uansgniiuwas KKUL00 drea1 1Cy = 3.87 uaz
7 9 ]
2.39 ny/ml awérdn lunsdnuina’lnnsesngn laeld¥TsunsyTuanians Aenna 1ileg
msvuiuveseyiuiasy Tuuduen lad CDK-2, CDK-5, EGFR, uag GSK-3 wudiens 3uay
16 aziisuasnsenduenlad EGFR #dnh
9 1
a5 luTesaniivl 29 naz 30 gndunsizivulaemsiousonimesats 3 uaz 24 My
a a a o w A Yy Y dg‘ A Y a T o
n3and luuInsilotn awday a1sh ldadstuie Iniinmsngaoenvosasiyog s unz
~ J 3 Aa A o a qej 1 <
mizvsiaauzis il laisdnmauazanizvineendiny asnaeuaasainwiy

v 1 9 9 ]
wudoosomwad NCI-HI87 waz MCF-7 &silowlasisanma Weilonaiiioanaindgisen

Pl
Ay v a K

SanFumnavula liawysal



ABSTRACT

Zerumbone isolated from from Zingiber zerumbet Smith was used as the starting material
for structural modification. Twenty-two derivatives were synthesized and evaluated for
cytotoxicity against cholangiocarcinoma cell lines including KKU100, KKU-M139, KKU-M156,
KKU-M213 and KKU-M214 as well as cytotoxicity against KB, NCI-H187, MCF-7 and Vero
cells. All compounds also evaluated for antimalarial activity. Amine 3 and cyanoamine 16
showed cytotoxicity against KKU-100 cell ling (the least sensitive) with IC,, values of 3.87 and
2.39 niyml. To investigate the potential molecular target of the most active compound, the
docking was performed using different enzymes and receptor proteins including CDK-2, CDK-5,
EGFR, and GSK-3. The docking results revealed that 3 and 16 exhibited better binding
interaction to EGFR than CDK-2, CDK-5 and GSK-3.

Bioreductive agents 29 and 30 were synthesized by the connection of 3 and 24 with
quinone propionic acid, respectively. These prodrugs have been designed to release toxic moieties
selectively and preferentially under reductive or hypoxic conditions. Both compounds showed
weaker cytotoxicity against NCI-H187 and MCF-7 cell lines (reductase containing cells). These
results may be due to the partial reduction of quinone derivatives resulting in the small amount of
toxic moiety in cancer cells.
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0 OH
10 LiAIH, |
x THF, 0°C
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1 2
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a a
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o [ Y v o a a Y Y oy oy A o Yy Y Y =) [
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] v 4 7
nlsanmi seonra i liuSanialeds InsunInsns il 1densusgns 2

2.2 Afpsenmsiduediv

NH; or Q
NH,(CH,)3CHs
or NH,CH,Ph X

MeCN,rt
3 X = NH,
4 X =NHBuU
5 X =NHBn

o A

dsuTuu (50 dadnsu, 0.23 Hadlua) azaneluesdins lulasa (1 Hadans) @n
9
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Q NH; or
NH,(CH,)3CHj3
or NH,CH,Ph
MeCN, rt
0"
6 7 X =NH,
8 X = NHBu
9 X = NHBn
2.3 Ufn3enezisfiady
O O
W K\
X Ac,O/py Y
0°C
3 X=NH, 10 Y = NHAc
4 X = NHBuU - 11 Y = NAcBu
5 X =NHBn
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7 X =NH,

—> 12Y =NHAc
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1) NHMe,
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2.8 Ufnsendunmenlaa
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3. Ufnsenmamsamans bioreductive agents
3.1 mua3ea actone 25

OH

25
i methane sulphonic acid (6 Gaddns) aslu trimethylhydroguinone (1.0 n%w, 6.63
fiadTwa) dw 3,3-dimethylacrylic acid (0.73 n$w, 7.3 fiadTua) 1anwdewd 70 °C flunan 1
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3.3 msm3ea bioreductive compounds

o) o) o) o)
OH DMAP, DCC OR
ROH or RNH,
o) o)
26 27 X = OR

: i mw <28XENHR.
azano quinone propionic acid uag mgﬁumawmiuuﬁﬂﬂﬂaaimmu @ 4-(N,N-

dimethylamino)pyridine (DMAP), wazarsazane N,NEdicyclohexylcarbodiimide (DCC) 1u'la
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4 P Y
ihmsnanua linaaeugninadinmivmaduzsaeria stia KKU-100, KKU-M139,

KKU-M156, KKU-M213 iaz KKU-M214 wyan'ldwasananaslunisia

d' =y J < 1 : = A o @
M1 NNN ]. uaﬂmmmumaam1,5wammawmiuuuazauwm

4

|Cso (/ML)
Compound  — 5700 KKU-M139  KKU-MI156 KKU-MZ213  KKU-M214
1 NR NR NR NR NR
2 NR NR NR NR NR
3 387+0.14  14.89+129  16.25t127 1221+053  14.04+1.74
4 NR NR NR 10674019  12.11+0.17
5 NR NR NR NR NR
6 NR NR NR NR 12.33+0.91
7 NR NR NR NR 4.60+0.10
8 5.08+0.26 NR 14824057 11574074  15.68+0.24
9 NR NR NR NR NR
10 NR NR NR NR NR
11 NR NR NR NR NR
12 NR NR NR NR NR
13 1037+1.73  576:0.34 77312  7.98:038  471+178
14 NR NR NR NR NR
15a-d NR NR NR NR 18.12+0.99
16 2394041  453t002  7.05t092  7.11#124  570+125
19 6314064  13.71+1.08  9.15+0.88  11.07+0.22  13.37+0.37
20 NR NR NR 1410+199  5.85:0.06
21 NR NR NR NR NR
22 17.97+0.76 NR NR NR 18.61+0.99
23 NR NR NR NR 16.86+0.37
Ellipticine  6.21#0.05  111#0.07  23+041  040:0.02  0.25+0.006

®NR = no response at > 20 pug/mL.
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dy d' o 1 = = d' [} Q’Q} g o 4
wonnnfdietiasuediu lynaasugnimaFinmdug iy gniduuzs it uwad

Y
KB, BC, NCI-H187 waz&alénaaeusumaalsna laun Vero cells dnde wenainii ldsiins

=% Y & ~ T Y o
neaaoy i]‘]/l‘ﬁiuﬂ'liﬁ'lum@iﬂaniﬂ Wmﬂﬂwamumﬂuman

v

a Sy & a ) s 3 "y
1IN 2 llﬁﬂ\iﬂﬂ‘ﬁ@']u!,Glfail']a']!iﬂ!lagc‘]'IULGﬁaallgﬁ\iﬂl@qcﬁjﬂiﬂu!lagauwu‘ﬁ

Antiplasmodial Cytotoxicity; 1Cso (mg/ml)
Compound
ICso (Myml)  NCI-H187 BC KB Verocdl
1 2.58 2.43 4.40 7.32 4.35
2 7.22 NR" NR" NR" 42.49
3 1.31 3.99 NR® 10.67 7.47
4 6.09 251 3.64 4.96 7.83
5 2.27 10.84 26.02 11.64 15.24
6 NR? 6.11 8.34 NR" 21.33
7 2.54 11.51 24.44 NR" 16.38
8 NR? 30.16 NR" NR" NR"
9 NR? 16.21 NR" NR" NR"
10 NR? NR" NR" NR" NR"
11 1.97 NR" 11.37 NR" 24.52
12 NR? NR" NR" NR" NR"
19 1.85 2.20 8.68 5.07 6.20
21 NR? NR" NR" 20.73 NR"
22 NR? NR" NR" 23.23 NR"
23 NR? NR" NR" NR" NR"
24 3.52 2.63 3.99 16.15 7.47
dihydroartimisinine 3.7nM - - - -
Ellipticine - 1.11+0.07  2.3+0.41  0.40+0.02 0.25+0.006

®NR = no response a > 20 ug/ml.
NR = no response at > 50 pg/ml.
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| Cso (Mg/ml)
Compounds NCI- Vero
KB MCF-7
H187 cell
1 7.32 243 10.15 4.35
3 0.39 1.37 9.76 7.95
29 37.78 573 18.42 13.91
24 2.63 3.99 16.15 7.47
30 17.00 2541 36.81 Inactive
Ellipticine 0.347 0.44 - 1.025
Doxorubicine - - 0.976 -

Inactiveat > 50 ng/ml
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v o (%

nlisunsd Ideuiiuinedu 22 ms Tumsideu stereochemistry veandnfasinanualu
Senuuidunsszan relative stereochemistry

Ugnsensanduvesdinuluude LIAIH, ldasiszneudansses 2 siwau 431
fadnsudaidiu 85 % yield wethans 1 wiinlgasedueiiude woiniadfasmmadud
Sumis 3 mnmsdududoyanudwdasadt 3, 4 nag 5 Tael&iTu trans s 2 1oz
msfidaaaleldhugaseuameidumis 3 Tidhadumia 10 fesnndumia 10 §
awnenznmasAnegiumsuen 9 fifmnia 2 ndu detueiiu 3 uaz 4 whiFasm
fu AC,0 u'lwsau 1Rkansaiduelug 10 uas 11 awddu el §ewiiuiveadsuTuy
fivanwaesiaiueiiv 4 uaz elud 10 wiihwgasesandudss NaBH, wuld amino

alcohol 13 1az amino amide 14 enudau

OH
10 LiAIH, |
X THF, 0°C
6
1 2
NH; or Q Q
NHz(CHz)chg ‘\‘\\ ‘\\\\
or NH,CH,Ph X  AcOlpy Y
> B —
MeCN, rt 0°C
3 X=NH, —_— 10 Y = NHAc
4 X = NHBuU - 11 Y = NAcBu
5 X =NHBn
OH OH
B \\\\ B \\\\
NaBH, NHBuU NHAc
40r10 or
MeOH, 0°C

13 14
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UnsewesdsuToudy M-CPBA 1dwdnsasiiiluats 6 Tasnalfsoiiuseslu

duds 6-7 mszlianunznzdeeigauazlinnununiuveidianaseuuinnNiusegn
) ] d' d' ) o aaa (% = a 1 1 = 9Y o Aaaa d‘ ) ]
dumiadu werhas 6 ligaseduetiuriaaie) nudweliudinlgasondumia 3

A ) Aaaa A v ] = 3 A ] a ~
!,’Hllﬁ)uﬂﬂﬂ;]ﬂiﬁl'lﬂlf)ﬂ%illiﬂuﬂﬂmllu NUDIVNINHANAUDIANTULNSNEVDINYLNINT A 2 Hyn

dumiia 9 mﬂﬁuﬁwﬂﬁﬁ%w acetylation vesens 7 1dndnsaaiiiiuelud 12

O

NH; or
NH(CHz)3sCH3
mCPBe or NHchzph‘
EtOAc, 1t MeCN, rt
0" e
6 7 X =NH, — 12Y =NHAc
8 X = NHBu
9 X = NHBn

mamdgasendumy CN° Tasld KCN fifune wuildwdadasin CN s
UgAsenfisumia 3 uaz 10 W 2 dumnis Taeiindagaiias 4 Stereoisomers vinmsdudu
Foyawudwansmainanduasia stereochemistry suvens 158 ietiuediu 3 klgasm
fu KCN wuemnsousn18ans laenTutediu 16 1Hundasaat lumamIonld 1§oniiusig
wj CN $19u L gjifuannsarmglasnsihens 17 windgasenty KON Tagi CN azidh
nlgasenfidumia 10 18ens 18 iifeanarnmsfivi) NMe, amnsavgasen 1diiewnn Saih

T¥ens 18 imlgnsoriia ldndnsauaiiduans 19

ex. KCN NC CN
.

MeCN-H,O
35-40°C

+ 15b-d

15a

\
\‘\\

KCN NC NH,
—_—

MeCN-H,O
rt

16
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1) NHMe,
MeCN, rt

e A

2) KCN
MeCN-H,0
15°C

17 18 19

UfAsnmsaniiang TeTudiilueendwunui methoxide ion ansadiinljasen
figumils 3 wwiReaduietiu Tas stereochemistry vesndasasiidumis 2 nazd Hunny
trans  Tududfasewesdsuloudy NBS wudl@wAasusiimamsunuiinsadumis
wnFafidums 13 Tasnn *H NMR spectrum wu methylene proton dsngdayanad d 3.86-
4,02 ppm waz dayanasves “C NMR v methylene proton sang# d 30.7 ppm

d' o aaa 1 A o [ a = = a 9 Y
werinlfnseszrinedsuluuny leasongamiiu lelasnaolsa Nguungiides 14

Q

wansumdueondy 22 Wunaadunvanuas 23 Wunaanduyisos

0 O
\\\\
OMe NaOMe NBS
- ] —
MeOH, rt MeCN-H,O
2d rt
NH,OH, KOH Br
2 2 21
0 EtOH-H,0, rt
HO. _OH
N N
I I
+
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o

lunmsnagevgniaisaduzsaieriidty naasuiumas KKU-100 , KKU-139,
KKU-156, KKU-213 nae KKU-214 Tuadimani KKU-100 Shuaadihidod ldemsnmn
uzideiiga iul8andesldusmaes ellipticing Jnniitesiuvadii (IC;, = 6.21 ng/ml) 91
msnai 1 azifinlddhens 3uanagnisiisads 167 Tnefim ICy, = 3.87 ny/ml wenanilda
wansgniaiadous Tnefie ICq oglugae 12-16 ng/ml ans 4 fignihunansfusad

KKU-213 naz KKU-214 (ICyp = 10.67 az 12.11 ng/ml) 1e benzylamlne( ) liinaasgnisu

wadanil Frewesneld hans it nnnniinadersaduzsera

w1 hydroxylamine (13) San3alasiiar ICqedlugag 4-10 ngml Fuiieifeuty
alcohol (2) A linansgniiernidunaninvediuiiiu1d Wuihdunahnsdsenevon
won'la 6 figndtestuimad KKU-214 usilieviinisdaunsized epoxyamine 7 udanaaou
Nt wuhesiinm IC5 = 4.60 ngfml Tunsdives epoxyamine 8 AaalCy, = 5.08 ng/mlsife
nagouiuaas KKU-100

13 19 namsgniiasumad KKU-100 (IC5, = 6.31 ng/ml) uduansgnithunarey

H { o ] T J <3 v oy 4 H
iagou Wueramaasimy Nitrile Adumvin 10 fradesaduzidanotia iieanin amine 3

U

Qdd v

uag Nitrile 19 nerasgnsnanumas KKU-100 éﬁ%ﬂ%ﬂﬁﬂ’hﬁﬁﬂizﬂauﬁﬁﬂﬁﬂﬂﬁ%uﬁﬂam
wwuihiheefansiihaule Seldmnsdunsey cyanoamine 16 ot waﬂimg’hmiﬁymm
andnaduiivhauls Tasfie ICy) = 2-7 mgml Tneamizesretasuisad KKU-100
a15sznon Methoxy 20 #ia1 1Cy, = 5.85 ni/ml Fuiead KKU-214 @aueendu 22
naz 23 naasgnithunanedumadiigaom [Cy = 18,61 uaz 16.86 my/ml auédy
wansNATeUNERUEoNIa G swiia Plasmodium falciparum uazgnisiwaduziss
wiia NCI-H187, KB uaz BC wioniusads (Vero cells) uanelddalunisiait 2 nuidsu
Tuuﬁqﬁlﬁiwﬁammﬁﬂ"lﬁ'ﬁmﬂummmﬁtnﬁuﬁgﬂuﬁydaﬁqmaﬁwﬁmawmaﬁﬁﬁ’:}EJ ot
Wiuilamlumsiauuields e winmumsaadeaseniug fainFounaGonas
aduzis e 1dua hidufivdeadisnansiiuils: Temiodraun
13 2 namagnishidernariednenn ICyy wiriu 7.22 nml waziPudisheulodians
fifluiivieerersadsna (ICqy = 42.49 ng/ml) er9na1n 183wy flaridu alcohol nSeeysius
veu alcohol ez Tinademsanideinanie uazauﬁuﬁmdwﬁyﬁmﬂﬁ%ﬂmi‘ﬁ@lm@ia"lﬂ
arsiefiu 3 uaz 5 uangninaneidernaredion IC, = 131 wag 2.27 ng/mi
A ds vasfions 4 uaasgnithunas (ICs = 6.09 mgiml) udenswaauuanagns iy

' s 3 s Ay o o 1 A ' ! o ]
“lJ'l‘Llﬂa'NG]@!%aangﬁﬂllﬁ&%’aﬁﬂiﬂﬁﬂ?‘(’J ﬂzuuaquwumwmﬁ%ﬂnmmzﬁ%uﬂﬂ%
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H A ~ 1 = ugj A

msisznov Dutylamide 11 Fa1 ICy, Musendrasietiudsdu (ans 4) naziian 1Cy,

' . . .2

1hunatsae Vero cells (IC, = 24.52 ng/ml) viunaasin dialkylamide miunziunisainie

~ 1o a 1 J a a I a 1 4 Id a 1

maiFouaduiluivaosasling vinnnsaramzanuilunsdaowaa a3 6 1unvuee
iwaa NCI-H187 waz Vero cells den11Cq, = 6.11 naz 2133 ng/ml  awdrdu urinee
v I
nnedanastenlasumsiannae 1a arstseneulusiiv 2l uavesndu 22 uaasgni

ataiuae KB cell #101 1Cq; » 20 ng/ml waz liiiluiiudeiradisnd Seo1viimsiauide
Y
4

—

asdszney bioreductive Sumsfivztamldesdrniifufivsomadoonuuiiogn
Sandanuenlal reductase wierlemsiiueglunzuineendinuesieguiss wiehienh
anz hypoxia uazens bioreductive  Fwan‘hifimsunneenlumadusndiiesainsesy
wulxi reductase lige AezidlulszTombosnaunn mswazsdinldens prodrug fitims
antdesmsivesnuuameiloogusaduzssdationlan reductase e vSowadiodly
anz hypoxia iuftesns bioreductive fiazfinnmummezmzasiumaduzid vnnsdudu
uusaduzFsiia NCI-H187 uaz MCF-7 Wumadiition lsifiiafige azifumsiszneu
hioreductive  Haztlanildesmsiiveeninsinvaduziuiiaesyiiall  uluiduitudersad
Usnd erauanslfaseves bioreductive compound wieegluanizion L reductase w3e

hypoxia Idmuarunisdnsans

O o}
Cytotoxic-X Biological step via Cytotoxic
o bioreductive enzyme O'/ _ 0o
or hypoxia Chemical step + Cytotoxic cpd-XH
o OH OH

Tumsi3oumsiszneu bioreductive wiefonsuihy prodrug tu wueraidin
oyuSv0s QUINONE mmumunmahauu Feenstszneu qUINONE ester wie amide il
asdszneufiamnsanien i@zt quinone propionic acid siiFAsenfusaneaes
w3 10% N33 ow (UINONE propionic acid ansawmIen Tdvntihans trimethylhydroguinone
sinlgasendy 3,3-dimethylacrylic acid Tuanazdi methane sulfonic acid figamgiigs I8

U

lactone 25 sansfuvin§isenu NBS fiez 14 quinone propionic acid 26 awdeanis

OH o
CH3SO5H NBS, H,O
+ \— ~r13ov3!

