1 ANTI FUNGAL COMPOUNDS AND USE THEREOF FI ELD OF THE | NVENTI ON 5Thi s

invention relates to conpounds for use in preventing and treating

phyt opat hogeni ¢ fungal infection in plants. Mre particularly, this

invention relates to a non-cytotoxic copppounds for use in preventing and

treati ng phytopat hogenic fungal infection in plants, a process for

produci ng the sane, and an antifungal conposition conprising the conpound.

10 BACKGROUND OF THE | NVENTI ON Synt hetic pesticides are wi dely used for

controlling plant di seagfeuNGAE CORPOUNRDNS ANFOSESHERBOEd Ssynt hetic

pesticides that are possible carcinogens. Many of themare 15 still in use

now. The synthetic pesticides have |l onger half life than natural

pesti ci deggHe WVAiE NSVERTIRIN C pesticides are often cytotoxic. Wile

attenpts have been nmade to elimnate the cytotoxicity of synthetic

pesticides or develop non-toxic pesticides, these attenpts have failed to

provi dg _aTRAMRIEHSh Yo/BbE 8 LaBouriRlior (36 if pR&EhiiNg SI%) trkAtinBYIcpHiRbeniEDSt  of

the existing pesticides are non-biodegradabl e, causin e pesticides to

20cont i nuamgai/)!rlﬁeﬁtlpa iy plants.t More giarticu F'Msﬂ’t!ﬁJéW?NjP" felpies &0 pguM-@MAPKC Thi s

| ong- t er mepp bﬁindsbfawwed.rpb}e%nﬁﬁgs%a #rdbtil OpHYRSHREhdUARNAGA infeciBd in

envi ronment al hazard many have turned™to usihg natural

pesti ci dedlantioReprasess ﬁ%rrgm@fc"mée ERMet ?fﬂfba'haﬂfﬂf\d%ﬂal pemppLiieneconprisingl 18 known

to be cyt@L@¥hGnd 25 US 2009/ 0028796 Al discloses a pesticidal conposition

conprising 1 ndole derivatives that are especially active against

phyt op@t hogeni c fungi. One of the derivatives disclosed in this publication

i ncl udes SROVND of I tHE W ENTION Publ i cation does not discuss the

cyt ot oxi Ci ty of brassilexin, there are other reports which suggest that 30

brassi |l exi n denonstrat ed cyt otoxicity agai nst human cancer cell cultures as

it gave Sbsgﬁmat.arpexﬁdhésni}b%é@ms%a 1BH BB ARICAENCGibdased] LIRS ardfort OF

exanpl e, i nhibitions on Human Cancer

Cul tures \thatnh1 5%@t¢¢1§mt@tmqﬁﬂ@ﬂe€8’rﬁt&r¢l|Pﬁ§6'¢*ﬁﬁi6‘éﬂ®,@ﬂﬁs Masy Oﬂ’f@?m are

Anal ogyles gy i uddPhdif | fﬂwé Pnt%gﬁclpeﬁﬁldégQaZQTonge? hbi ifel tRaf Hﬁﬁ@éispe@’ﬁéd&ee”

attained in derivi ng ural pesticide that 1s non-cytotoxic and

ef f ect i ve However, siet etﬁ‘cﬂ?@é@éeﬁ ﬁf%%efaﬁ!doﬁélﬁarwhﬂ%?ﬁquﬁ have pean madgdae,

there is ci de

o et -t B B B oo o2 ¢ hat

seek to a@tewmpts havefalgdio pravidera @mplg@tm‘quwﬂa|neﬁﬁ0XI@PesilpIdpeé&parth6ularﬁ ovi de

an altern b t ens
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are sol ve eln e art 1s m ound use I n
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accordance W t I's Invention Is that the conpounds do not exhibit any
cytotoxic activity towards plants and manmal s. A second advantage of the

conpounds alsNy resylt, many have turned to using natural pesticides. However, many of the

existing natural pesticides are also known to be cytotoxic.
25
US 2009/0028796 A1 discloses a pesticidal composition comprising indole derivatives
that are especially active against phytopathogenic fungi. One of the derivatives
disclosed in this publication includes brassilexin. Although this publication does not
discuss the cytotoxicity of brassilexin, there are other reports which suggest that
30 brassilexin demonstrated cytotoxicity against human cancer cell cultures as it gave
strong growth inhibition on human cancer cell cultures. See for example, Tempete C.
et. al., “Growth inhibitions on Human Cancer Cell Cultures with the indole Sulphur-
Containing Phytoalexins and Their Analogues®, Z. Naturforsch 1991, 46:706-707.



15 accordance with this invention is that the conmpounds have potent
antifungal activity against di seases derived fromcertain pathogens. A
third advantage in accordance with this invention is that the conposition
conprising the conmpound of the inventi is capable of providing a

| ong-term prevention and treatnment of phytopathogenic fungal infection in
pl ants without harm ng the plants, crops, trees or mammals 20 coming in
contact with the conposi tion conprising the conpound of the invention. In
accordanc ﬁggb%g f: . ed by
t he struc? ure ofc g%orrru ann%i@nea '“Pg*v'“ﬁ" g\ﬁg%%lﬁ%s %@%@ﬁ??@&y&?éﬁ?ﬁﬁwl
cycl oal ky etfectixe mefvith | theyingrpasef tﬁ'ru%%énﬂ rfegreadaier inaliralneesticidgs i thgre is an

phyt opat haaeNisfhqf B3 1doR k& h&?sb&c@bﬁﬁ%}tér’al BhioReto it RERANR. does not
exhi bit any cyt St'oxXi cacti Vi ty towards ants and manmal s. The conpound is
isolated 3 from plant Azinma sarnentosa Benth, a species of scrubs

bel ongi ng V SSER I gadce Kk

enbodi %renirhgrfe*&ﬁltsﬁg%eni\%cegﬁ@l on, eprf)ﬁﬁ%g)sﬁmpgir?ncgs‘r:@\%n“ ng éé&ﬁg&gaeﬁ[i?éééglong of