25 26
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1 H ' 4
nnmsn IddFuulaouTassadvesdiuluu idelddenoyiusniignialunisan
iaduzise uagiivyleasond (a13 24) waziediu (a3 3) wagiivluseniu quinone propionic

acid 26 14 ester wse amide saraaalutpun g8

O
O O
NW
— H
(@)
29
i 0
(@)
- (@)
(@) (@)
OH
24 30

oyius 3 dien ICqy aoiwaa NCI-HL87, MCF-7 uagz KB wiriu 1.37, 9.76 naz 0.39
oMl iferiliw@ewdlu prodrug &y wudiien Iy dessad NCI-H187, MCF-7 waz KB
whip 5.73, 18.42 uaz 37.78 ng/ml ervedureldinlgnsenisgniaadhiiu hydroquinone was
mstlae lactone eruiiald ienysal Seilanddes toxic compound eensn’ldes iequa
vea prodrug #u KB cells sziifuirgedu tufenesingldinans 33 7 lign3aadiifesninhi
o'l reductase figafinulsnd navesensiifumadusnanuit [Cy uiniu 1391 shudeans
ffudevadusnitoras

a3 24 fisanuilufivdesad NCI-HI8T uaz MCF-7 guilussadusis iition land
reductase Tuszauga Taetisn ICy irriu 3.99 uag 16.15 ng/ml wazar 1Cy furarad KB wiiy
263 ngiml iifenadeugnidnusaduzswesans 30 wudniufivaewad NCI-H187, MCF-7
waz KB wiriu 2541, 36.81 waz 17.00 siuuerasr prodiug ifanisantdesasiiveonun1d
oo eruriiounnneluduaniiuszen udedlsiawens prodrug i luditusersad

Usnd Fahazduilse Teminenns



28

= Y a a <

msfinnalndremaiinmsneniiames

MNRaMINAAIUgNIN1TINNILTIUIIES 3 uaz 10 nansgnisinsaduziTane
o A o =< Yo = v A A X = = =
hd laange 39 Idihmsanudremaianeneuiiages lumsanyidina lnmseengnives

@ J @ 091} J < = [ @ Jd o Jd A
msdunsgd lumsduduraduzise Tasmsanyinmsdunuvesmsdunszinueu laimse
Vo v .
Swmesiineaveasumanauzise aramaiiaTuadlarisenna (molecular docking) 1u
9 ] 9 9
waawzsauinwuenlad CDKS uaz EGFR luszdviige dmfuwzisaierihdiumy
9 [ J
ioulani CDK-2, CDK-5 naz EGFR gaisludihennInenazqjilu Taomnizedistaen
EGFR wuluszduiigenin eranan’ladr CDK-2, CDK-5 uag EGFR ernfludaniugunis
Vo DR & o < s g &
uisdveuraauzsanea venvntew lal GSK-3 Anuluwaduzi5svesianu Inoay
v 9
ajilu agudaididenonlaf CDK-2, CDK-5, EGFR 1azGSK-3 lumsdnuinalndaamaiin
nneNiaes lao template #l4Sn1sasrauaz redock v ligand 4 wsiia a1s19h 4 naas
- 2 ~ Y]
FoyanaInseadruazdoyaves ligand stavua Tuars1en 5 uaasnavesnis redock i
H > a & v o v A ] 4 4 o
ligand +7a 4 asiia Fasin RMSD dnin 2 uamenfiannnuindedeneauns ethens 3 uaz
H ~ 4 v a

16 ahrnns docking i template AardrediuTaelsTsunsy AutoDock 4 wuah CDK-2 e H-
bond uens 3 daenn binding energy wiau -6.18 keallmol nefuienlaad EGFR wudaan
binding energy iy -7.24 keallmol 91nn1sgain 3 ddudanudians 31aa H-bond fu NH
voq lysing 721 &reszez 1.9 A ez wiluvesans 3 fusendinuves asp 831 dreszez 1.7 A
, v v v . .
wunaasas 3 fene Tduda cell proliferation Taelududuenlasi EGFR dmsuans 16
e H-bond fures lasi EGFR e binding energy wiaiu -8.25 kcal/mol Taeria tia H-hond
o Asp 831 dreszey 1.7 A waziia H-hond o Asn 818 daeszes 2.1 A
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Ligand PDB Resolution A
MeO N\j
N
MeO HN 1DI8 2.20
OH
|
N\
[ \ OH 1UNG 2.30
N N
H
I
MeO/\/O N\j
N
Meo 0 HN IM17 2.60
[ I
1UV5 2.80
a1 5 Docking vesdduds
_ RMSD from
_ Membersin the Evinding _ _
Ligand Macromolecule _ crystal orientation
highest cluster (kcal/mol)
(A)
| CDK-2 87 -7.32 0.71
[ CDK-5 93 -6.53 0.92
[l EGFR 67 -7.69 1.67
v GSK-3 150 -9.14 0.56
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m31afi 6 Geometric filters vosans 3

Geometric filters

Kinase Number of Ebinging
Amino acid H-bonding

targets H-bond _ Distance (A)  (kcal/mol)
residue atom

CDK-2 2 Aspl45 0 (C=0) 2211 -6.18
Asp145 N (NH.) 2.161

CDK-5 0 - - - -6.06

EGFR 2 Lys721 0 (C=0) 1.951 -7.24
Asp831 N (NH,) 1.718

GSK-3 0 - - - -5.48

-2

\, 2 © ASNB18

/ A

\ va{%zj)r |

ANV ALTEZ
f

FHEBSS

suuaas H-bond vesans 3 v Asp 831 uag Lys 721
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Geometric filters

Kinase Number of Ebinging
Amino acid H-bonding _
targets H-bond _ Distance (A) | (Kcal/mol)
residue atom
CDK-2 3 Lys33 0O (C=0) 1.685 -7.52
Asn132 H (NH,) 1.898
GIn131 H (NH,) 1.805
CDK-5 2 Asp86 H (NH,) 2.124 -7.08
GIn130 H (NH,) 1.977
EGFR 2 Asp831 H (NH,) 1.798 -8.25
Asn818 H (NH,) 2.177
GSK-3 0 - - - -6.82
, —,
[ =TrRE30
£ AEPE
z'l
\ |l LY L.—'..=H'£é
SRR
A
A =T )
v VAL702
i

suuaas H-bond vesans 16 v Asp 831 naz Asn 818
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wzdaieriafusad KKU-100, KKU-M139, KKU-M156, KKU-M213 e KKU-M214 wuin
a3 3 uaz 16 uamagniie Taemmiziuead KKU-100 chﬂuwaﬁﬁéammﬂﬁqﬂ Tagiinn
ICq, wirivu 387 waz 2.39 ng/ml wenaniiens 3 uaz 16 Swansgnisisaduzse KKU-
M139, KKU-M156, KKU-M213 1oz KKU-M214 fiaTaus ICq, oglusiag 4 §¢ 8 ngiml iiie
nagougnslumsademnadonuhas 7#'14un 25,7, 11 ua 19 nanann IC,) 7@ Tnwor]
lugas 1 e 7 ng/ml ewiusdnlvajduaasgniswaduzse NCI-H187, BC waz KB 1u
seviia unilymaedinsdufivdemadlsnadiasuiy

diehdaneans 3 uag efiu 24 wderdhiu quinone propionic acid vie1#1&es i
bioreductive agent 29 uaz 30 mwddy iierhlunadeugnidiuuzsa ol 1Cy) it lid
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Woagana SPECLroscopy

O

1

Zerumbone (15.0 g, 0.33%) as a white solid, mp 66-67°C. IR N, 3025, 2962, 1655,
1263, 964 cm™; "H NMR (CDC,) & 6.03 (1H, br d, J = 12.6 Hz, H-3), 6.00 (1H, d, J = 16.4 Hz,
H-11),5.85 (1H, d, = 16.4 Hz, H-10), 5.24 (1H, br d, J = 15.7 Hz, H-7), 2.40-2.50 (1H, m, H-4),
2.30-2.40 (2H, m, H-5 and H-8), 2.15-2.27 (2H, m, H-4 and H-5), 1.89 (1H, br d, J = 12.8 Hz, K-
8), 1.80 (3H, s, H-12), 1.58 (3H, 5, H-13), 1.20 (3H, 5, H-14 or 15), 1.05 (3H, s, H-15 or 14); “C
NMR (CDCl,) 6 204.3 (C1), 160.7 (C10), 148.8 (C3), 137.9 (C2), 136.2 (C6), 127.1 (C11), 125.0
(CT7),42.4 (C8), 39.4 (C5), 37.8 (C9), 29.4 (C14 or 15), 24.4 (C4), 24.2 (C15 or 14), 15.2 (C13),
11.7 (C12); HRMS m/z calcd mass for C,sH,,0 241.1568 [M+Na]", found 241.1568.

OH

2

(£)-(2E,6E,10E)-2,6,9,9- Tetramethylcycloundeca-2,6,10-trienol (2). Yield 447 mg,
88%; mp 72-73°C; IR n,,,, 3290, 2955, 1445, 1297, 1076, 969 cm™; 'H NMR (CDCl,) & 5.56
(IH, dd, J=16.1, 7.2 Hz, H-11), 5.25 (1H, d, J = 16.1 Hz, H-10), 5.22 (1H, t, J = 7.5 Hz, H-3),
483 (1H, dd, J=10.1,4.0 Hz, H-7), 4.63 (1H, d, J = 7.2 Hz, H-1), 2.16-2.24 (1H, m, H-4), 2.04-
2.14 (3H, m, H-4 and 2H-5), 2.01 (1H, dd, J = 13.7, 2.8 Hz, H-8), 1.80 (1H, dd, J = 13.7, 3.8 Hz,
H-8), 1.67 (3H, s, CH-12), 144 (3H, 5, CH;-13), 1.08 (3H, 5, CH;-14 or 15), 1.06 (3H, 5, CH,-15
or 14); ¥C NMR (CDCI,) 6 141.8 (C2), 139.3 (C10), 133.0 (C6), 131.3 (C11), 1249 (C7), 124.8
(C3), 78,6 (C1), 41.9 (C8), 39.1 (C5), 37.1 (C9), 29.4 (CH,-14 or 15), 24.2 (CH,-15 or 14), 22.9
(C4), 15.0 (CH,13), 12.7 (CH,-12); HRMS m/z calcd mass for CgH,,0 243.1725 [M+Na]",
found 243.1725.
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(%)-[6E,10E]-3-Amino-2,6,9,9-tetramethylcycloundeca-6,10-dienone (3). Yield 32
mg, 56%; mp 90-91°C; IR n,,, 3373, 3304, 1677, 1625, 1451, 995 cm™; *H NMR (CD,0D) &
6.13 (1H, d, J = 16.1 Hz, H-10), 6.08 (1H, d, J = 16.1 Hz, H-11), 5.04 (1H, dd, J = 11.7, 4.4 Hz,
H-7), 3.23-3.35 (1H, m, H-3), 2.65 (1H, dq, J = 6.6, 2.9 Hz, H-2), 2.20 (1H, t, ] = 12.4 Hz, H-8),
1.98-2.06 (1H, m, H-5), 1.78-1.90 (2H, m, H-5 and H-8), .30 (3H, 5, CH,-13), 1.10 (3H, 5, CH,-
14 or 15), 1.08 (3H, 5, CH,-15 or 14), 0.98-1.02 (2H, m, H-4), 0.90 (3H, d, J = 6.6 Hz, CH,-12);
*C NMR (CD,0D) & 202.6 (C1), 1525 (C10), 137.7 (C6), 127.8 (C11), 122.2 (C7), 54.4 (C2),
52.7(C3), 41.2 (C8), 39.9 (C9), 37.7 (C5), 29.9 (C4), 28.7 (CH;-14 or 15), 22.7 (CH,-15 or 14),
16.2 (CH,13), 5.7 (CH;-12).

(%)-[6E,10E]-3-Butylamino-2,6,9,9-tetramethylcycloundeca-6,10-dienone (4). Yield
62 mg, 93%; IR n,,,, 3332, 1693, 1674, 1626, 1455, 998 cm™; *H NMR (CDCL,) 5 6.12 (1H, d, J
=16.1 Hz, H-10), 5.58 (1H, d, J = 16.1 Hz, H-11), 5.00 (1H, dd, J = 11.7, 4.6 Hz, H-T), 2.97-2.99
(1H, m, H-3), 2.84-2.92 (1H, m, H-2), 2.60-2.66 (1H, m, H-1'), 2.47-2.55 (1H, m, H-1), 2.12 (1H,
t, J = 12.3 Hz, H-8), 1.95-2.02 (1H, m, H-5), 1.78-1.81 (2H, m, H-5 and H-8), 1.40-1.50 (2H, m,
H-2), 1.25-1.33 (2H, m, H-3), 1.28 (3H, s, CH,-13), 1.10 (3H, s, CH,-14 or 15), 1.08 (3H, s,
CH,-15 or 14), 0.90-1.00 (2H, m, H-4), 0.85 (3H, t, J = 7.3 Hz, H-4), 0.80 (3H, d, J = 6.6 Hz,
CH,-12); ®C NMR (CDCI,) 6 203.2 (C1), 152.0 (C10), 138.1 (C6), 127.7 (C11), 122.0 (C7),
585 (C3),48.6 (C2), 46.8 (C1¢, 41.3 (C8), 40.0 (C9), 38.3 (C5), 31.9(C2), 28.8 (CH;-14 or 15),
28.7(C4), 22.7 (CH;-15 0r 14), 20.4 (C3¢, 16.2 (CH,-13), 13.9 (C4¢, 5.9 (CH;-12).
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(%)-[6E,10E]-3-Benzylamino-2,6,9,9-tetramethylcycloundeca-6,10-dienone (5). Yield
51 mg, 68%; mp 80-82°C; IR N, 3421, 2922, 1687, 1624, 1042, 744, 701 cm™ *H NMR
(CDCl,) 6 7.26-7.60 (5H, m, Ar-H), 6.05 (1H, d, J = 16.1 Hz, H-10), 5.65 (1H, d, J = 16.1 Hz, H-
11), 454 (1H, dd, J = 118, 4.2 Hz, H-7), 4.02 (1H, d, J = 13.6 Hz, H-1¢;, 3.77 (1H, d, J = 13.6
Hz, H-1¢, 3.00 (1H, dg, J = 6.6, 2.7 Hz, H-2), 2.92 (1H, dd, J = 7.5, 2.7 Hz, H-3), 2.10 (1H, t, J =
12.3 Hz, H-8), 1.92-1.99 (1H, m, H-5), 1.61 (NH), 1.75 (1H, t, J = 12.0 Hz, H-5), 1.68 (1H, dd, J
=120, 45 Hz, H-8), 1.31 (3H, s, CH,-13), 1.08 (3H, 5, CH,-14 or 15), 1.01-1.05 (1H, m, H-4),
0.96 (3H, d, J = 6.6 Hz, CH,-12), 0.86-0.94 (1H, m, H-4), 0.7 (3H, s, CH.-15 or 14); *C NMR
(CDCl,) 6 203.1 (C1), 151.4 (C10), 140.0 (C-Ar), 137.9 (C-Ar), 137.9 (C6), 128.6 (C-Ar), 128.4
(C-Ar), 127.9 (C11), 127.3 (C-Ar), 121.9 (C7), 56.0 (C3), 50.5 (C1¢, 47.4 (C2), 41.3 (C8), 39.7
(C9), 37.5 (C5), 29.0 (CH,-14 or 15), 28.9 (C4), 22.7 (CH,-15 or 14), 16.4 (CH;-13), 6.0 (CH,-
12); HRMS m/z calcd mass for C,,H;,NO 348.2303 [M+Na]", found 348.2303,

O

o%:

(i)-[2E,10E]-6,7-Epoxy-2,6,9,9-tetran$ethylcycloundeca—2,10-dienone (6). Yield 41
mg, 97%; mp 84-85°C; IR N, 2963, 1656, 1262, 1119, 971 cm™ *H NMR (CDCI,) & 6.02-6.10
(3H, m, H-3, H-10 and H-11), 2.70 (1H, dd, J = 11.2, 1.5 Hz, H-7), 2.34-2.45 (2H, m, H-4), 2.21-
2.21 (1H, m, H-5), 1.89 (1H, d, J = 14.0 Hz, H-8), 1.80 (3H, 5, CH,-12), 1.41 (1H, dd, J = 14.0,
11.2 Hz, H-8), 1.26-1.34 (1H, m, H-5), 1.25 (3H, s, CH,-14 or 15), 1.18 (3H, s, CH;-13), 1.03
(3H, s, CH-15 or 14); C NMR (CDCL,) & 202.8 (C1), 159.4 (C10), 147.7 (C3), 139.4 (C2),
128.2 (C11), 62.7 (C7), 61.3 (C6), 42.6 (C8), 38.1 (C5), 35.9 (C9), 29.7 (CH-14 or 15), 24.6
(C4), 24.0 (CH,-15 or 14), 15.6 (CH;-13), 12.0 (CH,-12); HRMS m/z calcd mass for C,.H,,0,
257.1517 [M+Na]’, found 257.1517.
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(%)-[10E]-3-Amino-6,7-epoxy-2,6,9,9-tetramethylcycloundeca-10-enone (7). Yield
51%; mp 126-127°C; IR n, 3382, 1693, 1631, 1009, 914 cm™; *H NMR (CDCI,) & 6.29 (1H, d,
J=16.0 Hz, H-11), 6.20 (1H, d, J = 16.0 Hz, H-10), 3.12-3.17 (1H, m, H-3), 2.62-2.68 (2H, m,
H-2 and H-7), 2.00-2.06 (1H, m, H-5), 1.84 (1H, t, J = 12.5 Hz, H-8), 1.30 (1H, dd, J = 11.3, 2.5
Hz, H-8), 1.20 (3H, s, CH;-14 or 15), 1.06 (3H, 5, CH,-15 or 14), 1.04 (3H, s, CH,-13), 0.94-0.98
(3H, m, 2H-4 and H-5), 0.90 (3H, d, J = 6.7 Hz, CH,-12); “C NMR (CDCL,) § 203.1 (C1), 150.8
(C10), 127.7 (C11), 62.0 (C6), 60.7 (C7), 54.3 (C3), 53.2 (C2), 40.2 (C8), 36.6 (C5), 36.1 (C9),
29.4 (CH,-14 or 15), 27.4 (C4), 23.1 (CHy15 or 14), 16.6 (CH,-13), 5.6 (CH,-12); HRMS m/z
calcd mass for C,eH,.NO, 252.1964 [M+H]", found 252.1962.

(%)-[10E]-3-Butylamino-6,7-epoxy-2,6,9,9-tetramethylcycloundeca-10-enone  (8).
Yield 15%; mp 76-77°C; IR N, 3434, 1688, 1628, 1114, 917 cm™ 'H NMR (CDCL,) & 6.30
(1H, d, J = 16.0 Hz, H-11), 6.25 (1H, d, J = 16.0 Hz, H-10), 2.92-3.00 (2H, m, H-2 and H-7),
2.66-2.74 (2H, m, H-3 and H-1), 2.44-2.52 (1H, m, H-1'), 2.05-2.09 (1H, m, H-5), 1.90 (1H, d, J
=138 Hz, H-8), 1.42-1.50 (2H, m, H-2), 1.34-1.41 (3H, m, H-8 and 2H-3), 1.26 (3H, s, CH,-14
or 15), 1.15 (3H, s, CH,-15 or 14), 1.10 (3H, s, CH,-13), 1.00-1.10 (2H, m, H-4), 1.00-1.05 (1H,
m, H-5), 0.93 (3H, t, J = 7.2 Hz, H-4), 0.90 (3H, d, J = 6.4 Hz, CH,12); *C NMR (CDCl,) &
203.8 (C1), 150.3 (C10), 127.8 (C11), 62.0 (C6), 60.7 (C7), 60.7 (C3), 47.8 (C2), 47.0 (C14, 40.5
(C8), 37.2 (C5), 36.2 (C9), 32.4 (C2}, 29.6 (CH;-14 or 15), 26.2 (C4), 23.3 (CH,-15 or 14), 20.4



40

(C36, 168 (CH,-13), 14.0 (CA4G, 5.8 (CH,-12); HRMS miz calcd mass for C,gH,,NO, 308.2590
[M+H]", found 308.2593.

(%)-[10E]-3-Benzylamino-6,7-epoxy-2,6,9,9-tetramethylcycloundec-10-enone  (9).
Yield 18%; mp 80-81°C; IR N, 3350, 1686, 1626, 1113, 917, 749, 704 cm™ *H NMR (CDC,)
0 1.28-7.42 (5H, m, Ar-H), 6.16 (1H, d, J = 16.0 Hz, H-10), 5.84 (1H, d, J = 16.0 Hz, H-11), 4.02
(IH,d,J =134 Hz, H-1¢, 3.72 (1H, d, J = 13.4 Hz, H-1¢, 3.00 (1H, dg, J = 6.6, 3.2 Hz, H-2),
2.80 (1H, dd, J = 9.3, 3.2 Hz, H-3), 2.14 (1H, dd, J = 11.2, 1.6 Hz, H-7), 2.00 (1H, dd, J = 8.6, 8.2
Hz, H-5), 1.74 (1H, d, J = 135 Hz, H-8), 1.20-1.28 (1H, m, H-8), 1.08-1.14 (2H, m, H-4), 1.06
(3H, s, CH-14 or 15), .04 (3H, s, CH,-13), 0.96 (3H, d, J = 6.6 Hz, CH;-12), 0.90 (3H, 5, CH,-
15 or 14); *C NMR (CDCl,) 6 203.8 (C1), 150.1 (C10), 139.7 (C-Ar), 128.7 (C-Ar), 128.4 (C-
Ar), 127.7 (C11), 127.5 (C-Ar), 61.7 (C6), 60.4 (C7), 57.2 (C3), 50.3 (C1}, 46.4 (C2), 40.7 (C8),
36.5 (C5), 36.0 (C9), 29.6 (CH,-14 or 15), 25.9 (C4), 23.0 (CH,-15 or 14), 16.8 (CH,-13), 5.7
(CH,-12); HRMS m/z calcd mass for C,,H,,NO, 342.2433 [M+H]", found 342.2433.

(%)-[6E,10E]-3-(N-Acetylamino)-2,6,9,9-tetramethyl-cycloundeca-6,10-dienone (10).
Yield 92 mg, 92%; mp 199-200°C; IR n,,,, 3300, 1694, 1633, 1547 cm™; *H NMR (CDCL,) &
6.40 (1H, d, J = 16.2 Hz, H-11), 6.14 (1H, d, J = 16.2 Hz, H-10), 5.15 (1H, dd, J = 11.7, 4.2 Hz,
H-7), 4.47 (1H, br d, J = 8.3 Hz, H-3), 2.90 (1H, dg, J = 6.7, 2.6 Hz, H-2), 2.20 (1H, t, J = 12.3
Hz, H-8), 1.98 (3H, s, CH, of NHAc), 1.90-1.96 (1H, m, H-5), 1.85 (1H, dd, J = 13.0, 4.4 Hz, H-
8), 1.70 (1H, t, J = 12.3 Hz, H-5), 1.36 (3H, 5, CH,-13), 1.19 (3H, s, CH-14 or 15), 1.13 (3H, 5,
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CH,-15 or 14), 0.95-1.00 (2H, m, H-4), 0.95 (3H, d, J = 6.7 Hz, CH,-12); *C NMR (CDCl,) &
202.6 (C1), 170.7 (C=0 of NHAc), 152.1 (C10), 136.5 (C6), 128.4 (C11), 123.2 (C7), 50.8 (C2),
50.7 (C3), 41.5 (C8), 40.0 (C9), 37.0 (C5), 28.8 (CH,-14 or 15), 27.4 (C4), 22.9 (CH, of NHAX),
22.8 (CHy-15 or 14), 163 (CH,-13), 6.6 (CH;-12); HRMS m/z caled mass for C,;H,,NO,
300.1939 [M+Na]’, found 300.1939.

11

(%)-[6E,10E]-3-(N-Acetylbutylamino)-2,6,9,9-tetramethylcycloundeca-6,10-dienone
(12). Yield 97 mg, 85%; mp 72-73°C; IR N, 3554, 3476, 1693, 1619 cm™ *H NMR (CDCL,) &
6.62 (1H, d, J = 16.2 Hz, H-11), 6.16 (1H, d, J = 16.2 Hz, H-10), 5.14-5.20 (2H, m, H-3 and H-7),
3.28-3.60 (1H, m, H-1¢, 3.14-3.23 (1H, m, H-1¢;, 2.80 (1H, dg, J = 6.7, 2.2 Hz, H-2), 2.22-2.32
(1H, m, H-8), 2.18 (3H, s, CH, of NHAc), 1.95 (1H, dd, J = 12.5, 6.5 Hz, H-5), 1.87 (1H, dd, J =
13.2, 4.3 Hz, H-8), 1.56-1.66 (2H, m, H-4 and H-5), 1.46-1.56 (2H, m, H2¢}, 1.41 (3H, s, CH,-
13), 1.28-1.36 (2H, t, J = 14.7, 7.3 Hz, H3¢, 1.26 (3H, 5, CH;-14 or 15), 1.15 (3H, s, CH;-15 or
14),0.99 (3H, d, J = 6.7 Hz, CH12), 0.94 (3H, t, J = 7.3 Hz, H-4¢), 0.80-0.90 (1H, m, H-4); *C
NMR (CDCl,) 6 2025 (C1), 171.8 (C=0 of NHAc), 151.7 (C10), 136.2 (C6), 128.8 (C11), 123.7
(CT7),54.1(C3), 5.7 (C2), 45.9 (C1¢, 41.7 (C8), 40.2 (C9), 37.1 (C5), 33.3 (C2¢}, 29.0 (CH-14
or 15), 23.1 (CH,-15 or 14), 23.0 (C4), 22.3 (CH, of NHAc), 20.2 (C3¢, 16.3 (CH-13), 13.7
(C4¢, 8.3 (CH,-12); HRMS m/z caled mass for C,H,:NO, 356.2565 [M+Na]", found 356.2566.

12

(£)-[10E]-3-(N-Acetylamino)-6,7-epoxy-2,6,9,9-tetramethylcycloundeca- 10-enone
(12). Yield 15.6 mg, 66%; mp 205-206°C; IR N, 3243, 3072, 1699, 1632, 1551, 1107, 916 cm™
'H NMR (CDCl,) & 6.59 (1H, d, J = 16.1 Hz, H-11), 6.29 (1H, d, J = 16.1 Hz, H-10), 4.47 (1H,
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dt,J=75,3.1Hz, H-3),2.96 (1H, dg, J = 6.7, 3.1 Hz, H-2), 2.85 (1H, dd, = 11.2, 1.7 Hz, H-7),
1.98-2.03 (1H, m, H-5), 2.01 (3H, 5, CH, of NHAc), 1.90-1.95 (1H, m, H-8), 1.36-1.41 (1H, dd, J
=112, 25 Hz, H-8), 1.34 (3H, s, CH,-13), 1.19-1.28 (1H, m, H-4), 1.15 (3H, s, CH,-14 or 15),
1.12 (3H, s, CH-15 or 14), 1.00-1.06 (1H, m, H-4), 0.95 (3H, d, J = 6.7 Hz, CH;-12), 0.95-0.98
(1H, m, H-5); ®C NMR (CDCI,) & 202.6 (C1), 170.1 (C=0 of NHAc), 150.6 (C10), 128.4 (C11),
61.1 (C6), 60.3 (C7), 52.0 (C3), 49.7 (C2), 40.8 (C8), 36.3 (C9), 36.0 (C5), 29.5 (CH;-14 or 15),
24.9 (C4), 23.4 (CH;-13), 23.3 (CH, of NHAc), 16.8 (CH,-15 or 14), 6.5 (CH,-12); HRMS m/z
calcd mass for C,;H,,NO, 316.1889 [M+Na]", found 316.1889,

(%)-[6E,10E]-3-Butylamino-2,6,9,9-tetramethylcycloundeca-6,10-dienol (13). Yield
81%; IR N, 3428, 2959, 1563, 1413, 1022 cm™; *H NMR (CDCl,) & 5.26 (1H, br d, J = 15.3
Hz, H-10), 4.98-5.10 (2H, m, H-7 and H-11), 3.98 (H, br s, H-1), 2.58-2.70 (1H, m, H-3), 2.40-
2.52 (2H, m, H-1¢;, 2.02-2.12 (1H, m, H-8), 1.80-1.94 (3H, m, H-2 and 2H-5), 1.68 (1H, 1, J =
13.0 Hz, H-8), 1.54 (3H, s, CH,-13), 1.38-1.46 (2H, m, H-2¢}, 1.20-1.30 (4H, m, 2H-4 and 2H-
3¢, 1.00 (6H, s, 2CH,-14, 15), 0.88 (3H, d, J = 6.9 Hz, CH,-12), 0.84 (3H, t, J = 7.2 Hz, H-4¢;
"C NMR (CDCI,) 6 145.1 (C10), 140.2 (C6), 128.8 (C11), 128.4 (C7), 79.9 (C1), 60.2 (C3), 50.8
(C2), 44.4 (C1¢;, 44.1(C8), 42.1 (C9), 39.0 (C5), 34.7 (C4), 319 (CH;-14 or 15), 29.4 (CH,-15
or 14), 27.8 (C2¢, 24.3 (C3¢, 23.0 (CH,-13), 17.6 (C4¢, 11.7 (CH,-12); HRMS m/z calcd mass
for CgHisNO 294.2797 [M+H]", found 294.2798.

(%)-[6E,10E]-3-(N-Acetylamino)-2,6,9,9-tetramethylcycloundeca-6,10-dienol  (14).
Yield 54%; mp 84-85°C; IR n,,, 3383, 1632, 1290, 1023, 978 cm™; *H NMR (CDCl,) & 5.23-



43

5.36 (2H, m, H-10 and H-11), 5.13 (1H, d, J = 8.0 Hz, H-7), 4.19-4.23 (1H, m, H-1), 2.88-2.91
(IH, m, H-3), 1.90-2.02 (2H, m, H-2 and H-8), 1.89 (3H, 5, CH; of NHAc), 1.77-1.83 (1H, m, H-
8), 1.58-1.63 (2H, m, H-5), 1.57 (3H, 5, CH;-13), 1.11-1.28 (2H, m, H-4), 1.12 (3H, s, CHy-14 or
15), 1.03 (3H, s, CH,-15 or 14), 0.91 (3H, d, J = 7.3 Hz, CH,-12); C NMR (CDCl,) & 170.4
(C=0 of NHAc), 138.9 (C10), 136.2 (C6), 126.4 (C11), 124.1 (C7), 74.7 (C1), 48.1 (C3), 42.9
(C8), 41.3 (C9), 38.2 (C2), 354 (C5), 21.8 (CH;-14, 15), 23.0 (C4), 22.9 (CH, of NHAc), 18.0
(CH13), 89 (CH,-12); HRMS miz caled mass for C,;H,NO, 302.2096 [M+Na]", found
302.209.

15a

(%)-[6E]-3,10-Dicyano-2,6,9,9-tetramethylcycloundeca-6-enone (15a). Yield 35 mg,
42%; mp 115-116°C; IR N, 2962, 2234, 1726 cm™; *H NMR (CDCl,) 6 5.11 (1H, dd, J = 105,

4.0 Hz, H-7), 3.36 (1H, dd, J = 19.4, 5.2 Hz, H-11), 3.25-3.28 (1H, m, H-10), 2.83-2.86 (2H, m,
H-2 and H-3), 2.50 (1H, dd, J = 19.4, 3.2 Hz, H-11), 2.12-2.22 (3H, m, 2H-8 and H-5), 1.84-1.92
(3H, m, 2H-4 and H-5), 1.45 (3H, s, CH,-13), 1.26 (3H, s, CH-14 or 15), 1.22 (3H, d, J = 6.8 Hz,
CH,-12), 1.16 (3H, s, CH,-15 or 14); C NMR (CDCL,) & 202.2 (C1), 136.1 (C6), 122.1 (C7),
121.9 (CNat C10), 121.6 (CNat C3), 45.9 (C3), 41.3 (C8), 41.1 (C11), 38.9 (C5), 35.9 (C9), 335
(C10), 33.3(C2), 31.9 (CH,-14 or 15), 24.5 (C4), 21.5 (CH,-15 or 14), 16.3 (CH,-13), 11.2 (CH,-
12); HRMS m/z calcd mass for C,;H,,N,0 295.1786 [M+Na]", found 295.1787.

)
)

(2RS,3RS,10SR)-[6E]-3-Amino-10-cyano-2,6,9,9-tetramethyl-cycloundeca-6-enone
(16). Yield 38 mg, 56% ; mp 158-160°C; IR ., 3421, 2966, 2236, 1716 cm™: *H NMR (CDCI,)
6 5.07 (1H, dd, J = 10.8, 3.6 Hz, H-7), 3.37-3.43 (1H, m, H-11), 3.22 (1H, t, ] = 4.1 Hz, H-10),
3.08-3.12 (1H, m, H-3), 2.60 (1H, dq, J = 6.7, 2.4 Hz, H-2), 2.38 (1H, dd, J = 3.6, 3.6 Hz, H-11),
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2.07 (1H, dd, J = 10.9, 3.8 Hz, H-8), 1.95-2.02 (1H, m, H-5), 1.87-1.91 (1H, m, H-5), 1.75-1.85
(IH, m, H-8), L57-1.66 (1H, m, H-4), .36 (3H, 5, CHy-13), 1.15-1.23 (1H, m, H-4), L.17 (3H, 5,
CH,-14), 1.09 (3H, 5, CH,-15), 0.96 (3H, d, J = 6.7 Hz, CH,-12); C NMR (CDCL,) & 2088
(C1), 140.8 (C6), 126.2 (CN at C10), 125.0 (C7), 57.8 (C3), 55.2 (C2), 45.4 (C11), 45.1 (C8),
424 (C5), 39.7 (C9), 37.1 (C10), 35.7 (CH, on C9), 32.9 (C4), 25.1 (CH, on C9), 19.8 (CH, on
C6), 11.9 (CH, on C2) ; HRMS m/z calcd mass for Cy,HgN,0, 512.3100 [M+H]", found
512.3100.

19

[2E 6E]-10-Cyano-2,6,9,9-tetramethylcycloundeca-2,6-dienone (19). Yield 32 mg,
60% in the final step; mp 104-105°C; IR N, 2966, 2232, 1672, 1461, 1267, 817 cm™: *H NMR
(CDCly) 65.95-6.05 (1H, m, H-3), 5.11 (IH, t,J =59 Hz, H-7), 2.88-3.07 (1H, br s, H-11), 2.72-
2.80 (IH, m, H-10), 2.53-2.66 (1H, m, H-11), 2.42-2.52 (1H, m, H-5), 2.24-2.42 (3H, m, 2H-4
and H-5), 2.00-2.22 (2H, m, H-8), 1.79 (3H, s, CH;-12), 1.57 (3H, 5, CH;-13), 1.19 (3H, s, CH-
14 or 15), .07 (3H, s, CH,-15 or 14); “C NMR (CDCI,) & 202.9 (C1), 143.7 (C3), 137.0 (C6),
134.9 (C2), 122.8 (C7), 120.2 (CN at C10), 39.9 (C8), 39.6 (C4), 39.0 (C11), 37.3 (C9), 36.6
(C10), 28.3 (CH;-14 or 15), 25.8 (CH,-15 or 14), 24.6 (C5), 15.8 (CH-13), 125 (CH,12);
HRMS m/z calcd mass for C,gH,;NO 268.1677 [M+Na]", found 268.1677.

O

20

(2RS,3RS)-[6E,10E]-3-Methoxy-2,6,9,9-tetramethylcycloundeca-6,10-dienone  (20).
Yield 26 mg, 45% ; IR N, 2935, 1691, 1626, 1451, 1091 cm™ ; *H NMR (CD,0D) & 6.17 (1H,
d,J=16.1 Hz, H-10), 6.04 (1H, d, J = 16.1 Hz, H-11), 5.07 (1H, dd, J = 11.7, 4.7 Hz, H-7), 3.68
(IH, m, H-3), 3.40 (3H, s, OCH, at C3), 3.06 (1H, dg, J = 6.6, 3.3 Hz, H-2), 221 (1H, t, J = 12.0
Hz, H-8), 2.08 (1H, dd, J = 12.7, 6.9 Hz, H-5), 1.87 (2H, t, J = 12.0 Hz, H-5 and H-8), 1.37-1.41
(IH, m, H-4), 1.35 (3H, s, CH, on C6), 1.16 (3H, s, CH, on C9), 1.13 (3H, s, CH; on C9), 0.98-
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1.06 (1H, m, H-4), 0.95 (3H, d, J = 6.6 Hz, CH, on C2) ; C NMR (CD,0D) & 201.4 (C1), 151.8
(C10), 138.1 (C6), 128.0 (C11), 121.9(C7), 82.3 (C3), 57.0 (OCH, at C3), 49.2 (C2), 41.3 (C8),
40.1(C9), 38.5(C5), 28.9 (CH, on C9), 28.2 (C4), 22.9 (CH, on C9), 16.2 (CH, on C6), 6.1 (CH,
on C2).

21 Br

(2E,6Z,10E)-6-(Bromomethyl)-2,9,9-trimethylcycloundeca-2,6,10-trienone ~ (21).
Yield 0.110 g, 39%, mp 98-100°C. IR N, 2959, 2862, 1636, 775, 658 cm™; 'H NMR (CDCL,) &
6.03 (1H, d, J = 16.4 Hz, H-11), 6.00 (H, br, H-3), 5.99 (1H, d, J = 16.4 Hz, H-10), 5.44 (1H, t, ]
=83 Hz, H-7), 3.86-4.02 (2H, m, H-13), 2.52-2.67 (2H, br, H-5), 2.35-2.47 (1H, br, H-8), 2.17-
2.33 (1H, br, H-4), 1.92-2.04 (1H, br, H-8), 1.73 (3H, 5, H-12), 1.12 (3H, br s, H-14 or 15), .08
(3H, br s, H-15 or 14); C NMR (CDCI,) & 206.3 (C1), 162.3 (C10), 1504 (C3), 139.8 (C2),
135.9 (C6), 133.7 (C7), 128.4 (C11), 43.6 (C8), 38.6 (C9), 37.9 (C5), 30.7 (C13), 26.5 (C4), 24.9
(C14 or 15), 24.0 (C15 or 14), 13.2 (C12); HRMS m/z calcd mass for C,:H,,BrO 319.0806 and
321.0875 [M+Na]’, found 319.0806 and 321.0875.

HO.
N

22

(2E,6E,10E)-2,6,9,9-Tetramethylcycloundeca-2,6,10-trienone  oxime (22). To a
solution of zerumbone (0.050 g, 0.23 mmol) in ethyl acetate was added HONH,.HCI (0.158 g,
2.27 mmol) and KOH (0.96 g, 1.71 mmol) in EtOH and H,0 at room temperature. The mixture
was stirred for 24 h and then poured into the cold water at 0°C. The organic layer was separated
and the water layer was extracted with EtOAc. The combined organic layers were washed with
water, bring and dried over anhydrous sodium sulfate. Evaporation of solvent gave the crude oil,
which was recrystallized from hexane to give adducts 5 (0.030 g, 0.128 mmol, 54%) as a white
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solid, mp179-181°C. IR\, 3215, 2917, 1641, 1433, 944 cm™; 'H NMR (CDCI,) 6 6.30 (1H, d,
J=16.5Hz, H-11), 5.56 (1H, d, J = 16.5 Hz, H-10), 5.42 (1H, br t, H-3), 5.17 (1H, t,J = 8.0 Hz,
H-7), 2.05-2.40 (6H, m, 2H-4, 2H-H5 and 2H-8), 1.86 (3H, s, H-12), 1.4 (3H, s, H-13), 1.14
(6H, s, H-14 and 15); ®C NMR (CDCL,) & 162.7 (C1), 1544 (C10), 140.8 (C3), 135.6 (C6),
132.9(C2), 1244 (C7), 119.7 (C11), 42.8 (C8), 39.8 (C5), 37.6 (C9), 30.0 (C14 or 15), 29.9 (C15
or 14), 24.0 (C4), 15.1 (C13), 149 (C12); HRMS m/z calcd mass for CsH,,NO 256.1677
[M+Na]', found 256.1674.