pat hogeni therapvgmprcvbiﬁre%tqr@hleastetomr@wmaltqrnatwﬁe enmbodi ment, the nethod
conprises applying an effective anmount of the conpound in accordance with
this invention to agricultural plants. In another enbodi nent, the nethod
conpri ses SHMMARY PR AHEINYENTV@Nanpunt of the conpound in accordance with
this invention to agricultural product or in the course of producing the
agricul tural product. 10 In accordance with yet anot her enbodi ment of this
i nventio on,Tha atevaandodthies preliems ase¢opiedi and Ag advanesifptimartiin madeobyiance

with the i rav

col 1 et ngORALAPD drchea AebieBenint fnd Bl FAVRphBRRehleupbaPRrtton in o
crude ext phnts fir accdriengy vmtholbet rvestibi. oét firsbfadvantage drthe cooymunds Bent h;

di ssol vin th crud tract .in .a re of neth | ) r tain
an aqueou ﬁﬂ%ﬁ%lﬂe@ﬁﬁlﬁt'P&?meé‘x‘?rtﬁ]éﬁ‘ﬁ cqrﬂ%oﬁ'ﬂﬁ{? %th&aﬂ%ﬁ%bs 3#03?)?% n with
hexane t 0 atRARViowaRTs PR ad mErhmalko MposBhd a‘dvamabba)fatqamomﬂhamol
solution; partitioning the aqueo ?1 m?‘t hanol sol yti ﬁwglﬁﬁ ﬁmﬁt hane
to obfai naacwaM%wghgh'ﬁmnfi9%&ﬁ ght ﬁ@“’?rﬂé’ THANE to
obtain a Qgs#ﬁépa.eaﬁéw&né&tffﬁﬁt:ertawdﬂ%g@lst h@uﬁﬂdvéu\@hta@t.h%eo@éhwct

with celi and s ecting the mxture to silica gel usw:jg first solvent,
fol | oned Bjthdhisdovantionds Mthqmmmsﬂtlw memangth%%qmw efithe iinventien ng and
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acetate. The second solvent is a m xture of dichloronethane and 30rret hanol .

In accordance with a further enbodinent .of this |nvent|%lfg an %ﬁti C;Hngal
Conposi t| dhaserdansg with ?ﬂlefi‘l‘b%iﬁ’ﬂﬁf‘t:%ftth@rig"%%r R SPRIGOVREIEPETRES €t he

present nﬁﬁﬂ&ﬂ-quff&ﬂﬂ“éi IFi@fdvided: S provided. 4 In accordance with a
further e I ment of |s invention, an agricultural product conprising

t he conpound of the present invention is provided. I n accordance with

yet a further enbodi nent of thiw pesticide conprising
A\

A
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U

wherein R' is alkyl, alkenyl, cycloalky or a methyl group, for use in preventing and
treating phytopathogenic fungal infection in plants, wherein the compound does not
exhibit any cytotoxic activity towards plants and mammals. The compound is isolated



5t he compound of the present invention is provided. BRI EF DESCRI PTI ON OF
THE DRAW NGS The above and other features and advantages of the present
invention will nore clearly 10understood fromthe fol |l owi ng detailed
description taken in conjunction wth tshe acconpanying draw ngs: Figure 1
I's an NVR spectrum corresponding to a conpound of formula (I). 15Figure 2
shows a potato dextrose agar plate used in the experinents of the

i nvention. Figure 3 is a graph showing the inhibition effects of UTM 75B

and UTM 8 0 p I t onge | 20
Figure 4 ﬁgnarb]m %s ovéaﬁjgb 3§I ﬁﬁ?ﬁgl P%O%Be{acﬁseg’t@sg%%lww%\ﬂ&% 'qbaﬁ%/ %eM_%C

on A549 cﬁﬂlvaqiqirﬁeeaﬁfamlltoncentrat|on of up to 500 pg/ni. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 25Definitions The foll ow ng words and terns

have t he neani ngs given bel ow, unless indicated otherw se. These are
i nt ended ﬁsa@;@r&r&e weitf aneithar sebasiiraent 1 inisl invientien. wagthedsfor PraventindRd of t he

g(r)ﬁf] §2§r Sf[ gﬁ%ﬂﬁgﬂ%\w%ﬁl@?ﬁﬁﬂ ﬁ{f@loﬁl &8Corolléd.aNg el efBbdifhehOrt h@%étﬁéd

oW ng description. The term "agricul tural
product " eempdses Arplving ancpledive amaepNt if b r caMRAYNE dAt 3RTdRHCa WilhB¥ind of

formula ( Lq\lt i glqg dgﬁcﬁ@%%’lﬁt&fIn%b{h\éﬁéhBGdlmﬁt QM@H%@ ®mphifédipplyind ) to

the agric system being treated e agricultural product can
i ncl ude, buteffegtiveoamount |of the @mpwnda@ra@gman%wtbéalﬁ|1%\fed'§@n {9 aaUSURHERE s,

Ig”nl | Zegﬁ:d UBOHGS co%Pieadf%m(ﬁEHg%éa@ﬁcn.ﬁ’chﬂﬁbro@%t‘ cul tural products. The
eff ctive ampbunt' as used héreinrefers to an anount of conpound or

In accordance with yet another embodiment of this invention, a method of isolating and

purifying the compound in accordance with the invention is provided. The method

comprises the steps of: collecting and grounding dried roots of Azima sarmentosa

Benth; preparing a crude extract from the grounded dried roots of Azima sarmentosa

15  Benth; dissolving the crude extract in a mixture of methanol and water to obtain an

aqueous methanol solution; extracting the aqueous methanol solution with hexane to

remove non-polar soluble components from the aqueous methanol solution; partitioning

the aqueous methanol solution with dichloromethane to obtain a dichloromethane

fraction; evaporating the dichloromethane to obtain a dichloromethane extract; mixing

20 the dichloromethane extract with celite and subjecting the mixture to silica gel using a

first solvent, followed by a second solvent to obtain several fractions; and isolating and

purifying the fractions by column chromatography.