.OH

23

(2E6E,10E)-2,6,9,9-Tetramethylcycloundeca-2,6,10-trienone  oxime ~ (23).
Yield 12 mg, 23% ; mp 110-112°C ; IR N, 3724, 1631, 1439, 1208, 959 cm™ ; 'H NMR
(CDC,) & 6.00 (1H, d, J = 16.4 Hz, H-11), 5.66 (1H, d, J = 16.4 Hz, H-10), 4.95-5.40 (2H, m,
H-3 and H-7), 2.00-2.20 (6H, m, 2H-4, 2H-5 and 2H-8), 1.88 (3H, 5, CH, on C2), 1.50 (3H, s,
CH, on C6), 1.03 (6H, s, 2CH, on C9) ; “C NMR (CDCI,) & 163.3 (C1), 155.5 (C10), 138.3
(C3), 135.8 (C6), 1319 (C2), 123.9 (C7), 123.9 (C11), 42.9 (C8), 40.0 (C5), 36.6 (C9), 29.7
(2CH, on C9), 23.7 (C4), 154 (CH, on C6), 14.7 (CH, on C2) ; HRMS m/z calcd mass for
C,sH,NO 234.1858 [M+H]', found 234.1858.

24 OH

(2E,6Z,10E)-13-hydroxy-2,9,9-trimethylcycloundeca-2,6,10-trienone ~ (24).  Yield
0.0085 g, 70%) as a colorless oil. IR N, 3419, 2961, 2926, 1644, 1451, 1267, 1102, 1011 cm™;
'HNMR (CDCI) 6 6.01 (1H, d, J = 6.5 Hz, H-3), 5.89 (1H, d, J = 16.4 Hz, H-10),5.78 (1H, d, J
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= 16.4 Hz, H-11), 5.36 (IH, t, J = 82 Hz, H-7), 433 (1H, br s, H-13a), 3.86 (H, br s, H-13h),
2.77 (1H, br's, H-53), 2.47 (2H, m, H-4), 2.29 (LH, br s, H-8a), 2.14 (1H, br s, H-8b), 1.97 (1H, br
s, H-5b), 1.7 (3H, s, H-12), 1.21 (3H, 5, H-14 or 15), .07 (3H, 5, H-15 or 14); “C NMR (CDCI,)
0 204.0 (C1), 160.1 (C11), 149.6 (C3), 139.1 (C6), 138.2 (C2), 128.4 (C7), 127.2 (C10), 59.2
(C13),42.0 (C4), 37.3(C9), 35.0 (C8), 29.3 (C14 or 15), 24.7 (C5), 24.0 (C15 or 14), 11.9(C12);
HRMS m/z calc mass for C.:H,,0, 235.1698 [M+H]', found 235.1696 [M+H]'.
0]
0)

OH
25

6-hydroxy-4,4,5,7,8-pentamethylhydrocoumarin (25). Methanesulfonic acid 6 mL was
added into trimethylhydroquinone (1.0 g, 6.63 mmol) followed by the addition of 33-
dimethylacrylic acid (0.73 g, 7.3 mmol). The mixture was heated at 70°C for 1 h and then cooled
to room temperature. The solution was diluted with water and extracted with ethyl acetate two
times. The combined ethyl acetate extracts were washed with water, saturated NaCl, dried
(Na,SO,) and evaporated to dryness. Purification of the crude by column chromatography (silica
gel, 90% CH,Cl,/hexane) to afford pure lactone 13 (1.25 g, 5.33 mmol, 80%) as a white solid, mp
183-185°C. IR 1, 3444, 2961, 1744, 1614, 1295, 1261, 1191, 1088 cm™; 'H NMR (CD,0D)
455 (1H, s, OH), 2.54 (2H, s, H-2), 2.35 (3H, 5, CH,-14), 2.22 (3H, 5, H-12), 2.18 (3H, 5, H-13),
145 (6H, s, H-10 and 11); *C NMR (CD,0D)  168.8 (C1), 148.8 (C8), 1435 (C5), 128.2 (C4),
1234 (C7), 121.8 (C6), 118.9 (C9), 46.1 C2), 35.4 (C3), 27.7 (C10 and 11), 14.4 (C14), 125
(C12), 12.2 (C13); HRMS m/z calc mass for C,,H,,0, 257.1154 [M+Na]", found 257.1164
[M+Na]'.

O O

WOH

O
26

Quinonepropanoic acid (26). Yield 1.65 g, 85%) as a yellow solid, mp 93-95°C. IR n,,,
3028, 2971, 1706, 1645, 1286, 1225 cm™; *H NMR (CD,0D)  3.01 (2H, 5, H-2), 2.14 (3H, 5, H-
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14), 1.95 (3H, s, H-13), 1.92 (3H, s, H-12), 1.43 (6H, 5, H-10 and 11); “C NMR (CD,0D)
190.8 (C5), 187.4 (C8), 177.9 (C1), 151.9 (C4), 142.9 (CT), 139.0 (C9), 138.4 (C6), 47.1 (C2),
37.9 (C3), 28.8 (C10 and 11), 14.3 (C14), 12,5 (C12), 12.1 (C13); HRMS m/z calc mass for
C,H,0, 273.1103 [M+Na]’, found 273.1103 [M+Na]".

12 Ow 1Q
H 12
15 10 N\
14
14' 13'
O
5 29

Amide 29. Yellow oil, 59% yield, R; = 0.68 (10% EtOAC/CH,CL); IR n,,,, 3371, 2931,
1644, 1524, 1450, 1372, 1267, 1225, 1153, 1098, 1046, 1001 cm™; *H NMR (CDCl))  6.33 (1H,
d, J=16.2 Hz, H-11), 6.13 (1H, d, J = 16.2 Hz, H-10), 5.36 (IH, d, J = 8.0 Hz, -NH), 5.07 (1H,
dd, J = 4.2, 12.0 Hz, H-7), 4.37 (1H, brt, H-3), 2.92 (1H, d, J = 14.6 Hz, H-2@), 2.83 (1H, dg, J
=26, 6.7 Hz, H-2), 271 (1H, d, J = 14.6 Hz, H-2¢), 2.22 (1H, d, J = 12.0 Hz, H-8a), 2.17 (3H,
s, H-14¢, 1.96 (3H, 5, H-12¢;, 195 (3H, 5, H-13¢}, 1.91 (1H, m, H-5a), 1.85 (1H, d,J = 4.2 Hz, H-
80), 1.61 (1H, s, H-5b), 1.45 (6H, s, H-10¢and 11}, 1.37 (3H, 5, H-13), 1.16 (3H, s, H-14), 1.15
3H, s, H-15), 1.04 (1H, m, H-4a), 0.97 (1H, m, H-4b), 0.86 (3H, d, J = 6.7 Hz, H-12); *C NMR
CDCl,) 2018 (C1), 1915 (C5¢, 187.4 (C8¢;, 171.7 (C1¢, 152.7 (C4¢, 151.8 (C10), 143.1
C7¢, 138.8 (C9¢, 138.3 (C6¢, 136.5 (C6), 128.4 (C11), 123.2 (C7), 50.6 (C3), 50.5 (C2), 49.1
C2¢, 415 (C8), 39.9 (C9), 38.7 (C3¢, 36.9 (C5), 29.5 (C10¢, 29.4 (C11¢, 28.9 (C14 or 15),
21.8(C4),23.1 (C150r 14), 16.4 (C13), 14.1 (C14¢, 125 (C12¢, 12.0 (C13¢, 6.7 (C12); HRMS
m/z calc mass for C,iH,,NO, 468.3114 [M+H]", found 468.3111.

(
(
(
(

12 o)
O 3 5 14 13
@ > @

O

12
15 3 v O 10
14 30

Ester 30. Yellow oil, 45% yield, R, = 0.66 (10% EtOACICH,CL): IR n, ., 2027, 1726,
1644, 1436, 1371, 1268, 1190 e 'H NMR (CDCI) 5.9 (LH, d, J = 2.1 Hz, H-10), 5.95 (IH,
0,3 =21 Hz, H-L1), 5.75 (LH, dd, J = 16.4, 2.1 Hz, H-3), 5.41 (1H, ] = 8.0 Hz, H-7), 456 (LH,
br s, H-84), 4.30 (LH, br s, H-80), 2.98 (2H, 5, H-2¢; 251 (2H, br s, H-13), 2.04 (3H, 5, H-14¢;
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1.95 (6H, 5, H-12¢and 139, 1.89 (2H, brs, H-4), 1.7 (3H, 5, H-12), 162 (2H, s, H-5), 1.43 (3H,
s, H-10¢, 142 (3H, s, H-11¢}, 1.21 (3H, s, H-14 or 15), 1.05 (3H, 5, H-15 or 14); “C NMR
(CDCl) 2037 (C1), 190.7 (C50, 1874 (C8¢, 172.6 (C14, 159.7 (C3), 152.2 (C4¢), 149.0
(C11), 142.9 (C7¢; 138.9 (C9¢, 138.5 (C2), 138.4 (C6¢, 134.3 (C6), 131.1 (C7), 127.3 (C10),
60.6 (C8), 47.7 (C2¢;, 42.2 (C4), 38.2 (C3¢}, 37.3(C9), 35.4 (C13), 29.2 (CL4 or 15), 28.8 (C-10¢
and 119, 245 (C5), 24.0 (C15 or 14), 14.3 (C14¢; 12.6 (C124; 12.1 (C13¢; 12.0 (C12) ; HRMS
m/z calc mass for C,Hq,0; 489.2617 [M+Na]', found 489.2613.
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Cholangiocarcinoma (CCA) is an aggressive malignancy with a very high morbidity and mortality for
which an effective treatment is lacking. In this study, seventeen zerumbone derivatives were synthesized
and evaluated for in vitro cytotoxicity against cholangiocarcinoma cell lines. 5 showed the most potent
antiproliferative activity against KKU-100 cell line with an ICsg value of 16.44 uM. To investigate the
potential molecular target of the most active compound, the docking was performed using different

enzymes and receptor proteins including CDK-2, CDK-5, EGFR, and GSK-3. The docking results revealed
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that 5 exhibited better binding interaction to EGFR than CDK-2, CDK-5 and GSK-3. All results indicate that
5 should be a promising candidate for treatment of cancer.

© 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

Cholangiocarcinoma (CCA) is a primary cancer of the bile duct
epithelial cells. It is one of the most serious and highest incidence
diseases in the northeast of Thailand where the prevalence of
Opisthorchis viverrini (OV) infection is high [1]. An increasing trend
of CCA incidence has been reported in several countries in the
world [2]. This tumor continues to be associated with poor prog-
nosis [1]. At present, surgical resection is the best treatment
available and is a potentially curative therapy for CCA. However,
more than half CCA patients present with advanced, unresectable
malignancy. In addition, the response of CCA to chemotherapy and
radiotherapy is relatively poor [3]. At present, there is no effective
chemotherapy regimen for treating patients with advanced chol-
angiocarcinoma. Therefore, novel and effective therapeutic agents
and more effective medical treatment options are urgently needed.

Much attention has been focused on the targeted medical
therapy. Recently, the status and future perspectives of anti-
angiogenic and growth factor receptor-based pharmacological
approaches for the treatment of biliary tract cancer have been
reported. Among the cellular molecules, the epidermal growth

* Corresponding author. Tel.: +66 43 202222x12243; fax:+66 43 202373.
E-mail address: chayen@kku.ac.th (C. Yenjai).

0223-5234/$ — see front matter © 2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmech.2010.05.029

factor receptor (EGFR) and protein kinases are found to play an
important role in cell cycle progression, cell proliferation and
induction of apoptosis [4].

Medicinal plants which also show promising effects in treat-
ment of cancers are now attracting great attention in the world. The
rhizomes of Zingiber zerumbet Smith are employed as traditional
medicine in relieving stomach ache, as a diuretic, and when
macerated in alcohol are regarded as a tonic and depurative.
Moreover, it is also used as the spice ginger and a novel food factor
for mitigating experimental ulcerative colitis [5].

Zerumbone, a crystalline sesquiterpene, is the major component
in the rhizomes of this plant and is readily available from a wide-
spread natural source. It contains three double bonds; an isolated
one at C6 and two double bonds at C2 and C10 which are part of
a cross conjugated dienone system. It was found that the C2 double
bond appears least hindered due to being furthest from the gem
dimethyl substituents at C9. It has been reported that the X-ray
structure shows that the dienone system lies in a slightly distorted
plane which is perpendicular to that of the isolated double bond [6].

Zerumbone has been studied for various biological activities
because it acts to suppress tumor promoters [7] and to inhibit the
growth of a human leukemia cell line [8]. It is also antiproliferative
and an anti-platelet activating factor [9,10], and has anti HIV
activities [11]. Thus, it is expected that the zerumbone derivatives
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might show useful biological activities, especially cytotoxicity
against CCA cell lines.

Kitayama and coworkers [12—15] have reported the isolation
and structural transformation of zerumbone as well as the regio-
and stereochemistry of its derivatives. Due to this chemical infor-
mation and as part of our research program on anti-tumor drugs
from natural products, we planned to synthesize known and new
derivatives of zerumbone and evaluate them for in vitro cytotox-
icity against CCA cell lines including KKU-100 (poorly-differenti-
ated adenocarcinoma), KKU-M139 (squamous cell carcinoma),
KKU-M156 (moderately-differentiated adenocarcinoma), KKU-
M213 (adenosquamous carcinoma) and KKU-M214 (moderately-
differentiated adenocarcinoma) cell lines [16]. It is expected that
this work will find potent compounds for the development of anti-
CCA agents. In addition, to understanding the mode of reaction, the
interaction between the most active compound and the enzymes or
receptor proteins involved with cell cycle and cell growth was
studied using molecular modeling techniques.

2. Results and discussion
2.1. Chemistry

Seventeen zerumbone derivatives were successfully prepared
using organic reactions. Reduction of zerumbone (1) using LiAlH4 at
0 °C gave crystalline (&) zerumbol (2) [12]. Acetylation of this
compound using Ac,O/pyridine afforded 3 while epoxidation of 2
with mCPBA yielded racemic 4 (Scheme 1). The relative stereo-
chemistry of hydroxyl and epoxide groups was trans configuration.
Zerumbone was stirred with excess ammonia, butylamine and
benzylamine at room temperature to provide monoamines 5, 6 and
7, respectively. This conjugated amination yielded a single diaste-
reomer as relatively trans configuration adducts of each monoamine
(Scheme 2). As in a previous report [13], no diamine and no another
diastereomer of products was observed. Michael addition of amines
occurred selectively at the less hindered conjugated double bond
(C2—C3) of zerumbone. Acetylation of amine groups at C3 position
of 5 and 6 using Ac;O/pyridine at 0 °C provided the corresponding
amides 8 and 9, respectively. The reaction of butylamine 6 with
NaBH, afforded hydroxyamine 10 as a single diastereoisomer in 81%
yield. The reduction of amide 8 with NaBH4 at 0 °C afforded a single
diastereoisomer hydroxyamide 11 in the yield of 54%. The NOESY
experiment showed the correlation of protons at C1 and C2 which
indicated the relatively cis orientation of these positions (Scheme 3).
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Scheme 1. Reagents and conditions: (a) LiAlH4, THF, 0 °C, 1 h, 88%; (b) Ac,0, pyridine,
reflux, 30 min, 74%; (c) mCPBA, EtOAc, rt, 24 h, 15%. Note: The stereochemistry shown
in all schemes are relative configuration.
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Scheme 2. Reagents and conditions: (a) NH; or BuNH; or BnNH,, MeCN, rt, 5 days, 56%
(5), 93% (6), 68% (7); (b) Acx0, pyridine, 0 °C, 8 h, 92% (8), 85% (9).

Epoxidation of the isolated double bond in zerumbone at C6 and
C7 using mCPBA provided epoxide 12 in 97% yield [13]. This
formation has high regioselectivity due to the high electron density
and the less steric double bond. The epoxide 12 was further treated
with an excess amount of various amines at room temperature
providing corresponding amines 13—15. As in the reaction of zer-
umbone, conjugate additions occurred at the C3 position and no
nucleophilic addition of the remaining double bond (C10) was
observed. As in a previous report, these amino derivatives were
obtained as relatively trans configuration on C2 and C3. The relative
orientation of the amino groups and epoxide oxygen showed that
amination occurred on the same face of the epoxide. The reason for
this observation was the steric repulsion of the two methyl groups
at C2 and C6 of 12 which are located on one face of the ring while
the oxide oxygen lies on the opposite face [14]. Further acetylation
of 13 using Acz0 in pyridine gave corresponding amide 16 in 66%
yield (Scheme 4).

In contrast to the reaction of 1 with various amines, the excess
KCN reacted with zerumbone at 40 °C for 3 days provided conjugate
addition of cyanide ion at both C3 and C10 double bonds [15]. A
mixture of four diastereoisomeric dicyano derivatives 17 was
obtained. It was reported that in the major diastereoisomer (17a),
two cyano groups were located on the same face of the ring while
the two methyl groups at C2 and C6 lie on the opposite face
(Scheme 5) [15].

After treatment of 1 with dimethylamine in the presence of
acetonitrile at room temperature, followed by stirring with excess
KCN at 15 °C, the nitrile derivative 20 was detected [13]. This can be
explained as that conjugate addition of dimethylamine at C3 gave
intermediate 18, while conjugate addition of the cyanide ion at C10
yielded intermediate 19. After the easy elimination of the dime-
thylamino group, cyano 20 was observed as a sole product (Scheme
6). The 'H NMR spectrum showed an olefinic proton at 6 5.95—6.50
(H3) and a singlet signal at ¢ 1.79 (CH3-12) which indicates the
presence of a,f-unsaturated ketone at C2 and C3. Two doublet
signals of olefinic protons at H10 and H11 disappeared.

2.2. Biological activity [17]

Zerumbone (1) and its derivatives (2—17 and 20) were tested
for their cytotoxicity against CCA cell lines; KKU-100, KKU-M139,

NOESY NOESY
£ on) £ on)
HG H HG H
anny A\
6or8 a NHBu or NHAc
10 1"

Scheme 3. Reagents and conditions: (a) NaBH,, MeOH, 0 °C, 3 h, 81% (10), 54% (11).
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Scheme 4. Reagents and conditions: (a) mCPBA, EtOAc, rt, 24 h, 97%; (b) NH3 or BuNH,
or BnNH,, MeCN, rt, 5 days, 51% (13), 15% (14), 18% (15); (c) Ac,0, pyridine, 0 °C, 10 h,
66%.

KKU-M156, KKU-M213 and KKU-M214 and their activities are
shown in Table 1. Among these cell lines, KKU-100 was the least
sensitive cell line which showed the highest ICs5q value of 25.21 pM
to ellipticine. It was found that zerumbone and alcohol derivatives
showed no cytotoxic activity against all cell lines. Fortunately,
primary amine 5 exhibited cytotoxic activity against KKU-100 cell
line with an ICsg value of 16.44 uM which is about 1.5-fold higher
toxicity than the ellipticine standard (ICso = 25.21 uM). This
compound also showed cytotoxicity against KKU-M139, KKU-
M156, KKU-M213 and KKU-M214 cell lines with ICs9 values
ranging from 51 to 69 pM. Butylamine 6 possessed cytotoxicity
against KKU-M213 and KKU-M214 cell lines with IC59 values of
36.61 and 41.55 uM, respectively. In contrast, benzylamine 7
showed no cytotoxicity against these five cell lines. It is interesting
to note that the more polar primary amine 5 may play an
important role in cytotoxicity.

Zerumbol (2) showed no cytotoxicity against all CCA cell lines.
But, when hydroxyamine 10 was synthesized and evaluated for
cytotoxicity, it was found that this derivative displayed interesting
results by showing cytotoxic activity against all cell lines with ICsq
values ranging from 16 to 35 pM.

Epoxide 12 demonstrated weak cytotoxicity to KKU-M214 cell line
with an ICsq value of 52.61 uM. From the cytotoxicity results of amine
5 and epoxide 12, we hoped that epoxyamine 13 would exhibit good
results on cytotoxicity testing. However, this compound displayed
strong cytotoxicity only to the KKU-M214 cell line with an IC5q value
of 18.30 uM. Epoxyamine 14 displayed good results to KKU-100 cell
line by showing an ICsq value of 16.52 uM. In addition, this compound
exhibited activity with ICsy values of 48.20, 37.63 and 51.00 pM
against KKU-M156, KKU-M213 and KKU-M214, respectively.

Compound 20 showed strong cytotoxicity against the least
sensitive cell line (KKU-100) with an ICsg value of 25.72 uM which
is nearly equal to the ellipticine standard. This derivative also dis-
played moderate cytotoxicity against the other cell lines with ICsq
values ranging from 37 to 56 uM. It was suggested that the nitrile
group at the C10 position was favorable for CCA cell lines. All results
show convincingly that amine, hydroxylamine, epoxyamine and
nitrile groups are essential for cytotoxicity.

2.3. Molecular modeling simulation

From the results of the bioactivity testing, 5 containing an amine
group exhibits the most potent antiproliferative activity, especially

(o}

s

17b-d

17a

Scheme 5. Reagents and conditions: (a) excess KCN, MeCN-H,0, 40 °C, 3 days,
42% (17a).

against KKU-100 cell line. In order to understand the modes of
action of 5, molecular modeling based on the docking approach was
used to find possible targets of cholangiocarcinoma activity.
Excessive activity of cyclin-dependent kinases (CDKs) has been
observed as one of the mechanisms underlying pathological
hyperproliferation [18]. Consequently, inhibition of CDKs could be
a therapeutic option for treatment of cancer [19]. In addition, since
the epidermal growth factor receptor (EGFR) is found to play an
important role in cell cycle progression, cell proliferation and
induction of apoptosis, it has become an important target in cancer
therapy [20]. In cholangiocarcinoma cells, the expression of CDK-2,
CDK-5 and EGFR in tumor tissues were found in both Thai intra-
hepatic cholangiocarcinoma (ICCs) and Japanese ICCs. Several
reports indicate that the EGFR is frequently overexpressed in CCA
[21]. Therefore, inhibition of CDK-2, CDK-5 or EGFR could provide
control of the cell proliferation of certain cancers. Moreover, the
expression of GSK-3 which plays an important in regulation of
tumor cell proliferation through the activation of the Wnt/B-cat-
enin pathway was found in 16/20 (80%) of Thai ICCs and in 16/20
(80%) of Japanese ICCs [22]. Therefore, in the course of our molec-
ular modeling, we selected CDK-2, CDK-5, EGFR and GSK-3 for the
elucidation of the possible characteristics of zerumbone derivatives
in cholangiocarcinoma cells. The template of each protein target
was constructed and validated by redocking with the native ligand.
The chemical structures of these ligands are shown in Table 2 which
summarizes the data and source of these structures [23—26]. The
3D-configuration of four inhibitors obtained from redocking with
the developed protein templates were compared with the crystal-
lographic poses. The results showed a good match of the docked
and the crystallographic binding orientation with RMSD of less
than 2.0 A (Table 3). The validation results show that the con-
structed template is a good model system for predicting ligand
binding orientation and binding affinity.

The docking results using AutoDock 4 indicate that 5 interacted
with CDK-2 through the 2 H-bond at Asp145 with binding energy of
—6.18 kcal/mol. In contrast, for CDK-5 and GSK-3 complexes it is
seen that hydrogen bonds were not formed (Table 4).

The best binding interactions of 5 was formed in the complex
with EGFR with the lowest binding energy of —7.24 kcal/mol. The
binding energy of zerumbone, which showed no cytotoxic activity
against KKU-100 at 75 puM, with EGFR was also calculated. The
docking result showed that the binding energy of zerumbone was
higher than the standard known inhibitor with the binding energy
of —6.22 kcal/mol, as a result, the affinity of zerumbone decrease.
Thus, zerumbone showed no antiproliferation activity at 75 pM.
These patterns correlated with antipoliferative activities. For the
binding mode of compound 5, the core structure, sesquiterpene, is
tightly bound to the pocket binding site with a hydrophobic
interaction. The oxygen atom of the carbonyl group in 5 forms
a hydrogen bond with the H—N of Lys721 (bond length 1.9 A). The
interaction between the primary amine and the oxygen atom of the
Asp831 residue has a 1.7 A bond length (Fig. 1). The docking result
suggests that 5 might inhibit the proliferation of cancer via EGFR
inhibition.

3. Conclusion

A series of zerumbone derivatives were synthesized and their in
vitro cytotoxicity against cholangiocarcinoma cell lines were eval-
uated. Compounds 5, 10, 14 and 20 exhibited cytotoxic activity
against all CCA cell lines to different extents, indicating their broad
spectrum of anti-CCA effects. Our results indicate that these five
CCA cell lines, with different histological types, respond differently
to different compounds. This may be due to the variation in func-
tional groups present in the compounds. The chemical structure
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Scheme 6. Reagents and conditions: (a) Me,NH, MeCN, rt, 5 days; (b) KCN, MeCN-H,0, 15 °C, 2 days, 30% in two steps.

diversity of the four compounds reflects the biological activities.
The presence of amine (5), hydroxylamine (10), epoxyamine (14),
and nitrile (20) groups is believed to play an important role in
potent anticancer activities. Among the tested compounds, 5,
which contained an amine group, exhibited higher potency. The
docking result indicates that 5 may inhibit the proliferation of
cancer through EGFR inhibition. This preliminary investigation is
a good basis for further medicinal chemistry study.

4. Experimental
4.1. General

NMR spectra were recorded on a Varian Mercury plus spec-
trometer operating at 400 MHz ('H) and at 100 MHz ('3C). IR
spectra were recorded as KBr disks or thin films, using Perkin Elmer
Spectrum One FT-IR spectrophotometer. Mass spectra were deter-
mined on Micromass Q-TOF 2 hybrid quadrupole time-of-flight (Q-
TOF) mass spectrometer with a Z-spray ES source (Micromass,
Manchester, UK). Melting points were determined on a SANYO
Gallenkamp melting point apparatus and were uncorrected. Thin
layer chromatography (TLC) was carried out on MERCK silica gel 60
F254 TLC aluminum sheet. Column chromatography was done with
silica gel 0.063—0.200 mm or less than 0.063 mm. Preparative layer
chromatography (PLC) was carried out on glass supported silica gel
plates using silica gel 60 PFy54 for preparative layer chromatog-
raphy. All solvents were routinely distilled prior to use.

4.2. Extraction and purification of zerumbone (1)

Dried rhizomes of Z. zerumbet Smith (4.0 kg) were ground into
powder and then extracted with EtOAc (3 x 5 L) at room temper-
ature. Removal of solvent under reduced pressure gave crude EtOAc
extract (32.8 g) which was further subjected to column chroma-
tography (CC) on silica gel 60 (500 g) and subsequently eluted with
three solvents (hexane, EtOAc and MeOH) by gradually increasing

polarity of elution solvents system. The eluents were collected and
monitored by TLC resulting in 15 fractions (F1—Fjs). The solid in Fg
was separated by filtration, recrystallized from CH,Cl,-hexane to
afford zerumbone (1, 15.0 g).

4.3. Preparation of zerumbone derivatives

4.3.1. Preparation of zerumbol (2)

To a solution of compound 1 (503 mg, 2.30 mmol) in dry THF
(5.0 mL) was added LiAlH4 (348 mg, 9.2 mmol) at 0 °C and the
solution was stirred for 1 h. The reaction mixture was quenched
with 10% HCI (10 mL) and extracted with EtOAc (3 times). The
organic layer was combined, washed with water, brine, dried over
anhydrous NaySO4 and evaporated to dryness. Purification of crude
oil by column chromatography (silica gel, 10% EtOAc:hexane) gave
a white solid of compound 2.

4.3.2. (+)-(2E,6E,10E)-2,6,9,9-tetramethylcycloundeca-2,6,10-
trienol (2)

Yield 447 mg, 88%; mp 72—73 °C; IR vmax 3290, 2955, 1445, 1297,
1076, 969 cm™'; '"H NMR (CDCl3) 6 5.56 (1H, dd, J = 16.1, 7.2 Hz, H-
11),5.25(1H, d,J = 16.1 Hz, H-10), 5.22 (1H, t, ] = 7.5 Hz, H-3), 4.83
(1H,dd,J = 10.1,4.0 Hz, H-7),4.63 (1H, d,J = 7.2 Hz, H-1), 2.16—2.24
(1H, m, H-4), 2.04—2.14 (3H, m, H-4 and 2H-5), 2.01 (1H, dd,
J=13.7,2.8 Hz, H-8), 1.80 (1H, dd, J = 13.7, 3.8 Hz, H-8),1.67 (3H, s,
CH3-12), 1.44 (3H, s, CH3-13), 1.08 (3H, s, CH3-14 or 15), 1.06 (3H, s,
CH3-15 or 14); 3C NMR (CDCl3) § 141.8 (€2), 139.3 (C10), 133.0 (C6),
131.3(C11),124.9(C7),124.8 (C3), 78.6 (C1), 41.9 (C8), 39.1 (C5), 37.1
(C9), 29.4 (CH3-14 or 15), 24.2 (CH3-15 or 14), 22.9 (C4), 15.0 (CHs-
13), 12.7 (CH3-12); HRMS my/z calcd mass for Ci5sH40 243.1725
[M + NaJ*, found 243.1725.

4.3.3. Preparation of compound 3

Compound 2 (35 mg, 0.16 mmol) was refluxed with acetic
anhydride (1.0 ml) in the presence of pyridine (1.0 ml) for 30 min.
The water was added and the mixture was extracted with CH,Cl, (3

Table 1

Cytotoxicity of all compounds against cholangiocarcinoma cell lines.?
Compound IC50(uM)

KKU-100 KKU-M139 KKU-M156 KKU-M213 KKU-M214

Zerumbone NR NR NR NR NR
5 16.44 + 0.59 63.26 + 5.48 69.04 + 5.40 51.88 £2.25 59.65 + 7.39
6 NR NR NR 36.61 + 0.65 41.55 + 0.58
10 35.33 + 5.89 19.63 + 1.26 26.34 + 4.0 27.19 + 1.29 16.05 + 6.06
12 NR NR NR NR 52.61 + 3.88
13 NR NR NR NR 18.30 + 0.39
14 16.52 + 0.84 NR 48.20 + 1.85 37.63 + 2.4 51.00 + 0.78
17a—d NR NR NR NR 66.52 + 3.63
20 25.72 £ 2.60 55.88 + 4.4 37.30 £ 3.58 45.12 +£ 0.89 54.50 £ 1.5
Other NR NR NR NR NR
Ellipticine 2521 £0.2 4.5+ 0.28 9.34 + 1.66 1.62 + 0.08 1.01 + 0.02

NR = no response at > 75 uM.
2 Data shown are from triplicate experiments.
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Table 2
Crystal ligand structures used in this study.
Ligand PDB Resolution A
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MeO HN
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times). The organic layer was combined, washed with water, brine
and dried over anhydrous Na;SO4. Evaporation of solvent gave
a crude oil, which was purified by PLC (40% CH;Cly:Hexane) to give
a white solid of compound 3.

4.3.4. (+)-(2E,6E10E)-2,6,9,9-tetramethylcycloundeca-2,6,10-
trienyl acetate (3)

Yield 31 mg, 74%; mp 70—71 °C; IR vmax 2955, 1737, 1368,
1240 cm™!; TH NMR (CDCl3) 6 5.54 (1H, dd, J = 15.8, 7.4 Hz, H-11),
5.48 (1H, d,J = 7.4 Hz, H-1), 5.31 (1H, d, ] = 15.8 Hz, H-10), 5.26 (1H,
t,J] = 7.7 Hz, H-3),4.84 (1H, dd, ] = 10.6, 4.2 Hz, H-7), 2.12—2.20 (3H,
m, 2H-4 and H-8), 2.02—2.10 (2H, m, H-5), 2.06 (3H, s, CH3 of OAc),
1.78—1.84 (1H, m, H-8), 1.64 (3H, s, CH3-12), 1.45 (3H, s, CH3-13),

Table 3
Docking of crystal inhibitors.
Ligand Macromolecule Members in the  Epinding RMSD from
highest cluster  (kcal/mol)  crystal orientation
(A)
I CDK-2 87 —7.32 0.71
I CDK-5 93 —6.53 0.92
110 EGFR 67 —7.69 1.67
v GSK-3 150 -9.14 0.56

Table 4
Geometric filters for training set of compound 5.
Kinase Number of  Geometric filters Epinding
EIES sl Amino acid ~ H-bonding  Distance (Letjfmrel)
residue atom (A)
CDK-2 2 Asp145 0 (C=0) 2.211 —6.18
Asp145 N (NHy) 2.161
CDK-5 0 - - — —6.06
EGFR 2 Lys721 0 (C=0) 1.951 -7.24
Asp831 N (NH,) 1.718
GSK-3 0 - - — —5.48

1.08 (3H, s, CH3-14 or 15), 1.07 (3H, s, CH3-15 or 14); *C NMR
(CDCl3) 6 170.4 (C=0 of OAc), 140.8 (C2), 138.7 (C6), 133.2 (C11),
127.7 (C7),127.1 (C10),124.7 (C3), 79.9 (C1), 41.1 (C8), 39.2 (C5), 37.3
(C9),29.5 (CH3-14 or 15), 23.8 (CH3-15 or 14), 23.0 (C4), 21.2 (CH3 of
OAc), 15.0 (CH3-13), 13.2 (CH3-12); HRMS m/z calcd mass for
C17H2607 285.1825 [M + Na]*, found 285.1835.

4.3.5. Preparation of compound 4

To a solution of compound 2 (39 mg, 0.18 mmol) in EtOAc
(0.5 ml) was added mCPBA (37.4 mg, 0.22 mmol) at 0 °C. The
solution was stirred for 1 h and then allowed to warm at room
temperature for 24 h. The water was added and the mixture was
extracted with EtOAc (3 times). The organic layer was combined,
washed with water, brine and dried over anhydrous Na;SOj4.
Evaporation of solvent gave a crude oil, which was purified by PLC
(25% EtOAc:hexane) to give a white solid of 4.
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Fig. 1. Binding orientation of compound 5 on EGFR kinase.
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4.3.6. (+)-[6E,10E]-2,3-epoxy-2,6,9,9-tetramethylcycloundeca-
6,10-dienol (4)

Yield 41 mg, 15%; mp 84—85 °C; IR vmax 3418, 2959, 1388, 1268,
1059 cm~!; TH NMR (CDCl3) 6 5.30 (1H, dd, J = 16.0, 6.9 Hz, H-11),
5.23 (1H, d, J = 16.0 Hz, H-10), 4.95 (1H, dd, J = 10.7, 3.7 Hz, H-7),
3.57 (1H, d, J = 7.5 Hz, H-1), 2.46 (1H, dd, J = 9.9, 4.3 Hz, H-3),
2.20—2.32 (2H, m, H-4 and H-5), 2.00—2.12 (2H, m, H-5 and H-8),
1.82 (1H, brd, J = 13.7 Hz, H-8), 1.55 (3H, s, CH3-13), 1.36—1.44 (1H,
m, H-4), 1.32 (3H, s, CH3-12), 1.12 (3H, s, CH3-14 or 15), 1.08 (3H, s,
CH3-15 or 14); 3C NMR (CDCl5) 6 142.7 (C10), 132.0 (C6), 125.7 (C7),
125.2 (C11), 81.6 (C1), 65.6 (C2), 60.5 (C3), 40.2 (C8), 36.4 (C9), 36.1
(C5),30.9 (CH5-14 or 15), 29.8 (CH3-15 or 14), 24.5 (C4), 15.0 (CH3-
13), 10.6 (CH3-12); HRMS my/z calcd mass for Ci5H240, 237.1849
[M + HJ*, found 237.1848.

4.3.7. Preparation of amines 5, 6 and 7

A mixture of compound 1 (50 mg, 0.23 mmol) in MeCN
(1.0 mL) and ammonia (30% in water, 2.0 mL) was stirred for 5
days at room temperature. The solution was concentrated on
a rotary evaporator under reduced pressure. The water was added
and the mixture was extracted with EtOAc (3 times). The organic
layer was combined, washed with water, brine and dried over
anhydrous NaySO4. Evaporation of solvent gave a crude oil, which
was purified by PLC (10% MeOH:EtOAc) to give a white solid of
compound 5. The reaction of compound 1 with n-butylamine or
benzylamine (excess, 4.0 mL) gave a yellow oil of 6 and a white
solid of 7, respectively.

4.3.8. (+)-[6E,10E]-3-amino-2,6,9,9-tetramethylcycloundeca-6,10-
dienone (5)

Yield 32 mg, 56%; mp 90—91 °C; IR vmax 3373, 3304, 1677, 1625,
1451, 995 cm™'; '"H NMR (CD30D) 6 6.13 (1H, d, ] = 16.1 Hz, H-10),
6.08 (1H, d, J = 16.1 Hz, H-11), 5.04 (1H, dd, J = 11.7, 4.4 Hz, H-7),
3.23-3.35(1H, m, H-3), 2.65 (1H, dq, ] = 6.6, 2.9 Hz, H-2), 2.20 (1H,
t, ] = 12.4 Hz, H-8), 1.98—2.06 (1H, m, H-5), 1.78—1.90 (2H, m, H-5
and H-8),1.30 (3H, s, CH3-13), 1.10 (3H, s, CH3-14 or 15), 1.08 (3H, s,
CH3-15 or 14), 0.98—1.02 (2H, m, H-4), 0.90 (3H, d, J = 6.6 Hz, CH3-
12); 13C NMR (CD30D) 6 202.6 (C1), 152.5 (C10), 137.7 (C6), 127.8
(C11),122.2 (C7), 54.4 (C2), 52.7 (C3), 41.2 (C8), 39.9 (C9), 37.7 (C5),
29.9(C4),28.7 (CH3-14 or 15), 22.7 (CH3-15 or 14),16.2 (CH3-13), 5.7
(CH3-12).

4.3.9. (+)-[6E,10E]-3-butylamino-2,6,9,9-tetramethylcycloundeca-
6,10-dienone (6)

Yield 62 mg, 93%; IR vmax 3332, 1693, 1674, 1626, 1455,
998 cm~!; "HNMR (CDCl3) 6 6.12 (1H, d, ] = 16.1 Hz, H-10), 5.58 (1H,
d,J = 16.1 Hz, H-11), 5.00 (1H, dd, J = 11.7, 4.6 Hz, H-7), 2.97—2.99
(1H, m, H-3), 2.84—-2.92 (1H, m, H-2), 2.60—2.66 (1H, m, H-1"),
2.47-2.55(1H, m,H-1’),2.12 (1H, t,J = 12.3 Hz, H-8),1.95—2.02 (1H,
m, H-5), 1.78—1.81 (2H, m, H-5 and H-8), 1.40—1.50 (2H, m, H-2'),
1.25—-1.33 (2H, m, H-3’), 1.28 (3H, s, CH3-13), 1.10 (3H, s, CH3-14 or
15), 1.08 (3H, s, CHs-15 or 14), 0.90—1.00 (2H, m, H-4), 0.85 (3H, t,
J = 7.3 Hz, H-4'), 0.80 (3H, d, ] = 6.6 Hz, CH3-12); >C NMR (CDCl3)
6 203.2 (C1), 152.0 (C10), 138.1 (C6), 127.7 (C11), 122.0 (C7), 58.5
(C3), 48.6 (C2), 46.8 (C1'), 41.3 (C8), 40.0 (C9), 38.3 (C5), 31.9 (C2),
28.8 (CH3-14 or 15), 28.7 (C4), 22.7 (CH3-15 or 14), 20.4 (C3'), 16.2
(CHs-13),13.9 (C4'), 5.9 (CH3-12).