In accordance with some embodiments of this invention, the steps for preparing the
25 crude extract comprises extracting the grounded dried roots of Azima sarmentosa

Benth with methanol by percolation.

In accordance with some embodiments of this invention, the first solvent is a mixture of
hexane and ethyl acetate. The second solvent is a mixture of dichloromethane and

30 methanol.

in accordance with a further embodiment of this invention, an antifungal composition for
agricultural applications comprising the compound of the present invention and a carrier
is provided.

35



5 conposition according to the invention which is sufficient to prevent or
treat the pathogenic fungal infection in plants, and which does not entail
any appreci able synptom of cytotoxicity towards plants and mammual s. The
anobunt can vary within a w de range depending on the types of pathogenic
fungal infection to be treated, the type of crop, the climatic conditions
and the other conpounds included in the 10conposition according to the
i nvention. This anmount can be determ ned by systematic field trials, which
are withi it K t
Tyl ol BEEBARE AN Rauer SRR, Sils iohnl ¥R AicurdOF P,
al i phati ccrgnpﬂﬁﬂﬂg thesoowolgd pithe ;pgesrenblmqntloo ipproyigelon at oms. For exanpl e,
the term"alkyl"” 15 includes, but is not limted to, nethyl, ethyl,
propyl, isopropyl, 1-butyl, 2-butyl, isobutyl, tert-butyl, anyl
1, 2- di met WEW? V‘Zl.thlyaﬂlarf%lﬂhﬂ gmbpc}lmenbefnm an$r§|@peﬁtge|stlmq!@g9qnprlqng
met hyl enfy . 4-met hyl pentyl,

- 2- dIBPT'et Lyl%)"fpowﬁgg?/g‘e%%érgg% Pﬁ?but y%/b 1, 2-di met hyl but yl,
1,3 di met hyl butyl, and the I|ke 20The term "al kenyl " as used herein refers

to an unsg -ﬂy@l mm i ncl udi ng straight-chain,
br anched- cﬁﬂlglﬁbgﬁ (!Pg Ic al en? groups havi ng 1 to 6 carbons, with at

| east one doubl e bone For exanple, the term "al kenyl" includes, but is not
limted t 5 W‘% : | oar
2- et hyl - ihe }ég&)egnar}dlotgé%ﬁﬁ)’%e ar%; %vaﬂ%@& gf the fh%cbrl’ r% tognml more clearly

3- et 1yl -lnq!melpedyfrqm 1thbutqﬁnwlng Qe@mcﬁ@pscnmtonuééﬁrylmzemmmon with the

3- et hyl - %e b | i ke. The term "cycl oal kyl" as used herein
refers to cycl sgtura d aliphatic groups of from3 to 20 carbon atons
haV|ng a 5|ngle cycllc ring or multiple condensed rings. For exanple, the

term“cycg Iré% yr| Nﬁlﬁ%%ﬁgﬂ@;ﬁorr@p&@ tbra' ﬁg oﬁmﬂneergpyl 2-

30nethy|cy opr op enty yl cycl'opentyl,
3- nethylcyclopentyl cycl ohexyl , cyclooctyl and the like. 6 For exanple,

the term ' ' MR ya! P -enyl ,
cycl oggent @Yjﬁi %?’,‘&gg;;gI"S"éﬁ&%@'gﬁéFggmaﬁeﬁléeﬁ?l{eh?%gmgﬁ'ﬂﬁg%g I%“?ﬁven?i on
5 The present invention relates to conpounds for use in preventing and

treating ai.h i P i r ognds are
o oo ERUBESCEIEBHE ShA0 b ABALR e BELIE v nd vt
HepG2 cell line at a concentration of up to 500 pg/mi.

20 Figure 4 is a graph showing the inhibition effects of UTM_75B and UTM_85C on A549

cell line at a concentration of up to 500 pg/ml.
DETAILED DESCRIPTION OF THE INVENTION
25  Definitions

The following words and terms have the meanings given below, unless indicated
otherwise. These are intended as general definitions and should in no way limit the
scope of the present invention to those terms alone, but are put forth for better

30 understanding of the following description.

The term “agricultural product” as used herein refers to any preparation containing a
compound of formula (1) which is capable of delivering the compound of formula (1) to
the agricultural system being treated. The agricultural product can include, but is not



wherein R1 is al kyl, al kenyl, cycloal ky or cycloal kenyl . In a preferred
enbodi nent, Rl is nethyl. 20 The conpounds of the present invention do not
exhibit any cytotoxic activity towards plants and mammal s. Hence, the
conpounds are capable of providing a | egng-term prevention and treatnent of
phyt opat hogeni ¢ fungal infection in plants wthout harm ng the plants,
crops, trees and manmals comng in contact with the conpounds or the
conposition containing the conmpound. 25 The conpounds of the present

i nvention t 0 t S pHEres e
pathogenSHSFQH96 @?ﬁ W%S¥k%@ﬁ%ghgﬁﬂh§ éfﬁ%“?%%%nplon’gt%géggtﬁggg%o{s a
fungus. Emﬂnphwmnﬁﬂﬁ$DMEUdS t he pat hogenic fungi include, but are not
limted to, Colletotrichum gl oeosporioi des, Pestalotiopsis sp., Curvularia
sp. and Rhi zoctonia sp. 30 The conpounds are useful as active ingredients
of antif uiibelteqorpiiedtive crmeunt amlsgd dweseini referarte an amonahef 6pmparmtb@eni c
fungal in r Ay h e
prosert | ROpestih SERrR ol B IndBort WRRN' 5 Bulifol, b BRTBAL R e 10 e
pr event ed pathogematfenbaislnfegtlmmm mamauadd wrich igees mesreniah ancanpiecialbet are

t 35l
i seace. | Pufiohbor SRUPEETBNRrds dts BR itoiralg Phe SRRbnech VIP ithh o
di seases, V\nrimmlgeedapend\mg afti thbawies bl patkogenic fungﬁ thfection to beriseatedtthen of
the stem gpd bt Bl cbRGIfGHY Hheine! p@ﬁfwﬁas Ghetbdiy i GEnN!