4.3.10. (£)-[6E,10E]-3-benzylamino-2,6,9,9-
tetramethylcycloundeca-6,10-dienone (7)

Yield 51 mg, 68%; mp 80—82 °C; IR vmax 3421, 2922, 1687, 1624,
1042, 744, 701 cm~'; 'H NMR (CDCl3) ¢ 7.26—7.60 (5H, m, Ar-H),
6.05 (1H, d, J = 16.1 Hz, H-10), 5.65 (1H, d, ] = 16.1 Hz, H-11), 4.54
(1H, dd, J = 11.8, 4.2 Hz, H-7), 4.02 (1H, d, ] = 13.6 Hz, H-1'), 3.77
(1H, d, J = 13.6 Hz, H-1'), 3.00 (1H, dq, ] = 6.6, 2.7 Hz, H-2), 2.92

(1H, dd, J = 7.5, 2.7 Hz, H-3), 2.10 (1H, t, ] = 12.3 Hz, H-8),
1.92—1.99 (1H, m, H-5), .61 (NH), 1.75 (1H, t, J = 12.0 Hz, H-5), 1.68
(1H, dd, J = 12.0, 4.5 Hz, H-8), 1.31 (3H, s, CH3-13), 1.08 (3H, s, CH3-
14 or 15), 1.01-1.05 (1H, m, H-4), 0.96 (3H, d, ] = 6.6 Hz, CH5-12),
0.86—0.94 (1H, m, H-4), 0.77 (3H, s, CH3-15 or 14); >C NMR
(CDCl3) 6 203.1 (C1), 151.4 (C10), 140.0 (C-Ar), 137.9 (C-Ar), 137.9
(C6), 128.6 (C-Ar), 128.4 (C-Ar), 127.9 (C11), 127.3 (C-Ar), 121.9 (C7),
56.0 (C3), 50.5 (C1'), 47.4 (C2), 41.3 (C8), 39.7 (C9), 37.5 (C5), 29.0
(CH3-14 or 15), 28.9 (C4), 22.7 (CH3-15 or 14), 16.4 (CH3-13), 6.0
(CH3-12); HRMS m/z caled mass for Cy;H31NO 348.2303
[M + Na]™, found 348.2303.

4.3.11. Preparation of compounds 8 and 9

Compound 5 (or 6) (0.34 mmol) reacted with acetic anhydride
(1.0 mL) in the presence of pyridine (1.0 mL) at O °C for 8 h. The
water was added and the mixture was extracted with EtOAc (3
times). The organic layer was combined, washed with water, brine
and dried over anhydrous Na;SO4. Evaporation of solvent gave
a crude oil, which was purified by PLC (50% EtOAc:hexane) to give
a white solid of 8 or a yellow solid of 9, respectively.

4.3.12. (£)-[6E,10E]-3-(N-Acetylamino)-2,6,9,9-tetramethyl-
cycloundeca-6,10-dienone (8)

Yield 92 mg, 92%; mp 199—200 °C; IR vmax 3300, 1694, 1633,
1547 cm™'; "H NMR (CDCl3) 6 6.40 (1H, d, ] = 16.2 Hz, H-11), 6.14
(1H, d, ] = 16.2 Hz, H-10), 5.15 (1H, dd, J = 11.7, 4.2 Hz, H-7), 4.47
(1H, br d, J = 8.3 Hz, H-3), 2.90 (1H, dq, ] = 6.7, 2.6 Hz, H-2), 2.20
(1H, t,] = 12.3 Hz, H-8), 1.98 (3H, s, CH3 of NHAC), 1.90—1.96 (1H, m,
H-5),1.85 (1H, dd, ] = 13.0, 4.4 Hz, H-8),1.70 (1H, t, ] = 12.3 Hz, H-5),
136 (3H, s, CH5-13), 1.19 (3H, s, CH3-14 or 15), 1.13 (3H, s, CH3-15 or
14), 0.95—1.00 (2H, m, H-4), 0.95 (3H, d, J = 6.7 Hz, CH3-12); 3C
NMR (CDCl3) 6 202.6 (C1), 170.7 (C=0 of NHAc), 152.1 (C10), 136.5
(C6),128.4 (C11),123.2 (C7), 50.8 (C2), 50.7 (C3), 41.5 (C8), 40.0 (C9),
37.0 (C5), 28.8 (CH3-14 or 15), 27.4 (C4), 22.9 (CH3 of NHAC), 22.8
(CH3-15 or 14), 16.3 (CH3-13), 6.6 (CH3-12); HRMS m/z calcd mass
for C17H7N0, 300.1939 [M + Na]*, found 300.1939.

4.3.13. (+)-[6E,10E]-3-(N-Acetylbutylamino)-2,6,9,9-
tetramethylcycloundeca-6,10-dienone (9)

Yield 97 mg, 85%; mp 72—73 °C; IR vmax 3554, 3476, 1693,
1619 cm™!; 'H NMR (CDCl3) 6 6.62 (1H, d, J = 16.2 Hz, H-11), 6.16
(1H, d, J = 16.2 Hz, H-10), 514-5.20 (2H, m, H-3 and H-7),
3.28-3.60 (1H, m, H-1’), 3.14-3.23 (1H, m, H-1’), 2.80 (1H, dq,
J = 6.7, 2.2 Hz, H-2), 2.22—2.32 (1H, m, H-8), 2.18 (3H, s, CH3 of
NHACc), 1.95 (1H, dd, J = 12.5, 6.5 Hz, H-5), 1.87 (1H, dd, J = 13.2,
4.3 Hz, H-8),1.56—1.66 (2H, m, H-4 and H-5), 1.46—1.56 (2H, m, H2'),
1.41 (3H, s, CH3-13),1.28—1.36 (2H, tq, ] = 14.7, 7.3 Hz, H3’),1.26 (3H,
s, CH3-14 or 15), 1.15 (3H, s, CHs-15 or 14), 0.99 (3H, d, ] = 6.7 Hz,
CH3-12), 0.94 (3H, t, ] = 7.3 Hz, H-4'), 0.80—0.90 (1H, m, H-4); 13C
NMR (CDCl3) 6 202.5 (C1), 171.8 (C=0 of NHAc), 151.7 (C10), 136.2
(C6),128.8(C11),123.7 (C7), 54.1 (C3),51.7(C2),45.9 (C1"), 41.7 (C8),
40.2 (€9), 37.1 (C5), 33.3 (C2'), 29.0 (CH3-14 or 15), 23.1 (CH3-15 or
14), 23.0 (C4), 22.3 (CH3 of NHACc), 20.2 (C3’), 16.3 (CH3-13), 13.7
(C4'), 8.3 (CH3-12); HRMS my/z calcd mass for C21H35N0; 356.2565
[M + Na]*, found 356.2566.

4.3.14. Preparation of compounds 10 and 11

To a solution of compound 6 (or 8) (0.10 mmol) in MeOH
(1.0 mL) was added NaBH4 (0.15 mmol) at 0 °C and the solution
was stirred for 3 h. The reaction mixture was quenched with 10%
HCI (10 mL) and extracted with EtOAc (3 times). The organic layer
was combined, washed with water, brine and dried over anhy-
drous Na,S0O4. Evaporation of solvent gave a crude oil, which was
purified by PLC (100% EtOAc) to give a white solid of compound 10
(or 11).
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4.3.15. (£)-[6E,10E]-3-butylamino-2,6,9,9-
tetramethylcycloundeca-6,10-dienol (10)

Yield 81%; IR vmax 3428, 2959, 1563, 1413, 1022 cm™'; '"H NMR
(CDCl3) 6 5.26 (1H, br d, J = 15.3 Hz, H-10), 4.98—5.10 (2H, m, H-7
and H-11), 3.98 (1H, br s, H-1), 2.58—2.70 (1H, m, H-3), 2.40—2.52
(2H, m, H-1'), 2.02—2.12 (1H, m, H-8), 1.80—1.94 (3H, m, H-2 and
2H-5), 1.68 (1H, t, J = 13.0 Hz, H-8), 1.54 (3H, s, CH3-13), 1.38—1.46
(2H, m, H-2'), 1.20—1.30 (4H, m, 2H-4 and 2H-3'), 1.00 (6H, s, 2CH3-
14,15),0.88 (3H, d, ] = 6.9 Hz, CH3-12), 0.84 (3H, t, ] = 7.2 Hz, H-4');
13C NMR (CDCl3) 6 145.1 (C10), 140.2 (C6), 128.8 (C11), 128.4 (C7),
79.9 (C1), 60.2 (C3), 50.8 (C2), 44.4 (C1’), 44.1 (C8), 42.1 (C9), 39.0
(C5), 34.7 (C4), 31.9 (CH3-14 or 15), 29.4 (CH3-15 or 14), 27.8 (C2),
24.3 (C3'), 23.0 (CH3-13), 17.6 (C4'), 11.7 (CH3-12); HRMS my/z calcd
mass for C1gH3sNO 294.2797 [M + H]", found 294.2798.

4.3.16. (+)-[6E,10E]-3-(N-Acetylamino)-2,6,9,9-
tetramethylcycloundeca-6,10-dienol (11)

Yield 54%; mp 84—85 °C; IR wmax 3383, 1632, 1290, 1023,
978 cm~!; 'TH NMR (CDCl3) 6 5.23—5.36 (2H, m, H-10 and H-11), 5.13
(1H, d, ] = 8.0 Hz, H-7), 419—4.23 (1H, m, H-1), 2.88—2.91 (1H, m,
H-3), 1.90—2.02 (2H, m, H-2 and H-8), 1.89 (3H, s, CH3 of NHAC),
1.77—1.83 (1H, m, H-8), 1.58—1.63 (2H, m, H-5), 1.57 (3H, s, CH3-13),
1.11-1.28 (2H, m, H-4), 1.12 (3H, 5, CH3-14 or 15), 1.03 (3H, 5, CH3-15
or 14),0.91 (3H, d, ] = 7.3 Hz, CH3-12); >*C NMR (CDCl3) 6 170.4 (C=
0 of NHAc), 138.9 (C10), 136.2 (C6), 126.4 (C11), 124.1 (C7), 74.7 (C1),
48.1(C3),42.9(C8), 41.3 (C9), 38.2 (C2), 35.4 (C5), 27.8 (CH3-14, 15),
23.0(C4), 22.9 (CH3 of NHAC), 18.0 (CH3-13), 8.9 (CH3-12); HRMS m/
z calcd mass for C17Ha9NO2 302.2096 [M + Na]™, found 302.2096.

4.3.17. Preparation of compound 12

To a solution of 1 (39 mg, 0.18 mmol) in EtOAc (0.5 mL) was
added mCPBA (37.4 mg, 0.22 mmol) at 0 °C, the solution was stirred
for 1 h and then allowed to warm at room temperature for 24 h. The
water was added and the mixture was extracted with EtOAc (3
times). The organic layer was combined, washed with water, brine
and dried over anhydrous Na;SO4. Evaporation of solvent gave
a crude oil, which was purified by PLC (20% EtOAc:hexane) to give
a crytalline solid of compound 12.

4.3.18. (+)-[2E,10E]-6,7-epoxy-2,6,9,9-tetramethylcycloundeca-
2,10-dienone (12)

Yield 41 mg, 97%; mp 84—85 °C; IR vmax 2963, 1656, 1262, 1119,
971 cm~'; "TH NMR (CDCl3) 6 6.02—6.10 (3H, m, H-3, H-10 and H-11),
2.70 (1H, dd, J = 11.2, 1.5 Hz, H-7), 2.34—2.45 (2H, m, H-4),
2.21-2.27 (1H, m, H-5), 1.89 (1H, d, J = 14.0 Hz, H-8), 1.80 (3H, s,
CH3-12),1.41 (1H, dd, ] = 14.0,11.2 Hz, H-8), 1.26—1.34 (1H, m, H-5),
1.25(3H, s, CH3-14 or 15), 1.18 (3H, s, CH3-13), 1.03 (3H, s, CH3-15 or
14); '3C NMR (CDCl3) 6 202.8 (C1),159.4 (C10), 147.7 (C3),139.4 (C2),
128.2 (C11), 62.7 (C7), 61.3 (C6), 42.6 (C8), 38.1 (C5), 35.9 (C9), 29.7
(CH3-14 or 15), 24.6 (C4), 24.0 (CH3-15 or 14), 15.6 (CH3-13), 12.0
(CH3-12); HRMS my/z calcd mass for C15Hp20, 257.1517 [M + Na|t,
found 257.1517.

4.3.19. Preparation of compounds 13—15
The synthesis of compounds 13—15 was similar as described in
the preparation of compounds 5—7.

4.3.20. (&)-[10E]-3-amino-6,7-epoxy-2,6,9,9-
tetramethylcycloundeca-10-enone (13)

Yield 51%; mp 126—127 °C; IR vmax 3382, 1693, 1631, 1009,
914 cm~; TH NMR (CDCl3) 6 6.29 (1H, d, J = 16.0 Hz, H-11), 6.20
(1H, d,J = 16.0 Hz, H-10), 3.12—3.17 (1H, m, H-3), 2.62—2.68 (2H, m,
H-2 and H-7), 2.00—-2.06 (1H, m, H-5), 1.84 (1H, t,J = 12.5 Hz, H-8),
130 (1H, dd, J = 11.3, 2.5 Hz, H-8), 1.20 (3H, s, CH3-14 or 15), 1.06
(3H, s, CHs-15 or 14), 1.04 (3H, s, CH3-13), 0.94—0.98 (3H, m, 2H-4

and H-5), 0.90 (3H, d, J = 6.7 Hz, CH3-12); >C NMR (CDCls3) 6 203.1
(C1), 150.8 (C10), 127.7 (C11), 62.0 (C6), 60.7 (C7), 54.3 (C3), 53.2
(C2), 40.2 (C8), 36.6 (C5), 36.1 (C9), 29.4 (CH3-14 or 15), 27.4 (C4),
23.1 (CH3-15 or 14), 16.6 (CH3-13), 5.6 (CH3-12); HRMS m/z calcd
mass for C15sHogNO; 252.1964 [M + HJ, found 252.1962.

4.3.21. (+)-[10E]-3-butylamino-6,7-epoxy-2,6,9,9-
tetramethylcycloundeca-10-enone (14)

Yield 15%; mp 76—77 °C; IR vmax 3434,1688,1628,1114,917 cm’1;
TH NMR (CDCl5) 6 6.30 (1H, d, J = 16.0 Hz, H-11), 6.25 (1H, d,
J=16.0Hz,H-10),2.92—3.00 (2H, m, H-2 and H-7), 2.66—2.74 (2H, m,
H-3 and H-1'), 2.44—2.52 (1H, m, H-1'), 2.05—2.09 (1H, m, H-5), 1.90
(1H,d,J = 13.8 Hz, H-8),1.42—1.50 (2H, m, H-2'), 1.34—1.41 (3H, m, H-
8 and 2H-3'),1.26 (3H, s, CH3-14 or 15),1.15 (3H, s, CH3-15 or 14),1.10
(3H, s, CH3-13),1.00—1.10 (2H, m, H-4), 1.00—1.05 (1H, m, H-5), 0.93
(3H, t, ] = 7.2 Hz, H-4'), 0.90 (3H, d, ] = 6.4 Hz, CH3-12); *C NMR
(CDCl3)$203.8(C1),150.3(C10),127.8 (C11),62.0(C6),60.7 (C7), 60.7
(C3), 47.8 (C2), 47.0 (C1’), 40.5 (C8), 37.2 (C5), 36.2 (C9), 32.4 (C2"),
29.6 (CH3-14 or 15), 26.2 (C4), 23.3 (CHs-15 or 14), 20.4 (C3'), 16.8
(CH3-13), 14.0 (C4’), 5.8 (CH3-12); HRMS m/z calcd mass for
C19H34N0O; 308.2590 [M + H]|*, found 308.2593.

4.3.22. (+)-[10E]-3-benzylamino-6,7-epoxy-2,6,9,9-
tetramethylcycloundec-10-enone (15)

Yield 18%; mp 80—81 °C; IR ymax 3350, 1686, 1626, 1113, 917, 749,
704 cm~!; TH NMR (CDCls) 6 7.28—7.42 (5H, m, Ar-H), 6.16 (1H, d,
J = 16.0 Hz, H-10), 5.84 (1H, d, J = 16.0 Hz, H-11), 4.02 (1H, d,
J=13.4Hz,H-1'),3.72 (1H,d,] = 13.4 Hz, H-1'),3.00 (1H, dg, ] = 6.6,
3.2 Hz, H-2),2.80 (1H, dd, J = 9.3, 3.2 Hz, H-3), 2.14 (1H, dd, ] = 11.2,
1.6 Hz, H-7), 2.00 (1H, dd, J = 8.6, 8.2 Hz, H-5), 1.74 (1H, d,
J = 13.5 Hz, H-8), 1.20—1.28 (1H, m, H-8), 1.08—1.14 (2H, m, H-4),
1.06 (3H, s, CH3-14 or 15), 1.04 (3H, s, CH3-13), 0.96 (3H, d,
J = 6.6 Hz, CH3-12), 0.90 (3H, s, CH3-15 or 14); 3C NMR (CDCls)
6 203.8 (C1), 150.1 (C10), 139.7 (C-Ar), 128.7 (C-Ar), 128.4 (C-Ar),
127.7 (C11), 127.5 (C-Ar), 61.7 (C6), 60.4 (C7), 57.2 (C3), 50.3 (C1"),
46.4 (C2), 40.7 (C8), 36.5 (C5), 36.0 (C9), 29.6 (CH3-14 or 15), 25.9
(C4), 23.0 (CH3-15 or 14), 16.8 (CH3-13), 5.7 (CH5-12); HRMS m/z
calcd mass for CopH3pNO; 342.2433 [M + H]™, found 342.2433.

4.3.23. Preparation of compound 16
Acetylation reaction of compound 13 (23 mg 0.08 mmol) was
similar as described above.

4.3.24. (&)-[10E]-3-(N-Acetylamino)-6,7-epoxy-2,6,9,9-
tetramethylcycloundeca-10-enone (16)

Yield 15.6 mg, 66%; mp 205—206 °C; IR vmax 3243, 3072, 1699,
1632, 1551, 1107, 916 cm~'; 'H NMR (CDCl5) 6 6.59 (1H, d,
J=16.1Hz,H-11),6.29 (1H, d, ] = 16.1 Hz, H-10), 4.47 (1H, dt, ] = 7.5,
3.1 Hz, H-3),2.96 (1H, dq,J = 6.7,3.1 Hz, H-2),2.85 (1H, dd, ] = 11.2,
1.7 Hz, H-7), 1.98—2.03 (1H, m, H-5), 2.01 (3H, s, CH3 of NHAC),
1.90—1.95 (1H, m, H-8),1.36—1.41 (1H, dd,J = 11.2, 2.5 Hz, H-8), 1.34
(3H, s, CH3-13), 1.19—1.28 (1H, m, H-4), 1.15 (3H, s, CH3-14 or 15),
112 (3H, s, CHs-15 or 14), 1.00—1.06 (1H, m, H-4), 0.95 (3H, d,
J = 6.7 Hz, CH3-12), 0.95-0.98 (1H, m, H-5); >C NMR (CDCl3)
6 202.6 (C1), 170.1 (C=0 of NHAc), 150.6 (C10), 128.4 (C11), 61.1
(C6), 60.3 (C7), 52.0 (C3), 49.7 (C2), 40.8 (C8), 36.3 (C9), 36.0 (C5),
29.5 (CH3-14 or 15), 24.9 (C4), 23.4 (CH5-13), 23.3 (CH;3 of NHAC),
16.8 (CH3-15 or 14), 6.5 (CHs-12); HRMS m/z calcd mass for
C17H27NO3 316.1889 [M + Na]™, found 316.1889.

4.3.25. Preparation of compounds 17a-d

To a solution of compound 1 (66 mg, 0.30 mmol) in MeCN
(1.0 mL) was added the solution of KCN (63 mg, 0.97 mmol) in H,0
(1.0 mL), the reaction mixture was stirred for 3 days at 40 °C. The
reaction mixture was quenched with H,O (10 mL) and extracted
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with EtOAc (3 times). The organic layer was combined, washed
with water, brine and dried over anhydrous Na,SO4 and evaporated
to dryness. Purification of crude oil by PLC (30% EtOAc:Hexane)
gave a white solid of a major diastereomer 17a.

4.3.26. (+)-[6E]-3,10-dicyano-2,6,9,9-tetramethylcycloundeca-6-
enone (17a)

Yield 35 mg, 42%; mp 115-116 °C; IR vpax 2962, 2234,
1726 cm™!; TH NMR (CDCl3) ¢ 5.11 (1H, dd, J = 10.5, 4.0 Hz, H-7),
3.36 (1H, dd, ] = 19.4, 5.2 Hz, H-11), 3.25-3.28 (1H, m, H-10),
2.83—2.86 (2H, m, H-2 and H-3), 2.50 (1H, dd, ] = 19.4, 3.2 Hz, H-11),
2.12-2.22 (3H, m, 2H-8 and H-5), 1.84—1.92 (3H, m, 2H-4 and H-5),
1.45 (3H, s, CH3-13),1.26 (3H, s, CH3-14 or 15),1.22 (3H, d, ] = 6.8 Hz,
CH3-12), 1.16 (3H, s, CH3-15 or 14); >C NMR (CDCl3) 6 202.2 (C1),
136.1 (C6),122.1 (C7), 121.9 (CN at C10), 121.6 (CN at C3), 45.9 (C3),
41.3 (C8), 41.1 (C11), 38.9 (C5), 35.9 (€9), 33.5 (C10), 33.3 (C2), 31.9
(CHs-14 or 15), 24.5 (C4), 21.5 (CH3-15 or 14), 16.3 (CH3-13), 11.2
(CH3-12); HRMS m/z calcd mass for C17H24N>0 295.1786 [M + Na]™,
found 295.1787.

4.3.27. Preparation of compound 20

Dimethylamine derivative 18 was prepared in the same proce-
dure as described above and used as the starting material for the
further step. A mixture of 18 (50 mg, 0.19 mmol) and KCN
(210.3 mg, 3.2 mmol) in MeCN:H,0 (1:0.5 mL) was stirred for 2
days at 15 °C. The solution was concentrated on a rotary evaporator
under reduced pressure. The water was added and the mixture was
extracted with EtOAc (3 times). The organic layer was combined,
washed with water, brine and dried over anhydrous Na;SOgj.
Evaporation of solvent gave a crude oil, which was purified by PLC
(50% EtOAc:hexane) to give a white solid of compound 20.

4.3.28. [2E,6E]-10-cyano-2,6,9,9-tetramethylcycloundeca-2,6-
dienone (20)

Yield 32 mg, 60% in the final step; mp 104—105 °C; IR vax 2966,
2232,1672,1461,1267,817 cm™'; '"H NMR (CDCl3) 6 5.95—6.05 (1H,
m, H-3), 5.11 (1H, t, ] = 5.9 Hz, H-7), 2.88—3.07 (1H, br s, H-11),
2.72—2.80 (1H, m, H-10), 2.53—2.66 (1H, m, H-11), 2.42—2.52 (1H,
m, H-5), 2.24—2.42 (3H, m, 2H-4 and H-5), 2.00—2.22 (2H, m, H-8),
1.79 (3H, s, CHs-12), 1.57 (3H, s, CH3-13), 1.19 (3H, s, CH3-14 or 15),
1.07 (3H, s, CH3-15 or 14); >C NMR (CDCl3) 6 202.9 (C1), 143.7 (C3),
137.0 (C6), 134.9 (C2), 122.8 (C7), 120.2 (CN at C10), 39.9 (C8), 39.6
(C4),39.0(C11), 37.3 (C9), 36.6 (C10), 28.3 (CH3-14 or 15), 25.8 (CH3-
15 or 14), 24.6 (C5), 15.8 (CH3-13), 12.5 (CH3-12); HRMS m/z calcd
mass for C1gH23NO 268.1677 [M + Na]™, found 268.1677.

4.4. Cytotoxicity assay

Cytotoxic activity of the compounds was determined by the
sulforhodamine B (SRB) assay [17]. Briefly, 190 mL/well of cell
suspensions (0.5—1.0 x 10° cells/mL) were seeded in 96-well plates
and incubated at 37 °C for 24 h. Then 10 mL/well of each concen-
tration of the compounds was added in triplicate to obtain final
concentration of 0.025, 0.16, 0.8, 4 and 20 pg/well and 0.1% DMSO
was used as the solvent-control wells. The plates were incubated
for 1 h (starting cells) and 72 h at 37 °C. At the end of each exposure
time, the medium was removed. The cells were fixed with 20% (w/
v) trichloroacetic acid (TCA, Sigma, St. Louis, MO, USA) at4°Cfor 1 h
and stained with 0.4% (w/v) SRB (Sigma) dissolved in 1% acetic acid
(Sigma) at room temperature for 30 min. After five times washing
with 1% acetic acid, protein-bound dye was solubilized with 10 mM
Tris base, pH10 (Sigma) and the absorbance (OD) at 510 nm was
determined with an ELISA plate reader (ELX-800; Bio-Tek Instru-
ments, Inc.). Percentage cell viability was calculated as: [(OD
treated cells on day 3—OD starting cells)/(OD control on day 3—OD

starting cells)] x 100. Dose-response curves were plotted and
growth inhibition of 50% (ICs9) was determined at compound
concentration which results in 50% reduction of total protein
increase in control cells.

4.5. Investigation the target protein of compounds 1 and 5 by
docking study

4.5.1. Template preparation

A crystallographic structure of cyclin-dependent Kkinases 2
(CDK-2) [23], cyclin-dependent kinases 5 (CDK-5) [24], epidermal
growth factor receptor (EGFR) [25] and glycogen synthase kinase 3
(GSK-3) [26] bound to the selective inhibitor 4-[3-hydroxyanilino]-
6,7-dimethoxyquinazoline (ligand I) for CDK-2, 6-phenyl[5H]|pyr-
rolo[2,3-b]pyrazine (ligand II) for CDK-5, [6,7-bis(2-methoxy-
ethoxy)quinazoline-4-yl]-(3-ethynylphenyl)amine (ligand III) for
EGFR and 6-bromoinidirubin-3’-oxime (ligand IV) for GSK-3 were
selected as the docking template. These structures were obtained
from the Protein Data Bank (http://www.rcsb.org/pdb/) (PDB
codes: 1DI8 for CDK-2, 1TUNG for CDK-5, 1M17 for EGFR and 1UV5
for GSK-3, Table 2). In order to prepare the target protein as
a template, ligand and crystallographic water were removed.
Hydrogens and Gasteiger charges were assigned by using Auto-
DockTools (ADT) [27]. Atomic salvation parameters, based on the
Stouten model, and fragmental volumes were added in accordance
with the AutoDock force field [28]. Cubic affinity grid maps for each
atom type in the ligand set (plus an electrostatics map) centered on
the cavity with dimensions of 45 x 45 x 45 A and 0.375 A spacing
between grid points were computed using AutoGrid 4.0 for each
protein model. Lennard—Jones parameters 12-10 and 12-6 were
used for modeling H-bonds and Van Der Waals interactions,
respectively.

4.5.2. Template validation

To validate the constructed templates, the crystal structures of
native ligands including ligands I, II, III and IV were used to redock
with its template, CDK-2, CDK-5, EGFR and GSK-3, respectively.

To prepare the inhibitors to dock to the constructed template, all
hydrogens were added and Gasteiger charges were assigned for all
inhibitors. ADT was used to merge nonpolar hydrogens and define
which bonds were rotatable for each ligand.

AutoDock 4 was employed to perform the docking calculation.
Each ligand was docked to the developed CDK-2, CDK-5, EGFR and
GSK-3 templates by using a Lamarkian genetic algorithm search
(LGA). Due to the stochastic nature of genetic search algorithms,
each ligand was docked in 150 trials. Docking trial for each ligand
was initiated with a randomly generated population of 150 ligand
orientations and the highest affinity configuration was selected
after 2 million energy evaluations had been performed. Standard
AutoDock parameters were used for the genetic algorithm: 2%
point mutation; 80% cross over rate; 6% local search rate.

The resulting ligand configurations, from 150 trials within a 2.0
RMSD (root-mean-square deviation) tolerance of each other, were
grouped together in clusters. The results of the docking experi-
ments were evaluated by calculating the positional RMSD of the
corresponding atoms of each conformation. The final docked
structure, RMSD from the bound crystal structure, docked energy
and predicted free energy of binding were all used to analyze its
interaction with the active site.

5. Molecular docking of 1 and 5 to the constructed protein
templates

To prepare 1 and 5 for docking with four constructed templates,
all hydrogens were added and Gasteiger charges were assigned
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[29]. The ADT was used to merge nonpolar hydrogens and define
which bonds were rotatable. 1 and 5 was docked to the four protein
templates by using a Lamarkian genetic algorithm search. Due to
the stochastic nature of genetic search algorithms, each ligand was
docked in 150 trials. Each docking trial for ligand was initiated with
arandomly generated population of 150 ligand orientations and the
highest affinity orientation was selected after 2 million energy
evaluations had been performed. Standard AutoDock parameters
were used for the genetic algorithm: 2% point mutation; 80% cross
over rate; 6% local search rate [28]. The resulting ligand orientations
from 150 trials with a 2.0 A RMSD tolerance of each other were
grouped together as clusters. The final docked structure, docked
energy and predicted free energy of binding were used for the
analysis of its interaction with the active site.

Acknowledgements

The authors are grateful to Associate Professor Dr. Banchob Sripa
for providing cholangiocarcinoma cell lines. Thai Research Fund
(DBG5180066) and The Center for Innovation in Chemistry (PERCH-
CIC) are gratefully acknowledged.

References

[1] B. Sripa, C. Pairojkul, Curr. Opin. Gastroenterol. 24 (2008) 349—356.
[2] K.A. McGlynn, R.E. Tarone, H.B. El-Serag, Cancer Epidemiol. Biomarkers Prev.
15 (2006) 1198—1203.

[3] LK. Sampson, S.M. Vickers, W. Ying, J.O. Phillips, Cancer Res. 57 (1997)
1743—-1749.

[4] M. Hopfner, D. Schuppan, H. Scheriibl, World Gastroenterol. 14 (2008)
7021-7032.

[5] N.R. Fransworth, N. Bunyapraphatsara, Thai Medicinal Plants. Prachachon,
Bangkok, Thailand, 1992, pp. 261-3.
[6] SR. Hall, S. Nimgirawath, CL. Roston, A. Sittatrakul, S. Thadaniti,
N. Thirasasana, A.H. White, Aust. ]. Chem. 34 (1981) 2243—2247.
[7] A. Murakami, D. Takahashi, T. Kinoshita, K. Koshimizu, H.W. Kim, A. Yoshihiro,
Y.Nakamura, S. Jiwajinda, J. Terao, H. Ohigashi, Carcinogenesis 23 (2002) 795—802.
[8] G.C. Huang, T.Y. Chien, C.C. Wang, Planta. Med. 71 (2005) 219—224.
[9] S. Alwi, S. Sakinah, M. Nallappan, A. Pihie, L. Hawariah, Malaysian J. Biochem.
Mol. Biol. 15 (2007) 19—-23.
[10] I Jantan, LA.A. Rafi, J. Jalil, Phytomedicine 12 (2005) 88—92.
[11] J.R. Dai, J.H. Cardellina, J.B. McMahon, M.R. Boyd, Nat. Prod. Lett. 10 (1997)
115-118.

[12] T. Kitayama, A. Furuya, C. Moriyama, T. Masuda, S. Fushimi, Y. Yonekura,
H. Kubo, Y. Kawai, S. Sawada, Tetrahedron: Asymmetry 17 (2006) 2311-2316.

[13] T. Kitayama, T. Yokoi, Y. Kawai, R.K. Hill, M. Morita, T. Okamoto, Y. Yamamoto,
V.V. Fokin, K.B. Sharpless, S. Sawada, Tetrahedron 59 (2003) 4857—4866.

[14] T. Kitayama, K. Yamamoto, R. Utsumi, M. Takatani, R.K. Hill, Y. Kawai,
S. Sawada, Biosci. Biotechnol. Biochem. 65 (2001) 2193—2199.

[15] T. Kitayama, T. Okamoto, RK. Hill, Y. Kawai, S. Takahashi, S. Yonemori,
Y. Yamamoto, K. Ohe, S. Uemura, S. Sawada, J. Org. Chem. 64 (1999)
2667—-2672.

[16] (a) N. Tepsiri, L. Chaturat, B. Sripa, W. Namwat, S. Wongkham,
V. Bhudhisawasdi, W. Tassaneeyakul, World ]. Gastroenterol. 11 (2005)
2748—2753;

(b) B. Sripa, S. Leungwattanawanit, T. Nitta, C. Wongkham, V. Bhudhisawasdi,
A. Puapairoj, C. Sripa, M. Miwa, World ]. of Gastroenterol 11 (2005)
3392-3397;

(c¢) P. Thuwajit, W. Chawengrattanachot, C. Thuwajit, B. Sripa, F.E.B. May,
B.R. Westley, N. Tepsiri, A. Paupairoj, S. Chauin, Hepatol. Res. 37 (2007)
295-304.

[17] P.Skehan, R. Storeng, D. Scdiero, A. Monks, J. McMahon, D. Vistica, J.T. Warren,
H. Bokesch, S. Kenney, M.R. Boyd, J. Natl, Cancer Inst. 82 (1990) 1107—1112.

[18] H. Lin, J.L. Juang, P.S. Wang, J. Biol. Chem. 279 (2004) 29302—29307.

[19] Y.M. Ahn, L. Vogeti, CJ. Liu, HK.R. Santhapuram, .M. White, V. Vasandani, L.A.
Mitscher, G.H. Lushington, P.R. Hanson, D.R. Powell, R.H. Himes, K.F. Roby,
Q. Ye, G.I. Georg, 15 (2007) 702—13.

[20] G.Y. Gwak, J.H. Yoon, C.M. Shin, Y.J. Ahn, J.K. Chung, Y.A. Kim, T.Y. Kim, H.
S. Lee, ]. Cancer Res. Clin. Oncol 131 (2005) 649—652.

[21] N. Jinawath, Y. Chamgramol, Y. Furukawa, K. Obama, T. Tsunoda, B. Sripa,
C. Pairojkul, Y. Nakamura, Hepatology 44 (2006) 1025—1038.

[22] K. Lim, C. Han, L. Xu, K. Isse, AJ. Demetris, T. Wu, Cancer Res. 68 (2008)
553—560.

[23] L. Shewchuk, A. Hassell, B. Wisely, W. Rocque, W. Holmes, ]. Veal, LF. Kuyper,
J. Med. Chem. 43 (2000) 133—138.

[24] M. Mapelli, L. Massimiliano, C. Crovace, M.A. Seeliger, LH. Tsai, L. Meijer,
A. Musachio, J. Med. Chem. 48 (2005) 671—679.

[25] J. Stamos, M.X. Sliwkowdki, C. Eigenbrot, ]. Biol. Chem. 277 (2002)
46265—46272.

[26] L. Meijer, A.L. Skaltsounis, P. Magiatis, P. Polychronopoulos, M. Knockaert,
M. Leost, X.P. Ryan, C.A. Vonica, A. Brivanlou, R. Dajani, C. Crovace,
C. Tarricone, A. Musacchio, S.M. Roe, L. Pearl, P. Greengard, Chem. Biol. 10
(2003) 1255—1266.

[27] S.J. Weiner, P.A. Kollman, D.A. Case, U.C. Singh, C. Ghio, G. Alahona, S. Profeta,
P. Weiner, J. Am. Chem. Soc. 106 (1984) 765—784.

[28] [a] G.M. Morris, D.S. Goodsell, R.S. Halliday, R. Huey, W.E. Hart, R.K. Belew, A.
J. Olson, J. Comput. Chem. 19 (1998) 1639—-1662;
(b) P.F.W. Stouten, C. Froemmel, H. Nakamura, C. Sander, Mol. Simulation 10
(1993) 97—-120;
(c) G.M. Morris, D.S. Goodsell, R. Huey, AJ. Olson, ]J. Comput. Aided. Mol. Des.
10 (1996) 293—304.

[29] ]J. Gasteiger, M. Marsili, Tetrahedron 36 (1980) 3219—3228.

Please cite this article in press as: U. Songsiang, et al., Cytotoxicity against cholangiocarcinoma cell lines of zerumbone derivatives, European
Journal of Medicinal Chemistry (2010), doi:10.1016/j.ejmech.2010.05.029




258 PERCH-CIC Congress v
. §2-P88
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Objeciive
To modify the structure of zerzzmbozm which was isolated from Zingiber zerumber Smith and
evalzate for their biological activities,

Mothods

Zerumbone (1), isolated from ngzber zerumbet Smith, was used as the starting material for
structural modification, Reduction of zerumbone by using NaBH, yielded zerambol 2. Treatment of
zerumbone with m-CPBA gave zermmbone epoxide 3 which was further reacted with various amines
affording Michael addition products 7, 8, 9 and 16. Amine derivatives 4, 5 and 6 were obtained by
treatment of zerumbone with Ni,, »-BuNH; and PRCHNH;, respectively, at room temperature for 5
days. Amides 11, 12 and 13 were synthesized by treatment of amines with acetic anhvdride in
pyridine. Zerumbone wag treated with KON in MeON-H,0 at 35.40°C, conjugated addition of cyanide-
ion at C3 and €10 double bonds led to dicyano 14 while reaction of 8 with excess KON at room
temperature gave dicyano 15 and aminonitrile 16. Bromination of 1 by using NBS in MeOH-HLO &
room temperature for 30 minutes vielded 17.

Rosults
Compounds 1-17 were evaluated for cytotoxicity against cholangiocarcinoma cell Hnes, KKU-
100, KKU-M13%, KKU-M156, KKU-M213 and KXU-M214. The results are shown in Table 1.

Table 1, Cvtotoxicity of zerumbone (1) and #s derivatives.

ICse{pg/mi)
Compound K100 KEKu- KKI- KXy- KKU-
M139 136 M213 M214
i NR NR NR NR NE
3 NR NR NE NR $2.3320.01
4 JRTA0.14 | 14804120 | 16254127 | 122140353 | 14.84+1.74
5 NR NR NE 19.676,19 1 12,1120.17
T 5.08+8.26 NR 14822057 1 11.5720.74 | 15.68:0.24
14 NR NE NE NE 18.12+0.9%
15 NR NR NR NE 11.472£2.72
17 NR NE NR 13,2543.00 1 16.62%1 18
Other NR NR NR NE NR
Ellipticine | 7.1130.09 $.2140.03 2622011 030:£0.001 | 0.5430.04
Conclusion

The chemical transformation of zerumbome such as reduction, oxidstion, amination,
acetylation, cyanation and bromination was performed.  Zerumbone showed noe cylotoxicity against
five human cholangiccarcinoma cell lines, Ameong ail derivatives, compounds 4 and 7 exhibited strong
cytotoxicity against cholangiocarcinoma KKU-100 cell ine with ICso values of 3.87 and 5.08 pg/mi.