i nventi on e als usef as active 5 1ngred osition for
agri cudt ucaﬂnpaspmm acrordimg to thiénvestipo uhbis a@mnbearz:bweter@meﬂ iy systematic

cust omnr y rb@TIL NN se viftin FEAUEBLG e 4L JPlLh cFRUISIrRR, suspensi ons,

di sper si ons, es an ers or use as agricul tural
products. The agri cultural products may |ncI ude but are not limted to,

- agr i oul t Ul \ER G URSued HRILEN SER (o BEidth f BEPRGOUAIAH San BREGURNARE! | €1

and ot her agrlc tur erred enbodi nen
i nvent i ongrdupe fagcaltyuhamgalfrom @dQCZO icarbenpiemisci ber. exsumriebine isent ativide

t di
o hethoathdEsBTEHB uftiod 9P pRIGE bt SUEHL, kOBroPY 1 RERIZORIE BoBEEET <! N0
pesti ci deterkbuigloramylsd - dmﬂlmlwrvaylcdnbdwmrgeyiosﬁ@ﬂfyheﬁépwtﬂnd’eﬁ’ﬂy Trncl ude

a convent 'n?e@@ppe%%ér b%etﬂglﬁeﬁ(;&f Py ﬁﬁ?{hl-yl gTh&‘ rﬁéﬂ}yd%rﬁ)}loﬂ -DdiinfeayRea 3130

pl ants or Cf ni'stration of the
conmpound dfmétbylhutyla'l@Fleemyﬁmtvﬂxo‘s3-ﬂirmthﬁblﬂfVlaBn¢H’@Iﬂ(he conmpound of fornul a
(I'); or an agricultural product containing the conpound of formula (1), to
pl ants or crops that have been infected with the pathoge 20 The conpound
of foeoul Theltermsafkeryiemablisedi hereinpefarseld am unsatucaiesh pinat@nhmroqaﬁ*éon

agricul tue C h % unt;,0f about
18 gLt SR St BHBAGEeA ek By BRENP bl P L 10
conpri si ngattioes omtrmiueafat ofie ﬁoubieroan@ Fomaxanpie, m@%@rml"alhenﬂrlnclﬁd%hbﬁ iBat i on
wth or a r gr ., es,
ner bi ci dodoBERELE! BniicERSentt, pr e, LopREenR Zmail SBeLi S e Pl
fertilizer-mopaoi,l Z-mﬂﬂ'(li{l-ﬂi-mim| C*BMeﬂW&a -peoitesdll. rebateny, thﬁﬁyl/éi'lblﬂtgwl the
conpositiqn ng r{npcﬁ Iiazgﬁﬁtgﬁﬁlllta%ﬁ]le !H(reoduct conprising the conmpound of formula
? n§{°®y ovox &

(1) a he " conpound of fornmula (1) is a brassilexin
anal ogue isolated from pl ant Azi ma sar nent osa Bent h. Azi ma sarnentosa Benth

et b 17 J5GHBRY PR 008 okl PR SRR R A ot

to 20 carbon atoms having a smgle cyclic ring or multiple condensed rings.. For

example, the term “cycloalkyl” includes, but is not limited to, cyclopropyl, 2-

30 methylcyclopropyl, cyclobutyl, cyclopentyl, 2-methylcyclopentyl, 3-methylcyclopentyl,
cyclohexyl, cyclooctyl and the like.

The term “cycloalkenyl” as used herein refers to cyclic alkenyl groups of from 4 to 20
carbon atoms having a single cyclic ring and at least one point of internal unsaturation.



8 adapted to the arid environnent. The nethod for preparing the conpound of
formula (1) fromplant Azinma sarnentosa Benth is described herein bel ow.

Met hod for preparing the conpound of formula C) S In one enbodi nent of the
invention, the nmethod conprises the steps of grounding dried roots of Azinm
sarnmentosa Benth and extracting the grounded dried roots wth nmethanol by
percol ation. The nethanol extract is then concentrated and m xed with

met hanol and water mxture. This is followed by extracting the nethanol
extract w xane ; ' . r; hanol
sol uti on%%g%agaﬁgbﬁ‘s% tr?é hgg‘fs'ﬁé'@%’ﬁ’bp ﬁélﬁ@?sé%%r%%h gﬁg%@v@\? fﬁ}é ?Pgﬁ?%ﬁ %”rret hane
t o obt ai ncyclahenhB@nylreydience 3fanycariddhe like di chl or onet hane is then
evaporated to obtain a dichloromethane extract. The extract obtai ned
thereto is mxed with celite and the m xture is subjected to silica gel

usi ng hexg&ompetigd ofdibetrarertionf ol | owed by di chl or onet hane: net hanol as a

sol veng 15 system providing, for exanple, seventeen fractions, fractions A
to Q Al fractions were tested with antifungal assays agai nst pathogenic
fungal st The nwresédd| ingerdioni tdatas gico eeppewidse for mtiralmevefggg sargh treating

Curvul ari } { ani t.] byl of
T T A i e A

ant i f ungakorapound havew the etudalel of fannule@): 1 n one enbodi nent, for exanpl e,
fraction Dis purified by using high-performance |iquid chromatography
(HPLC) to yield a pure conpound of the present invention. The HPLC used in
the method is preferably prepared by using=RR CL8 colum and 0.1% of formc
acid (A and acetonitrile (ACN) (B 2 m)bi|l e phase. 25 The foll ow ng
exanples are provided to furth strake_and describe particul ar

speci fic enbodi nents of the pre 1 on, and are in no way to be
construed to limt the invention nSpecific procedures, conditions or
conpositions described therein. EXAVPLE About 500 g of dried roots of
Azi ma sarnentosa Benth were ground_ and ertracted with methanol (3 x 2L) for
24 hour by percol ation. The net handl® extracts were concentrated, mxed with
met hanol and water in a ratio of 9:1 to obtdi n an aqueous met hanol

sol uti on. wBBreThB' moplicmh akemyl, hyoied ke aycloslenyls subsequent |y extracted with
hexane (3 x 250 mM) 9 to renove non-pol ar sol ubl e (hydrophobic) conponents
from the aqueous nethanol solution. The aqueous nethanol solution (250 m)
was f urt héra peaférred embetiment Riiscihetyonet hane (3 x 250 m ). The

di chl oronet hane fraction was evaporated, affording 20 g of a

di chl oronet hane extract. The dichl oronmet hane extract (20 g) was m xed with
5 cel kv e (TA6 cpnpancds abjheqtreskrt dnveintivr dogwit exbibiiany chitotoria agiiviyewardeo g)

using a s n LaLn a | ,ac 1 ; i +&e3 and
anot her sgi%gsn%niﬁ#@b%%ng-‘ ich%@n@?ﬁ%&% %%ﬁ%?%aé@frewﬁm fé‘{?‘rgézb 7:3
t o provi dereventorn ashtréataent ofshytola)ogeRicdungab infegtioarial pRNgewithqul hpmiied by
HPLC. The, HPL re e ] ol 9 1 Ld (A
and acet o4 PRI PRy TP Jui Phatinal| g vt BoiERtiyfh dig GhmpeliB o d £
pure 1- nmetcbybesitioretdnbaiyibg descdrapdund( UTM 75B) and about 20 ng of pure

1- net tgl brassil exin (UM 85C) respectively.

The compounds of the present invention exhibit anti-phytopathogenic activities against
several pathogens. In a preferred embodiment of the invention, the pathogen is a
fungus. Examples of some of the pathogenic fungi include, but are not fimited to,
Colletotrichum gloeosporioides, Pestalotiopsis sp., Curvularia sp. and Rhizoctonia sp.
30
The compounds are useful as active ingredients of antifungal composition for the
prevention and treatment of pathogenic fungal infections derived from fungi sensitive to
the compounds of the present invention. The types of pathogenic fungal infections that
can be prevented or treated using the compounds of the invention include, but are not
35 limited to, anthracnose, leaf necrosis, leaf spot and bud rot disease, leaf/petiole/rachis



Det erm nati on of Fungicidal Activity 15Four fungal species were tested in
the experinents. Colletotrichum gl oeospori oi des, Pestal otiopsis sp. and
Curvul aria sp. which are known as plant pathogens, were provided by
Agri-Food & Veterinary Authority of Singapore. 20Aspergillus
penicillioides, which is an air borne environnmental fungi grow ng on
ceiling boards, was provided by National Environnment Agency. Preparation of
agar pl at _es 2525 nl of sterilized liquid potato dextrose agar was pipetted
Into Pet r %P%ﬁ? bli &E&ﬁﬁﬁ?ﬁ?l &abhtﬁé’éd%gs ke '?ﬁc?ﬂmé’&e%ﬁcﬁ”‘ﬂiac_ﬁ%uﬁg%t was
aIIowedt uncturedthroug the agar with a sterile
straw 24 mht:qnemctlmofétlgétem amdwfemgalai!@a&bs shown in Figure 1. 30Preparation
of extracts and inocul ation of test fungi Azina sarnmentosa Benth extracts,
UTM 75B and UTM 85C of 2 ng each were dissolved in 50 pl of 50% of dinet hyI
sul ;OX| deln ERBEPNr Sxpaonmipeengs of Hibej peesentdinvent@sare yise Weefd ahaetiyat ed 38
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t owar ds tg&id’ﬁmuaifﬁésltlagew fﬁgw&m&&s MPowd8r, @préﬁprﬁ‘e‘?@&t Sanersmbh of

test fungi~towards th the extracts 1n
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100% Cyt Obﬂ‘?ﬂ'ugﬂ isYa %%@ﬁ’éfde. Suitable pesticide comprising the compound of the present
invention may be prepared according to methods which are known to those of ordinary
skill in the art. The pesticide may comprise the active compound disclosed herein and

may include a conventional carrier or excipient.

15
The inhibition of pathogen in plants or crops is performed by, for example,
administration of the compound of formula (I); a composition containing the compound
of formula (1); or an agricultural product containing the compound of formula (l), to
plants or crops that have been infected with the pathogen.

20

The compound of formula (I} is preferably incorporated in the composition or the
agricultural product in accordance with the invention in an amount of about 10 mg/L to
500 mg/L.

25 The composition or the agricultural product comprising the compound of formula (1)
may be used alone or in combination with or as a mixture thereof with other chemicals,
such as insecticides, herbicides, bactericides, and growth-regulating su_bstances of

plants, or fertilizer or soil conditioners.

30 In an embodiment of the invention, the composition and the agricultural product

comprising the compound of formula (I) are not cytotoxic.

The compound of formula (I} is a brassilexin analogue isolated from plant Azima
sarmentosa Benth. Azima sarmenfosa Benth is a species of scrubs belonging to the
35 Salvadoraceae family. This species is widely distributed in South East Asia and is well



The cytotoxicity assay was conducted with Hep& (human |iver carcinom) and
A549 15(human | ung adenocarci noma epithelial) cell lines. The assay used an
i ndi cator dye resazurin to neasure the nmetabolic capacity of the cells. The
assay procedure included adding 100 pl gat 1051nml of Hep& or AS549 cells
into a 96-well plate. The cells were incubated at 37C overnight. On the
second day, 10 pl of 20 the test sanple was added to each well and the
sanple/cells mxture was then incubated for 24 hours at 37C. On the third
day, 20 plr'a? et tHEATH efVidRRBA. NTHE Mt PEr E%Bﬁﬁﬁ@th@édmﬁdm\dtéﬁormula

sanpl e/celI's m xture was again i ncubated at for 4 hours. Results were
obt ai ned ByfremaiantdzinresgsmentosaBeath isdeperbedderadbePengt h of 535 nmand an
en ssion wavel ength of 590 nmusing Tecan Infinite 200 mcroplate reader.
.25 Calculation for cvtotoxicity assa The percentage of inhibition is

cal cul at eMethodifar prepgrin rrayl (Sanpl e readout -

Bl ankrgadout )/ (negative control readout -bl ank madout)1 100, * | C50: The
concentration that shows 50% i nhibition of the growth of pammalian cells.