Keywords: zerumbone, Zingiber zerumbet Smaith, cholangiocarcinoma
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Synthesis of Bioreductive Esters from Zerumbone Derivatives,
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Abstract: The bioreductive esters have been synthesized.
Their structeres composed of trimethy! lock containing
quinone propionic acid with an ester linkage to the
zerambone derivatives, The synthesized esters are aimed
to act via reductive activation specifically at the cancer
cells, resulting from hypoxia and overexpression of
reductases. Quinone delivery systems containing a
trimethyl Jock have been designed fo release foxic
moieties  selectively  and  preferentially  under
reductive/bypoxic conditions. Therefore, the toxicity will
be lessened during distribution across the normal cells,
The anticancer activity was determined in cancer cell
tines with reported redactase Lo, MCF.7 and NCI-HIS?
#5 well as in non-reduoctase containing cancer cells; KB
cells. Bioclogical evaluation especially toxicity assessment
on the synthesized esters will be reported,

Introduction

The bicreductive agents are drug active prodrugs
under conditions of either low oxygen fension or
andergo the specific enzyme reductases [1,2]).  For
example, bioreductive agents are use in clinical such
as mitornycin C, porfiremycin and tirapazamine, In
this study, we are inferested in the biochemical
specificity of reductase enzymes which can be utilized
to activate bioreductive drugs leading to effective
anttumor treatment.

Quinone delfivery systems has been recognized as a
tumor targeted drug delivery system (FDDS} [341
The TDDS was a substituted benzoguinone, which can
also attach fo cytotoxic compounds vig an ester or
amide linker, Upon reductive activation, the quinone
was converted fo its hydroguinone. The lone pair
clecirons form the ortho-OH was used in an
intramelecular cyclization to release the potent drug
resulting in the formation of non-foxic lactone species.

Zerambone was isclated from Zingiber zerumbet
Smith [5] as a major compoenent. It hias been reported
that this compound showed various Dbiological
activities such as cyiotoxicily, antiproliferative, anti-
inflammatory, antifeukemia, In our previous study [6},
we found that the zerumbone derivatives demonstrated
cytotoxicity to the cancer cells. Then, we designed to
synthesize bioreductive prodrugs by the combination
of zerurnbone derivatives with quinone system.

Materials and Methods

Alcohol (2) A mixture of zerambone 1 (0.150 g,
0.687 mmoi } in  methano! and sodium borohydride

394

(6.105 g, 2.77 mmol ) was stirred for 1 br at 0°C. The
reaction mixture was diluted with water and extract
with ethyl acetate {2 imes}. The organic layer was
combined, washed with water, brine and dried with
anhydrous Na,50,.  Evaporation of solvent gave a
crude oif, which was purified by PLC (26%
EtQAc:hexane} to afford pure compound 2 {110 g,
0.49% mmol, 72%) as a white solid, mp 72-73°C.

Oxime {3} Te a selution of zerumbone 1 (150 g,
0.687 mmoel) in ethyl acetate was added HONH, HC!
{0.48 g, 6.87 mmol} and KOH (0.3 g, 5.496 mmo}) in
EtOH and Ho0 at room temperature.  The mixture was
stirred for 24 hr and then poured into water at 0°C.
The organic layer was separated and the water layer
was extracted with EtOAc.  The combined organic
layers were washed with water, brine and dried over
anhydrous sodium sulfate. Evaporation of solvent
gave the crude oil, which was recrystailized from
hexane to give adduct 3 {6.069 g, 6.295 mmol, 43%),
mpi79-181°C,

Lactone {6} Methanesuifonic acid 6 ml was added
inte  trimethyihydroguinone (1.0 g 6.63 mmol)
followed by the addition of 3,3-dimethyiacrylic acid
£0.73 g, 7.3 mmol). The mixture was heated at 70°C
for 1 hr and then cooled to room temperature. The
solution was diluted with water and extracted with
ethyl acetate two times. The combine ethyl acetate
exiracts were washed with water, saturated NaCl, dried
(anh.Na,8Qy} and evaporated o dryness. Purification
of the crude by column chromatography (silica gel,
90% CH,Ciyhexane) to afford pure lactone (1.25 g,
.33 mmot, 80%) as a white solid, mp183-185°C.

Quinone Proplonic Acid (7} To a stirred solution
of lactone 6 (1.8 g, 2.78 mumol) in 50 ml of 10%
aqueous acetonitrile was added dropwise solution of
N-bromosuccinimide {(NB8) {8.55 g, 1.52 mmol) in 16
mi of acetonitrite. The reaction mixture was stirred for
} hr at room temperature, diluted with water and
extracted with several portions of ethyl acetate, The
combined organic extracts were washed with water,
brine and dried (anh.Na,S0O4). Removal of solvent and
crystatlizatior (EtOAc-hexane) then washed with cold
acetonitrile afforded quinone propionic acid 7 in
quantitative yield as a yellow solid, mp 93-95°C.
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Biroreductive Ester 8 and 9 Quinone propicnic
acid was dissolved in dry dichioromethane and reacted
with alcohol 2 or oxime 3 under nitrogen gas. 4-(N.N-
dimethylaminojpyridine (DMAP) was added into the
reaction mixture followed by N Ndicyclohexyl
carboditmide (DCC) in dry dichloromethane solution,
The reaction mixture was allowed fo react at room
temperature for 2 h with observed the formation of a
white precipitate. The filtrate was collected afier
filtering, cold 10% HCl was added and it was then
extracted with dichlioromethane and adjusted to neutral
pH by sodium hydrogen carbonate. The aqueous layer
was washed with dichloromethane and dried over
anjtydrous Na 80O, Solvent was removed by rotary
evaporation, The residue was purified by column
chromatography giving yeliow crystals of ester 8 snd
9,

Results and Discussion

The carbonyl group of zerwmbone 1 was easily
reduced by treatment with sodiwm  borohydride
(NaBH,)} at 0°C to generate alcohol 2 [71. In addition,
zerambone 1 was  reacted with hydroxylamine
hydrochloride (HO-NH, HCI) under basic condition as
potassium hydroxide (KOH) afforded oxime 3 8]
{Fig. 1).

Et) HO.
NaBH,
MetiEE
T2
1 H
{;ﬂ{
13 N -
ENGHHC, KOH

i O
EOAL, 1,0, BIOH
435

1 3
Figure 1. Preparation of Zerambone Derivatives

Quinone delivery systems were synthesized
according fo the general method [9,10]. Initially, the
trimethylhydroquinone was heated with 3,3-dimethyl
acrylic acid in methanesuifonic acid at 70°C to obtain
lactone 6 in 80% yield. For the further step, the
oxidative ring opening of lactone 6 by using N-
bromosuccinimide (NBS) as the oxidizing agent
afforded quinone propionic acid 7 ir quantitative yield
{Fig. 2).

L]

o i o O
CH50:H " NES, #,0
D 3
iRE
] [
4 -1 “

Figure 2. Synthesis of Quinone Propionic Acid

The esterification of quinone 7 with zerumbone
derivatives 2 and 3 by using 4-(¥N-dimethyl

355

amino)pyridine  {DMAP) and N N'-dicyclohexyl
carbediimide (DCC) {11] afforded quinone ester § and
9, respectively, in high yie?d {Fig. 3).

?igure 3. Synthesis of Bioreductive Ester

The bioassay were carried out at the Biocassay
Laberatory National Center for Genetic Engineering
and Biotechnology (BIOTEC), Thailand and the
results are shown in Table 1. It was found that aicohol
2 was still toxic to MCF-7 (reductase-containing cell}
with an ICsp value of 25.83 ug/mi and less toxic to
Vero cell (ICsp = 42.49% pg/mi) than the parent
compound. After structural change into bioreductive
ester 8, unforfunately, this ester demonstated non-
cyiotoxic to all cancer celis. It may be due to the
partial reduction of gquinone ester & in reductase-
containing as well as non reductase-containing (KB)
cancer ceils led to a small amount of toxic moiety
which was released in the cancer cells. Unluckily,
oxime derivative 3 showed no cytotoxic against all
cancer cells except KB cell. Howsever, the other
zerurnbone derivatives as well as guinone esters will
he prepared in our laboratory.

Table 1: Cytotoxicity of zerumbone, zerumbone
derivatives and bioreductive esters
}{:53 pg{mi!

compounds 5o T KB MCE.7 | NCLEIET

); 4.35 7.32 38,67 243

2 42.4% NR 25.83 NR

8 NR NR NR NR

3 NR 2323 NR & NR

g mprocess | inprocess | inprocess INProcess

NR = n0 response
Conclusions

Nucleophilic addition of hydride o zerumbone
provided alcohol 2. The condensation of
hydroxylamine  hydrochloride with  zerumbone
furnished oxime derivative 3. The esterification of
quinone 7 with zerumbone derivatives 2 and 3 yielded
bioreductive esters B and 9, respectively. Quinone
ester 8 showed non cytotoxic against Vero cell as well
as reductase containing celi. The possible explanation
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was the uncompiete reduction of this ester in cancer
cells,
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Abstract: Zerembone (1), isolated from Zingiber
rerumber Smith, was used as the starting material for
stryctural modification.  Bromination of zerumbene by
asing  N-bromosuccinimide (NBS)  ylelded  6'-
bremomethylzerumbone (2). Freatment of zernmbone
with m-CFBA gave zerumbone epoxide 3.  Amine
derivatives 4, §, 6 and 7 were obtained by {reatment of
rerumbone with butylamipe, benzylamine,
dimethylamine and ammonia, respectively, at reom
temperature. Coningate addition of 3 with benzylamine
gave epoXyamine 8. After treatment of dimethylamine 6
with KCN at 15°C, cyano derivative 9 was detected.
Amides 10 and I1 were synthesized by treatment of
amines 4 and 7 with acetic anhydride in pyridine,
respectively. Among these substances, amine 5 exhibited
cytotoxicity against HEK and MCF-7 cell Hnes with LCy
values of 30.98 and 40.30 nM, respectively. Fortunately,
this cempound showed no cytetoxicity against NIH3IT3
cell Hne, Cyano 9 possessed eytetoxiclly against HEK
and MCF-7 cell lines with L.Cs, vaiues of 14,11 and 20.48
1M, respectively,

Intreduction

Zingiber zerumbet Smith, a member of the family
Zingiberaceae, is found in the tropical areas,
widespread in Southeast Asia, India and China. It is
commonly krown in Thai as “Kha thue”. The rhizome
is used to relleve stomachache, while the alcoholic
maceration is regarded as tonic, stimulant and
depurative, It is also used as the spice ginger. The
boited flower buds are eaten as vegetable [11.
Zerumbone, {2EGE,10E)-2,6,9,%tetramethyi-
cycloundeca-2,6,10-rien-1-one  {1), isolated from
Zingiber zerumbet Smith, i3 a crystalline sesquiterpene
found as the major product 2,31, This compound has
been studied intensively for potential use in angi-
inflammatory, antioxidant, antimicrobial, asti-HIV,
chemopreventive and chemotherapeutic strategies [41
In this work, structural modification of zerumbone
from Zingiber zerumbet Smith and their biclogical
activities have been studied.

Materials and Methods

1. Extraction and Isclation of Zerumbone (1)

The air dried rhizomes of Zingiber zerumbet Smith
(4.0 kg) were ground into powder and then extracted
successively with EtOAc for 3 times (3x700 1) at
room temperature for three days. Removal of solvent
from the extract under reduced pressure gave crude
EtOAc extract (32.8 g). Isolation of crude EtOAc
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extract using column chromatography (CC) followed
by crystailization in hexane afforded a crystalline solid
of zerwmbone {1, 15.9 g} in 0.33% yield.

2. The derivatives of zerumbeone
2,1 Broemination of zerumbone
To 2 solution of T (20 mg, 0.09 mmol) in 111
MzCNCHLO (L ml) was added NBS (20 mg, 0.1
mmol} at recom temperatare for 30 minutes. The water

-was added and the mixture was exiracted with EfQAc

(3 times). The organic layer was combined, washed
with water, brine and dried over anhydrous Na,50,.
Evaporation of solvent gave a crude oil, which was
purified by PLC {10% EtOAc:hexane) yielded a white
solid of 6'-bromomethylzersmbone {2, 10.2 mg, 38%;
mp 98-100°C}.

Q O
1.0 eg NBS, »
MeCN-H,0,
36 mdn, rf
CH,Br
1 I

2.2 Epoxidaticn of zerumbone

To a sohution of 1 (39 mg, 0.18 mmol} in
EtOAc {0.5 ml) was added m-CPBA (374 mg, 0.22
mmol} at 0°C, the solution was stisred for 1 hour and
then allowed to warm at room temperature for 24
hours. The water was added and the mixture was
extracted with EtOAc (3 times). The organic layer
was combined, washed with water, brine and dried
over anhydrous Na;8O,. Evaporation of solvent gave
a crude ofl, which was purified by PLC {20%
EtQAchexane) to give a white solid of zerumbone
epoxide (3, 41 mg, 97% ; mp 84-85°C).

0 0
A PBA
EtAe, vt
G
] 3
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23 Amination of zerumbone and zerumbone
epoxide :
A mixture of ¥ {50 mg, 0.23 mmob} in MeCN
(1.0 mi) and n-butylamine {excess, 4.0 mb) was stirred
for 5 days at-room femperature. The solution was
concentrated under reduced pressure. The water was
added and the mixture was extracted with FtQAc (3
times). The organic layer was combined, washed with
water, brine and dried over anhydrous NaSO,.
Evaporation of solvent gave a crude oil, which was
purified by PLC (30% EtOAc:hexane) to give a yellow
oif of compound 4 (62 mg, 93%). The reaction of
compound 1 with benzylamine or dimethylamine
fexeoss, 4.0 ml} or ammonia (30% in water, 2.0 ml}
afforded compounds 5 (51 mg, 68%, mp 8§0-82°C), 6
and 7, respectively.

4] O
NHCH,3,CH, X
or NH;C&;P&
or NHMe,
or NH;
MeCN, rt, 5d
] 4 (X = NB{CH,}CH,, 93%)
B0 = NHCHPh, 68%)
& X = NMegd
T (X = NHy}

The same procedure as mentioned above was
applied for the preparation of 8. A mixture of 3 {50
mg, G.21 mmol) in MeCN (1.0 mi) and benzylamine
(excess, 3.0 ml) was stired for 5 days at room
temperature.  The seolutlon was concentrated under
reduced pressure. The water was added and the
mixture was extracted with EtQAc (3 times). The
organic layer was cembined, washed with water, brine,
dried over anhydrous Na,80, and evaporated fo
dryness. The crude product was purified by PLC (30%
EtOAcchexane) to obtain a white solid of epoxyamine
8 (13 mg, 18% ; mp 80-81°C),

Q
-
NHCH,Ph
NHCHPh
MeCN, rt, 5d
0 0
3 8

2.4 Cyanation of dimethylamine derivative

A mixture of amine 6 and KON {137.3 mg,
2.1 mmol} in MeCNH,0 {1:0.5 ml) was stirred for 2
days at 15°C. The solution was concenirated under
reduced pressure. The water was added and the
mixfure was extracted with EtQAc (3 times). The
organic layer was combined, washed with water, brine
and dried over ashydrous WNa,50,. Further
evaporation of solvent gave a crude oil, which was
purified by PLC {50% EtOAc:hexane) yieided a white
sofid of cyano 9 (32 mg, 56%, mp 104-105°C).

-

N NC

2 .
17.8 eq KCN
MeCN-H,0, 15°C

2.8 Acetylation of amines

Compounds 4 and 7 (78 mg, 0.34 mmol) were
reacted with acetic anhydride (1.0 mi} in the presence
of pyridine (1.0 ml) at 0°C for § hours. The water was
added and the mixture was exiracted with EtOAc (3
times). The organic layer was combined, washed with
water, brine and dried over ashydrous Na,80..
Evaporation of solvent gave a crude oil, which was
purified by PLC (50% EtOAc:hexane} furnished a
crystalline arzide 10 (72 mg, 92%, mp 199-200°C) and
a yellow crystalline of amide 11 (97 mg, 85%; mp 72-
73°C), respectively.

4 ¢}
-
X A4
Aca O, Py »
o
dand 7 # Y = NHAc

11 Y = NACfCH,}Ciy

Resuits and Discussion

Zerumbone which contained ene dienone and one
isolated double bond at C-6 position was used as the
starting materiai for this work. Conjugate addition of
various nuclcophiles such as ammonia, amines and
cyanide in mild conditions was  examined.
Bromination, epoxidation and acetylation of
zerumbone were prepared [5-7]. Cytotoxic activity of
ali derivaties against NIH3T3, MCF-7 and HEK cel
fines was examined.

Bromination of zerumbone (1) by using NBS in
MeOH-H,0 at room temperature for 30 minutes
yieided 6'-bromomethyizerumbosne (2). In this case,
the aliylic bromination was occurred at the methyl
group oa C-6 position. [t may be due to the most
electron rich of this double bond,

The reaction of zerumbone with m-CPBA in
EOAcC as the solvent at room temperature furnished
zerumbene epoxide 3 in high yield. Epoxidation was
happened selectively at the isolated double bond (C-6-
C-7). The stereochemistry of zerurmbone epoxide 3
was determined by a single crystal X-ray analysis [7],
which shows a conformation in which the two methy
groups at €2 and €6 are located on one face of the ring
while the oxide oxygen lies op the opposite face,
minimizing repuision among these functional groups.

Amination of 1 with n-butylamine, benzylamine,
dimethylamine or ammonia in acetenitrile at room
temperature gave monoamines 4, 5, 6 and 7,
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raspectively. A gingle diasterecisomer of each
monoamine was detected.  Reaction of .3 with
benzylamine under the same condition as mentioned
above afforded epoxyamine 8, Conjugate addition of
amines selectively occurred at the less hindered on C-3
position of ¥ and 3 led to syn addition products and no
producis derived from addition to C10 were observed
in these reactions.

Interestingly, cyanation of dimethylamine 6 with
KCN at 15°C provided conjugate addition of cyanide
iop at C-10 and dimethyiamine group at C-3 was
disappeared. The reason was the easily elimination of
this dimethylamine group led to the generation of
cyano 9. The [2Ei-geometry of cyane 9 was
determined by X.ray diffraction [71.

Further acetylation of amines 4 and 7 by acetic
anhydride in the presence of pyridine afforded amides
16 and 11, respectively, in high yieid.

Cytotoxicity

The cytotoxicity of all compounds was carried out
at the Department of Biochemistry, Facuity of Science,
Khon Kaen University, Thailand. The zerumbone and
#s derivatives were tested for cytofoxicity against
NIH3T3 (mouse embryonic fibroblast), HEK (buman
embryenic kidney 293 ceils) and MCF-7 (human
breast cancer) ceil lines using MTT method [8] and the
results are shown in Table 1.

Table 1: Cytotoxicity of zerumbone and its derivaties.

LCatM)
Compound M Graars T HEK MCF-7
1 18.08 12.28 39.67
) 18.14 27.45 90.26
3 ~100 66.76 =100
5 >100 30.98 40.30
8 6118 4523 %0.3
g 36.00 14.11 30.48
10 >100 >100 ~100
11 46.58 30.24 >100
Conclusions

The chemical transformation of zerumbone such as
bromination gave ailylic bromine, epoxidation using
m-CPBA afforded zerumbone epoxide, amination with
ammonia, primary  amines {r-butylamine or
benzylaming), secondary amine (dimethylamipe)
furnished conjugate addition a1 C2 and C3 of substrate,
Michael addiion of zerumbone eopeoxide with
benzylamine gave epoxyamine 8.  Acetylation of
amines 4 and 7 by Ac;O/pyridine yielded amides 18
and 11, respectively. Cyanation of amine 6 with KCN
gave cyano 9.

Zerumbone showed cytoloxicity against NIH3T3,
HEK angd MCF-7 cell lines with LCso values of 18,08,
1228 and 39.67 pM, respectively. Among all
derivatives, amine 5 exhibited cytotoxicity against
HEK and MCF.7 celi lines with LCsp values of 36,98
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and 4030 uM, respectively.  Fortupately, this
compound showed no cytotoxicity against NIH3T3
cefl ine. Cyano 9 possessed cytotoxicity against HEK
and MCF.7 cell lines with LCs values of 14,11 and
20.48 pM, respectively.
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