11 Tabl e In oreembedimgnt qfé*ﬂ%&naamtioﬁntheem%tha@aﬁ)rﬁe'ﬂsealt%?tepﬁﬁbaﬂw{a@af‘%a@%s and
air bornep duz%ScﬁmﬁﬁmfauQ&ImenﬁﬁépbenﬂhDaﬁ@Séxtfaeﬁ?e 4 i PBurcRbedAaRirpsts wamel  of

test fungi | et otri chum gl oeospori oi des Pestal oti opsis sp.
Curvul ari meﬂ@pnojg@p@pgqofqﬂgg pR1§ @EThane @@I@ct is then concentrated and mixed with

methanol and water mixture. This is followed by extracting the methanol extract with

10 hexane to obtain a hexane extract and an aqueous methanol solution. The aqueous
methanol solution is partitioned with dichloromethane to obtain a dichloromethane
fraction. The dichloromethane is then evaporated to obtain a dichloromethane exiract.
The extract obtained thereto is mixed with celite and the mixture is subjected to silica
gel using hexane:ethyl acetate, followed by dichloromethane:methanol as a solvent

15  system providing, for example, seventeen fractions, fractions A to Q. All fractions were
tested with antifungal assays against pathogenic fungal strains: Colletotrichum
gloesporoides, Pestalotiopsis sp., Curvularia sp. and Rhizoctonia sp. Among all the
fractions tested, two of the fractions, for example, fraction D and fraction E,
demonstrated antifungal activities (see Table 1).

20
In one embodiment, for example, fraction D is purified by using high-performance liquid
chromatography (HPLC) to yield a pure compound of the present invention. The HPLC
used in the method is preferably prepared by using RP C18 column and 0.1% of formic
acid (A) and acetonitrile (ACN) (B) as a mobile phase.

25
The following examples are provided fo further illustrate and describe particular specific
embodiments of the present invention, and are in no way to be construed to limit the
-invention to the specific procedures, conditions or compositions described therein.

30 EXAMPLE

About 500 g of dried roots of Azima sarmentosa Benth were ground and extracted with
methanol (3 x 2L) for 24 hour by percolation. The methanol extracts were concentrated,
mixed with methanol and water in a ratio of 9:1 to obtain an aqueous methanol solution.
35 The aqueous methanol solution was subsequently extracted with hexane (3 x 250 ml)



UTM 75B 36.4 18.4 27.0 none UTM 85C None 25.0 27.0 12.5 5 From Table 1, we
can see that UTM 75B extract shows retardation against Colletotrichum

gl oeospori oi des, Pestalotiopsis sp and Curvularia sp. at a rate of 36.4%
18.4 % and 27. 0% respectively between days five and six. The UTM 75B
extract is also able to retain a retardation rate of above 10% agai nst

Col I etotrichum gl oeosporioides for eight days. 10 UTM 85C extract shows
retardation agai nst Pestalotiopsis sp., Curvularia sp. and the growth of
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12. 5% respect I vel et ween five and six. 2: Cytotoxicity
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20 g of a dichloromethane extract. The dichloromethane extract (20 g) was mixed with
5 ceiite (20 g) and subjected to silica gel column chrom raphy (500 g) using a solvent
containing hexane and ethyl acetate in a ratio of 7:3 and another solvent containing
dichloromethane and methanol in a ratio of 7.3 to provide seventeen fractions (A-Q).
Fractions D and E were purified by HPLC. The HPLC was prepared using RPC18
column and 0.1% of formic acid (A) and acetonitrile (ACN) (B) as a mobile phase, to
10  yield about 18 mg of pure 1-methyl-7-methoxybrassilexin (UTM_75B) and about 20 mg
of pure 1-methylbrassilexin (UTM_85C) respectively.

Determination of Fungicidal Activity
15  Four fungal species were tested in the experiments.

Colletotrichum gloeosporioides, Pestalotiopsis sp. and Curvularia sp. which are known
as plant pathogens, were provided by Agri-Food & Veterinary Authority of Singapore.

20  Aspergillus peniciflioides, which is an air borne environmental fungi growing on ceiling
boards, was provided by National Environment Agency.

Preparation of agar plates

25 25 ml of sterilized liquid potato dexirose agar was pipetted into Petri dishes, for
example, having a diameter of 86 mm. The agar was allowed to solidify. One well is
punctured through the agar with a sterile straw 24 mm from the edge of the plate as

-shown in Figure 1.

30 Preparation of extracts and inoculation of test fungi

Azima sarmentosa Benth extracts, UTM_75B and UTM_85C of 2 mg each were
dissolved in 50 pli of 50% of dimethyl sulfoxide (DMSO) respectively. The individual
test fungi were inocglated 38 mm from the well (as shown in Figure 1) in each plate. 50
35  yl of the UTM_75B and 50 pl of the UTM___BSC were each added into the well in the
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respective plate. A control, which was 50% DMSO, was used in this test. The plates
were incubated at 24°C and measurements of growth/retardation of the fungus colony
were recorded.

iMethod for measurement

Two values, R1 and R2 of the fungal growth were recorded. R1 represents growth of
test fungi towards the well filled with 50% DMSO in mm, and R2 represents growth of
test fungi towards the well filled with the extracts in mm. Rate of retardation was also
calculated, using the formula: [(R1 - R2) / R1] X 100%

Cytotoxicity assay

The cytotoxicity assay was conducted with HepG2 (human liver carcinoma) and A549
(human lung adenocarcinoma epithelial) cell lines. The assay used an indicator dye
resazurin to measure the metabalic capacity of the cells.

The assay procedure included adding 100 pl at 10°/ml of HepG2 or A549 cells into a
96-well plate. The cells were incubated at 37°C overnight. On the second day, 10 pl of
the test sample was added to each weli and the sample/cells mixture was then
incubated for 24 hours at 37°C. On the third day, 20 pl of 0.2 mg/ml resazurin was
added to each well and the sample/cells mixture was again incubated at 37°C for 4
hours. Results were obtained by reading the plate at an excitation wavelength of 535
nm and an emission wavelength of 590 nm using Tecan Infinite 200 microplate reader.

Calculation for cytotoxicity assay

The percentage of inhibition is calculated as follows:
% inhibition =(1-( (Sample readout — BlanKreagour)/(Negative controleagout —blankreadgour))* 100
ICso. The concentration that shows 50% inhibition of the growth of mammalian cells.

Results:
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Table 1. Results of retardation rate against plant fungal pathogens and air borne

nuisance fungi.

Sample

Best retardation rate against panel of test fungi (%)

Colletotrichum Pestalotiopsis s Curvularia s Aspergilius

ID gloeosporioides pS'S SPp- P- 1 penicillioides
UTM_75B 36.4 8.4 27.0 none
UTM_85C None 25.0 27.0 12.5

From Table 1, we can see that UTM_75B extract shows retardation against

Colletotrichum gloeosporioides, Pestalotiopsis sp and Curvularia sp. at a rate of 36.4%,
18.4 % and 27.0% respectively between days five and six. The UTM_75B extract is

also able to retain a retardation rate of above 10% against Collefolrichum

gloeosporioides for eight days.

UTM_85C extract shows retardation against Pestalotiopsis sp., Curvularia sp. and the

growth of air borne fungal, Aspergiflus penicillicides at a rate of 256.0%, 27.0% and

12.5% respectively between days five and six.

Table 2;: Cytotoxicity Results of Brassilexin Analogues with Human Cancer Cell Lines

Cytotoxicity assay ICsp or
Sample ID Chemical name Structure equwaé:nr;t value
HepG2 A549 KB cell
=N
-methvl-7- \ 5
UTM_75B 1m,et - >2.3x10° | >2.3x10° -
methoxybrassilexin N
OCH, \cﬂs
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N\ -8
UTM_85C | 1-methylbrassilexin 1.9x10° | 1.1x10° -
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The data in Table 2 shows that UTM_75B is not cytotoxic to HepG2 and A548 cell lines
at a concentration of up to 2.3 x 10° M. However, UTM_85C is cytotoxic against A459
and HepG2 cell lines with ICso of 1.9 x 10° M and 1.1 x 10 M respectively.

Brassilexin is the most cytotoxic compound, as it was able to inhibit mammalian cell
culture at 1.Ds, (lethal dose 50%, which is equivalent to |Cs in in7 vitro assay) of 8 pg/mi
(or 4.6 x 10° M) (see Tempete C, at el., “Growth inhibitions on human cancer cell
cultures with the indole sulphur-containing phytoalexins and their analogues”, Z
Naturforsch 1991; 46:706-707).

In our study, the data showed that with a methyl group attached to N-1 (as in the case
of 1-methylbrassilexin), the cytotoxicity was reduced to 1.9 x 10° M in HepG2 cell line
and 1.1 x 10°° M in A549 cell line. When a methoxyl group is attached to C7 position
(as in the case of UTM_75B), the cytotoxic effects on mammalian cell lines reduced
dramatically, with no cytotoxicity at all in HepG2 and A548 cell lines, at a concentration
of up to 2.3x 10° M (see Table 2, and Figures 3 and 4).

In-Figure -3, we can see that UTM_75B inhibits 0% of HepG2 cell growth at a
concentration of up to 500 pyg/ml. In Figure 4, we can see that UTM_75B does not
demonstrate any inhibition effects on A549 cell line or having negative inhibition, which
indicates that UTM_75B promotes growth of A549 cell at a concentration of up to 500
pg/ml. UTM_85C, on the other hand, inhibits about 100% of both HepG2 and A549
cells growth at a concentration of 500 pg/ml.




The data in Table 2 shows that UTM 75B i s not cytotoxic to Hep& and A549
cell lines at a concentration of up to 2.3 x 10-3M However, UTM 85C is
cytotoxi c agai nst A459 and Hep& cell lines with 1C50 of 1.9 x 10-3 M and
1.1 x 10-3 Mrespectively. 5 Brassilexif is the nost cytotoxic conpound, as
it was able to inhibit manmmalian cell culture at LD50 (| ethal dose 50%
which is equivalent to IC50 ininvitro assay) of 8 pg/m (or 4.6 x 10-s M
(see Tenpete C, at el., "G owh inhibitions on hunman cancer cell cultures
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20
The above is a description of the subject matter the inventor regards as the invention.
It is foreseeable that those skilled in the art can and will design alternative methods and

compounds that include this invention based on the above disclosure.



15 pat hogens, with no cytotoxic effect at a concentration of up to 2.3 x
10-3 M (or 500 ng/L). The extracts of Azinma sarnentosa Benth with a

met hoxyl group attached to C7 position of the conpound of fornmula (1) at a
concentration of up to 500 ng/L can beqglevel oped into natural pesticides or
agricultural products for preventing and treating plant pathogenic fungal

i nfections. 20 The above is a description of the subject matter the
inventor regards as the invention. It is foreseeable that those skilled in
the art capapig: W || design alternative nethods and conpounds that include
this invention based on the above di scl osure. 14 CLAIMS: 1. A conpound

represented by, the structure rein IRl is selected
fromthe gr oupA(ﬁf?HH%oé’P#ﬁed)r%ﬁe trheg%rwété ‘ﬁ)°ff°'37g1 %ﬂfky or cycl oal kenyl, for

use in preventing and treating pathogenlc fungal infection in plants,
wherein the conpound does not exhibit any cytotoxic activity towards plants
and mammal s. 15 2. The conpound accordimgito claim 1, wherein the conpound
is isolated from plant Azima ] % Behth 3. The compound accordi ng
to claim1, wherein RL is ne : he conpound according to claim1,
wherein the conpound is used actyve ingredient in agricultural

product selected fromthe groty.-consitsti ng of agricultural pesticide,
fungicide, fertilizer, powder, .pray,\pellet and ot her agricul tural
products. 25 5. The conpound a .ﬁrdl to claim4, wherein the conpound is
used as an active ingredient in the agricultural pesticide. 6. The
conpound according to claim1l or 4, wherein the conpound is used in an 30
amount? of 10 ng/L to 500 ng/L. 7. A nethod for preventing and treating

pat hogeni whtrengR' isnkeketiednfromothar igeoupg capgistingngf alkyef dlkenyi,v eydoadignior of t he

o A mot nodvdekab aneRnl BRfeRinace T fBahe Safiodehid Bb niatidh of AR

conpri si ngrherein the compound does not exhibit any cytotoxic activity towards plants and

mammals.

15
2. The compound according to claim 1, wherein the compound is isolated from
plant Azima sarmentosa Benth.
3. The compound according to claim 1, wherein R'is methyl.

20
4, The compound according to claim 1, wherein the compound is used as an
active ingredient in agricultural product selected from the group consisting of
agricultural pesticide, fungicide, fertilizer, powder, spray, pellet and other agricultural
products.

25
5. The compound according to claim 4, wherein the compound is used as an

active ingredient in the agricultural pesticide.

6. The compound according to claim 1 or 4, wherein the compound is used in an

30 amount of 10 mg/L to 500 mg/L.

7. A method for preventing and treating pathogenic fungal infection, comprising
applying an effective amount of the compound according to any one of claims 1to 6 to

agricultural plants.



applying an effective anount of the conpound according to any one of clains
1 to 6 to agricultural product or in the course of producing the
agricultural product. 5 9. A nethod for isolating and purifying a conpound
according to claim1, the nethod conprjging: collecting and grounding dried
roots of Azinma sarnentosa Benth; preparing a crude extract fromthe
grounded dried roots of Azima sarnentosa 10Bent h; di ssol ving the
crude extract in a mxture of nethanol and water to obtain an aqueous

met hanol sol ution; extracting the aqueous nethanol solution with

hexane to _renove non-pol ar sol ubl e conponents fro the_&gueous nmet_hanol
sol uti on; 815paft Methedi fag Prayenting,aed dreaiic RABICISHE (ERash INFEHINd CeRPES B%et hane

to obtai naﬁpsﬁhg ah QeBRieBRsurt bRfHe! @RipdRva ReESHINGTo bRE oflé hbiamietdane to
obtain a dichloronmethane extract; m xing the di ¢chloronmethane extract with

cel i te andgrguipedpiodyctaidn thexqourse qf preducingdne@eriqidiagPredist st sol vent
foll owed by a second solvent to obtain several fractions; 20 and isolating

and puri fgi ng the fractions by col umm, chromato rag;%. 10. The net hod
accor di ng%t o chaimngihed fRhdsatingt #pd %Efﬁ@gf%rwwgﬁa Forings tor Alaing 1y dae
extract CRiEid@mpriém@xtracting the grounded dried roots of Azima
sarnmentosa Benth with nmethanol by percolation. 11 The nethod according to
claim9, whereFfllectig and grousding dred retsoiaia semetiaaEMENand et hyl
acetate. 30 1Zrephhfy ARG eRFSOHdh the! GroGhdddbd WA 61 AzilnaesaFRendsa
solvent is a mxture of dichloronethane and net hanol .
10  Benth;
dissolving the crude extract in a mixture of methanol and water to obtain an
aqueous methanol solution;
extracting the aqueous methano! solution with hexane to remove non-polar
soluble components from the aqueous methanol solution;
15 partitioning the agueous methanol solution with dichloromethane to obtain a
dichloromethane fraction;
evaporating the dichloromethane to obtain a dichloromethane extract;
mixing the dichloromethane extract with celite and subjecting the mixture to
silica gel using a first solvent, followed by a second solvent to obtain several fractions;
20 and
isolating and purifying the fractions by column chromatography.

10. The method according to claim 9, wherein the steps for preparation of the crude
extract comprises:
25 extracting the grounded dried roots of Azima sarmentosa Benth with methanol

by percolation.

11...  The method according. to claim 9, wherein the first solvent is a mixture of
hexane and ethyl acetate.

30
12. The method according to claim 9, wherein the second solvent is a mixture of

dichloromethane and methanol.

13. An antifungal composition for agricultural applications comprising the
35 compound according to any one of claims 1 to 3 and a carrier.



13. An antifungal conposition for agricultural applications conprising the
35conpound according to any one of clainms Ito 3 and a carrier. 16 14. An
agricultural product conprising a conpound as clainmed in any one of clains
1 to 3. 515.The agricultural product ofgclaim 14, wherein the agricultura
product is selected fromthe group consisting of agricultural pesticide,
fungicide, fertilizer, powder, spray, pellet and other agricultural
products. 16. The agricultural product of claim 15, wherein the
agricultural product is not 10cytotoxic. 17. A pesticide conprising a
conpound as clainmed in any one of clains 1 to 3. 18. The pesticide

accor di ngt4-0 cAnjaafiqufturahREadsChcaMpRIISHISSA FemBRMNdsas gaimegip @py ope of giaims

1t0 3.
5 15, The agricuitural product of claim 14, wherei dtural product is selecte
from the group consisting of agricultural pesticide, fungicide, fertilizer, powder, spray,

pellet and other agricultural products.

16.  The agricultural product of claim 15, wherein the agricultural product is not

10  cytotoxic.
17. A pesticide comprising a compound as claimed in any one of claims 1 to 3.

18.  The pesticide according to claim 17, wherein the pesticide is not cytotoxic.
15



